i' Natta catalyst referred to above, ndeggr oddct_ has
an insufficient ener.gy absorption propgf BEFV‘B\QF}@%HEﬁPSl n conpregsi QA.
Those expanded.mpl-ded-products obt ai ned bﬂ@,p@@ﬂ@ﬁﬂlomabmpdlfﬂ Qpy¥ene

resin expanded partjcl es ‘have hot begn at | t @By 4. ehicul.grly,
I n thenmméh ?on property ger %amz @%ﬁg co ‘?§§2|0H- On
t he othe “ r to i mprove the MP%’ﬁwgﬁbsﬁ¥ﬁ |Dnng Pry:r' i s

possi bl e )d of increasing stradt f nes@gedf---a--rt%ﬁilgﬁ’d ------- :
constltutlng a foamwall by controlling

cdpol yner or by using a resin such as a honopol yner as bR$ﬁ4PE§|@DP:]
However, this net /ROLYRRORELENE iRESIN BXRANDED PARTECGIES gy absorption
property of the expanded nol ded product, has been known in the art to have

a problemin that, when propyl ene hono ol¥ners roduced by the use of what
is called Ziegler-hbtta§gEKE&QEHQaQE_EEEdrﬂzﬁﬁzggﬂanded particles have ]
irregula$ig9§nbgieﬁgtgg§ or an extrenely small foam dianeter thus resulting;
i n poor Ween particl %s as the.in-po mol ded .pr oduct or

a kel Bi dal sﬂghﬁcBrSﬁﬁé r AAYENLIPR. TRLAKES 5938°§X§r8 gg&&véﬁﬁé e in that,
when prOaibﬁﬂdeGOPQkxae&QSWbthbeaﬂsduwed ahbeht cah secppepared ame used, an

et o SRessBRRL NS $FodfEY DRUIHE. £ HEI0RCEbhY, Wlapl e, expanded
convent i goed rmby@abpyi‘eme andi sugfpsededppearances and excellent
physical properties, particularly energy absorption
10 property. The expanded particles of the present
| invention are useful for producing expanded molded
products which are used for packaging ‘containers, toys,
automobile parts, core materials for- helmets, . shock-
absorbing packaging materials, and numerous other

15 products.
An expanded molded product obtained €from
polypropylene resin expandéd particles has hitherto been
used advantageously as a core material for bumpers, a
variéfy of packaging materials, and the like because they
20 have excellent chemical resistance, impact resistance,

—+

compression strain restoring ability, and other
properties. '

As the polypropylene resin, a propylene-a-olefin

random copolymer in which propylene is copolymerized with

25 an a-olefin such as ethylene or butene-l is primarily

used from the standpoint of its expanding property. The

copolymer comprises a product obtained by polymerization

i with a so-called Ziegler-Natta catalyst which is obtained
from a titanium chloride and an alkylaluminum.

30 There has also been proposed an application of a

polypropylene having a syndiotactic structure obtained by

using a metallocene catalyst as the base of an expanded

product (Japanese Patent Laid-Open Publication No.

224832/1992). This proposal made possible the

Preparation of the expanded products of a propylene

homopolymer which have not been obtainable from a

Propylene homopolymer produced by the use of a Ziegler-




did nqt satisfy sinultaneously both physical properties_such as energy
absorgtion property and nol dability and surface appearance.  An objeet—
of the present invention is to solve the above described%@BﬂQh%HEenRe,
acconpanyi ng the conventional polypropy2ene resin expan ' b AHY
to provide pol ypropyl ene resin expanded particles from wh mmm Eﬂ, :
expanded nol ded products having uniform foam di aneter, : ood

mol dabi lity and surface appearance and particularly excellent energy
absorption property can be prepared. SUMVARY OF THE

| NVENTI ON aresult of | Lye Lpvegiigatio ha

succe#sfulIyu%£€%npf?éﬁ%%sghergggggé%bjggt.gﬁbggThaﬁan,%ﬁﬁé §§P98988y|ene

resi n: expanderbdact i Hass ancdnBufficianie pnesgyt abserptioncpropesdyas a

base resin }Sﬁﬁfﬁt%€i§ﬁ€p¥5688m€9é¥gﬁén9btai”ed by the polynerization of
r nmonomers wt

a correspondi ng nononer a palynerization catal yst derived
from a net al | ocerBhesgprnpanded mpldede pERAURESE Hebbalned adae® nfd€ent in

the present &8&6&&£fgnéiep6§§§Eagbhanaa%Mnfé& dndégnpakucdakethavrut the
advant ages may possibly bé aScribable to the facts that the isotacti.c
pol ypr opyl ene@t prRRRR e RIWAYSH e SR HRGEMH | IBRTSHSE LA et Fay tﬁ‘&\?‘é such

energy absorption property per unit weight in

compression. _
Oon the other hand, in order to improve the energy

10 absorption property, it is possible to use a method of
increasing the stiffness of a resin constituting a foam
wall by controlling the comonomer content. in a copolymer
or by using a resin such as a homopolymer as a base
resin.

15 However, this method, while obviously improving the
energy absorption property of the expanded molded
product, has been known in the art to have a problem in
that, when propylene homopolymers produced'by the use of
what is called Ziegler-Natta catalyst are uséd, the

20 expanded particles have irregular foam diameters or an

' extremely small foam diameter thus resulting in poor
fusing between particles as the in-mold expanded molded
product or a keloidal surface appearance. The method
also has a disadvantage in that, when propylene

25 copolymers with a reduced amount of a copolymer are used,
an increased steam pressure is required for
satisfactorily fusing the expanded particles.

Thus, the in-mold expanded molded product obtained
from conventional polypropylene. resin expanded particles

30 did not satisfy simultaneously both physical properties

such as energy absorption property and moldability and

surface éppearance.'

An object of the present invention is to solve the
above described problems accompanying the conventional
polyp:opylene' resin expanded particles and to provide
polypropylene resin expanded particles from which in-mold
expanded molded products having uniform foam diameter,




al linkages of propylene that propylene has been polynerized into the
r chain in a reverse sequence, nanely 2,1-insertion, or propylene has
pol ynmeri zed into the polyner chaingso that all the 3 carbon atons have
put into the polyner chain, viz. 1?3-insertion, wher eby t he propyl ene
ol ymer produced may have a |ow nelting point even though it is endowed
high rigidity and that the netall ocene catal ysts have uniform active

t hereon and t he propyl ene honopol yners produced will be uniformin

of a nol ecular weight, a nelting point and, when copol ynerization is

 way S B e N, CF. 1. PEEFERRED

uni form D
| MENT @xcepbheptpRexgY aggéﬁgkbﬁgepfgg?ﬁt¥oc éF%gEE%gggﬁgﬁsgarticles
eads in the present inveSUMMARY OF SFHE\CEINVENRION/| ene pol yner obt ai ned
by tihe pol ymer Irrég%lngin l%lgs%&g?a%fgg{fﬁaeﬂs%leca&ﬁb¥§£i&§£i¥ﬁg,f N Bave

met gl | ocene co
The jmet ag| oseceepsEuidyi aacomplishedytheusbavenobiechel yneri zati on of the

base resin of th egant J ' 65&15' esedih! aRphhiied wWRAlrdlicaegoound
conponent havingéggée?SVlgggﬁgﬂé% cture %ﬁd,ggto-ca al yst ??r 3nent

sel dcted fraecon@iggoltP cERei PYRILRE ARVENFAGRaROMRF 1S as base
5 resin an isotactic propylene polymer obtained by the

polymerization of a corresponding monomer Or mOnoOmers
10 with a polymerization catalyst derived from a metallocene

4

compound.

The reason why the advantages inherent in the
present invention are obtainable has not fully been
elucidated, but the advantages may possibly be ascribable

15 to the facts that the isotactic polypropylenes produced
by the use of a metallocene catalyst may have such
unusual linkages of propylene that propylene has been
polymerized into the polymer chain in a reverse sequence,
namely 2,l-insertion, or propylene has been polymerizea

20 into the polymer chain so that all the 3 carbon atoms
have been put into the polymer chain, viz. 1,3-insertion,
whereby the propylene homopolymer produced may have a low
melting point even though it is endowed with high
rigidity and that the metallocene catalysts have uniform

25 active sites thereon and the propylene homopolymers
produced will be uniform in terms of a molecular weight,
a melting point and, when copolymerization is concerned,
the comonomer is copolymerized into the polymer chain in
a random way and uniform.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

| I. BASE RESIN '

The base resin to be expanded in particles or beads
in the present invention is isotactic propylene polymer
obtained by the polymerization by a polymerization

35 catalyst derived from a metallocene compound.
1. Catalyst

" This Sheet Has Been Replaced
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Lewls acid and an ionic conpound. The transition netal conpound to

be gsed in the present invention can be any transition netal conpound  —
havfng a metallocene structure having a |igand ofTh.sah&m»Js@E@lfﬁea]Qde nyl

erabl e exanpl es of such transition netal conpounds h

mmwmﬂm, ocene
strycture include those represented by the general fornmula

QQerr]Herr])(Jerr]H err]) MeXY. Thi s conmpound thus has a structure
such that two conjugated five-nmenbered rings Cferr]Herr]Rerr] and

H t f f
R s AT
conpound (ﬁobﬂ‘?ahéﬂi on afth eobasﬁer@mmf-vghmBrgsenbslaveaheoxrer| odi ¢

Tahl e, MeXgomprisesnat *E'r%n%@%'i%ﬁt malvwadn@ CEh: B haveng NEMber ed
are |nd|V|duaIIy

ring grou Cierr HerréR‘Lerr and Cferr]Herr err|

deffi ned, rﬂgﬁﬁﬂ og® SYIUGhBI Ry eAPA arae |‘H%El Sthe CORRPRERFer
(descrlbedsélbéctéaf tﬁromlehdetg&ld@p dbnsisting wrfedans aJumcaane,haa these
cor]j ugat e flye- ‘g‘o & n(g 81%0”&1}/ be the sane or different. A
spdcific ®X%HpIRCLIQran¢HAR ¢ ﬂ?ﬁgﬁ dve-nenbered ring groups is one
whgre mis O (orhe itrdhsitiorel pesalyctomeoumndli ¢oyl bgr agediadnngthe
substituen t i nking Q, e ug

i Vo membarEeeE hg Dr ST R "SeBars: Ry StraRERsbHT AeH Y 08bHBaupg, )
ong¢ of thehaypingfia ®ehadlecese Rpé;rrn}:tpce Fq&ewu]tg ia digand ] ofo &err],
pr =fer?@' ycﬁfaﬁéntsﬂﬁﬁﬂ] smﬂ:.laeﬁeéb%lahowé Rl £y Beoaea Rfdnas a

RLbrr]) - ar@f pLBGEAEEIEnPFOPYRSHE RONIBE R | IEF SLQRAIIR SERTPLOT | Ot mi nus

to forma gadl, transition metal compounds having a metallocene

' structure include those represented by the general
formula | |

15 Q(CsH,_ R,) (CsH,_R%,)MeXY.

This compound thus has a structure such that two
conjugated five-membered rings CgH, R!, and CgH, R?
crosslinked w:.th a crosslinking group Q, in the form of
Q(CsH, R m)(0534-n n), are coordinated with the compound

20 of a transition metal of the Group IVB-VIB groups of the
Periodic Table, MeXY.

In this connection, while the conjugated £five-
membered ring groups C!.,H4,mlilm and Ct-,H,,_nl?.zn are
individually defined, m and n and R! and R? are defined

25 in the same manner (described hereinafter in detail).
Thus it is needless to say that these conjugated five-
membered ring groups may be the same or different. A
specific example of the conjugated five-membered ring
groups is one where m is 0 (or n is 0), namely a

30 cyclopentadienyl group having no substituents but the

crosslinking group Q. When the conjugated five-membered
ring group has substituents, namely m # 0 or n # 0, one

of the specific examples of R! (or R?) is a C; to C,,

preferably C, to C;, hydrocarbon group, which may be
bonded as a monovalent group with the cyclopentadienyl
group, or, when two R! (or R%) are present, they can be
bonded at their respective w~-terminus to form a ring,

cture which is known for productiof of isotactic prog"




Vi ¥. ring fused wth the cycl opentadi enyl group. A typical exanpl e of
'latter is the one wherein two R[err] (or R2) are bonded at their

up or a fluorenyl group. I n other words, the typical exanple of the
jugated five- nmenbered ring group is a substituted or unsubstituted
| opent adi enyl, indenyl or fluorenyl group Each of R err] (or

I r ncl des, ab tog (Jerr
?E;feléb: u flﬂ? qﬂ%%%r?Tiﬁ?drggar df&ﬁgﬁcéen §t0n1 ug£ as]
chlori ne tjp:uoal nexaempBeotfnethe okathar aP-Eo e@,rqm) wheredr &wol &'r] to
Aprrl é& §YRYf OPe Boddblcal Eﬁgie'9e§3e8¥ﬂoecatheemghasptsuebras a group

coptaininy a 5| I con atom i'n err & err]é err and
V|ng 1 aoscarmgmbeaaéoﬁ1§90ﬁ§seé BH&§pﬁBPu§¥G&ﬁP&P AfdeRy GEQFEbn group

"7 5 YR S g aemser e ity ey b ucises or
c nta|n|ngah9§?583rbéﬁdgFBEp%QHéﬁgégeg éﬁSﬁ mEBHFéFa RgP8 AFPPBgé? atomin

t he fgrmgfmsN@R{ eiﬁaéﬁﬂergr]o)l@[orr]a) Bhtb:l’lavyhggitotxp ca. I8 othelron gtoms;
or{ a boron-cqntaipin ta a boron
affom in CHRERRr m BRESoTHPASEE) RRRRRINP SEC(LB8 CofhBHBaEeR) SERVES T 200D
en m (omempededoteing® @roupr elanditlsubs&ipu@edl 0y amsubstdturedr] err]

EHeseJ%rr%écfﬁgeBEﬁaggh 1Ne58ed gﬂueé %&MQQeane gt8gp.or different.  Amng

oned zi r.conf ym conpound havin
conj ugat ed flvgachen%%rig }Iﬂ@ IR dananﬁk?@ﬁscorh’hl Addatigpsite ugﬁ'le at the
2-, 4- anghgged- m&wséa) cgnb%' NE fy,OMp et €f aB3Yi nlei,ng tw o, Q.
preferablg 30 ocalBon 3r°“B a halogen atom such as chlorine
ydrocarbon rou g '
fluorine or bromine atom, an alkoxy group such as a C; to
15 C,, alkoxy group; a silicon-containing hydrocarbon group
such as a group containing a silicon atom in the form of
-Si(R®)(RP)(R®) and having 1 to ca. 24 carbon atoms; a
phosphorus-containing hydrocarbon group such as a group
containing a phosphorus atom in the form of -P(R3) (RP)
20 and having 1 to ca. 18 carbon atoms; a nitrogen-
containing hydrocarbon group such as a group containing a
nitrogen atom in the form of -N(R‘)(Rb)(Rc) and having 1
to ca. 18 carbon atoms; or a boron-containing hydrocarbon
group such as a group containing a boron atom in the form
25 of -B(R®)(RP) and having 1 to ca. 18 carbon atoms. When
m (or n) denotes 2 or more and thus a plurality of the
group R! (or R?) are present, these groups may be the
same or different. Among these, there are preferably
mentioned zirconium compound having a conjugated five-
30 membered ring ligand .which contains a substituent at the
2-, 4- and/or 5-positién(s) numbering from the
crosslinking group (Q), preferably an indenyl group, a
tetrahydroindenyl group, an azurenyl group or a
derivative thereof having a substituent at the 2-
position, more preferably a lower alkyl group at the 2-
position.
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t et.r ##ydr oi ndenyl group, an azurenyl group or a derivative thereof having a.

substg tuent at the 2- position, nore preferably a | ower al kyl group at the
i tion. This SheeQ-lisSBeéh pnreidng

ave a substituent thereon of an al kyl group of pre
carbg@n atons, an alicyclic group of preferably 5 to 7 carbon atons_and/or
an afomati c group, preferably phenyl or a | ower alkyl-substituted phenyl,

and ich contains 1 to 15 carbon atons preferably a | ower al kylene group
of to 2 ca@boks akonkon@ing s gERUBalAhe GRRASTigKks tther twer e
pref grably @onﬁﬁ‘éh@gdatﬂ%—wlﬁ}é@nrbﬁye l&'@%n%bOVePd?’éE&hQSE'ly, it

arob. o BRERVRRSC hiAhothy IHET QRORTLeARoNERy| FERIOA DRELOAG LSRR
hexyl eRRighoEAN hh)veaas@ususmeu@murtmm @Ifi mldlwwgr@wmﬁ/ml ch
can bave g SYRERERBRN, ' E00L BhrPBp’ ibudl OUB YR Lot
an a orratmpgeﬁapabﬂyeﬁerubl'&/ ¢achbon atoms| emé/oal la;al asomtllmtmmnyl
iy CHRSPaTany, (piénfs) 0, 8L o bPkqL-sitighiacla by, oTou

and. whlch contains to 5 carbon atoms preferably a

lower alkylene group of 1 to 2 carbon atoms or a

10 cycloalkylene group of 5 to.7, more preferably 6, carbon
atoms, which can have the above described substituents,
such as a methylene group, an ethylene group, an
isopropylene group, a phenylmethylmethylene - group,

diphenylmethylene group or a cyclohexylene group; (b) a

15 silylene group or an oligosilylene group which can have a
substituent thereon of an alkyl group of preferably 1 to

i 4 carbon atoms, an alicyclic group of preferably S5 to 7
carbon atoms and/or an aromatic group, preferably phenyl
or a lower alkyl-substituted phenyl, and which contains 0
20 to 12 carbon atoms in total, such as a silylene group, a
dimethylsiiylene group, a phenylmethylsilylene group,
diphenylsilylene group, a disilylene group or
tetramethylsilylene group; and (c) a hydrocarbon group
) containing germanium, phosphorus, nitrogen; boron or
25 aluminum, especially (CHy),Ge=, (CgHg),Ge=, (CH,)P=,
(CeHs)P=, (C4Hg)N=, (CgHg)N=, (CH3)B=, (C Hg)B=, (C4H;)B=,
(CgEg)Al= or (CH30)Al=. More preferable are the
aforementioned alkylene group and the aforementioned
silylene, particularly the substituted silylene, group.
30 Me is a transition metal in the Group IVB-VIB of the
Periodic Table, preferably titanium, zirconium and
hafnium, particularly zirconium.

X and Y, respectively, represent hydrogen atom; a
halogen atom; a hydrocarbon group of 1 to 20 carbon
atoms, preferably 1 to 10 carbon atoms; an alkoxy group
of 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms;
an amino group, an alkylamino group of 1 to 20 carbon

groufg which crosslinks the two conjugatgd five- nenbered '
Partifcularly, it includes (a) a |lower alkylene or cyclo ‘whi ch
era

ey mpver




| silylene group, a disilylene group or tetranethylsilylene group;
c) a hydrocarbon group containing germani um phosphorus, nitrogen,
or alumi num especially (CHerr])[err] Ge=, (C[erTﬂ&ﬂﬁ&H&&E&mRelmxd

err])P=, (Jerr]Herr])P= (Cerr] [err])N= (derr]
err])B=, ((Jerr]JHerr])B=, ((err]Herr])B= (Cerr] mJNIﬂMIL
err]O Al = More preferable are the aforenenti roup
the aforenentioned silylene, particularly the substituted silylene,

p. Me is a transition netal in the Goup IVB-VIB of the Periodic
e, preferably titanium zirconiumand hafnium particularly zirconium
d Y, o&SREstipEpFerabpyesentonyft ogarbanomtamsial 8gphesphorus-

ocar b%xﬁrﬂuﬁr@ hyHeod8rbehbYPripp 8 I ekl 3 Y carbBnlla &GP on at ons;

| koxy to 20 arbo at ons referably 1 to 10 carbon atons;
§&ﬁ£€r %YKW¥NH 8 mi%p &aﬁPSB 2R taMSyn especially

at ogiphemflphddphind;0 b car bﬁﬂlﬂéﬁﬁcoﬂtﬂh@ﬁﬁﬁormrmmxﬂl ng

hy roc bon ou 20 c rbon,at ons refe 2 C rbon at ons,

es eC| dﬁﬁhéﬁiqth%%ngnsa‘ PR ALPMB o RE gﬁfé %§Hﬁ&% Byroup of

o 20 caﬁms,atespecmblxerhbixyeﬁhybsizyl:agbonpatorts amdp&cmdyi ybe

oo o o G PSR A oA L

@Oﬁﬁﬁocﬂm@gﬁm@rfe Oar%e n o .exanpl e,
As appropriate embodiments, there are, .for example,

10 those crosslinked with the alkylene group such as
ethylengbis(2-methy1indenyl)zirconium dichloride,
ethylenebis(2-methyl-4,5,6,7-tetrahydréindenyl)zirconium

§ dichloride, ethylenebis(2,4-dimethylindenyl)zirconium

’ dichloride, ethylenebis(2,4,4-trimethyl~-5,6,7-

15 trihydroindenyl)zirconium dichloride, ethylenebis(2-
methyl-4-phenylindenyl)zirconium dichloride,
ethylenebis(2,4-dimethyl-4-hydroazurenyl)zirconium
dichloride an§ ethylenebis(4,5,6,7-
tetrahydroindenyl)hafnium dichloride; and those

20 crosslinked with the substituted silylene group such as
dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride, dimethylsilylenebis(2-methylindenyl)zirconium
dichloride, dimethylsilylenebis(2-methyl-4,5,6,7-
tetrahydroindenyl)zirconium dichloride,

25 dimethylsilylenebis(2,4-dimethylindenyl)zirconium
dichloride, dimethylsilylenebis(2,4,4~trimethyl-5,6,7~

trihydroindenyl)zirconium dichloride,
dimethylsilylenebis(2,4-dimethyl-4-
hydroazurenyl)zirconium dichloride,

dimethylsilylenebis(2-methylbenzoindeny1)zirconium
dichloride, dimethylsilylenebis(2-methyl-4-phenyl-
indenyl)zirconium dichloride and dimethylsilylene(2-
methylindenyl) (fluorenyl)zirconium dichloride.

As the co-catalyst component, there are, for
example, alumoxanes such as methylalumoxanes,
isobutylalumoxanes and methylisobutylalumoxanes; Lewis
acids such as triphenylboron,
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8 10 The base resin usgg n% e present invention is an

isotactic propylene polymer. Thus, the polymer is

obtained by polymerizing the corresponding monomer in the

i presence of a stereoregular polymerization catalyst, that
is the metallocene-based catalyst in the present

15 invention. Examples of the base resin are a propylene
homopolymer, a propylene-ethylene random copolymer, a
propylene-ethylene block copolymer, and a random or block
copolymer of propylene and an a-olefin of 4 to 20 carbon

. atoms. More preferable are propylene homopolymers,

20 propylene-ethylene random copolymers of an ethylene
content of 0.1 to 10%, preferably 0.1 to 6%, by weight,
and propylene-butene-l random copolymers of a butene-1
content of 0.1 to 25%, preferably 0.1 to 15% by weight.
Still more preferable are propylene homopolymers.

25 According to the present invention, a copolymer of
propylene with a monomer which could not easily be
polymerized in the presence of the conventional Ziegler-
Natta catalyst is obtained and can .be used as the base
resin for preparing the expanded particles as well.

30 Examples of the monomer include (a) cyclic olefins such

as cyclopentene, norbornene and 1,4,5,8-dimethano-

1,2,3,4,42,8,8a-6-octahydronaphthalene, (b) non-

conjugated dienes such as methyl-l,4-hexadiene and 7-

methyl-1,6-octadiene, and (c¢) aromatic unsaturated

compounds such as styrene divinylbenzene, which can be

used in combination in and/or between the groups (a)-(c).
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| -1, 6-gekadi ene, and (c) aromatic unsaturated’ conpounds such as

e s () CERE ern LA ad e Frale O TR | End"TaRic™ o
(y/x) of the number (y) of a "triad", that is "trimer
15 unit" which is the minimum unit of the stereostructure in
the monomer units in an g-olefin polymer, having [mm]
(isotactic) structure in the total number (x) of the
three isomeric structures of the triad possible; that is
[mm], [mr] (heterotactic) and [rr] (syndiotactic). The
20 measurement of I3C-NMR spectrum for use in the
determination of the triads was conducted with a JEOL
FX-200 spectrometer (Japan Electron Optics Laboratory,
Co., Ltd.) under the conditions of a temperature of
130°C, a measurement frequency of 50.1 MHz, a spectrum
25 width of 8,000 Hz, a pulse interval of 2.0 seconds, a
' pulse width of 7 microseconds and scanning times of

10,000 to 50,000. The spectrum was analyzed according to

are

the descriptions by A. Zambelli, Macromolecules, 21, 617
(1988) and by Tetsuro Asakura, Abstract of The Soc. of
Polymer Sci., Japan, 36 (8), 2408 (1987).

Isotactic propylene polymers are in the form of
particles or beads to be expanded. Any methods suitable
can be resorted to for obtaining the isotactic propylene
polymers in the form of particles or beads. The polymers
can be obtained in such a form directly from the
polymerization step, or alternatively the polymers can be
processed into such a form, as will be described
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or nore, preferably 0.80 or nore, nore preferably 0.90 or nore. The
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As the additives, several additives may be added,
10 those conventionally used such as for example an
antioxidant, an ultraviolet light absorber, an antistatic
agent, a flame-retardant, a metal inactivating agent, a
pigment, a dye and a nucleating agent, can be added
according to the necessity. The amount of the additives,
15 which depends on the properties required, is in the range
of 20 parts by weight or less, preferably 5 parts by
weight or less per 100 parts by weight of the base resin

of the present invention.

On the other hand, the resins which can be blended

20 include a variety of resins polymerized in the presence
of the 2Ziegler-Natta catalyst such as a polypropylene
resin, a high density polyethylene, a linear low-density
polyethylene, and a super-low-density polyethylene;
‘polymers produced by the high pressure method such as a

25 low-density polyethylene, polyolefin resins sut:h as an
ethylene-vinyl acetate copolymer, an ethylene-acrylate
copolymer, an ethylene-acrylic acid copolymer, an
-ethylene-methacrylic acid copolymer and an ethylene-
carbon monoxide copolymer; and a variety of thermoplastic

30 resins such as an amorphous polystyrene resin, a
crystalline polystyrene resin, a vinyl chloride resin, a
polyamide resin, a polyacetal resin and a polycarbonate
resin. The amount of the resin to be blended is in the
range of 100 parts by weight or less, preferably 1 to 50

35 parts by weight per 100 parts by weight of the base
resin.
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t he prpperti ednodmde eeﬂ,astsomelridneoleflgn polymers such as an ethylene-

propylene rubber, an ethylene-~butene-~-l rubber and a
10 propylene-butene-l rubber, preferably those having a
Mooney viscosity of 1 to 100 determined by a method of
ASTM D 1646 with the L-rotor at 100°C. °
' The aforementioned and the other components are
blended with the polypropylene base resin by a method
15 where the polypropylene base resin is in a fluid state or
solid state, but melt kneading 1is generally used.
Kneading is conducted at a desired temperature with a
variety -of kneaders such as a roll, a screw, a Banbury
mixer, a kneader, a blender or a mill. After kneading,
20 the product is granulated into an appropriate size of
particles. 1In this case, any of the strand cut method,
the underwater cut method, the hot cut method, the mist
cut method, the sheet cut method the freeze grinding
method and the melt spray method may be used.
25 II. EXPANDING OF PARTICLES
According to the present invention, the expanded
particles are prepared by the DOKAN method as shown in
Illustrative IPC edited by the Patent Office. on March
1988; German Patent Laid-Open Publication No. 2107683;
and Japanese Patent Laid-Open Publication No. 1344/1981,
or the extrusion method (Japanese Patent Laid-Open
Publication No. 76230/1983). 1In the case of the DOKAN
method, the expanded particles are prepared by dispersing
the base resin particles in water in a closed container,
supplying a volatile expanding agent in the closed
container, heating the dispersion to a temperature of at
least the softening point of the resin particles, opening
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dispersion.
10 According to the present invention, an aliphatic
hydrocarbon such as butane, pentane, hexane or heptane or '
a halogenated hydrocarbon such as trichlorofluoromethane, i
dichlorodifluoromethane, tetrachloroethane, f
~dichlorotetrafluoroethane, methylene chloride or ethyl ’
15 chloride can be used alone or in combination of the two
or more as the volatile expanding agent. An inorganic
gas such as nitrogen, air or carbon dioxide gas can also
be used.

‘ The amount of the volatile expanding agent added,

20 which varies depending on the expanding agents and the
bulk densities of resin particles of interest, is
generally in the range of 10 to 80 parts by weight per
100 parts by weight of the resin particle. '

Examples of the dispersant which may preferably be

25 used for dispersing the resin particles in water are
inorganic suspending agents such as aluminum oxide,

- titanium oxide, calcium carbonate, magnesium carbonate
(basic), calcium tertiary phosphate and magnesium
pyrophosphate; water-soluble polymeric protective -

30 colloids such as polyvinyl alcohol,

methylcarboxycellulose and N-polyvinylpyrrolidone; and
anionic surface active agents such as sodium

dodecylbenzenesulfonate, a sodium alkanesulfonate, a

sodium alkylsulfate, a sodium olefinsulfate, an
acylmethyltaurine and a sodium dialkylsulfosuccinate.

Among these, it is preferable to use a combination of

calcium tertiary phosphate having a particle diameter of
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To the aqueous dispersion of the polypropylene resin
particles dispersed in water with the dispersant is

15 supplied a gaseous expanding agent or a fluid expanding
agent in a closed container, and the dispersion is heated
to a -temperature of at least the softening point of the

i resin particle, so that the pressure within the container
is increased with the heatihg, and the expanding agent is

20 impregnated into the resin particles. The resin
particles are discharged together with water from the
outlet, for example, a slit or a nozzle, provided at the
lower part of the closed container into a lower pressure
region (generally into atmospheric air) thus to produce

25 polypropylene resin expanded particles.

In this case, an inorganic gas or an expanding agent
may be further added from the outside in order to
maintain the pressure within the container during the
discharge.

30 An inorganic gas such as nitrogen, helium, argon,
carbon dioxide gas or air is.preferably supplied to the
closed container to provide pressure before or after the
addition of the expanding agent to the closed container
in the preparation of the expanded particles. the

35 inorganic gas may be supplied either before or after the
heating of the dispersion.
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outl et provided bel ow the surface of the dispersion in the
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agent sfardl £82st opYdene,resin expanded pALLiClLS. nierest, s
|y in theThengexplanied opatticlies bdisehgbgeder a6 padfrs lay:e/vei ght

of the resin_particle . I f. the di sper Lrably

be usqgd foar&FgK&%gand'n t%e%%%sﬁ%e?ﬁara& cﬁess,& i tt\(,agr] r;e:ﬁé%(%tg“ C

susperjdi ng adbersngudto athel surfiageoande are tusedinfooxtlie, medddngmot

car bopat e, &?%gJ £ it laG)hergdl Ciumtertiary phosphate and
pha

magne |um pyro ate; water-so e polyneric protective collojds

pohe PElypropylens rmmﬁmﬂ%@mqm.
vi ny' RY 'thld FeEent EhiEHIAU cart "Bttt arifigatdic Ze, B as
preferably have a particle size such that the particles
passes through a sieve having 2.5 meshes and do not pass
through a sieve having 30 meshes. The particles may be
15 of various shapes from true spherical to cylindrical.
III. MOLDING
As the method for molding expanded particles or
i beads into shaped articles, a variety of conventionally
well known methods can be used: -
20 (i) the compression molding method in which, after
the polypropylene resin expanded particles have been
placed in a mold, the particles are compressed so as to
reduce the volume by 15 to 50% and are fused together by
introducing steam at 1 to 5 kg/cm®-G, and the mold is
25 cooled to obtain a product;

(ii) the method for preparing a product in which,
after the expanded particles have preliminarily
impregnated with a wvolatile -liquid expanding agent to
obtain the secondary expanding capability, they are

30 placed in a mold, heated with steam to cause secondary
expansion as well as to fuse the particles together;

(iii) the method for preparing a product in which
the expanded particles are introduced into a closed
chamber, into which an inorganic gas such as air or

35 nitrogen gas is introduced under pressure, whereby the
pressure within the cells of the expanded particles is
increased to impart the secondary expanding capabilii:y,
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pregnated i(Avd the methed, ipavhRiehesinto FhmoldeHfh pressune

radglddereoVito V&l &8, d 'yPdn® G with a pressurized gas, the
expanded particles are sequentially introduced
portionwise under compression with .a pressurizing gas at
a pressure higher than the pressure within the mold by
0.5 kg/cm? or more, the pressure within the mold being
maintained at the above stated pressure within the mold
duriﬁg the f£filling and reduced again to atmospheric
pressure after the £filling, and the expanded particles
are heated with steam and fused together to control the
compressibn rate of the expanded particlés represented by
the equation:

(W/p = V)

Compression ratio (%) = W/p x 100

wherein W, V and p, respectively, are defined as follows:

Ws weight (g) of the molded product,

Ve volume (liter) of the molded product,

ps bulk density (g/liter) of the expanded particle

in air,
in the range of 40 to 70% (Japanese Patent Laid-Open
Publication No. 151325/191987);

(v) the method in which, into a mold of a pressure
raised to 0.5 to 5.0 kg/cm?-G with a pressurized gas,
expanded particles are sequentially £filled portionwise
the expanded particles having a gas internal pressure
obtained by a preliminary pressurizing treatment with a
pressurized gas having a pressure higher than that in the
mold by 0.5 kg/cm? or more- for 1 hour or more with a
pressurizing gas at a pressure higher than the pressure
within the mold by 0.5 kg/cm? or more, the pressure

is in
arts
s than

g
of

th the
agent

| odmethbd nas, dstlidseddi ipedapanese (Ratenk t Sublicapéoat Ne. of at

agent
are




T SN

¢

outlet, ffor exanple, a slit or a nozzle, provided at the |ower part of the
cl osed qontainer into a |ower pressure region (generally into atnospheric
air) thys to produce pol ypropyl ene resin expanded particles. In this
case, ap inorganic gas or an expandi ng agent nay be fmrstsh@maanel@dteﬁlmdnthe
outsidefin order to maintain the prEssure within the ¢ g t he
di schar ge. An inorgani c gas such as nitrogen, helﬂ rbon
di oxi dejgas or air is preferably supplied to the close alner to

pressure before or after the addition of the expandi ng agent to
the cloked container in the preparation of the expanded particles.
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less than 40% (exclusive of 0%); and

| (vi) the method for preparing the product in which
expanded particles having secondary expanding capability

are introduced into a mold cavity or into a mold to fill

the same under pressure and heated with steam to conduct
secondary expansion as well as to fuse the particles
together (Japanese Patent Laid-Open Publication. Nos.
256634/1988 and 258939/1988 and U.S. Patent Nos.

b 4,777,000 and 4,720,509).

Any of the above described methods may be used and
is < selected in consideration of the nature of .the
! expanded particles or_the shape or density of the molded

product. |
k IV. EXAMPLES

The present invention will be further illustrated in
detail with reference to the following examples. "Part"
and "$" in the examples are based on weight.

Preparation of base resin (1)

After an autoclave having an internal volume of 150
liters had been thoroughly purged with propylene, 50
liters of dehydrogehated and deoxygenated heptane, 120 g
of methylalumoxane having an average oligomerization
degree of 16 (TOSO-AKZO) and 120 mg of rac-
dimethylsilylenebis(2-methylindenyl)zirconium dichloride
Synthesized according to the method described in Japanese
Patent Laid-Open Publication No. 268307/1992 were charged
in the autoclave. The autoclave was heated to 40°C, and
Propylene was introduced thereinto at a flow rate of 5
kg/hour for 3 hours while the hydrogen concentration at
the vapor phase was maintained at 0.5% by volume. After
the introduction of propylene, polymerization was

ps
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ased to i nparde thisl ymen rtsed ya ep«mpdfm:emmfuwu accord:l.ng to
13c_NMR, a flexural rigidity of 12,300 kg/cm? according
10 to JIS-K7106, a melting peak temperature of 150°C
measured by temperature programming at 10°C/minute
according to the differential scanning calorimetry and an
MFR of 9 g/10 minute measured at 230°C according:to JIS-
K7210. o
15 Example 1
To the propylene homopolymer prepared according to
the preparation of base resin (1) was added an
antioxidant, viz. 0.05% by weight of YOSEINOX BHT (trade
name: YOSHTOMI SEIYAKU K.K.) and 0.10% by weight of
20 Irganox 1010 (trade name: CIBA-GEIGY K.K.). The blend
was extruded into the form of a strand having a diameter
of 1 mm¢ single-screw extruder and, after cooling in a
water bath, cut into lengths of 2 mm to produce pellets
in the form of finely divided particles. A 1,000-g
25 portion of the pellets was placed together with 2,500 g
of water, 200 g of tertiary calcium phosphate and 0.2 g

of sodium dodecylbenzenesulfonate in a 5 liter autoclave,
and 120 g of isobutane was further added. The mixture.
was heated to 135°C and maintained at this temperature
for 30 minutes. While a compressing gas was supplied
from the outside in order to maintain the internal
pressure at 23 kg/cm?-G, the valve at the bottom of the
autoclave was opened to release the content into the
atmosphere. After the expanded particles thus obtained
were dried, measurement of the bulk dénsity thereof with
a 1 1liter graduated cylinder revealed it to be 28
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th a pressurizing_gas a pressure hi han the Jressure” Wt hin
d by oas (3P¢nemolongre 300 widr rand 50 mm thick. It was a

molded product having few voids and an excellent surface

appearance without unevenness. When the molded product
15 was broken at the center to measure the sectional fusion

rate, it had already reached 70% at a steam pressure of

3.0 kg/cm?+-G. The results are shown in Table 1.

Comparative Example 1

The procedure in Example 1 was repeated except that .

20 a propylene homopolymer prepared by polymerization with
the conventional Ziegler-Natta catalyst, namely a
combination of TiCl, (Marubeni-Solvay) with
diethylaluminum chloride, and having a flexural rigidity
of 13,000 kg/cm?, a melt peak temperature of 159°C and an
MFR of 8 g/10 minute was expanded at a temperature of
150°C to give expanded particles in a density of 27
g/liter.

The expanded particles thus obtained had a foam
diameter of less than 30 gm and were considerably fine}
so that the particles not only were fused in a proportidn
of about 20% at most at a steam pressure of 3.0 kg/cm?-G,
but also had a keloidal surface and thus were scarcely
fused together. The result is shown in Table 1.
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liters Y dehydr ogenat ed and deoxygenated heptane, 120 g of nethyl al unoxane

havi ng average oligonerization degree of 16 (TOSO AKZO and 120 ng of
rac- di @ethyl silyl enebi s(2-nethylindenyl) zirconi um —dichtort+de—synt hesi zed
accordi to the nmethod described in Japggaese PatentTEQEQEt en Publication
No. 268%07/1992 were charged in the autoflfhfave.. The au B Sseplacad ed t o
40[err] @ and propyl ene was introduced thereinto at aJH _ " :

kg/ hour §f or 3 hours whil e the hydrogen concentration ase was
mai nt ai ged at 0.5% by volune. After the introduction of propylene,

pol ynergzati on was 17 conduct ed
for 3

introd

and 50
1 hour.

urs. prépapition opl baseiresinn(2)2.0 liters of butanol was

ed to con reacti [ ert]s -Jg}g‘ qﬂa f H

iters of #‘ée’&vagér a&gf’g&ﬁangr ?&t;f]éeg&f%l ?;lon u.ctfalf urt %?e?%gc%lygn for
Af teitet 8e hadadidem, thomoughdyeopurgedy oritha propydesesd, Sand

t he or

ani c | [ fi { € 0 @l I A0 YgEr in
L o1 Jor O/ SEEroRe ladiyfbdditatid CinlC dlokGRnBkar) 1R A0 G | T
[err] CNVRS aof| emethylalymaxaneof hayingo AB/ cAYRFRPe aceLiaPRErigation
JI S- K7 0_6, a gg%(t{qu pgqu tfgrper(qtog@-gkztﬁp[eah]ac ngasunfgl by ft enpeeat ure

(/m nute, di to.th Lff tial LIk
ol or ot 1y afimekREREOYLEREPIE ANEEETHARARPEN 5 - 508 b T AEERTBFIRS) (o
JIS- KF210. yere charged in the autoclave. The autoclave was then

heated to 40°C, and propylene and ethylene were
10 introduced at a flow rate of 2.45 kg/hour and 0.039
kg/hour, respectively, £for 4 hours. ~ After the
introduction of propylene and ~ ethylene, the
polymerization was further conducted for 2 hours. After
polymerization, 2.0 liters of butanol was introduced to
15 conduct reaction at 50°C for 2 hours, and 30 g of NaOH
and 50 liters of pure water were then introduced to
separate the agueous layer. Next, to another 150 lite;
autoclave were added 50 liters of pure water, 0.5 liter
of "DEMOL EP" (Kao) and 30 é of calcium chloride, and the
20 temperature was raised to 90°C. The slurry obtained
previously as described above was introduced at a rate of
2 liters/minute. After the introduction, the mixture was
quenched to granulate the polymer. After filtration and
drying, a propylene-ethylene ran@om copolymer was
25 obtained in a yield of 5.8 kg. The copolymer had an
ethylene content of 2.3% by weight.
Preparation of base resin (3)
The procedure in the preparation of base resin (2)
was repeated except that butene-1 was supplied at a rate
30 of 0.078 kg/hour in place of ethylene. As a result, a
propylene-butene-1 random copolymer was obtained. The
copolymer had a butene-l content of 4.5% by weight.
Examples 2 and 3
Expanded particles were prepared as in Example 1
35 except that the polymers obtained in the preparation of
base resin (2) and (3) were used as a base resin and the
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extrude@ into the formof a strand having a di aneter
singl e-gcrew extruder and, after cooling in a water
o produce pellets in the form of finely divided particles.

| rganox 1010 (trade name: Cl BRIGEI GY K@lm

To the propyl ene honopol ynmer prepared according to the
of base resin (1) was added an_antiexidant, viz. 0.05%
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of tertiary cal cium phosphate and 0.2 of sodi,um .
enzencontlitiaons i suehs as ; EXPANELRE o AENREFA 9288 i BB uLIKE was

addedyere ThRafigeauae WhBwWRACAnetabRel25[err] C and maintained at this
ure faor 30_m nutes. Wi | e .a.conpressi sypplied Jf.r t he
in order tggﬁai%qﬁi%@q%% hiD %s%}?%&:ﬁoggéﬁgygn{kg?r ]s&m%{“he
t he @mahhemn odst hin aBxanplec das amdndhe ompdfiedscproduchnttdms into.
e After the [ _Lh btal sWer @ adnd
poadnsd wakt Y, 0FS, BaEt pLESes "Yach ?%?Bﬁcg%‘é’éu?&a* w0
reveal 28l mmt td ocohduct8compression tests according to JIS- 3
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m After the expanded particle

7 VeI e .
ially unit volume energy absorption (E/A) at 50% sirazn which

is calculated by the stress at 50% strain (kg/cm?) x the
energy absorption efficiency x 0.5 (cm/cm) was obtained
and shown in Table 2.

In this connection, as for the stéam pressure for
molding, the pressure at which the fusion rate was 60%
was recorded. The appearances of the molded products
were visually judged by the following criteria:

©: smooth surface of the molded product and no

- 'void between particles;

O: smooth surface of the molded product but

significant voids;

A: lack of smoothness of the surface of the molded

product and significant voids;

X3 the molded product in the shape of a millet-

and-rice cake having a high rate of voids.
Comparative Examples 2 and 3

Expanded particles were prepared as in Comparative
Example 1 except that the base resin and the expanding
temperature were changed as shown in Table 2.

The results are shown in Table 2.
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nder conpression into an alum numnold froma hopper with

conpr ed air, the steam pressure was changed for every 0.5 kg/cnferr] G of
sthe ¢ ge of the pressure in the chanber of the nold, starting frem2-5—
kg/ cn
fromt

rr] G to conduct heat nolding. - e nol ded product was takqg ut
6073; ‘ﬁ“"

i

e nold after water cooling for conds and air y
: The nol ded product had a density of 54 g/lit
00 nmwi de and 50 mmthick. It was a nolded produ

secon ﬁ
| ong,
voi ds @nd an excellent surface appearance w thout unevenness. Wen the

nol ded§ product was broken at the center to neasure the sectiognal fusion

rate, Jt had [alg eady reached 70% at a steam pressure of éﬂ.o kg/cmerr] G
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20 Preparati on of base resin
After an autoclave having an internal vol uome—ef-150_liters had
t hor oughly purged with propylenﬁﬁ% 50 liters; e dehydr ogenated and
genat ed heptane, 90 g of nethyl al xane haV|na &eplaced
il

merization degree of 16 (TCSC>AKZC» and 90 ny

hyl si | yl enebi s(2-nmet hyl i ndenyl ) zi rconium dich rged in
utocl'ave. The autoclave was then heated to 40[err]C, and propyl ene

t hyl ene were introduced at a flom1rate of 2.45 kg/ hour and 0.039

ur, rpgepatavtd offbase4rehmnr After the introduction of

| ene an t S q ed.f
After p §h§?.za!€¥#3%? %?%9 uﬁ%#o%g%bsqﬁ%ﬁ#%%dggdgpo
conduct reatitensathad[ dreqrC ft@PrPlﬂg@lMs pungeeo with IM-’GPY&IMIIESO Bﬁters of

puré vater {:S Ehest O&% W&&&egﬁg oxYgeRd e hd

anotiher 150 |ter aut re adde l1té&rs of pure % 5 I|ter

of '!' DEMOS EPf MMA®) (methwlaiunoxane) uhTePPoRKeR) and ©f “lgan%%réﬁﬁr'e was
rai sed tC>aﬁkﬁfhgls11W1éh§wysQMé&E@%f@@waa@hyiy¥§féwﬁﬁuwxwe

mas nt r oduced. at
! ! dichloride syntheslzed according to the method described

in J. Orgmet. Chem. (342) 21-29, 1988 and ibid (369) 359-
370, 1989 were charged in the autoclave. The autoclave
I 10 was heated to 25°C, during which propylene was introduced
f thereinto for 30 minutes to elevate the pressure in the
autoclave to 5.5 kg/cm?-G. Polymerization was then
conducted at 5.5 g/cm?-G and 25°C for 5 hours. After the
polymerization, propylene was purged, the slurry was sent
15 to a catalyst deactivation vessel of an 100 1lit.
capacity, and 2.0 liters of butanol was introduced to
conduct the deactivation reaction at 50°C for 2 hours,
and 30 g of NaOH and 50 liters of pure water were
introduced to conduct further reaction for 1 hour. After
20 the reaction, the aqueous layer was separated, and the
organic layer was filtered and dried to give a propylene

i

homopolymer in a yield of 5.3 kg.
The polymer had a [mm] fraction of 0.95 according to
13c-NMR, a flexural rigidity of 13,200 kg/cm?, a melting
25 peak temperature of 152°C measured by temperature
programming at 10°C/minute according to the differential
scanning calorimetry and an MFR of 46 ¢/10 minute
measured according to JIS-K7210.
Preparation of base resin (5)
30 The procedure set forth in Preparation of base resin
(4) was followed except for the use of 50 g of MMAO and
50 mg of rac-dimethylsilylenebis(2-methyl-4,5,6,7-
tetrahydroindenyl)zirconium dichloride synthesized
according to the method described in Japanese Patent
35 Laid-Open Publication No. 268307/1992 and J. Orgmet.
Chem. (342) 21-29, 1988 and ibid (369) 359-370, 1989 and




2 litegp/ mnute. After the introduction, the m xture was quenched to

granul & e the polyner. After filtration and dryi ng—a—propyl-ene-ethytene
*randomgcopol yner was obtained in a yield of 5.8 kg. .. Qe opol {mﬂad an
ethyl efe content of 2.3% by weight. Prepgration of BQE H B Th

C €
procedgre in the preparation of base resin (2) was re mE Hﬂ Ithat
but ene§l was supplied at a rate of 0 .078 kg/hour in ne.

As a rgsult, a propyl ene-butene-I random copol yner was obt ai ned. The
copol yfrer had a butene-1 content of 4.5% by weight. Exanples 2 and 3

Expanded particles were prepared as _in.Ex le, 1 p hat )l ymer s
obt ai r,'ed i nfPRe %pﬂ?lﬂ'ﬁ%ﬁ ﬁtb%%ecPEQPﬁggg) aﬁ‘ndﬁ%‘%e égée%uslé cétgog'ybas_e
resinjand tegr 2 hours. 21 condi ti ons such as
expandi ng tenperature.and the |i e a . S L n

The expanded par Fepgéeﬂgré“pﬁgﬁhﬁﬂﬁﬁ£dw$% ?ﬁggégﬁg ggﬂﬂ%¢ 3§BPhEE§g%ple 1
and the nol ged@ Rgodwhiichhumsotfoaind torvdaveut{ mmit ©f ds4965 e@e£lerural
measuring. 50 .% . t 2CO, : S g gl S
K6767. F oﬁﬁéﬁggs ré@%ﬁg%?%yé¥¥§k€%,'tﬂgﬁgﬁgﬁﬁg ggiﬁhe unifg§gﬁjig>energy
absorption (BMAC and@m MFRyiaf thigM 0 Riowtes-ated by the stress at 50%

strain (kg/ %iﬁﬂés 4 {8 epergy absorption efficiency x 0.5 (cnfcn) was

obtai ned Procedure for producing expanded particles set forth
'in Example 1 was followed except for the use of base

10 polymers (4) and (5) produced above and the use of
expanding conditions as set forth in Table 3.

Molding of the expanded particles and evaluation of
the molded product were also conducted as in Example 1.

The results obtained are set forth in Table 3.

15 Example 6

To the propylene homopolymer prepared according to
the prepération of base resin (1) were added 12% by
weight of an ethylene-propylene rubber (EP02P, Japan
Synthetic Rubber), and an antioxidant, viz. 0.05% by

20 weight of YOSHINOX BHT (trade name: YOSETOMI SEIYAKU

' K.K.) and 0.10% by weight of Irganox 1010 (trade name:
CIBA-GEIGY K.K.). The blend was extruded into the form
of a strand having a diameter of 1 mm¢ with a 45 mm¢
single-screw extruder and, after cooling in a water bath,

25 cut into lengths of 2 mm to produce pellets in the form
of finely divided particles.

Production of expanded particles and molding of the
expanded particles were conducted as in Example 1 except
for the particulars set forth in Table 3.

30 The results obtained are set forth in Table 3.
Comparative Example 4 '

To a propylene homopolymer used in Comparative
Example 1 were added an ethylene-propylene rubber and
antioxidants as in Example 6, and fine pellets were

35 p:oduced. :

The pellets were processed - into expanded particles

and further into an expanded molding article as in




hown in Table 2. In this connection, as for the steampressure
| ding, the pressure at which the fusion rate was 60% was recorded.

ppear ances of the nol ded products were visual This: §|Bdsy Rereged
Wing criteria: [err]: sno surface of-zl uct and
- voi d between particl es; [err]: sno f the
ed product but significant voids; A lack o

t hness of the surface of the nol ded product and significant

S; x: the nol ded product in the shapeaoefiﬁa@g}lﬁl}(e;;ﬁ-3 Tabje

ri ce cake havisn Lghebat enef paritdeuld@sisp [ ampl and 3

nded E&FPPEFeQ' k’?ce thef)ar ed as in Conparative Exanple 1 except that

base Besin and the expandi ng tenperature Were,ch%ngid gs shown in Tabl e
The regyl! $eatd tshebtainedabre set forth in Table 3.
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[err] 23 Preparati on of base resin
(4) After an autoclave having an internal volunme of 70 liters had been
thoroughly purged with propylene, 25 liters of dehydrogenat ed and ____
deoxygenat ed heptane, 60 g of MVAO (net hyl ggunpxane)y—(TOSO-AKZO) and 60 ng
of rac- dinethylsilylenebis(tetrahydroindenyl)zirconj LG Ekk BA3Ipeen Rbplaced .
synt hesi zed according to the nethod described in J. : 42)
21-29, 1988 and ibid (369) 359- 370, 1989 were charg%MumgmmFave.
The autocl ave was heated to 25[err]C, during which prd s i ntroduced
thereinto for 30 mnutes to elevate the pressure in the autoclave to 5.5
kg/cmerr] G Pol yrmeri zation was then conducted at 5.5 g/cnferr]G and
25[err]C for 5 hoyrq. After the polyngrization, propylene was purded, the
slurry was sent]|tg catal y§t deactivgtion vessel of an 109 Jit. dapacity,
and 2.0 liters pfgbdtanol wls introduded to conduct the dema evatijon
reaction at 50[krE] ¢ for 2 ®ours, and| 30 g of NaOH and 59% iterjs of
pure water wefegirftroduces togcondugt further reaction fpi & hoyr. After
the reaction, theeadqueous |3& erfwins e¢par at§dg an@ thg orga® ¢ | ayer was
filtered and dr 0 give,® prﬂp;ﬂ eng honopol yneg in a yiglgof é 3 kg.
The pol yner had| as[ qn] fragey on of 0.95 according.to [err[&NRE g flexural
rigidity of 13, 205' Mo/ cyf erig), a meltijng peak tenferature %bf: §52[err] C
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i ;

progragm ng at 10[err]C/ mnute according to the differential scanning
calorimetry and an MFR of 46 g/10 m nute measured according to JI-S-K7210.
Preparati on of base resin (5) The procedure set forth in Preparat|on

of base resin (4) was foll owed except forz,} he use of SGhjlm
ng of rac-dinmethylsi |ylenebis(2-nethyl®4,5,6,7- l
tetrahydroi ndenyl ) zi rconi um dichloride synt hesi zed acd
nmet hod described in Japanese Patent Laid-Cpen Publication No. 268307/ 1992
and J. Ognet. Chem (342) 21-29, 1988 and ibid (369)  359-370, 1989 and

24 for the polynerization conducted at 40C and 7 kg/cnferr] G for 2
hours. Propyl ehs tsrhmpnll'yyrethwaslaﬂat asekedfonthnian@abled b-2, kghewhi ch

found t f a3,
el tine poclBlEnbapkaghe Pfin” ARG, phokiRiNs ol B0, KakRELE 1)
Exanpl es 4 anunsentlonr.oesdapupa@edpmdmcthg erpysnsiopa tpaless basvefarth
in Exanple 1 yg QH]O%n?meéé’érthﬁnﬁsec% bggae P&thﬁrtﬁﬁhang (5)

pr oduced above an e use of expanding conditions as se .
Mol di ng of 5t hexesphheralpyr Low égeam p@ﬁésuaeuoﬁnéf thee meddgdd agtigdes wer e

al so conduct egnhag | SbEXPHBAE Have a TRodesHutEall! Apseardicd Claddr G i N
Table 3. excellent energy absorption property.
More particularly, propylene homopolymers and
propylene copolymers of a low comonomer content which
10 have heretofore been known in the art to produce expanded
particles and/or expanded molded articles which are
unsatisfactory in the size of biubbles which is
excessively small or in the distribution of bubbles which
is excessively broad are now capable of production of
15 improved expanded particles and/or expanded molded
articles produced therefrom. '
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prep rati on of base resin (1) were added 12% by wei ght of an

et hyIiene propyl ene rubber (EPO2P, Japan Synthetic Rubber), and an

anti oxi dant, viz. 0.05% by wei ght of YE8HI NOX BHT (trade name:—YOSHTOM

SEI YAKU K: K. ) and 0.10% by wei ght of Irganox 10I0 (trade name: ClBA- GEl GY
K. K. ). The blend was extruded into the form of Immmﬁ “Ldl anet er
of 1 mferr] with a 45 pmjerr] single-screw extrammmm oling in
a water bath, cut into|llengths of 2 nmto produce* ped| éts™ in°the form of
finely divi ded particle Pr odmﬁof expanded particles and nol di ng

of the expanded parti cl es were cond s in Exanple 1 except for the
particul ard.set forRblypriapyd ene resﬁa reeypandedai npdrdrieciets forth

icgrrgglro;tel \?e %% wereg%gecf‘ésr%net yl ené:%:)ropyl enéﬁ%ﬁ%éped "

Exam§l e 6 To the propyl ene honopol yner prepared according to the §

ant i oxi danebtadined byakiie: polymer izatd ok afe@s GRETESRANAING monomerThe

pellets wely RicicaRTd dﬁttp aemfﬁﬂixwttﬂcﬂ Rty st FdiiVed iftich 2N

expanded nDIdlng articl: 25

Exarrplel&?ctédt%netﬁ@ ulars set forth in Table 3. '
2. Particles according to claim 1 which have a

particle size such that said particles pass through a
sieve having 2.5 meshes and do not pass through a sieve
having 30 meshes.

3. Particles according to claim 1 or 2, wherein
said isotactic propylene polymer is an isotactic
propylene homopolymer.

4. Particles according to claim 1 or 2, wherein
said isotactic propylene polymer is an isotactic
propylene copolymer containing 0.1 to 10% by weight of
ethylen'e copolymerized therewith or 0.1 to 25% by weight
of butene-l copolymerized therewith.,
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Thef esults obtained are set forth in Tabl e 3. 26 [err]

27 - As shown by the data set fortH “Pn*Tables 1-3, the pol ypropyle
T e‘$| n expanded partlcl es of the present invention, as conpared wth the
conyent i onal ones, - have a uniform foag.di anetei” and can be nolded with an
exceptionally | ow steam pressure, and®fhe nol ded articles thus obtained
have a good surface appearance and ABSYFALCIt energy absorption property.

More particularly, propyl ene honopol yners and pro Iene copolyners of a | ow
com)ngmar merﬂyﬂﬁ gﬁ%ﬂﬂ RESIN gl? ED PARTICL%S Py poty

There are provided polypropylene resin expanded
particles which have a uniform bubble size, can be molgded
with an exceptionally low steam pressure, and can produce

5 an expanded molded product having a good surface
appearance and an excellent energy absorption property.
The present particles are polypropylene resin expahded
particles containing as a base resin an isotactic
polypropylene resin polymerized in the presence of a

10 metallocene polymerization catalyst.

- il

35




T,

have heretofore been known in the art to produce expanded particles and/or
expanded nol ded articles which are uhsatisfactory in the size of
bubbles which is excessively small or in the distrithution of bubbles
which is excessively broad are now capabl e of production of inproved

expanded particles and/ or expanded nol d@8 articles proﬂmm m mmﬂmn
CLAI M5: 1. Pol ypr opyl ene resin expanded par g as

a base resin an isotactic propyl ene polyner obtained by the bol@nﬁrlzatlon
of a correspondi ng nononer or nononers with a polynerization catal yst
derived froma netall ocene conpound. 2. Particles according to
claim 1 which have a particle Skéig@ﬁih t hat said particles pass
through a sieve having 2.5 neshes a bt pass through a sieve having
30 neshes. 1. 3. PPAypropyleener dingsitm clexipatdemd 2pahédaihessaid

isotactic RopWiNGg BY YHasd Tedth dFOiS5LiGe: L BPEHGTENEOBBRGRETET -
obtained by the polymerization of a corresponding monomer
or monomers with a polymerization catalyst derived from a
metallocene compound.

2. Particles according to 'claim 1 which have a
particle size such that said particles pass through a
sieve having 2.5 meshes and do not pass through a sieve
having 30 meshes.

3. Particles according to claim 1 or 2, wherein
said isotactic propylene polymer is an isotactic
propylene homopolymer. .
4. ~ Particles according to claim 1 or 2, wherein
said isotactic propylene polymer 1is an isotactic
propylene copolymer containing 0. 1 to 10% by weight of
ethylene copolymerized therewith or 0.1 to 25% by weight
. of butene-1 copolymerized therewith.




4. Particles according to claiml or 2, wherein said isotactic
ropyl ene polymer is an isotactic ¥ propyl-ene copol yner containing 0.1
0 10% by wei ght of ethylene copolynerized theremnth or 0.1 to 25% by

wei ght of butene-1 copol ynerized therewith.

29
ABSTRACT

' TITLE: "POLYPROPYLENE RESIN EXPANDED PARTICLES".

There are provided polypropylene resin expanded
particles which have a uniform bubble size, can be molded
with an exceptionally low steam pressure, and can produce
an expanded molded product having a good surface
appearance and an excellent energy absdrption property.
The present particles are polypropylene resin expanded
particles containing as a base resin. an isotactic
polypropylene resin polymerized in the presence of a
metallocene polymerization_cétalyst.




