1 DESCRI PTI ON STYRENE- MODI FI ED POLYPROPYLENE TYPE RESIN PARTI CLE, FOAVABLE
STYRENE- MODI FI ED POLYPROPYLENE TYPE RESI N PARTICLE, 5 STYRENE)N@l F}% b
POLYPROPYLENE TYPE RESI N FOAMED PARTI CLE, STYRENE- MODI FI ED POLYPROPYL

TYPE RESIN FOAMED MOLDED PRODUCT, AND PRODUCTI ON METHODS THERECF 10

TECHNI CAL FI ELD [0001] The present inv?nti on relates to a styrene-nodified
pol ypropyl ene type resin particle obtained by polynerizing styrene with a
pol ypropyl ene type resin as a nucl esc@EpTRb) ene- nodi fied pol ypropyl ene
type resin particle obtained by inpregnating the above 15 particle with a
foam ng agent, a styrene-nodified pol ypropyl ene type resin foaned particle
obt ai ned by prefoaming the above particle, a styrene-nodified polypropylene
type resin foanmed nol ded product obtained by internal foam nolding of the
foamed parti cl §TYMM®§D&EIE&1P%YRB@§¥‘ E R PERGSMNBARTIGIE, and
products. Priority is clainmed on Japanese Patent Application No. 2006-52110,
filed 20 FOXMABLESTYREME-MOPIRIBEDIEOLYPROPNIENE $YPERESIN PARTIGIER, ei n by
reference. BACKGROUND ART [0002] Conventionally, poI ystyrene type resin

foamed 5ol d%@hgmgﬂmé mep@i@mﬂﬁéwﬁmgect g RooedBiotEEne type

resin prefoa rtlc es and then heating to e foami ng are known to
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nol ded
MOLDED PRODUCT, AND
PRODUCTION METHODS THEREOF
10 TECHNICAL FIELD

[0001]

The present invention relates to a styrene-modified polypropylene type resin
particle obtained by polymerizing styrene with a polypropylene type resin as a nucleus, a
styrene-modified polypropylene type resin particle obtained by impregnating the above

15  particle with a foaming agent, a styrene-modified polypropylene type resin foamed

particle obtained by prefoaming the above particle, a styrene-modified polypropylene
type resin foamed molded product obtained by internal foam molding of the foamed
particle, and production methods for the above particles and products.

Priority is claimed on Japanese Patent Application No. 2006-52110, filed

20  February 28, 2006, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]
Conventionally, polystyrene type resin foamed molded products obtained by

25  filling a mold with polystyrene type resin prefoamed particles and then heating to effect



products are used widely as cushioning materials and thermal insulation
materials for construction materials. However, these foaned nol ded products
suffer from poor levels 5 of chem cal resistance and inpact resistance. On

t he ot her hand, foaned nol ded products fornmed from a pol ypropyl ene type
resin are knomn to exhi bit excellent chem cal resistance and i npact

resi st ance. result, these foaned | ded products are used in

aut onot i ve, t i bi t
poor et end om%‘)#n e sy J%@%i@ﬁ*’tﬁptﬁ%ﬁﬁﬁ t"%a RO SR e Ve
controll ed ve el se Iead t.0 a proble crease roducti on
costs. In %taﬂtft/?% 656?55}%@98)??1@2 qbélg'?n Rf 65??351 ﬁﬁ?e Bﬁ’g@s exh| bi t
inferior rigidity t ol ystyrene type resin foaned nol ded products

order to apfddectsare pfé bbasequshigsing anaieriads ond theyanl yrsulation anatgripds fossi ns and
15 pol ypropyl ene type resins, foaned nol ded products obtained by conpl exing

a pol yst ygonbeudtippendteridls) ﬂauwmr fthasefedrhed mbfied iptyduanduffoafivimpodi kgels
properties with a polypropylene type resin having favorable chenmi cal

resi st anc e, pamidPASt4nE ?hﬁﬁg%t red@MBcdeen proposed (for exanple, see

Pat ent Docunents 1 and 20 Patent Docunment 1 has an object of
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di scl oses a net hod of obt ai ni ng_prefoamed particles formed froma nodified
pol ypr opy| &8 ars/jrowreis) exhibiirazseiient ehemivalrgsisaenerand dmpegtypsisipieendstype resin
conposition is obtained by heating an agueous suspension containing 100
parts by 2ssuieitlifse feimea moldyppadutte ase sad in dutdbmoHh@Ocqrapdrenidy wei ght of a
vinyl type nononer 3 conponent (b), and 0.01 to 10 parts by weight of a

o T HAUAE et o1 0 Bl it s coronen
10  foaming gas, the foam molding conditions must be controlled very precisely, which leads
to a problem of increased production costs. In addition, polypropylene type resin
foamed molded products exhibit inferior rigidity to polystyrene type resin foamed
molded products.
In order to address these problems associated with polystyrene type resins and
15  polypropylene type resins, foamed molded products obtained by complexing a
polystyrene type resin having favorable rigidity and foam molding properties with a

polypropylene type resin having favorable chemical resistance and impact resistance
have been proposed (for example, see Patent Documents 1 and 2).
| [0003]

20 Patent Document 1 has an object of providing a foamed molded product with
practically applicable levels of impact resistance, rigidity and surface properties and the
like, and discloses a method of obtaining prefoamed particles formed from a modified
polypropylene type resin composition. This modified polypropylene type resin
composition is obtained by heating an aqueous suspension containing 100 parts by

25  weight of a polypropylene (a), 1 to 500 parts by weight of a vinyl type monomer



vi nyl type nononer conponent (b) undergoes no substanti al

honmopol yneri zati on; subsequently inpregnating the polypropylene (a) with
the vinyl type nononer 5 conmponent (b); and then further heating the aqueous
suspension to at |least a tenperature at which the crystalline portion of

t he pol ypropyl ene (a) begins to nelt suhstantially, thereby polynerizing
the vinyl type nononmer conponent (b). [0004] Patent Docunent 2 discloses a

method  of q%@ﬁhgﬁt’tg?, 3RE 1G5 Bgﬁtée’ By %g}rﬁhgﬂg% %agg%ygnﬁyﬁ%ﬁ&ﬁioﬂ%{ﬁia%lr?ér the

met hod i nc Spersing a propylene  type resin
containing from1l to,k10% wei ght of. an et hyl ene conpopent .in_ a ueous
suspensi onl,OOdQ?HF%?éj L% EPP%’HQ‘@({%”’_LW?)%/GS?% rg& "ILRnSdF“Q“‘[s}{@gene type
nononer to the suspension and heating at a tenperature of 130C or higher,
and t hen cdngdgpd mgnemepwnpoaentAh) undergoss no eulstantiehlamerfolymeratajinny i zat i on
catal yst. 15 [0005] However, in the nodified resins obtained in the

convent i onalbsdREMdOEnsttaekiag dt pdlyprbglen (aPadt MRnviaylltypathodomdi sper sing the
pol ystyrene type resin in a particulate form wthin the pol ypropyl ene type

resin iss déoﬁﬁr%ﬁ%t;(b%; Rad ﬂeﬁ%ﬁﬁér%e.hl:ﬁb%t l!tﬂg agl?éi’)iu? E‘L?spglgfl“%or} NG leaSHY fefifRrafirel NE

resin, neani esin often ex nsati s y chem cal “resi st ance.
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satisfactorily conbine heat resistance with penetration inpact resistance.
[ Pat ent Dotbeneby polymefiamgribe einyhiypa moneniePegraprmenp(d).i cat i on, First
Publ i cation No. Hei 9-194623 25 [Patent Docunent 2] 4 Japanese Unexam ned
Patent Applicati[Qog4])First Publication No. Sho 61-9432 DI SCLOSURE OF
| NVENTI ON
Patent Document 2 discloses a method of obtaining spherical polypropylene
10 type resin particles, the method including: dispersing pellets or a powder of a propylene
type resin containing from 1 to 10% by weight of an ethylene component in an aqueous
suspension, adding approximately 30 to 150 parts by weight of a styrene type monomer
to the suspension and heating at a temperature of 130°C or higher, and then conducting a
polymerization in the presence of a polymerization catalyst.
15 [0005]
However, in the modified resins obtained in the conventional methods disclosed
in Patent Documents 1 and 2, dispersing the polystyrene type resin in a particulate form
within the polypropylene type resin is difficult, particularly in the regions near the
surface of the resin, meaning the resin often exhibits unsatisfactory chemical resistance.
20 Further, molded products produced by foam molding using modified resin
particles produced using these conventional methods are unable to satisfactorily combine
heat resistance with penetration impact resistance.
[Patent Document 1]

Japanese Unexamined Patent Application, First Publication No. Hei 9-194623

25 [Patent Document 2]



[ 0006] 5 The present invention takes the above circunstances into
consideration, with an object of providing a styrene-nodified pol ypropyl ene
type resin foamed nol ded product that renedi es the drawbacks associ ated

wi th polystyrene type resin foaned nol ded products and pol ypropyl ene type
resin foanmed nol ded products, and exhibits excellent nechanical properties
and chem cal resistance. 10 [0007] As a%result of intensive research ained

i scover ed hat R NSRS bt AnBHERl B bl e e 16,

specific nmelting point as the pol ypropylene type resin particles, adding a
styrene type nononer to these particles, and then conducting pol ynerization
within a 15 specific tenperature range, styrene-nodified pol ypropyl ene type
resin particles could be obtASREQSURBBIFINVENTHMNNtity of the

pol ypropyl ene type resin near the surface of the particles was increased,
the quantity of [ggogjene increased with increasing proxinmty to the centra
portion of the particles, and the pol ypropyl ene type resin and pol ystyrene

type rsesi n exi %th%g){és@nﬁn?és%foh%esw %@? Efé%lﬁv\ﬁ%ﬁ%% (G Etgrfs?dergt%n[ %g%i ol es

Mor eovér, the inventors a i'scover oamabl'e resih p

obt ai ned by .i npregnating the styrene-nodified pol ypropyl ene t resin
particles ‘Pypé?ﬁtﬁ TONYIREY %Pmmﬁ%é qu;’)li’f@?ﬂf:%e gPBH‘%&g’WHWIég‘ﬁﬁrﬁa%“rt with a
foam ng agent were subjected to prefoam ng, and the foanmed particles were

t hen pl acetatiramadinpthdidngyvblicks assdcisted jvath dyFenotyipa resimfdanfed amolded di ng
within the die, a styrene-nodified polypropylene type resin 5 foaned nol ded

product  costbéudieand piliesyiédeay pe ARt foetled i ldd\nRodiRes SndExiabitPedc¥Rémpy | ene

type resin and a pol ystyrene type resin, and exhibited excellent |evels of

rigidity, foam il ﬂ@}?érhéstéﬁd SREE¢ Alisifss st ance, and inpact resistance, and
they were
10 [0007]

As a result of intensive research aimed at achieving the above object, the
inventors of the present invention discovered that by using a polypropylene type resin
particle having a specific melting point as the polypropylene type resin particles, adding
a styrene type monomer to these particles, and then conducting polymerization within a

15  specific temperature range, styrene-modified polypropylene type resin particles could be
obtained in which the quantity of the polypropylene type resin near the surface of the
particles was increased, the quantity of styrene increased with increasing proximity to the
central portion of the particles, and the polypropylene type resin and polystyrene type
resin existed in a distinct islands-in-sea structure.

20 [0008]

Moreover, the inventors also discovered that when foamable resin particles
obtained by impregnating the styrene-modified polypropylene type resin particles having
an islands-in-sea structure produced in this manner with a foaming agent were subjected

to prefoaming, and the foamed particles were then placed in a molding die and subjected

25 to internal foam molding within the die, a styrene-modified polypropylene type resin



therefore able to conplete the present invention. 5 [0009] The present

i nvention provides a styrene-nodified pol ypropyl ene type resin particle
that includes a polypropyl ene type resin and a pol ystyrene type resin,
wherein the polystyrene type resin is included at 30 parts by wei ght or
nore but | ess than 600 parts by weight .per 100 parts by wei ght of the

pol ypropyl ene type resin, and polystyreﬁe type 10 resin particles having a

|l ongi t udi g@%ﬁg&;&e‘ar c?c ﬁé phdfiePth &Jn-?ﬁ é@t“ﬁga ‘r.%%s oP | ypropyl ene

type resi e"present |nven Ion a ovi des a foanabl e
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foam ng agent. [0011 FurthernDre the present invention al so provides a

st yr ene- nodgifite doampal By chgmiea) p@lstaélsc ranfl dmpect resgtance) andsheawaed by
prefoam ng the above foanmable styrene-nodified pol ypropyl ene type resin
particle. thérefd30aRlE td/borapleterthe plegemiimationi nventi on al so provides a
styrene-nodi fi ed pol ypropyl ene type resin foanmed nol ded product prepared by
packi ng; t he abo gO@gyrene-nDdified pol ypropyl ene type resin foanmed particle
into a nolding die nd conducting foam nol ding, wherein the foanmed nol ded

product s . IoBRlkl K001 8L A o ARG e O
the particle that includes a polypropylene type resin and a polystyrene type resin, wherein the
polystyrene type resin is included at 30 parts by weight or more but less than 600 parts
by weight per 100 parts by weight of the polypropylene type resin, and polystyrene type
10 resin particles having a longitudinal diameter of 5 pm or less are dispersed in the
polypropylene type resin.

[0010]

Further, the present invention also provides a foamable styrene-modified
polypropylene type resin particle prepared by impregnating the above styrene-modified

15  polypropylene type resin particle with a foaming agent.

[0011]

Furthermore, the present invention also provides a styrene-modified
polypropylene type resin foamed particle obtained by prefoaming the above foamable
styrene-modified polypropylene type resin particle.

20 [0012]

Moreover, the present invention also provides a styrene-modified polypropylene
type resin foamed molded product prepared by packing the above styrene-modified
polypropylene type resin foamed particle into a molding die and conducting foam

molding, wherein the foamed molded product has a density within a range from 0.01 to

25 02 g/crn3.



present invention, the shrinkage factor for the foaned nol ded product in a
di nensi onal change neasurenent conducted in accordance with JIS K 6767
under conditions at 90C 5 is preferably 1.0%or |ess. [0014] Furthernore,
the present invention also provides a nethod of producing a
styrene-nodi fied pol ypropyl ene type resin particle, including: dispersing
100 parts by weight of a pol ypropyl ene pype resin particle having a 10

mel ti ng point oﬁ &%ﬁ to 145C, 30 parts by weight or nore but |ess than 600
parts by weight a styrene type nmononer, and a polynerization initiator

wi thin an aqueo suspensi cont ai n| a di s er ant tin the resul ting
di spersion to alt{létﬁpﬂfg’é‘%}”é’%&ie 36’601? gxagdmrgg% oes no

substantial polynerization, thereby mcog{poratl n? t he styrene 15 t ype
monomer  wipresent nventisnl shershripkagadaatorer thedpamedimo d@ﬂ@rochﬁtimpsedmmnﬁmn@

pol ynmeri zation of the styrene type nononmer at a tenperature within a range

from (T- 1Qohahge fddsdRhient ¥hiRTuREeR id Gcdofimes AhIIS Re5 767 luhietoB@itidhs af 90°be
pol ypropyl ene type resin particle. In this aspect of the present invention,

t he rreltln f onproperne 20 type resin particle is preferably
wi t hi n°a rgﬁgeg ‘518%0151 $145C. Further, in those cases where the nelting

poi nt of the polﬁgropylene type resin partlcle is wthin a range from 120
to NOT (and part Uﬁarly 120C or nore but | ess than 140C), the
pol ynmeri zati on of the styrene type nononer in the polynerization step is
preferably per flortrednet, the prspeiatantien aiso providesmaanegthod oHprodildinge ( T+20)C. 7
[0015] Furthernore, the present invention also provides a method of .
produci ng dyrefd-#o@FRd Pl prdSdeRaYy YredR)abitge, iNdedih@si n particle, including:
dispersing 100 parts by weight of a polypropylene type resin particle having a
10 melting point of 120 to 145°C, 30 parts by weight or more but less than 600 parts by
weight of a styrene type monomer, and a polymerization initiator within an aqueous
suspension containing a dispersant,
heating the resulting dispersion to a temperature at which the styrene type
monomer undergoes no substantial polymerization, thereby incorporating the styrene
15  type monomer within the polypropylene type resin particle, and
performing polymerization of the styrene type monomer at a temperature within
a range from (T-10) to (T+20)°C, wherein T°C represents the melting point of the
polypropylene type resin particle.
In this aspect of the present invention, the melting point of the polypropylene
20  type resin particle is preferably within a range from 140 to 145°C.  Further, in those
cases where the melting point of the polypropylene type resin particle is within a range
from 120 to 140°C (and particularly 120°C or more but less than 140°C), the

polymerization of the styrene type monomer in the polymerization step is preferably

performed at a temperature within a range from (T) to (T+20)°C.



di spersing 100 parts by weight of a polypropylene type resin particle having
a 5 nelting point of 120 to 140C, 20 parts by weight or nore but |ess than
100 parts by weight of a styrene type nononer, and a pol ynerization
initiator within an aqueous suspension containing a dispersant, heating the
resulting dispersion to a tenperature a% whi ch the styrene type nononer
under goes no substantial polynerization, thereby incorporating the styrene
10 type nonormer gﬁfir n the pol ypropyl ene type resin particle, performng a
first polynerizé 1on of the styrene type nononer at a tenperature wthin a

range from (T-1 o (T+20)C, wherein TC represents th | tin oi nt of the
pol ypr opyl ene tay)b‘é"thf”eréqrﬁ tg%?‘ﬁe??:‘}tél?vegﬂﬂnfl ?PE‘W"%@ atfﬂ%&l?‘ﬁ’gﬁ%‘é?@%gri zati on,
addi ng a styrene t)%pe mononer and a 15 pol ynerization initiator, and setting
t he t enpersatreneemodified\palypeonylansitiperesiamgeticie, dralydings) to (T+15)C, thereby
i ncorporating the styrene type nononmer within the pol ypropylene type resin
particle and perdigpersirpol (D M@ded@%itﬂf&@bk@ié@ﬂﬁ{e@pﬁ&hi&paﬁf&e hatigg aquant ity

of styrene type nononer used in the first and second pol yneri zati ons, per

oy wai ont. BrinbPRREhr 210 bage keRRts STph bR R B el Beparteoy D 00 o

the present invention, the nelting point of, the polypropylene type resin
particl e i%eightedasHERe Wit MOROBET 3R¢ @ PPhvefrization, Bititorovitin A ggyecus n ¢ hose
cases where the nelting point of the polypropylene type resin particle is

Wit hin a rsasgpesiohrcontail®fp 4 disfet®amt( and particularly 120C or nore but |ess
than 140C), the 8 polynerization of the styrene type nononer in the first

pol yneri zati on igafieiheréhlthg Rgfctds®th RinperabREREWRICH IR Wrehé fypd range from
(T) to (T+20)C, and the polyrerization of the styrene type nononer in the

second POl XET SAkuEok P BLARAR YRR AEEE by inc BURRRE Y Snbhé M 1 2
10 type monomer within the polypropylene type resin particle,
performing a first polymerization of the styrene type monomer at a temperature
within a range from (T-10) to (T+20)°C, wherein T°C represents the melting point of the
polypropylene type resin particle, and
following the first polymerization, adding a styrene type monomer and a
15 polymerization initiator, and setting the temperature to a value within a range from (T-25)
to (T+15)°C, thereby incorporating the styrene type monomer within the polypropylene
type resin particle and performing a second polymerization (wherein, the total quantity of
styrene type monomer used in the first and second polymerizations, per 100 parts by
weight of the polypropylene type resin particle, is 30 parts by weight or more but less
20  than 600 parts by weight).
In this aspect of the present invention, the melting point of the polypropylene
type resin particle is preferably within a range from 140 to 145°C. Further, in those

cases where the melting point of the polypropylene type resin particle is within a range

from 120 to 140°C (and particularly 120°C or more but less than 140°C), the



5 [0016] In the nmethod of producing a styrene-nodified polypropyl ene type
resin particle according to the present invention, the polypropyl ene type
resin particle is preferably a propyl ene-ethyl ene copol yner. [0017] 10
Furthernore, the present invention also provides a nethod of producing a

f oamabl e styrene-nodified pol ypropyl ene_type resin particle, wherein
follow ng the above nethod of producin§ a styrene-nodified pol ypropyl ene

type resin particl.e e . obtained styrene:npdifi.ed polypr.opyl-enge type resin
partiche ottt pL8 snPridv AT Safontr BTN b SheBRa i Reafy
styrene-nodi fi ed pol ypropyl ene type resin particle. 15 [0018] Furthernore,
the. pr esermerforvehatiaHmaPEBire MR Enge RoThi tof 1036 end hepolymerization
styrene-nodi fi ed pol ypropyl ene type resin foaned particle, wherein follow ng

the above offils {ip@n®typenishsaienth the lseie PoBmsdrizhttieisiRelefabBepdifrned apy | ene
type resin particle, the obtained foamable styrene-nodified pol ypropyl ene

type resi i . 3 f d to obtain a foaned particle.

[ 0019] Nbﬁgggé%ﬁﬁ% ghﬁyggggfﬂPﬁled@ﬁgﬁhgﬂggqgrovides a met hod of producing a
styrene-nodi fi ed pol ypropyl ene type resin foaned nol ded product, wherein
follomﬁng t he JB&Uﬂ met hod of producing a styrene-nodified pol ypropyl ene
type resin foaned 25 particle, the obtained styrene-nodified pol ypropyl ene
type resin foanddthpamethod ef prodScing astyesheirmadified pblgpropyleny tygfe resimphdicleg di e,
subsequent|ly subjected to internal foam nolding within the die, and the

o e i e e DA S OS BO
propylene-ethylene copolymer.

[0017]

10 Furthermore, the present invention also provides a method of producing a
foamabile styrene-modified polypropylene type resin particle, wherein following the
above method of producing a styrene-modified polypropylene type resin particle, the
obtained styrene-modified polypropylene type resin particle is impregnated with a
foaming agent to obtain a foamable styrene-modified polypropylene type resin particle.

15 [0018]

Furthermore, the present invention also provides a method of producing a
styrene-modified polypropylene type resin foamed particle, wherein following the above
method of producing a foamable styrene-modified polypropylene type resin particle, the
obtained foamable styrene-modified polypropylene type resin particle is heated and

20 prefoamed to obtain a foamed particle.

[0019]

Moreover, the present invention also provides a method of producing a
styrene-modified polypropylene type resin foamed molded product, wherein following

the above method of producing a styrene-modified polypropylene type resin foamed

25  particle, the obtained styrene-modified polypropylene type resin foamed particle is



5 has an islands-in-sea structure in which polystyrene type resin particles
having a |ongitudinal dianmeter of 5 mor |ess are dispersed within the

pol ypropyl ene type resin, and therefore a foanmed nol ded product obtained by
i npregnating the particle with a foam ng agent, prefoam ng the resulting
foamabl e resin particle, and then packing this foanmed particle within a
nol di ng di e and conducting internal foaﬁ1nn|ding conbi nes 10 the advant ages
of a polystyrene. e resin.foaned ol ded product .and, a .pol opyl ene type
Cesin Candartififd i sty et Rtk 8. SRRl Bl B RemP R ol o o
rigidity, foam nvoldability, chem cal resistance, and inpact resistance.
Hence, acdBeldinggvithin theedieyaad dha molded eradugiis thengelpaseddrom thermaldingdisnr opyl ene
type resin particle can be provided that is ideal for producing a foaned
nol ded product H{@@2A0hg t hese types of excellent physical 15 properties. The

f oamabl e styrene-nodi fied pol ypropyl ene type resin particle of the present

invention is pramasBiedymbdiBES BORHIdPY1cnB ByRROUR patilesTahePdbdrt &fention
pol ypropyl ene type ‘resin particle wth a foam ng agent, and therefore a

f oamabl.e siyrene- ifie | vpr I [esl. rtiGl e. can be provided
thar i 8 1 dekpt PRt s AR HAREY pERSal R T SRR B e e i ot
excellent levels of rigidity, foam nol dability, chem cal resistance, and

i mpact r edergiping! digpetes of 5 smeorises ate dispersed witbinthe nelypippylens &n¢ reRmed
particle of the present invention is produced by prefoam ng the above

f oamabl e madthertfere afodnict encdflat product ebiaireddynogrégnating the\partmby withe t ype
resin foaned particle can be provided that is ideal 25 for producing a

f oaned moIfﬂ@rﬁin%ra%_ﬁ'ﬁt%refdaﬁﬁngﬁiairbilﬂt%mgef@ﬁﬁﬂab@ REsin BYOR, Ald t!hbrﬁ 'g&iléhyg thfsoam 10

nol dability, chem cal resistance, and inpact resistance.
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styrene-nodi fi ed ol r | ene type.resin foanme rticle, and can
t hgr efldr e Be @ci;qaa@ggs 9 0 gs%ﬁpgpgg@g Fesin foamed m(ﬁdedd pr%%uct and a polypropylene

type resin, and is a foamed molded product that exhibits excellent levels of rigidity, foam
moldability, chemical resistance, and impact resistance. Hence, according to the present
invention, a styrene-modified polypropylene type resin particle can be provided that is
ideal for producing a foamed molded product having these types of excellent physical

15  properties.

The foamable styrene-modified polypropylene type resin particle of the present
invention is prepared by impregnating the above styrene-modified polypropylene type
resin particle with a foaming agent, and therefore a foamable styrene-modified
polypropylene type resin particle can be provided that is ideal for producing a foamed

20  molded product that exhibits excellent levels of rigidity, foam moldability, chemical
resistance, and impact resistance.

The styrene-modified polypropylene type resin foamed particle of the present
invention is produced by prefoaming the above foamable particle, and therefore a
styrene-modified polypropylene type resin foamed particle can be provided that is ideal

25  for producing a foamed molded product that exhibits excellent levels of rigidity, foam



5 product that exhibits excellent |levels of rigidity, foamnoldability,

chem cal resistance, and inpact resistance. [0021] The nethod of producing
a styrene-nodi fied pol ypropyl ene type resin particle of the present
invention is a method in which, by dispersing a polypropylene type resin 10
particle having a nelting point of 120 ﬁﬁ 145C, a styrene type nononer and a
polynerization initiator within an aguedus suspension containing a

di SperSantmoldﬁl'[ﬂﬁ'érg&%%Eél%eéiﬁ&n?{e@%@i%ﬁgt 1{er[;}gtaﬁ&yrene type nmonormer within the

pol ypropylene "ty resin par neither performng a single
stage pol ynerization at a tenperature. within a ran f T-10 0
(T+20)C, or perfalfa‘&erﬁxﬁanfampﬂﬁ@ Pﬁ&?ﬁwﬂqnfmeoﬁwtfow%gmp@%g@?%ﬁwéf Hhin a
range from (T) to (T+20)C and then perform ng a second polynerization of
t he styr ermgeseppmvensinorie prepared bydnigenah fopremeiding of the abongestirenermodifizd) to
(T+15)C, wherein TC represents the nelting point of the pol ypropyl ene type

resin pargdlgirepylénesiyyé f3ir fasied padicRohatdéanlierefeee piopaleraformedaidlde e can be
produced that has an islands-in-sea structure in which polystyrene type

resin parti RigTen | [ . [ : Nl e
di sper?ed %B{iﬁ‘? F\lﬁ? Ejgﬂg% y’%?g%gfl%{%gqtﬁlﬁjé& Pﬁéj&s‘(?a%?ﬁ’l%%datg Egyggﬁcasgls}e\%%%%lgé’a

f oamabl e resi.n parti.cl e, produced by inpregnating the obtained

styrene- nrﬂi’i%flp@ tIBYSMSpyl ene type resin particle with a foam ng agent, is
pref oamed, and the foamed particle is then packed in a nolding die and

subj ected to idPeHal foam nolding, a foamed nol ded product can be obtai ned
t hat conbi nes the 25 advantages of a polystyrene type resin foaned nol ded

product and a pdihepnethyd efngrotiyding 4 dtyrereahadifiadgolepfoipbichs typseedih paticleevel s of
rigidity, foamnoldability, chem cal resistance, and inpact resistance.

ASE01 010 6 BRGSO oAt o
producfy hayl ide hiving Sz pointor150'ts Ths %3 tyiehe FpBOhomerind a
polymerization initiator within an aqueous suspension containing a dispersant,
subsequently incorporating the styrene type monomer within the polypropylene type
resin particle, and then either performing a single stage polymerization at a temperature
within a range from (T-10) to (T+20)°C, or performing a first polymerization at a
15  temperature within a range from (T) to (T+20)°C and then performing a second
polymerization of the styrene type monomer at a temperature within a range from (T-25)
to (T+15)°C, wherein T°C represents the melting point of the polypropylene type resin
particle, a styrene-modified polypropylene type resin particle can be produced that has an
islands-in-sea structure in which polystyrene type resin particles having a longitudinal
20  diameter of 5 um or less are dispersed within the polypropylene type resin.
In those cases where a foamable resin particle, produced by impregnating the
obtained styrene-modified polypropylene type resin particle with a foaming agent, is
prefoamed, and the foamed particle is then packed in a molding die and subjected to

internal foam molding, a foamed molded product can be obtained that combines the

25  advantages of a polystyrene type resin foamed molded product and a polypropylene type



5 The nethod of producing a foamabl e styrene-nodified pol ypropyl ene type
resin particle according to the present invention is a nmethod in which the
foamabl e styrene-nodified pol ypropyl ene type resin particle is produced by
i npregnating the styrene-nodified polypropylene type resin particle

descri bed above with a foam ng agent, ﬂ@d the nethod can therefore provide
a foanmabl e styrene-nodified pol ypropyl e type 10 resin particle that is

i deal f : i0ga.f i ' Bl l !
o0 o o SR R T, SPLGE U Sl b M YO B g 21

The net hod of praqducing a styrene-nodified polypropyl ene type resin foanmed
particle AEWPBFIIPHYARGS ¢ MCCRRdIgR this FeHnEwol, & SpieBE o ch t he

styrene-nodi fied polypropylene type resin foamed particle is produced by
pr ef oani ngpolypropdenedtypercs® partjcle can beoptiofuasd thaslis/idedfpt produting e foamed
particle described above, and the nethod can therefore provide a

st yr ene- nodlplde® Prodatitan Rptthesa types RE ek @bl ﬁhgﬁaﬁqar@pe’rﬁés;l e that is ideal for
produci ng a foamed nol ded product that exhibits excellent |evels of

rigidity, foam-nul il ] i 1Ce - [ ' e. The
met hodtsof pr oducﬁgﬂgﬁﬁ %ﬁégg&éélg%} ?‘%!énc? %ﬁ%@%@b%@%neﬁoﬁgﬁﬂ%&%‘;h@gl e 20
f oanmed nol ded produgt according.to the. present .inyentjon is met hod in

whi ch the Paé‘ﬂ‘glg é?f@ﬁ%fﬁ@@%ﬁﬂ%%ﬁ%@%@ n 8“!1}9}? tb%?qapabge f oamed nol ded
product is produced by subjecting the styrene-nodified polypropﬁlene type
resin foangdepamodified pobpreplent typiusvia pagicleiserediced by imprsgnating theand t he

nmet hod can therefore provide a styrene-nodified polypropylene type resin

particl e fgpensmodifitdpolypripydeds thpd fesmetidledésclibydhbovefwith gfdintig agéntf oam
nol dability, chem cal resistance, and inpact resistance. 12 BRIEF

(I::)IrE CS)SSR l sP 1::: tql}1 (c)l (r?g %@%@?rﬂg gﬁa/% gﬁiﬁ]ﬁ%&% ﬁ%g@h@ﬂl‘éﬁ{&ﬁ %?%ﬁge ttyglljf)e resin
parti cl'Oe prréglg lf)%ﬁl%lé ﬁatl':i)s( ?M for %rc?d%%ﬁ'g‘g flggrngé) n{[opcieed%rrgfuec{' ’Ehat exhibits excellent
levels of rigidity, foam moldability, chemical resistance, and impact resistance.

The method of producing a styrene-modified polypropylene type resin foamed
particle according to the present invention is a method in which the styrene-modified
polypropylene type resin foamed particle is produced by prefoaming the foamable

15  styrene-modified polypropylene type resin particle described above, and the method can
therefore provide a styrene-modified polypropylene type resin foamed particle that is
ideal for producing a foamed molded product that exhibits excellent levels of rigidity,
foam moldability, chemical resistance, and impact resistance.

The method of producing a styrene-modified polypropylene type resin particle

20  foamed molded product according to the present invention is a method in which the
styrene-modified polypropylene type resin particle foamed molded product is produced
by subjecting the styrene-modified polypropylene type resin foamed particle described
above to internal foam molding, and the method can therefore provide a styrene-modified
polypropylene type resin particle foamed molded that exhibits excellent levels of rigidity,

25  foam moldability, chemical resistance, and impact resistance.



invention. FIG 2 is a diagramshow ng a cross-sectional TEMinmage of a resin
particle prepared in Conparative Exanple 3. 10 BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON [ 0023] A styrene-nodified pol ypropyl ene type resin particle
of the present invention includes 30 parts by weight or nore but |ess than
600 parts by weight of a polystyrene type resin per 100 parts by wei ght of
a pol ypropyl ene type resin, and pol ystyrene type 15 resin particles having a
| ongi tudi nal dianmeter of Smor |ess, and preferably 3 mor |ess, and nost
preferably from0.05 to 2.5 m are dispersed in the polypropyl ene type

resin. [0024] There ar I I i ction he pol ypropyl ene
type resin that functigﬁgﬁggﬁgﬁgﬁﬂ#?#ﬂg?ﬁ%tgﬁﬁhgéggﬁgi within the
styrene-nodi fi ed pol ypropylene type 20 resin particle of the present

i nvention, provil Ithe resin has a nelting point within a range from 120 to
145C, and resins produced using conventional nmethods can be used. |If the

nel ting point ofFIGheispaliyga®piibeig 4 stpss-seetbnaul TEM anage dfhastyrd@d@odifledn t he
heat resistance tends to be poor, and the heat resistance of the

styrene- i1dd I I i]%g{m : pr oduced
usi ng ? hgq%;l{}irr@%a%o %%e po &%ﬁ%gg?%dﬁg ?%%gcrcggélﬁgga@%?%gﬁttends to
deteriorat.e. Further, if the nmelting point is higher than 13 145C, then the
pol yner i zdBYSWOPenperat ure i ncreases, and a favorabl e pol ynerization can
not be conducted. [0025] 1In a preferred enbodi nent of the present

i nvention, a prdpt eisedagrpmeshewing agpst-seetenah 1M imagerafiatesig ppaictt within a
range from 120 to 145C is used as the pol ypropyl ene type resin. This

propyl ene-ptfyédcineCoanpeitiveixaagid 30 ns a copol yner of

10 BEST MODE FOR CARRYING OUT THE INVENTION

[0023]

A styrene-modified polypropylene type resin particle of the present invention
includes 30 parts by weight or more but less than 600 parts by weight of a polystyrene
type resin per 100 parts by weight of a polypropylene type resin, and polystyrene type

15  resin particles having a longitudinal diameter of 5 um or less, and preferably 3 um or less,
and most preferably from 0.05 to 2.5 pm, are dispersed in the polypropylene type resin.

[0024]

There are no particular restrictions on the polypropylene type resin that
functions as one of the resin materials within the styrene-modified polypropylene type

20  resin particle of the present invention, provided the resin has a melting point within a
range from 120 to 145°C, and resins produced using conventional methods can be used.
If the melting point of the polypropylene type resin is lower than 120°C, then the heat
resistance tends to be poor, and the heat resistance of the styrene-modified polypropylene
type resin foamed molded product produced using the styrene-modified polypropylene

25  type resin particle tends to deteriorate. Further, if the melting point is higher than



propyl ene and ethyl ene as the main conponent, but may al so i nclude other
nononmers capabl e of copolynerizing with the ethylene or propylene within
the resin nolecul es. Exanples of these other nononers include either one,
or two or nore nononers 10 sel ected from anongst a-olefins, cyclic ol efins,
and di ene type nononers. This propyleng%ethylene copol ynmer has a nelting
point wwthin a range from 120 to 145C d may be a random bl ock, or three

di mensi on copol f ltiple
rel 1 mg. pari e Wit e BORcHZRfon e LB st sl 475 B B BHOR S lerrea
the nelting point (TC). 15 [0026] If required, the pol ypropyl ene type resin
particle rﬁapnat%cqqqiwe@e additives such as col orants, flane retardants,
antioxidants and ultraviol et absorbers and the like. O these, as the

col orant, both i[f@tgani c and organic colorants nmay be used. Inorganic
colorants such as iron oxide and carbon black and the like are particularly

preferred. 20 [ Q03 fkeiEarpheadiftnt Saho Bloat 1ol WifopAsidethighe f UNCL | ons

as the other re5|n material wthin the styrene nodifi ed pol ypropyl ene type
resin artlcl t he ent |nve iaon n re obtajn

ol yreR zi49goimey Jpafe Rt e e adr et P e AT BB AHS e,

p-met hyl styrene, and t-butylstyrene. Moreover, the polystyrene type 14
resin may RRdymiopdpus fyneresis 4 hes yropylene-gthilene penebymerrontairstapoliora i r
capabl e of copolynerization with the styrene type nononer. Exanples of this

ot her nonagrepylehanaldudeylael asfthinsialrosvabponeitg bitBaysalsdhinefiddiodienydnemeane, and
al kyl (meth)acrylates that contain no benzene ri ng V\,i thin their structure,

such as b blé tﬁlﬂ'f'estff S Lh a
gquantity t g% dggg not %ﬁ%emntl al yﬁexc&ggo Yo vvel t r’Iﬁialtgla%/le to the
pol ystyre .. I n this description h st enes and the
NoNONer s Pﬁ?ﬂﬁﬁ 35 56’&?8?“881683119@& g‘étfeﬂ'Bhe’\fﬁr O St {NOENRSNAPE Sy ef erred to
as styrene

10 selected from amongst a-olefins, cyclic olefins, and diene type monomers. This

propylene-ethylene copolymer has a melting point within a range from 120 to 145°C, and
may be a random, block, or three dimensional network copolymer. Furthermore, in
those cases where multiple melting points exist, the temperature of the lowest melting
point is deemed the melting point (T°C).

15 [0026]

If required, the polypropylene type resin particle may also include additives such
as colorants, flame retardants, antioxidants and ultraviolet absorbers and the like. Of
these, as the colorant, both inorganic and organic colorants may be used. Inorganic
colorants such as iron oxide and carbon black and the like are particularly preferred.

20 [0027]

Examples of the polystyrene type resin that functions as the other resin material
within the styrene-modified polypropylene type resin particle of the present invention
include resins obtained by polymerizing a styrene type monomer such as styrene,

a-methylstyrene, p-methylstyrene, and t-butylstyrene. Moreover, the polystyrene type



type nmononers. In the present invention, the term"(neth)acrylic acid"
refers to either one of, or 10 both, acrylic acid in which a hydrogen atom
is bonded at the a-position, and nmethacrylic acid in which a nethyl group
is bonded at the a-position. [0028] The quantity of the polystyrene type
resinis set wwthin a range from30 to ﬁpo parts by weight per 100 parts by
wei ght of the pol ypropylene type resin. A preferred 15 blend quantity for

t he pol ysty: tw.pe i r i

quant i 1y 1oy PR op nte P eI bl AR SR UBLAR copBO R, |
proportion of the polysiyrene type resin exgeeds, 60 arts by wei ght, the
Chent cal *regplymeicaton it fissieend BBr HRaHRET of XARDISR a3 OHBr BMABORE e

obt ai ned by internal foam nolding of the foaned particle tend to

det er i or atis¢ludhpelmfunstionad swnpmistsssuch as digimyttesrene and dkyldmegyepmlatdsdhatof t he
pol ystyrene type resin is less than 30 parts by weight, then the rigidity

of the foamathinhd Baens Aok oithhbthair sedeting, suthek balyl {MamatplsteNgTRéset he foanmed

particle tends to deteriorate, which is also undesirable. [0029] 1In the

styr eng- mogh &l g ohdARdry Hi%g BY LEDEintYREnti 5 Thdt do&l ﬁét%hﬁstﬁi{tiaﬁlp%x&reﬁ.sgfﬂ 063%5

invention, the polystyrene type resin“exists In a state“in whi | ystyrene

type resin 15 ticles having a | ongitudinal .diangter gf 5 mor |ess, and
pr ef er abl yw%*gl?ﬁrg@{IV%?sE%e Q?]S’S%ﬁ@esrggnm ﬁﬂi S#Fﬁéﬂgﬁ?’g’&f’ SYERE €resin.
The lower limt for the longitudinal particle diameter is preferably 0.05 m
or nore. Rn@wmersthat aexgpabie shenppohgneizetion with sbrensaare refavedria gestyreng
styrene-nodified 5 polypropylene type resin particle of the present

i nventi on.typsmosodyisdent from FIG 1, the styrene-nodified pol ypropyl ene
type resin particle of the present invention exists in a state in which

fine particles qf fidfseRt HRENEE thel thRe "(nRth)dcr3Ni€ alii® REES 86 citiilr bRE B YorW thin
10 both, acrylic acid in which a hydrogen atom is bonded at the a-position, and methacrylic
acid in which a methyl group is bonded at the a-position.
[0028]
The quantity of the polystyrene type resin is set within a range from 30 to 600
parts by weight per 100 parts by weight of the polypropylene type resin. A preferred
15  blend quantity for the polystyrene type resin is from 100 to 550 parts by weight, and a
quantity from 130 to 500 parts by weight is even more desirable. If this proportion of
the polystyrene type resin exceeds 600 parts by weight, the chemical resistance and
impact resistance of the foamed molded product obtained by internal foam molding of
the foamed particle tend to deteriorate, which is undesirable. In contrast, if the
20  proportion of the polystyrene type resin is less than 30 parts by weight, then the rigidity
of the foamed molded product obtained by internal foam molding of the foamed particle
tends to deteriorate, which is also undesirable.
[0029]
In the styrene-modified polypropylene type resin particle of the present

25  invention, the polystyrene type resin exists in a state in which polystyrene type resin



t he pol ypropyl ene type resin in an islands-in-sea structure. On the other
hand, in a styrene-nodified polypropylene type resin particle of a
conparati ve exanple shown in 10 FIG 2, the type of islands-in-sea structure
shown in FIG 1, including fine particles of the polystyrene type resin

wi thin the pol ypropyl ene type resin, P d not be confirnmed. [0030] Because
the styrene-nodified polypropylene typetesin particle of the present

i nvention has.a |sla Ne S struct re i n,whic ¥{ ene type resin
par t1'cl o6 MGV %wﬁtﬂ i Bt i oF 15T B RSB o R b < e
wi thin the_ polypr o&ll ene ype resin, a foaned, nol ded oduct obt ai_ned by
i npr egnat |d(‘r°d73¥ﬂq@"% Iﬂhéll)@ WQHYI@ef%%ﬁﬁeﬁ‘@ aaéﬁﬂoweré#ﬂ@f ihslgngitedipasyl ti ng
foamabl e resin particle, and then packing this foaned particle wthin a

nmol di ng dipmrtia:thddiametwdxpmfyrdhhy e:05aim bomwrarol di ng conbi nes t he advant ages of
a polystyrene type resin foanmed nol ded product and a pol ypropyl ene type

resin, and is ar2Q fparmanml Hodins OGuG sekhiolal TEM Bhide SPISHIERRnolimEl 5 of

rigi di ty, foam nol dabi lity, chemical resistance, i npact resistance.

rence. S0 SaA ARG Lher BTSRRIl LIMEROR nAngBhY" 805 RSt bfh PR YPT 0P e

type re5| 'S ea1 or produci ng a foanmed
nol ded product havin ese types of excelle sical properties [ 0031]
25 The af dP"eWFﬁ%ﬂf %({]Eﬁ? lgprapyisas Weaesgbp%&sﬁ%@r@ewwvmwx&sm@ e 16
according to the present invention can be produced efficiently, or with a

f avor abl e sytelrdwhich fine ppitisiis od the prdystodnofypp rastuat dispersed ynidorm!pwdihin ed
pol ypropyl ene type resin particle according to the present invention that

i ncludes ahé B @@p@gykn@typgtr@@ﬁu{:ﬁ«hsraﬁdé - scadfi@lied e OBk Oer BAnEAER Of Steps
(A to (D) descri bed below. 5 (A) dispersing 100 parts by wei ght of a

Bg Ir %/gr 85}’ e{}ﬁ%ﬁlﬂ’ea 0 ytlén%lstﬁ{:]%gl'rlg%glc‘?e 5(11[3&{ édbr@garﬂf’s}er}%?ﬁg els%gw%@r éﬁgCt ygg

monomeg ( Zﬁcpi? "the ¥ o%a% % u?-rsea”?u%%nEé‘EhJu?nsﬁl 841 incd0aiBE g patficles of the
polystyrene type resin within the polypropylene type resin, could not be confirmed.
[0030]
Because the styrene-modified polypropylene type resin particle of the present
invention has an islands-in-sea structure in which polystyrene type resin particles having
15 alongitudinal diameter of 5 um or less are dispersed within the polypropylene type resin,
a foamed molded product obtained by impregnating the particle with a foaming agent,
prefoaming the resulting foamable resin particle, and then packing this foamed particle
within a molding die and conducting internal foam molding combines the advantages of
a polystyrene type resin foamed molded product and a polypropylene type resin, and is a
20  foamed molded product that exhibits excellent levels of rigidity, foam moldability,
chemical resistance, and impact resistance. Hence, according to the present invention, a
styrene-modified polypropylene type resin particle can be provided that is ideal for
producing a foamed molded product having these types of excellent physical properties.
[0031]

25 The aforementioned styrene-modified polypropylene type resin particle



wei ght of a styrene type nononer in those cases where Step (D) is
performed), and a polynerization initiator within an aqueous suspensi on
containing a dispersant; (B) 10 heating the resulting dispersion to a
tenperature at which the styrene type nononer undergoes no substanti al

pol ymeri zation, thereby incorporating t styrene type nononmer within the
pol ypropyl ene type resin particle; (C performng a first polyneri zation of

the styre f

(T+20) C, e orréi%% R egﬁén%ﬂ Prra éﬁo?édﬁlaﬁp%%ﬁ{%nﬁr PRI RRb R type
resin 15 par | e; and( owing the firs yneri zation, adding
styrene t é ohe# m&ﬂﬁ’ QA‘-&‘FH&?} stygengsnod Fﬁ‘ﬁﬁo H?roPlét?RF 24214 f‘-‘ISH’g the
tenperature to a val ue W|th| n arange from(T-25) to (T+15)C, wherein TC

r epr esent Pattiede ansbrdingyophe presaft investipothppinolndeseither pach afsdéns (Ap&r (Gl e,
thereby incorporating the styrene type monomer within the polypropylene type

resin par tdegdrn)ear@eloﬁeblf@rcfrbmgteps§g}:@r(gj))@@§mf5@ﬂ b&ai:on (wherein, the total
gquantity of 20 styrene type nononer used in the first and second

ot iere. i s 30 Egrg&%g&é?éﬁﬁ% wEEHO0 s FolybidByRRR KRE SR BRAALHRAGIEES T
Each of St eps (A @t( QEQ can_be conducted using an autoc]ave pol yneri zation.
appar at us 3gpe Pﬁ%PPliﬂk 1204e 143" G¥parts by aveaghior mpre buhiesstithaned S\8t yr ene

type resin 25 suspension polynerization nethods or seed pol ynerization

met hods, iweightiofh shearsypd mbdompol29 phsts Byneeighpor mesd but s thanl 199 parte bpr oduced
using a styrene type nononer as the raw material, although the production

appar at us gl ora st énert?ﬁé fbRbREk 1th6sl%'c§seE)6~H1%ré)§te %Bgﬁrp%}fdﬁne OfRd S In
Step (A, the pol ypropyl'ene type resin particle can be obtaln for

Sé?lme)!t ?z atH rrel th%fglémé ‘ﬁ@mggp%qg%ﬁgéﬁgp\%gﬁéf} % ?1%1@%?3 ‘ﬁ%t%gsc%ﬁ{ (Bgchni que, or
by er ul%JhI ril%attn?gethg ?esslulrtmg%rlstplefsltoenstovg tggllpgra?urg gtuv?rlr]}ch the styrene type monomer
undergoes no substantial polymerization, thereby incorporating the styrene type
monomer within the polypropylene type resin particle; (C) performing a first
polymerization of the styrene type monomer at a temperature within a range from (T-10)
to (T+20)°C, wherein T°C represents the melting point of the polypropylene type resin
15  particle; and (D) foliowing the first polymerization, adding a styrene type monomer and a
polymerization initiator, and setting the temperature to a value within a range from (T-25)
to (T+15)°C, wherein T°C represents the melting point of the polypropylene type resin
particle, thereby incorporating the styrene type monomer within the polypropylene type
resin particle and performing a second polymerization (wherein, the total quantity of
20 styrene type monomer used in the first and second polymerizations, per 100 parts by
weight of the polypropylene type resin particle, is 30 parts by weight or more but less
than 600 parts by weight).
Each of Steps (A) to (D) can be conducted using an autoclave polymerization

apparatus or the like that is used for executing conventional polystyrene type resin

25  suspension polymerization methods or seed polymerization methods, in which beads of



and conducting pelletization directly. The shape of the resin particles may
be spherical, elliptical (egg-shaped), circular cylindrical, or prismatic
cylindrical or the like. A 10 preferred resin particle dianeter for the

pol ypropyl ene type resin particle is within a range from0.5 to 1.5 mm and
a particle dianeter wwthin a range from0.6 to 1.0 mMmis even nore
desirable. [0033] Further, as descri beld above, either a styrene nononer, or

a mxture Q styrene . 15 noner sed inly. of styrene and anot her
mononer | cARRRattsY B Ssi RIS brr e e TR ol e b e B 8 T
styrene type mononer. | f the blend quantity of the styrene type nononer
exceeds 60MAtgAlathepeh e preductipn Appaigtus usedds netgasinsted e lnsype 8F t he

pol ystyrene type resin that have not been incorporated within the

pol ypr opylappmatugpe resin particle tend to occur, which is undesirable. In
addition, the 20 chem cal resistance and inpact resistance of the foaned
nol ded product q@x@qned by secondary foam ng of the prefoaned particles
tend to deteriorate, which is undesirable. 1In contrast, if the blend

quanti ty of the [ [0S | han LS b t, then
although the ti rlrrzg%fégg%?’rtééd@ @XE}% %co?&%ﬁéﬁ%é#‘?ﬁ% Cs?ﬁ ?/)F eﬁ{easrfe;qp%)rﬁ%%%ﬁeg’r
within the polypraqopyl ene type resin partic)e and then, performng

pol yner i z Vi IP%ﬂIEHe%%H%%%’a{deW@'gﬁm Fondpcting pelistization ysingg strand cut,
styrene-nodi fi ed pol ypropylene type resin particle 18 to retain a foam ng
agent det emderwatescutnerchor ngt te¢hmiqemy o1 oy erushingitielvksin partigled avithan A cgisherf oami ng,
which is undesirable. In addition, the rigidity of the foanmed nol ded product

obt ai ned Ryid e66ARHAE YellciaafidiodifdctiyheThe ﬁfagé BEtheRadih pattiekes k@R ds spRerical,
deteriorate, which 1s undesirable. 5 [0034] Exanples of the dispersant used

oty nyl LiBRLAOE SESAR i BREAAM RIS oAl e BREOTATT €

10 preferred resin particle diameter for the polypropylene type resin particle is within a

I

range from 0.5 to 1.5 mm, and a particle diameter within a range from 0.6 to 1.0 mm is
even more desirable.
[0033]
Further, as described above, either a styrene monomer, or a mixture of a styrene
15 monomer composed mainly of styrene and another monomer capable of
copolymerization with the styrene may be used as the styrene type monomer. If the
blend quantity of the styrene type monomer exceeds 600 parts by weight, then particles
composed solely of the polystyrene type resin that have not been incorporated within the
polypropylene type resin particle tend to occur, which is undesirable. In addition, the
20  chemical resistance and impact resistance of the foamed molded product obtained by
secondary foaming of the prefoamed particles tend to deteriorate, which is undesirable.
In contrast, if the blend quantity of the styrene type monomer is less than 30 parts by
weight, then although the time required for incorporating the styrene type monomer
within the polypropylene type resin particle and then performing polymerization is

25  shortened, the ability of the resulting styrene-modified polypropylene type resin particle



car boxymet hyl cel | ul ose, and net hyl cel | ul ose; and inorgani c di spersants such
as nmagnesi um pyrophosphat e, cal ci um pyrophosphate, cal ci um phosphat e,

cal cium 10 carbonate, magnesi um phosphate, nmagnesi um carbonate, and
magnesi um oxi de. O these, inorganic dispersants are preferred. If an

i norganic dispersant is used, a surfacfant may al so be used in conbination

with the dispersant. Exanples of this rfactant include sodi um
dodecyl be te a
Furt her rm;} é?&%i%[{ﬁ%ﬁl ﬁ%@%"eﬁ |ﬂ(&)l[hErg ?I}u torblir%‘glﬁvge |b(l)ent[§8%§§‘% 0ms*%hl zation

uoed.  Expbe. whis a“se%ﬁgébﬁiy%@%ﬁﬁoé@@egw’é‘cﬂ o 'na@ kPRI aur oy

peroxide, t-anyl peroxyoctoate, t-butyl peroxybenzoate -anyl

per oxybe nadteingd by teaondary Sraming pf/the prafoamed pantigles peds)wﬂemnwp,ywmaln Fonat e,
t-butyl peroxyacetate, t-butyl 20 peroxy-3,3,5-trinethylcycl ohexanoate,

di -t - but ylyndegigelhexahydr ot er epht hal ate, 2, 2-di-t-butyl peroxybutane, and
di cunyl peroxide and azo conpounds such as azobi sisobutyronitrile and
azobi sdi met hyl vg nitrile. The polymerization initiator my be used
ei t her "al one or onbi nation. [0036] 25 Further, if a cross-1linking agent

i s added, then es .of t.he addition_neth i ncl.uge nethods, in which
t he cross-1inki %‘ i"ﬁ fi @‘&Wﬂ?*@d’? ﬁﬁf’pt(és)ﬂ?i“dﬁcﬂr%?‘b PRISARLS SUB@S r esi n,
met hods in which the cross-|inking agent is dissolved in a solvent,

pl ast i ci zepartiadly sspynifiekpelypiayhaehvbrpolyacniates pabydinyipymrolidone, met hods in which

the cross-linking agent is dispersed in water prior to addition. O these,

et hods i rcafixgmethytelliioss ahil Metidcdbiubgetindiiforghsis disyedadtosidhessst yrene type
nononer prior to addition are preferred. [0037] In order to effectively

| mpr egnat 6,1 DR YRESRMDIERE chdéfftn b§dbRodpRitk! &i&umipASsphate, calcium

10  carbonate, magnesium phosphate, magnesium carbonate, and magnesium oxide, Of
these, inorganic dispersants are preferred. [f an inorganic dispersant is used, a
surfactant may also be used in combination with the dispersant. Examples of this
surfactant include sodium dodecylbenzenesulfonate and sodium a-olefinsulfonates.

[0035]

15 Furthermore, as the polymerization initiator, conventional polymerization
initiators typically used in styrene type monomer polymerizations can be used.
Examples include organic peroxides such as benzoyl peroxide, lauroyl peroxide, t-amyl
peroxyoctoate, t-butyl peroxybenzoate, t-amyl peroxybenzoate, t-butyl peroxypivalate,
t-butyl peroxyisopropylcarbonate, t-butyl peroxyacetate, t-butyl

20  peroxy-3,3,5-trimethylcyclohexanoate, di-t-butyl peroxyhexahydroterephthalate,
2,2-di-t-butyl peroxybutane, and dicumyl peroxide; and azo compounds such as
azobisisobutyronitrile and azobisdimethylvaleronitrile. The polymerization initiator
may be used either alone or in combination.

[0036]

25 Further, if a cross-linking agent is added, then examples of the addition method



styrene type nononer may be added continuously or intermttently to an
aqueous nedium The styrene type nononer is preferably added gradually to
t he agueous 10 nedium Exanples of the agueous nedi umincl ude water, and

m xed nmedi a containing water and a water-sol uble solvent (such as an

al cohol). [0038] In Step (B), the tenpgrature during heating of the

di spersion obtained in Step (A) to a't erature at which the styrene type

ToNoer - Undey 4OgS G, &%&g}cﬁ%&bsﬁm%%%ﬁ {30405 AR RESABRL N0 e

styrene typé nonomer ene ype T

typically within a rang 5t07 and js ferabl from50to 65C.
1T this i PR msWOH% LJ&H] thecerpy- kg agsanIs bR fba sol FRYePIASIEEFT t he

i npregnation of the styrene type nmononmer tends to be unsatisfactory, and a
pol yner i zatrispmenedypkemonbmpopriatiy pddition,sind arethads énl whidhi thé cioss-linkiagiagesl e. | n
contrast, 20 if the inpregnation tenperature exceeds the above range, then

pol ymer i zgt URPers@Nswiter privi ¢l ﬁdcﬁﬁbﬁ-’r OPthes, ietiR@b & WhichRE&&084-1igiingf t he
styrene type nmononmer into the pol ypropylene type resin particle, which is

al so unde ol rization
terrpergt u?g eﬁlgkginss‘i[’qu}g% the% eﬁ%?@r &3@?&@?0??0{@&0&4} geg%%%qsnt of the

pol ypropyl ene ty esin particle is deened TC, then in 20 Step (O (the
first polyneri za[B&jr] the polynerization tenperature is set within a range
from (T-10) to (T+20)C and in Step (D) (the second pol ynerization), the
pol ymeri zati on tlzwpder & effestivelysmpraginetaithe polypropelene type (asipirticle, (h'f+15) C. By
perform ng the polynerization(s) wthin the above tenperature range(s), the

i nsi de of diendtype aidhoRiRF inag be addidostidudislyustistefmitRnitCih spiesdd cal
"islands" of the poI ystyrene type resin exist within a "sea" of the

pol ypropyl Iﬁ&ﬁufny e ﬁSﬁBrﬁé’ﬂ llg'ﬁre;fé}hﬁl %ﬁ% %gaccljl?alliygguc tﬁhegﬁshe

advant ages yren type res
pol yprop

y! medium. Examples of the aqueous medium include water, and mixed media containing
water and a water-soluble solvent (such as an alcohol).
[0038]
In Step (B), the temperature during heating of the dispersion obtained in Step
(A) to a temperature at which the styrene type monomer undergoes no substantial
15  polymerization, thereby impregnating the styrene type monomer within the
polypropylene type resin particle, 1s typically within a range from 45 to 70°C, and is
preferably from 50 to 65°C. If this impregnation temperature is less than the above
range, then the impregnation of the styrene type monomer tends to be unsatisfactory, and
a polymerization powder of polystyrene is generated, which is undesirable. In contrast,
20  if the impregnation temperature exceeds the above range, then polymerization tends to
occur prior to satisfactory impregnation of the styrene type monomer into the
polypropylene type resin particle, which is also undesirable.
[0039]
In Step (C) and Step (ID), the polymerization temperature is an important factor,

25  and if the melting point of the polypropylene type resin particle is deemed T°C, then in



type resin can both be realized, neaning a styrene-nodified pol ypropyl ene
type resin particle can be provided that is ideal for producing a foaned
nol ded product having 10 excellent levels of rigidity, foam noldability,
chem cal resistance, and inpact resistance. |If the tenperature is |ower

t han the above pol ynerization tenperature, then a distinct islands-in-sea
structure between the polypropylene ty resin and the polystyrene type

resinis t t nth L C and .t herefor.e.a resi
partcl o coen (SR SrifoliririzA Bt oAb 1o Rl i il e
properties i s unobtainable. Further if 15 the tenperature is higher than
the above firom (ko) todi 30" € etnselnditen @) (thesucandepqhunsaiastipnlatheon t enper at ur e

increases, and because the polynerization is initiated before the styrene

type mnorﬁ%!yxﬁ@ﬁzaﬁ&tﬁfénﬁié%&t@t@ée{ withérP4 Pﬂt"gé%ﬁx(’!ﬁ)‘t@ (thes5)rol yByopyl ene  type
resin particle, a resin particle or foaned nol ded product that” exhi blts

pol ymor 2 AET O g o RUARCa G R SatF Bk bR efostetnt ARl fag BARER I

required. [0040]. Faollow ng the polynerization of Step (C, or Step (C and
Step (B), resieppdigleradepts asiprtursindystipsphersy "ishandst 9%1 pelyytesne trrsdiesife d

pol ypropyl ene type resin particle is separated fromthe aqueous nedi um
yi el di ng axsst withirea feeall d¢fi thel polypsopy leny begeeaediy.peBR achiedng thiatype of stridnat,
contains 30 parts by weight or nore but |less than 600 parts by weight 21 of

the pol ystyg siantay 8o £5501PstHhe &R0 r&ld foandy n\ttﬂuatlﬁroaﬁcttati@aeehappdﬁméﬂeene type

resin, in which polystyrene type resin particles having a’l ongi'tudi nal

di anet er pr.ef erab di ersed Wi t hin

the potyprighsreanaep bl eabfiree Pogarie R st B fifie By ARt ABE % or ocuci ng

a styrene-nodified pol ypropyl ene t resin art| cle of the present

i nvention Paﬁiyc lgcandernsprided blsyﬁ%ﬁw% opmgdl melded predect bawipgng a

melting point of 120 to 145C, a styrene type rmnorrer, and a pol ynerization
10 excellent levels of rigidity, foam moldability, chemical resistance, and impact resistance.

If the temperature is lower than the above polymerization temperature, then a distinct
islands-in-sea structure between the polypropylene type resin and the polystyrene type
resin is not formed within the resin particles, and therefore a resin particle or foamed
molded product that exhibits excellent physical properties is unobtainable. Further, if
15  the temperature is higher than the above polymerization temperature, then the
polymerization temperature increases, and because the polymerization is initiated before
the styrene type monomer has been adequately incorporated within the polypropylene
type resin particle, a resin particle or foamed molded product that exhibits excellent
physical properties is unobtainable. Furthermore, expensive polymerization equipment
20  with a high degree of heat resistance is required.
[0040]
Following the polymerization of Step (C), or Step (C) and Step (D), the reaction
tank is cooled, and the formed styrene-modified polypropylene type resin particle is
separated from the aqueous medium, yielding a styrene-modified polypropylene type

25  resin particle that contains 30 parts by weight or more but less than 600 parts by weight



initiator within an aqueous suspension containing a dispersant, subsequently
i ncorporating the styrene type nononmer within the pol ypropyl ene type resin
particle, and 10 then either perform ng a single stage polynerization at a
tenperature within a range from (T- 10) to (T+20)C, or performng a first
pol ymeri zation at a tenperature within range from (T) to (T+20)C and then
perform ng a second pol ynerization of the styrene type nononer at a

tenperat urg tfé\@ %@&%ﬂ% gflﬂg Cedif 8%1'] 100 by Qveﬁ&f %ﬂhgplowgiﬁgéhset § RRIERENLS the

melting poin propyl ene ‘type’resin part ene- hodi fi ed

15 pol ypropyl ene type resin.particle can Qe duced that .has a

o hnca] RSBt e s eriches Jav e ey Pl Bamet of 34 Prless by ng a
| ongi tudi nal dianeter of 5 pmor less are dispersed within the

pol ypr opy | tslerablipd umeeslass, arg dispersed pathasthapelyprepylepg iy tesinesin  particle,
produced by inpregnating the obtained styrene-nodified pol ypropyl ene type
resin particle Wo4ila foam ng agent, is prefoaned, and the foaned particle
is then packed 20 in a nolding die and subjected to internal foam nolding, a

f d | ded ; t i ' f
oared smol ded produfding @the BRI @Mc%séfﬁﬂ@hﬁﬁ%&%lﬁﬂ%@?gﬁ%ﬁi or a

pol ystyrene type resin foanmed nol ded pr and a polypro pe
resin, and exhihits cellent levels of rigidit f gam | dabilit.

Chon car g opsiseco T frendil nefiidn by et e’ b uprof e R perifl
production nethod, a styrene-nodified polypropylene type resin particle can
be producdwvirg & melting poing ehl 2G ©rl 437 dusiyrege &pke seonomensind acbobyroenzationavi ng
these types of excellent 22 physical properties. [0042] The present

i nventi on ipftRYrGdthiRah HARBES @s?éﬂéi&f@nfﬂiﬂhé h@peRhmPaMRYRAGy t yPE resin
particle, obtained by inpregnating the above styrene-nodified pol ypropyl ene

s AP A A A SO R

SLYTengy Mgk tiffer BRRABLORY SEafe stdgtolyrherizabi bt & fehiperature within a range from

(T-10) to (T+20)°C, or performing a first polymerization at a temperature within a range

from (T) to (T+20)°C and then performing a second polymerization of the styrene type
monomer at a temperature within a range from (T-25) to (T+15)°C, wherein T°C
represents the melting point of the polypropylene type resin particle, a styrene-modified
15  polypropylene type resin particle can be produced that has an islands-in-sea structure in
which polystyrene type resin particles having a longitudinal diameter of 5 um or less are
dispersed within the polypropylene type resin. In those cases where a foamable resin
particle, produced by impregnating the obtained styrene-modified polypropylene type
resin particle with a foaming agent, is prefoamed, and the foamed particle is then packed
20  in a molding die and subjected to internal foam molding, a foamed molded product can
be obtained that combines the advantages of a polystyrene type resin foamed molded
product and a polypropylene type resin, and exhibits excellent levels of rigidity, foam
moldability, chemical resistance, and impact resistance. Hence, according to this
production method, a styrene-modified polypropylene type resin particle can be produced

25  that is ideal for producing a foamed molded product having these types of excellent



[0043] Exanples of the high-volatility foam ng agent inpregnated within the
10 styrene-nodified pol ypropyl ene type resin particle include readily

vol ati|l e conmpounds having a boiling point that is no higher than the
softening tenperature of the polynmer, and exanples include propane,

n- but ane, i-butane, n-pentane, i-pentanf,:Z cycl opent ane, carbon di oxi de gas
and nitrogen, and these foam ng agents Tiay be used either alone, or in

conbi nat i - L, nore different foam ng agents. The quantity used of
the 15 hi m%lg%lﬁr%r{t?y&foam ng agent is preferably within a range from5 to

25 parts by wei Q@ per 100 parts by weight of the styrene-nodified

pol ypropyl ene ta 2r]esi n particle. [0044] Moreover, a foam ng assistant may
al so be used in conbination with the foam ng agent. Exanples of this type
of foami ng assi stgreseRCIntRRiosdIYEresst loampbls styrons-medified Polypyenyiae type

et hyl benzene, cycl ohexane and D-linonene; and plasticizers (high boiling

poi nt sol wesih particles hbtamed ibly Smbregyhtimpothp abeve styrenetplidtedpobpmodydeneaype and
coconut oil. The quantity added of the foam ng assistant is preferably

Wi thinsa ragg@afiicRvith & fdfni RErdSororabB) HhighPRlatiliy fhaddik tweigght of
the styrene- rrgdi fCi ed pol yprlggf}l t:'ane t;s})pge ra\Pg}si tr%{{glr-)lar ta} ciIQ}g. 251 %8%%{115] 23
Fur t her nor

or omot er 5. Sss i KR § melER B Rl S AP AR ARt T o e

foamabl e styrene-npdified pol ypropyl ene type resin particle. A binding
i nhi bitor %B?Wiqlﬁe rol e of preventing adhesi on between prefoamed 5
particles during prefoam ng of the nodified resin particles. Here, the term
"adhesi on" refdP@43ilo the process in which a plurality of prefoaned
particles bind together to forma single integrated particle. Specific
exanpl es of the HaRhidib ithdhibhiolatilifclodiend Aefit impregnated within the
10  styrene-modified polypropylene type resin particle include readily volatile compounds
having a boiling point that is no higher than the softening temperature of the polymer,
and examples include propane, n-butane, i-butane, n-pentane, i-pentane, cyclopentane,
carbon dioxide gas and nitrogen, and these foaming agents may be used either alone, or
in combinations of two or more different foaming agents. The quantity used of the
15 high-volatility foaming agent is preferably within a range from 5 to 25 parts by weight
per 100 parts by weight of the styrene-modified polypropylene type resin particle.
[0044]
Moreover, a foaming assistant may also be used in combination with the
foaming agent. Examples of this type of foaming assistant include solvents such as
20  toluene, xylene, ethylbenzene, cyclohexane and D-limonene; and plasticizers (high
boiling point solvents) such as diisobutyl adipate, diacetylated monolaurate and coconut
oil. The quantity added of the foaming assistant is preferably within a range from 0.1 to
2.5 parts by weight per 100 parts by weight of the styrene-modified polypropylene type

resin particle.

25 [0045]



cal ci um carbonate, zinc stearate, alum num hydroxide, ethylene bis-stearyl
am de, calciumtriphosphate, and di net hyl pol ysi | oxane. 10 A fusion pronoter
perfornms the role of pronpting fusion of prefoaned particles during
secondary foam nol ding of the prefoaned particles. Specific exanples

i nclude stearic acid, stearic trlglycer#f hydr oxystearic triglyceride, and
sorbitan stearate. Exanples of anti st c agents include pol yoxyet hyl ene

al kyl phenol et h 5 §[§g f eadi ng
agents incl ude pé’?th %‘q’?er%e E{tﬁ]gﬁtn%%%%ﬁéﬂ emmﬁﬁgmllﬂlﬁgoorgfefu%{} The

conbi ned antlt of. .the above surf ce treatne s IS ably
Wthin s RGO BRBe RO Ag SERdiGe poerananaisn BF 544 hihe Bapbla ghe o
the foanmable styrene-nodified polypropylene type resin particle. [0046] 20

The net hodsturerstmiodifiedrmetpgeriténedyphresintparteake- nodi fi ed pol ypropyl ene type
resin particle wwth the foam ng agent nmay be selected in accordance with the

variety of foars badganhibitsestridmns iy @t ifippévedangadiesida betworipeéfoamied

f oam ng agent is injected into an aqueous nedi um cont ai ni ng the

t 0 -2l
Styr e”%‘ St por auﬁ?ﬂf%;%@&%k tﬁé’ RS Ein Eﬁ{ﬂ:fe eHdSHE %ﬁg AdREi Gl

t her eby am ng agent wt resin artrcle, and

nethods |n the styrene i fi Ien rtlcle IS
2 ouppl e 6 ¢ PRt Sre Rlarel b Bel B s B o e Seno 3 Ay cot eq
into the rotational mxer, thereby |ncorporat|ng t he foam ng é3ent Wi t hin
the resin gegle infegrated particlee mvecifio exarples pithe hindaygniahibsar bcludadale.oani ng

agent into the styrene-nodified polypropylene type resin particle is
typi cal | y ¢sidilhrasbonaegend stearteDaluminudd) By droxideOtirilers Bioatwabll amide,
styrene-nodi fi ed pol ypropyl ene type resin particle of the present invention
IS prepar e&l&%nitﬁﬂicﬁgﬂﬁ&iaﬂﬂ d‘irﬂ&h?f%lﬁ@ilé}a)‘xé.e”e' nodi fi ed pol ypropyl ene type
10 A fusion promoter performs the role of promoting fusion of prefoamed
particles during secondary foam molding of the prefoamed particles. Specific examples
include stearic acid, stearic triglyceride, hydroxystearic triglyceride, and sorbitan
stearate.
Examples of antistatic agents include polyoxyethylene alkylphenol ethers and
15  stearyl monoglyceride. Examples of spreading agents include polybutene, polyethylene
glycol and silicone oil. The combined quantity of the above surface treatment agents is
preferably within a range from 0.01 to 2.0 parts by weight per 100 parts by weight of the
foamable styrene-modified polypropylene type resin particle.
[0046]
20 The method used for impregnating the styrene-modified polypropylene type
resin particle with the foaming agent may be selected in accordance with the variety of
foaming agent used. Examples include methods in which the foaming agent is injected
into an aqueous medium containing the styrene-modified polypropylene type resin

particle dispersed therein, thereby incorporating the foaming agent within the resin

25  particle, and methods in which the styrene-modified polypropylene type resin particle is



resin particle with a foam ng agent, and can therefore provide a foamabl e
styrene-nodi fi ed pol ypropyl ene type resin particle that is ideal for
produci ng a foamed 10 nol ded product that exhibits excellent |evels of
rigidity, foamnoldability, chem cal resistance, and inpact resistance.
[0048] The present invention also proviges a styrene-nodified pol ypropyl ene
type resin foaned particle (hereafter ferred to as the prefoaned

STyt one. notpPRadISs sPuPER a1 toRbk BRI TP ab iR fd RRTRALSIAL, o o

produci ng the prefoaned particle, The heating conditions used for this
pr ef oani ngMi%shdhereRy ieRrRPERting thedeamingagemovishiatorresingamigle. uske he sane
conditions and apparatus as those used in the production of conventional

pol yst yr ertempynatire dgriing impregrasine df therfoarningageontoghastptens-mddfigt ef oaned
particle can be obtained by heating 20 the foamabl e styrene-nodified

ol ypr 0py! gitgorbifiend L ReBASAL & tFRAIPwANR £aAgeTrof S(ABRGNatUS under an

at nospher e i hcl udi ng steam pressture of 0.5 to 4.0 kg/cm 2G (approxi mately
0. 05 t% 0.4 I\/Pa)0 Tﬂe heating tinme is typically within a range from
approxi-mat el y Zd ?‘b 90 seconds. [0049] 25 The prefoamed particle has a bul k
density of 0.01 to 0.20 g/cnB. A preferred 25 bulk density is within a
range from 0. 014 fegnablesstyeegrarodiffedtnolypseptenedype teyin particde of tha preset 01

g/cnB, then the independent foamratio of the foanmed particle tends to

det eri or atigyentivnds pleparedl be hgplegnitirghtie hismrsd remd-thedified pdliptopyineityed by
foam ng the prefoaned particles also tends to deteriorate, both of which

o ARG S GRS B oA G Cects 020
prefoamed pathl Gloahicd poliosiene Whe fhstn i i ASaL 8 Foduchy s Rhmed
10 molded product that exhibits excellent levels of rigidity, foam moldability, chemical
resistance, and impact resistance.
[0048]
The present invention also provides a styrene-modified polypropylene type resin
foamed particle (hereafter referred to as the prefoamed particle) obtained by heating and
15  prefoaming the above foamable styrene-modified polypropylene type resin particle, as
well as a method of producing the prefoamed particle. The heating conditions used for
this prefoaming, and the apparatus used for the prefoaming may use the same conditions
and apparatus as those used in the production of conventional polystyrene type resin
prefoamed particles. For example, the prefoamed particle can be obtained by heating
20  the foamable styrene-modified polypropylene type resin particle inside a prefoaming
apparatus under an atmosphere including a steam pressure of 0.5 to 4.0 kg/cm’G
(approximately 0.05 to 0.4 MPa). The heating time is typically within a range from
approximately 20 to 90 seconds.
[0049]

25 The prefoamed particle has a bulk density of 0.01 to 0.20 g/cm®. A preferred



There are no particular restrictions on the shape of the prefoaned particle,
provi ded the shape has no adverse effects on the subsequent internal foam
nol di ng. 10 Suitabl e shapes include spherical, elliptical (egg-shaped),
circular cylindrical and prismatic cylindrical shapes. O these, spherical
and elliptical particles, which enable ieady packi ng of the cavity inside
the nolding die, are parti cularly pref e% [0051] This prefoaned particle

may inclu Jfed f BV 1 L0g

nucl ei suglﬁJl gngwY E)% rré l‘|B(§)a ﬂ?tﬁ lg%le gfﬁ‘ﬂle]’tﬁlel%raigf}g’ﬁg% %9 an

met hacryl t@r-ba op rs; f|II rs.suc y etic ar naturally
pr oduced a@& E/ESE taFlbaFd’é‘feQﬁBA%‘ a1} 1agio of | amg 8’?“@8%[" ‘gﬁe qetggorate

hexabr onocycl ododecane and triallyl isocyanurate hexabrom de; plasticizers

such as dianddhastyangthcifpbe foanied quildedprodadtiobiainegl hycfeamlngihapmfmdol aur at e
and coconut oil; colorants such as carbon black and 20 graphite; as well as

ultraviol qima&@mﬁﬁkﬁdmdiewmbt@eglhéaﬂ@ﬁwmch Rbdidediblar ehoteRthepAtitid,¢f e of
the present invention is produced by prefoam ng the aforenenti oned foamabl e

styreng- Mgy B{rﬂiqjeﬂg LBl ORKIeRE Eﬁ‘xpeché ’%To?@’ toF feSk mﬁ@&’m%?d%g gﬁﬁ{gﬁf ore

provi de a pre oamne partlcle t IS pro ucing a nol ded 25
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i nvention also provi des a styrene-nodified polypropylene type resin foaned
mol ded product ([Ae¥Hafter referred to as the foamed nol ded product) obt ai ned
by 5 internal foam nolding of the prefoaned particle described above, as

wel | as a met hodltefe arpho @ufticafir sesedictidn oA dRGhapd dfttle prefshnedd particler der to
convert the above prefoaned particle to a foaned nol ded pr o uct,
provided the shape has no adverse effects on the subsequent internal foam molding.

10 Suitable shapes include spherical, elliptical (egg-shaped), circular cylindrical and
prismatic cylindrical shapes. Of these, spherical and elliptical particles, which enable
ready packing of the cavity inside the molding die, are particularly preferred.

[0051]
This prefoamed particle may include additives. Examples of these additives

15  include foaming nuclei such as talc, calcium silicate, ethylene bis-stearyl amide and
methacrylate ester-based copolymers; fillers such as synthetic or naturally produced
silicon dioxide and the like; flame retardants such as hexabromocyclododecane and
triallyl isocyanurate hexabromide; plasticizers such as diisobuty] adipate, liquid paraffin,
glycerol diacetomonolaurate and coconut oil; colorants such as carbon black and

20  graphite; as well as ultraviolet absorbers and antioxidants.

[0052]
The prefoamed particle of the present invention is produced by prefoaming the
aforementioned foamable styrene-modified polypropylene type resin particle, and can

therefore provide a prefoamed particle that is ideal for producing a foamed molded

25  product that exhibits excellent levels of rigidity, foam moldability, chemical resistance,



the prefoaned particle is usually aged by standing for approximately 24
hours, and is subsequently packed inside the cavity of a nolding die, and
then heated to effect internal 10 foam nol di ng, thereby causing the
prefoanmed particles to fuse together to forma foamed nolded product having
the desired shape. This internal foam éding can be conducted, for
exanpl e, by introducing steamwth a vg%or pressure of 0.5 to 4.5 kg/cnRG

(appr oxi l. : .45 MPa) into the interior of the nolding die.

[ 0054] ggﬁlg%ggarrg%&rr%fcgéd product of the present invention has a density

Wi thin a range n[ééﬁq] 0.01 to 0.2 g/cnB, and preferably within a range from
0.02 to 0.1 g/cB - 1f the density of the foanmed nol ded product is |ess than
0.01 g/cnB, then shrinkage of the foanmed nol ded product tends to occur, and
a favorabl e foark¢ pigscdc@ventivaatio rayideso stytsac-omdafiedpplyrropylpeg type fesithe
density exceeds 0.2 g/cnB, then because the foam expansion 20 ratio falls, a

favor abl e foamase thoidedgesdyet Gebreifier saflerrsl to lae thetfoamad tholdedR&E]ct Fabitdihet bpr e,
according to the foamed nol ded product of the present invention, the

shr i nkage bt odnPinoldifi bPMERSHIGRNAPFrREIO HUktibbE aBovdl APHEN ARlnebNsTe

measur enent conducted 1 n"accordance with JI'S K 6767 under conditions at 90C
is 25 preferably 1.0%or |ess,,L.f this shrinkage factor exceeds 1.0% then
t he nol decPrB&bcagfc?ucg? fg?ﬁ?‘f@rogdeflrp&?wuﬁﬁor di mensional stability, which is
undesirable. Smaller shri nka%ge factors are nore desirable, and therefore
there i s no neednwier épeqnvert the akoye prafpamed pasticle hea fepmaduaelded arodyst,
Accordingly, the lower Iimt for the shrinkage factor is preferably zero. 5
[ 0056] Theht pefiexanedopatiice prcdaity agell Hyrseandingsfenapproxieratdlp 84 heurepdmdiined by
internal foam nolding of the styrene-nodified polypropylene type resin
foamed pardubsdq@ently packed inside the cavity of a molding die, and then heated to effect internal
10 foam molding, thereby causing the prefoamed particles to fuse together to form a foamed
molded product having the desired shape. This internal foam molding can be conducted,
for example, by introducing steam with a vapor pressure of 0.5 to 4.5 kg/cm’G
(approximately 0.05 to 0.45 MPa) into the interior of the molding die.
[0054]
15 A foamed molded product of the present invention has a density within a range
from 0.01 to 0.2 g/cm’, and preferably within a range from 0.02 to 0.1 glem’. Ifthe
density of the foamed molded product is less than 0,01 g/cm’, then shrinkage of the
foamed molded product tends to occur, and a favorable foamed molded product can not
be obtained. Further, if the density exceeds 0.2 g/cm’, then because the foam expansion
20  ratio falls, a favorable foamed molded product can not be obtained.
[0055]
Furthermore, according to the foamed molded product of the present invention,
the shrinkage factor for the foamed molded product in a dimensional change

measurement conducted in accordance with JIS K 6767 under conditions at 90°C is

25  preferably 1.0% or less. If this shrinkage factor exceeds 1.0%, then the molded product



descri bed above, and can therefore provide a foanmed nol ded product that
exhibits excellent levels of rigidity, foamnoldability, chem cal

resi stance, and inpact resistance. 10 [0057] The foamed nol ded product
obtai ned in the above manner can be used in all rmanner of applications,
including as the core material for vehi? e bunpers, vehicle cushioning
materials such as the cushioning nmaterida s within door panels, electronic

conmponent I . i i i : d transport containers for
foodstuffsssmi‘lgllsafﬁdgﬁlltB E‘g{qlﬁ{(egé.ﬁ%g{* g§®%£{5£ ésrl)rragﬁt)ct can be used
particularly fayorably as a .vehicle cushi.onin terial. EXAVPLES [0058]
20 The present ﬁ%‘i‘f@ﬁf %’*B?i’?ﬁage 8’8@5? ?rsé%orpﬁeﬂa%!ee, g%%efef%rgltg%ebsa%%laeegﬁoa series
of exanpl es,, _although the present invention is in no way |imted by these
exanpl es. spﬁle}h@IOW%%meﬁ&leébam&g@sf?ctphe Arsorbegly.he lpwes dimiblg ths ng t he
melting point, bulk density, fusion rate, dinensional change upon heati ng,
chem cal rshsinkigerfactor jseneferablyi zem.i npact energy, and | ongitudinal particle
di anmeter are described below 25 [0059] 28 <Melting Point> The nelting

poi nt was neasurfggsg]si ng the method described in JIS K 7122:1987 "Testing
Met hods for Heat of Transition of Plastics”". Nanely, using a differential

scanni ng cal ori ngt appar S manuf.act ur.ed. by . Sei | nst r;unent s
e e 8 orereeBRh el Rt PR ARPL B P P na nder
a nitrogen gas flow of 30 m/mn,, the tenperature was increased,

decr eased, foamdnelding of the tyrsaermediicd podyrserylene typeissindoamed e fr om r oom
tenperature to 220C at a rate of tenperature change of 10C/ mn., and the
mel ti ng pedekcritedpboat, and canthereéorDBdide & foathedinma)d¢dhprodect dimat exhibits

excellent levels of rigidity, foam moldability, chemical resistance, and impact resistance.
10 [0057]

The foamed molded product obtained in the above manner can be used in all
manner of applications, including as the core material for vehicle bumpers, vehicle
cushioning materials such as the cushioning materials within door panels, electronic
components, all manner of industrial materials, and transport containers for foodstuffs

15  and the like. The foamed molded product can be used particularly favorably as a

vehicle cushioning material.

EXAMPLES
[0058]

20 The present invention is described in more detail below based on a series of
examples, although the present invention is in no way limited by these examples. In the
following examples, the methods used for measuring the melting point, bulk density,
fusion rate, dimensional change upon heating, chemical resistance, penetration impact
energy, and longitudinal particle diameter are described below.

25 [0059]



tenperature increase was recorded as the nelting point. Further, in the case
of two or 10 nore nelting peaks, the peak tenperature of the

| ower -t enperat ure peak was recorded as the nelting point. [0060] <Bul k
Density> The bul k density of the prefoaned particle is neasured under the
followng 15 conditions. First, 500 cng of the prefoaned particles are used
to fill a measuring cylinder up to the %00 cnB graduation. View ng the
measuri ng I, J .from horizontally, the point where even a single
prefoaned'%%%#@g&éuﬁéaches the 500 cnB graduation is deened to indicate the

end point of the filling of the measuring cylindey., with t r

particl es. 20 Subsdntl P%PtW%wu&éuﬁg@ﬁ@%%{%mﬁdapfﬁ %ﬁégﬁggﬁed
inside the nmeasuring cylinder is neasured to two deci mal places, and that
val ue is r'destingiethods fox Heot ofifranyitignydf Plgsiiss’b ul Nardepisising adifferentiph ef oamed
particle is then calculated fromthe followng fornula. Bulk density (g/cm

= W500 2Ramidefedlbiimeip appai@usRDEI20Y (@anifheuiedbyEStiliplng@emeito Uucy 7 insg

measured under the follow ng conditions. Measurenent is conducted using the

met hod descdy ' : . I .

"Bt or i nad e g Eus Packed L & meeme ol AU TLETARRBSIEORL (or a
| east 100 in the case of a sem -hard or soft terial) . is.cut in such 5
rnner st Ui, (e s peraRta fe Biganectinre o BRgURC gt RAIRAVEN &1t he
wei ght of the test piece is neasured, and the density is then cal cul ated
from the fteinpemiurgrdnge fwmaroonCempietajuré dp 2B at atretstof pireperatursi dphoge(ef) / t est
pi ece volune (em In terns of regulating the state of the test piece, the

test pi ece)depym{FEand ik MBling peak temperature on the DSC curve during the second
temperature increase was recorded as the melting point.  Further, in the case of two or
10 more melting peaks, the peak temperature of the lower-temperature peak was recorded as
the melting point.
[0060]
<Bulk Density>
The bulk density of the prefoamed particle is measured under the following
15  conditions. First, 500 cm’ of the prefoamed particles are used to fill a measuring
cylinder up to the 500 cm® graduation.  Viewing the measuring cylinder from
horizontally, the point where even a single prefoamed particle reaches the 500 cm’
graduation is deemed to indicate the end point of the filling of the measuring cylinder
with the prefoamed particles.
20 Subsequently, the weight of the prefoamed particles packed inside the measuring
cylinder is measured to two decimal places, and that value is recorded as the weight W
(g). The bulk density of the prefoamed particle is then calculated from the following
formula.
Bulk density (g/cm®) = W/500

25  <Density>



is cut froma sanple that has been left to stand for at |least 72 hours from
nol ding, and is 10 subsequently left to stand for at |east 16 hours in an
at nrosphere of (23C 2C) x (50% t 5% or (27C 2C) x (65% 5% . [0061]
<Fusion Rate> In the surface of a rectangul ar parall el epi ped-shaped foaned
nol ded product 15 having di mensions of_length: 400 mm x wi dth: 300 mm x

hei ght: 50 mm a cutter was used to ifSert a cut of | ength 300 mm and depth
5 mm across the-w dth.diractdon, ;and.t:he .foamed nol.de 0 t_.was then
oIt i v o Si Seed o ofed AR el Rl AR b filiitie g ol ded
product, the nunber of foamed particles (a) that had, ruptured through t he
interior &pnditienss o Meagursmient iscandugtnd usig the methodgieseriheddn 15k 7282:48% b) t hat
had 20 ruptured at the interface between foaned particles were neasured, and
t he fusi ofiCelhiler plasies and rubbatse Mdterarindtiva dof apparentrlgnsits mulAaestpieofiat at e (%)
= 100 x (a) / [(a) + (b)] [0062] <D nensional Change upon Heating> 25 The

di mensi onadasCAPARE(oYBPRaND LAY iNaR CARASY RehilHArPGCARAAMERalMst it IécB 30
met hod described in JIS K 6767: 1999K "Testing Met hods for Foam Pl astics and

oL Y 1 et B M08 G5 S B 08 ARl St 0
[reered oL ong, BT L, Bl LM e 0 LIS e htgctgne v e

circulating hot-air dryer at 90C for 22 hours, was subsequently renmoved and
left to stand uﬁl&esim‘(@‘omﬁl)ﬂmpiwbmlﬁog)/dcwpfwmwolumc(cmﬂ)e di nrensi ons of
the I engthwi se and w dthwi se |ines were neasured and inserted into the

In terms of regulating the state of the test piece, the test piece for measurement

is cut from a sample that has been left to stand for at least 72 hours from molding, and is
10 subsequently left to stand for at least 16 hours in an atmosphere of (23°C + 2°C) x (50%
+ 5%) or (27°C £ 2°C) x (65% + 5%).
[0061]
<Fusion Rate>
In the surface of a rectangular parallelepiped-shaped foamed molded product
15 having dimensions of length: 400 mm x width: 300 mm x height: 50 mm, a cutter was
used to insert a cut of length 300 mm and depth 5 mm across the width direction, and the
foamed molded product was then split in two along this cut. Within the split surface of
the foamed molded product, the number of foamed particles (a) that had ruptured through
the interior of the foamed particle, and the number of foamed particles (b) that had
20  ruptured at the interface between foamed particles were measured, and the fusion rate
was calculated from the following formula.
Fusion rate (%) = 100 x (a) / [(a) + (b)]
[0062]
<Dimensional Change upon Heating>

25 The dimensional change upon heating was measured in accordance with the B



following formula. 10 S = (Li-Lo) / Lox100 (wherein, S represents the

di mensi onal change upon heating (%9, L, represents the average di nension
(mm followi ng heating, and Lo represents the initial average dinmension
(mm)) The di mensi onal change upon heating S was eval uated agai nst the
followng 15 criteria. 0: 0<_ S < 1, d'b nsi onal change is | ow, dinensional
stability is favorable A 1 < S < 5; dfrnensional change is evident, but
still practigally applicabl - o[ Lonal an i.s._marked, and

pr oduct |smﬁ®f)dﬁl¥%@%g}ﬁ$]§8§z®a@ﬁ€ Tef%%@ﬁ%h?gs %ﬂﬁp@@ﬁstﬁg@ tance> A
sheet - shaped test piece having a planar rectangul ar shape of dinensions of

| engt h: 100ckHeth¥ledsat h: 100 mm x thi ckness: 20 mmis cut fromthe foamed

nol ded product, and then left to stand for 24 hours under conditions

i ncl udi ng a tenpésiag atest piece BBAhgdiahemsiousofll 30yx 050 5@¥iginkhthidkesss (pimie i s cut
fromthe foanmed nol ded product so 31 that the entire upper surface of the

test piecey : f ct.
subsequont 15 PR R Tt Sfa e SRR sD M AP PNIRE bBRAC L o6 &
chemcal, ,and is then |left to,stand for.60 m nutes .und condi tions

ol udhy SReEHE A S bRt walin e GriA Sred0o) e LBt y, ¢ he
chemcal is w ped off the upper surface of the test piece, and the upper

surface of testpiedeesas théreplacddsiniadmelating hot-siudiyey atf0dCdonlibewrs, wasgai nst t he
following criteria. 0: Good; no change A: Sonewhat poor; softening of the

surface  subsequently removed and left to stand under normal conditions for one hour, and the

dimensions of the lengthwise and widthwise lines were measured and inserted into the
following formula.
10 S =(L-Lo) / Lox100
{wherein, S represents the dimensional change upon heating (%), L represents the
average dimension (mm) following heating, and L, represents the initial average
dimension (mm))
The dimensional change upon heating S was evaluated against the following
15  criteria.
0: 0 £ 8 <1, dimensional change is low, dimensional stability is favorable
A: 1 <8 <5; dimensional change is evident, but still practically applicable
x: § > 5; dimensional change is marked, and product is not practically applicable
[0063]
20  <Chemical Resistance>
A sheet-shaped test piece having a planar rectangular shape of dimensions of
length: 100 mm x width: 100 mm x thickness: 20 mm is cut from the foamed molded
product, and then left to stand for 24 hours under conditions including a temperature of

23°C and a humidity of 50%. The test piece is cut from the foamed molded product so



10 x: Poor; surface collapse (shrinkage) [0064] <Penetration |npact Energy>
The penetration inpact energy was neasured in accordance with the Dynatap

i npact test ASTM D-3763. As the test apparatus, a Dynatap inpact tester GRC
8250 15 manufactured by General Research Corporation was used, and as test

pi eces, 5 pieces each having dinmensions,of |length: 100 nmx wi dth: 100 nmm x

hei ght: 20 mm were cut fromthe foarred31rml ded product so as to | eave a

e Skthz?t théJ&ﬂg-é uﬁﬁé%%gxfjfﬁ T the fé&;ﬁéée 19?0%4 E‘ﬂoﬂgﬂx@%uﬁf Eeeéftthé? gature of

-20C, a test spee crreuf ure i nternal
di anet er of 76 mm, a drop height of 59 cm a test |oad of 3 17 20 kg, and a
verti cal frﬁ?fi ¢p rso@g ce of 13 cm neasurenents were conducted with n 5, and
the average val ue was recorded as the penetration inpact energy. [0065]

<Met hod of Measbubsegudntlygl g @figeslin®srappbcd umifermdy &r the T¢sé pisiot a$ aeliemical,
styrene-nodi fi ed pol ypropyl ene type resin particle or foamable 32

styr ene- mgidfid elénméﬁ HREHALO® mEMASs RISt Eonddidns Th@uANBS a BMeERSMIcasfed @i t hi n
an epoxy resin, ultra thin sllces mere t hen prepared using an

B R 2

eI ectron m croscope H- 7600 (manufactured by Hitachi, 5 Ltd.). Ruthenium

t et r oxi de taestRies, aad HeUPRFTTURgeaeithe tesrapleeeo!é duspeeted yisurlleand syaliatednde t hat
passed through the central region of a styrene-nodified resin particle, the
state of agaspethsifadiowihg chieripol ystyrene type resin within this cross-section
was inspected via a TEM photograph (12,800 x magnification), and the

| ongi t udi nal pardiGds; db@ r of the dispersed styrene type resin
particles was measur ed. 10 0066]

A: Somewhat poor; softening of the surface
10 x: Poor; surface collapse (shrinkage)
[0064]
<Penetration Impact Energy>
The penetration impact energy was measured in accordance with the Dynatap
impact test ASTM D-3763.  As the test apparatus, a Dynatap impact tester GRC 8250
15 manufactured by General Research Corporation was used, and as test pieces, 5 pieces
each having dimensions of length: 100 mm x width: 100 mm x height: 20 mm were cut
from the foamed molded product so as to leave a surface skin. Under measurement
conditions including a test temperature of -20°C, a test speed of 1.55 m/sec., a span with
a circular aperture internal diameter of 76 mm, a drop height of 59 cm, a test load of 3.17
20 kg, and a vertical fall distance of 13 cm, measurements were conducted withn =5, and
the average value was recorded as the penetration impact energy.
[0065]
<Method of Measuring Longitudinal Particle Diameter>

The obtained styrene-modified polypropylene type resin particle or foamable



[ Exanpl e 1] 100 parts by weight of a pol ypropyl ene type resin (product nane:
"PC540R', nmanufactured by SunAlloner Ltd., nelting point: 132C) was
supplied to an extruder, and nolten kneadi ng and under-water cutting were
used to pelletize the resin and form 15 elliptical (egg-shaped)

pol ypropyl ene type resin particles. The_average wei ght of these

pol ypropyl ene type resin particles was proxi mately 0.6 ngy. Subsequently,

600 g of these. pol.vbropylene.type resin panticles were placed ina 5 L

aut ool ave TYERGEONHIT PRTGTDRHER Be RS inheticly oves Spcapsulated A A th e di um 10
g of magnesjum pyrophosphate, and 0.5 g of sodi um dodecyl benzenesul f onat e
wer e addedesipoulimghipslieesveergthenprenaredusing apewlirpmicotame Leheaditmaude hi n t he
aqueous nedium stirring was continued for 10 m nutes, and the tenperature
was then r@sathcturedBy] ciga Midiosystans GadliBoarsl Bilsyssogoaphs S iwesesieres | y, 0. 26
kg of a styrene nmononer with 0.5 g of dicunyl peroxide dissolved therein

was added geRRNMeRSIsiNG ol tRfsARKIRMUSectdR REER QP T60® (RATVIRFuRd b3 Yitenim nut es.
Fol | owi ng conpl etion of the dropw se addition, stirring was continued for 30

33 mnute t hgr . absor bing th [ ene. nononer .in h | .ypropyl ene
Cype r oot nt RO RRERA b Moo SRETRASIEC A RSt foR BV
raised to 140C, which js 8C. higher than the nelti n_g poi nt of the

pol ypr opy| BAdE thptgass ugh the qeRiral regiop of astirencpmedified gesinypartilethe stgtes

t her eby pol yneri zing the styrene nononer inside the pol ypropylene type
resin partofodigeromef the pelystyodng tgpe resinivath)n tSutreegseetion was irdspeatetheitiaon
liquid fromthe first polynerization was adjusted to a tenperature of 125C,

whi ch i s 7@%05&56&%{%1?!8@0%{13 "cd?i%h}]fan@ihetlﬁggiﬁﬁir}’a‘i’?ﬁﬂ%éleedﬁnet%ﬁ’@ﬁhéeSi n,

1.5 g of sodi um dod benzenesul fonate was added to the suspension, and 10

—

then 1. 14 kg, Ol.d 122 YR NANE! W SOBLALILG 4 0 of dicunyl per oxi de
10 [0066]
[Example 1]

100 parts by weight of a polypropylene type resin (product name: "PC540R",
manufactured by SunAllomer Ltd., melting point: 132°C) was supplied to an extruder,
and molten kneading and under-water cutting were used to pelletize the resin and form

15 elliptical (egg-shaped) polypropylene type resin particles. The average weight of these
polypropylene type resin particles was approximately 0.6 mg.

Subsequently, 600 g of these polypropylene type resin particles were placed in a
5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium, 10 g of
magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were added,

20  the mixture was stirred to generate a suspension within the aqueous medium, stirring was
continued for 10 minutes, and the temperature was then raised to 60°C, yielding an
aqueous suspension.

Subsequently, 0.26 kg of a styrene monomer with 0.5 g of dicumyl peroxide
dissolved therein was added dropwise to the aqueous suspension over a period of 30

25 minutes. Following completion of the dropwise addition, stirring was continued for 30



therein as a polynerization initiator was added dropwi se to the suspension
over a period of 4 hours, thereby absorbing the styrene nononer into the
pol ypropyl ene type resin particles while effecting a polynerization (the
second pol yneri zation). Follow ng conpletion of the dropwi se addition, the
tenperature was held at 15 125C for ong hour, and the tenperature was then
i ncreased to 140C and held for a furth 2 hours and 30 mnutes to conplete

the polynerization, .thus yi el di styrene-nodjfie ol ypr | ene type resin
o t 1l o s ek AYsorting o Bfhen? AP REE TR ok oS BBt i S
tenperature, and then renoved fromthe 5 L autoclave. 2 kg of the renoved

styrene- noRArti¢les pol ypropylene 20 type resin particles and 2 L of water
were returned to the 5 L autoclave fitted with a stirrer, and 10 g of

di i sobutyl adi parlte tamperapirésf the irggtion Bebtédn WvagthenIBedio LIV OLWAIRE 198°CA
foam ng agent were injected into the 5 L autoclave fitted wwth a stirrer.

Fol | ow ng {:hy d.npﬂl;i J &flﬁ[eo k e{iﬁig irring
was conti n%lg%é fﬂ(l)r gﬁ%é&t?r{sgp efg@@@m{sd%{lmeg%ﬁggdpgs%o i enpvggrsature,
and the sus si.qn wa 5 renoved fromthe 5 L aut.ocl.aye, dewatered, and
e 1 O RS S ety P oy e st PR OB RS teme SR e
particles. The thus obtained foanmable styrene-nodified pol ypropyl ene type
resin par tiyp¢ essin pastide(ths bHeshpelymerization).k density of 0.025 g/cnB, yiel ding

pref oanmed particles. The thus obtained prefoaned particles were allowed to

stand for one daSubléquehtly, dmeh@REiQEdOm tBO drstpoblynidrien aawkesljhsie @a t he
cavity of a nolding die having a cavity of dinensions 400 mmx 300 mm x 50

The moi ai ngaeaeRE Pt £ Eahieids TREa koo RGO R alofRed ™ e ©

maxi mum sur face_ pressure of the foaned npl ded product fell to _0.001 MPa,
t her eby yi &PaIrssHL d- Hahsodium dedssyenernesulfonpigavastagdedtothe syspensien. @sthdi ti ons,
a foaned nol ded product having favorabl e external appearance and fusion

10 then 1.14 kg of the styrene monomer containing 4 g of dicumyl peroxide dissolved

therein as a polymerization initiator was added dropwise to the suspenston over a period
of 4 hours, thereby absorbing the styrene monomer into the polypropylene type resin
particles while effecting a polymerization (the second polymerization).
Following completion of the dropwise addition, the temperature was held at
15 125°C for one hour, and the temperature was then increased to 140°C and held for a
further 2 hours and 30 minutes to complete the polymerization, thus yielding
styrene-modified polypropylene type resin particles.
Subsequently, the resin particles were cooled to room temperature, and then
removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene
20  type resin particles and 2 L of water were returned to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a
foaming agent were injected into the 5 L autoclave fitted with a stirrer.  Following this
injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.
The system was then cooled to room temperature, and the suspension was

25 removed from the 5 L autoclave, dewatered, and dried, yielding foamable



was obtai ned. The density of the obtained foanmed nol ded product was 0.025
g/cnB. The obtained foaned nol ded product was neasured for fusion rate,

di mensi onal change upon heating, chenmi cal resistance, and penetration inpact
energy. [0067] 15 [Exanple 2] 1,000 g of the polypropyl ene type resin
particles described in Exanple | were g%aced inabL autoclave fitted with
a stirrer, 2 kg of pure water as an aquédus nedium 10 g of nmgnesi um

pyr ophosphat e. and..0. of sodium dodecyl. henzenesul fonate were added, the
e ore: nady o ARG uRep Pl SR HSIIRETRTA TR n t he aqueous medi um 20
stirring was continued for 10 mnutes, and the tenperature was then raised
to 60C, i el di nhhedhusnokiained feamabls dyrene-modiisd pobynroRylens, type regingrarticles yr ene
nmononer with 0.8 g of dicunyl peroxide dissolved therein was added dropw se
to the aqueensprefospedsi obulkvensity gfdr25dy/an’, 3¢!ding prafesnedsmirtides.ng conpl et i on
of the dropw se addition, stirring was continued for 30 25 m nutes, thereby

absor bi ng the styKangs SREIAEE preifdtinted faetidey Wik AR WEN & $tXREfof 88¢ day3h
particles. Follow ng this absorption, the tenperature was raised to 140C,

and a ol j ' t. t.his ter [ e . riod of two
hour s. %u b%ﬁ%fg@%ﬁfﬁﬁ;,‘é@ﬁtvge%ggtégtpgtgge%m%%@r%1 ﬁc@g}%ﬁé %ﬂ@éé) ql.e %agﬁgfa sodi um

dodecyl benzenesul fonate was added to the suspension, and then 0.57 kg of the
styrene 5caviiiofdimensionadf? myn 3 390sme sy, hpetingxvasesubisegyenthctpndhetedi n as a
pol ymeri zation initiator was added dropw se to the suspension over a period

of 3 hoursby inﬁ&miﬁ?ytem&lasomimea ihe tiRtnislehg didfePrse¢dnids, dnehdgisiepi aay | ene
type resin particles and then effecting a polynerization. Foll ow ng

compl et i onuh obdle: (AR BRxith birtite Sk SFRRS BLHEE iR IEb IR

d,
for one hour, and the tenperature wa increased to a

0 125C
]htél d for a

0.001 MPa, thereby yielding a foamed molded product. Under these molding
10  conditions, a foamed molded product having favorable external appearance and fusion
was obtained. The density of the obtained foamed molded product was 0.025 g/cm’.
The obtained foamed molded product was measured for fusion rate, dimensional
change upon heating, chemical resistance, and penetration impact energy.
[0067]
15 [Example 2]
1,000 g of the polypropylene type resin particles described in Example 1 were
placed in a 5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium,
10 g of magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were
added, the mixture was stirred to generate a suspension within the aqueous medium,
20  stirring was continued for 10 minutes, and the temperature was then raised to 60°C,
yielding an aqueous suspension.
Subsequently, 0.43 kg of a styrene monomer with 0.8 g of dicumyl peroxide
dissolved therein was added dropwise to the aqueous suspension over a period of 30
minutes. Following completion of the dropwise addition, stirring was continued for 30

25  minutes, thereby absorbing the styrene monomer into the polypropylene type resin



further 2 hours and 30 mnutes to conplete the polynerization, thus yielding
styrene-nodi fi ed pol ypropyl ene type resin particles. Subsequently, the resin
particles were cooled to roomtenperature and then renoved fromthe 5 L
autocl ave. 2 kg of the renoved styrene-nodified pol ypropylene 15 type resin
particles and 2 L of water were returneg to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a pl asticizer and 520 m (300 Q)

of butane as.g f i ng agent were injected into the 5 L gytoclave fitted
Wi th a st i bEERes. ForaTion g TeehsorDrap Bt Fperate wanperai D e hl sed 1o
70C, and stirring was continued for 4 hours. The system was then cooled to

r oom t enpepaymerzatimndvasltendustqulont shis remymsatu@(for & pernabiofftmorhoutee 5 L aut ocl ave,
dewat ered, and dried, yielding foanable styrene-nodified polypropyl ene type

resin particles.gugqdehiss, t@@kﬁ{fp@%n%%ﬁé&&eétwweg Med §f adiugp! ypropyl ene

type resin particles were prefoanmed to a bulk density of 0.050 g/cn8,

yi el di ng prefo d particles. The thus obtai ned styrene-nqodifie
polypropyléﬁgcggéPﬁg OPQEﬁﬁsﬂﬁﬁﬂﬂeﬁﬁ%ﬂma%mM£#@mgﬁ?%agﬂqﬁﬁﬁéﬁ%ﬁﬁﬁ?%r one
day at roomtenperature, and were then packed inside the 36 cavity of a
nol di ng di BopemeRyniRiRiag g ofskcummytpaen igQtvedhihisreinge apelyma@Eation heat i ng
was subsequently conducted by injecting steamat 0.20 MPa into the nol ding
die for Shitkecongsaddeddrophésexy slicsuspasiontvaer € paficbofiBigurs, ttheelyaxi mum
surface pressure of the foanmed nol ded product fell to 0.001 MPa, thereby

yi el di ng aﬂe?dmgimeeg&i RERENG int Qhé-’ﬁ?l A& 'éljiﬁ‘gadﬁ Reliid fRg, @ foanmed
nol ded pro?:llfct havi n ‘?‘g:vorabl elréf()ter a?ﬁmg peatryggée a ?lus:‘l%n was
t.he obtai ned foamed nol ded product was 0.050

obtai ned. T e.densif éﬁ :
g/ cnB. TheSEHtAE ALY %rb%ﬁor}ml ded product was measured for fusion rate,
di mensi onal  change weon healing, chomcal reslstance, and penetration
10 125°C for one hour, and the temperature was then increased to 140°C and held for a
further 2 hours and 30 minutes to complete the polymerization, thus yielding
styrene-modified polypropylene type resin particles.
Subsequently, the resin particles were cooled to room temperature and then
removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene
15  type resin particles and 2 L of water were returned to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a
foaming agent were injected into the 5 L autoclave fitted with a stirrer.  Following this
injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.
The system was then cooled to room temperature, and the suspension was
20 removed from the 5 L autoclave, dewatered, and dried, yielding foamable
styrene-modified polypropylene type resin particles.
The thus obtained foamable styrene-modified polypropylene type resin particles
were prefoamed to a bulk density of 0.050 g/cm’, yielding prefoamed particles.

The thus obtained styrene-modified polypropylene prefoamed resin particles

25  were allowed to stand for one day at room temperature, and were then packed inside the



[ Exanpl e 3] 340 g of the pol ypropylene type resin particles described in
Exanple 1 were placed in a 5 L autoclave fitted with a stirrer, 2 kg of
pure water as an aqueous nedium 10 g of nmgnesi um pyrophosphate, and 0.5 g
of sodi um dodecyl benzenesul fonate were 15 added, the m xture was stirred to
generate a suspension within the aqueous, nedium stirring was continued for
10 mnutes, and the tenperature was thet’raised to 60C, vyielding an aqueous

suspensi on.  Subsequent | 0.15 k f styrene noner, with 0.3 of di cunyl
o oxi de VLS 6 Qe s fvie Sdeat diusficos 40 tine 30 B s Cadbensi on
over a period of 30 20 m nutes. Followi ng conpletion of the dropw se

addi ti on, heating wagsubsequeotly condugteidry igigcting steare ot 0.26 MRsbiptathe ondiding diehe
styrene nononer into the polypropylene type resin particles. Following this

absor pt i onfor 50 eedofdR and thersestemswisthsiecodled drftl) Ghe madintum pa¥icaprdsaigt iofn was
conducted at this tenperature for a period of two hours. Subsequently, the

t enper at ur \f@‘ﬁm | gdaoﬂ onat e
was added tfﬁg t eéd?ﬂgﬁggﬂgfogﬁ%@%ogﬁghg{f%fﬁ Eég%})é?klta ﬁl stgfrfl éﬂﬁ@'}ﬁéﬁ%ﬁm
containing.5,g . 0of di I rr.oxi de di ssolved therein. as, a pal ynerization
ot acor At e ofiiat s REGGHS. § FemedSpulEl wodudivinterre Sreimaf oy o
thereby absorbing the styrene nononer into the polypropylene type resin
particl es appdarenespnddisien wapgbtaingd! ykhe density ohthebrang d deti on of
the dropwi se addition, the tenperature was held at 125C for one hour, and

the tenpergbii® wie9.050ecmhcr eased to 140C and held for a further 2 hours
and 30 mnutes to conplete the polynerization, thus yielding

Lyt e o L SCrAluRAPARLS ol 6oL ASGIUELES BRI IR [
autoclave. 2 Kuin Retfing, MM R5¥208 R SlrckGfloR Myt SRt "e
10 [0068]
[Example 3]
340 g of the polypropylene type resin particles described in Example 1 were
placed in a 5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium,
10 g of magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were
15  added, the mixture was stirred to generate a suspension within the aqueous medium,
stirring was continued for 10 minutes, and the temperature was then raised to 60°C,
yielding an aqueous suspension.
Subsequently, 0.15 kg of a styrene monomer with 0.3 g of dicumyl peroxide
dissolved therein was added dropwise to the aqueous suspension over a period of 30
20  minutes. Following completion of the dropwise addition, stirring was continued for 30
minutes, thereby absorbing the styrene monomer into the polypropylene type resin
particles. Following this absorption, the temperature was raised to 140°C, and a
polymerization was conducted at this temperature for a period of two hours.

Subsequently, the temperature was reduced to 125°C, 1.5 g of sodium

25  dodecylbenzenesulfonate was added to the suspension, and then 1.51 kg of the styrene



type resin particles and 2 L of water were returned to the 5 L autocl ave
fitted wth a stirrer, and 10 g of diisobutyl adipate as a plasticizer and
520 mM (300 g) of butane as a foam ng agent were injected into the 5 L
autoclave fitted with a stirrer. Following this injection, the tenperature
was raised to 70C, and stirring was continued for 4 hours. 15 The system was
then cooled to roomtenperature, and th%7suspension was renoved fromthe 5

L autocl ave, dewat er ed nd dried i el di 0 ble styrene-npdified

ol yor opy| BHESTES Setiatbe S griuFEn péimde e R TiB as P obhabiziton
styrene-nodi fi ed pol ypropylene type resin particles were prefoaned to a
bul k densi initiaggr vrs@ddedydroppiseyd Sediuspenpionfoyemepersrati Schasiss, txmebbhe t hus

obt ai ned prefoanmed resin particles were allowed to stand for one day at
room t enpeatabdrbirg tha serasemeoronen iftachepblypropyrlend type et particlés andwbedi ng di e
having a cavity of dinmensions 400 nmx 300 mm x 50 nm heating was
subsequent {y. EHQQES rizB¥od Nj ecting steamat 0.20 MPa into the nolding die
for 50 secongs, and’the systemwas then cooled until the maximum surface

pressure of the nmed nol ded product fell ft.0.25.0.001 MPa, thereby yielding
B oandd ol ded TSHBuaRE oropge oG Brarsti i ick g REPerr R VRIS et ol ded
product having favorabl e external appearance and fusion was obtained. The

density of 135i€ febons hwae and shetgmpetatire was dtndnergssd 0o 13U Cpndrirld fone obt ai ned
f oaned nol ded product was neasured for fusion rate, dinensional change upon

heating, CcfielbCRhoursah® sARERutePREORDIRE fRJoBMérAAAEH, (BikefisMingd [ 0069]
[ Exanpl e 4] 1,400 g of the polypropyl ene described in Exanple 1 was pl aced

irrgd?u?n L10%@?'%\%%%%@@%0%@%&%@%.Sgn[Pga?ﬁclgS-kg of pure water as an aqueous

and 0.5 g of sodium
dodecyl benzenesul fonate were added, .10 the mi xture was stirred to generate a
suspensi on wi t hi YHOSPRCREY; bR S IREATtiRles Wete cpolRg toyppom temperature and then

10 removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene
type resin particles and 2 L of water were returned to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a
foaming agent were injected into the 5 L autoclave fitted with a stirrer.  Following this
injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.

15 The system was then cooled to room temperature, and the suspension was
removed from the 5 L autoclave, dewatered, and dried, yielding foamable
styrene-modified polypropylene type resin particles.

The thus obtained foamable styrene-modified polypropylene type resin particles
were prefoamed to a bulk density of 0.020 g/crn3, yielding prefoamed particles.

20 The thus obtained prefoamed resin particles were allowed to stand for one day at
room temperature, and were then packed inside the cavity of a molding die having a
cavity of dimensions 400 mm x 300 mm x 50 mm, heating was subsequently conducted
by injecting steam at 0.20 MPa into the molding die for 50 seconds, and the system was
then cooled until the maximum surface pressure of the foamed molded product fell to

25  0.001 MPa, thereby yielding a foamed molded product. Under these molding



continued for 10 m nutes, and the tenperature was then raised to 60C,

yi el di ng an aqueous suspension. Subsequently, 0.20 kg of a styrene nononer
with 0.4 g of dicunyl peroxide dissolved therein was added dropwi se to the
aqueous suspension over a period of 30 15 m nutes. Follow ng conpl etion of
the dropwi se addition, stirring was conégnued for 30 mnutes, thereby
absorbing the styrene nononer into the | ypr opyl ene type resin particles.

Fol | owi ng t hi,s. absog ption t ratur.e rais to 140C d a

ol yror 1 Sate e et B b B b S otfpls SRR arbBuidanddiind hours.
Subsequently, the tenperature was reduced to 125C,_ 1.5 g of sodi um,20
dodecy! ben¥én@dginednathe deasitneiidg obgined doapedmakied prodagoven@A2028m kg of the
styrene nonomer containing 2 g of dicunyl peroxide dissolved therein as a
pol ynmeri zati on The dhtasihet foamed acdéa phodytivess measirbé foxr fegiemsite mimessioral per i od
of 2.5 hours, thereby absorbing the styrene nononer into the polypropyl ene
type resincHagpd hsdrfeaBRgl chB@ital RkisBnte, REd PeRYMOE (thpRt bdRgy 25 Fol | owi ng
conpl etion of "the dropwi se addition, the tenperature was held at 39 125C
for oneg hour, a 0%55]6 tenperature was then increased to 140C and held for a
further 2 hours and“30 m nutes to conplete the polynerization, thus yielding
styrene- m)a: fi egbzﬁol ypropyl ene type resin particles. Subsequently, the resin
particles Pe&cdol ed to room tenperature and then 5 renoved fromthe 5 L
autocl ave. 2 kg of the renoved styrene-nodified pol ypropyl ene type resin
particles and 2 146f g vbthe polyprepyl @tedesaibed an Ekanplel] wastdadedueafSili ted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 m (300 Q)

of butane afodavel e With 29@ér, PRE Of pieSrdt@thsiantagud 8 nediurdUtoogbpve fitted
with a stirrer. Following this 1rInjection, the tenperature was raised to

70C, and StLEL g WASHEQRLBUEY d OF of SR SoadIIURLerR RS R LliE, 00! e

to roomtenp € suspensit on was

10 the mixture was stirred to generate a suspension within the aqueous medium, stirring was
continued for 10 minutes, and the temperature was then raised to 60°C, yielding an
aqueous suspension.

Subsequently, 0.20 kg of a styrene monomer with 0.4 g of dicumyl peroxide
dissolved therein was added dropwise to the aqueous suspension over a period of 30

15 minutes. Following completion of the dropwise addition, stirring was continued for 30
minutes, thereby absorbing the styrene monomer into the polypropylene type resin
particles. Following this absorption, the temperature was raised to 140°C, and a
polymerization was conducted at this temperature for a period of two hours.

Subsequently, the temperature was reduced to 125°C, 1.5 g of sodium

20  dodecylbenzenesulfonate was added to the suspension, and then 0.40 kg of the styrene
monomer containing 2 g of dicumyl peroxide dissclved therein as a polymerization
initiator was added dropwise to the suspension over a period of 2.5 hours, thereby
absorbing the styrene monomer into the polypropylene type resin particles and then
effecting a polymerization.

25 Following completion of the dropwise addition, the temperature was held at



renoved fromthe 5 L autocl ave, dewatered, and dried, yielding foamable
styrene-nodi fi ed pol ypropyl ene type resin particles. The thus obtained

f oamabl e styrene-nodi fied pol ypropyl ene type resin particles were prefoaned
to a bulk density of 0.080 g/cnB, yielding prefoanmed particles. 15 The thus
obt ai ned prefoaned resin particles were ﬁllomed to stand for one day at
roomtenperature, and were then packed ?%si de the cavity of a nolding die

havi ng a ity of dinensions 400 nm x 300 .nm x 50 heati was

s equent [ 55°C e Bt a0 e ReibeTange svs diandpctoased ‘B0 Crite RULARG: i ng di o
for 50 seconds, and the systemwas then cooled until the maxi mum surface
pressure ofurthhe? hoaseod A hiedepoadupieté del polondiradonaiudvReldintgher eby yi el di ng
a foaned nol ded product. Under these nolding conditions, a foaned nol ded

product hagtiRde hddeficddRy Ry ér[alj?@&@, a€le.and fusion was obtained. The
density of {he obt aie?gcbj foa}tr)rgd no dedﬁﬁg oduct was 0.080 g/cnB. The obtai ned

foaned mol ded praieicls HEASHIEAIAwEhOR il AhIRRLLRR meghange upon

heati ng, chem ca nce, a penetration i npa rgy. 070] 40

[ Exanpl g 5] Wth.the exceptiqn of .replacing th ol ypropyl ene type resin
(product rismmoved HEEg i, aclayen. Akl s evas sBr Toodite s pipalsne
Exanple 1 with a resin "F-794NV' (manufactured by Prine Polynmer Co., Ltd.,
mel ting potype resireratii¢les auhdibloé wates merereturnedifoithe d Lpwitgqdavspittedrieith gpe resin
particles were obtained in the same manner as Exanple 1. Prefoam ng and

i nternal faafermkidioryoﬁmrssbﬁtiammm@@wpla@hdimhﬁwswﬁﬁgmrgg@f budge Exanpl e 1,
yi el di ng a foaned nol ded product having a density of 0.025 g/cnB. This

foamed ol %’H%%%‘i'gg el‘r@ggegﬁaﬁﬁ%% graufo\!ﬁaiv%té&‘%ﬂm adétiﬁil‘t%ESilﬁdTR)'wiﬁé‘ﬁ{?Qe upon

heat i ng, ance, and penetration I npact energy.

injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.

10 The system was then cooled to room temperature, and the suspension was
removed from the 5 L autoclave, dewatered, and dried, yielding foamable
styrene-modified polypropylene type resin particles.

The thus obtained foamable styrene-modified polypropylene type resin particles
were prefoamed to a bulk density of 0.080 g/em’, yielding prefoamed particles.

15 The thus obtained prefoamed resin particles were allowed to stand for one day at
room temperature, and were then packed inside the cavity of a molding die having a
cavity of dimensions 400 mm x 300 mm x 50 mm, heating was subsequently conducted
by injecting steam at 0.20 MPa into the molding die for 50 seconds, and the system was
then cooled until the maximum surface pressure of the foamed molded product fell to

20 0.001 MPa, thereby yielding a foamed molded product. Under these molding
conditions, a foamed molded product having favorable external appearance and fusion
was obtained. The density of the obtained foamed molded product was 0.080 g/cm’.

The obtained foamed molded product was measured for fusion rate, dimensional
change upon heating, chemical resistance, and penetration impact energy.

25 10070]



[0071] [Exanple 6] Instead of the polypropylene type resin (product nane:
"PC540R', nmanufactured by SunAlloner Ltd.) described in Exanple 1, 100
parts by weight of the 15 resin "F-794NV' (manufactured by Prinme Pol yner
Co., Ltd., nmelting point: 127C) was supplied to an extruder, and nolten
kneadi ng and under-water cutting were used to pelletize the resin and form
el liptical (egg-shaped) polypropyl ene tﬂ)e resin particles. The average

wei ght of @ese}é) | ypropyl ene type resin particles was approximately 0.6
ng. 20 Sub ﬁy 600 g of these polypropylene type resin particles were

placed in a 5 L autoclave fitted with a stirrer, 2 kg of pure water as an
aqueous nedi um Withghe¢xceptigmesepliaripg thepdaprnptlene typel ragirs(prodsict Bayek:um
dodecyl benzenesul fonate were added, the m xture was stirred to generate a

suspensi on"RE340RN) inheufastiuedbs Sumdillomer $td. desotipedvas Exanplt ilnvigida fedin 10
m nutes, and the tenperature was then raised to 60C, yielding an 25 aqueous

i cumy! pertadt DOV SEMEREY by Pk ¥yl Qo LM SHAGEEROE o e et

suspensi on over a perjod of 30 mnutes. Fallow ng conpletion of the

dr opwi s aﬁmmﬁmdlfqu RAYRIEPYARRS BaFasHLRAN ST Wors 0%‘1’4 isdhe $ams BARNEEBS or bi ng
the styrene nononer into the pol ypropylene type resin 5 particles. The

t enper at ur Exafiplee reacti on systemwas then raised to 140C, which is 13C

hi gher than the nelting point of the polypropylene type resin, and this

tenperature was plflathih@indint@iH] Foarh RRNGRY woed HEE bbfduleedliR eheSdadleRgnEPNOMET
i nsi de the pol ypropylene type resin particles (the first polynerization).

10 Subsequeltliold bR Bimkh Hihdhd fORc: Afihk b ¥bni) S TE5I0H0N RS
foamed molded product was measured for fusion rate, dimensional change upon heating,

10  chemical resistance, and penetration impact energy.

[0071]
[Example 6]

Instead of the polypropylene type resin (product name: "PC540R",
manufactured by SunAllomer Ltd.) described in Example 1, 100 parts by weight of the

15 resin "F-794NV" (manufactured by Prime Polymer Co., Ltd., melting point: 127°C) was
supplied to an extruder, and molten kneading and under-water cutting were used to
pelletize the resin and form elliptical (egg-shaped) polypropylene type resin particles.
The average weight of these polypropylene type resin particles was approximately 0.6
mg.

20 Subsequently, 600 g of these polypropylene type resin particles were placed in a
5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium, 10 g of
magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were added,
the mixture was stirred to generate a suspension within the aqueous medium, stirring was

continued for 10 minutes, and the temperature was then raised to 60°C, yielding an

25  aqueous suspension.



tenperature of 135C, which is 8C higher than the nelting point of the

pol ypropyl ene type resin, 1.5 g of sodi um dodecyl benzenesul f onate was added
to the suspension, and then 1.14 kg of the styrene nononer containing 6 g
of dicumyl peroxide dissolved therein as a polynerization initiator was
added dropwi se to the suspension over a period 15 of 4 hours, thereby
absorbing the styrene nononer into the | ypr opyl ene type resin particles

while effecting ol ri i on (the second pol ri i on),. Fol.l ow ng
conpl etion of tﬁibgﬁ%%ﬁysgaﬁ(@i i@ &P?CIE%EOP%'HB};‘V@EE@ Cq{'é’)(lcPeécfx“helZSC f or
one hour, and the tenperature was then increased tg 140C and, held for a
further 2 disalved thegeinvasiaddededropyiss dorficaanequs suspsnsinp pverapesied of Bls yi el di ng
20 styrene-nodi fied pol ypropyl ene type resin particles. In order to observe
t he st at e minuttss pEclddwing odmpletios bff thenkeopveise additior) istirringevasadothinueeidor 30
styrene-nodi fi ed pol ypropyl ene type resin particles, a cross-section of a
resin pargj tHéSstyHen, brlid E'Bﬁ@. [ i . The TEM
image is Ii;iﬁgt\em@, tllﬁﬁxélt%f%%%igg From F?r(%&lg%lt itSOSEg\E/)Pglent ? lﬁg? %Zﬁenrlej?%l t ude of
styr eng ty icrlesi n particles having a 42 |longitudinal particle dianmeter of
appr oxi-matel'y T:05 to 0.2 mare di spersed in the form of "islands" within a
"sea" of the polypropylene type resin. Subsequently, the resin particles
were cooled to r ﬁﬁmm@r@@ﬂﬁé,reaah@l sseem waethen eaisedrtortiO e which BUk35€l ave. 2
kg of the renoved styrene-nodified pol ypropylene 5 type resin particles and

2 L of watlgghepeiat th€dlti@thdi of fig folipropilasd @perdsid, bedithid tefhparabirt iwagr , and
10 g of diisobutyl adipate as a pI@sﬁ 2?&2er aﬁd 520 m (300pg) of butane as

a foamn eHal i Nt ' | stirrer.
Fol | owi ng HeRy o 2 BB HeRU Hofinerlith bl Sere AR Bac b ifiotipho, B 10
was continued for 4.hours..The system was then cooled to room tenperature,
and the s&é’%ﬁé%‘?{ﬂf&rﬁ% Bn?qt@\ﬁt he 5 L autocl ave, dewatered, and
dried, yielding foamabl e o ]

10 Subsequently, the reaction liquid from the first polymerization was adjusted to a

temperature of 135°C, which is 8°C higher than the melting point of the polypropylene
type resin, 1.5 g of sodium dodecylbenzenesulfonate was added to the suspension, and
then 1.14 kg of the styrene monomer containing 6 g of dicumyl peroxide dissolved
therein as a polymerization initiator was added dropwise to the suspension over a period

15 of 4 hours, thereby absorbing the styrene monomer into the polypropylene type resin
particles while effecting a polymerization (the second polymerization).

Following completion of the dropwise addition, the temperature was held at
125°C for one hour, and the temperature was then increased to 140°C and held for a
further 2 hours and 30 minutes to complete the polymerization, thus yielding

20  styrene-modified polypropylene type resin particles.

In order to observe the state of dispersion of the styrene resin within the
obtained styrene-modified polypropylene type resin particles, a cross-section of a resin
particle was observed using a TEM (12,800 x magnification). The TEM image is
shown in FIG. 1.

25 From FIG: 1 it is evident that a multitude of styrene type resin particles having a



styrene-nodi fi ed pol ypropylene type resin particles. The state of dispersion
of the styrene resin within the obtained foamabl e styrene-nodified

pol ypropyl ene type resin particles, and the size of the |ongitudinal
particle diameter were the sane as those shown in FIG 1. 15 Subsequently,

t he foamabl e styrene-nodi fied pol ypropy|ene type resin particles were
prefoanmed to a bulk density of 0.025 g/ , yielding prefoaned particles.

foom t erpavianypia B GRS R B LlotE b G BP0 Mg B &

having a cavity of, dinmgnsions 400 nmx 300 nm x 50 nm heating was
subsequentofyistgas uitig asseay ot ithy RUYPTRBYISRGIWRS B8SID. 20 MPa i nto t he nol di ng
die for 50 seconds, and the systemwas then cooled until the maxi mum
surface pressur Subsequénglyf teresin puitidkd werechodtd toabbmttemp@ratipd, abMPehent her eby

yi el ding a foanmed nol ded product. Under these nolding conditions, a foaned

nol ded pr qeleled @orhike § RvaRtcthive. e2keofidle RRBOS afifete-AudifistShPpropAene
obt ai ned. The density of the obtained foanmed nol ded product” was 0. 025 g/ cnB.

25 The sObalad AR JBbde EALUER: MRBJER £ oLl VTR e,

di nensi ona ange upon i resistance, penetration

i npact ener.gy. 72]. [.Exanpl e, 7] 600 g of the |y yl ene type resin
bar i cl o6 SHEL: And L0 ok Aol edipalssea PIUCerand 0ER0 L obBuaER ¢t cd
with a stirrer, 2 kg of pure water as an aqueous nedium 10 g of nagnesium
pyr ophos pHasmingagentwvse injedted it the Sdodetoglhefitesheitnbfstimat e Fsllowingatited, t he
m xture was stirred to generate a suspension within the aqueous nedi um

stirring VRgceaD teteRdetire Has Misdit670°@RAd LhRiHAMRatiNIE f0RS hbieN rai sed
to 135C, which is 3C higher than the nelting point of the pol ypropyl ene

type resin, yielding an 10, aque suspensi on. )
yp y 'Iflile sgstem was then oo?e"élsto roonq ?emperzrilru:e, and the suspension was

10 removed from the 5 L autoclave, dewatered, and dried, yielding foamable
styrene-modified polypropylene type resin particles. The state of dispersion of the
styrene resin within the obtained foamable styrene-modified polypropylene type resin
particles, and the size of the longitudinal particle diameter were the same as those shown
in FIG. 1.

15 Subsequently, the foamable styrene-modified polypropylene type resin particles
were prefoamed to a bulk density of 0.025 g/cm’, yielding prefoamed particles.

The thus obtained prefoamed particles were allowed to stand for one day at
room temperature, and were then packed inside the cavity of a molding die having a
cavity of dimensions 400 mm x 300 mm x 50 mm, heating was subsequently conducted

20 by injecting steam at 0.20 MPa into the molding die for 50 seconds, and the system was
then cooled until the maximum surface pressure of the foamed molded product fell to
(.001 MPa, thereby yielding a foamed molded product. Under these molding
conditions, a foamed molded product having favorable external appearance and fusion
was obtained. The density of the obtained foamed molded product was 0.025 g/em’.

25 The obtained foamed molded product was measured for fusion rate, dimensional



Subsequently, 1.4 kg of a styrene nononer with 4 g of dicunyl peroxide

di ssol ved therein as a polynerization initiator was added dropwi se to the
aqueous suspension over a period of 4 hours, thereby absorbing the styrene
nononer into the polypropylene type resin particles while effecting a

pol ymeri zation. 15 Foll ow ng conpletion, of the dropw se addition, the
tenperature was held at 135C for one hour, and then increased to 140C and

R e S

Subsequent |y, thg r?sin particles were cooled to roomtenperature and then
20 removed froml®&l5 L autocl ave. 2 kg of the renpoved styrene-nodified

pol ypropyl ene type resin particles and 2 L of water were returned to the 5
L autocl ajéxfmpleed with a stirrer, and 10 g of diisobutyl adipate as a

pl asticizer and 520 m (300 g) of butane as a foam ng agent were injected

nto the 5 L aulgnolgdand piydpWichdiyge St ptileFalikablaa hirle | Wehct [ on, the

tenperature was raised to and’stirring was continued for 4 hours. 25

fomoved {ebbes 1 RRIES A ARThAGTRCH RE K four Wl A5 UARRR AT

removed from ave, ered ried, ylre oamabl e

styrene-nodi fi ed pol ypropyl ene type resin_particles. The th obt ai ned

f oanabl e &%%ﬁ'@@% U} g0 SQ%‘%WFlérégf’@ iyra do ecﬁﬁ’fef‘?@e@ﬁﬁ’%r‘@erﬁref oaned
to a bulk density of 0.025 g/cnB, yielding prefoamed particles. 5 The thus
obt ai ned pddédameaiixfenetwaslsigedwy genatdtoaeaspensicn withinfthe agueousimgdiaim, r oom
tenperature, and were then packed inside the cavity of a nolding die having

a cavity @i WROSInfiitedP 10Mi%utds AndMeteRPeriiire RA3 tHenFaid@broSIBseauent |y
conducted by injecting steamat 0.20 MPa into the nolding die for 50

seconds, and the systemwas. then cool ed until the maxi num surface pressure
of the. T odHEh el BuRET SHhe FaT IR AT R R SPE BT, S g o f oaned

nol ded product. Under these nol ding
10  aqueous suspension.

Subsequently, 1.4 kg of a styrene monomer with 4 g of dicumyl peroxide
dissolved therein as a polymerization initiator was added dropwise to the aqueous
suspension over a period of 4 hours, thereby absorbing the styrene monomer into the
polypropylene type resin particles while effecting a polymerization.

15 Following completion of the dropwise addition, the temperature was held at
135°C for one hour, and then increased to 140°C and held for a further 2 hours and 30
minutes to complete the polymerization, thus yielding styrene-modified polypropylene
type resin particles.

Subsequently, the resin particles were cooled to room temperature and then

20 removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene
type resin particles and 2 L of water were returned to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a
foaming agent were injected into the 5 L autoclave fitted with a stirrer.  Following this
injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.

25 The system was then cooled to room temperature, and the suspension was



conditions, a foanmed nol ded product having favorabl e external appearance and
fusion was obtained. The density of the obtained foaned nol ded product was
0. 025 g/ cnB. The obtai ned foamed nol ded product was neasured for fusion
rate, dinensional change upon heating, chem cal resistance, and penetration
i npact energy. 15 [0073] [Exanple 8] 100 parts by weight of a pol ypropyl ene
type resin (product name: "F-744NP", fhuf act ur ed by Prinme Polyner Co.,

Ltd., meltin i Nt ) ied t n, .extruder nd nol ten kneadi ng
and under -%8%@%@%%‘?%%%@0%8@%%%“ (glaflgfiﬁg% ytlﬂgm]ggé?:ﬂa‘t% and form

el liptical (egg-shaped) polypropylene type resin particles. The average

wei ght  ofShirerssmogisied prlyppanyae tRsaesB HARICISSr ti cl es was 0.6 ny.

Subsequently, 800 g of these pol ypropyl ene type resin particles were placed
in a 5 L autoclTedhfsidbtankdfoamable styrencemodified golypropyiene wategresin padialeaqueous
medium 10 g of magnesi um pyrophosphate, and 0.5 g of sodium

dodecy! benﬁ@a?&%mmw&e@ﬂﬁ@ﬂo.oﬁ IR, Feddiny Srefmedtpafiichd. t 0 generate a

suspensi on within the aqueous nedium stirring was 45 continued for 10

m nuteg, and th%%%[ﬁt b@ﬂ@ﬁgﬁﬁ%&kgﬁ@r&e&s%% SRt sﬂnﬁ!fﬁ%&%-c@g} gt 29UEOUS

suspensSi on. Subséquen styrene nononmer w g of dicunyl

peroxi de dissolved therein s added.dropw se . to the agueQus suspension
over a perPef (GPPeIBIES, ﬁ&i&@@svﬁerrmq?(s&m eéEY'?rfﬁVé%yi of ¢ B¢l dthgalie B e

addition, stirring was continued for 30 mnutes, thereby absorbing the
st yr ene nmaviteof dinteasivhed(fahypr 3¢y mene SOye, haasing wap antseqhersly cdhducted
tenperature of the reaction systemwas then raised to 135C, which is 5C

om0y a0\l gt eyl S ysud L <
monomer | éndc?ootler}lemﬁ? ltﬁéprﬂgﬂ%luxennseurface pressure of the foamed molded product fell to
10  0.001 MPa, thereby yielding a foamed molded product. Under these molding
conditions, a foamed molded product having favorable external appearance and fusion
was obtained. The density of the obtained foamed molded product was 0.025 g/cmB.

The obtained foamed molded product was measured for fusion rate, dimensional
change upon heating, chemical resistance, and penetration impact energy.

15 [0073]
[Example 8]

100 parts by weight of a polypropylene type resin (product name: "F-744NP",
manufactured by Prime Polymer Co., Ltd., melting point: 140°C) was supplied to an
extruder, and molten kneading and under-water cutting were used to pelletize the resin

20  and form elliptical (egg-shaped) polypropylene type resin particles. The average weight
of these polypropylene type resin particles was 0.6 mg.

Subsequently, 800 g of these polypropylene type resin particles were placed in a
5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium, 10 g of

magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were added,

25  the mixture was stirred to generate a suspension within the aqueous medium, stirring was



type resin particles (the first polymerization). Subsequently, the reaction
liquid fromthe first polynerization was adjusted to a tenperature of 120C,
which is 20C | ower than the nelting point of the pol ypropylene type resin,

1.5 g of sodium dodecyl benzenesul fonate was added to the suspension, and 15
then 0.86 kg of the styrene nononer CO”‘fSﬁi ning 4 g of dicunyl peroxide

di ssolved therein as a polynerization itiator was added dropw se to the

suspensi on_over iod,. of hours, thereby absorhi ng,the styrene nononer
Thto the. dariteador Bty end e Rerpbre U hoR PR BEeC g Rink

pol yneri zation (the second polynerization). Follow ng conpletion of the

dr opwi se dduequsghspensient enperature was held at 20 120C for one hour, and
the tenperature was then increased to 140C and held for a further 2 hours

and 30 mi nutes tSabssaupitbt 6.3ulkeg dialsyyretd mahdmer, wiith0S gydfalicling peroxide
styrene-nodi fi ed pol ypropyl ene type resin particles. Subsequently, the resin

particl es J#epRed HAr&H Wl aﬂ@&f%ﬁ%%@ﬂﬂ:ﬁgﬁﬁﬁ%ﬁgﬁbn 6@&0@1Vﬁe‘i‘ioﬁro?'§bt he 5 L

autocl ave. 2 kg of the renoved styrene- ified ypropylene 25 type resin

particl.es and 2 L wat er r.e refurned .to e 5 autoclave fitted with a
26t prr anties , EQ ok EomBRlEn b Nt adior shorlle . Bfate 580 1 (300
g) of butane as a foamng agent were injected into the 5 L autoclave fitted
with a stimingfes, thereby apsegpias fhe styrape@onesner intoethe pplypropylene tygsesiai sed to
70C, and stirring was continued for 4 hours. The systemwas then cooled to
room t enpgrattialkese, and the suspension was 5 renoved fromthe 5 L autocl ave,
dewat ered, and dried, yielding foanable styrene-nodified polypropyl ene type

resin particl eS'T}ﬂgg%ﬁﬁé}M é)fyth? ;J&gﬁ%p%g&g{ ﬁ'ﬂ?ﬂ%é?ﬁgémqi?’y%%@?’ Yiyoepyl ene

type resin partic were prefoane _ ensity o 3 g/cnB,
21 Fowed dORERAE T gHRE B ot be polSPEBHIE TS br 8 BnderBRENHER packed
inside the cavity of a nolding die having a
10 held for 2 hours, thereby polymerizing the styrene monomer inside the polypropylene
type resin particles (the first polymerization).

Subsequently, the reaction liquid from the first polymerization was adjusted to a
temperature of 120°C, which is 20°C lower than the melting point of the polypropylene
type resin, 1.5 g of sodium dodecylbenzenesulfonate was added to the suspension, and

15  then 0.86 kg of the styrene monomer containing 4 g of dicumyl peroxide dissolved
therein as a polymerization initiator was added dropwise to the suspension over a period
of 4 hours, thereby absorbing the styrene monomer into the polypropylene type resin
particles while effecting a polymerization (the second polymerization).

Following completion of the dropwise addition, the temperature was held at

20 120°C for one hour, and the temperature was then increased to 140°C and held for a
further 2 hours and 30 minutes to complete the polymerization, thus yielding
styrene-modified polypropylene type resin particles.

Subsequently, the resin particles were cooled to room temperature, and then

removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene

25  type resin particles and 2 L of water were returned to the 5 L autoclave fitted with a



cavity of dinensions 400 nmx 300 nmx 50 mm heating was subsequently
conducted by injecting steamat 0.20 MPa into the nolding die for 50
seconds, and the systemwas then cooled until the maxi mum surface pressure
of the foaned nol ded product fell to 0.001 MPa, thereby yielding a foaned
nol ded product. Under these nolding 15 conditions, a foanmed nol ded product
havi ng favorabl e external appearance a fusion was obtained. The density

e e

heating, chemi cal resistance, and penetration inpact energy. [0074] 20
[ Conpar at ifoaming agentevers imewed)ingg thersel pupglayORyedwED A ghEer eg“iOHowath@l es
described in Exanple | were placed in a 5 L autoclave fitted with a
stirrer, Znjkgicd, tirue@pwatiee was rasedaq oA andBtiring wasldngnwdd fordhesisum
pyrophosphate, and 0.5 g of sodi um dodecyl benzenesul fonate were added, the

mxture was st miedy 4 0pRA Gl IBAUARM L HISuARHSB TR UM 20

stirring was contin mnutes, a was then raised

to 60C_ 47 i e] di ng, ap.aqueous suspensi on., Subsequently, 0.1 kg of a
styreng nﬁﬁ@ﬁ%ﬁ‘f%’mﬁheog 5“33'%1 avgi Mf@%@am w%ﬁ%%?féﬁpl? herein was added
dropwi se to the ag_ueous suspension over a period of 30 mnutes. After
conpl et i orstysenermedidied pal ypeopydrtietty paresistparticlasy was continued for 30 5

m nut es, thereby absorbing the styrene nononmer into the polypropyl ene type

resin particl eSubsgutmi, g folrnablabseertihedified E@lyﬁaﬁ@p&h&tﬁé@e%ﬂpmi@iesed to
140C, and a polynerization was conducted at this tenperature for 2 hours.

SubseqUENtofe pHGah @I AL IEIR S DO R PickERprefonthe AL UM

dodecyl benzenes onate was a to the su n, an en 1.65 kg of the
styrene 10 mongiet SO A HrRnla YA SWAEL afSH Ol BPGL/EY e e 1 2
10 room temperature, and were then packed inside the cavity of a molding die having a
cavity of dimensions 400 mm x 300 mm x 50 mm, heating was subsequently conducted
by injecting steam at 0.20 MPa into the molding die for 50 seconds, and the system was
then cooled until the maximum surface pressure of the foamed molded product fell to
0.001 MPa, thereby yielding a foamed molded product. Under these molding
15  conditions, a foamed molded product having favorable external appearance and fusion
was obtained. The density of the obtained foamed molded product was 0.033 g/em”.
The obtained foamed molded product was measured for fusion rate, dimensional
change upon heating, chemical resistance, and penetration impact energy.
[0074]
20 [Comparative Example 1]
250 g of the polypropylene type resin particles described in Example 1 were
placed in a 5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium,
10 g of magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were

added, the mixture was stirred to generate a suspension within the aqueous medium,

25  stirring was continued for 10 minutes, and the temperature was then raised to 60°C,



initiator was added dropwi se to the suspension over a period of 5 hours,
thereby absorbing the styrene nononer into the pol ypropyl ene type resin
particles and then effecting a polynerization. Follow ng conpletion of the
dropwi se addition, the tenperature was held at 15 125C for one hour, and
the tenperature was then increased to 140C and held for a further 2 hours
and 30 mnutes to conplete the polyneriZation, thus yielding

styrene- mdifii ed pol ypropyl ene type resin particles. Subsequently, the resin
particles y\)\%g]@g%(ﬁlﬂ%%j%ﬁg%gﬁs%??‘enper ature, and then renoved fromthe 5 L
autocl ave. 2 kg of the renopved styrene-nodified pal ypropylene 20 type resin
particles and 2 SubsfauepityeP-lkered arSéXTE?en’@@n?fBeltWéhB%g efidigapghrereyidg ed with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 m (300 Q)
of but ane dissobred tleaein mgrs addad dropwise tonfhe atjecbus stspensien bvdr aperiodlofide fitt ed
with a stirrer. Following this injection, the tenperature was raised to

70C, and shinkiek NJAYRSconMEtidHASTthé BfopHifQdtiion {BrifY Has Bb¥afed ReBco0l ed to
roomtenperature, and the suspensi on was 5 renmoved fromthe 5 L autocl ave,

2

dewat erzed, i i_al-di le 48 . st - i fi .ypropyl ene
typo r 8o pifesrtpiEty oRuli Y SROMRR T intuhd BESHIRIeh: SneRPu
pol ypropyl ene type resin particles were prefoaned to a bucl, k density of
0. 020 g/ cri@rtiggse| &oHg ahsapiien: thectemperatuie wah tajsedie d¢0Ed apd éf oanmed
particles were allowed to stand for one day at 5 roomtenperature, and were
t hen packeglym&igtoh has candutied af this whipdiange dore2 haws.ng a cavity of
di mensi ons 400 mMm x 300 mm x 50 nm heating was subsequently conducted by
i njecting steam Nﬁ? i iecbor s, and the
system was ther@%%%uéglﬂn it%lﬂk)%g{uprre:%gprr&?ﬁ&egé&ir a@g %’rle'ggt??g&dg@t he foaned
nol ded product fell to_ 0.001 a, thereby yielding a foanmed nol ded product.
Under t heé@ﬁﬁﬁilbﬁnﬁa@@lfmm %ﬁl toythe sUsREBSIAP aepédgw bé§ @g ogﬁm sHgeRvor abl e
external appearance and fusion

10  monomer containing 5 g of dicumyl peroxide dissolved therein as a polymerization

initiator was added dropwise to the suspension over a period of 5 hours, thereby
absorbing the styrene monomer into the polypropylene type resin particles and then
effecting a polymerization.
Following completion of the dropwise addition, the temperature was held at
15  125°C for one hour, and the temperature was then increased to 140°C and held for a
further 2 hours and 30 minutes to complete the polymerization, thus yielding
styrene-modified polypropylene type resin particles.
Subsequently, the resin particles were cooled to room temperature, and then
removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene
20  type resin particles and 2 L of water were returned to the 5 L. autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a
foaming agent were injected into the 5 L autoclave fitted with a stirrer. Following this
injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.
The system was then cooled to room temperature, and the suspension was

25  removed from the 5 L autoclave, dewatered, and dried, yielding foamable



was obtai ned. The density of the obtained foamed nol ded product was 0.020
g/cnB. The obtained foaned nol ded product was neasured for fusion rate,

di mensi onal change upon heating, chenmi cal resistance, and penetration inpact
energy. [0075] 15 [Conparative Exanple 2] 1,740 g of the pol ypropyl ene type
resin particles described in Exanple 1 were placed in a 5 L autocl ave
fitted wwth a stirrer, 2 kg of pure watdr as an aqueous nedium 10 g of

magnesi um pyrophosphate, and. O. of. sodi um dodecyl benzenesul f onate were
added, thé%@??@?@%ﬁggogpf%y&d‘egg%ﬁﬂ&p ’é:Pe& suspensi on within the aqueous
medi um 20 stirring was continued for 10 m nutes, and the tenperature was
then raised to Sobsequently therfgarazble sirenggnedifed pelypiopylcne baguesit pgrticlss 06 kg
of a styrene nonomer with 0.1 g of dicunyl peroxide dissolved therein was

added dr opwiérs prefeantddeto admdiodensity @080 glendy gieldingpreicathedfpaftlesni nut es. Aft er
conpletion of the dropw se addition, stirring was continued for 30 25

i nut es, -t her ebyaRRAIMfkd fterotinkd BRRITRIRAE RN BEITS SRy YL ene type

resin 49 particles. Follow™ng t sorption, the tenperature”was raised
to 140C, and olymerization was.conducted at this t erature for 2

hour s. S5 B0UR JePBRGRrT pad PeiBrhpees et Bhefly' <t OB ASMiSe s *Codi um
dodecyl benzenesul fonate was added to the sustﬁ)en_si on, and then 0.2 kg of the
styrene Zayighohdimeosiansd () mm 2 390 om oiS6unm hesging siad sublieqeaitly sandustedei n as a
pol ymeri zation initiator was added dropw se to the suspension over a period

of 1.5 howySnjetiies #8in ab®30 MPtd the nfvlding AR P PO F&RDnds) bAd tReyRempisopyl ene
type resin particles and then effecting a polynerization. Foll ow ng

corP! et el GEBHHBBRL b Bt STRETRUALE R il 89, 125C
0.001 MPa, thereby yielding a foamed molded product. Under these molding
10 conditions, a foamed molded product having favorable external appearance and fusion
was obtained. The density of the obtained foamed molded product was 0.020 g/cm’.
The obtained foamed molded product was measured for fusion rate, dimensional
change upon heating, chemical resistance, and penetration impact energy.
[0075]
15 [Comparative Example 2]
1,740 g of the polypropylene type resin particles described in Example 1 were
placed in a 5 L autoclave fitted with a stirrer, 2 kg of pure water as an aqueous medium,
10 g of magnesium pyrophosphate, and 0.5 g of sodium dodecylbenzenesulfonate were
added, the mixture was stirred to generate a suspension within the aqueous medium,
20  stirring was continued for 10 minutes, and the temperature was then raised to 60°C,
yielding an aqueous suspension.
Subsequently, 0.06 kg of a styrene monomer with 0.1 g of dicumyl peroxide
dissolved therein was added dropwise to the aqueous suspension over a period of 30
minutes. After completion of the dropwise addition, stirring was continued for 30

25  minutes, thereby absorbing the styrene monomer into the polypropylene type resin



further 2 hours and 30 mnutes to conplete the polynerization, thus yielding
styrene-nodi fi ed pol ypropyl ene type resin particles. Subsequently, the resin
particles were cooled to roomtenperature, and then renoved fromthe 5 L
autocl ave. 2 kg of the renoved styrene-nodified pol ypropylene 15 type resin
particles and 2 L of water were returned to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipatégas a plasticizer and 520 m (300 g)

of butane as,. f aam n, ent were injected into the 5 ocl ave fitted
Wit hoa ot PRRites. FEPonRe e AbsoTbHar, Mok FBRE AR vperaReae FECLEEA Ant sed 1o
70C, and stirring was continued for 4 hours. The systemwas then cooled to

r oom t enpeobmmerzatianedas éomdectsg etthiscamperstur bri2dromved from the 5 L aut ocl ave,
dewat ered, and dried, yielding foanable styrene-nodified polypropyl ene type

resin particles Su@ggﬁéﬂ‘j?@l@f%n%ém“V%F‘”ei”ﬁ%@gﬁltl% ggpg&ﬁ,ﬂht he foanmabl e

styrene-nodified propyl ene type resin particles, but al nost no foam ng

occurred, and prefoa articl.es capabl e of undergoj fopam ng coul d not
e obt ai ndatecs b amraT s TRaAIE it 16 S earion SRSt Ge of BB ene

pol ypropyl ene type resin particles described in Exanple 8 were placed in a
5 L aufocmenenter comtainiig hg af dichmybperoxidg disslveslihereimases pelymarizaiigneous
medium 10 g of magnesi um pyrophosphate, and 0.5 g of sodium

dodecy! bengzidaes wat addedeirypyice o thd deghendibeoviratperiod vwas, Sdofs; g@drdby generate a
suspensi on within the aqueous nedium stirring was continued for 10

Cuspons! ont LR ERERE PR e el B oStk SR icen PRI IR0 07 G iy

per oxi de %issol ved therein was added dropw se to the aqueous suspension
over a perfPstis2 BGYMERZ40_ut es. After conpletion of the dropw se addition,

stirring was continued for 30 i .
Following completion of the dropwise addition, the temperature was held at

10 125°C for one hour, and the temperature was then increased to 140°C and held for a
further 2 hours and 30 minutes to complete the polymerization, thus yielding
styrene-modified polypropylene type resin particles.

Subsequently, the resin particles were cooled to room temperature, and then
removed from the 5 L autoclave. 2 kg of the removed styrene-modified polypropylene

15  type resin particles and 2 L of water were returned to the 5 L autoclave fitted with a
stirrer, and 10 g of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a
foaming agent were injected into the 5 L autoclave fitted with a stirrer.  Following this
injection, the temperature was raised to 70°C, and stirring was continued for 4 hours.

The system was then cooled to room temperature, and the suspension was

20 removed from the 5 L autoclave, dewatered, and dried, yielding foamable
styrene-modified polypropylene type resin particles.

Subsequently, an attempt was made to prefoam the foamable styrene-modified
polypropylene type resin particles, but almost no foaming occurred, and prefoamed
particles capable of undergoing foaming could not be obtained.

25 [0676]



m nut es, thereby absorbing the styrene nononmer into the pol ypropyl ene type
resin particles. The tenperature of the reaction systemwas then raised to
125C, which is 15C |ower than the nelting point of the polypropyl ene type
resin, and this tenperature was 15 held for 2 hours, thereby polymerizing
the styrene nononer inside the pol yprog%ll ene type resin particles (the first
po: ymerization). Subsequent| %/ thet r eactd ?n | q]lc.li glggomv\;]hehf! rsgOC I
pol yneri zagi u 0 a tenperature o : ichis ower
t han t he %P&?ﬁégﬂ%%lgg%m@%%ﬁlhe pol ypropyl ene type resin, 1.5 g of sodium
dodecyl benzenesul f onat e was added to the suspension, and 20 then 0.86 kg of
the styrene npn§%gioégfﬁ%1}’ﬁrﬁﬁylﬂm’g%? r@wle%@%&be@i@n(ﬁxgg@.ﬂq@@mr@[ herein as
a pol ynmeri Tatihon initiator was added dropwi se to the suspension over a
period ofplatethoua § L aubmlasiefittedsuittba styrearh2ks bff pema evaterras ae aquenus niddeim,
pol ypropyl ene type resin particles while effecting a polynerization (the
second pol1yrEsf Bainesitmn. HoRphdie] 260 0 £bf Hdieh dbdRybeppNesiBfonddiwdren, the
tenperaturer%‘véls ﬁégled atpﬁgﬂ% 1%0 for on% hour, and B(he tenperature was then
i ncr eaged Gaiide Nelds; i DR ' es to
conpl efe taﬁgedéo yneri ggﬁsgtn'{.rg% h@e%faé%%%l}nsg&{%%yr enéihn%%ﬁjfe?gsdﬁg%ﬂ%npr opyl ene
type resin particles. Subsequently, the resin ggrti cles were cooled to room
t enper at urSEITINgMas qpaHRes iey &0 DTinyRY. ARd the tempcrapes Wobthen raipekie 60c6t i on of the
obtained resin particles was observed using a TEM 5 (12,800 x
magni f i catyiglding aflaquebbbispegsdon.s shown in FIG 2. FromFIG 2 it is evident
that the islands-in-sea structure observed for the resin particles of
Exanpl e 6 shown gi,Bsdahi&tly, 034482 styratARGHMEA L ith iRy ed
styrene-nodifie p%lqypr gfoyl e%g typgrr esin pégrti c?'ze}sglﬂgr?géuﬁﬁ}lh_%glf wat er were
returned tp the L .autocl.ave fitte ith a stirrer., and 10 . of
i1 sobut yidtshiviPhereif Ve Bndtrnp bt o ki Bon PV b ot e
f oam ng agent

1% gminutes. After completion of the dropwise addition, stirring was continued for 30

minutes, thereby absorbing the styrene monomer into the polypropylene type resin
particles.

The temperature of the reaction system was then raised to 125°C, which is 15°C
lower than the melting point of the polypropylene type resin, and this temperature was

15  held for 2 hours, thereby polymerizing the styrene monomer inside the polypropylene
type resin particles (the first polymerization).

Subsequently, the reaction liquid from the first polymerization was adjusted to a
temperature of 110°C, which is 30°C lower than the melting point of the polypropylene
type resin, 1.5 g of sodium dodecylbenzenesulfonate was added to the suspension, and

20  then 0.86 kg of the styrene monomer containing 4 g of dicumyl peroxide dissolved
therein as a polymerization initiator was added dropwise to the suspension over a period
of 4 hours, thereby absorbing the styrene monomer into the polypropylene type resin
particles while effecting a polymerization (the second polymerization).

Following completion of the dropwise addition, the temperature was held at

25  110°C for one hour, and the temperature was then increased to 140°C and held for a



were injected into the 5 L autoclave fitted with a stirrer. Following this
I njection, the tenperature was raised to 70C, and stirring was conti nued
for 4 hours. The systemwas then cooled to roomtenperature, and the
suspensi on was renmoved fromthe 5 L autocl ave, dewatered, and dri ed,

yi el di ng foamabl e 15 styrene-nodified %ﬁlypropylene type resin particles.
Subsequent |y, the foamabl e styrene-nodi-fi ed pol ypropyl ene type resin

particles f ' f 0,7 .y el di ng

pr ef oaned paré?c@éﬁs .%@%ﬁ?%%?%ﬁ%@%qgé é?%%%gat%oglf ﬁ{lug ee%dl\ﬁgre allowed to
stand for one daf\)/. t roomtﬁn'geratur.e, anFI were then packed,inside the
cavity of SHSRSAPAGedPRIYRERPY fREe YPSOeRRpRIfles  SHIERISIU NS SRSHAATSCISDO mm X
50 nm heating was subsequently conducted by injecting steamat 0.20 MPa
into the msretondediiogoomricrBperseins aud theanemoves fsgmttesd Wawitocidyen cool ed unti |
t he maxi num surface pressure of the foaned nol ded product fell to 0.001

MPa, thereby yi @l dbdesedtidrocttae obmlindedes palticles whbebsdendivsihgaf TEME obt ai ned
f oamed nol ded product was 0.10 g/cnB. 25 The obtai ned foaned nol ded product

was mnmeasur i-on.: At e [ | ﬁ% upon heating, chem cal
resi st gncé?g%@‘% ;I)I{éa#é{ffr%g?é@h :rhrrggg?ﬂg}ﬁ%%gé s}?&m) Fgﬁ‘he production conditions
for Exanples | to 8 and Conparative Exanples 1 to 3, and the neasurenent
results and evaltrl Foa Zibisavident thahihedelandstinspestagsoye obsesyed foptheyggin 5
obt ai ned foaned nol ded products are sunmarized in Table 1 and Table 2.
[0078] [ Patsicéesbff ERamplel teshbwa iR FAGS! B abBséhit. 100 100 100 100 100 PP Resin A
parts by parts by parts by parts by - - parts by
Subsequently, 2 kg of the removed styrene-modified polypropylene type resin
particles and 2 L of water were returned to the 5 L autoclave fitted with a stirrer, and 10 g
10  of diisobutyl adipate as a plasticizer and 520 ml (300 g) of butane as a foaming agent
were injected into the 5 L autoclave fitted with a stirrer.  Following this injection, the
temperature was raised to 70°C, and stirring was continued for 4 hours.
The system was then cooled to room temperature, and the suspension was
removed from the 5 L autoclave, dewatered, and dried, yielding foamable
15  styrene-modified polypropylene type resin particles.
Subsequently, the foamable styrene-modified polypropylene type resin particles
were prefoamed to a bulk density of 0.10 g/em’, yielding prefoamed particles.
The thus obtained prefoamed particles were allowed to stand for one day at
room temperature, and were then packed inside the cavity of a molding die having a
20  cavity of dimensions 400 mm x 300 mm x 50 mm, heating was subsequently conducted
by injecting steam at 0.20 MPa into the molding die for 50 seconds, and the system was
then cooled until the maximum surface pressure of the foamed molded product fell to
0.001 MPa, thereby yielding a foamed molded product. The density of the obtained

foamed molded product was 0.10 g/em®,

25 The obtained foamed molded product was measured for fusion rate, dimensionat



wei ght wei ght wei ght wei ght weight 100 100 PP Resin B - - - - parts by
parts by - - wei weight 100 PP Resin C- - - - - - - parts by weight 8 PP/
100/ 100/ 100/ 100/ 100/ 100/ 100/ 100/ o Styrene nononer 233 100 500 43
233 233 233 150 U PP resin nelting point 132 132 132 132 127 127 132 140
(O First polynerization 140 140 140 140 140 140 135 135 tenperature (C)
Second polynerization 125 125 125 125 125 135 - 120 tenperature (C) Bulk

density ( ) : 0 : 5 3 Fusion rate
(500" o5 Etswy gt Matteffededitel s enledio s e85 05 0 e ca
resistance 0 O A%%g 0 00 Styrene resin particle 0.05to 0.05to 0.05to
0.05 to 0.05 to[ 3% to 0.05 to 0.05 to | ongi tudi nal dianmeter (m 2.5 2.5
2.52.52.52.52.5 2.5 Penetration inpact energy (J) 4.02 3.99 3.9 4.08
3.95 4.04 4.04 ZThopraizctipreanditions for Exaspdes, 1 tm&wcéeomp@atin&mles bter Ltd.
PP Resin B: F-794NV, manufactured by Prinme Polyner Co., Ltd.

3, and the measurement results and evaluation results from each of the above tests for the

5  obtained foamed molded products are summarized in Table 1 and Table 2.

[0078]
[Table 1]
Example 1 2 3 4 5 6 7 8
100 100 100 100 100
PP Resin A parts by | parts by | parts by | parts by - - parts by -
weight | weight | weight | weight weight
100 100
PP Resin B - - - - parts by | parts by - -
weight | weight
@ 100
5 PP Resin C - - - - - - - parts by
5 weight
=
8 PP/ 100/ 100/ 100/ 100/ 100/ 100/ 100/ 100/
£ Styrene monomer 233 100 500 43 233 233 233 150
B
=
= . . .
g | e meltingpoint | 35 | y3 | w32 | 12 | 127 | w27 | 132 | 140
O
First polymerization
temperature (°C) 140 140 140 140 140 140 135 135
Second polymerization | )4 125 125 125 125 135 - 120
temperature (°C)
Bulk density (g/cm’) 0.025 | 0.05 0.02 0.08 | 0025 | 0025 | 0.025 | 0.033
Fusion rate (%) 90 85 95 85 90 90 90 20
Dimensional change (%) O O O 0O 0 0O 0 O
Chemical resistance 0 O A 0 0 ) 0 0
Styrene resin particle 0.05t0 | 0.05t0 | 0.05t0 | 0.05t0 | 0.05t0 | 0.05t0 | 0.05t0 | 0.05t0
longitudinal diameter {(um) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Penetration impact energy (J) 4.02 3.99 39 4.08 395 4.04 4.04 4.00




PP Resin C. F-744NP, manufactured by Prine Polynmer Co., Ltd. 5 [0079]

[ Tabl e 2] Conparative Exanple 1 2 3 PP Resin A 100 100 parts by wei ght
parts by weight PP Resin B- - - 100 PP Resin C parts by weight PP/ 100 /
700 100115 1001150 Styrene nononmer PP resin nelting point 132 132 140 c¢ C
0. First polynerization 140 140 125 tenperature C Second pol ynerization 125
125 110 tenperature (C) Bulk density (g/cnB) 0.02 Did not foam 0.10 Fusion
rate (%9 95 - 70 Dinensional change (%9 A - x Chemical resistance x - x
Styrene resin particle longitudinal 0.05 to 2.5 _ No islands-in-sea

diamet er i’%rﬁemsnt ,&LF(E%!’O?{, manufactured by SunAllomer Ltd.

PP Resin B: F-794NV, manufactured by Prime Polymer Co., Ltd.

PP Resin C: F-744NP, manufactured by Prime Polymer Co., Ltd.

5
[0079]
[Table 2]
Comparative Example 1 2 3
. 100 100
PP Resin A parts by weight parts by weight )
PP Resin B - - -
2
£ - 100
E PP Resin C ) ) parts by weight
S PP/ 100 /700 100/15 100/ 150
8 Styrene monomer
é PP resin u:eltmg point 132 132 140
3 WY
A First polymerization
temperature (°C) 140 140 125
Second polymerization
temperature (°C) 125 125 110
Bulk density (g/cm’) 0.02 Did not foam 0.10
Fusion rate (%) 95 - 70
Dimensional change (%) A - X
Chemical resistance x - x
Styrene resin particle longitudinal 0.05t02.5 ) No islands-in-sea
diameter {(um) ' ’ structure
Penetration impact energy (J) 3.8 - 3.7

PP Resin A: PC540R, manufactured by SunAllomer Ltd.
10 PP Resin B: F-794NV, manufactured by Prime Polymer Co., Ltd.

PP Resin C: F-744NP, manufactured by Prime Polymer Co., Ltd.

[0080]



Penetration inpact energy (J) 3.8 - 3.7 PP Resin A PC540R, manufactured by
SunAl l oner Ltd. 10 PP Resin B: F-794NV, manufactured by Prinme Polynmer Co.,
Ltd. PP Resin C. F-744NP, manufactured by Prine Polyner Co., Ltd. [0080]
54 Fromthe results shown in Table 1 and Table 2 it is evident that the

f oamed nol ded products produced in Exa@ﬁles 1 to 7 according to the present
i nvention exhibited superior |evels of 'di nensi onal change, chem cal

resi stance and ' j r : rﬁi.dth i f oaned

nol ded pr oduct g?@g&l‘({:ﬁglﬁﬁ s&b@%?p%lﬁ??\%&%@?%ﬁ@%?ﬁle |c%€%€£ afgrlf\er(iled an

i ncreased pr rtion of .the .styren mononer ... Accardi ngly, the present

i nvention Hg}@%o@‘gdlfqﬁ%prﬁﬁgﬁdslpﬁ(a@pﬁg I8 dAsertringde eR?F%&ﬁE‘t"e’ﬁ remedi es
the drawbacks associated with polystyrene type resin foamed nolded products
and pol ypeshipitedsupetipelevels ofidfmensodalabanigs ¢ gloeystangechndpiehesration excel | ent

mechani cal properties and chem cal resistance and the like. 10 | NDUSTRI AL

APPLI CABI liinpact eh€1g8 Wheh coinpared evitiotle foaettdanbpd pothe@oducpé in esi n f oaned
nol ded product of the present invention can be used in all manner of

appl i cat | Qgnpa ARk FRLRBIAE, WHith Gﬁftﬁné@ﬁ?fnkﬁ eid(]j;%?é](ﬁ{ of STHNE s riuTPer s,

. i .
vehi cl e cushi'oning materi als such as the cus g material’s wthin door

panel s, electronic,conponents, all .manner of .industrial terials n

Pr anspor t TRONEREnah EOPRRER b8 ST umon faohlesdat Biyiston St Foige 31t o quc
can be wused particularly favorably as a vehicle cushioning materjal.

Accor di nglpyeduchihabiemedies the drewhadks assosiated withy palystyrepa ipstresia foamed20

molded products and polypropylene type resin foamed molded products, and exhibits
excellent mechanical properties and chemical resistance and the like.
10
INDUSTRIAL APPLICABILITY
[0081]
A styrene-modified polypropylene type resin foamed molded product of the
present invention can be used in all manner of applications, including as the core material
15  for vehicle bumpers, vehicle cushioning materials such as the cushioning materials
within door panels, electronic components, all manner of industrial materials, and
transport containers for foodstuffs and the like. The foamed molded product can be
used particularly favorably as a vehicle cushioning material. Accordingly, the present
invention is very useful industrially.

20



55 CLAIMS 1. A styrene-nodified pol ypropylene type resin particle,
conprising a polypropylene type resin and a polystyrene type resin, wherein
5 said polystyrene type resin is included at 30 parts by weight or nore but

| ess than 600 parts by weight per 100 parts by wei ght of said pol ypropyl ene
type resin, and polystyrene type resi% particles having a | ongitudinal
particle dianmeter of 5 gm or less are éispersed wi thin said polypropyl ene
type resin. 10 2. A foamabl e styrenecﬂgﬁhhged pol ypr opyl ene type resin
particle, prepared by inpregnating a Styrene-nodified pol ypropyl ene type
resin particle according to claiml wth a foam ng agent. 3. A
styrene-nodi fi ed pol ypropyl ene type resin foanmed particle, obtained by 15
prefoam ng a foanabl e styrene-nodified pol ypropyl ene type resin particle

accordinglto clAatyrers-modifigdgolypeerylensdipé weinmartjgle, spyipsinimgtaype resin f oamed
nol ded product, prepared by packing a styrene-nodified polypropyl ene type

resin foa@e@pwﬂdlﬁlt@a@gﬁmﬁﬂ ag,oty@tyréiﬁ t¢peielindwhereth a nol di ng di e and
conducti ng foam nol ding, wherein said foaned nol ded product has a density

Wi thinsa range fs%ﬁ%ﬁg@#n%‘%g%u%?ﬁ i MR 3§d atAS(ﬁg Hgﬂt'cfr'rﬁ&el%‘&l{ 4Ry opyl ene

type re5| n foane according wherein a shrinkage
factor for, said foa ded, product in a naI 25 change
oasur enWAEgs B Wee eebl B Biveiel b s ge dRFE TRRERI B at 90C
56 is 1.0%or less. 6. A nethod of producing a styrene nodi fi ed
pol ypropyl ene t pplystyesicriypseresin pagiclesdewipgiadpngitudinad parpielesliamgetenef pamt s by
wei ght of a polypropylene type resin particle having a

or less are dispersed within said polypropylene type resin.

10 2. A foamable styrene-modified polypropylene type resin particle, prepared by
impregnating a styrene-modified polypropylene type resin particle according to claim 1

with a foaming agent.

3. A styrene-modified polypropylene type resin foamed particle, obtained by
15  prefoaming a foamable styrene-modified polypropylene type resin particle according to

claim 2.

4, A styrene-modified polypropylene type resin foamed molded product, prepared
by packing a styrene-modified polypropylene type resin foamed particle according to
20  claim 3 into a molding die and conducting foam molding, wherein said foamed molded

product has a density within a range from 0.01 to 0.2 g/em’.

5. A styrene-modified polypropylene type resin foamed molded product according
to claim 4, wherein a shrinkage factor for said foamed molded product in a dimensional

25  change measurement conducted in accordance with JIS K 6767 under conditions at 90°C



melting point of 120 to 145C, 30 parts by weight or nore but |ess than 600
parts by weight of a styrene type nononer, and a pol ynerization initiator
wi t hin an aqueous suspension containing a dispersant, heating a resulting
di spersion to a tenperature at which said styrene type 10 nononmer under goes
no substantial polynerization, thereby #ﬁcorporating said styrene type
nmonomer Wi thin said pol ypropyl ene type tesin particle, and perform ng
ponnerizg%iggaﬁﬁeépid styrene type nononer at a tenperature wthin a range
from(T-10) to +20) C, wherein TC represents a nelting point of said

pol ypropyl ene type resin particle. 15 7. A nethod of producing a
styrene-nodi fi ed pol ypropyl ene type resin particle according to claim6,
wherein a nmelting point of said polyprop%lene type resin particle is wthin
a range frem 146\ methed s€prodgeigg aAtyrenchmadisied pebgtanyiege dynet rgsiapartieldi f i ed

pol ypropyl ene type resin particle according to claim6, wherein when a

mel ting pebniprisingsai d pol ypropyl ene type resin particle is within a range
from 120 to 140C, a polynerization of said styrene type nononer in a

pol ynmeki zati on gt&Rrsind @6 paREH{ N L v8l E{H}fer@ | 'mea‘.{at;,ﬁ.%gaefrom
(T) to (T+20)C. !95‘5 ,gh-%et h@gﬂoﬁpr 0 uc(:)?ng gbs yr gnﬁgr‘reog%#’g% pol ypropyl ene
type resin particle, omprising: 5 dispersing 100 parts by weight of a
pol ypr opy IT8H2g Doyt Qfe]szl% ggﬁ$t¢’g$é’aﬁégy 1ght opHyors h‘&qfﬁit@ﬁn%}ﬂ@?@bﬁ’o 145C, 20
parts by weight or nore but |less than 100 parts by weight of a styrene type
mononer, aveight of alstymere typd inonomen, andis polywictibativnainitatpredtisn as agmensi on
contai ning a di spersant,
suspension containing a dispersant,
heating a resulting dispersion to a temperature at which said styrene type
10  monomer undergoes no substantial polymerization, thereby incorporating said styrene
type monomer within said polypropylene type resin particle, and
performing polymerization of said styrene type monomer at a temperature

within a range from (T-10) to (T+20)°C, wherein T°C represents a melting point of said

polypropylene type resin particle.

15
7. A method of producing a styrene-modified polypropylene type resin particle
according to claim 6, wherein a melting point of said polypropylene type resin particle is
within a range from 140 to 145°C.

20 8. A method of producing a styrene-modified polypropylene type resin particle

according to claim 6, wherein
when a melting point of said polypropylene type resin particle is within a range
from 120 to 140°C,

a polymerization of said styrene type monomer in a polymerization step is



heating a resulting dispersion to a tenperature at which said styrene type
10 nononer undergoes no substantial polynerization, thereby incorporating
said styrene type nononer within said polypropylene type resin particle,
performng a first polynerization of said styrene type nononer at a
tenperature wthin a range from (T-10)_to0 (T+20)C, wherein TC represents a
nmelting point of said polypropyl ene tyﬁa resin particle, and 15 foll ow ng

said first I rization, adding a styrene.t mer and a
pol ymer i z&eﬁgﬁxﬁ?ttaitﬁ?%ﬁaw%m@ggﬂaﬁée OF]e(ﬁBé@/Qﬁ ‘0 a value within a
range from (T-25) to (T+15)C, thereby incorporating said styrene type

nmononmer within said polypropylene type resin particle and performng a
second pol yneri zation (wherein, a total quantity of styrene type nonomner

used in sd.d fi isinethol wipradasing arstyaat-madified pobpeo3tingnPsd resinipatticle}0 per 100
parts by weight of said pol ypropylene type resin particle, is 30 parts by
wei ght or coﬂ@h ing!“ | ess than 600 parts by weight). 10. A nethod of
produci ng a styrene-nodi fied pol ypropyl ene type resin particle according to

claimQ, wherein.a neltj oi nt _of said pol opyl ene .t .resin particle
"s"58 ui thi n o dstrges RS bV e §Eh Pl Prod BBt orin pRGislRay LA
styrene-nodi fi ed pol ypropyl ene type resin particle according to claim?9,
wher ei n 5 m¢lting poinkot 1200467, 20f pagtaibyl weaghy or oyye butdessyhan Fispantsharticle i s
within a range from 120 to 140C, a polynerization of said styrene type
nonomer i rweﬁg_md)ffalsfgﬁrinzdg?}éyﬁﬁhb@aﬁhﬁd\apsly;&ﬁ&_ammﬁia@dryﬁﬂﬁ@ aReq@us e Wthin a

range from(T) to ( ~and a pol ynerization of said styrene type nmonomer
ange 1 r ontiAR B chRERARL I8, A0 R G O o odtci ng. & ot yr ene- modi £ ed
pol'ypropylene t %E:gtir{geas riers]ul 1%& tdisgnler%ion to a temperature at which said styrene type
10 monomer undergoes no substantial polymerization, thereby incorporating said styrene
type monomer within said polypropylene type resin particle,
performing a first polymerization of said styrene type monomer at a temperature
within a range from (T-10) to (T+20)°C, wherein T°C represents a melting point of said
polypropylene type resin particle, and
15 following said first polymerization, adding a styrene type monomer and a
polymerization initiator, and setting a temperature to a value within a range from (1-25)
to (T+15)°C, thereby incorporating said styrene type monomer within said polypropylene
type resin particle and performing a second polymerization (wherein, a total quantity of
styrene type monomer used in said first polymerization and said second polymerization,

20 per 100 parts by weight of said polypropylene type resin particle, is 30 parts by weight or

more but less than 600 parts by weight).

10. A method of producing a styrene-modified polypropylene type resin particle

according to claim 9, wherein a melting point of said polypropylene type resin particle is



according to any one of clainms 6 through 11, wherein said pol ypropyl ene type
resin particle is a propyl ene-ethyl ene copolyner. 15 13. A nethod of
produci ng a foamabl e styrene-nodi fied pol ypropyl ene type resin particle,
wherein follow ng a nmethod of producing a styrene-nodified pol ypropyl ene
type resin particle according to any ng of claims 6 through 11, 20 an
obt ai ned styrene-nodified pol ypropyl ene"type resin particle is inpregnated
with a foam agent. t ai f oamabl e styrene-nodi fied pol ypropyl ene
type resi nMdE}gratr eef.rmﬁi%ko ?r&bﬁ:()d of producing a styrene-nodified

pol ypropyl ene type resin foamed 25 particle, wherein 59 follow ng a nethod
of producing a foamabl e styrene-nodified pol ypropylene type resin particle
according to claim 13, an obtained foanabl e styrene-nodified pol ypropyl ene

type resinllpartifhetlicl of peadueihganstyenehmdificd gobyppbpydent @pé agimgshridedeticle. 5
15. A method of producing a styrene-nodified polypropyl ene type resin foaned

mol ded pr ogid§tdino 3G, ety ng a nmet hod of producing a styrene-nodified
pol ypropyl ene type resin foanmed particle according to claim14, 10 an

obtain styrene-nodi fied pal | ene tvpe resin.foaned .particle i s
packed 3 nai e a i & e inlBE Y D EronkBRe B ol ARG e B b e ook
internal foam nol di no%dvm' thin said nolding die, and a nol ded product is then
rel eased fiemnlglitel14¥di ng di e.
a polymerization of said styrene type monomer in said first polymerization is
performed at a temperature within a range from (T) to (T+20)°C, and

a polymerization of said styrene type monomer in said second polymerization is

10  performed at a temperature within a range from (T-10) to (T+15)°C.

12. A method of producing a styrene-modified polypropylene type resin particle
according to any one of claims 6 through 11, wherein said polypropylene type resin

particle is a propylene-ethylene copolymer.

15
13. A method of producing a foamable styrene-modified polypropylene type resin
particle, wherein
following a method of producing a styrene-modified polypropylene type resin
particle according to any one of claims 6 through 11,
20 an obtained styrene-modified polypropylene type resin particle is impregnated

with a foaming agent to obtain a foamable styrene-modified polypropylene type resin

particle.

14. A method of producing a styrene-modified polypropylene type resin foamed

25  vparticle, wherein



10

59

following a method of producing a foamable styrene-modified polypropylene
type resin particle according to claim 13,
an obtained foamable styrene-modified polypropylene type resin particle is

heated and prefoamed to obtain a foamed particle.

15. A method of producing a styrene-modified polypropylene type resin foamed
molded product, wherein

following a method of producing a styrene-modified polypropylene type resin
foamed particle according to claim 14,

an obtained styrene-modified polypropylene type resin foamed particle is
packed inside a cavity of a molding die and subsequently subjected to internal foam
molding within said molding die, and

a molded product is then released from said molding die.



