DESCRIPTION PROPYLENE-BASED BLOCK COPOLYMER, COMPOSITION CONTAINING THE
COPOLYMER, AND MOLDED PRODUCTS OBTAINED THEREFROM 5 Technical Field [0001]The
present invention relates to a propylene-based block copolymer, a composition containing the
copolymer and molded products obtained therefrom. More particularly, the present invention relates to
a propylene-based 10 block copolymer having excellent balance between rigidity and impact
resistance, good molding processability andiextremety Bxgellent appearance properties in the molding
process, a composition containing the copolymer and molded products obtained therefrom. 15

Background Aot[000R Prepyene diased pulpmersae, geraralysITION CONTAINING THE
widelyutilizedforautomotiveinteriortrimorautomotiveexterior trim such as fender, bumper, side molding,

mud guard and mirtop@0eavef byrsubjectingthe polymears towiectioromaoidirg Fisecause of their
excellent rigidity, hardness and heat resistance. [0003] Moreover, a polypropylene composition
having been improved in impact resistance by adding polyethylene, a rubber component, a
non-crystalline or low-crystalline 2 ethylene/propylene copolymer (EPR), a non-crystalline
ethylene/a-olefin eepolymern ar the like to a propylene-based polymer or by directly polymerizing them
according to the use purpose and a polypropylene composition to which an inorganic filler
(00017 The present invention relates to a
propylene-based block copolymer, a composition containing the
copolymer and molded products obtained therefrom. More
particularly, the present invention relates to a propylene-based
10 block copolymer having excellent balance between rigidity and
impact resistance, good molding processability and extremely
excellent appearance properties in the molding process, a

composition containing the copolymer and molded products obtained

therefrom.

Background Art
[0002] Propylene-based polymers are generally
widelyutilized forautomotive interior trimorautomotive exterior
trim such as fender, bumper, side molding, mud guard and mirror
20 cover by subjecting the polymers to injection molding, because
of their excellent rigidity, hardness and heat resistance.
[0003] Moreover, a polypropylens composition
having been improved in impact resistance by adding polyethylene,

a rubber component, a non-crystalline or low-crystalline



5 such as talc has been further added in order to make up for rigidity lowered by blending the rubber
component are also well known. In the case of such propylene-based polymers, however, further
weight-lightening and wall-thinning of their molded articles have been desired, and in order to obtain
molded articles not only 10 realizing them but also having sufficient strength, a propylene-based
polymer having more improved balance between rigidity and impact resistance (that is, excellent in
both of rigidityvamnd: ivipactrgsistanced pe AxcompoSitich cormprising the polyimemtsas been desired.
Furthermore, a propylene-based polymer 15 capable of improving a molded product appearance
defect caltedhflosnméask CariSed bydpregutes flowoftdmolteRaesin fermediry thenmelding process or a
composition comprising the polymer has been also desired. [0004]As a means to solve such a
problem, a@Dyteelniquelnf widering aymotecutar weightydistributien of adgropyleneibasedpolymer is
generally known. In particular, a propylene-based polymer containing a high-molecular weight
componeptexsrts=amexcelent efiect; 1 the-pasipthete bave-béein-made adargernumber of reports
that the balance between rigidity 3 and impact resistance has been improved by, for example, a
methbd whergirea pelymerhavingrdifierentamnclecidar weightsis prepated by mudti=stagei:i ty
polymerization to widen a molecular weight distribution of the polymer (Japanese Patent Laid-Open
Publicationob:dNee 4 70843/ 2993 (patent litensitue Lhma methedwherginsa catalyskeentainingrplural
kinds of electron donors is used (Japanese Patent Laid-Open Publication No. 770371991 (patent
literature 2))eand eamethoshwhereinap nlefin-pelymerizationmeatalyshysing-a- solid:titanim catalyst
component and using an aluminum alkyl compound 10 and a nitrogen-containing aliphatic silicon

compoung @sgo-catalystsJapanase PatenthaidrOpen PublicationNoq2 20021419964 patest literature
3)) is used to widen a molecular weight distribution . Moreover, amethod wherein various propylene

resin compasiions 4re daixed tiimproyefappearange: properties with 15 maintainingwigigdityand impact
resistance (Japanese Patent Laid-Open PublicationNo. 163120/2008 (patent literature 4) ) , etc. have

beemalso-teporteds Fuithermere; therehave been made adarge-numnber gt reposts that a titanium
trichloride catalyst (TiC13) hitherto well known is also a catalyst capable of achieving widening 20 of a

moleculagweight distribution (Japanese-Patent Laid:Open:Rublication Noy 344281972 patent
literature 5)). [0005]In the patent 1 teratures 1 and 2 , however, the molded product appearance has
not been impraved fhaugh the-halance between.didity apd impactresistanee has heen improved. 4
rigidity and impact resistance) or a composition comprising the
polymer has beendesired. Furthermore, a propylene-based polymer
15 capable of improving a molded product appearance defect called
“flow mark” caused by irregular flow of a molten resin formed in
the molding process or a composition comprising the pelymer has
been aiso desired.
[0004] As a means to solve such a problem, a
20  technigue of widening a molecular weight distribution of a
propylene-based pelymer is generally known. In particular, a
propylene-based polymer containing a high-molecular weight

component exerts an excellent efifect. In the past, there have

beenmade a large number of reports that thebalance between rigidity



In the patent literature 3, improvement in flow mark of molded product appearance is insufficient. In the
patent literature 4, flow mark of molded product appearance is improved, but the propylene/ethylene
rubber component of a high molecular weight 5 is aggregated to sometimes cause a defect of
graininess on the molded product surface. In the patent literature 5, widening of a molecular ht
distribution can be achieved by taking advantage of features of the catalyst, but because of a large
amount of arrgsidyzt nietat die te taw activitycafthercatalyst; deashing: step. 40 is pecessary;©r
because of extremely low streoregularity, there is a disadvantage that rigidity cannot be increased.
[0006] Theypresentinventiopzas been made it wievnof sudkepriokart.asi mentioned-akeve; @ad it is an
object of the present invention to obtain, with a high activity, a propylene-based 15 polymer which is
excellent it poth:afrigidity aad gmpaciresistarniceand isvery exeelieritalsa invits:molded product
appearance and to provide a composition containing the polymer and molded products obtained

therefrom.c20:Citatiort Lish RPatenterature-[0007]Patent dderatuse 11.Japanase-Patent:Laid-Qpen
Publication No. 170843/1993 Patent Literature 2: Japanese Patent Laid-Open Publication 5 No.

7703/4991v0 . 1 Patert Litesature=3:clapanese-Ratent baid,Open PublicationNe. 120021/1:996
Patent Literature 4: Japanese Patent Laid-Open Publication 5No. 163120/2008 Patent Literature

5: Japanese Ratant 1-aid-0Open Publication No.344 78/ 142-Summan:of nvanionslorachnical
Problem [0008]It is an object of the present invention
Laid-Open Publication No. 7703/1921 (patent literature 2)), and
a method wherein an olefin polymerization catalyst using a solid
titanium catalyst component and using an aluminum alkyl éompound
10 and a nitrogen-containing aliphatic silicon compound as
co-catalysts {Japanese Patent Laid-Open Publication No.
120021/1996 (patent literature 3)) is used to widen a molecular
welghtdistribution. Moreover, amethodwhereinvariouspropylene
resin compositions are mixed to improve appearance properties with
15 maintaining rigidity and impact resistance (Japanese Patent
Laid-Open PublicationNo. 163120/2008 (patent literatured)), etc.
have been also reported. Furthermore, there have beenmade a Large
number of reports that a titanium trichloride catalyst (TiCls)
hithertowell knownisalscacatalyst capableof achievingwidening
20 of a meclecular weight distribution (Japanese Patent Laid-Open
Publication No. 34478/1972 (patent literature 5)).
[0005] Inthepatent literatures1and?2, however,

the molded product appearance has not been improved though the

balance between rigidity and impact resistance has been improved.



to obtain, with a high activity, a propylene-based block copolymer which has high melt viscoelasticity,
excellent valance between rigidity and impact resistance and good molding processability 15 and is
extremely excellent in its molded product appearange and to provide a composition containing the
copolymer and molded products obtained therefrom. Solution to Problem 20[ 0009]In order to solve
the above problems associated with the prior art, the present in.ventors have earnestly studied. As a
result, the ptesent ipveniars have-tound-thatiromma prepytens-based blockweopolymer.contating a
"propylene polymer of wide molecular weight distribution" (room temperature 6 n-decane-insoluble
portion (Dinsehuwhictvbas specificpropestiesrand eemprises a beystalline propylenethased ,
(co)polymer, and a "copolymer rubber of wide molecular weight distribution” (room temperature
n-decane-solublenpention{ Dsel)«s which has spegifie praperties and:comprises propylene and one or
more olefins selected from ethylene and a-olefins of 4 to 20 carbon atoms, a molded product which is

extremelyexeelent:ia its taelded Productappeanarse-and has excelenthalanca hetweenrHgidity and
impact resistance can be obtained because of wide molecular weight 10 distributions ofthe Dsol

andthe Dinsolconstitting dhe sopelymern:bigh-sterroregularity-of the By psohand ahigh-melecular
weight component contained in the Dsol, and they have accomplished the present invention.

[0010]Thatds te-spy: b Rrepylepe-pased block Lo copalymer:ofdhe present inyeptien ggmprises 5 to
80% by weight of a room temperature n-decane-soluble portion (Dsol) and 20 to 95% by weight of a

room tempeyatire Nidacaae-dnsoluble poriop;(Dinsoh. uith-the praviso thatthe fotal.amoupt.of the
Dsol and the Dinsol is 100% by weight, and satisfies the following 20requirements [1] to [3] at the

same time; 091 1]{],the molecularweight distribytion (MuiMn) of the Bsgl is not less.than 7.0 but not

more than 30, [2] the molecular weight distribution (Mw/Mn) of the Dinsol is not less than 7.0 but not
more than.3Q;apd:Mz/Mw. thereofis, ; oy, activity of the catalyst, deashing step

16 is necessary, or because of extremely low streoregularity, there
is a disadvantage that rigidity cannot be increased.

[000€] Thepresent inventionhasbeenmade inview
of such priocr art as mentioned above, and it is an object of the
present inventiontoobtain, withahighactivity, apropylene-based

15 polymerwhichisexcellent inbothof rigidityand impact resistance
and is very excellent also in its molded product appearance and
toprovide a composition containing the polymer andmolded products

obtained therefrom.

20 Citation List
Patent Literature
[0007] Patent ILiterature 1: Japanese Patent
Laid~Open Publication No. 170843/1993

Patent Literature 2: Japanese Patent Laid-Open Publication



7 not less than 6.0 but not more than 20, and [3] the pentad fraction () of the Dinsol is not less than
93%. [0012]The propylene-based block copolymer 5 further satisfies, in addition to the above
requirements [1] to [3], the following requirements [] and [5]: [0013][4] the intrinsic viscosity [n] (dug)
of the Dsol is not less than 1.5 but not more than 10.0, and [5] Mz/Mn of the Dinsol is not less
than 70 but not more 10than 300. [0014]The room temperature n-decane-soluble portion (Dsol)
contains, 88 a matrgarmpanent, a copolymer rubber comprising propylene and one or more olefins
selected from ethylene and a-olefins of 4 to 20 carbon atoms, and the room temperature 15

n-decane-insolublepecen (Dinsolkeentains, aspdnaincomponent,a grystaline propylenehased
(co)polymer comprising 98.5 to 100% by mol of propylene and 0 to 1.5% by mol of one or more olefins
selected frem ethylene andasolefins of 4 to 20 carbon atoms. [0015]The step for preparing the
copolymer 20 rubber comprises polymerizing propylene and one or more olefins selected from

ethylene and a-oletinsak4110120-carkon atoms i nae stage {00161 The propylensbased;black -
copolymer is obtained by polymerization in the presence of an olefin
5 No. 163120/2008

Patent Literature 5: Japanese Patent Laid-Open Publication

No. 34478/1872

Summary of Invention
10  Technical Problem
$00081 It is an cbiject of the present invention
toobtain, with a high activity, a propylene-based block copolymer
which has high melt viscoelasticity, excellent valance between
rigidity and impact resistance and good molding processability
15  and is extremely excellent in its molded product appearance and
to provide a composition containing the copolymer and molded

products obtained therefrom.

Soluticn to Problem

20 [0009] in corder to solve the above problems
associatedwith thepriorart, the present inventors have earnestly
studied. As a result, the present inventors have found that from
a propylene-based block copolymer containing a “preopylena polymer

of wide molecular weight distribution” (room temperature



8 polymerization catalyst comprising a solid titanium catalyst component (I) containing titanium,
magnesium, halogen, a cyclic ester compound (a) represented by the following formula (1) and a
cyclic ester compound (b) represented by the following formula 5(2), an organometallic compound (II) -
containing a metal atom selected from Group 1, Group 2 and Group 13 of the periodic table, and if
necessary, an electron donor (111); [0017] [Chem. 1] RR2 R100C,,, II Ca-Ca R-CbR

[0018]whereinn is.an integeref%t 10t i on [@@31%]3Bz?)qnd,«%&{e%hé%%%am@nﬂy COOR1orR,
at least one of R2 and R3 is ODOR’, and single bonds (C-0b bond, Ca-Ob bond in the case where R3

is COOR1; andL+C band (i thecase dosvherey is6 to 10) in the, cyclicskeleton may be each
replaced with a double bond, [0020]each Rl is inciyependently a monovalent hydrocarbon group of 1 to
20 carbon@OMss 1 ymer, and a “copolymer rubber of wide molecular weight
distribution” (room temperature n-decane-soluble portion (Dsol),
> which has specific properties and comprises propylene and one or
more olefins selected from ethylene and o~olefins of 4 to 20 carbon
atoms,eamoidedproductwhichjjsextremelyexcellentjjlitsnmlded
product appearance and has excellent balance between rigidity and
impact resistance can be obtained because of wide molecular weight
10 distributionsoftheDsolandtheDinsol constitutingthecopolymer,
high stereoregularity of the Dinsol and a high-~molecular weight
component containad in the Dsol, and they have accomplished the
present invention.
[6010] That is to say, the propylene-based block
15 copoiymer of the present invention comprises 5 to 80% by weight
0of a room temperature n-decane-soluble portion (Dsol) and 20 to
95% by weight of a room temperature n-decane-insoluble portion
{Dinsol), with the provisoc that the total amount of the Dsol and
the Dinsol is 100% by weight, and satisfies the following
20 reguirements [1} to [3] at the same time:
(0011} [1] The molecular weight distribution
(Mw/Mn) of the Dsol ig not less than 7.0 but not more than 30,
[2] the molecular weight distribution (Mw/Mn) ¢f the Dinsol

is not less than 7.0 but not more than 30, and Mz/Mw thereof is



9 [0021]plural R are each independently an atom or a group selected from a hydrogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorus-containing-group, a 5 halogen-containing group and a
silicon-containing group, and they may be bonded to one another to form a ring, but at least one R is
not a hydrogen atom, [0022]in a skeleton of the ring formed fromplural R bonded to one another, a

double bopd maybescantained, ang when 10 twa or morg Cayto gach of which 000R1 is bonded are

contained in the skeleton of the ring, the number of carbon atoms to constitute the skeleton of the ring

s in the range of & to 10,0023} [Cherp. 2 #R4,RI00GHH Ca-CaN HrGhGa-H .15 [0024lwherein n i

an integer of 5 to 10,
than 93%.

[0012] The propylene-based block copolymer
5 further satisfies, in addition to the above reguirements [1] to
[3], the following reguirements [4] and [5]:

(00133 [4] the intrinsic viscosity [n] (dl/g) of
thé Dscl is not less than 1.5 but not more than 10.0, and

{5] Mz/Mn of the Dinsol is not less than 70 but not more

10 than 300.

00147 The room temperature n-decane-soluble
portion (Dscl) contains, as a main component, a copolymer rubber
comprising propylene and one ormore olefins selected fromethylene
and a~olefins of 4 to 20 carbon atoms, and the room temperature

15 n-decane-insolubleportion (Dinsol) contains, as amain component,
acrystalline propylene-based (co)polymer comprising 98.5 to 100%
by mel of propylene and 0 to 1.5% by mol of one or more olefins
selected from ethylens and o-olefins of 4 to 20 carbon atoms.

[0015] The step for preparing the copolymer

20 rubber comprises polymerizing propylene and one or more colefins
selected from ethylene and a-olefins of 4 to 20 carbon atoms in
one stage.

[0016] The propylene-based block copolymer is

obtained by polymerization in the presence of an olefin



10 a hydrogen atom, at least one of R4 and R5 is COORI, each RI is independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, and single bonds (C-Cb bond, Ca-Cb bond in the case
where R5 is COOR1, and C-C bond (in the case where n is 6 to 10)) in the 5 cyclic skeleton may be
each replaced with a double bond. [0026] In the formula (1) and the formula (2), it is preferable
that all the bonds between carbon atoms in the cyclic skeleton are single bonds . In the formula (1)

and the fogmuler(2); i I-alsn pesferabe ihalchis. JOIQOZYIULs peefesable ok the eyl ster
(6}

compound (a) is represented by the following rmula( a), and the cyclic ester compound (b) is

represent%@ﬁmn%ﬁ@lowmga‘eﬂealfn%4%; @9@%&%&9“?[{8%%@ RIS 65ll ], GOORE Ga-CaRN!

zZzR H CrCa [0029]wherein n is an infeger of 5 to 10

ester compound (a) represented by the following formula (1) and

a cyclic ester compound (b) represented by the following formula
5 {2}, an organometallic compound (IIl) containing a metal atom

selected from Group 1, Group 2 and Group 13 of the periodic table,

and if necessary, an electron donor (III);

[0C17]
[Chem. 1]
R R?
R'ooc_ | | _R
!\\\(:awmw_(:a’//
3
R \ R
-/ P
R—C?%.  ,C®—R
™. .
A
R R
n-4 ...
10 i § (1)
{00187 wherein n is an integer of 5 to 10,
(00197 R? and R® are each independently COOR' or

R, at least one of R? and R’ is COOR!, and single bonds (C-C® bond,
Co-C® bond in the case where R® is COOR@, and C-C bond {(in the case
15 where n is 6 to 10)) in the cyclic skeleton may be each replaced
with a double bond,
[0020] each R' is independently a monovalent

hydrocarbon group of 1 to 20 carbon atoms,



nis 6 to 10), Ca-C bond and Cb-C bond) in the cyclic skeleton may be each replaced with a double
bond, [0031]each R1 is independently a monovalent hydrocarbon group of 1 to 20 carbon atoms,
5[0032]plural R are each independently an atom or;a group selected from a hydrogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorus-containing group, a halogen-containing group and a

silicon-containing gj@@q,ﬁand they 10 may,bg bonded.fo.one.another 1o.form.a £ing, byt at least one R

is not a hydrogen atom, [0033]in a skeleton of the ring formed fromplural R bonded to one another, a

double banel maybie contained and when L. AL TBOrE Ce. 9 eaghigf wihich GOORY s hongled are

contained in 15 the skeleton of the ring, the number of carbon’atoms to constitute the skeleton of the

ring is in the. range of 3,10, 10: [003411Ghem 4l 12 Hi R109%. ol 2:COQRL, Ca:G¢3 HYH H-CbCa-H
an oxygen-containing group, & phosphorus-containing group, a
> halecgen-containing group and a silicon-containing group, and they
may ke bonded to one anothern to form a ring, but at least one R
is not a hydrogen atom,
(00221 inaskeletonof theringformed fromplural
R bended to one another, a double bond may be contained, and when
10  two or more C* to each of which COOR' is bonded are contained in
the skeleton of the ring, the number of carbon atoms to constitute
the skeleton of the ring is in the range of 5 to 10;
[0023]

[Chem. 2]

H R4

Rfooc\clamcla/H

H / \ RS
P i

N

/\
H H

n-4 - (2)

ib

[6024] wherein n is an integer ¢f 5 to 10,

[0025] R* and R® are each independently COCR! or



[0035]wherein n is an integer of 5 to 10, [0036]each Ell is independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, and single bonds (C-C 5 bond (in the case where n is 6 to
10), Ca-C bond and Cb-C bond) in the cyclic skelelt8n may be each replaced with a double bond.
[0037] In the formula (la) and the formula (2a), it is preferable that all the bonds between carbon atoms
in the cyclic skeleton are single bonds. In the formula (la) and the 10formula (2a), it is also preferable
thatnis 6, [%03 The gr%pcycl)erle resin composition of the %rgéer&tainivgngg)r&ﬁomprgs(% the s
above-mentiohe p?opylene%ase block copolymer, and an inorganic filler anhd/or an elastomer.
[0039]Theimé)gladedrl reodCUft of tr}PeO re§gﬂte 15% il%ve@;jon 8g%mcloriseif. Othe aob \% -men]g nc?% chon
propylene’-f}asepde bloc coﬁoﬁ/m‘er. %\dvan{égeoﬁsﬁlgecfs of Invéentién “13 &4%] he propy(fene-based
block copolymer of.the present inyention gan ashieve highumel yiscgelasticity by virtue of an
ultrahlgh-mo?ecu’lar welgﬁft rdbber component contain€d

R” is COORl, and C-C bond (in the case wheren is 6 to 10)) in the
5 cyclic skeleton may be each replaced with a double bond.
[0026] In the formula (1) and the Iformula (2),
it i1s preferable that all the bonds between carbon atoms in the
cyclicskeletonaresinglebonds. Inthe formula (1) andthe formula
{2), it is also preferable that n is 6.

10 [0027] It is preferable that the cyclic ester
compound (a) is represented by the following formula (la), and
the cyclic ester compound (b) iz represented by the following
formula {Za);

[0028]

15 [Chem. 3]

H H
\i !/

Cawca
R/ \F
d
Hm.,.>cb\_ _,Ca....__.H

R100OC COOR'

™ ]
/C\
R R
N R e b
[0029] wherein n is an integer of 5 to 10,

{00307 single bonds (C-C bond (in the case where



in a slight amount in the copolymer rubber of wide molecular weight 5 distribution, even if fluidity of the
propylene polymer of wide molecular weight distribution is increased. As a result, stabilization of
in-mold flow during the injection molding can be aftr]ieved, and hence, an effect that flow mark hardly
occurs is exerted. At the same time, an effect that the molded product 10 rarely suffers surface
appearance defects such as fish eye and graininess is exerted because it is unnecessary to increase a

molecular weight of t hale olymer rubher of wide molecular weight distribution in order to
improve gc@u%@ngg I()af(?%l\g(/vqr!nacri&fgﬁ}lﬁﬁ?regoker, }?ﬁengr[g&yrfeh’é%é%%%cﬁﬁl%ulgg[ﬁo?y%@{ of the
present invention has, as a constitutional unit, a copolymer rubber of wide-molecular weight
distributio%ecc?natgllrllinrgég%?g e—éo é%uh‘arawéféﬁ?a%u%&?}é%mponent, and hence, the glass transition
temperature is lo . By virtue of these properties, the propylene-based block copolymer of the
present 20 inven;ﬁnsng?%déé an effect that it %)%%I it%‘r golosd low- gpnecrlgtrtlfr Ym%a@tofé%ffs%;r%( "
[0042]Fugh%rmore, BX virtue of orieintqti%n crzygtalliz tion of the wide-molecular weight distribution
propylene*goﬁ/%cearrnavrilngqﬁféﬁpstgreo“reglﬂarlty ard wide MbERTar 14 weight distribution, the
propylene-based ét)c opolymer of the present invention has an effect that this copolymer has high
rigidity without imE r#fé impact resistanég - {3643]th ad8itoRC By Vit RP6F 6 tatoA™ ErySllization of
the propylene po]lrymer having high stereoregularity and wide molecular weight distribution, the
propylen&ba3ed b8k TopBiyhiet JfihB ﬁre%%ﬂf MYEAtIBH Has 4n BHecCtat R fEERBR mdlded
product of this copolymer has a low linear expansion coefficient and has high dimensional accuracy.
10 [00441 St propylen8ibasEbibek EopaymiBr of the presé&it imvaHtioh HAYSUER &fects as
above, a composition containing the copolymer and molded products obtained therefrom can be used
as materidlls 6R4HGHSMBIetaltichss HAVHG ex@e it Propertias rarhedRy) fargessized jection
molded articles 15 such as automotive interior or exterior trim parts and household appliance parts.
Brief DedtRipfit B Brawiys 16645T8YP PRA B SR vieR el iblded Z0-ariclé SHdpey which is
used for visual evaluation of appearance flow mark of an injection molded article. Fig. 2 is a view
of a Speciiéntér AFPESTANEE fRMENTEIR tést of &h infectiof mélded drtéles Saldegsecifmen Being

obtained from a propylene-based block copolymer of Example 1 (appearance flow
is not a hydrogen atom,

[0033] inaskeletoncftheringformed fromplural
R bonded to one ancther, a double bond may be contained, and when
two or more C* to each of which COOR! is bonded are contained in
ih the skeleton of the ring, the number of carbon atoms to constitute
© the skeleton of the ring is in the range of 5 to 10;
[0034]

{Chem. 4]



15 mark evaluation: 9.5 points). Fig.3 is a view of a specimen for appearance flow mark test of an
injection molded article, said specimen being obtained from a propylene-based block copolymer of
Comparative Example 2 5(appearance flow mark evaluation: 3.0 points). Description of Embodiments
[0046]The propylene-based block copolymer of thé present invention, the composition containing the
copolymer 10 and the molded products obtained therefrom are described in detail hereinafter.
[0047]Propylene-based blggk copolymer The propylene-based block copolymer of the present
invention comprises 5 to 8Q% by waight, preferably 10 to 50% by weight, more 15 preferably 10 to
30% by W@?‘@@Qoom temperatire n @@@ﬁlhble portion (Dsol) and 20 to 95% by weight,
preferably 50 to 90%\?\\1\/ ight, m 8 eferably 70 to 90% by weight, of a room temperature
n-decane- msoluble portiok«DINSGRywith the proviso that the total amount of the Dsol and the Dinsol is
100% 20 by wel [004 The room\:ﬁmpe re n-decane-soluble portion (Dsol) contains, as a main
component (larger thag 50% by weig é)/erably 80 to 100% by weight, more preferably 90 to 100%
by weight), a prﬁfpyfen“e@) sed copo

comprlsmg 16 propylene and one or more olefins
selected from ethylene andasplefir§ of 4 to 20 carbon atoms. The content of one or more olefins
selected from ethylene and a-dlefing of 4 to 20 carbon atoms in the propylene-based copolymer rubber
is higher than the / \
3 ] n-4 ... (2 a)
[0035] wherein n is an integer of 5 to 10,
[00306] each R' is independently a monovalent

hydrocarbon group of 1 to 20 carbon atoms, and single bonds {C-C
5 bond (in the case where n is 6 to 10), C°-C bond and cP-C bond)
in the cyclic skeleton may be each replaced with a double bond.

[0G37] In the formula (la) and the formula (2a)},
it is preferable that all the bonds between carbon atoms in the
cyclic skeleton are single bonds. In the formula (la} and the

190 formula {Za), it is also preferable that n is 6.

[0038] The propylene resin composition of the
present invention comprises the above-mentioned propylene-based
block copelymer, and an inorganic filler and/or an elastomer.

r0039)] The molded product cof the present

15 invention ccmprises the above-mentioned propylene-bassd block

copolymer.

Advantageous Effects of Inventicn



5 content of the olefins in the later-described propylene-based polymer. [0049]The room temperature
n-decane-insoluble portion (Dinsol) contains, as a main component (larger than 50% by weight,
preferably 80 to 100% by weight, more preferably 9Q 10 to 100% by weight), a crystalline
propylene-based (co)polymer. The crystalline propylene-based (co)polymer is a crystalline propylene
homopolymer or a crystalline propylene-based copolymer containing propylene and not more than

1.5% by mol of onﬁo%rzms?re olefins selected from ethylene and a-olefins of 4 to 20.carbon 1natoms.
[0050]The propylehe-based block copolymer oﬁﬁeppgesent invention satistieS the %a\{er-aescribed

:ggﬂ::zmgﬁ%sﬁ[‘]lg to L?énttqe same. time, gnd <gt)frjtﬁ‘grablyin]‘lurtflgler saﬂgflgg the (rﬁqduslgzefg:eq:t 4] and/or the

at the same time. N 20 (fhenpresenfafﬁ&\e/en%ign, fiie room%g%perature n-decahe-soluble
portion (Dsoll'tindic%tes a portign.in the (gi[%%élgne-base%block copolymer, which is b

deckhe:solub
P ecans LG e ChaoleF RIHeAtel 4t TEH 16, S hEis T AR S B HERbI68 AT then cooled

down to 23C, as fesoribed in detail in the examples given 17 later. In the following description, the

"room temperatiire Ardeare Lol dble Boriici-and the “r5ont fep&ratlfi &' Rifecahelingohitié portion”

are sometimes called "n-decane-soluble portion” and "n-decane-insoluble portion” for 5short,
respective stribution, even if fluidity of the propylene polymer of wide

molecular weight distribution is increased. As a result,
stabilization of in-mold flow during the injection melding can
be achieved, and hence, an effect that flow mark hardly occurs
is exerted. At the same time, an effect that the molded product
10 rarely suffers surface appearance defects such as fish eye and
graininess is exerted because it 1s unnecessary to increase a
molecular weight of the whole copolymer rubber of wide molecular
welght distribution in order to improve cccurrence of flow mark.
[0041] Moreowver, the propylene-based block
15 copolymer of the present invention has, as a constitutional unit,
a copolymer rubber of wide-molecular weight distribution
containing a high-molecular weight rubber component, and hence,
the glass transition temperature is lowered. By virtue of these
properties, the preopylene-based block copolymer of the present
20 inventicnhasaneffect that itexhibitsgoodlow-temperature impact
resistance.
[0042] Furthermore, by virtue of orilentation
crystallization of the wide-molecular weight distribution

propylene polymer having high stereoregularity and wide molecular



[0051]The propylene-based block copolymer of the present invention is constituted of a skeleton (as a
main skeleton) attributable to propylene and a skeleton attributable to one or more olefins selected
from ethylene and a-olefins of 10 4 to 20 carbon atoms. Examples of the a-olefins of 4 to 20 carbon
atoms include 1-butene, 1-pentene, 1-hexene, 4-methyl-lI-pentene, 1-octene, 1-decene, 1-dodecene,
1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. As the olefin to constitute the skeleton

attributable to one qr. more olefins selected from ethylene 15 and.a-olefins of,4 1o 20 carbon atoms in
the copolV%é?%&e?e%%l%ﬁg%ﬁghe%%%r? A é??neofe 4 todf carbon at(():rchIQo %}a?nror% pre grable is

ethylene, 1-butene, 1-pentene, 1-hexcene, 4-methyl-1-pentene, 1-octene or 1-decene. It is still more
preferablé3 {o use %ne:L 1E‘r’rGrznﬂ(c%)trje”C?<Ii1nélsagf fhesé %Tj;e%f% %é)%b;&%lﬁe Feoq%?rEe meenlgts% Stoqﬁ]g\ll/qvhich the
propylene;?asl%piglocl‘fqggggl%/@%r of ég% ;L)Irlesenlfg1 ina}/ce{ltion Ssilggyld satisfy and the requirements [4] and
[5] which fhegcopo mér satisties When needed are as follows, Tg&%ﬁ[l] The molecular weight
distribution 18 (ngg{%/l@ of the Dsol is no%:essctlgan 7.0 but not more than 30. . 00t5.4 2] The
molecular weight distri l}tion (Mw/Mn) of le Diffsol isAist 18Ss thah7'0 bt not more than 0, and

MZ/N[%W thereof is 0 t less than 6.0 but not more than 20. S#OOSS]E%The ntad fraction (of the Dinsol
s not les& (Han 93oA L 00BB]14] The THANGERSEbEI (A1 AHGN3f the Dedt i&-hébless than 1.5 but not
more than 10.0. [0057][5] Mz/Mn of the Dinspl is not less than 10 70 but not more than 300.
[0058] Thé Féquirehishis 1] to (O thE Biopiens Based biscieiopdiyriier sPthe sresent ifivention are

described below in detail. ) _ ,
propylene~based block copolymer of the present invention has an

effect that an injection molded product of this copolymer has a
lowlinearexpansioncoefficientandhashighdimensionalaccuracy.
i0 (0044 ] Sincethepropylene-basadblockcopolymer
of the present inventicn has such effects as above, a composition
containing the copolymer and molded products cobtained therefrom
canbe usedasmaterialsofvariousmoldedarticles havingexcellient
properties, particularly large-sized injection molded articles
15  such as automotive interior or exterior trim parts and household

appliance parts.

Brief Descripticn of Drawings
[0045] Fig. 1 is a schematic view 0of a molded
20 article shape, which is used for visual evaluation of appearance
flow mark of an injection molded article.
Fig. 2 is a view of a specimen for appearance flow mark test
of an injection meclded article, said specimen being cbtained from

a propylene~based bilock copolymer of Example 1 (appearance fiow



[0059]Requirement [1] 15The Mw/Mn value of the decane-soluble portion (Dsol) in the
propylene-based block copolymer of the present invention, which is a ratio of a weight-average
molecular weight (Mw) to a number-average moleé lar weight (Mn) and determined from measured
values given by gel permeation chromatography (GPC), is in the 20 range of 6.0 to 30, and from the
viewpoint of compatibility of high fluidity with high melt tension, it is preferably in the range of 6.5 to 20,
more preferably 7.0 tp 18. J0060]Since the Mw(Mn of the decane-soluble portion (Dsol ) in the
propylene- aé‘ﬂsedet‘ﬁ%gfil%%pl)&?me?gtﬁeoﬁlgéssé t 19 invention is high, this copolymer is characterized
by containing a large agousntaoﬁra h%g%—g\glescuelaarivrvn%igh%glqul rréerrrugber _?mvg)onerg. Qwing to such
a characteristic, me tqélas;ﬁcity of the propyleﬁ)e-%ase block ¢ Bo@maer%?t e%re@gﬁt invention can be
5 increas% bg/&h{enhiggirggle%lalr eeig{ﬂht coggl mer rubber compon%nt, even iftMFR (g%t e
propylene-baséed polymer of wide-molecular weight distriblition & high: Thersfors, Sich afigh Mw/Mn
value is advantagegus in. ttainiélg c][omcﬁ(atibilit\t/) ff high fluédiég with hair%h melt tension. 10[0061]When
the quidit)‘/E‘ of thé ﬁ’ro%ﬁ%ne?bsa%edkb o¢ cc():f))é?ym 1 rhia o ?ér&%%ﬁ &I?ﬁﬁwgﬂféaﬁ% tic large-sized
prodté]cts e&nd shortening of injection molding cycle are possible. When the melt elasticity of the
propy ene-ﬁgé)eeoaﬁl%ﬁ%o%é FhePid high' appaaranice of injeétfon fridlded articles becomes good, 15
and blow molding properties or foammolding properties become good, that is, impartation of molding
processability to the copolymer becomes possible. [0062]The requirement [1] can be attained by
copolymerizing propylene and one or more olefins selected from 20 ethylene and a-olefins of 4 to 20
carbon atBE4h the presente Grave e EEscribed olefin polymerization catalyst. [0063] The
requirement [1] can be attained by carrying out the polymerization in plural stages even if an olefin
polymerization cat&l{&tHiready known is t8&d HRHY i frds@aed Plock copelymer of

the present invention, the composition containing the copolymer
10 and the molded products obtained therefromare described in detail
hereinafter.

[0047] Propylene-based block copolymer

The propylenes-basedblock copolymer of the present invention
comprises 5 to 80% by weight, preferably 10 to 50% by welght, more
15 preferably 10 to 30% by weight, cof a room temperature
n—decane-sclubleportion (Dsol) and 20 to 95% by weight, preferably
50 to 90% by weight, more preferably 70 to 90% by weight, of a
room temperature n-decane-insoluble portion (Dinsocl), with the
proviso that the total amcunt of the Dsol and the Dinscl is 100%
20 by weight.
[0048] The room temperature n-decane-soluble
portion (Dscl) contains, as a main component {(larger than 50% by
weight, preferably 80 to 100% by weight, more preferably 90 to

100% by weight), a propylene-based copolymer rubber comprising



20 invention, by the use of the later-described olefin polymerization catalyst, it becomes possible to
obtain a copolymer satisfying the desired requirement even in the polymerization of one stage. By
virtue of this, there is an advantage that the result'ﬂg copolymer 5 rubber component is not aggregated
and is apt to be more finely dispersed in the propylene-based block copolymer. Moreover, a simpler
polymer production apparatus can be used, and this is advantageous from the viewpoints of economy
and energy saying. The, ippivmerization,of.onq stage: used hereln means that the step.30,for
producin fhe goporfymer fUbBEr is made up 8y a stage of ane reactor and the po ymerization
conditions in efreactor are not ¢ n%ed tall.a[ 064]Re(;erementJZ]/1 Thefl\/IW/Mn value of the

i DC—? (—“f ins. ok tOl % oo oms;_. d\% C(kﬂ e_’% JORN Of‘l% OYr MOYre. .
decane-insoluble potrtion (Dinsol) 15 in the propylene-based block copolymer of the presentinvention,
as determined. from measured values given by gel permeatio romatagraphy ( O%‘{hi in the range
o7 7.0 0 30t Hort HE ebaiht B Tt 57 RO ridit A mbact esutare e

value is preferably in the range of 7.0 tq 20, more 20preferably 8.0 to 18. [Q065]The Mz/Mw value of
the decarib-h&oldBle Porion (Bin eorll)ei"ri ﬁg%?o([g?@ﬁg-}ﬁﬁeslédré%%ﬁ]éojp%ly %?%F tﬁehSPesMe%?invention,

as determined from measured values given by gel permeation chromatography (GPQ), is in the range
of 6. S0C L Hietorab 18 8 rie et En o T8 oS ERT e THaTEle porion

(Dinsol) in the propylene-based block copolymer of the present invention has a high Mw/Mn value, the
copolymérexHibits -a 5 sufficiently wide molecular weight distribution and is excellent not only in
moldability but also in rigidity. Further, since the decane-insoluble portion has a high Mz/Mw value as
described above, Etﬂ@j‘jp‘?%pylene-based bIGER CopolyrhErBeth2 (BrEsent veRticn cBRtIE A farge
amount of a high-molecular weight component, so 10 that the propylene-based block copolymer has
high melttensioR TMT ‘dhePexcelfeit oldabifty. 00673 uCAEPAeEHe-insditbtE portidh @Sinsol) in the

propylene-based block copolymer of the present invention
by weight, preferably 80 to 100% by weight, more preferably 90

10 t£o 100% by weight), a crystalline propylene-based {co)polymer.
The crystalline propylene~based (co}polymer is a crystalline
propylene homopolymer or a crystalline propylene-based copolymer
containing propylene and not more than 1.5% by mol of cone or more
olefins selected from ethylene and o-olefins of 4 to 20 carbon

15 atoms.

[0050] The propylene-based block copolymer of
the present inventicn satisfies the later—-described requirements
[1] to [3] at the same time, and preferably further satisfies the
requirement [4] and/cr the requirement [5] at the same time. In

20  the present invention, the “room temperature n-decane-soluble

o~

portion {Dsol)” indicates a portion in the propylene-based block
copolymer, which isbeingdissclved inn-decane after the copolymer

is heated at 150°C for 2 hours in n~decane to dissolve it and then

cooled down to 23°C, as described in detail in the examples given



as above can be prepared by polymerization of plural stages or 15 mixing of plural kinds of
polypropylenes, but it is preferable to obtain it by polymerization of one stage. When the
decane-insoluble portion (Dinsol) of the propylene-based block copolymer of the present invention is
obtained by polymerization of one stage, a simpler polymer production apparatus can be used, 20 and
this is economical. Moreover, the high-molecular weight component is not aggregated and is more
finely dispersed in the propylene-hased block copolymer, so that pglymerization of one stage is
preferablefT%éBgS]TkTghg%}g%e?ﬁ%g]agfén or%%ﬁ?%ﬁé%mﬂ’zgh% pr%%@i%rzlte?glgger(f lg’l%lél% copolymer of
the prese%t_ig\e/%gt}penmgaﬁa igh Mé/v/MnO\l[la,lugrgndt oentains a IaEgEe amoth of a high-molecular weight
component having a hlé% K/Fz whvalue and prefiera ly furIfﬁéDthawrﬂné]gﬁn?gﬁlﬁz/Mn value that is
described later. EQ%‘%%{S@? t%"lQi h&@gleocuj,ar weight component in @_e %ropylene-based block
copolymer'func(ﬁons as a nu"éieatlngjager%t in thémrfr%?olai%réepr C&Ss, ahdeven if a nucleating agent such
as a filler powder or a resiE] owder is not aglded, a molded product having a high crystallinity can be
sometimes obtained. Egﬁec%%/\ém%%ﬁ%%%gﬁ?rﬁol&ﬁ ercl%”\ﬁé”ijg%%?ﬁ}ﬁ%ﬁe%?%tﬁﬁé}y diSpersed, the
functl'kon Ofé[-;he nucleating a%entt nds to be enhanced, so that such a case is preferable. [0069]
The requifétént [2f B4R B attainett by polymerizing 98.5 to 100% by mol of propylene and 0 to 1.5%
by mol of one or mare olefins selected from ethylene and a-olefins 15 of 4 to 20 carbon atoms in the
presence of the laterdescribed olefin polymeriZation ¢aBaREP 166 701REeY G et 3" Fhe Pentad
fraction () of the decane-insoluble portion (Dinsol) in the propylene-based block copolymer of the
present 28'ifveNtionSE hot REEMR 8396 preferabiy Hot fessthan 9466, $here preterablyib less than
95% . The upper limit of the pentad fraction is 100%, preferably 99.8%, more preferably 99.5%. A
pentad fractions(y of lessthan 9356 Rl indesk a8 beeatisa Hyidity [Cber8d 26k soMme AéRls of

products such as films, heat 23 resistance required cannot be occasionally secured.
to one or more olefins selected from ethylene and a-olefins of

10 4 to 20 carbon atoms. Examples of the o-olefins of 4 to 20 carbon
atoms include l-butene, 1-pentene, l-hexene, 4-methyl-l-pentene,
l-octene, l-decene, 1-dodecene, l-tetradecene, l-hexadecene,
l-octadecene and l-eicosene. As the olefin to constitute the
skeletonattributable tooneormore olefins selected fromethylene

15  and a-clefins of 4 to 20 carbon atoms in the copolymer, preferable
isethylenecranu~clefinof4tollcarbonatoms, andmorepreferable
is ethylene, l-butene, l-pentene, l-hexcene, 4-methyl-l-pentene,
l~occtene or l-decene. It is still more preferable to use one or
more kinds of these olefins.

20 [0052] The reguirements [1] to [3] which the
propylene-based block copolymer of the present invention should
satisfy and the requirements [4] and [5] which the copolymer
satisfies when needed are as follows.

[0053] [1] The molecular weight distribution



[0071]For example, in a propylene-based polymer produced by the use of a titanium trichloride
catalyst, the decane-insoluble portion has an extremely low pentad fraction of 5 about 91 to 92%
though an effect attributable to widening of a moleﬁlélar weight distribution is exerted, as described in
the aforesa d patent literature 5, and therefore, such a polymer cannot be used for injection molded
products requiring high rigidity, such as automotive materials. 10[0072]That the requirement [3] is
satisfied is, gttributable.to, the fact that a cyclic ester compound (a) and a gyclic ester compound (b) are
contained (a]%ﬁe}lIL(?eﬂL(IJ%t?orClJ go%%(r%s %Stﬁg Ialt%r-l)é%%cgbeg(f ofe}%ﬁnp';?yr%:%%gtiélno?;%?y%? [%6%] F?((eaq'uirement
[4] 15The intrinsic viscosity [n] (dl/g) of th ;je ne-soluble portion %(?LS ) in the propylene-based block
copolymer of the %@%ﬁ? invention is usuzﬁ? in the rlg‘ﬁéee %fpi%rtow .é?lém(ﬁj f‘Lr%}}n)rﬁrBeY1 ié%oint of
optimizatign of, g balance amaqng impact resistance, hi qui%ity and high melt elasticity, it is preferably
i the 20 AL .8 105, TOTE Brofbrably 3.845 3 BUAR i sk oC G (TG o K tham 1.5
di/gis undes(ij[aﬂle %eca%e im gct resistanie of the propylene-based block copolgmer IS liable to be
lowered. IFtHe mfrnsic \9i385§f€ [nf @I/ s highRr HEH16 dilg PlidRPis TEbFE to-BéTowéred or fish

eye is apt 24 to ochr and hence, application tq large-sized irfmjected,molded articles or films
someimesbecomksgiknm. [3] The pentad fraction (mmmm) of the

Dinscl Is not less than 93%.

[0056) [4} The intrinsiC‘viscosity'[n] (dl/g) of
the Dsocl is not less than 1.5 but not more than 10.0.

[0057] [5] Mz/Mn of the Dinsol is not less than

10 70 but not more than 300.

(00587 The reguirements [1] to [H] of the
propylene-based block copolymer of the present invention are
described below in detail. |

[0059] Requirement [1]

15 The Mw/Mn value of the decane~socluble portion (Dsol) in the
propylene-based block copolymer of the present invention, which
is a ratio of a weight-average molecular weight (Mw) to a
number—-average molecular weight (Mn) and determined frommeasured
values given by gel permeation chromatography (GPC), is in the

20  range of 6.0 to 30, and from the viewpoint of compatibility of
high fluidity with highmelt tension, it is preferably in the range
of 6.5 to 20, more preferably 7.0 to 18,

[OO60] Since the Mw/Mn of the decane-scluble

portion (Dsol) inthepropylene-basedblock copolymer of the present



[0074]It has been considered to be a matter of common knowledge by a person skilled in the art that
the effects 5 such as impact resistance, high fluidity and high melt elasticity can be exerted by post
addition of a propylene-based copolymer rubber haying a high intrinsic viscosity [q] (dl/g) of the
decane-soluble portion (Dsol). In this case, howe ? there is a problem that fish eye is apt to occur,
and from the viewpoint 10 of deterioration of molded article appearance, industrialization is difficult. On
the other hand, in the case of a pro ylene-based block c%%cﬂymer obtained by continu,oui%)O

ber is

polymerizing the ‘detanc:solibie portioh (D861 B85 the SregénrtihGention. the oBbiyrg
finely dispetfed in the whole COB?LIy er. 15 Therefore, such a defect as above does not occur, and in
addition t& tHe"@5ovE Bifec'stch 48 TMPBAG TesRtaRTE? Righ FRi SHa HIGR FeR SIRSHEE of the
copolymer, molded articles inhibited from occurrence of fish eye can be obtained. [0075]Requirement
[5] 20The NiZifin Valie'sfthd detahRShesiabie! fortih (Birfso i the p8lypfopykéne-based block
copolymer of the present invention is in the range of 70 to 300, preferably 100 to 250, more preferably
120 to 208007 BTGy PG R e RAG APRGHNEE MW Valbe P35 fiefidated YRAthe TdritenbPsf the
high-molecular weight comgonent is high, and the polypropylene is expected to have high possibilities
of high méR tiiGT dritekesIRAE Mot and NG LSO KT R 6y e REB AL euRsOhEr
produced by the use of, for example, a titanium trichloride catalyst has an effect attributable to
widening 8F 8'moldétfaPwéigRtisStHBLEoT 45 destRpédTthe afotesuitl patsiit litsrattire B but the
widening of a molecular weight distribution greatly depends upon increase 10 of a low-molecular
weight polriér; sbithatthe Mz/Miv lalue'bithe iropylefit Hased poljmdrpigdueed by the use of a
titanium trichloride catalyst is at most about 40. Accordingly, the propylene-based polymer is
unsuitablé forEiRjeztier Wolded Preducts Surhas adtomdtive ehakeridist wiichiteqiire am effact
melt tension.
10 [0061] When the fluidity of the propylene-based
block copelymer is high, injectionmolding to produce large-sized
products and shortening of injection molding cycle are possible.
Wwhen the melt elasticity of the propylene-based block copolymer
is high, appearance of injection molded articles becomes good,
15 andblowmoldingproperties or foammoliding properties become good,
that is, impartation of molding processability to the copolymer
becomes possible.
(00621 The requirement [1] can be attained by
copolymerizing propylene and cne or more olefins selected from
20  ethylene and a-olefins of 4 to 20 carbon atoms in the presence
of the later-described olefin pelymerization catalyst.
[0063) The reguirement [1] can be attained by

carrying out the polymerization in plural stages even if an olefin

polymerization catalyst already known is used, but in the present



15 attributable to a large amount of a high-molecular weight polymer as in the present invention,
namely, high rigidity. [0078]The propylene-based block copolymer satisfying the above requirements
[1] to [3] at the same time, more preferably further satisfying the requirements [4] and [5], 20is
preferably prepared by the use of the following olefif polymerization catalyst. [0079]Olefin
polymerization catalyst The propylene-based block copolymer of the present invention is
preferably obtained by polymerization in the presence of an 26 olefin polymerization catalyst
comprising 2SOl tRARIdH E&GIYEEBMpBent iy it Brganorrstaie Edmpsuiaan tentdiRing a metal
atom selected from Group 1, Group 2 and Group 13 of the periodic table, and if necessary, an electron
donor (I1)SThé 5E8mpditets STINE oRFifHdlyRelizatibit 8dtalyst @r@ aegeited Belbifin detail.
[0080]Solid titanium catalyst component (1) ‘The solid titanium catalyst component (l) for the
present inVEftioT BoRtahS GEhidmT Rz rfe&iimt Raldtfe B a ¥YEic ‘estérlro compeiing ta fepresented
by the following formula (1) and a cyclic ester compound (b) represented by the following formula (2).
[0081]Cych¥ Bstef E6pduntPra) 2o e 1PHa YRl a5t Tompb it (BF has bidralccabexyiieracid ester

groups and is represented by the following formula (1). 15[0082] [Chem. 5] 27
5 rubber component is not aggregated and is apt to be more finely

dispersed in the propylene-based block copolymer. Moreover, a
simpler polymer production apparatus can be used, and this is
advantageous from the viewpoints of economy and energy saving.
The “polymerization of one stage” used herein means that the step

10 for producing the copolymer rubber is made up by a stage of one
reactor and the polymerization conditicons in the reactor are not
changed at all.

[0064] Requirement [2]

The Mw/Mn value of the decane-insoluble portion (Dinsol)
15 in the propylene-based block copolymer of the present invention,
as determined from measured values given by gel permeation
chromatography (GPC}, is in the range of 7.0 to 30, and from the
viewpolnt of retention of high rigidity and impact resistance,
the Mw/Mn value is preferably in the range of 7.0 to 20, more
20  preferably 8.0 to 18.
[0065] The Mz/Mw value of the decane-insoluble
portiocn {Dinsol) in the propylene-based block copolymer of the
present inventicn, as determined from measured values given by

gel permeation chromatography (GPC), is in the range of 6 to 20,



R2 R100C,,, CCa R R-CbCaR RR 11-4. -(1) [0083]In the formula (1), n is an integer of 5 to 10,
preferably an integer of 5 to 7, particularly preferably 6. Ca and Cb are each a carbon atom. 5[0084]R2
and R3 are each independently COORL1 or R, and at least one of R2 and R3 is COORL1. [0085]All the
bonds between carbon atoms in the cyclic skeletor are preferably single bonds, but any of single
bonds in the cyclic skeleton, other than Ca-Ca bond and Ca-Cb bond

preferably 6.5 tc 18, more preferably 7 to 15,
[006e] Since the decane-insoluble portion
(Dinscl) in the propylene-based block copolymer of the present
invention has a high Mw/Mn value, the copolymer exhibits a
5 sufficiently wide molecular weight distribution and is excellent
net only in moldability but also in rigidity. Further, since the
decane-inscluble portion has a highMz/Mw value as described above,
the propylene-based block copolymer of the present invention
contains a large amount of a high-melecular weight component, so
10 that the propylene-based block copolymer has high melt tension
(MT} and excellent moldability. |
[6067] Such a decane~insoluble portion {Dinsol)
in the propylene-based block copolymer of the present invention
as above can be prepared by‘polymerization of plural stages orx
15 mixing of plural kinds of polypropylenes, but it is preferable
to obtain it by polymerization of one stage. When the
decane-insoluble portion (Dinsol} of the propylene-based block
copolymer of the present invention is obtained by polymerization
of one stage, a simpler polymer production apparatus can be used,
20 and this is economical. Moreover, the high-molecular weight
component 1s not aggregated and i1s more finely dispersed in the
propylene-based block copolymer, so that polymerization of one
stage 1s preferable.

r0068] The decane-insgoluble portion (Dinsol) in



10 in the case where R3 is R, may be replaced with a double bond. That is to say, C -Cb bond, Ca-Cb
bond in the case where R3 is 000R1, and C-C bond (in the case where n is 6 to 10) in the cyclic
skeleton may be each replaced with a double bon%.g[OO%]Plural RI are each independently a 15
monovalent hydrocarbon group of 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms, more
preferably 2 to 8 carbon atoms, still more preferably 4 to 8 carbon atoms, particularly preferably 4 to 6
carbon atoms. Examples of the hydrocarhbon groups include 28 methyl group, ethyl group, n-propyl
group, iso%}rlgpﬁrgorg p,@rﬂl—%[]gt)yél1 Sgr%% ,figg%uﬁg%?%%ﬁ? %@? gtr%ﬁp?ﬁgﬁﬁ%ﬁr p‘fed{‘fﬂcﬁ%%ﬁ?
2-ethylhexyl group, decyl graup, dodecyl group, tetradecyl group, hexadecyl group, octadecyl group
and eicosii}I/ I}Q%Lcﬁﬁ)%? }/ésgea}%S&)ﬁ-ﬁd})cﬁé% é}@(ﬁaﬁtﬁ YrStp e grobF ant et gr6ap bie
preferable, and n-butyl group and isobutyl group are particularly preferable because a
propyIene‘fl?&sgé}itb?:ooé}pc%%%ﬁn}%?ﬁéwlgaﬁ\fv%’g Holetl st Wight didtribitiorcan be prepared.
[0087]Plural R are each independently an atom 10 or a group selected from a hydrogen atom, a
hydrocar %Vdféﬁp%ftijt%}?(ﬁgégr%%nvéft&%%, hitflogeh W%Hﬁr‘%g}aﬁ%tairﬂ%ﬁﬁﬁ?&fﬁ?%ﬂ
oxygen-containing group, a phosphorus-containing group, a halogen-containing group and a
silicon-contAming G rols 16t HtdealEdid' R TR Rfidradert RfoR 2 BJ00BBIRAMEF than 2 Hydrogen
atom is preferably a hydrocarbon group of 1 to 20 carbon atoms among them, and examples of the
hydrocardorFgrbiipe b ais 56 eambGiF atomis iheRiderdlipratitthyaresrBunl Grotipsy afGytie
hydrocarbon groups and aromatic hydrocarbon groups, such as methyl group, ethyl group, n-propyl 20
group, isoprEpGgrBupt b §Fctp! TSbBESNGrotis-Betshatyl HtoGs, RPEABT gréup, ESEIGPentyl
group, n-hexyl group, cyclohexyl group, vinyl group, phenyl group and octyl group. Of these, aliphatic
hydrocarBivgidtipsSare préféfatle, antCspetifiedls HiethyRgroup, thyPgreun htpropylgiaup,
isopropyl 29 group, n-butyl group, isobutyl group and sec-butyl group are preferable. [0089]Moreover,
plural R n¥aybe Bohded i BRe arofiidiedormiaHAgiand in thesskeldton of the Ying $ormed 5 from
plural R bonded to one another, a double bond may be contained. When two or more Ca to each of
whi¢R COOP'd8 benaubaréontained inthé skeetsiiofthe fingctheomumiber of:carbontatoms to

constitute the skeleton of the ring is in the range of 5 to 10. [0090]Examples of such skeletons of the
rings agent tends to be enhanced, so that such a case is preferable.

[0069] The requirement [2] can be attained by
polymerizing 298.5 to 100% by mol of propylene and 0 to 1.5% by
mol of one or more olefins selected from ethylene and o-olefins

15 of 4 to 20 carbon atoms in the presence of the later-described
olefin polymerization catalyst.

[0070] Reguirement [3]

The pentad fraction (mmmm) of the decane-insoluble portion
(Dinsol) in the propylene-based block copolymer of the present
20 invention is nect less than 93%, preferably not less than 94%, more
preferablynot less than 95%. Theupperlimitofthepentadfréction

is 100%, preferably 99.8%, more preferably 99.5%. A pentad
fraction (mmmm) of less than 93% is undesirable because rigidity

is lowered, or in some fields of products such as films, heat



10 include norbornane skeleton and tetracyclododecene skeleton. [0091]Furthermore, plural R
may be each a carbonyl structure-containing group, such as carbonic acid ester group, alkoxy group,
siloxy group, aldehyde group or acetyl group, and in these substituents, one or more hydrocarbon
groups of 1 15 to 20 carbon atoms are preferably ontained. [0092]Such a cyclic ester compound (a) is
described in International Publication No. 2006/077945 pamphlet. Examples of such compounds
include: diethyl 3-methylcyclohexane-1,2-dicarboxylate, 20di-n-propy!

3-methylcyél ﬁgigﬁjeq%zggﬁﬁbro%la?@,%%%)p%pﬁ 35ty cloheXaRe e dicarboxylate, di-n-butyl
3-methylcyclohexane-1,2-dicarboxylate, diisobutyl 3-methylcyclohexane-1,2-dicarboxylate, dihexyl
3-methylcyclohexafié-1/2-dicarboxylate, 36 iREFRPIMethyt BfciBheRafic 132 At RBb Edte, dioctyl
3-methylcyclohexane-1,2-dicarboxylate, a 2-ethylhexyl 3-methylcyclohexane-1,2-dicarboxylate, didecyl
3-methylciéigHEs&e- 2 2-dikarbbiyldte, diethit almethyichiioheranes, Siicariciylate diisobutyl
4-methylcyclohexane-1,3-dicarboxylate, diethyl 4-methylcyclohexane-1,2-dicarboxylate, di-n-propyl
4-methylcyEIBRBRANEL T 2LditafbBXiAteC BilsGpr Gy metRyicyclbRExaRB IR S digabokyiate F10
di-n-butyl 4-methylcyclohexane-1,2-dicarboxylate, diisobutyl 4-methylcyclohexane-1,2-dicarboxylate,
dihexyl 4-Aiethyicycloféxattes 1 2igiedfbcxyldté f6 repht Bime folexanede 2 idicarbbxylate,
dioctyl 4-methylcyclohexane-1,2-dicarboxylate, 15di-2-ethylhexyl '

4-methylcHEIREXARE: 1 dicaFhoXyfHts I didbéyiu-inethyleydickexahe- Losdisaxylate, disthy !

5-methylcyclohexane-1,3-dicarboxylate,
aforesaidpatent literature 5, and therefore, such a polymer cannot

be used for injection molded products reguiring high rigidity,
such as automotive materials.

10 [0072] That the reguirement [3] is satisfied is
attributable to the fact that a cyclic ester compound {a) and a
cycelic ester compound (b)) are contained as electron donors in the
later-described olefin polymerization catalyst.

LGO73] Requirement [4]

15 The intrinsic viscosity [n] (dl/g¢) of the decane-scluble
portion (Dsol) inthepropylene-basedblockcopolymer of thepresent
invention is usually in the range of 1.5 to 10.0, and from the
viewpolint of optimization of a balance among impact resistance,
high fluidity and high melt elasticity, it is preferably in the

20  range of 2.0 to 7.0, more preferably 2.5 to 4.0. An intrinsic
viscosity In] {(dl/g) of less than 1.5 dl1/g is undesirable because
impact regsistance of the propylene~basedblock copolymer is tiable
to be lowered. If the intrinsic viscosity [n] (dl/g) is higher

than 10 dl/g, fluidity is liable to be lowered or fish eye is apt



di sobutyl 5-methylcyclohexane-1,3-dicarboxylate, diethyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
20 di-n-propyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, diisopropyl
3,4-dimethylcyclohexane-1,2-dicarboxylate, di-n-bg'%l 3,4-dimethylcyclohexane-1,2-dicarboxylate,
diisobutyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, dihexyl
3,4-dimethylcyclohexane-1,2-dicarboxylate, 31 _ diheptyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
dioctyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, di-2-ethylhexyl o
3,4-dimetﬁ‘ﬁc?&Sﬁgkaﬁgﬁféﬁdri\cca?boiﬁgé %%Fcfe%‘fll 5?4-:5_‘1%ﬁ&%{/ﬁ%%ﬂe&%ﬁ%ﬁ?ﬁﬁdig‘%%%;late,
diethyl 3,6-dimetT Icyclohexane-1,2-dicarboxylate, di-n-propyl _.
3,6-dimetF:_ﬁW(f)"}“(ﬁ'oﬁX xé}n%-%,ﬁaiéaﬁb%&ﬁé%&eo%s BropyE 3, eSdiftetfiicyclohexane-1,2-dicarboxylate,
di-n--butyl 3,6-dimeth3§lc clohexane-1,2-dicarboxylate, 10diisobutyl
3,6-dimethylcycloﬁggan%-l,2-dicarboxylat€? diRSx1 ¥ 6-dime Vi cfsh&tahs: 122 RiddrBox§iate,
diheptyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, dioctyl
3,6-dimeth{IEJEIBhERAME-1 i bB XY RES Ui-Sbthylifskyt . the art that the effects
153,6-dimethylcyclohexane-1,2-dicarboxylate, didecyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
diethyl 3,6 diphériyItTEIBREXARE TS AT oRy e Fdirpidpyrnd high melt elasticity
3,6-diphenylcyclohexane-1,2-dicarboxylate, diisopropyl 3,6-diphenylcyclohexane-1,2-dicarboxylate,
20di-n--but§F3 BdipRERYIE CIBeXArTe- 1 it arsokyPate SdisobRi ene —based copolymer
3,6-diphenylcyclohexane-1,2-dicarboxylate, dihexyl 3,6-diphenylcyclohexane-1,2-dicarboxylate, dioctyl
3,6-dipheRyIey@dhexandl?, 2dicarboxylate didésyl Bie-aiphenyicyblohétane-1, 2-8idaioxylate, 32
diethyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, di-n-propyl
3-methyl-BEtRYIByEl6hekarfe-E 2 ditarbodate ] diisdpropyis case, however, there is
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, di-n-butyl

a problem that fish eye is apt to occur, and from the viewpoint

10 of deteriocoration of melded article appearance, industrialization
isdifficult. On the other hand, in the case of a propylene-based
block copolymer cbtained by continuously polymerizing the
decane-soluble portion (Dsol} as in the present invention, the
copolymer rubber is finely dispersed in the whole copolymer.

15 Therefore, such a defect ags above does not cccur, and in additicn
to the above effects such as impact resistance, high fluidity and
high melt elasticity of the copolymer, molded articles inhibited
from occurrence of fish eye can be obtained.

[0075] Requirement [5]

20 The Mz/Mn value of the decane-insoluble portion (Dinsol)
inthepolypropylene~basedblock copolymer of the present invention
is in the range of 70 to 300, preferably 100 to 250, more preferably
120 to 200.

[0076] Pelypropylene having a high Mz/Mw value



3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diisobutyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, 10 dihexyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diheptyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, digé’tyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
d -2-ethylhexyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, 5 didecyl
3-methyl-ﬁ-eLhylé%cclohexane-l,2-d-icarboxylate, diethyl

3-methyl-6-8thy/i&cfohxdre 18- GicaitdxyIae, disi brgpymol ecular weight component
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diisopropyl _ .
203-methyiSs-BtHjicyctbRetdife-E 2LdiRabokyRIEE, FHisihayFed to have high
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diisobutyl 3- o
thy1-6-ethyftycidhekahe A525dicRrstkyiate” 33@exyland excellent moldability and
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diheptyl
3-methyl-6f-%)ﬁ%)ﬂiéychohexane-1,2-dicarboxylate, dioctyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
di-2-ethylhexyl 5 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, didecyl
3-methyl-6-ethylcydlSHexane-1,2-dicarboXyltediethye -based polymer produced by the
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, di-n-propyl 10
3-methyl-6-FEpPépy feyciphexane-1,2-tichisoxylate; L chldiisopgrogytalyst has an effect
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, di-n-butyl
3-methyl-6-H-propyleyelohexaneitierdisarbokyfater 1sdisohutyie ight distribution, as
described in the aforesaid patent literature 5, but the widening
of a molecular welght distribution greatly depends upon increase
10 of a low-molecular weight polymer, so that the Mz/Mn value of the
propylene-based polymer produced by the use of a titanium
trichloride catalyst is at most about 40. Accordingly, the
propylene-based polymer is unsuitable for injection molded
products such as automotive materials, which require an effect
15 attributable to a large amount of a high-molecular weight polymer
as in the present invention, namely, high rigidity.
[0078] The propylene-based block copolymer
satisfying the above requirements [11 to [3] at the same time,
more preferably further satisfying the requirements [4] and [5],
20 is preferably prepared by the use of the following olefin

polymerization catalyst.

[0079] Olefin polymerization catalyst

Thepropyiene—basedblockcopolymerofthepresentinvention

is preferably cbtained by polymerization in the presence of an



3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, dihexyl
3-methy1-6-n-propylcyclohexane-1,2-dicarboxylate, diheptyl 20
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate2dioctyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate; 8i-2-ethylhexy1
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, 34 didecyl
3-methy1-6-n-propylcyclohexane-1,2-dicarboxylate, diethyl 3-hexylcyclohexane-1,2-dicarboxylate,
diisobutyl e @Tcﬁ%%@%%ﬁ?ﬁ-ﬁ&rﬁgﬁﬁé ‘Cf%dFé?ﬂ’ﬁé@-ﬁﬂ%@lc%l]oh%xgﬁgﬁrfé-%arboxylate,
diisobutyl 3-hexy1-6-pentylcyclohexane-1,2-dicarboxylate, diethyl o
3-methylcyalopentane T2 altabbokytate USSRty 4 rethytCy CIopRRtHE - 2 diarbexyieRd
-10diheptyl 3-methylcyclopentane-1,2-dicarboxylate, didecyl 3-methylcyclopentane-1,2-dicarboxylate,
diethyl 4-rﬁe¥h§ﬁ®il@§eﬁi¥aﬁ§-ﬁ?§-ﬁ%r66fﬂa§é YitEoBut ﬁ%&@l@%%ﬁ%ﬁ&ﬁe-ﬁ%%%%xylate,
diethyl 4-methylcyclopentane-1,2-dicarboxylate, 15diisobutyl 4-methylcyclopentane-1,2-dicarboxylate,
diheptyl 48n&thyitycldpEntane- 175 dicarBERa s Bitte S 4ShBtHYIG R &ne-1L3 dicarbdRylate,

diethgl 5-methylcyclopentane-1,3-dicarboxylate, di sobutyl 5-methylcyclopentane-1,3-dicarboxylate,
components of the olefin polymerization catalyst are described

below in detail.

[0080] Solid titanium Catalyét component (1)

The solid titanium catalyst component (I) for the present

~invention contains titanium, magnesium, halogen, a cyclic ester

10 compound {a) represented by the following formula (1) and a cyclic
ester compound (b) represented by the following fdrmula (Z2).

0811 Cyclic ester compound (a)

The cyclic ester compound {(a) has plural carboxylic acid
ester groups and is represented by the following formula (1).
15 [0082]

[Chem. 5]



20diethyl 3,4-dimethylcyclopentane-1,2-dicarboxylate, diisobutyl
3,4-dimethylcyclopentane-1,2-dicarboxylate, diheptyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
didecyl 3,4-dimethylcyclopentane-1,2-dicarboxylate, diethyl
3,5-dimethylcyclopentane-1,2-dicarboxylate, 35 dﬁ;obutyl 3,5-dimethylcyclopentane-1,2-dicarboxyla
e, diheptyl 3,5-dimethylcyclopentane-1,2-dicarboxylate, didecyl

3,5-dimethylcyclopentanez],2-dic xylate, diethyl 3-hexylcyclopentane-1,2-dicarboxylate, 5diethyl
3,5-dihexylcyclopentane-1;2-dicarbgxylate, diisobutyl 3-hexy1-5-pentylcyclopentane-1,2-dicarboxylate,
diethyl 3- ﬂl‘@@ propyl¢yclopenfane-1g-dicarboxylate, 10di-n-propy!
3-methy1-5-n-propylcysigpéntane-142-g*€arboxylate, diisopropyl
3-methy1-5-n-propylcycléplntamel®-dicarboxylate, di-n-butyl 15

3-methyl-5-n-propylcyclop ntane-l,?xlicarb(R ate,  diisobutyl

3-methy1-5-n-propMcl entane-1, dioa'r’boxylate, dihexyl
3-methyl-5-n-pF§pyPeyentane-lﬁ@i@arbox%te, 20dioctyl

3-methyl-5-n-propylcyclop aqgane/l"Z-dicarboxylate, didecyl
3-methyl-5-n-propylcyclopdntafig-1,p-dicarboxylate, diethyl 3-methylcycloheptane-1,2-dicarboxylate,

/\
R R

n-4 ... (1)

[0083] In the formula (1), n is an integer of 5
to 10, preferably an integer of 5 to 7, particularly preferably
6. C? and CP are each a carbon atom.

5 [0084] R? and R® are each independently COOR! or
R, and at least one of R? and R® is COOR’.

(o085 All the bonds between carbon atoms in the
cyclic skeleton are preferably single bonds, but any of single
bonds in the cyclic skeleton, other than C*-C® bond and ¢*-C° bond

10 in the case where R°® is R, may be replaced with a double bond.
That is to say, Cwalaond, C®-CP bond in the case where R® is COORI,
and C~C bond (in the case wheren is 6 to 10) in the cyclic skeleton
may be each replaced with a double bond.

[008¢6] Plural R' are each independently a

15 menovalent hydrocarbon group of 1 to 20 carbon atoms, preferably
1 to 10 carbon atoms, more preferably 2 to 8 carbon atoms, still
more preferably 4 to 8 carbon atoms, particularly preferably 4

Lo © carbon atoms. Examples of the hydrocarbon groups include



36 diisobutyl 3-methylcycloheptane-1,2-dicarboxylate, diheptyl
3-methylcycloheptane-1,2-dicarboxylate, didecyl 3-methylcycloheptane-1,2-dicarboxylate, diethyl
4-methylcycloheptane-1,3-dicarboxylate, 5diisobutI¥I 4-methylcycloheptane-1,3-dicarboxylate, diethyl
4-methylcycloheptane-1,2-dicarboxylate, diisobuty @-methylcycloheptane-l,2-dicarboxylate, diheptyl
4-methylcycloheptane-1,2-dicarboxylate, didecyl 4-methylcycloheptane-1,2-dicarboxylate, 10diethyl
5-methylcycloheptane-1,3-dicarboxylate, diisobutyl 5-methylcycloheptane-1,3-dicarboxylate, diethyl
3,4-dimet%ﬁ&/@ﬁhg59&%’-szw-}ch,Ja%Wat@,“&?iEBBéﬁ]ylgiﬁ%méﬁ@lft%lb‘ﬁ]eﬁt%ﬁ‘é?l,@-"Cﬁé%:l%éxylate,
diheptyl 3,4-dimethylcycloheptane-1,2-dicarboxylate, 15didecyl
3,4-dimetHi&/Sioheftanet 1 2- dEarbGky 146 diethiyl B3 P-difBHHyIdy cloHdptané:2 2 dicars 58y late,
diisobutyl 3,7-dimethylcycloheptane-1,2-dicarboxylate, diheptyl
3,7-dimetfyI&/cloheptane- £ 3 Hibarbisaiats) diddoy IO edimb Ay RyEloHeptansa 2 disaiberylate,
20diethyl 3-hexylcycloheptane-1,2-dicarboxylate, diethyl 3,7-dihexylcycloheptane-1,2-dicarboxylate,
diisobuty! %M?ﬂbeﬁwmmﬁﬁéﬁ@ﬁd%ﬁmm@, GiERF 37 group. Of these,
3-methyl-7-n-propylcycloheptane-1,2-dicarboxylate, di-n-propyl
3-methy17-RpFopy 14y e Eohe pta ABIL 2-HicaiBBRylates BiidopiopyPs and octyl group are
3-methyl-7-n-propylcycloheptane-1,2-dicarboxylate, di-n-butyl

3-methy175f-pPopyicyel chsbtanelt. éapbeidiatsid isobutyl group are particularly

preferable because a propylene-based block copolymer having a wide
molecular weight distribution can be prepared.
F0087] Plural R are each independently an atom

10 or a group selected from a hydrogen aton, é hydrocarbon group of
1 tec 20 carbon atems, a halogen atom, a nitrogen-containing group,
an oxygen-containing group, a phosphorus—containing group, a
halogen-containing group and a silicon-containing group, but at
least one R is not a hydrogen atom.

15 100887 R other than a hydrogen atom is preferably
ahydrocérbongroupof],UJZOcarbonatomsamongthem,andexémples
of the hydrocarbon groups of 1 to 20 carbon atoms include aliphatic
hydrocarbon groups, alicyclic hydrocarbon groups and aromatic
hydrocarbon groups, such as methyl group, ethyl group, n-propyl

20 group, isopropyl group, n-butyl group, iscbutyl group, sec-butvyl
group, n-pentyl group, cyclopentyl group, n-hexyl group,
cyclohexyl grdup, vinyl group, phenyl group and octyl group. OF
these, aliphatic hydrocarbon groups are preferable, and

specifically, methyl group, ethyl group, n-propyl group, isopropyl



diisobutyl 3-methyl-7-n-propylcycloheptane ,2-dicarboxylate, 10dihexyl
3-methyl1-7-n-propylcycloheptane-1,2-dicarboxylate, dioctyl
3-methyl-7-n-propylcycloheptane-1,2-dicarboxylate, didecyl 15
3-methy1-7-n-propylcycloheptane-l,2-dicarboxy|at999, diethyl 3-methylcyclooctane-1,2-dicarboxylate,
diethyl 3-methylcyclodecane-1,2-dicarboxylate, diisobutyl 3-vinylcyclohexane-1,2-dicarboxylate,
diisobutyl 3,6-diphenylcyclohexane-1,2-dicarboxylate, 20diethyl

3,6-dicyclGR& ey clbhExake- 23 UidarboRNatE: HisGrumiPnGhormife-2 sldidadboxyaté Hisobuty!
tetracyclododecane-2,3-dicarboxylate, diethyl 3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate,
di-n-propﬁ’D\?ggf%a-‘aﬁﬁfethyl-4-cyclohexene-1,2-dicarboxylate, diisopropyl
3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, di-n-butyl3,6-dimethy1-4-cyclohexene-1,2-d
carboxylate, 5diis6B§P3,6-dimethy1-4-cyOBRESHe- 12 dicarnSkylate, dihdgrded to one
3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, diheptyl .

3,6-dimetfy AL ElohexEREM , 2-dicdiBoxyTate: Biothf 356 airRe Yy 1A ciéiBhéxdrte-1 2XaRArboxylate,

di-2-ethylhexyl 10 3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate,
5 fromplural R bonded to one another, a double bond may be contained.

When two or more C* to each of which COOR' is bonded are contained
inthe skeletonof the ring, the number of carbon atoms to constitute
the skeleton of the ring is in the range of 5 to 10.

[0050] Examples of such skeletons cof the rings

10 include norbornane skeleton and tetracyclododecene skeleton.
[0G21] Furthermore, plural R may be each a

carbonyl structure~containing group, such as carbonic acid ester
group,alkoxygroup,siloxygréup,aldehydegromgoracetylgroup,
and in these substituents, one or more hydrocarbon groups of 1

15 to 20 carbon atoms are preferably contained.

[C0S2] Such a cyclic ester compound {(a} is
described in International Publication No. 2006/077%45 pamphlet.
Examples of such compounds include:

diethyl 3-methylcyclohexane-1,2-dicarboxylate,

20 di-n-propyl 3-methylcyclohexane-1,2-dicarboxylate,
diisopropyl 3-methylcyclohexane-1,2-dicarboxylate,
di-n-butyl 3-methylcyclohexane~1,2-dicarboxylate,
diiscbutyl 3-methylcyclohexane-1,2-dicarboxylate,

dihexyl 3-methylcyclohexane-1,2-dicarbeoxylate,



didecyl 3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, diethyl
3,6-dihexyl1-4-cyclohexene-1,2-dicarboxylate, and diisobutyl
3-hexyl-6-pentyl-4-cyclohexene-1,2-dicarboxylate. 15[0093]As preferred examples, there can be also
mentioned the following compounds: 3,6-dimethylé§clohexane-1,2-diacetate,
3,6-dimethylcyclohexane-1,2-dibutanate, 3-methyl-6-propylcyclohexane-1,2-diol acetate,
203-methyl-6-propylcyclohexane-1,2-butanate, 3,6-dimethylcylohexane-1,2-dibenzoate,
3,6-dimethylcyclofekare-1 12-ditdltate; Bemetilo:propyicyélohexane 2 divehzoate,
3-methyl-6-propylcyclohexane-1,2-ditoluate, etc. 39 [0094]In such compounds having a diester
structure as above:iohiers 3uEH BRI Hfid tarsdsemers delivetifromplarat 000R1 groups in the
formula (1) are present, and any structure of the isomers has an effect which agrees with the object 5
of the present invéatienm ut ahigher contBat shthetraris issmer is' prefeérabre. WHEn € eontent of the
trans isomer is higher, not only an effect of widening a molecular weight distribution is exerted but also
activity and stere6fedeidfity of iR reslRivg solmer fend to sEcomie® Righer. “E0[0095]As the cyclic

ester compounds (a), compounds represented by the following formulas (1-1) to (1-6) are preferable.
[0096] [Chem. 6] HiHthyl 4-methylcyclohexane-1, 3-dicarboxylate,

diisobutyl 4-methylcyclohexane~1, 3-dicarboxylate,
diethyl 4-methylcyclohexane-1,2~dicarboxylate,

di-n-propyl 4-methylcyclohexane-1,2-dicarboxylate,
diisopropyl 4-methylcyclohexane-1,2-dicarboxylate,

10 di-n-butyl 4-methylcyclohexane-1,2~dicarboxylate,
diisckbutyl 4-methylcyclohexane~1, Z-dicarboxylate,
dihexyl 4-methylcyclohexane-1,2~dicarboxylate,
diheptvl 4wmethylc§clohexanem1,2-dicarboxylate,
dioctyl 4-methylcyclohexane-1,2-dicarboxylate,

15 di~2~ethylhexyl 4-methylcyclchexane-1,2-dicarboxylate,
didecyl 4-methylcyclohexane-1,2-dicarboxylate,
diethyl BS-methylcyclohexane-1,3-dicarboxylate,
diiscobutyl 5-methylcyclohexane-1,3-dicarboxylate,
diethyl 2,4-dimethylcyclohexane~1l,2-dicarboxylate,

20 di-n-propyl 3,4-dimethyleyclohexane-1,2-dicarboxylate,
diisopropyl 3,4-dimethylcyclchexane-1,2-dicarboxylate,
di-n-butyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
diisobutyl 3,4-dimethyicyclohexane-1,2~dicarboxylate,

dihexvyl 3,4-dimethvlicyclohexane~1,2~dicarboxylate,



R100C----rla--COOR1 R CbCa /N7 r HH H R 40 [0097] [Chem. 7] .COOR1 CaR Ca/HH |
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diheptyl 3,4-dimethylcyclohexane~1,2-dicarboxylate,
dioctyl 3, 4-dimethylicyclohexane~1, Z2~dicarboxylate,
di-2-ethylhexvl

3,4-dimethylcyclohexane~1, 2~dicarboxylate,

5 didecyl 3, 4~dimethylcyclohexane-1,2-dicarboxylate,
diethyl 3, 6~dimethylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3, 6-dimethylcyclohexane~1,2~dicarboxylate,
diisopropyl 3, 6-dimethylicyclohexane~1,2-dicarboxylate,
di-n-butyl 3, 6-dimethylcyclchexane~1, 2-dicarboxylate,

10 diiscbutyl 3, 6~dimethylcyclchexane-1,2-dicarboxylate,
dihexyl 3, é~dimethylcyclohexane-1,2-dicarboxylate,
diheptvl 3,6-dimethylcyclcohexane-1,2-dicarboxvlate,
dioctyl 3, 6~dimethylcyclohexane-1,2-dicarboxylate,
di-Z-ethylhexyl

15 3,6~dimethylcyclohexane-1,2-dicarboxylate,
didecyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,
diethyl 3, 6-diphenylcyclohexane~1,2~dicarboxylate,
di-n-propyl 3, 6-diphenylcyclchexane~1,2-dicarboxylate,
diisopropyl 3, 6-diphenyicyclohexane-1,2-dicarboxylate,

20 di-n~butyl 3, 6-diphenylcycichexane-1,2-dicarboxylate,
diisobutyl 3, 6-diphenylcyclohexane-1, 2-dicarboxylate,
dihexyl 3, 6-diphenylcyclohexane-1,2-dicarboxylate,
dioctyl 3, 6-diphenylcyclohexane~]l,2-dicarboxylate,

didecyl 3, é~-diphenylcyclohexane-1,2-dicarboxylate,



(1-2) HH\H 7Cac Ca R100C-- btOOR1 R H H(1-4) [0100] [Chem. WOOL. - R / cb 10]
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diethyl 3-methyl-6~ethylcyclohexane-1,2-dicarboxyvlate,
di-n-propyl
3-methyl-6~ethylcyclohexane-1, 2-dicarboxylate,
diisopropyl
5 3-methyl-6-ethylcyclohexane~1, 2-dicarboxylate,
di-n-butyl
3-methyl-6-ethylcyclohexane-1, 2-dicarboxylate,
diisobutyl
3-methyl-6~ethylcyclochexane-1,2-dicarboxylate,

10 dihexyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
diheptyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
dioctyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
di-Z2-ethylhexyl

3-methyl-6-ethylcyclohexane~1, 2-dicarboxylate,

15 didecyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
diethyl 3-methyl-6~ethylcyclohexane-1,2-dicarboxylate,
di-n-propyl

3-methyl-6~ethylcyclohexane-1,2-dicarboxylate,
diisopropyl

20 3-methyl-6-ethylcyclohexane~1, 2-dicarboxylate,
di-n-butyl

3-methyl-6-ethylcyclohexane-1, 2-dicarboxylate,
diisobutyl

3-methyl-6é-ethylcyclohexane~1, 2-dicarboxylate,



HCa CaCOOR1/HI (1-5) [0101] [Sham. 11] 11] H,C\H C-)\R HH Hill n-7 [0102]Definitions of RI
and R in the formulas (1-1) to (1-6) are the same as those in the formula (1).
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dihexyl 3-methyl-6-ethylcyclohexane~1,2-dicarboxylate,
diheptyl 3-methyl-6-ethylcyclohexane~1,2-dicarboxylate,
dioctyl 3-methyl-é6-ethylcyclohexane-1,2-dicarboxylate,
di-2-ethylhexyl
5  3-methyl-6-ethylcyclichexane-1,2-dicarboxylate,
didecyl 3-methyl-6é-ethylcyclohexane-1,2~dicarboxylate,
diethyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,
di-n~propyl
10 3-methyl-6-n-preopylcyclohexane~1,2-dicarboxylate,
diisopropyl
3-methyl-6-n-propylcyclohexane-1,2-dicarbexylate,
di-n-butvyl
3-methyl-6-n-propylcyciohexane-1, 2-dicarboxylate,
15 diiscbutyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,
dihexyl
3-methyl~6-n-propylcyclohexane~1, 2-dicarboxylate,
diheptvl
20 3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,
dioctyl
3-methyl-é-n~propylcyclohexane-1, 2-dicarboxylate,
di~Z2-ethylhexyl

3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,



[0103]In the formulas (1-1) to (1-3), single 10 bonds in the cyclic skeleton (excluding Ca-Ca bond and
Ca-Cb bond) may be each replaced with a double bond. [0104]In the formulas (1-4) to (1-6), single
bonds in the cyclic skeleton (excluding Ca-Ca bond) may be each replaced with a double bond.
15[0105]In the formulas (1-3) and (1-6), nis an 42Zihteger of 7 to 10. As the cyclic ester
compound (a), a compound represented by the following formula (Ia) is particularly preferable. [0106]
5[Chem. 12] HH R100Cz.,COOR1 Ca-Ca RzR .\, H-C6Ca-H
didecyl
3-methyl-6-n-propylcyclohexane-1, 2-dicarboxylate,
diethyl 3-hexylcyclchexane~1,Z2~dicarboxylate,
diisobutyl 3-hexylcyclohexane-1,2-dicarboxylate,
5 diethyl 3,6-dihexylcyclohexane-1,2~dicarboxylate,
diiscbutyl
3-hexyl-6é-pentylcyclohexane~1, 2-dicarboxylate,
diethyl 3-methylcyclopentane-1,2Z-dicarboxylate,
diisobutyl 3-methylcyclopentane-1,2-dicarbexylate,

10 diheptyl 3-methylcyclopentane-1,2-dicarboxylate,
didecyl 3-methylcyclopentane-1,2-dicarboxylate,
diethyl 4-methylcyclopentane-1,3-dicarboxylate,
diisobutyl 4—me£hylcyclopentane—l,B—dicarboxylate,
diethvyl 4—ﬁethylcyclopentanewl,2—dicarboxylate,

15 diisobutyl 4-methylcyclopentane-1,2-dicarboxylate,
diheptyl 4-methvylcyclopentane-1,2~dicarboxylate,
didecyl 4-methylcyclopentane-1,2-dicarboxylate,
diethyl 5-methylcyclopentane-1, 3-dicarboxylate,
diisobutyl S-methylcyclopentane-1,3-dicarboxylate,

20 diethyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
diiscbutyl 3,4-dimethylcyclopentane~1,2~dicarboxylate,
diheptyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
didecyl 3,4-dimethvicyclopentane-1,2Z2-dicarboxylate,

diethyl 3, 5-dimethylcyclopentane-1,2-dicarboxylate,



[0107]Definitions of n, Rl and R in the formula (la) are the same as those in the formula (1), and single
bonds in the cyclic skeleton (excluding Ca-Ca bond and Ca-Cb bond) may 10 be each replaced with a
double bond. That'is to say, C-C bond (in the case where n is 6 to 10), Ca-C bond and Cb-C bond in
the cyclic skeleton may be each replaced with a déiible bond. Examples of the compounds
represented by the formula (Ia) include: 15diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
di-n-hexyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, di-n-octyl
3,6-dimethylcyclohéxane-1,Rydicarboxyliate; idiigbbutyl #8:ntane-1, 2~dicarboxylate,
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, di-n-hexyl
3-methy1-6-ethylcyclobekane-1, 2-ditarbdxylate;diovpectyhbe~1, 2~dicarboxylate,
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diisobutyl
3-methy1-6-n-propyleyciohexanedj2«lidarboxytatepent da-fiedAdicarboxylate,
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, 10di-n-octyl
3-methyl-6-n-propyleydighexare:=k2tdigarboxylate rdiisbpotydicarboxylate,
3,6-diethylcyclohexane-1,2-dicarboxylate, di-n-hexyl 3,6-diethylcyclohexane-1,2-dicarboxylate,
5 diethyl 3, 5-dihexylcyclopentane~1,2-dicarboxylate,
diisobutyl
3-hexyl-5-pentylcyclopentane-1, 2-dicarboxylate,
diethyl
3-methyl-5-n-propylcyclopentane-1,2-dicarboxylate,
1¢ di-n-propyl
3-methyl-5-n~propylcyclopentane-1,2-dicarboxylate,
dilsopropyl
3-methyl-5-n-propylcyclopentane~1, 2~dicarboxylate,
di-n-butyl
15 3-methyl-5-n-propylcyclopentane~1,2-dicarboxylate,
diiscbutyl
3-methyl-5-n-propylcyclopentane-1, 2-dicarboxylate,
dihexyl
3-methyl-5~n~propylcyclopentane~1,2-dicarboxylate,
20 dioctyl
3=methyl-S-n-propylcyclopentane-1,2-dicarboxylate,
didecyl
3-methyl-5-n-propylcyclopentane-1,2-dicarboxylate,

diethyl 3-methylcycloheptane-1,2-dicarboxylate,



di-n-octyl 3,6-diethylcyclohexane-1,2-dicarboxylate, 15diisobutyl
3,5-dimethylcyclopentane-1,2-dicarboxylate, di-n-hexyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
di-n-octyl 3,5-dimethylcyclopentane-1,2-dicarboxylate, diisobutyl
3-methyl-5-ethylcyclopentane-1,2-dicarboxylate, 20di-n-hexyl
3-methyl-5-ethylcyclopentane-1,2-dicarboxylate, di-n-octyl
3-methyl-5-ethylcyclopentane-1,2-dicarboxylate, di-n-hexyl 44
3-methyl-5-n-propyicyetdpentanes ti2=dicadboxylatécp t adien-beftdicarboxylate,
3-methyl-5-n-propylcyclopentane-1,2-dicarboxylate, diisobutyl
3,5-diethylcyclopéntaretl,2-dicarokylate; di-malkexydr3; 5idiéthyicyclopentane <, 2-dicarboxylate,
di-n-octyl 3,5-diethylcyclopentane-1,2-dicarboxylate, di sobutyl
3,7-dimethylcycloteptanegil, 2-diearbgxylate] diraghexyt 3 7-dimethylcipclapeptang-1,2-dicarboxylate,
di-n-octyl 3,7-d ethylcycloheptane-1,2-dicarboxylate, 10diisobutyl
diethyl 4-methylcycloheptane-1, 3~dicarboxylate,
5 diiscbutyl 4-methylcycloheptane~1,3-dicarboxylate,
diethyl 4—methylcycldheptanem1,Z—dicarboxylate,
diiscobutyl 4-methylcycloheptane-1,2-dicarboxylate,
diheptyl 4-methylicycloheptane-1,2-dicarboxylate,
didecyl 4-methylcycloheptane-1,2-dicarboxylate,
10 diethyl 5-methylcycloheptane-1, 3~-dicarboxylate,
diiscbutyl S-methylcycloheptane-1,3-dicarboxylate,
diethyl 3,4-dimethylcyclcheptane-1,2-dicarboxylate,
diisobutyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diheptyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
15 didecyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diethyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
diisobutyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
diheptyl 3,7wdimethyECycloheptanewl,2wdicarboxy1ate,
didecyl 3,7-dimethylcycloheptane-1,2-dicarbexylate,
20 diethyl 3-hexylcycloheptane~1,2-dicarboxylate,
diethyl 3,7-dihexylcycloheptane-1,2-dicarboxylate,
diisobutyl

3-hexyl-7-pentylcycloheptane-1,2-dicarboxylate,

diethyl



3-methyl-7-ethylcycloheptane-1,2-dicarboxylate, di-n-hexyl
3-methyl-7-ethylcycloheptane-1,2-dicarboxylate, di-n-octyl 15
3-methyl-7-ethylcycloheptane-1,2-dicarboxylate, di-n-hexyl
3-methyl-7-n-propylcycloheptane-1,2-dicarboxylaté,’ di-n-octyl
3-methyl-7-n-propylcycloheptane-1,2-dicarboxylate, 20diisobutyl
3,7-diethylcycloheptane-1,2-dicarboxylate, di-n-hexy13,7-diethylcycloheptane-1,2-dicarboxylate,and
di-n-octyl 3;7diethydcyttoheptame- 152 dicanspydate - [01D8]0 f-thetaboxeacampounds, more preferable
45 diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, di-n-hexyl
3,6-dimethylcyclohéxanest @=dicarboxylate, di-n-octyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
diisobutyl 5 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, di-n-hexyl
3-methyl-6-etlyleyclotiexarie=L, 2 dicarboxylate; adia-actyhdicarboxylate,
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, 10diisobutyl
3-methyl-6-n-propyicystohexapé-1,2-dicarboxylate, di-n-hexyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,
5 3-methyl-7-n-propylcycloheptane-1, 2~dicarboxylate,
di-n~butyil
3-methyl-7-n-propylcycloheptane-1, 2-dicarboxylate,
diisobutyl
3—methyl~7—n—propylcycloheptan@~1,2~dicarboxy1ate,
10 dihexyl
3-methyl-7-n-propylcycloheptane-1,2~dicarboxylate,
dioctyl
3-methyl-7-n-propylcyclcheptane~1, 2-dicarboxylate,
didecyl
b 3-methyl-7-n-propylcycloheptane~1,2~dicarboxylate,
diethyl 3-methylecyclcoctane-1, 2-dicarboxylate,
diethyl 3-methylcyclodecane-1,2-dicarboxylate,
diiscbhutyl 3mvinylcyclohexane—l,Zmdicarboxylate,
diisobutyl 3, é-diphenylcyclohexane-1,2-dicarboxylate,
20 diethyl 3,6-dicyclohexylcyclohexane-1,2-dicarboxylate,
diisobutyl nerbornane-2,3-dicarboxylate,
diisocbutyl tetracyclododecane-2,3-dicarboxylate,

diethyl 3, 6-dimethyl-4-cyclohexene-1,2~dicarboxylate,

di-n-propyl



di-n-octyl 15 3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, diisobutyl
3,6-diethylcyclohexane-1,2-dicarboxylate, di-n-hexyl 3,6-diethylcyclohexane-1,2-dicarboxylate, and
di-n-octyl 3,6-diethylcyclohexane-1,2-dicarboxylate. These compounds can be prepared by utilizing the
Diels-Alder 20reaction. [0109]In such cyclic ester €8mpounds (a) haying a diester structure as above,
isomers such as cis and trans isomers are present, and any structure of the isomers has an effect
which agrees with the obj ect of the present invention, but a higher content 46 of the trans isomer is
particularly preféiagtsis betadse ot omlysrneffect of Midermhg avmeleeular weight distribution is exerted
but also activity and stereoregularity of the resulting polymer tend to become higher. In the cis and
trans isomers, thecproportiopiy 6f the trans isomer is preferably not less than 51%. The lower limit is
more preferably 55%, still more preferably 60%, particularly preferably 65%. On the other hand, the
upper limiBisqpreferalbly100% ovorle preterablyl 90% stith more ptefetably 85%, particularly preferably
79%. 10[0110]Cyclic ester compound (b) The cyclic ester compound (b) has plural carboxylic acid
ester groups and isirepresentad byahed fokkowing férmwai(@2h §8E1H-{Chemi ik3] HR4 RIOOEIH Ca-Ca
H /zR5
5 diiscbutyl 3, 6~dimethyl-4-cyclohexene-1,2-dicarboxylate,
dihexyl 3, 6-dimethyl-4-cyclohexene~1,2~dicarboxylate,
diheptvl 3,6?dimethylw4wcyclohexeﬂeml,2~dicarboxylate,
dioctyl 3,6~dimethyl-4-cyclohexene-1,2-dicarboxylate,
di-2~ethylhexyl
10 3, 6~dimethyl-4~cyclohexene-1,2-dicarboxylate,
didecyl 3, 6-dimethyl-4-cyclohexene-1,2~dicarboxylate,
diethyl 3,6-dihexyl-4-cyclohexene-1,2-dicarboxylate, and
diisobutyl
3-hexyl-6-pentyl-4-cyclohexene~1,2-dicarboxylate.
15 [0C23] Az preferred examples, there can be also
menticned the following compounds:
3,6-dimethylcyclohaexane-1, 2-diacetate,
3,6-dimethylcyclochexane~1, Z2-dibutanate,
3-methyl~6-propylcyclochexane-1,2-diocl acetate,
20 3-methyl-6-propylcyclohexane-1, 2-butanate,
3, 6-dimethylcylohexane~1, Z~-dibenzoate,
3, 6~dimethylcyclohexane-1, 2-ditcluate,

3-methyl-6~-propylcyclohexane~1, 2-dibenzoate,

3~methyl-o-propvlcyclohexane~1,2-ditcluate, etc.



N H- CbCa-H [0112]In the formula (2), nis an integer of 5 47 6. Ca and Cb are each a carbon atom.
[0113]All the bonds between carbon atoms in the cyclic skeleton are preferably single bonds, but any
of single bonds in the cyclic skeleton, other than Ca-Ca bond and Ca-Cb bond 5 in the case where R5
is a hydrogen atom, may be replaced with a doubléhond. That is to say, Ca Cabond, Ca-Cb bond in
the case where R5 is COOR1 and C-C bond (in the case where n is 6 to 10) in the cyclic skeleton may
be each replaced with a double bond. [0114]R4 and R5 are each independently COOR1 or 10 a
hydrogen atom, at[€a8tdne of R4 and R5 s GOUREcandbeacks R4 independeatly @imonovalent
hydrocarbon group of 1 to 20 carbon atoms. [0115]Plural R1 are each independently a monovalent
hydrocarb®higrotp of Bto 20ccarbohstomss peaferably €54 tontOtearben iatonsy mmdreprefetably 2 to

8 carbon atoms, still more preferably 4 to 8 carbon atoms, particularly preferably 4
from plural COOR* groups in the formula (1} are present, and any

structure of the isomers has an effect which agrees with the object

5 of the present invention, but a higher content of the trans isomer
is preferable. When the content of the trans isomer is higher,
not only an effect of widening a molecular welight distrikbuticn
isexertedbutalsoactivityandstereoregulari@yoftherésulting
polymer tend to become higher.

10 [0095] As the cyclic ester compounds {(a),
compounds represaented by the following formulas {1-1) to {1-§)
are preferable.

[CCS6]
[Chem. 6]
H H

R]OOC\Ci(_a_ Cla/COORl

I{\ijé }éa/JR
/ \C/

H N H
15 H R (1-1)



to 6 carbon atoms. Examples of the hydrocarbon groups include methyl group, ethyl group, n-propyl
group, isopropy! group, n-butyl group, isobutyl group, hexyl group, heptyl group, octyl group, 20
2-ethylhexyl group, decyl group, dodecyl group, tetradecyl group, hexadecyl group, octadecyl group
and eicosyl group. Of these, n-butyl group, isobutyl@roup, hexyl group and octyl group are preferable,
and n-butyl group and isobutyl group are particularly preferable because a propylene-based block
copolymer having a wide 48 molecular weight distribution can be prepared. [0116JExamples of
such cyclic@sterlcompounds (b) include: diethyl cyclohexane-1,2-dicarboxylate, 5 di-n-propyl
cyclohexane-1,2-dicarboxylate, diisopropyl cyclohexane-1,2-dicarboxylate, di-n-butyl
cyclohexane-1,2-dicaroxylaie, diisobutyl cyclohexane-1,2-dicarboxylate, dihexyl
cyclohexane-1,2-dicarboxylate, 10diheptyl cyclohexane-1,2-dicarboxylate, dioctyl
cyclohexane-1,2-dicafHoxyl&fe, di-2-ethylhexyl cyclohexane-1,2-dicarboxylate, didecyl
cyclohexaﬁécgﬁjgg)&/%ge,/m&}&clohexane-l,3-dicarboxylate,

R/ \Ca/R

c
N\ / '

H H (1-2)

/
H K\/C\ \H
H H
n-6 (1M3)



15diisobutyl cyclohexane-1,3-dicarboxylate, diethyl cyclopentane-1,2-dicarboxylate, diisopropyl
cyclopen ane-1,2-dicarboxylate, diisobutyl cyclopentane-1,2-dicarboxylate, diheptyl
cyclopentane-1,2-dicarboxylate, 20didecyl cyclopentane-1,2-dicarboxylate, diethyl
cyclopentane-1,3-dicarboxylate, diisobutyl cyclopehtane-1,3-dicarboxyl te, diethyl
cycloheptane-1,2-dicarboxylate, diisopropyl cycloheptane-1,2-dicarboxylate, 49 diisobutyl
cycloheptane-1,2-dicarboxylate, diheptyl cycloheptane-1,2-dicarboxylate, didecyl
cycloheptafié-493-dicarboxylate, diethyl cycloheptane-1,3-dicarboxylate, 5diisobuty!
cycloheptane-1,3-dicarboxylate, diethyl cyclooctane-1,2-dicarboxylate, diethyl
cyclodecane-1,2-die&fidxylate, diethyl 4-cyclohexene-1,2-dicarboxylate, di-n-propyl
4-cyclohexene-1,2-dicarboxylate, 10diisopropyl 4-cyclohexene-1,2-dicarboxylate, di-n--butyl
4-cyclohexene-1,2-di bo%ate, diisobutyl 4-cyclohexene-1,2-dicarboxylate, dihexyl
4-cycloheXtr@@@-dicarboxylatetldiheptyl 4-cyclohexene-1,2-dicarboxylate, 15diocty!
4-cyc|ohexene-1,2-di@rb0>@?ate, didecyl 4-cyclohexene-1,2-dicarboxylate, diethyl
4-cyc|ohexen£1}3- 'éarboxyl\atg,d@@réﬁl 4-cyclohexene-1,3-dicarboxylate, diethyl
3-cyclopentene-;§d§i2arboxy te, 20diisopropyl 3-cyclopentene-1,2-dicarboxylate, diisobutyl
3-cyclopentenkl 1,2-dicarboxylate, diheptyl 3-cyclopentene-1,2-dicarboxylate, didecyl
3-cyclopentene-1,2/-d1'§a—r% te, diethyl 3-cyclopentene-1,3-dicarboxylate, 50 diisobutyl
3-cyc|opentene-11?3-di arbo _ylata diethyl 4-cycloheptene-1,2-dicarboxylate,

H H (1-5)
(01017
5 [Chem. 117
H H
1 \ /  COOR'
R'00C- ., C [ H
HT O\ / TH
C C
R/ [¢ VR
H{/\ |\
H H
n-7 (1—6)
[0102] Definitions of R' and R in the formulas

{1-1) to (1-6) are the same as those in the formula (1).
[0103] In the formulas {(i-1) to {1-3), single
10 bonds in the cyclic skeleton {excluding C*~C? bond and C*-C° bond)
may be each replaced with a double bond.
fo1047 In the formulas (1-4) to {1-6), single
bonds in the cyclic skeleton (excluding C*-C® bond} may be each
replaced with a deouble bond. |

15 [C105] In the formulas (1-3) and (1-6), n is an



diisopropyl 4-cycloheptene-1,2-dicarboxylate, diisobutyl 4-cycloheptene-1,2-dicarboxylate, 5diheptyl
4-cycloheptene-1,2-dicarboxylate, didecyl 4-cycloheptene-1,2-dicarboxylate, diethyl
4-cycloheptene-1,3-dicarboxylate, diisobutyl 4-cycloheptene-1,3-dicarboxylate, diethyl
5-cyclooctene-1,2-dicarboxylate, and 10diethyl 6-cyelodecene-1,2-dicarboxylate. [0117]As preferred
examples, there can be also mentioned the following compounds: cyclohexane-1,2-diacetate,
cyclohexane-1,2-dibutanate, 15cyclohexane-1,2-dibenzoate, cyclohexane-1,2-ditoluate, etc. [0118]In
such cycli¢ msteyecompbuhdschaiing a diester structure as above, isomers such as cis and trans
isomers are present, and any structure of the isomers has an effect which 20 agrees with the object of
the present invention. ik the:gisland trans isomerspthedpropprtion ebihedrans isemes is:prefarably

by the feollowing formula {(la} is particularly preferable.

[0106]
5 [Chem. 12]
H H
1 1
R OOC\CIa_,___ cla __COOR
R\ / \ /S
H—cCb.  C®*—H
\C/
/\
_R R;__n*-él- c v (1a)
[0107] Definitiéns of n, R" and R in the formula

(la) are the same as those in the formula (1), and single bonds
in the cyclic skeleton (excluding C*-C* bond and C*-C® bond) may
10  be each replaced with a double bond. That is to say, C-C bond
(in the case where n is 6 to 10), C®-C bond and C°-C bond in the
cyclic skeleton may be each replaced with a double bond.
Examples of the compounds represented by the formula {la)
include:
15 diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
di-n-hexyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,
di-n-octyl 3,6"dime£hylcyclohexane—l,Zmdicarboxylate,

diisobutyl



not less than 51%. The lower limit is more preferably 55%, still more preferably 60%, particularly
preferably 65%. On the other hand, the upper limit is preferably 100%, more preferably 90%, 51 still
more preferably 85%, particularly preferably 79%. Although the reason is not clear, it is presumed that
the variations of the later-described steric isomers4te in the region suitable for widening a molecular
weight distribution. 5[0119]In particular, the trans isomer purity of a cyclohexane-1,2-dicarboxylic acid
diester wherein n in the formula (2) is 6 is in the above range. [0120]If the trans isomer purity is less
than 51% 3thessffect obwidemingacmoleeulan welghit-distribution; Asactivity, stereospecificity, etc.
sometimes become insufficient. If the trans isomer purity exceeds 79%, the effect of widening a
molecular weight distribtitionysometimes becomes insufficient. That is to say, a trans isomerpurityof the
above range is frequently advantageous in achieving compatibility of the effect of widening 15 a
molecularireighhdistribution vf the-fresulting:pelymer avith=the @ctivity of the catalyst and the high
stereoregularity of the resulting polymer at a high level. [0121]As the cyclic ester compound (b), a
compound having eyclealkane-1,2-dicarboxylic acid diester 20 structure or a
cycloalkene-1,2-dicarboxylic acid diester structure, each structure being represented by the following
formdla (2a)ristparticulady preferablesns2 §60122) [Ehaid4boxylate,
diisobutyl
3-methyl-6~n~propylcyclohexane-1,2-dicarboxylate,
di~n-hexyl
3-methyl-6-n-propylcyclohexane-1,2~dicarboxylate,
10 di-n-octyl
3-methyl-é-n-propylcyclohexane-~1,2-dicarboxylate,
diisobutyl 3, 6-diethylcyclohexane-1,2-dicarboxylate,
di-n-hexyl 3, 6-diethylcyclohexane-1,2-dicarboxylate,
di-n-octyl 3, 6~diethylcyclohexane-1,2-dicarboxylate,

15 diisobutyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
di-n-hexyl 3,5-dimethylcyclopentane-1,2~dicarboxylate,
di-n-octyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
diisobutyl

3-methyl-5-ethylcyclopentane~1,2-dicarboxylate,

20 di-n-hexyl

3-methyl-5-ethylcyclopentane-1, 2-dicarboxylate,
di-n~octyl

3-methyl-5-ethylcyclopentane~1, 2-dicarboxylate,

di-n-hexyl



R100C,,, /ICOOR1 Ca - HVH H CrCa-H (2 a) [0123]In the formula (2a), n and 1.2.1 are the same 5 as
above (that is, they have the same definitions as in the formula (2)), and single bonds in the cyclic
skeleton (single bonds excluding Ca-Ca bond and Ca-CD bond, that is, C-Ca bond, C-Cn bond and
C-C bond (in the case where n is 6 to 10)) maybe €4ch replaced with a double bond. 10Examples of
the compounds represented by the formula (2a) include: di-n--butyl cyclohexane-1,2-dicarboxylate,
diisobutyl cyclohexane-1,2-dicarboxylate, dihexyl cyclonexane-1,2-dicarboxylate, 15diheptyl
cyclohexapeE 2tdidarboRylate: dibctyl cyelotiekane-1.2 dichiboxasy da2sthylhexyl
cyclohexane-1,2-dicarboxylate, diisobutyl cyclopentane-1,2-dicarboxylate, 53 diheptyl
cyclopentane-1,2-dicatbexylate,

3-methyl-5-n-propylcyclopentane-1,2~dicarboxylate,
diisobutyl 3;5~diethylcyclopentane~1,Z—dicarboxylate,
5 di-n-hexyl 3,5-diethylcyclopentane~1,2~dicarboxylate,
di-n-occtyl 3,5-diethylcyclopentane-1,2-dicarboxylate,
diiscbutyl 3,7-dimethylcycloheptane~1,Z2~dicarboxylate,
di-n-hexyl 3,7-dimethylcycloheptane~1,2-dicarboxylate,
di-n-octyl 3,7-dimethylcycloheptane~1,2-dicarboxylate,

10 diisobutyl

3-methyl~-7-ethylcyclcheptane~1, 2-dicarboxylate,
di-—n-hexyl

3-methyl-7-ethylcyclcheptane-1,2-dicarboxylate,
di-n-octyl

15 3-methyl-7-ethylcycloheptane-1, 2-dicarboxylate,
di-n~hexyl

3-methyl-7-n-propylcycloheptane-1,2-dicarboxylate,
di-n-octyl
3-methyl-7-n-propylcycloheptane-1,2-dicarboxylate,

20 diisobutyl 3,7-diethyleycloheptane-1,2-dicarboxylate,
di-n-hexyl 3, 7-diethylcycloheptane-1,2-dicarboxylate, and
di-n-octyl 3,7-diethylcycloheptane~1,2-dicarboxylate.
[0108] | Of the above compounds, more preferable

are:



diisobutyl cycloheptane-1,2-dicarboxylate, and diheptyl cycloheptane-1,2-dicarboxylate. [0124]Of the
above compounds, more preferable 5are: diisobutyl cyclohexane-1,2-dicarboxylate, dihexyl
cyclohexane-1,2-dicarboxylate, diheptyl cyclohexane-1,2-dicarboxylate, dioctyl
cyclohexane-1,2-dicarboxylate, and 10di-2-ethylheXyl cyclohexane-1,2-dicarboxylate. The reason
is that these compounds not only exhibit catalytic performance but also can be prepared relatively
inexpensively utilizing the Diels-Alder reaction. [0125]The cyclic ester compounds (a) and the 15 cyclic
ester compounds ¢h)imalybeé yridividGakiyi usedh gihghycdrinecomiaination-afitwo-bempre kinds. [0126]The
combined molar ratio between the cyclic ester compound (a) and the cyclic ester compound (b), that
is, cyclic ester comipeundtt £x)j(Cycliccestereampbund (a)4scyckc- 20rester-campeaund €b))x100 (% by
mol), is preferably not less than 10% by mol, more preferably not less than 30% by mol, still more
preferably not lessithan-4@%6,1y mot-partiewlarty prefecatly 50%-hy makiHe-vpper liroi js preferably
99% by mol, more preferably 90% by mol, still more preferably 85% by mol, particularly 54 preferably
80% by mol. [0123@}Thecgalidhtitanium catalyst component (1)
5 3-methyl-6-ethylcyclohexane~1, 2~-dicarboxylate,
di-n~hexyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
di-n~octyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
10 diisobutyl
3-methyl-6-n-propylcyclichexane~1,2-dicarboxylate,
di-n-hexyl
3-methyl-6-n-propylcyclchexane-1,2-dicarboxylate,
di-n-octyl
15 3-methyl-6-n-propylcyclohexane-1, 2-dicarboxylate,
diisobutyl 3, é~diethylcyclohexane-1,2~dicarboxylate,
di-n-hexyl 3, 6-diethylcyclohexane~1,2-dicarboxylate, and
di-n-octyl 3,6—diethylcyclohexane_l,2—dicarboxy1ate.
These compounds canbe prepared by utilizing the Diels-Alder
290 reaction.
(01089} In such cyclic ester compounds (&) having
a dlester structure as above, isomers such as cis and trans isomers

are present, and any structure of the isomers has an effect which

agreeswiththeobject of thepresent invention, but a higher content



of the present invention can provide an olefin polymer having an extremely wide molecular weight
distribution under the conditions of a combined molar ratio of the cyclic ester compound (a) in a wide
range, that is, even if the cont nt of the cyclic ester compound (a) in the solid titanium catalyst
component (1) is low. Although the reason of this efféct is not clear, the present inventors have
presumed as follows. 10[0128]It is obvious that the cyclic ester compound (a) has an extremely large
number of variations of steric structures which can be formed, because of presence of the substituent
R, as compared svith-thescyiclicrestericompound (b)s Orythis aceaunt ] i i® thought that-thesihfluence of
the cyclic 15 ester compound (a) on the molecular weight distribution becomes dominant, and even if
the combinedemolar tatid is loveram glefimpalymerhaving antextremelymidesnolecuarweight
distribution can be obtained. [0129]0On the other hand, the cyclic ester 20 compound (a) and the cyclic
ester compound (b} ase: telatively similarinrthestcture; apd dherafere; avith regasdde thebasic
properties such as activity and stereoregulartiy, these compounds hardly have influence on their
mutual effestsi(wber compoungds:having:different stiuctures ase used therese-many cases where
activity, 55 stereoregularity or the like violently changes or the effect of one compound becomes
domipant); f013Q]On-thissaceaun  thesselicktitaniumn catalysticompenent (Difor usera the present
invention can provide 5 an olefin polymer having an extremely wide molecular weight distribution and
high sterepregularnity with-highractivity even ifdbe content of dhe cyglicrestarcqmpesnd (a) is low.
[0131]The propylene-based block copolymer of the present invention is a polymer of a wide molecular
weight 10 distributian. Tihe peasanrisiobscsre at prgsent butisychia sause as dgscasibed; below can be
presumed. [0132]lt is known that the cyclic hydrocarbon structure forms various steric structures such
as chair farsn gnd hoat forpn. Thihe, cyclic stiyctire hasia substitugnt; yariations 15 of the. steric
structures which can be taken are further increased. Moreover, if the bond between a carbon atom to

which an ester graup (CQORMY group) isbanded agd another carbon atom to which an ester group
(COOR1 group) is bonded among the carbon atoms to constitute the cyclic skeleton of the cyclic ester

compound is agingle bond, 20 varigtions of the, sterig stictyreswhich can be taken are increased.
That such various steno structures can bé taken as above feads to formation of various active species

on the solid fitaniym.catalyst cormpenent (1), As a,resull when polymerization,gl.olefins is.carried out

using the solid titanium catalyst component

ester groups and is represented by the following formula {2).

(01117
[Chem. 13]
H R4
R@OC\H I/H
Ca—_a F%5
H\ / \ /
H——Cb Cé—H
\Q\\ /"'|,«
C
/\
H H
4 (@
15
(01121 In the formula (2}, n is an integer of b

to 10, preferably an integer of 5 to 7, particularly pxeferably



56 (I), an olefin polymer having various molecular weights can be prepared at once. That is to say, a
propylene-based block copolymer having a wide molecular weight distribution can be prepared.
[0133]In the present invention, the cyclic ester 5 compounds (a) and (b) maybe formed during the
course of preparation of the solid titanium catalyst €dmponent (l). For example, in the preparation of
the solid titanium catalyst component (1), a step of substantially contacting carboxylic acid anhydrides
or carboxylic acid dlhalldes corresponding to the cyclic ester 10 compounds (a) and (b) with the
correspon@ling Gicatiolis previded awherebyaieeyclictester compounds (a) and (b) can be
incorporated into the solid titanium catalyst component. [0134]In the preparation of the solid titanium
catalyst componenti@)ifor use in the preséntinveationndsmaghesiem dsrdompaund and atikanium
compound are used in addition to the above cyclic ester compounds (a) and (b). Moreover, the
later-desctigd catalydtconponert€cpand catalyst component ¢ddmay hetusedrinodombination so long
as the object of the present invention is not impaired. 20[0135]Magnesium compound Examples
of the magmesigmi.compourgsifor uskdn thepreparationtdftheolit! titanitina catalysttompanent (1) in
the present invention include publicly known magnesium compounds, e.g., magnesium halides, such
as magnesiurtiichlorigecand:magriesiom H7-hromiden at atkpxymagnesitep hatides wsuch as
methoxymagnesium chloride, ethoxymagnesium chloride and phenoxymagnesium chloride;
alkoxymagnesidmshsuch astethoxymagnesisn, iSGpropaxymagnésioi phutoxymagnesitims and
2-ethylhexoxymagnesium; aryloxymagnesiums, such as phenoxymagnesium; and carboxylic acid
salts of magresium, suchcas Rlagnesigmcsteanate. (L0[0186] These magnesiumigorapeynds may be
used

in the cyclic skeleton may be cach replaced with a double bond.

[0114] R* and R® are each independently COOR' or
10 a hydrogen atom, at least one of R'! and R® is COORI, and each R?!
is independently a monovalent hydrocarbon group of 1 to 20 carbon
atoms.
[0115] Plural R’ are sach independently a
monovalent hydrocarbon group of 1 to 20 carbon atoms, preferably
15 1 to 10 carbon atoms, more preferably 2 to 8 carbon atoms, still
more preferably 4 to 8 carbon atoms, particularly preferably 4
to © carbon atoms. Examples of the hydrocarbon groups include
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobutyl group, hexyl group, heptyl group, occtyl group,
20 Z-ethylhexyl group, decyl group, dodecyl group, tetradecyl group,
hexadecyl group, octadecyl group and eicosyl group. Of these,
n-putyl group, isobutyl group, hexyl group and octyl group are
preferable, and n—-butyl group and ischutyl group are particularly

preferable because a propylene-basedblock copolymer having a wide



singly or may be used in combination of two or more kinds. Moreover, these magnesium compounds
may be complex compounds or double compounds with other metals , ormixtures with othermetal
compounds. [0137]Of these, magnesium compounds containing 15 halogen are preferable, and
magnesium halide, particularly magnesium chloridé$ is preferably used. In addition, alkoxymagnesium
such as ethoxymagensium is also preferably used. The magnesium compound may be a compound
derived from other substances, for example, a compound obtained by contacting an 20
organomagfieSitift esmipdlfd withiGthaidt hafide Ssilicrenaliden dafodenated alcohol or the like, such
as Grignard reagent. When alkoxymagnesium is combined with tetraalkoxytitanium or the like, it is
preferable to react lkb%ymagnesium withgifigon. tetrach|etide: or 1el like as eelralogenatinglagent to
convert it 58 into magnesium halide. [0138]Titanium compound The titanium compound is , for
example , @tetfavalent fitanium compound represented by the following formula: 5Ti(OR)gX4 g
wherein R is a hydrocarbon group, X is a halogen atom, and 0:-g--<-4. More specifically, there can be
mentioned, for exdigple) viitanium téteatsal etes, Such as MiC x4 aad<TiBr4; alkoxytitaniumtrihalides,
suchas Ti (00113) 013, Ti (0021-15) 013, 10Ti(0-n-C4H9)013, Ti(OC2H5)Br3 and Ti(0-isoC4H9)Br3;
alkoxytitanium dinalides sughyas Tifo0k3y2042=arld Tif0021d5)2042] a t e alkoxytitanium monohalides,
such as Ti(OOH3)301, Ti(0-n-C4H9)301 and Ti(002H5)3Br; and 15tetraalkoxytitaniums, such as
Ti(00113)4, Ti(002KE 5 ¥4 ¢@04AH @Mdcdrnch #Q:R:ethythexy - 10139]&f ¢hese, titanium tetrahalides are
di-n-butyl cyclohexane-1,2-dicarboxylate,
diiscobutyl cyclohexane-1,2-dicarboxylate,
dihexyl cyclohexane-1,2-dicarboxylate,
190 diheptyl cyclohexane-1,2-dicarboxylate,
dioctyl cyclohexane-1,2-dicarboxylate,
di-Z-ethylhexyl cyclohexane~1,2-dicarboxylate,
didecyl cyclohexane-1,2~dicarboxylate,
diethyl cyclohexane~1,3-dicarboxylate,
15 diisobutyl cyclohexane-1,3-dicarboxylate,
diethyl cyclopentane-1,2-dicarboxylate,
diiscopropyl cyclopentane~l,2-dicarboxylate,
diiscbutyl cyclopentane-1,2-dicarboxylate,
diheptyl cyclopentane-1,2-dicarboxylate,
20 didecyl cyclepentane~1,2-dicarboxylate,
diethyl cyclopentane-1, 3-dicarboxylate,
diisobutyl cyclopentane-1,3-dicarboxylate,
diethyl cycloheptane-1,2-dicarboxylate,

diisopropyl cycloheptane-1,Z2-dicarboxylate,



preferable, and titanium tetrachloride isparticularlypreferable. These titanium compounds may be used
singly or may be used in 20 combination of two or more kinds. [0140]As such magnesium compounds
and titanium compounds, compounds described in detail in, for example, the aforesaid patent
literatures 1 and 2 can be also mentioned. [0141]F6P preparing the solid titanium catalyst 59
component (1) of the present invention, publicly known processes can be used without any restriction,
except for using the cyclic ester compounds (a) and (b). Examples of preferred processes include the
following processés(Raa ¥ to-(B3L4): BI04 (R-1) Prdcessicompiising tohtacting a solid adduct
composed of a magnesium compound and a catalyst component (c) with the cyclic ester compounds
(a) and (b) and a kigitaniurm cohwdotmdeinca-dushensivn Stateyinethe presence of an inert
hydrocarbon solvent. 10[0143](P-2) Process comprising contacting a solid adduct composed of a
magnesium compdane and ayatalysecdmpenént(cdlwithrthe cythdester compounds (a) and (b) and a
liquid titanium compound plural times. [0144](P-3) Process comprising contacting a 15 solid adduct

composed of a magrrgsium coppotinerdntha -catalyst compenent £6)ewith the cyclic ester compounds

(a) and (b) and a liquid titanium compound plural times in a suspension state in the presence of an
inert hydrocarbonsohent. {01451(3-4) #recessecomprising contacting a-20 liquid magnesium
compound composed of a magnesium compound and a catalyst component (c) with a liquid titanium
compound and the cyctlicyésteryedmpounds: (&), andif)a[fi46]ih 4he preparation of the solid titanium
catalyst component (1), the reaction temperature is preferably 60 in the range of -30C to 150C, more
preferably -25C toii40G, stillanarecpreferablyl-25CH0d4430€x v iat e,
diethyl 4-cyclohexene-1,2-dicarboxylate,
di-n-propyl 4mcyclohexene—1,Z;dicarboxylate,
10 diisopropyl 4-cycichexene-1,Z2-dicarboxylate,
di-n-butyl 4-cyclcohexene-1,2-dicarboxylate,
diiscbutyl 4-cyclohexene-1,2-dicarboxylate,
dihexyl 4-cyclohexene-1,2-dicarboxylate,
diheptyl 4-cyclochexene-1,2-dicarboxylate,
15 dioctyl 4-cyclcohexene-1,2-dicarboxylate,
didecyl 4-cyclohexene~1,2~dicarboxylate,
diethyl 4-cyclchexene~1,3-dicarboxylate,
diisobutyl 4-cyclcohexene-1,3-dicarboxylate,
diethyl 3-cyclopentene-1l,2-dicarboxylate,
20 diisopropyl 3-cyclopentene-1,Z2-dicarboxylate,
diiscbutyl 3-cyclopentene-1,2~dicarboxylate,
diheptyl 3-cyclopentene-1,2-dicarboxylate,

didecyl 3-cycleopentene-1,2-dicarboxylate,

diethyl 3-cyclopentene-1, 3-dicarboxylate,



[0147]Preparation of the solid titanium catalyst component (I) may be carried out in the presence of a 5
publicly known medium, when needed. Examplesofthemediainclude aromatic hydrocarbons haying
slight polarity, such as toluene, and publicly known aliphatic hydrocarbons and alicyclic hydrocarbons,
such as heptane, hexane, octane, decane and cyélBhexane. Of these, aliphatic hydrocarbons are
preferred 10 media. [0148]When polymerization reaction of olefins is carried out using the solid
titanium catalyst component (2 prepared as above, the effect of obtaining a polymer of a wide
molecular weight distrititionYis compatibheGith tHe activit ofes ife@atalydt and the high
stereoregularity of the resulting polymer at a higher level. [0149]Catalyst component (c) The
catalyst componefit &)tisbd ¥oF ithiig Bec 86Tt addiitt o #heiguid fRagnesium compound is
preferably a publicly known 20 compound capable of solubilizing the aforesaid magnesiumcompound
at a temperature Bf-FodPl teHAperaturets abotit Be0E - And préferrddcexahples of such compounds
include alcohols, aldehydes, amines, carboxylic acids and mixtures thereof. As such compounds,
compounds descfiBéd iodétail irf, foivexanplet ¢ae aforésald patént<glditeratures 1 and 2 can be

mentioned. [0150]Examples of the alcohols having an ability to solubilize the magnesium compound
include: diheptyl 4-cycloheptene-1,2-dicarboxylate,

didecyl 4-cyclcheptene-1,2-dicarboxylate,

diethyl 4-cycloheptene-1,3-dicarboxylate,

diiscobutyl 4-cycloheptene~1,3-dicarboxylate,

diethyl 5—cyclooctene~l,2mdicarboxylaté, and

19 diethyl 6-cyclodecene~1,2-dicarboxylate.

011773 As preferred examples, there can be also
mentioned the following compounds:

cyclohexane-1, 2~diacetate,

cyclohexane~1, 2-dibutanate,

15 cycichexane-1,2~-dibenzeate,

cyclchexane~1,2-ditoluate, etc.

[0118] In such cyclic ester compounds having a
diester structure as above, isomers such as cis and trans iscmers
are present, and any structure of the isomers has an effect which

20 agrees with the ckbiject of the present invention. In the cis and
trans ilsomers, the proportion of the trans isomer is preferably
not less than 51%. The lower limit is more preferably 55%, still
more preferably 60%, particularly preferably 65%. On the other

nand, the upper limit is preferably 100%, more preferably 9%90%,



aliphatic alcohols, such as methanol, ethanol, propanol, butanol, isobutanol, ethylene glycol,
2-methylpentanol, 2-ethylbutanol, n-heptanol, n-octanol, 2-ethylhexanol, decanol and dodecanol;
alicyclic alcohols, such as cyclohexanol and methylcyclohexanol; 10aromatic alcohols, such as benzyl
alcohol and methylbenzyl alcohol; and aliphatic-alcohols having alkoxy group, such as n-butyl
cellosolve. [0151]Examples of the carboxylic acids include 15 organic carboxylic acids having 7 or
more carbon atoms, such as caprylic acid and 2-ethylhexanoic acid. [0152]Examples of the aldehydes
include aldEhydeshaviRg T 6rimbre’ catbonPatsinss Shél a8 eapsricaldBhydéeand 2ethipiesdl
aldehyde. 20[0153]Examples of the amines include amines having 6 or more carbon atoms, such as
heptylamihBSoétyiatfinel RoRflaniAe dauryidmine &i¢ 2retayinexyamine (0254 s thecatalyst
components (c), the above alcohols are preferable, and ethanol, propanol, butanol, 62 isobutanol,
hexanol, 2Jlethytheranelsritr désah 6l Ere varkisarasly preferablet [01 35T heawisunrtsdfthecmagnesium
compound and the catalyst component (c) used for preparing the solid adduct 5 or the liquid
magnesiu éempouing vary- deperding ipontthd typesitbierdof the contact conditions, etc., but the
magnesium compound is used in an amount of 0.1 to 20 mol/liter, preferably 0.5 to 5 mol/liter, based
on thie unit volumeé ©f t3d catalyst comporenp(e) t Acmediumtinerttoathe sekichadduet iraybe used in
combination,

a cyclohexane~1,Z2~dicarboxylic acid diester wherein n in the

formula {2) is 6 is in the above range.
(01207 If the trans isomer purity is less than
51%, the effect of widening a mclecular welght distribution,
10 activity, stereospecificity, etc. sometimes become insufficient.
If the traﬁs isomer purity exceeds 79%, the effect of widening
a molecular weight distribution scmetimes becomes insufficient.
That istosay, atrans iscmerpurityof the above range 1s frequently
advantageocus in achleving compatibllity of the effect of widening
15 amolecular weilght distributicn of the resulting polymer with the
activity of the catalyst and the high stereorsgularity of the
resulting polymer at a high level.
(01211 As the cyclic ester compound (b), a
compound having a cycleoalkane-1,2-dicarboxylic acid diester
20 structure cor a cycloalkene-1,2-dilcarboxylic acid diester
structure, each structure being represgsented by the following

formula (Za), is particularly preferable.



10 when needed. Preferred examples of the media include publicly known hydrocarbon compounds,
such as heptane, hexane, octane and decane. [0156]The ratio between magnesium in the resulting
solid adduct or the liquid magnesium compound and the 15 catalyst component (c) cannot be defined
indiscriminately because it varies depending uponiHe type of the compound used. However, the
amount of the catalyst component (c) is preferably not less than 2.0 mol, more preferably not less than
2.2 mol, still more preferably not less than 2.3 mol, particularly preferably not less 20 than 2.4 mol but
not more thah?5 Mol, based on 1 mol of magnesium in the magnesium compound. [0157]Aromatic
carboxylic acid ester and/or compound having two or more ether linkages through plural carbon atoms
The solid titanium '¢dt&R)st édmhponent (1) of the present 63 invention may further contain an aromatic
carboxylic acid ester and/qQr,a compound having two or more ether linkages through plural carbon
atoms (also referred to aslat "cataly'st component (d)" hereinafter). When the solid titanium catalyst
componergeg)@t?(?e preient inverivtion C({%@@ @é catalyst component (d), catalytic activity can be
sometimes entanced;-gtereoregulatity s&h be"sometimes increased, and molecular weight distribution
can be sometimes furthefYfdered [@158]As such catalyst components (d), publicly 10 known
aromatic carboxyHE acid esters and jolyetheftompounds which have been preferably used for an
olefin polymerizatiohxg,at ystin the p st,;ﬁch as compounds described in, for example, the aforesaid
patent Iiteraturg.gl_a,n.d.@banese Pat¢nel-aid-Qgen Publication No. 354714/2001, can be used without
any restriction. 15 [0159] Bxampleg of the aromatic carboxylic acid esters include aromatic carboxylic
acidmonoesters , such as penzgic gcid ester (ethyl benzoate or the like) and toluic acid ester, and
aromatic polycarboxylic acid (?t%rs, such as phthalic acid esters. Of these, aromatic polycarboxylic
acid esters are 20 preferadle /an thalic acid esters are more preferable. As the phthalic acid esters,
phthalic acid alkyl esters, d& agdethyl phthalate, n-butyl phthalate, isobutyl phthalate, hexyl phthalate
and heptyl phthalate, are preferablg, Xh‘(]‘%iisobutyl-phﬂmlaté is particularly preferable. 64 [0160]The
polyether compound is more -

[0123] In the formula (2a), n and R! are the same

5 as above {that is, they have the same definitions as in the formula
{(2)), and single bonds in the cyclic skeleton (single bonds
“excluding C*-C* bond and C°~CP bond, that is, €-C® bond, C-C° bond
and C-C bond (;n the case where n is 6 to 10)) may be each replaced
with a double bhond.
10 Examples of the compounds represented by the formula (2a)
include:
di-n~butyl cyclohexane-1,2-dicarboxylate,
dilscbutyl cyclohexane-1,2~dicarboxylate,
dihexyl cyclohexane~1l,2-dicarboxylate,
15 diheptyl cyclchexane-1,2-dicarboxylate,
dioctyl cyclohexane-1,2-dicarboxylate,
di-Z~ethylhexyl cyclohexane-1,2~dicarboxylate,

diilsobutyl cyclopentane-1,2-dicarboxylate,



specificallya compound represented by the following formula (3). [0161] [Chem. 15] to 1 0 more
preferably an integer of 3 to 10, particularly preferably an integer of 3to 5. R11, R12 and R3' toR36
are each independently a hydrogen atom or a substituent having at least one element selected 10
from carbon, hydrogen, oxygen, fluorine, chlorine, bromine, iodine, nitrogen, sulfur, phosphorus, boron
and silicon. [0163]R11 and R12 are each preferably a hydrocarbon group of 1 to 10 carbon atoms,
more preferably a hydrocarbon group of 2 to 6 carbon atoms, and R31 to R36 are each 15 preferably a
hydrogen atom or'a-Aidtb¥arBofF gratiproraitd 6 carbohat6Ris J0HB4IRIl and R12 are each specifically
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, isopentyl
group, neopentyl &deﬁ?%é%%br%ﬁ}?@ﬁ@ﬁ@%ﬁoh > oetyFgFoUDp LLéth§hexyFgroup, decyl group,
cyclopentyl group or cyclohexyl group, and they are each preferably 65 ethyl group, n-propyl group,
isopropyl group, ndﬁwpéﬁébpcé’ﬁéé’gﬁwwﬁﬁlf 2-dicarboxylate.

[0124] Of the above compounds, more preferable
5 are:

diisobutyl cyclohexane-1,2~dicarboxylate,

dihexyl cyclohexane-1,2~-dicarboxylate,

diheptyl cyclohexane-1,2~dicarboxylate,

dicctyl cyclohexane-1,2-dicarboxylate, and

10 di-Z-ethylhexyl cyclohexane-1,2-dicarboxylate.

The reason is that these compounds not only exhibit catalytic
performance but alsc can be prepared relatively inexpensively
utilizing the Diels~Alder reaction.

(01253 The cyclic ester compounds (a) and the

15 cyclic ester compounds (b) may be individually used singly or in
combination of two or more kinds.

[0126] The combined molar ratic between the
cyclic ester compound (a) and the cyclic ester compound (b), that
is, cyclic ester compound (a)/{cyclic ester compound (a)+cyclic

20 ester compound (b)}x100 (% by mol), is preferably not less than
10% by mol, more preferably not less than 30% by mol, still more
preferably not less than 40% by mol, particularly preferably 50%
by mol. The upper limit is preferably 99% by mol, more preferably

90% by mol, still more preferably 85% by mol, particularly



[0165]R31 to R36 are each specifically hydrogen atom, methyl group, ethyl group, n-propy! group,
isopropyl group, 5 n-butyl group or isobutyl group, and they are each preferably hydrogen atom or
methyl group. [0166]Arbitrary groups of R, R12 and R31 to R", preferably Rfl and R12, may form a
ring other than a benzene ring in cooperation, andif the main chain, an atom other than carbon 10
may be contained. [0167]Examples of the compounds having two or more ether linkages include:
monosubstituted dialkoxypropanes, such as 2-isopropyl-1,3-dimethoxypropane,
152-s-but)ﬂ§f,3%¥rﬁgﬁ%x§8foﬁ%é,ﬂ%ﬁd 2-cumy1-1,3-dimethoxypropane; disubstituted
dialkoxypropanes, such as 2-isopropyl-2-isobuty1-1,3-dimethoxypropane,
2,2-dicyclohexy1-1,33dithethoxypropane, 263-fiethyl-55i560HbPYIA23-dinieth6xypopane, (-
2-methyl-2-cyclohexy1-1,3-dimethoxypropane, 2-methyl-2-isobuty1-1,3-dimethoxypropane,
2,2-diisobfify 1= 3-Biniethdkyprofiane 272 BistcyeloRekintéthyh &1 3 dirfetti®ispropane.Jd 68
2,2-diisobuty1-1,3-diethoxypropane, 2,2-diisobuty1-1,3-dibutoxypropane, o
2,2-di-s-b Gty I EBHimethoRypropane! 224 Hnebpeftyd T, Shimethokyproparie: conditions
52-isopropyl-2-isopentyl-1,3-dimethoxypropane, and
2-cycloheRy1-2-Gebhex§imethyarl Ridiktethdxypdpane L dialkssyakandspreyeilaga) in &
2,3-dicyclohexy1-1,4-dimethoxybutane, 2,3-dicyclohexy1-1,4-diethoxybutane,
10234ﬁB@@Qﬁﬁ@@g@d@ﬂﬁgwﬁﬂgﬁgnifthecontentofthecyclicestercompound

(a} in the solid titanium catalyst component (1) is low. Although
the reason of this effect is not clear, the present inventors have
presumed as follows.

10 [0128] It is cobvious that the cyclic ester
compcund {a) has an extremely large number of variations of steric
structures which can be formed, because of presence of the
substTituent R, as compared with the cyclic ester compound (b).
Cn this account, it is thought that the influence of the cyclic

15 ester compound {(a) on the molecular weight distribution becomes
dominant, and even if the combined molar ratic is low, an olefin
polymer having an extremely wide molecular weight distribution
can be obtained.

161291 OCn the other hand, the cyclic ester

20 compound (a) and the cyclic ester compound ({(b) are relatively
similar in the structure, and therefore, with regard to the basic
properties such as activity and stereoregulartiy, these compounds
hardiyhaveinfluenceontheirmutual effects (whencompoundshaving

different structuresare used, there aremany cases whereactivity,



2,4-diphenyl-1,5-dimethoxypentane, 2, 5-diphenyl-1, 5-dimethoxyhexane,
2,4-diisopropy1-1,5-dimethoxypentane, 2,4-diisobuty1-1,5-dimethoxypentane, and
152,4-diisoamyl-1,5-dimethoxypentane; trialkoxyalkanes, such as
2-methyl-2-methoxymethy1-1,3-dimethoxypropane; 5
2-cyclohexyl-2-ethoxymethyl-1,3-diethoxypropane, and
2-cyclohexyl-2-methoxymethyl-1,3-dimethoxypropane; and 20dialkoxycycloalkanes, such as
2,2-diisobatyark 3uinietioxyt4-cycldhexehek 2-igopropyt-2sisoamyd <15 3cdimdthoxy-4<cycloliexene,
2-cyclohexyl-2-methoxymethyl-1,3-dimethoxy-4-cyclohexen 67
2-isopropy2= methexymethp &Ac8wimethoiyd:cyclohexene
2-isobuty1-2-methoxymethyl1-1,3-dimethoxy-4-cyclohexene,
2-cyclohexyl-2-ethoxyéthy1-1,3-dimethory-dacyclehexenet; the solid titanium
2-isopropy1-2-ethoxymethy1-1,3-dimethoxy-4-cyclohexene, and
2-isobuty 2ssthexymethyb-dSxdinethoxy-4cydlohexene c[0d68]Of these, pteferablearede
1,3-diethers, 10 and particularly preferable are 2-isopropyl-2-isobuty1-1,3-dimethoxypropane,
2,2-dlisobaty 11 8sdimethdxypeapane; 2:is0propyk2risopanty I-li3-dimethoxypropaneg h t
2,2-dicyclohexy1-1,3-dimethoxypropane and 152,2-bis(cyclohexylmethyl)-1,3-di e hoxypropane.
[0169] Thesescompoiinids maybenused singheormgylarity with high activity even
if the content of the cyclic ester compound (a) is low.

[0131] The propylene-based block copolymer of
the present invention is a polymer of a wide molecular weight

.10 distribution. The reason is obscure at present, but such a cause
as described below can be presumed.

[0132] It is known that the cyclic hydrocarbon
structure forms various steric structures such as chair form and
beat form. If the cyclic structure has a substituent, variations

15 of the steric structures which can be taken are further increased.
Moreover, if the bond between a carbon atom to which an ester group
(COOR® group) is bonded and another carbon atom to which an ester
group (COOngrougw is bonded among the carbon atoms to constitute
the cyclic skeleton of the cyclic ester compound is a single bond,

20 variationsof thestericstructureswhichcanbe takenare increased.
That such variocus steric structures can be taken as above leads
to formation of varicus active species on the solid titanium

catalyst component (I}). As a result, when polymerization of

olefins is carried out using the solid titanium catalyst component



be used in combination of two or more kinds. [0170]The cyclic ester compounds (a) and (b), the
catalyst component (c) and the catalyst component (d) maybe 20 considered to belong to components
called electron donors bypersons skilled in the art. It is known that the electron donor components
exhibit an effect of enhancing stereoregularity of thsresulting polymer, an effect of controlling
composition distribution of the resulting polymer , a coagulant effect of control ling particle shape 68 or
particle diameter of catalyst particles, etc., with maintaining high activity of the catalyst. [0171]lt is
thought that the eycliclesfer: compownds:(a)iand () further exhikitan effegtof,eantraling bea
molecular weight distribution because they themselves are electron donors. [0172]In the solid titanium
catalyst cemponensty B obthespresent invention: the halogen/titariumeratia by atam ¢he.1 prmber of
moles of halogen atom/number of moles of titanium 10 atom) is desired to be in the range of 2 to 100,

preferablyn4:10i 9@, = wtheéeCyelic estar-compaund-(a)f titaniumy tatinby: mol <€ p Augbes of moles of
cyclic ester compound (a) /number of moles of titanium atom) and the cyclic ester compound

(b)ftitanium ratio 15by mpl ( .e., number afimeles-efcyclic estergempeaund hypumber gt moles of
titanium atom) are desired to be each in the range of 0.01 to 100, preferably 0.2 to 10, and
5 compounds {a) and (b) may be formed during the course of preparation
of the solid titanium catalyst component (I). For example, in
the preparation of the solid titanium catalyst component (I}, a
step of substantially contacting carboxylic acid anhydrides or
carboxylic acid dihalides corresponding to the cyclic ester
10 compounds (a) and (b) with the corresponding alcohol is provided,
whereby the cyclic ester compounds (a) and (b) can be incorporated
into the solid titanium catalyst component.
[0134] In the preparation of the scoiid titanium
catalyst component (I) foruseinthepresent invention, amagnesium
15 compound and a titanium compound are used in addition to the above
cyclic ester compounds (a) and (b). Moreover, the later—-descried
catalyst component (¢) and catalyst component {(d) may be used in
combination so long as the object of the present invention is not
impaired.

20 [0135] Magnesium compound

Examples of themagnesiumcompounds foruse inthepreparation
of the solid titanium catalyst component (I) in the present
invention include publicly known magnesium compounds, e.g.,

magnesium halides, such as magnesium chloride and magnesium



the catalyst component (c)/titanium atom ratio by mol is desired to be in the range of 0 to 100,
preferably O to 10. 20 [0173] Preferred ratios between the cyclic ester compound (a) and the cyclic
ester compound (b) are as follows. The lower limit of the value ( % by mol ) of 100 x cyclic ester
compound (a)/(cyclic ester compound (a) + cyclic éster compound (b)) is 5% by mol, preferably 25%
by mol, more preferably 40% by mol, 69 particularly preferably 50% by mol. The upper limit thereof is
99% by mol, preferably 90% by mol, more preferably 85% by mol, particularly preferably 80% by mol.
[0174]Thebmagndsium/titanium ratio by atom 5 (i.e., number of moles of magnesium atom/number of
moles of titanium atom) is desired to be in the range of 2 to 100, preferably 4 to 50. [0175]The content
of the components Whichymayrbesdontainéd iz additiomn tothe: afosesaid pyekc estencempeunds 10 (a)
and (b), such as the catalyst component (c) and the catalyst component (d), is preferably not more
than 20% dyhweight; gnereipreferably noteaneredhan 409 by avgighti based oa 1009 by weight of the
cyclic ester compounds (a) and (b). [0176]As the more detailed conditions for 15 preparing the solid

titanium catalyst component ¢h.cthe:same ganditians asceseribes ks fomgxample, EP585869A1
(European Patent Laid-Open Application No. 0585869) and the aforesaid patent literature 2 can be

prefegablyi uset exeeptfonusingthe oyalicestes saawounds {a) and (b). 20[0177]Organometallic
compound catalyst component () The organometallic compound catalyst component (I1) is an
organometallie €ompoxnd eemtaining anmetal atom selected from Group 1, Group 2 and Group 13 of
the periodic table. Specifically, a 70 compound containing a Group 13 metal, such as an

organoaluminum sermpeurd..amalkylate of a,.camplex L@ﬁérﬁ%@yﬂ@é?ﬂ@é%@m algminum, an

organometallic compound of a Group 2 metal, etc. can be used. Of these, an organoluminum

compound is preferable xyiic acid saits of magnesium, such as magnesium
stearate.

10 [0136] These magnesium compounds may be used
singlyormaybeusedincombinationof twoormore kinds. Moreover,
these magnesium compounds may be complex compounds or double
compoundswithothermetals, ormixtureswithothermetal compounds.

[C137] Cf these, magnesium compounds containing

15 halogen are preferable, and magnesium halide, particularly
magnesium chloride, is preferably used. In addition,
alkoxymagnesium such as ethoxymagensium is also preferably used.
The magnesium compound may be a compound derived from other
substances, for example, a compound obtained by contacting an

20  organomagnesium compound with titanium halide, silicon halide,
halogenated alcohol or the like, such as Grignard reagent. When
alkoxymagnesium is combined with tetraalkozxytitanium or the 1like,

it 1ls preferable to react alkoxymagnesium with silicon

tetrachloride or the like as a halogenating agent to convert it



5[0178]Preferred examples of the organometallic compound catalyst components (1) include
organometallic compound catalyst components described in publicly known literatures such as the
aforesaid EP585869A1. [0179]Electron donor (IIl) 10The olefin polymerization catalyst of the present
invention may further contain an electron donor (lll} when needed, in addition to the above
organometallic compound catalyst component (1) . The electron donor (Ill) is preferably an
organosilicon compound . The organosilicon compound is, for example, a compound represented 15

by the follawing formulad4):-{0L8Q]1RASI(R )4-n (4) wherein R and R’ are each a hydrocarbon group,
‘and n is an integer of 0<n<4. As such organosilicon compounds represented by the formula 20(4),

diisopropyldimethoxysilane, t-butyﬂ@t@g@meg}gﬁ%éw, t-butylmethyldiethoxysilane,
t-amylmethyldiethoxysilane, d cyclohexyldiffiethoxysifane, cyclohexylmethyldimethoxysilane,

cyclohexylmethyldigthqxysiane,vinylimethoxysilane. Mayitethoxysilane, -hutyliriethoxysiigne, 71

phenyltriethoxysilane, cyclohexyltrimethoxysilane, cyclopentyltrimethoxysilane,

2-methylcyclopentyltrimethoxysilane; cyclopentyltriethoxysilang, dicy¢lopentyldimethoxysilane, 5

dicyclopentyldiethoxysilane, tricyclopentylmethoxysilane, dicyclopentylmethylmethoxysilane,
dicyclg)pentylethyl@glita%ys}yaa}wne, cyclopentyldimethylethoxysilane, etc. are used. [0181]Of these,
vinyltriethoxysilane, R -

wherein R is a hydrocarbon group, X is a halogen atom, and 0<g<4.
More specifically, there can be mentioned, for example,
titanium tetrahalides, such as TiCl:; and TiBra;
alkoxytitaniumtrihalides, suchasTi (OCH3)Cls, Ti(0OC,Hs) Cls,
10 T1i{0-n-C4Hg)Cls, Ti(OCyHs)Bry and Ti{0O-isolsHq)Bry;
alkoxytitanium dihalides, such as Ti(OCH3),Cl, and
Ti(0CzHs)2CLs;

alkoxytitanium monohalides, such as Ti(0CH;3),Cl,

Ti(O-n~C4Hs)3C1l and Ti(OC:Hs)s3Br; and
15 tetraalkoxytitaniums, such as Ti{QCHs':, Ti (0C:Hs).,
Ti(0CyHg)y and Ti{0-2-ethylhexyl),.

10139] Cf these, titanium tetrahalides are
preferable, and titanium tetrachloride is particularlypreferable.
These titanium compounds may be used singly or may be used in

20  combination of two or more kinds.

[0140] As such magnesium compounds and titanium
compounds, compounds described in detail in, for example, the
aforesaid patent literatures 1 and 2 can be also mentioned.

(10141} For preparing the solid titaniumcatalyst



10 diphenyldimethoxysilane, dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane and
dicyclopentyldimethoxysilane are preferably used. [0182]A silane compound represented by the
following formula (5), which is described in International 15 Publication No. 2004/016662 pamphlet, is
also a preferred example of the organosilicon comggund. [0183]Si(ORa)3(NRbR')(5) In the
formula (5), Rais a hydrocarbon group of 1 to 6 carbon atoms, preferably an unsaturated or saturated
aliphatic 20 hydrocarbon group of 1 to 6 carbon atoms or the like, particularly preferably a saturated

aliphatic hydrocarkon grayp of %%6@@%@@@@@@E%@@}p!,%%%%?%&@%%%gg%@é group,
ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, n-pentyl

group, isopgatyl graup. cyclopentyl %M@Mﬂ%&é@ﬁ&yﬁ}e%%@%n@fé@lﬁﬁej@thy'
group is particularly preferable. [0184]In the formula (5), Rb is a hydrocarbon group of 1 to 12 carbon

ators or abydigen lomy ALeterbly a1 Sinsatuglerof satyatas Aliahiaticddracarban group of 1

to 12 carbon atoms , a hydrogen atom or the like . Examples thereof include hydrogen atom, methyl

group, ethy},graup.. N:RIOPYLGroup. ISQPEORYLGLaUD, nybutyl, group, isobutyl group, sec-butyl group,
n-pentyl group, isopentyl group, cyclopentyl group, n-hexyl group, 10 cyclohexyl group and octyl

group; Of these, ethyl group is particularly, pref raple.é %%S]In 11;,h formula (5), RLc is a hydrocarbon
group of 1 to 12 caflrbon gtoms ora hydrog(en a?om,rgre(%erabl():/oaf‘ﬁ 5r%s.saltarqat(§ or asfa"‘istculrIa"i%cl‘Ei aliphatic

hydrocarbon grque of 410 12,15 sarbengtoms ar he Iike, Examples thereof include. methy! group,
ethyl group, n-propyl group, isopropyl group, nnbLﬁi}l group, iso tyijgroup, sec-bu?y grt\)/up, n-pentyl

group, iso rQup, lopentyl.group, n-hexyl group, cyclohexyl group and octyl group. Of these,
ethyl grou%%g%%%%ugrg/ggrﬁért’a Ig% 530[%% ]]Ecxaen%wﬁlgg o(?ééﬁlg %85%%%%%@ r%BFies@%)tea %y fhe above

formul include:, . . : . .
0 ua(sgldﬁg%etltanlum,compound in a suspension state in the presence

of an 1inert hydrocarbon solwvent.
i0 [0143] (P~2} Process comprising contacting a
solid adduct composed of a magnesium compound and a catalyst
component (¢) with the cyclic ester compounds {a) and {(b) and a
liquid titanium compound plural times.
[0144] (P-3) Process comprising contacting a
15  sclid adduct composed of a magnesium compound.and a catalyst
component (¢) with the cyclic ester compounds (a) and {(b) and a
iiguid titanium compound plural times in a suspension state in
the presence of an inert hydrocarbon solvent.
[0145] (P-4) Process comprising contacting a
20 liguid magnesium compound composed of a magnesium compound and
a catalyst component (c¢) with a liguid titanium compound and the
cyclic ester compounds {(a) and (b).
[0146] In the preparation of the solid titanium

catalyst component (I), the reaction temperature is preferably



dimethylaminotriethoxysilane, diethylaminotriethoxysilane, dimethylaminot methoxysilane, 73
diethylaminotrimethoxysilane, diethylaminotri-n-propoxysilane, di-n-propylaminotriethoxysilane,
methyl-n-propyolaminotriethoxysilane, 5t-butylaminotriethoxysilane, ethyl-n-propylam
notriethoxysilane, ethyl-iso-propylaminotriethoxysilame, and methylethylaminotriethoxysilane.
[0187]Another example of the organosilicon 10 compound is a compound represented by the followmg
formula (6). [0188]RNSi(ORa)3(6) In the formula (6), RN is a cyclic amino group, and this cyclic

amino group isnfer-exagwlesperhydroquinolino group, perpydrpisoguinelinggreup, 140°c,
1,2,3,4-tetrahydroquinolino group, 15 1,2,3, 4-tetrahydroisoquinolino group or octamethylene mino

group . Rgisithe same groupras-dgfined insthe fopmutay(g). Examples of the compounds represented
by the above formula (6) include: (perhydroquinolino)triethoxysilane,

(perhydroisoquinoline)iriethoxysilane, 20(@%@&@{@@@@gu@@inggle}go%ygggum
(1,2,3,4-tetrahydroisoquinolino)triethoxysilane, and octamethyleneiminotriethoxysilane. [0189]These
mganosm@@@599&%“@Q§§%%ﬂ%%u§%q"hgynggagggfﬁgﬂoéwﬂnqg?@Bgspresence of a
5 publicly knownmedium, when needed. Examples of the media include
aromatic hydrocarbens having slight polarity, such as toluene,
and publicly known aliphatic hydrocarbons and alicyclic
hydrecarbons, such as heptane, hexane, cctane, decane and
cyclohexane. Of these, aliphatic hydrocarbons are preferred
10 media.
[0148] When polymerization reaction of olefins
is carried out using the solid titanium catalyst component (I)
prepared as above, the effect of cobtaining a polymer of a wide
molecular weight distribution is compatible with the activity of
15  thecatalyst and the high stereoregularity of the resultingpolymer

at a higher level.

[0148] Catalyst component (c)

The catalyst component {c¢) used for forming the solid adduct

or the liguid magnesium compound is preferably a publicly known

20  compound capable of solubilizing the aforesaid magnesium compound

at a temperature of room temperature to about 300°C, and preferred

examples of such compounds include alcohols, aldehydes, amines,
carboxylic acids and mixtures thereof. As such compounds,

compounds described indetail in, forexample, the aforesaidpatent



74 [0190]Another preferred example of the compound useful as the electron donor (lll) is the aromatic
carboxylic acid ester and/or the compound having two or more ether linkages through plural carbon
atoms (polyether compound), which is defined as the 5 catalyst component (d). [0191]The olefin
polymerization catalyst of the present invention may further contain, in addition to the above
components, other components useful for the olefin polymeri zation, when needed. Examples of other
components include a carrier such 10 as silica, an antistatic agent, a particle coagulant and a storage

stabilizer. For example.avhen particles.are-formed bytheuse of magnesium chloride and ethanol,
sorbitan distearate is used as a preferred compound of the particle coagulant. [0192]Process for

preparing propylengsbased block 15 copelymgs: s dheprocessderRreparing,the propylene-based
block copolymer of the present invention is not specifically restricted, as long as the propylene-based

block copelymeyisatisties. the requirements [H te {3]and preferablyfurther satisfies the 20requirements
[4] and [5 [0193]In the process for preparing the propylene-based block copolymer of the present

invention, polymegization,may be carried.outdn the presence of & prepolymerized.cajglyst that is

obtained by prepolymerization of an olefin in the presence of the above-mentioned olefin

polyraerization gatalyst This puapalymerizgtion s earyed out suprenobymerizing ap olefin in an amount
of 0. 1 to 1000 g, preferably 0.3 to 500 g, particularly preferably 1 to 200 g, based on 1 g 5of the olefin

polymerizatign;caialyst. [0 941Ths, catalyst congentration in the Systemof the prepajymefization can

be higher than the catalyst concentration in the system of the polymetization. [0195]The concentration

of the SO|i9ntga@iblgé canol;

alicyclic alcohels, such as cyclohexanol and
methylcyclohexanol;

10 aromatic alcohols, such as benzyl alcohol and methylibenzyl
alcohol; and

aliphatic alcohols having alkoxy group, such as n-butyl
cellosoclve.

[OlSlj Exgmples of the carboxylic acids include

15 organic carbexylic acids having 7 or more carbon atoms, such as
caprylic acid and Z-ethylhexanoic acid.

[0152] Exampies.of the aldehydes include
aldehydes having 7 or mere carbon atoms, such as capric aldehyde
and Z-ethylhexyl aldehyde.

20 [0153] Examples of the amines include amines
having 6 or more carbon atoms, such as heptylamine, octylamine,
nonylamine, laurylamine and Z-ethylhexylamine.

10154] As the catalyst components (), the above

alcchols are preferable, and ethanol, propanol, butanol,



10 catalyst component (l) in the prepolymerization is desired to be usually in the range of about 0.001
to 200 mmol, preferably about 0.01 to 50 mmol, particularly preferably 0.1 to 20 mmol, in terms of
titanium atom, based on 1 liter of the liquid medium. [0196]The amount of the organometallic
compound 15 catalyst component (1) in the prepobkymerization has only to be such an amount that a
polymer of 0.1 to 1000 g, preferably 0.3 to 500 g, is produced based on 1 g of the solid titanium
catalyst component (1), and the amount thereof is desired to be usually in the range of about 0.1 to 300

mol, preferably aboub 0.5 te 200 20 mol.particulady preferably d da 591molbased ondimel of titanium
atom in the solid titanium catalyst component (I). [0197]In the prepolymerization, the aforesaid electron
donor (lll)peter May-be used when needed, and these components are used in an amount of 0.1 to 50
mol, preferably 0.5 76 to 30 mol, more preferably 1 to 10 mol, based on 1 mol of titanium atom in the

solid titanium catalyst cgmponent (1). [0198]Ehe-prepelymerization.can.he carkgg .oyt »qunder mild
conditions by adding an olefin and the above catalyst 5 components to an inert hydrocarbon medium.

[0199]Exappples of the,inerthydracarbon mediaemployable infhisicaseinglude; ; 5 aliphatic

hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and

kerosine; dQalicycli¢ hydrocarbons, such asgyslopentane. methylcyclopentane, ayclohexane,

cycloheptane, methylcycloheptane and cyclooctane; aromatic hydrocarbons, such as benzene,

toluene and xylepe; halogenated hydrocarnons, such.as ethylene-chigrde and 1p chigrobepzene; and

mixtures of the above hydrocarbons. [0200]Of the above inert hydrocarbon media, an

is used in an amount of 0.1 to 20 mol/liter, preferably 0.5 to
5 mol/liter, based on the unit volume of the catalyst component
(¢} . Amediuminert to the solidadduct may be used in combination,
16 when needed. Preferred examples of the media include publicly
known.hydrocarbon compounds, such as heptane, hexane, octane and
decane.
[C156] The ratioc between magnesium in the
resulting solid adduct or the liquid magnesium compound and the
15 catalyst component (c) cannot be defined indiscriminately because
it varies depending upon the type of the compound used. However,
the amount of the catalyst component {c¢) is preferably not less
than 2.0 mol, more preferably not less than 2.2 mol, still more
preferably not less than 2.3 mol, particularly preferably not less
20 than 2.4 mol but not more than 5 mol, based on 1 mol of magnesiunm
in the magnesium compound.

[0157] Aromatic carboxylic acid ester and/or compound

having two or more ether linkages through plural carbon atoms

The solid titanium catalyst component (I} of the present



aliphatic hydrocarbon is particularly preferably used. When the inert hydrocarbon medium is used as
above, the prepolymerization 20 is preferably carried out by a batch process. [0201]On the other hand,
the prepolymeriztion may be carried out using an olefin itself as a solvent. The prepolymerization may
be carried out substantially in the absence of a solgent. In this case, the prepolymerization is
preferably 77 carried out continuously. [0202]The olefin used in the prepolymerization may be the

- same as or different from the olefin used in the later-described polymerization, but it is preferably
propylene i5{8263LThedgmperatiee-incthecprepolymerzation is usuallys:iy the-rangeiok204e +100C, -
preferably-20 to -1-80C, more preferably 0 to +40C. [0204]Next, polymerization that is carried out after

the prepolymeyization-emnwihaut perferning: d0-prepalymerization isidescrbead: {0205} the present
invention, the polymerization is divided into a step for preparing a crystalline propylene-based

(co)polymerand a stepfor prepawng a copelyimergyubber, anegkthgiolefins-used(thatis, polymerized) in
either step 15 are propylene and one or more olefins selected from ethylene and a-olefins of 4 to 20

carbon atamas-cExamples of theraselefins ebA t0120;6athon atemsdnclude straightchain olefims, such
. as 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene,

1-octadecene apddseicoseneand 20, branched olefing, sugh.asA-methyl-1penteney; |

3-methyl-1-pentene and 3-methyl-1-butene. Of these, 1-butene, 1-pentene and 4-methyl-1-pentene
are preferables Ageqrdingly..examples of preferred-cambinatians of glefinsdnclude propylene/ethylene,

propylene/l-butene, propylene/l-pentene,
can be sometimes increased, and molecular weight distribution can
be sometimes further widened.
[0158] As such catalyst components (d), publicly

10 knownaromaticcarboxylicacidestersandpolyether compounds which
have been preferably used for an olefin polymerization catalyst
in the past, such as compounds described in, for example, the
aforesaid patent literature 1 and Japanese Patent Laid-Open
Publication No. 354714/2001, can be used without any restriction.

15 [0159] Examples of the aromatic carboxylic acid
estersincludearomaticcarboxylicacidmonoesters,éuchasbenzoic
acid ester (ethyl benzoate or the like) and tolulc acid ester,
and aromatic polycarboxylic acid esters, such as phthalic acid
esters. Of these, aromatic polycarboxylic acid esters are

20  preferable, and phthalic acid esters are more preferable. As the
phthalic acid esters, phthalic acid alkyl esters, such as ethyl
phthalate, n-butyl phthalate, isobutyl phthalate, hexyl phthalate

and heptyl phthalate, are preferable, and diisobutyl phthalate

is particularly preferable.



78 propylene/4-methyl-l-petene, propylene/ethylene/1-butene, propylene/ethylene/l-pentene, and
propylene/ethylene/4-methyl-l-pentene. From the viewpoint that a merit of a polymer having a wide
molecular weight distribution is apt tobe exhibited ma resin ofhighrigidity, olefins containing 1-butene
and 4-methyl-lI-pentene as constituents of a copolygzer are particularly preferable. [0206]Together with
these a-olefins, aromatic vinyl compounds, such as styrene and allylbenzene, and alicyclic 10 vinyl
compounds, such as vinyicyclohexane and vinylcycloheotane, maybe also used. Moreover,
cycloolefins, such asiayclopentene, cycloheptene,Rerbamene-andtetracyelagdedecene; conjugated
dienes, such as isoprene and butadiene; and compounds having many unsaturated bonds, such as
non-conjugatedidieres, Mayhke-alseused 15 aspolyrmerizations aw matgrials. FHeseicompounds may
be used singly or may be used in combination of two or more kinds (the olefins used together with the
above ethylene and a-olefins of 4 to 20 carbon atoms are also referred to as "other olefins"
hereinafter). 20[0207]Of the above-mentioned other olefins, aromatic vinyl compounds are preferable.
Other olefins may heused inzcombination as long as the amount thereof is a small amount, e.g., not
more than 10% by weight, preferably not more than 5% by weight, in 100% by weight of the total
amount of olefins. 79 [0208]In the present invention, the prepolymerization and the polymerization can
be carried out by gﬁ‘?y’/‘?”of al ]fd phag%sb’olymerization process, such as bulk polymerization, solution
polymerization or suspension %5 polyrherization, and a gas phase polymerization process.
[0209]WhegRé reaction mbgre-bfsluriy: pofgrterization is adopted as the polymerization, the aforesaid
inert hydrocarbon ¥or use_in[tr@efé)reglymerization may be used as the reaction solvent, or an olefin

that is liquid at th%@@ctio‘nﬁg tempgtature and the reaction pressure may be used as the reaction
solvent. [0210]In the polymerization int the process for preparing thié propylene block copolymer of the
present invention, the solid titanium catalyst component () is usually used in an 15 amount of about

0.0001 to 0.5 mm% P@f?rably about 0.0%tché]. %Q%Lu'rgte{%s’owi@gig@ %ﬁg@é}eafe%oq 1 Iitelr of
the polymerization volume. The organometallic compound catalyst component (II) is usually used in an
amount of.aboyt ,19.2000.tol. prefprably, about 542 500, mgl: based on L mel oftitanium.;
an integer of 3 to 5. RY, R and R™ to R’® are each independently
ahydrogenatomorasubstituent havingat least oneelement selected
10 fromcarboh,hydrogen,oxygen,fluorine,chlorine,bromine,iodine,
nitrogen, sulfur, phosphorus, boron and silicon.
[0163] R* and RY¥ are each preferably a
hydrocarben group of 1 to 10 carbon atoms, more preferably a
hydrocarbon group of 2 to 6 carbon atoms, and R* to R*® are each
15 preferably a hydrogen atom or a hydrocarbon group of 1 to 6 carbon
atoms.
[0164d] R* and R are each specifically methyl
group, ethyl group, n-propyl group, isopropylgroup, n-butyl greoup,
isobutyl group, isopentyl group, neopentyl group, hexyl group,
20 heptyl group, octyl group, Z-ethylhexyl group, decyl group,

cyclopentyl group or cyclohexyl group, and theyare eachpreferably



20 atom in the prepolymerized catalyst component in the polymerizat ion system. When the electron
donor (Ill) is used, the amount thereof is in the range of 0.001 to 50 mol, preferably 0.01 to 30 mol,
particularly preferably 0.05 to 20 mol, based on 1 mol of the organometallic compound catalyst
component (I). 80 [0211]By carrying out the polymerization in the presence of hydrogen, the
molecular weight of the resulting polymer can be controlled (lowered), and a polymer having a high
melt flow rate is obtained. 5[0212]In the polymerization in the present invention, the olefin

polymerizaﬂw&er@@@@,@ureﬂsm@wirg@@dﬁﬂ%éﬁ@@@g%@%% C, preferahly 3Q,to 100C,
more preferably 50 to 90C. The pressure (gauge pressure) is usually set to normal pressure to 100
kgf/cm2 (9.8MBa), prefesably about 102 to 50 kgf/cm2 (0.20 to 4.9 MPa). In the process for preparing
the propylene block copolymer of the present invention, the polymerization can be carried out by any

of batch, semi-continuoys and continuouszproggsges. Lhe Qggqmgg@l_p@i@gy carsiedQut in two or
yc

more stages different from one another in reaction 15 conditions. arrying out such multi-stage

polymerizatiop, ityp@@fw%peﬁgpl%%Mt%%ro\me@l%w{@%mgig%%ia&r@mg%%@ﬁolefin

polymer. [OZleThe process for preparing t propylene-based block copolymer of the present

invention is 20, described in more, detail. [0214]According fo éﬂgwe&féfoggéﬂogpxég?o%%@gnt

- inventors, the n-decane-insoluble portion’(Dinsol) to constitute the propylene-based polymer

of the preﬁﬁ;gitrig %Qltioaptigﬁug?tafﬁgiguxﬁheg%@? asa propylene homopolymer, 81 a propylene
yme

random po r (propylene-based polymer containing a skeleton attributable to one or more olefins
selected from eth)flggj é;\]nd a-olefins of 4 BEHB{%aC@{;ng Oa&%@sd lj;nlgm,ali{lgugltl of net {g%@dban 1.5%

by mol) or a mixture of two or more kinds
preferably R' and RY?, may form a ring other than a benzene ring
in cooperation, and in the main chain, an atom other than carbon

10 may be contained.

[0167] Examples of the compounds having two or
more ether linkages include:

monosubstituted dialkoxypropanes, such as

2-isopropyl-1, 3~dimethoxypropane,

15 2-a-butyl-1, 3-dimethoxypropane, and
2—-cumyl-1, 3~dimethoxypropane;
disubstituted dialkoxypropanes, such as
2-isopropyl-Z-isobutyl-1, 3-dimethoxypropane,
2,2-dicyclohexyl-1, 3-dimethoxypropane,

20 2-methyl-2-isoprepyl-1, 3-dimethoxypropane,
Z-methyl-Z2-cyclohexyl-1, 3-dimethoxypropane,
Z-methyl-2-iscbutyl-1, 3~dimethoxypropane,
2,2~-diisobutyl~1, 3~dimethoxypropane,

Z2,2-bis (cyclohexylmethyl) -1, 3~-dimethoxypropane,



5 thereof. [0215]On the other hand, the n-decane-soluble portion (Dsol) is substantially the same as a
propylene/ethylene copolymer, a propylene/a-olefin copolymer, a propylene/ethylene/a-olefin
copolymer or a mixture of two or more 10 kinds thereof ("copolymer"” also includes random copolymer).
[0216] Accordingly, the propylene-based block copglymer of the present invention can be generally
prepared by any one of the following preparation processes. [0217]Process A 15A process wherein
the following two polymerization steps (polymerization step 1 and polymerization step 2 ) are
consecutively carried>au;torepare; a propyliena-Rased black copolymer satisfying the requirement [1]
to the requirement [3] and preferably further satisfying the requirement [4] and/or the requirement [5]

20(hereinafter, this pracessdssomefimes:referred to. as A, ,copsecutive polymerization process”, and
the propylene-based block copolymer obtained by this process is sometimes referred to as a

"propylene-based i)j@c_lgj(‘iop:p_l_mg%&p’. £Q%%€QE¥HESFEPSBQI%‘?F’ 1: step for preparing 82 a

(co)polymer by polymerizing propylene and if necessary oné or more olefins selected from ethylene

and a-olefins of 4t9,220_mgqupggpqégq1§lir_) yflej presence &gg]p%q;}gagj}gnium catalyst component (crystalline
y

propylene-based (co)polymer preparation step). 5 [0219] Polymerization step 2: step for preparing a

copolymer by polyéggr&%% %} y_I@n_ng.gg &H@ﬂ—@?@—%@ﬂ@%%%ﬁg@oagm eth¥llg51e anda-olefins of 4
presence of a

to 20 carbon atoms in th nce olid titanium catalyst compone t?(:edpo ymer rubber
preparation step).Z’LmO(gOZ%’%Jgrg(c s-B Aprocess w erein the oﬁ lymer formed in the
polymerization step 1 of the grofgss Acgr(fd1 %eeé{(}/gor?ﬁ%gwor%{gg i%%t %%p%?yxrxgﬁzo t%rrlles’tep 2 of the
process A are indgp%rjq(eongl %ﬂrgggresd insth resence of a solid titanium catalyst component, 15 and
then they are blended by a ysmaFm’eans(f ereinafter, this process is sometimes referred to as a
"blending process’, and.the propylene-based block copolymer obtained by this process is sometimes
2 ! 19 Almee%%)%ggbiéﬂﬁ"he propylene-based block

referred to as a "prépylenec- 358 %:)I{(chkwcdpolymer
copolymerof ;54 vclonexyl~1, 4-diethoxybutane,
10 2,3~dliisopropyl-1,4-diethoxybutans,
2,4~diphenyi-1, 5-dimethoxypentane,
Z2,5~diphenyl-1, b-dimethoxyhexane,
2,4-diisopropyl-1, 5-dimethoxypentane,
2,4—diisobutyl—l,S;dimethoxypentane, and
15 2,4-diiscamyl-1, 5-dimethoxypentane;
trialkoxyalkanes, such as
2-methyl-Z-methoxymethyl-1, 3-dimethoxypropane,
2-cyclohexyl—~2Z-ethoxymethyl-1, 3~diethoxypropane, and
Z~cyclohexyl-2-methoxymethyl-1, 3-dimethoxypropane; and
20 dialkoxycycloalkanes, such as
2,2-diiscobutyl-1, 3~dimethoxy~4-cyclohexene,
Z—-isopropyl-Z2-isoamyl-1, 3-dimethoxy~4d~cyclohexene,
Z-cyclohexyl-Z-methoxymethyl-1, 3~-dimethoxy-4-cyclohexen

€,



20 the present invention is obtained by carrying out homopolymerization of propylene in a medium
ofpropylene or carrying out preparation of a propylene-based copolymer containing a skeleton
attributable to one or more olefins selected from ethylene and a-olefins of 4 or more carbon atoms in
an amount of not more 83 than 1.5% by mol, in thepresence of the aforesaid olefin polymerization
catalyst, in the polymerization step 1 and then carrying out copolymerization of propylene and one or
more olefins selected from ethylene and a-olefins of 4 or more carbon atoms, 5 in the presence of the
 aforesaid olefin palymeization catalystin dhe pelymerization step 2,as described i the Hrecess A.
The finally obtained propylene-based block copolymer is characterized by being constituted of 5 to
80% by weight of the room temperature n-decane-soluble portion (Dsol) and 20 to 95% by weight of
the 10 room temperature n-decane-insoluble portion (Dinsol) [0222]When homopolymerization of
propylene is carried gulJising such an:9lefinpelymerization gatalyst as,abpve, apropylene-based
block copolymer having a decane-insoluble component content of not less than 70% by weight,
preferably not 15 less than, 8a% by. weight, particularly preferably not less than 2004 oy weeight ,
andhavingighstereoregularity, that is, containing a large amount of a crystalline component is obtained.
[0223]According to the process for preparing the propylene-based block copolymer of the present
invention, moreover, 20 a propylene polymer having a wide molecular weight distribution can be
obtained even by polymsrization of asmall nymber of stages;, .0. , polymerization,of single stage,
without performing multi-stage polymerization, by virtue of the action of the oléfin polymerization
catalyst of. the present invention. 84 [0224]A characteristic of the process for preparing the
propylene-based block copolymer of the present invention is particularly that an olefin polymer having
a higher proportioQ_oif&@gl&ﬂglggglgﬁggvrgi tt%qp_%egllgggeatl?gv§r§4p_ré)p8]iticlwhne9(fe%(Ieow-molecuIar
weight component than a conventional olefin polﬁjmer having an equﬂalent r\ﬁet owrate (MFR) is
obtained in many This characteristic.can ? confirmed by, the later-described gel permeation
chromatography ( @g))%r]neasurement, ar%%%a%% y%nee’r t?a{/?r;%gegﬁ%(ﬁ?gf gﬁ%hﬁ\’/l%v/ Jriev‘g‘a u{rghd a high
Mz/%/v 1Q, }/}@%ue can.be Qgtgﬁnfdp)!% eS;ggWgr%oy(leene obtained by the use of a

parcicu
Z-iscopropyl-2-isobutyl-1, 3-dimethoxypropane,
2,2-diiscbutyl-1, 3-dimethoxypropane,
Z—lsopropyli-Z-isopentyl-1, 3-dimethoxypropaneg,
2,2-dicyclchexyl-1, 3-dimethoxypropane and
15 2,2-bis(cyclohexylmethyl) -1, 3~dimethoxypropane.
[0169] These compounds may be used singly or may
be used in combination of two or more kinds.
[OL7GC] The cyclic ester compounds (a) and {b),
the catalyst component {c) and the catalyst compenent (d) may be
20 consideredtobelongtocomponentscalledelectrondonorshbypersons
skilled in the art. It is known that the electron donor components
exhibit an effect of enhancing sterecregularity of the resulting
polymer, an effect of controlling composition distribution of the

resultingpolymer, acoagulant effectof controllingparticle shape



conventional solid titanium catalyst component comprising magnesium, titanium, halogen and an
electron donor generally has a Mw/Mn value, which is an index of a molecular weight distribution 15
determined by GPO measurement, of not more than 6 and a Mz/Mw value of less than 4 in the MFR
region of, for example, 1 to 10 g/10 min. However,aghen the process for preparing the
propylene-based block copolymer of the present invention is used, a propylene-based block copolymer
having a Mw/Mn value of 7 to 30, preferably 8 to 20 20, can be obtained under the same

polymerizatiopzcondiiicns as abeve. J62261kurtharmare; itthassheenfoung: that.a, palymerhaying a
high Mz/Mw value is obtained by the process for preparing the propylene-based block copolymer of

the presenti b invention: and the: Mz/Murvalye is in the range of 6 . 0 to 2 0, preferably 6.5 to 18,
more preferably 7 to 15. The upper limit of the Mz/Mn value is preferably 300, more preferably 250,

particularly preferalply 200. The lower limit:thereof:is prefgrably, 0, more s.preferably100, particularly
preferably 120. In the process for preparing the propylene-based block copolymer of the present

invention, a-Reiymen baving a highMz/Mw value apdia bigh Mz/Mnyalue is pbtajped in many cases.
[0227]1t has been considered to be a matter of 10 common knowledge by a person skilled in'the art

that aspropylgne polymer having,a high Mw/Mn vajue s excellent in.moldability anddigidity. On the

other hand, a high Mz/Mw value indicates that the content of a high-molecular weight component is
high, and it cande readily expected that the resulting propylene polymer has 15 high possibilities of
high melt tension andexcellentmoldability [0228]If the process for preparing the propylene-based

block copolymer of the present invention is Used, a w&y&rlgﬁgg}@gng C\!Qq% ﬂ@%cglﬁﬂ eight.

distribution, namely a high Mw/Mn value, can be obtained even if mul- i-stage polymérization 20 is not

carried out,nd therfors, dheris;a passibilly that 2 propylene pelygler having. excellentmgldabily

and rigidity can be obtained by a polymer production apparatus of simple form. Wﬁenypolymerization is

g:[gﬁg tOUE by copyeptional multi-5tage RlymeLization pracess.using the glefinpolymerization
10 atom) is desired to be in the range of 2 to 100, preferably 4 to
90,
the cyclilic ester compound {(a)/titanium ratic by mol {i.e.,
number of moles of cyclic ester compound (a)/number of moles of_
titanium atom) and the cyclic ester compound (b)/titanium ratioc
15 bymel {(i.e., number of moles of cyclic ester compound (b) /number
of meles of titanium atom} are desired to bé each in the range
of 0.01 to 100, preferably G.2 teo 10, and
the catalyst component (c)/titanium atom ratio by mol is
desired to be in the range of 0 to 100, preferably 0 to 10.
20 [0173] Preferred ratios between the cyclic ester
compound (a) and the cyclic ester compound (b) are as follows.
The lower limit of the value (% bymol) of 100 x cyclic ester compound
{a) /{cyclic ester compound {a) + cyclic ester compound (b)) is

2% by mol, preferably 25% by mol, more preferably 40% by mol,



86 of the present invention, a polymer having a wider molecular weight distribution can be prepared,
and it is expected that the resulting polymer has more excellent melt tension and moldability.
[0229]Furthermore, if the process for preparing 5 the propylene-based block copolymer is used, a
polymer containing a large amount of a high-molegudar weight component, that is, a polymer having a
high Ms/Mw value and a high Mz/Mn value, can be obtained. Therefore, a polymer having compatibility
of high fluidity with high melt tension is obtained, and injection molding 10 to produce large-sized
products gsshertening-ofinjection melding:cycle hecomes passihle. Moreover, appeasairce of an
injection molded article becomes good, and blow moldability or foam moldability becomes good, that
is, impartation ofymelsing pracessability beromes pessibles $a[02301As-gther preeesses,{gpbtain a
polymer of a wide molecular weight distribution, there are a process comprising melt mixing polymers
of different; mefeculanweights-and mpgeg@gompriﬁggg melt kneading them, but a polymer obtained
by these processes is sometimes insufficient in improvement of melt tension 20 or moldability

considering relatively gamplicated works. The rgasen is: presumedh1o, Be that polymers.of different
molecular weights are basically difficult to mix. On the other hand, in the polymer obtained by the

process for preparingdhe.peapyleneshased block copalymer of fhe-present jnveptian; polymers 87

having different molecular eights of an extremely wide range are mixed on the catalytic level, that is,

nano-level, and hence,Jhe resulting polymer is.expegted fo have highymelt tension,and excellent

moldability. [0231]The propylene-based block copolymer of the present invention hasa characteristic
of a low ceptent of a metal residue derived from a catalyst because a catalyst of high activity is used.
[0232]Apropylene-based polymer obtained by the 10 use or a titanium trichloride catalyst that is well

known as a catalyﬁg) ga}@a}ble of widening %&olggw%wgigﬂ; q,[i]gtéib%g%n c}gg}]acigs ﬁllgr e amount of a

: ma S
metal residue because the catalyst has low activity. It Is said that w enpt%e amount of a metal reside is

arge, evildaflugnce suchiap.fletedoration fanpeatance, 13 lowerng of res properties rgoloring of

. Sjele] 5 .
resin is frequently brought about though it depends upon the use purpose. On that aé)co%%t, deashing
reaiment |3 dengiali,caniag Ly KRe.an 2leohel o an acid.ang apayngeat, whetey a metal
component derived from the catalyst and remaining in the" polymer is femoved.
component {d}, 1s preferably not more than 20% by weight, more
preferably not more than 10% by weight, based on 100% by weight
of the cyclic ester cqmpounds {a}) and (b}.
[0176] As the more detailed conditions for
15 preparing the solid titanium catalyst component (I), the same
conditions as described in, for example, EPS58586%A1 (European
Patent Laid-Open Application No. 0585869) and the aforesaid patent
literature 2 can be preferably used, except for using the cyclic

ester compounds {a) and (b).

20 [0177] Organometallic compound catalyst component

{11)
The organometallic compound catalyst component (II} is an
organometalliccompoundcontainingametal atomselected fromGroup

1, Group Z and Group 13 of the periodic table. Specifically, a



20 In the case of the titanium trichloride catalyst, the amount of a titanium metal contained in the
polymer before deashing is in the range ofabout 30 to 200ppm, butbyperforming deashingtreatment,
the amount of the titanium metal can be decreased down to 2 to 50 ppm. On the other hand, in the
case of the high-activity catalyst 88 used to obtairythe propylene-based block copolymer of the
present invention, the amount of a titanium metal component contained in the polymer before
deashing is in the range of 1 to 30 ppm, and by performing deashing treatment, the amount of the
titanium metakb campenent can he decreased dowi t0:0.1 t©.2:ppex [02331Ryepyleneresinn
composition The propylene resin composition of the present invention is a composition obtained
by mixing dheyprapygnerbased block eapslymer okthe presentinventien with the follewingrvarious 10
additives, preferably with an inorganic filler and/or an elastomer [0234]Stabilizer contained in
propylenesresiy compasition i c Asiglabiizessfor use inthe present invention; publicly-known
stabilizers, such as heat stabilizer, weathering stabilizer, 15 light stabilizer, chloride absorbent, filler,
crystal nugleating agentand sgfiener ganbe usedwitheutianyyestriction: Examples of such
stabilizers include publicly known phenol-based stabilizers, organic phosphite-based stabilizers,

thioether-based stabjlizers, hindered amine-based stabilizars; 2Q highet fatty acid matahsalts such as
calcium stearate, inorganic oxides, and glass fibers. [0235]Other components contained in propylene

resin compagition, Ghe-propylene fesin.composition of.the present invention; 89 may-furhgr,contain
other heat stabilizer, weathering stabilizer, antistatic agent, slip agent, anti-blocking agent, anti-fogging
agent, lubricant, dye, pigpent. fatural oil, Synhetic Qil, WaX @1y nown 1iteratures such

as the aforesaid EP585865%A1.

[0179] Electron dener (III)

10 The olefin polymerization catalyst of the present invention
may further containanelectrondonor (I1I) whenneedead, inaddition
to the above organometallic compound catalyst component {I1). The
electrondonor(lll)ispreferablyanorganosiliconcompound. The
organosilicon compound is, for example, a compound represented

15 by the following formula (4):

[0180] RaSi (R ) amn {4)
wherein R and R’ are each a hydrocarbon group, and n is an integer
cof 0<n<4.

As such organcsilicon compounds represented by the formula

20 (4}, diiscpropyldimethoxysilane, t-butvimethyvidimethoxysilane,
t-butylmethyldiethoxysilane, t-amylmethyldiethoxysilane,
dicyeclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
cyclohexylmethyldiethoxysilane, vinyltrimethoxysilane,

vinyltriethoxysilane, t-butyltriethoxysilane,



5[0236]In order to impart impact resistance to the propylene resin composition of the present
invention, an elastomer component may be added. Examples of the elastomers include a
propylene/a-olefin block copolymer that is different from the propylene-based block copolymer of the
present invention, 10 an ethylene/a-olefin random ggpolymer, an ethylene/a-olefin/non-conjugated
polyene random copolymer, a hydrogenated propylene/a-olefin block copolymer, other elastomeric
polymers and mixtures thereof. These elastomer components are preferably used in an amount of 1 to

100 parts py dSweight mere preferably 2:10-60 patts by-weight, hased 00,100 parts by weight of the
propylene-based block copolymer of the present invention, though the amount thereof is not

specifically. yestrieted: [02371Te the-propyleneresin composition of the 20 present invention, other
propylene polymer components may be added when needed, within limits not detrimental to the effects

of the present drvention-[0238lMoreaver.thepropylengtesincomposition may contain inorganic fillers,
such as silica, diatomaceous earth, 90 alumina, titanium oxide, magnesium oxide, pumice powder,

pumice ballgen-aluminumhydroxide ;magnesium hydroxjde. . basic magnesium earhonate, dolomite,

calcium sulfate, potassium titanate, barium sulfate, calcium sulfite, talc, clay, mica, asbestos, glass

fiber, >glags dake glass bead calcium.silicate, moptmorilopite, benjpnite, graphite, aluminum powder,

molybdenum sulfide, boron fiber and silicon carbide fiber, and organic fillers,’such as polyethylene

fiber, poWHEQH}’&Q%@?@EyEB@EﬁE‘?&QQ%o@?}%ﬁ”ﬂ@f?eﬁber and carbon fiber, within limits not detrimental

10 to the object of the présent invention. These fillers'are preferably used in an amount of 1 to 100

parts by Vﬂ@@'ﬂ%@l‘?ﬁ?ﬁéﬁ%%&@@o&@éﬁ %l){vee’ight, based on 100 parts by weight of the

propylene-based block copolynier of the present invention, though the amount thereof is not

specifically Jestricted. %E‘Q@é@ﬂ;’iﬂfgtpr{gg)gegﬁébgg?debé%qk %?t%o%mer used in the present invention

has a characteristic that it contains a relatively large'amount of a hlgﬁ?dblecular weight component, as
described above.Sttﬂ% é(@r%wn that the hlgi‘b@orlﬁlcular we ght Eﬁ%@g{’g@ﬁ”t tendi to ElEJndergo scission due

to energy, such as heat, 20 light or shearing. moletular séission ta gg\p/%%:e?{he’ molecular weight

RS o e S e U S et prdpperormance e
addmves8§%yggg¥¥¥gégg§ﬁ%qgg%hoxysilane and
dicyclopentyldimethoxysilane are preferably used.
[0182] A silane compound represented by the
following formula (5), which is described in International
15 Publication No. 2004/016662 pamphlet, is also a preferred example
of the organosilicon compound.
[0183] S1i{OR*)3(NR"R%) (5)
In the formula (5), R*® is a hydrocarbon group of 1 to 6 carbon
atoms, preferably an unsaturated or saturated aliphatic
20  hydrocarbon group of 1 to 6 carbon atoms or the like, particularly
preferably a saturated aliphatic hydrocarbon group of 2 to 6§ carbon
atoms. Examples of such groups include methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group, isocbutyl group,

sec-butyl group, n-pentyl group, isopentyl group, cyclopentyl



91 the conventional ones or to increase the amounts of the additives added. [0240]Resin molded
products Examples of resin molded products made from the 5 propylene-based block copolymer
include inj ection molded product , molded foam, injection molded foam, extruded product, blow
molded product, vacuum/pressure formed product;;ealendered product, stretched film and inflation
film. [0241]The above various molded products are 10 described below in detail [0242]Injection
molded product The injection molded product of the present invention has an excellent balance

between rigidity-and lowiemperatuge impact esistanceg and i is free fromydefests such.as flow mark

and 15 graininess, that is, the moldedproduct appearance is good. Hence, such injection molded

products of $he present inventiop canhe,preferably used particularly for automotive exterior trim parts,
such as bumper, side molding, fender and under cover, automotive interior trimparts , such as

instrument panel, doggtrim and pillar, 20 qrggi@%og@rg@{g@e@}garﬁ@, other, aiq%pgg\éergggs,
household appliance parts, food containers, beverage containers, medical containers, containers, etc.,

though theji-usg, appligations are.netspecifically restricted 10243]As,the-mojding cpnditions to produce

the 92 injection molded product of the present invention, hitherto publicly khown conditions can be

adopted without any.cesiriction J0244IMolded fapm The mplded foam of she presantnygnian can be

produced 5 by heating a resin composition for forming a foamed product, which comprises the

propyleneshased: hiackeRoPamer of the-reaent Ivention, a bianing Agent, and finegessary. an
organic peroxide, a crosslinking assistant, etc. [0245]As examples of general processes for
hydrogenatom, methyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, iscbutyl group, sec-butyl group, n-pentyl
group, isopentyl group, cyclopentyl group, n-hexyl group,
IO. cyclohexyl group and octyl group. Of these, ethyl group is
particularly preferable.

[0185} In the formula (5), R® is a hydrocarbon
group of 1 to 12 carbon atoms or a hydrogen atom, preferably an
unsaturated or saturated aliphatic hydrocarben group of 1 to 12

15  carbon atoms or the like. Examples thereof include methyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, sec-butyl group, n-pentyl group, isopgnty&.group,
cycleopentyl group, n—hexyl group, cyclcohexyl groupandoctyl group.
Of these, ethyl group is particularly preferable.

20 [0186] Examples of the compounds represented by
the above formula (5) include:

dimethylaminotriethoxysilane,

diethylamincotriethoxysilane,

dimethylaminotrimethoxysilane,



10 producing a molded foam, there can be mainly mentioned the following two processes. [0246](1) A
process comprising heating the propylene-based block copolymer, a decomposition type blowing
agent and if necessary other additives to melt hem and subjecting 15 the melt to foam molding.
[0247](2) A process comprising forcing a volatile type blowing agent into the propylene-based block
copolymer that is in a molten state and then extruding the copolymer by an extruder to perform foam
molding. 20[0248]The decomposition type blowing agent used in the process (1) is a blowing agent

which is decomposed t¢: generate axgas-suich:as carenjc acid gas or nitrogen gas, and it may be an
inorganic blowing agent or may be an organic blowing agent. Moreover, an organic acid to accelerate

generation of a gasimay 93:heasded-and-usedin combination. Examples of the decomposition type
blowing agents include the following compounds: [0249](a) inorganic blowing agents, such as

sodium bicarbonatg, -sedipra sanbonate,rammaniy hicarhenate, 5 ammonium carbonate, ammonium
nitrite, citric acid and sodium citrate; and [0250](b) organic blowing agents, e.g., N-nitroso compounds,

such as N,N'-dinitipseterephthalamideiand N.N'rdinitiosepentamethylenetetramine, azo compounds,

such as 10 azodicarbonamide, azobisisobutyronitrile, azocyclohexylnitrile,

azodiaminobenzepegndhariymazadicarboxylate, sufanylhydrazide compounds such as
benzenesulfonyl hydrazide, toluenesulfonyl hydrazide, p,p'-oxybis(benzenesulfonyl hydrazide) and

diphenylsulfone-3e3 lslfonybtiydrazide, and azide carpouns, 15 such as calcium azide,
y

4,4'-diphenyldisulfonyl azide and p-toluenesulfonyl azide. [0251fThese blowing agents can be used

singly or in combipatigp of; two_ormores kinds. Of these, carbonates ot hydrogencarbonates such as

sodium hydrogencarbona e are
methylethylaminotriethoxysilane.

[G187] Another example of the organosilicon

10 compound is a compound represented by the following formula (6).
[0188] RNS31 (OR%) 5 (6)

In the formula (&), RN 1is a cyclic aminc group, and this
cyclic amine group is, for example, perhydroquinclinoe group,
perhydroisoguincelino group, 1,2,3,4~tetrahydroguinolino group,

15 1,2,3,4-tetrahydroisoquinoline group or octamethyleneimino group.

R* 18 the same group as defined in the formula (5). Examples of
the compounds represented by the above formula (6) include:

(perhydroguinolinc)triethoxysilane,

(perhydroisoguinolino) triethoxysilane,

20 (1,2,3,4-tetrahydroguinolino)triethoxysilane,
(1,2,3,4-tetrahydreiscquinolino}triethoxysilane, and
octamethyleneiminotriethoxysilane.

[0189] These crganosilicon compounds may be used

in combination of two or more kinds.



20 preferable. The amount of the blowing agent added (kneaded) is selectedaccordingto the type of
the blowing agent and the aimed expansion ratio, and is preferably in the range of 0.5 to 100 parts by
weight based on 100 parts by weight of the propylene-based block copolymer. 94 [0252]In order to
control the size of a cell diameter of the foamed product, a blowing nucleating agent, such as an
organic carboxylic acid (e.qg., citric acid) or talc, may be used in combination . The blowing nucleating
agent is preferably added in an amount of 0.01 to 1 part by weight based on 100 parts by weight of the
propylene-based blockscapolymer. [0253]rtberprecess ) thei propylene-basad-blogk-copalymer and
the decomposition type blowing agent are both fed to a melt extruder , then with melt kneading them at

an approptiater1Q temperature; the-blowing-agentis thesmally decpmposedtegangrate agas, and the
molten propylene-based block copolymer containing the gas is discharged from a die, whereby a
foamed preduet:can beqraducednthamek koeading,temperature and the: mel koeading tige in this
process are properly determined according to the type 15 of the blowing agent used and the kneading
conditionsp anet she snelt kneadingcap beusually carried.out at ameltkneading temperature.of 170 to
300C for a melt kneading time of 1 to 60 minutes. [0254]Preferred examples of the volatile type 20
blowing agents fardusedprthe progess{?) include aliphatic hydrocarbons, such as propane, butane,
pentane, hexane and heptane; alicyclic hydrocarbons, such as cyclobutane, cyclopentane and

cyclohexane; haloggnated hydrocarbons, sch,as ehlorodiflupromethane, difluaromethane;, .

trifluoromethane, 95 trichlorofluoromethane, dichloromethane, dichlorofluoromethane,

dichlorodifiyoromethane,driehlorpfiupromethans, chioromethane, chigrqethane, dichlorofriflyoroethane,

dichlorofluoroethane, chlorod fluoroethane, dichloropentafluoroethane, 5 tetrafluoroethane,

difluoroethang, peatafiuorgethane  triluoroethane, dichiprotewafiuprosthane, yichigrotflugroethane,

tetrachlorodifluoroethane, chloropentafluoroethane and perfluorocyclobutane; inorganic gasés, such

as carbon,dioxide. biftegen and alr; gadwaler, TheserA0 xolatle iype blgwing agents ca g used
singly or in combination of two or more kinds. [0255]Although the amount of the blowing agent
16 assiiica,anzantistaticagent,eaparticlecoagulantandeastorage
stabilizer. For example, when particles are formed by the use
of magnesium chioride and ethancl, sorbitan distearate is used

as a preferred compound of the particle coagulant.

[0192] Process for preparing preopylene-based block

15  copolymer
The process for preparing the propylene-based block
copolymer of the present invention is not specifically restricted,
as long as the propylene-based block copolymer satisfies the
requirements [1] to [3] and preferably further satisfies the
20 raeguirements [4] and [5].
[0193] In the process for preparing the
propylene-based block copolymer of the present invention,

polymerization may be carried cut in the presence of a

prepolymerized catalyst that is cbtained by prepolymerization of



added (kneaded) in the process (2) varies depending upon the type of the blowing agent and the
aimed expansion ratio, it is preferably 15 in the range of 0.5 to 100 parts by weight based on 100
parts by weight of the propylene-based block copolymer. In the process (2), the propylene-based block
copolymer is melted in an extruder, then the volatilestype blowing agent is forced into the extruder and
kneaded with the molten propylene-based block polymer with 20 maintaining the system at a high
pressure, and a kneadate of the sufficiently kneaded propylene-based block copolymer and the volatile

type blowing agest is-extruded-fromeas die; whereby, a faamed product cande produced. The melt
kneading temperature and the melt kneading time in this process are properly selected according 96

to the type.efi thedblowing: agentused and the kneading conditions, The seltkneading temperature is

usually in the range of 130 to 300C, and the melt kneading time is usually in the range of 1 to 120

minutes. 5{Q256linthe-preduction.of the-mplded foam of thejresent inyeption, g&&%@%?@oxide

may be used, when needed. This organic Peroxide is preferably used in an amount of 0.01 to 5 parts

by weight opayticulasly preferably 0; O g%ﬁfﬂfg&@%%@ﬁ&;?%eé@nz%o gartgéwc?i%m of the

propylene-based block copolymer. 10 [0257] in the production of the molded foam of the present

invention, &-crogslinking-agsistapt.may;be used, when gﬁgggd. The funct ons of the crosslinking
ide

assistant are as follows. By virtue of the organic peroxide, hydrogen of an olefin polymer is abstracted

to thereby generaiga Ep&)!ymer radical, and bef e ;i}get pco(%rggg1 g:adéccal C%erdenrgcorgeg %Ieg¥%%e reaction,
the polymer radical is reacted with the crosslinking assistant, whereby the pojlymer radical is stabilized,

and at the same iy sgessliking,sfigpoy s eahanced. Examples ot he ciosslipkng assistants

having such functions an unsaturate compoung usually 50 having one or'more double bonds,

an oxime EBH‘@QHE‘%% nitroso cam ound and amaleimide ct%r,n ound. These crosslinking assistants
are used singly or in com I|1najftl|qon ot;8 WO or r%%regﬁn%%? Pe ig%ﬁﬁéa Fnlo?&éd foam of the present

invention may be | agy form, and may be,in the form of a block, a sheet 97 or a monofilament. For
producing the moltcribedgé);m of the presen%?neve%?%ﬁ?%rﬁ Qel Bpoﬁyfer%%a%%&b?fogl%E:%B&I?Hrher, a

hitherto publicly known foam molding apparatus can be.used. As the molding conditions, hitherto
pubﬁcly kr(ljgvjxclﬁ CORAitONE Can n(i: a@%}até‘& 5 ﬁ)’%@?@ REMple a Eomposttioh 6htaiNEd B mixing

the propylene-hased block copolymer, a blowing agent, and jf necessary, an organic peroxide, a
crosslinking %%%?s%/aﬁtna%%% ﬁg&gs?a%ﬁizaer%& %h@gal% gtﬂe? énotﬁgaﬁdregﬁﬁ%%ﬁﬁﬁgl Yaflo By a
Henscheldnig)(?r a \%?Iendgr, aribbonbleydei, a tumbler blender 10 or the like is kneaded by the use of
an extruder, preferably 3 verted Extrtidar ity absorting anlinecdssary ToiGtie ddbSaRTE through a
vent provngdtigéhe rear of the hi%h-temperature heating zone, When the organic peroxide is added,

kneading 7s cairried outTh tHe Tempéritiite tange Whetd thie ofginic- parbxigeiRat vm -

[0196] The amount of the organometallic compound

15 catalyst component (II) in the prepolymerization has only to be

such an amount that a polymer of 0.1 to 1000 g, preferably 0.3

to 500 g, is produced based on 1 g of the solid titanium catalyst

component (I), and the amount thereof is desired to be usually

in the range of about 0.1 to 300 mol, preferably about 0.5 to 100

20 mol,particularlypreferabiy1?1)5Omol,basedORIEmoloftitanium
atom in the solid titanium catalyst component (I).

[01987] In the prepolymerization, the aforesaid

electron donor (III), etc. may be used when needed, and these

components are used in an amount of 0.1 to 50 mel, preferably 0.5



15 decomposed but the blowing agent is not decomposed. [0260]The melt containing foam cells is
discharged from a T-die or a cylindrical die to preferably form a sheet, whereby a foamed product can
be produced. When the melt is discharged from a cylindrical die, the resulting cylindrical 20 sheet is
usually smoothed as it is or cut into plural portions7and then smoothed, followed by taking off the
smoothed sheet. [0261]The molded foam produced from the propylene-based block copolymer
obtained by the process in the present invention preferably has a density of 0.09 to 0.6 g/cm3, 98

particularly preferably, Orkh-to 9:3-glernd; Trom the viewpaint Hal suchr-a melded foamthasifavorable
lightweight properties, heat insulation properties, cushioning properties against external stress, or

compressionssirangthnthergiore, therexpansionsradio s of thexmpeldedfoam;is preferably in the range
of 1.3 to 10 times, particularly preferably 1.6 to 6 times. [0262]Although use applications of the molded

foams of the preseptiipyention are not spegificalh festricied. there sande, specHically speptiened, for
example, stationery such 10 as file case, automotive interior trim such as automotive roof liner, trays,

food trays, gentainersfor nogdiess unch baxes, fast.foed eantaingrs, retart.econtainess figzen food
containers, containers for daily dishes, heat-resistant containers for microwave oven, cups, synthetic

wood, origipalshests of variqus g@@n%@@mﬁ%\f@@g@@ Lushioning materials, various heat
insulating materials, various sound insulating materials and various vibration insulating materials.

[0263]Injection mglgeddgam Since the propylenezhased block copelymer of the Rrgsent.20 invention

has high melt tension and excellent balance between rigidity and impact resistance, an injection

molded fagm, having high gxpansion ratio, favorahle. surface appearance and excellent mechanical
strength can be obtained from the propylene-based block copolymer of the present invention.

aliphatic hydrocarbons, such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecane and kerosine;

10 alicyclic hydrocarbeons, such as cyclopentans,
methylcyclopentane, cyclohexane, cycloheptane,
methylcycloheptane and cyclooctane;

aromatic hydrocarbons, such as benzene, toluene and xylene;

halogenated hydrocarbons, such as ethylene chloride and

15 chlorobenzene; and

mixtures of the above hydrocarbons.

[0200] Of the above inert hydrocarbon media, an
aliphatic hydrocarbon is particularly preferably used. When the
inert hydrocarbon medium is used as above, the prepolymerization

20 1s preferably carﬁied cut by a batch pﬁocess.

[0201] On the other hand, the prepolymeriztion
may be carried out using an clefin itself as a sclvent. The
prepolymerization may be carried out substantially in the absence

of a solvent. In this case, the prepolymerization is preferably



99 [0264]The injection molded foam of the present invention can be produced by subjecting an
injection molded foam-forming resin composition, which comprises the propylene-based block
copolymer, a blowing agent, and if necessary, 5 an organic peroxide, a crosslinking assistant, etc., to
injection foam molding. For the purpose of impartirng impact resistance and rigidity to the injection
molded foam, a propylene-based resin composition obtainedby adding an inorganic filler and/or an
organic filler and an elastomer component to the propylene-based block 10 copolymer may be
subjected ¢a ijeetion-feam:-Brotding o: 5 1{0265] As the blowing agents for the injection foaming,
blowing agents usually used for injection foam molding, such as a chemical blowing agent and a

physical blowing agent.can be used withayl.any restrictionqThe ehemical blowing agent 18is mixed
with a resin in advance, then fed to an injection molding machine and decomposed in a cylinder to

generate agasisiichias carhanis acid-gas. {02661Examples of theahemical blowing,agents include

inorganic chemical blowing agents, such as sodium 20 bicarbonate and ammonium carbonate, and

organic chemical blowing agents, sych as.azodicarbgnamide 80d, ¢ e rab 1y propylene.
N,W-dinitrosopentamethylenetetramine. The physical blowing agent is injected in the form of a gas or

a supercritical quiq @Qt@g;\} molten resin in %ﬁgligg%%gfr%@ﬂgiqg{n@ggig% g{;g ﬂ?ﬂ@?ﬁ%etdi 400 or

dissolved therein, and it functions as a blowing agent upon release of a pressure after it is injected into

a mold. Examples, of the physical hloying-agspts inglude aliphatic hydigearbons, suchzas-propane and

butane, alicyclic hydrocarbons, suchas cyclobutane and cyclopen ane, halogenated hydrocarbons,

such as cm%%digg%@g}egmge and dichlergmethane, and inorganic gases, such as nitrogen, carbonic
acid gas and air . These physical blowing agents may be used singly or in combination of two or more

kinds. [0267]Of th@@ﬂt@@/ja blowing agents, an,inorganic éLgithae{nlig%l lelr?gvgnjq_sa%%rgg% gcr{e}‘)eégble as the
chemical blowing agent, and an inorganic gas, ‘such ds nitrogen, carbonic acid gas or air, is preferable

as the physical blowi ~because a usual injection moldin chine can be safely used, and
ysed) P (%\ﬁggp%%e%%t(?%e% ga% 1§>ri 5([> 5 évsj]%ho%te ; }t)gjs“[?a‘ii

uniform and fine cells are a e obtaine Inor o} %ﬂ;ﬂ%&%in uniform and fine cells of

the %Oldeéjrfé’&% ll%%ifgaaci%% e.g. ocri%asni%%igg such as citric acid, and nucleating agents, e.g.,
inorganic fine"par cles saén as Tithitim carﬁonate, maybe added to these blowing agents, when

needed. 20[0269]55%%15t51e viewpoints of Q%n%lglneq

present invention, the
polymerization is divided into a step for preparing a crystalline
p;opylemewbased {co)polymer and a step for preparing a copolymer
rubber, and the olefins used (that is, polymerized) in either step

15 are propylene and one or more clefins selected from ethylene and
a-oclefins of 4 to 20 carbon atoms. Examples of the wo-olefinsg of
4 to 20 carbon atoms include straight-chain olefins, such as
l-butene, l-pentene, l-hexene, l-octene, l-decene, l-dodecene,
l-tetradecene, l-hexadecene, l-octadecene and l-eicosene, and

20 Dbranched olefins, such as 4-methyl-l-pentene, 3-methyl-l-pentene
and 3~-methyl-l-butene. Of these, l-butene, l-pentene and
4-methyl-l-pentene are preferable. Accordingly, examples of
preferred combinations of olefins include propylene/ethylene,

propylene/l-butene, propylene/l-pentene,



properties, storage stability and dispersibility in the polypropylene-based resin, the inorganic chemical
blowing agent is preferably used as a masterbatch of a polyolefin-based resin having a concentration
of usually 10 to 50% by weight. 101 [0270]The amount of the blowing agent used is properly
determined according to the expansion ratio of the-fipal product, the type of the blowing agent and the
resin temperature in the molding process. For example, the inorganic chemical blowing agent is
preferably used in an amount of not less than 0.5 part by weight but not more than 20 parts by weight,
more preferablyynailessithagcl part byweightbutnetpora.than 0 parts bywsight kased on 100

parts by weight of the propylene-based block copolymer of the present invention. By the use of the

blowing 1Q,ageRtinanamayntefiihe.ahovedange,a molded foam having an expansion ratio of not
less than 2 times and containing uniform and fine cells is apt to be economically obtained.

[0271]Morgever, additives r&:9e rstatilizerssuch as aptiexidant, ;etaldeactivaier, phosphgtus-based

15 processing stabilizer, ultraviolet light absorber, ultraviolet stabilizer, fluorescent brightener, metal

soap and abgarbent antacid, crogslinking:agent, chain fransfer, pgens, nuglgating.agent, plasticizer,

filler, reinforcing material, pigment, dye, flame retardant and antistatic agent, maybe used in

combinatign. 20-Althpuah.it, is-a maiter, of coursethatthese additives are usedwvhen needed in

amounts not detrimental to the effects of the present invention, they are preferably used in amounts of

not less than,, 01 partby,weight but not more than. 10 parts by, weight based on 100 parts by weight of

the propylene-based block copolymer of 102 the present invention. [0272]Next, the'injection foam

molding pgqggslgé%gggq{@gglig} %@lki@%@?ﬂgo the injection foam molding process, a publicly known
process is applicable, and the maolding conditions are properly controlled according to the MFR of the

polypropylene-bas&gizr(ﬁgﬁn, the type of thefgl é"%"?%?g\?%ﬁhﬁht&%% o& _t_l‘(l} éngj{gggg mggl%iggi%nd the
shape of the mold. In the case of a polypropél)ene- ased resin, injection foam mblcﬁng Is usually 10

carried out under gb on 'I&%ns gf gl,{es'én temperature 8f 139 t0.250C, a mold temperature of 10 to
100C, a mo§| g cyc?fle% ofl to 60rrl11|nutéas, asr%ﬁ/j%%ﬁgn?ar%eo?loto%% msn éleechnadladr?iﬁj%é%ﬁ %ngsure of
10 to200 MPa,,There are varioys processes for in-mold foaming, and of these, a so-called core back
process (movi¥1g Cavity 15' pro’cess% wherein & mold constitited of 4 fixed coré and a moving core that
is movable bacégacn(i goortrlll t%(t:pe %gggv%05|tlon |§gsel\% nd after c mglsetlon (if mleeggon, the moving

. ma . r C 1S SUC CYCi.0 e
core is moved o) perf%rm foaming 1s preferabie, because 4 non-fodm ISyerisiormed on the

surface, the f layer inside tends to have uniform
cyéfg%eﬁ%ene, norbornene ané {etxacyclododecene; conjugated

dienes, such as iscprene and butadiene; and compounds having many
unsaturated bonds, such as non~conjugated dienes, may be also used

15  as polymerization raw materials. These compounds may be used
singly or may be used in combination of two or more kinds (the
clefins used together with the above ethylene and w-olefins of
4 teo 20 carbon atoms are alsoc referred to as “other olefins”
hereinafter).

20 102077 Of the above-mentioned other olefins,
aromatic vinyl compounds are preferable. Other olefins may be
used in combination as long as the amount thereof is a small amount,
e.g., not more than 10% by weilght, preferably not more than 5%

by weight, in 100% by weight of the total amcunt of olefins.



20 and fine cells, and a molded foam having excellent lightweight properties is apt to be obtained.
Moving of the moving core back may be carried out in one stage or may be carried out in plural stages
of two or more stages, and the speed to move the moving core back maybe properly controlled. Thus,
an injection molded 103 foam can be obtained. [0244]The propylene-based block copolymer of the
present invention has high fluidity in the melting and has high melt tension_ Therefore, by the use of
the propylene-based 5 block copolymer, large-sized injection molded foams having high expansion

ratio, excellent lightweight properties and ggod jsurface appearance-are gbtaingd. The injection molded
foams can be widely used for automotive interior trim, such as luggage box, console box, tool box and

door trim, gontainers dori foed packagding: 10 househeld; appliance housing, boxes for daily use

miscellaneous goods, etc. [0275]Extruded product The extruded product of the present invention

is produceghy subjgctin U@dprﬁﬁxl%e%bﬂ%@@%@%@ym%@éy& present 13 ipygntion to
-Da

extrusion process. Since the propylene-based block copolymer has high melt tension, high-speed

extrusion begomes possible, andJlargessized articles ¢an be gbtajped, [02761Rqr producing the

extruded product of the present invention from the propylene-based block copolymer, a 20 hitherto

publicly known exiryding apparafys can he,used, Forexample..a single screw exiuider, a kneading

extruder, a ram extruder, a gear extruder or the like is used. In the extruder, a ring die or a T-die may

be installed. [0277@6@ 5% extrusion Con.di%ré% héthggg C%Q%guglﬁg kg%WQﬁQP%%ions are adoptable.

Of such extrusion conditions, the following conditions are preferably used to produce an extruded
WDd”C““§Q§§H%%¥E£P§%WODs adopted as the polymerization, the aforesaid

inert hydrccarbon for use in the prepolymerizaticn may be used
as the reaction solvent, or anolefin that is liquid at the reaction

10  temperature and the reaction pressure may be used as the reaction
solvent.

[0210] In the polymerization in the process for
preparing the propylene block copolymer of the present invention,
the solid titanium.caﬁalyst compenent (I} is usually usaed in an

15  amount of abeout 0.0001 to 0.5 mmcl, preferably about 0.005 to 0.1
mmol, in terms of titanium atom, based on 1 liter of the
polymerization volume. The organometallic compound catalyst
component (II) is usually used in an amcunt of about 1 to 200C
mol, preferably about 5 to 500 mel, based on 1 mol of titanium

20 atomintheprepoclymerizedcatalyst component inthepolymerization
system. When the electron donor (III) is used, the amount thereof
is in the range of 0.001 to 50 mol, preferably 0.01 to 30 mol,
particularly preferably 0.05 tc 20 mol, based on 1 mcol of the

organcmetallic compound catalyst component (IT).



[0278]For example, by the use of an extruder 5 provided with a T-die, a sheet is produced at a resin
temperature of 100 to 300C, preferably 150 to 270C, and a T-die temperature of 80C to 270C,
preferably 130C to 250C, [0279]For cooling the extruded product, water is used, or when a sheet is
produced, an air knife or a cooling 10 roll may be gsed. By feeding paper or cloth onto a roll in the
extrusion, artificial leather, waterproof cloth and various laminated articles can be produced. [0280]In
the extruded products, a so-called  extruded profile having a characteristic of a grain-like surface

15is also included; §0281] The extruded profile of the: present invention.is praducer-by isubkjesting the
propylene-based block copolymer to contour extrusion. Since.the propylene-based block copolymer

has high melt tensiens shaping prepetiesase excellent; L0and.drawdovwrs tends-tg pe imrpeaved.
[0282]For producing the molded profile, a hitherto publicly known process, such as a process

comprising {feeding a-restmaamaining afiller suchas weodmeal 9k talg Joan extrugder and gxtruding
the resin from a die having a desired 105 shape or a process comprising side feeding a
filler-contaiging resinteran; extruder separately from a base resin, can be adopted. Specifically, a
process described in Japanese Patent Laid-Open Publication No. 138176/2002 can be adopted.

5[0283]Although ysgapplications of the extruded pradugts of the present invention are. net specifically
restricted, there can be mentioned, for example, moldedprofiles, such as gutter, curtain rail, window

frame, Sh%'ﬁv%@?ii%‘i@?@%@if&ﬂ'@@ﬁi%ﬂ%ﬂ%9‘5‘&5jfBUl59%}5@%@%@&?@@?@ a0d. othets, sych as
tube, 10pipe, hose, electric wire (covered), Tilm, sheet, plate, fiber, tape and monofilament.
the range of about 20 to 200°C, preferably about 30 to 100°C, more
preferably 50 to 90°C. The pressure {gauge pressure) is usually

set to normal pressure to 100 kgf/cm?

(9.8 MPa}, preferably about

10 2 to 50 kgf/cm® (0.20 to 4.9 MPa). In the process for preparing
the propylene block copolymer of the present invention, the
polymerization can be carried cut by any of batch, semi-continuous
and continuous processes. The polymerization may be carried out
in twe or more stages different from one another in reaction

15 conditions. By carrying out such multi-stage polymerization, it
becomes possibleto furtherwidenthemolecularweight distribution

£

of the olefin polymer.
[0213] The process for preparing the
propylene-based block copolymer of the present invention is
20 described in mcre detail.
[0214] Rccording to another information by the
present inventors, the n~decane-insoliuble portion (Dinsocl! to

constitute the propylene-based block copolymer of the present

invention is substantially the same as a propylene homopolymer,



[0284]Blow molded product The blow molded product of the present invention is produced by
subjecting the propylene-based block copolymer to blowing. 15 Since the propylene-based block
copolymer has high melt tension, high-speed blow molding becomes possible, and large-sized articles
can be obtained. [0285]For producing the blow malded product of the present invention from the
propylene-based block copolymer, 20 a hitherto publicly known blow molding apparatus can be used.
As the molding conditions, hitherto publicly known conditions can be adopted. Of such molding
conditionss the-follpvdng: coneiions e preferaly ysed ¢ producen molded produatdn thewpresent
invention. 106 [0286]Inthecaseof, forexample, extrusionblow molding, a resin is extruded from a die at

a resin terapernatuterefnl Z0-10-300G Jpreferablycki0 192 7RG Lo founa tubularparisen, theg.the parison
is held in the corresponding mold, and thereafter 5 air is blown to fit it into the mold at a resin

temperatuse ©f 13040 270C, preferably 200 to 270G, dndhis casenthersiratch ratiq can he preferably
set to about 1.5 to 10 times in the cross direction. [0287]Although use applications of the blow 10

molded produgts-of-ihe-present invention, are not specifically:restricted, there can e mentigned, for
example, automotive exterior trim, such as automotive bumper, automotive spoiler, side molding, front
grille guardrand-bymper guard; automotive interior trim, such as sun visor, radiator tank, washer tank,
duct, 15 distributer, evaporator case, console box, indicator panel and door trim; containers, such as

kerosine tank, foogygontainer, shampoo cgntainer, cosmetic.container, detergent container, medicine

container and toner container; and others, such as toy and container. 20[0288]Vacuum/pressure

formed pradutts o, (T, YacuumigeRseute farmed pipduct plthe preseghueplion iy pradhced by
subjecting a sheet of the propylene-based block Copolymer of the presentinvention to'vacuum forming
or pressu&@g% lS,in%e wﬁo@@?&?@%}l%%’ﬂ'gdé 888‘3‘%@@% ,hag high melt 107
propylene/ethylene/u-olefin copolymer or a mixture of two or more
10 kinds thereof (“copolymer” also includes random copolymer).
[0216] Accordingly, the propylene-based block
copolymer of the present invention can be generally prepared by

any one of the following preparation processes.

[0217] Process A

-
3]

A process wherein the following two polymerization steps
{polymerizationstep landpolymerizationstep?2) areconsecutively
carriedout toprepareapropylene-basedblockcopolymer satisfying
the requirement [1] to the requirement [3] and preferably further
satisfying the requirement [4] and/or the reguirement [5]

20 (hereinafter, this process is sometimes referred to as a
“consecutive polymerization process”, and the propylene-based
block ceopeolymer obtained by this process is sometimes referred
to as a “propylene-based block copolymer {(A)”7).

[0218] Polymerization step 1: step for preparing



tension, the sheet is sufficiently deformed according to the shape of the mold. In the case of the
vacuum/pressure formed product of the present invention, therefore, production of large-sized articles
is possible, and deep drawing is also possible. 5[0289]For producing the vacuum/pressure formed
product of the present invention from the propyleng<based block copolymer, a vacuum forming
apparatus or a pressure forming apparatus hitherto publicly known can be used. As the forming
conditions, hitherto publicly known conditions can be adopted. 10 [0290] For example, a molded

product inghedorm ©f arsheelwbiaingd drom the; propylene-hased blegk cepelymeris hietd on a mold of
a desired shape at a temperature of 180C to 300C, preferably 100C to 270C, particularly preferably

120C to 20C. and:-thesrpald isevacuatedn o meampressed-gasiis injested kb4nto theanelek or a
compressed gas is injected into the mold, whereby a vacuum/pressure formed product is obtained.

[0291]Although-userapplicatiens: efihe acuym/pressute farmeg.predusts.ofthe presgntrvention are
not specifically restricted, there can be mentioned, for example, 20 automotive interior trim such as

automotive £egkliner; refdgeraterinterior kim washingmachine intedor onexteror trim,yjelly

containers, disposable lunch boxes, trays, food trays, foamed trays for food, Tofu packages, cups,

bagssheat-resistang gontainers for microwaye avan, machiperotestivecases,.apd. 108 meychandise
packaging cases. [0292]Calendered product The calendered product of the present invention is

produced @y&mqqm@ﬂhgﬁrgew%@e-pﬁé%glcg%%g%mge%%thsr@eé%nhie\f%mé%t&%endering.

Since the propylene-based block copolymer has high melt tension, a film having a thickness of little

unevenness can:he;obtained: {0293JFar prgucing.the calgndered progugt of fhe present inyention

from the propylene-based block copolymer, 10 a hitherto publicly known caiendering apparatus can be

used. As the.calendering.conditions, hithertopublicly kngwn gonditiops can be %%%%8? [0294]For
example, a calendering apparatus of series type, L type, revérse L type, Z type or the I|l¥e can be
rubber preparation step).

10 [0220] Process B

A process wherein the (co)polymer formed in the
polymerization step 1 of the process A and the copolymer formed
in the polymerization step 2 of the process A are independently
prepared in the presence of a solid titanium catalyst component,

15 and then they are blended by a physical means (hereinafter, this
process is sometimes referred to as a “blending process”, and the
propylene-based block copelymer obtained by this process is
sometimes referred to as a “propylene-based block copolymer (B)”).

(02211 The propylene-based block copolymer of

20  the present invention is obtained by carrving out
homopolymerizationofpreopylene inamediumofpropyleneorcarrying
out preparation of a propylene-based copolymer containing a

skeletonattributable tooneormereclefins selected fromethylene

and a-olefins of 4 or more carbon atoms in an amount of not more



15 used. As the calendering conditions, the resin temperature is in the range of 100C to 300C,
preferably 130C to 270C, and the roll temperature is in the range of 100C to 350C, preferably 130C to
300C, particularly preferably 150C to 270C. [0295]By feeding paper or cloth to the roll in 20 the
calendering, artificial leather, waterproof cloth and warious laminated articles can be produced.
[0296]Although use applications of the calendered products of the present invention are not
specifically restricted, there can be mentioned, for example, original sheets 109 of various cards and

original sheetsrof daily-use miscellaneausgeadss {9287]Stretohed film, the stietched film of the

present invention is produced by 5 subjecting the propylene-based block copolymer of the present

invention tpstretehing.-Sinee the prapyene-based block capolymerhas, hiﬁ!bfeit tensiony, it,has excel
lent molding stability and can be molded at a high speed. [0298]The stretched film of the present 10

invention usially hag adhickness h8.19 200:pm, preferably 10 10-120 pa. Whep,the strgtehed film of

the present invention is a biaxially oriented film, it usually has a stretch ratio of 20 to 70 times,

preferably 401t 6Q-times,andmhenthe strefched il of the present igyention is.a manoaxially
stretched film, 15it usually has a stretch ratio of 2 to 10 times, preferably 2 to 6 times. [0299]For

produging the siretehed flm of the presgat invention frane the prapylene-based black copalymer, a

hitherto publicly known stretching apparatus can be used. For 20 example, tentering

(lengthwisehwicianiser stiRiehing, widifuise/enattwise stretsfilng). Siruliansous hiaxial grigptation
and monoaxial stretching can be used. [0300]As the molding conditions, hitherto
finally obtainedpropylene-basedblock copolymer is characterized
by being constituted of 5 to 80% by weight of the room temperature
n-decane-soluble portion (Dscl) and 20 to 95% by weight of the
10 room temperature n-decane-inscluble portion (Dinsol).
(02227 When homopolymerization of propylene is
carried out using such an oclefinpolymerization catalyst as above,
a propylene-based block copolymer having a decane-insoluble
component content of not less than 70% by weight, preferably not
i5 less than 85% by weight, particularly preferably not less than
90%byweight, andhavinghighstereoregularity, thatis, containing
a large amcunt of a crystalline component is obtained.
[C223] Accordingto the process for preparing the
propylene-basedblock copolymer of the present invention, moreover,
20 a propylene polymer having a wide molecular weight distribution
can be obtained even by polymerization of a small number of stages,
e.g., polymerization of single stage, without performing
multi-stage polymerization, by virtue of the action of the olefin

polymerization catalyst of the present invention.



publicly known conditions can be adopted. For example, a stretched 110 film can be produced by melt
extruding a resin into a film at a temperature of 220 to 280C, preferably 240 to 270 C, and stretching
the film. to 2 to 10 times, preferably 2 to 6 times, in the lengthwise direction. [0301]Although use
applications of the stretched films of the present invgntion are not specifically restricted, there can be
mentioned, for example, films for food packaging such as sweets packaging and vegetable packaging;
shrink films for cup noodle and the like; films for packaging fiber products 10such as shirt, T-shirt and

panty hose; films fog stationary such as clgar-file andrcearsheet fims+for gigarette pagkaging; light
packaging films; decorating tapes; and packaging tapes. [0302]Inflation film The inflation film of the

present inyertion-isyoduced by 151sublectingthe propylene;hased blockcapolyrper.obthe present

invention to inflation. Since the propylene-based block copolymer has highmelt tension, the bubble is

stable in the inflationpracess, and the speed:gan-bg ingreased '@éﬂ%ﬁé‘%d%l‘é%%%%c?ﬁ%}ﬂ%oﬂFm

producing the inflation film of the 20 present invention from the propylene-based block copolymer, a

hitherto publicly knows, inflation apparatus cap heused: Asthedpflation.conditions, hitherto publicly

known conditions can be adopted. [0304]For example, a resin temperature of 180C 111 to 240C,

cooling aiphaving a;first stage of,seeand stage temperaure, of 10¢.1q. 40C, a take-off rate of S m/min

to 200 m/min, and a swell ratio of 1.1 times to 5 times can be adopted. [0305]Such an inflation film has

a thiCknesélcgéi%op%mﬂélrrﬂ%Pﬁ%f%@gléflﬁb@éﬁé‘é’@ﬂl}@t%%M'ate (MFR) isobtalined

in many cases. This characteristic can be confirmed by the

later-described gel permeation chromatography (GPC) measurement,

and a polymer having both of a high Mw/Mn value and a high Mz/Mw
10 walue can be obtained.

[0225] Polypropylene obtained by tﬁe use of a
conventional sclid titanium catalyst component comprising
magnesium, titanium, halogen and an electron denor generally has
a Mw/Mn value, which is an index of amclecular weight distribution

15 determined by GPC measurement, of not more than 6 and a Mz/Mw value
of less than 4 in the MFR region of, for example, 1 to 10 g¢/10
min. However, when the process for preparing the propylene-based
block copolymer of the present invention is used, apropylene-based
block copolymer having a Mw/Mn value of 7 to 30, preferably 8 to

20 20, can be obtained under the same polymerization conditions as
above.

[0226] Furthermore, 1t has been found that a
pelymer having a high Mz/Mw value is obtained by the process for

preparing the propylene-based block copolymer of the present



[0306]Although use applications of the inflation films of the present invention are not specifically
restricted, there can be mentioned, for example, films for food packaging such as sweets packaging
and vegetable packaging; films 10 for packaging fiber products such as shirt, T-shirt and panty hose ;
films for stationary such as clear file and clear shegt; laundry bags; films for fashion bags; agricultural
films; and cups. [0307]Other molded products Molded products of the propylene-based block
copolymer of 15 the present invention other than the above-mentioned molded products can be

obtained byqtbgr. publicly knownmolding.processes such.as, stamping,process. Examples, .

20[0308]The present invention is further described with reference to the following examples, but it

should be gonsiryeditha the present inyentio is jm o way, limited Jo those examples. {0309]In the

following examples, bulk specific 112 gravity, melt flow rate, intrinsic viscosity ([n]), amount of room

temperatuyg necanesolutle insplue) cqnanent and moleeuias eigt dsirputon of 2

propylene-based block copolymer were measured by the following méthods. 5[0310](1) Melt flow rate

(MFR, (9/10 pu low fat S ral clion.%e Ié ailn ceordance with ASTM
D1238E . ﬁgyr%)é)g?&r%\g§%§ﬁperf§}[§rg %%glg?%%ﬁ%;fﬁ%)%ﬁsnsﬁc%?sc%s%y ?r%’ (di’g)) Bgl?/mer

e 1 g B A e LSO s Peesu el Secal &t pdgmperare

of 135C in accordanc a conventional m mount O? room %%Sé%rsa?ure
ot Wbl heclehle) sompprent (5 YNeiN0dR 2. gse Rae L PO S0 g et 3 9
invention, a polymer having a high Mz/Mw value and a high Mz/Mn
value is obtained in many cases.
[0227] It has been considered to be a matter of
10 common knowledge by a person skilled in the art that a propylene
polymer having a high Mw/Mn value is excellent in meldability and
rigidity. O©On the other hand, a high Mz/Mw value indicates that
the content of a high-molecular weight component is high, and it
can be readily expected that the resulting propylene polymer has
15  high possibilities of highmelt tension and excellent moldability
[0228] If the process for preparing the
propylene~based block copolymer of the present invention is used,
a polymer having a wide molecular weight distribution, namely a
highMw/Mnvalue, canbeobtainedevenifmulti-stagepolymerization
20 is not carried out, and therefore, there is a possibility that
a propylene polymer having excellent moldability and rigidity can
beobtain&dbyagmﬁymerproductionapparatusofsimplefbrm. When
polymerization is carried out by a conventional multi-stage

polymerization process using the olefin polymerization catalyst



15 down to a unit of 10-4 g; this weight is represented by b (g) in the following formula) of a
propylene-based block copolymer, 500 ml of decane and a small amount of a decane-soluble heat
stabilizer were placed, and with stirring by a stirrer, they were heated to 150C over a period of 2 hours
in a nitrogen atmosphere to dissolve 20 the propylgne-based block copolymer, held at 150C for 2
hours and then slowly cooled down to 23C over a period of 8 hours. The resulting liquid containing a
precipitate of the propylene-based block copolymer was filtered under reduced pressure through a

glass filter.of 25G+4,specification. available. from lyata Glass Go. Heh. 113.Then, 100,mlof the fltrate

was withdrawn and vacuum dried to obtain a part of a decane-soluble component, and this weight was

measured oy 10,3 uheL10-4 9 (hisweight s (apreseten ya (o) e falowing formule). After

this operation, the amount 5 of the decane-soluble component was determined by the ng

formula. [93k3tsantan of fRM tempperaiuie n-decanc spluble, campopent(soll ¢

100x(500xa)/(100xb) Content of room temperature n-decane-insoluble component ¥O(Dinsol) =

100-100x(500xa)/(100xk) (4) Molecular ng%lg}géstribution Li %'fqd chromatograph: Waters ALC/GPC
150-c plus model (Idiffere}ntial refractometer etectronrq'?rﬁggrjétfl%n t?/ﬁjelsoc?&ﬁr%rffpﬂ\?g oF T650

GMH6-HT_and two gf T%ghb%MHéS-HTL ere 15 connected in sFries. 314]Mobile phase medium:
. t- l - < - . L i "
o-dlchlorobencz%[(}ane]gJ Iovg\ﬁl rate: S§ m m(ljncﬁ((aﬁé\js,&ouersllnbtfzf:r%%|J;nE)gréftlsfe:’130%!91’”“E T Calibtation curve

g o otk B G POe e, SAMBIERR 122 URS L, REIRR SONERNT IR O 127 (VW)
polymer having a high Mz/Mw value and a high Mz/Mn value, can be
obtained. Therefore, a polymer having compatibility of high
fluiditywithhighn&lttension:usobtained,andimjectionmolding

10 toproduce large-sized products or shortening of injection molding
cycle becomes possible. Moreover, appearance of an injection
molded article becomes good, and blow moldability or foam -
moldability becomes good, that is, impartation of molding
processability becomes possible.

15 [0230] As other processes to obtain a polymer of
awldemolecularweightdistribution, thercareaprocesscomprising
melt mixing polymers of different molecular weights and a process
gomprising melt kneading them, but a polymer obtained by these
processes 1s sometimes insufficient in improvement of melt tension

20  or moldability considering relatively complicated works. Thé
reason 1s presumed to be that polymers of different meolecular
weights are basically difficult to mix. On the other hand, in
the polymer obtained by the process for preparing the

propylene-basedblock copolymer of the present invention, polymers



Measurement was carried out under the above conditions, and the resulting chromatogram was
analyzed by a conventional method 114 to calculate Mw/Mn value, Mz/Mw value and Mz/Mn value.
The measuring time based on one sample was 60 minutes. [0315](5) Pentad fraction (mmmm, (%))
Pentad fraction ((%)) is oneindex of stereoregularity-5 of a polymer and is a result of examination of
microtacticity of the polymer. The pentad fraction was calculated from a peak intensity ratio of a
C-NMR spectrum of a propylene polymer, said peaks being assigned based on Macromolecules 8,

687 (1975).211e\43C NMR speciiymwas measured by a JEQLEX-400-devige at a termperature 10 of
130C using TMA as a reference and using an o-dichlorobenzene solvent. [0316](6) Flexural modulus

ASTM spegimen on the Elexuia)lmedulis{FM.(MRa) ) was measured undgrthe following 15
conditions in accordance with ASTM 0790. [0317]Measuring conditions Specimen: 12.7 mm

(width) x 6.4 gumi{thiekness) 427 mm.(length). Bepding.rate: 2,8 mm/min 20Bending span: 100 mm

JIS small specimen Flexuralmodulus (FM, (MPa))wasmeasuredunderthe following conditions in

accordance,with 1S K714 idg}ggﬂl\g?e}suring conditions
5 (02311 The propylene-based block copolymer of
the present invention has a characteristic of a low content of
ametal residue derived from a catalyst because a catalyst of high
activity is used.

[0232] Apropylene-basedpclymer obtained by the

10 use of a titanium trichloride catalyst that is well known as a

catalyst capable of widening a molecular weight distribution
contains a large amount of a metal residue because the catalyst
has low activity. Tt is said that when the amount of ametal reside

is large, evil influence such as deterioration of appearance,
15  lowering of resin properties or coloring of resin is frequently
brought about though it depends upon the use purpose. On that
account, deashing treatment 1s generally carried cut by using an
alcohol or an acid and appilying heat, whereby a metal component
derived from the catalyst and remaining in the peclymer is removed.
20  In the case of the titanium trichloride catalyst, the amount of
a titanium metal contained in the polymer before deashing is in
the rangeof about 20 to 200 ppm, but byperforming deashingtreatment,

the amount of the titanium metal can be decreased down to 2 to

50ppm. Ontheotherhand, inthe caseof the high-activitycatalyst



115 Specimen: 10 mm (width) x 4 mm (thickness) x 80 mm (length) Bending rate: 2 mm/min Bending
span: 64 mm (7) l1zod impact strength 5 ASTM specimen Izod impact strength (1Z, (J/m)) was
measured under the following conditions in accordance with ASTM 0256. [0319]Test conditions
Temperature: 23C, -30C 10Specimen: 12.7 mm (width) x 6.4 mm (thickness) x 127 mm (length),
notched by machining (8) Charpy impact strength JIS small specimen Charpy impact test
(kd/m2) was carried out under the following 15 conditions in accordance with JIS K7111. [0320]Test

conditionsy kempesaipres 238G opy 12PREINERL0IMA-(wictx frim (Hhickpess)-x 861an

(length), notched by machining 20(9) Tensile elongation at break ASTM specimen Tensile

elongationiat:hreak ¢EL., (%)) wasimeasyred in aceordange with ASTMARE38.containad in
the polymer before deashing is in the range of 1 to 30 ppm, and
by performing deashing treatment, the amount of the titaniummetal

5 cemponeant caﬁ be decreased down to 0.1 to 2 ppm.

[0233] Propylene resin compcsition

The propylene resin composition of the present invention
is a composition obtained by mixing the propylene-based block
copolymer of the present invention with the following various

10 additives,pxeferablywithaninorganicfillerand/oranelastomer.

[0234] Stabilizer contained in propylene resin

composition

As stabilizers for use in the present invention, publicly

knownstabilizers, suchasheat stabilizer, weathering stabilizer,

15 light stabilizer, chiloride absorbent, £iller, crystal nucleating
agent and softener, can be used without any restriction. Examples
cf such stabilizers include publicly known phenol-based
stabilizers, organic phosphite-based stabilizers,
thicether-based stabilizers, hindered amine-based stabilizers,

20 higher fatty acidmetal salts such as calcium stearate, inorganic
oxides, and glass fibers.

[0235] Other components contained in propylene resin

composition

The propylene resin composition of the present invention



[0321]Measuring conditions 116 Specimen: ASTM No. 1 dumbbell 19 mm (width) x 3.2 mm
(thickness) x 165 mm (length) Pulling rate: 50 mm/min Span length: 115 mm 5 JS small specimen
Tensile elongation at break (EL, (1)) was measured in accordance with JIS K7162-BA.
[0322]Measuring conditions Specimen: JIS K7162;BA dumbbell 105 mm (width) x 2 mm (thickness) x
75 mm (length) Pulling rate: 20 rum/min Span length: 58 mm (10) Heat distortion temperature ASTM
specimen 15Heat distortion temperature (HOT, (C)) was measured in accordance with ASTM 0648.
[0323]Teskegngitionser conpaGIMeRhE2: hawm Width) x:6.4 mmhickpess)xkZAmm dength)

antistatic agent, slip agent, anti-blocking agent, anti~fogging

agent, lubricant, dye, pigment, natural oil, synthetic cil, wax,

etc.

5 [0236] In order to impart impact resistance to

the propylene resin composition of the present invention, an

elastomer component may be added. Examples of the elastomers

include a propylene/a~olefin block copolymer that is different

fromthe propylene-based block copolymer of the present invention,

10 an ethylene/o-olefin random copolymer, an
ethylene/c-olefin/non-conjugated polyene random copolymer, a
hydrogenated propylene/a-olefin block copolymer, other
elastomeric polymers and mixtures thereof. These elastomer
cempeonents are preferably used in an amount of 1 to 100 parts by

15 weight, more preferably 3 to 60 parts by weight, based on 100 parts
by welght of the propylene-based block copolymer of the present
invention, though the amount thereof is not specifically
restricted.

[0Z237} To the propylene resin composition of the

20 'present inventicn, other propylene polymer components may be added
when needed, within limits not detrimental to the effects of the
present invention.

[0238] Moreover, thepropylene resincomposition

may contain inorganic fillers, such as silica, diatomaceous earth,



20Load: 0.45 MPa Thickness of specimen: 1/4 inch JIS small specimen Heat distortion
temperature (HOT, (C)) was measured under the following conditions in accordance with JIS K7191.
117 Measuring conditions Specimen: 10 mm (width) x 4 mm (thickness) x 80 mm (length) Load: 0.45
MPa (11) Swell 5Swell was measured under the follpwing conditions using a capillograph
(manufactured by Toyo Seiki Seisaku-sho, Ltd.). [0324]Test conditions Capillary length: 20 mm
Capillary diameter: 1 mm 10Measuring temperature: 230C Shear rate: 1216 sec-1 (12) Appearance

flow marka 1 urifsthe evaluationofflows mark0.a8 in getion melded.article, an.riectiop.malddaving a
gate at the center (50 mm) and capable 15 of producing a flat plate having a length of 350 mm, a width

of 100 mmpand sthickness: of 3mimavasused (Figy éas&n;@;%aawwgg he,gate and-a flowmark

having occurred was visually evaluated. [0325] Injection molding conditions for specimen

|meCUOﬂ”E&%B%%@@Bm%hfwgqygkquﬁgﬁ%f@%@@u?ﬁ%ﬁ£§ﬁgﬁ€gsS1UH1tltanate, barium

suifate, calciumsulfite, talc, clay, mica, asbestos, glass fiber,
5 glass flake, glass bead, calcium silicate, montmorillonite,
bentonite, graphite, aluminum powder, molybdenum sulfide, boron
fiber and silicon carbide fiber, and organic fillers, such as
polyethylene fiber, polypropylene fiber, polyester fiber,
polyamide fiber and carbon fiber, within limits not detrimental
10 to the object of the present invention. These fillers are
preferably used in an amount of 1 to 100 parts by weight, more
preferably 3 teo 60 parts by weight, based on 100 parts by weight
of the propylene-based block copolymer of the present invention,
though the amount thereof is not specifically restricted.
15 02391 The propylene-based block copolymer used
in the present invention has a characteristic that it contains
a relatively large amount of a high-molecular weight component,
as described above. It is known that the high-molecular weight
component tends to undergo scission due to energy, such as heat,
20 light or shearing. If molecular scission takes place, the
molecular weight distribution is narrowed, and problems such as
lowering of high-speed meolding performance and difficulty in
production of large-sized molded articles may occur. Therefore,

it is preferable to select additives exerting higher effects than



20by Meiki Co., Ltd. Cylinder temperature: 210C Mold temperature: 40C Shape of molded article:
shown in Fig. 1 [0326]Flow mark evaluation: 118 10 points (maximum): No flow mark occurred. O
point: Flow marks occurred all over the surface. (13) Fish eye A cast film was produced by a T-die
extruder (manufactured 5 by Shinko Machinery Cog,iLtd.) having a diameter of 25 mm, and the number
of fish eyes having a diameter of not less than 200 pm was measured. [0327]Film production Extrusion
tempera*250C 10Chill roll temperature: 40C Film thickness: 50 pm Screen mesh: one screen mesh
#60 (14) Measurement of salid iscoelasticity fan: 6463 Pelletswere subjgetedto press-melding to
prepare a molded

added.

[0240] Eesin meclded products

Examples of resin molded products made from the
5 propylene~basedblockcopolymerincludeinjectionnwldedprdduct,
molded foam, injection molded foam, extruded product, blow molded
product, vacuum/pressure formed product, calendered product,
stretched fiim and inflation film.
(02417 ' The above various molded products are
10 described below in detail.

[0242] Injection molded product

The injection molded preoduct of the present invention has
an excellent balance between rigidity and low-temperature impact
resistance, and it is free from defects such as flow mark and

15  graininess, that is, themoldedproduct appearance is good. Hence,
such injection molded products of the present invention can be
preferably used particularly for automotive exterior trim parts,
such as bumper, side molding, fender and under cover, automotive
interiorﬁrimparts,suchasinstrumentpanel,doortrimandpillar,

20 engine room peripheral parts, other automotive parts, household
appliance parts, food containers, beverage containers,‘medicai
containers, containers, etc., though their use applications are
not specifically restricted.

[0243] As the molding conditions to produce the



15 article, and temperature dispersion measurement was carried out by a solid viscoelasticity
measuring device. A tan 5 peak temperature at not higher than -30C was read out as an index of a
glass transition temperature of a propylene/ethylene and/or a-olefin copolymer rubber portion.
20[0328]Press molding temperature: 230C Measurnag device: RSA-II (manufactured by TA)
Measuring mode: tensile mode (autotension and autostrain control) Measuring temperature: -80 to
150C (up to measurable 119 temperature) Heating rate: 3C /min Measuring frequency 1 Hz Sample
size: 5 mm fwicki)i % 0. 4-mmuhickpess)-Siniial gap (e 23.5-mm Atmespheren N2+15) Melt tension
Melt tension (MT, (g)) is a value obtained by measuring a load for taking up a pulley having a function
of load cejl detection 19 bythedsse: ofia melttension measuring:devics (Manufactured by Joyo Seiki
Seisaku-sho, Ltd.) under the conditions of an orifice having L of 8.00 mm and D of 2.095 mm, a preset

temperature of 230C, a piston fallrate@f 15 auw/min and a take-up rate of 15 mm/min. 15[0329](16)
Measurement of linear expansion coefficient (MD (x10-5/C), TD (x10 5/C)) Measurement of linear

expansion coefficient was carried gutusirg:a, IMA measyring device (manufactured- by T4 4
Instruments Japan N.M., TMA2940) under the following conditions.

5 by heating a resin composition for forming a foamed product, which

comprises the propylene-based block copolymer of the present
invention, a blowing agent, and if necessary, an organic peroxide,
a cresslinking assistant, etc.
[0245] As examples of general processes for
10 producing amolded foam, there canbemainlymentioned the following
Lwo processes.
[0246] (1) A process comprising heating the
propylene-based block copolymer, a decomposition type blowing
agent and if necessary other additives tomelt thenaand,subjecting
15 the melt to foam molding.

[0247] (2) A process comprising forcing a
velatile type blowing agent into the propylene-based block
copolymerthatisjjuamoltenstateandthenéxtrudingthecopolymer
by an extruder to perform foam molding.

20 [0248] The decomposition type blowing agent used
intheprocess (1) isabklowing agent which is decomposed to generate
a gas such as carbonic acid gas or nitrogen gas, and it may be
an inorganic blowing agent or may be an organic blowing agent.

Moreover, an organic acid to accelerate generation of a gas may



20[0330]Measuring device: TMA2940 (manufactured by TA Instruments Japan N.M.) Test temperature
range: -40 to 110C Test load: 0.029 N (3 g) (probe: about 3 mm in diameter) Heating rate: 5C /min

120 Measuring direction: MD (machine direction, direction of flow) and TD (transverse direction,
vertical direction) of injection molded product Annegting treatment: none 5Specimen: square plate (100
mm (width) x 100 mm (length) x 2 mm (thickness)), small square plate (30 mm (width) x 30 mm
(length) x 2 mm (thickness)) Example 1 10 Preparation of solid titanium catalyst component (al)

75 g of anhydrous-magnesium ehieride-280,3-g:of-decane.apd 308.3 o pfl.2:athyhexy algohpl were

thermally reacted at 130C for 3 hours to give a homogenous solution, then to the solution was added

17.7 g of ethylbenzogte, andthey werg further sticted:13 and mixed at 130G for 1 hour. [0331]The

homogeneous solution obtained as above was cooled down to room temperature, and then 38 ml of

this homogeneous; golytign was dropwise added.in, the.whale amount,to, 100, mi of titanium

tetrachloride kept at -24C, over a period of 20 45 minutes with stirring at a rotational speed of 200 rpm.

After the digpwige additian,was compleled. the temperature of this mixed solulipn was raised to 80C
over a period of 4.6 hours, and when a temperature of 80C was reached, to the mixed solution was
adde@dHQQBHBQ§éﬁdgg@@xﬁﬁﬁ@beéﬂﬁ%ﬁfﬁﬂm§ﬂ¥?9@g?(ET§H¥% acid and sodium
citrate; and
[0250] (b} organic blowing agents, e.g.,
N-nitroso compounds, such as N,N’—dinitrosoterephthalamide and
N,N’"-dinitrosopentamethylenetetramine, az¢ compounds, such as
10 azodicarbonamide, azobisiscbutyronitrile, azocyclohexylnitrile,
azodiaminobenzene andbariumazodicarboxylate, sulfonyl hydrazide
compoundsg, such as benzenesulfonyl hydrazide, toluenesulfonyl
hydrazide, p,p’-oxybis(benzenesulfonyl hydrazide) and
diphenylsulfone-3, 3’ -disulfonyl hydrazide, and azide compounds,
15 such as calcium azide, 4,4’ -diphenyldisulfonyl azide and
p~toluenesulfonyl azide.
[02517 These blowing agents can be used singly
or in combination of two or more kinds. OFf these, carbonates or
hydrogencarbonates such as sodium hydrogencarbonate are
20 preferable. The amount of the blowing agent added (kneaded) is
selected according to the type of the blowing agent and the aimed
expansion ratio, and is preferably in the range of 0.5 to 100 parts

by weight based on 100 parts by weight of the propylene-based block

copolymer.



121 of cis isomer and trans isomer) in an amount of 0.0875 time the molar quantity of Mg atom,
followed by raising the temperature again. When a temperature of 120C was reached, diisobutyl
cyclohexane-1,2-dicarboxylate was added in an amount of 0.0625 5 time the molar quantity of Mg
atom. Thereafter, the mixture was maintained at thig;temperature for 35 minutes. After the reaction
was completed, the solid portion was collected by hot filtration, and this solid portion was resuspended
in 100 ml of titanium tetrachloride, followed by performing thermal reaction again at 10 120C for 25

minutes. After the feaction was completed; the, salid-pertionwas-cellected by hiot filtration again and

the solid portion was sufficiently washed with decane at 100C and hexane until a titanium compound

liberated iy thg.wash liqeid yas nat-detecteds Although, the,solid titanium.catalystcomponent, (al)

prepared 15 through the above operations was stored as a decane slurry, apart of it was dried for the

purpose obexainiAg eaMposiion.af he caialyst. N333]The compesiion of the soll ftanjug catalyst

component (al) obtained as above was as follows: titanium: 203.0% by mass, magnesium: 18% by

mass, chlgring58% by.mass, diisebutyl %t@e‘%ﬁ‘&&f%%yﬁP@féé@%ﬁﬁ@&%@?éﬁ@gfg165)@? mass,

diisobutylcyclohexane-1,2-dicarboxylate: 4.2% bymass, and 2-ethylhexyl alcohol residue: 0.6% by

masss [035IRepolymeization.af sai aniug calalyst 122.component el oo 1 gyahiseinecked

flask having an internal volume of 2 liters and equippe a sti been urgea with

nitrogen, g heptas urry-containi 75.2 mmol-Ti) of the solid 5 titanium catalyst component
bduas, A e Sy s Sude Sary cratEa hepad

(al) was introduced, and to the s y e%?gne {0 SIJ\:/é a total amount of | liter.

The resulting mixtyre,was stirred with controlling its temperature to not higher than 20 C, and 226
mmol oftiethylalulgninufn?was added. Withgrrln:ilcrllrrgl)teaiﬁr}r:fgajct%g?elrinjfe))efat%(;}rléa Do e %i)%t%ﬁae gvas

allowed 1%%(1()j g}kgsg(r)b a-qgiven amo{i},:r%th%f gro g/rlrgne for 120 m

S ) ¢ e for 120w inueteglgvnqd rt}he regidual %%g%lene was
replaced wi nltrogé)n. sing heptane, was mgpwas su?ﬁ%:ieﬁ%fy carrledloat?gogttaf% . ggf a

prepolymerized catalyst component (10 g-PP/g-solid titanium, catalyst component). ,
oS o QS Heu B TG ULAE SF s i ale

continuously fed propylene_at 43 ka/hr, hydrogen,at 160 NL/hr, the catalyst slurry at 0.50 g/hr in terms
oftéédsoliﬁg P%L};ﬁe %e gllig\fhlr‘lxguar%%% lastjéll%r%flllirlgn composed to generagte

c%?aéfys compgonent, triethy

a gas, and the molten propylene-based block copolymer containing
the gas is discharged from a die, whereby a foamed product can
be produced. The melt kneading temperature and the melt kneading
time in this process are properly determined according to the type
15 of the blowing agent used and the kneading conditions, and the
melt kneading can be usually carried cut at a melt kneading
temperature of 170 to 300°C for a melt kneading time of 1 to 60
minutes.
[G254] Preferred examples of the volatile type
20 blowing agents for use in the process (2) include aliphatic
hydrocarbons, suchas propane, butane, pentane, hexane and heptane;
alicyclic hydrocarbons, such as cyclobutane, cyclopentane and
cyclohexane; halogenated hydrocarbons, such as

chlorodiflucromethane, difluoromethane, triflucromethane,



20 dicyclopentyldimethoxysilane at 2.2 ml/hr, andpolymerizationwas carried out in a state where the
polymerizer was full of a liquid without gas phase. The temperature of the loop reactor was 70C, and
the pressure was 3.5 MPa/G. [0335]The resulting slurry was fed to a Bessel 123 polymerizer having
an internal volume of 100 liters and equipped with asstirrer, and polymerization was further carried out.
To the polymerizer were fed propylene at 30 kg/hr and hydrogen at 180 NL/hr. The polymerization was
carried Out at a polymerization 5 temperature of 70C and a pressure of 3.3 MPa/G. [0336]The
resulting sturty-was transterrechinte ataeteripipe Havinganterna vatume, ef 3 4ligrs; anda
polyoxyethylene polyoxypropylene glycol compound was added in an amount of 20% by e ght based

on the tragsition metalisolidcampanant e 10-The sl was gasified nand gasrsolidseparation was
carried out. Thereafter, a polypropylene homopolymer powder was fed to a gas phase polymerizer of

480 liters toperforaiethylenelpropylene blockicopolymerization, Tethe gas nhasshalymerizer were
continuously fed propylene, ethylene and hydrogen so that gas composition of 15 ethylene/

(ethylene+propylene)=0.» A9-(melacratig) and hydiogen (ethylene# piopylene) =0.53 (molarratio) in

the gas phase polymerizer would be obtained. The polymerization was carried out under the

conditionscefia- pelymerization tempgrature of 70G,.a pressure of:Q.73. MPa/(3 and a residence time of

0.63 hour to obtain 20 a propylene-based block copolymer (A-1) . The amount of the room

temperature n-decane-solyhle portian (Rsol) was1d; 5% by weight, and the amount of the room
temperature n-decane-insoluble portion (Dinsol) was 88.5% by weight. [0337]Molding 124 100

Parts by weight af e propylene-basgd block capolymer, (A1) was mixedwith 0 . 1 part by weight of a
heat stabilizer IRGANOX 1010 (trademark, available fromCiba Japan K. K.), 0. 1 part byweight of a

heat siablizerJROAROS 68 (rademark, SIbe ML CIoAD 1o ). Q1 oty welohtof a

heat stabilizer | NOX 1076 (trademark, avaifable from a Japan R %ﬁrtcby weight of

calcium steaiate by g tyrubley, therkthe mptyce was mel kneaded by a twinscrew exttyder to prepare

t
pellets of a polypropylene resin composition, ahd fromihe pellets , spécimens ST™ specimens , 10

square pl(g}tgﬁ f%r. measurement of linear expansion coefficient) were prepared by an injection molding
magwine. Evaluation ar%%%ﬁg%o Op%agrt?e%e& tﬁe%%lg}gd%sr’t?&e% éﬁgea?rfr?céj“ %f?h%&l)njjélc?ﬂojhorrﬁolded
article and injection moldir%%;l%idit& are set forth in Table 1. A photograph of the injection molded

L a“r‘_ 1 S

product used for 15flow thark evaluation is shown in Fig. 2. [0338]Melt kneading conditions

[0255] Although the amount of the blowing agent
added (kneaded) in the process (2) varies depending upon the type
of the.blowing agent and the aimed expansionratio, it ispreferably

15 in the range of 0.5 to 100 parts by weight based on 100 parts by
weight of the propylene-based block copolymer. In the process
(2), the propylene-based block copolymer ismelted in an extruder,
then the volatile type blowing agent is forced into the extruder
and kneaded with the molten propylene-based block pelymer with

20 maintaining the system at a high pressure, and a kneadate of the
sufficiently kneaded propylene-based block copolymer and the
volatile typeblowing agent is extruded froma die, whereby a foamed
product can be produced. The melt kneading temperature and the

melt kneading time in this process are properly selected according



Co-rotating twin-screw kneader: product number NR2-36, manufactured by Nakatani Kikai Co., Ltd.
Kneading temperature: 230C 20Screw rotational speed: 200 rpm Feeder rotational speed: 500 rpm In
the hopper, there was a flow of nitrogen. Injection molding conditions for ASTM specimen Inject
onmoldingmachine: product number EC4 0, manufactured 125 by Toshiba Machine Co., Ltd. Cylinder
temperature: 230C Mold temperature: 40C  Injection molding conditions for square plate for
measurement of 5 linear expansion coefficient Injection molding machine : product number

AUTOSHQT T series MQREL, 100D, manufastured. v, FANUG GORPORATION, Gylindey, temperature:

230C Mold temperature: 40C 10Specimen: square plate (100 mm x 100 ram x 2 mm) Comparative
Example %fé%@ﬁ%t'%@g%ﬁl%m@&%gfgw @@Q@Mﬂ?lln the range of 130 to

300°C, and the melt kneading time is usually in the range of 1
to 120 minutes.

5 [0256] In the production of the molded foam of
the present invention, anorganicperoxidemaybe used, whenneeded.
This organic percxide is preferably used in an amount of 0.01 to
Spartsbywelght, particularlypreferably 0.01 to 1l part byweight,
basedon 100 partsbyweight of the propylene-basedblock copolymer.

10 [0257] In the production of the molded foam of
the present invention, a crosslinking assistant may be used, when
needed. The functionsof thecrosslinkingassistantareasfollows.
By virtue of the organic peroxide, hydrogen of an olefin polymer
is abstracted to thereby generate a polymer radical, and before

15 the polymer radical undergoes cleavage reaction, the polymer
radical 1s reacted with the crosslinking assistant, whereby the
polymer radical is stabilized, and at the same time, crosslinking
efficiency is enhanced. Examples of the crosslinking assistants
having such functions include an unsaturated compound usually

20 having one or more double bonds, an oxime compound, a nitroso
compound and a maleimide compound. These crosslinking assistants
are used singly or in combination c¢f two or more kinds,

[0258] The molded foam of the present invention

may be in any form, and may be in the form of a block, a sheet



75 g of anhydrous magnesium chloride, 280.3 g of decane and 15 308.3 g of 2-ethylhexyl alcohol were
thermally reacted at 130C for 3 hours to give a homogenous solution, then to the solution was added
17.7 g of ethyl benzoate, and they were further stirred and mixed at 130C for 1 hour. [0339]The
homogeneous solution obtained as 20 above was g¢goled down to room temperature, and then 38 ml
of this homogeneous solution was dropwise added in the whole amount to 100 ml of titanium
tetrachloride kept at -24C, over a period of 45 minutes with stirring at a rotational speed of 200 rpm.

After the drepwise additionwas completed; the:termperature,of thisimixed, 126 selution was raised to
110C over a period of 5.1 hours, and when a temperature of 110C was reached, to the mixed solution

was added ghisebutyl cyclohexane-L.2sdicathoxylate (mixtare-of cis isomerand transispmey) in an

amount of 0.15 time the molar quantity 5 of Mg atom. Thereafter, the mixture was maintained at this

temperatusg fori35 (inutes. Afterthe, mc};@wé% completed, the solid; porionwas,cojlected by hot

filtration, and this solid portion was resuspended in 100 ml of titanium tetrachloride, followed by

performing thermal seaction; againiat 110G for 35 10, minutes After thereagtion wascompleted, the-

solid portion was collected by hot filtration again, and the solid portion was sufficientlywashed with

decage at 100 C: apdfrexane until a titanjym cgwgg rlibgr%tgggg the wash liguid; was, n8§detected.

Although the solid titanium catalyst component (p1) prepared through the 15 above operations was

stored as g;docane.slurty: ARt ALt waedrigd lniheupose of egasﬁigmgn%%ﬁiéi%g@he

catalyst. [0340] The composition of the solid titanium catalyst componéent tainedas

abovewas as follows; ianiuny; %9‘52%%%%%&a%;gsi%mafﬁg%gégk%ﬁ UMY and

cyclohexane-1,2-dicarboxylate: 21.2% ass, and 2-ethy esidue: 0.6% by mass.

[0341]Prepalymerization of. solid titanium catalyst ,component (p1) In a three-necked flask having an
internal vo umé51 of %%i%erjé 157 an%lequi%%%da v%;?r%geszfir%er},%\}qh?cﬁ 2 eb%%%gpumrgéan\%itﬁ%%t%ggen, a

heptaneeség;;%gggtaé%igg %%Q eqr(GQ.K]I,_rg%%é)oﬁgi of the .sézlid git@i%rgecgta%% compo Oe;rnt ( %zjwas

introduc fo the slurry was'adde y rated Wép?é)ne%oeglve a'total ‘amount of T'iter. 5 The

resylting mixture was stirred with controlling jts temperature to not hi Ié[er than 20C, and 180 mmol of
trieth{jl/lalu?nﬁn%ﬁrﬁsva%lﬁc?deﬁ %Rﬁ?nd%#t)aif inagtﬁe 1flegr%p((aj:)ﬂlatf’i‘r% gt}%g, ﬁg’m&fu@rééﬁé%d%%v%d to

absorb a given amoyDt OLRIEPYISNS for 20.TY1eY AnANe LA, Bopviae iR eRieed with
nitrogen. USIng heptane,

through¢aventprovidedghltherearwyfthehigh—temperatureheating
zone. When the organic peroxide is added, kneading is carried
out in the temperature range where the organic peroxide is
15 decomposed but the blowing agent is not decomposed.
[0266] The melt containing foam cells is
discharged from a T-die or a cylindrical die to preferably form
a sheet, whereby a foamed product can be produced. When the melt
is discharged from a cylindrical die, the resulting cylindrical
20 sheet is usually smoothed as it is or cut into plural portions
and then smoothed, followed by taking off the smoothed sheet.
[0261] The molded foam produced from the
propyiene-based block copolymer cbtained by the process in the

present invention preferably has a density of 0.09 tc 0.6 g/cm’,



10 washing was sufficiently carried out to obtain 1.3 kg of a prepolymerized catalyst component (10
g-PP/g-solid titanium catalyst component). [0342]Polymerization To a loop oolymerizer having an
internal volume of 58 liters 15 were continuously fedpropylene at 43 kg/hr, hydrogen at 140 Nlihr, the
catalyst slurry at 0.87 g/hr in terms of the solid catalyst component, triethylaluminum at 2.94 mi/hr and
dicyclopentyldimethoxysilane at 3 . 2 ml /hr, and polymerization was carried out in a state where the
polymerizer was full of a liquid 20 without gas phase. The temperature of the loop reactor was 70C,
and the pressute-was 315 MPakz{0343]The sesultingsiuteynwas fedite ie-Besselpalymerizer having
an internal volume of 100 liters and equipped with a stirrer, and polymerization was further carried out.
To 128 thepolymetizenwerer tegnpropylenevat3-kg/hn agd hydragen atxbiENEAEsTheesat
polymerization was carried out at a polymerization temperature of 70C and a pressure of 3.3 MPa/G.
[03441Thertesulting shunry was:-transierred into a meter-pipe-aving anntemal yolume of 2.4 liters,
and a polyoxyethylenepolyoxypropylene glycol compound was added in an amount of 20% by weight
based on the-trapsition metalsolid compenent;tHhe siutprwas gasified; ang gas-selid;sepagation was
carried out. Thereafter, a polypropylene homopolymer powder was fed to a gas 10 phase polymerizer

of 4 80 liteys to-perernethylene/propylenehloek copalyrperization. To-the gasphase palymerizer
were continuously fed propylene, ethylene and hydrogen so that gas composition of

ethylene/(ethylenertprepylepe)=L4Q {molar ratie)and hydrogen/(ethylene+propylene)=0.095 (molar a
0) in the gas 15 phase polymerizer would be obtained. The polymerization was carried out under the

conditions of a polyiperization temperaturg,efi/0C, 2 pres 0f 0.83; MPa/G-and a residence time of
0.51 hour to obtain a propylene-based block copolymer (A'-1). [0345]Molding 20The propylene-based

block copelymer (4-lyyas,malded in the-same manner,as in Example. 1; Evaluation results of

properties of the molded article, appearance of the injection molded article and injection molding
fluidity are setforth jn Jabled; 75 0211y mentioned, for example, stationery such

10 as file case, automotive interior trim such as automotive roof
liner, trays, food trays, containers for noodles, lunch boxes,
fast food containers, retort containers, frozen food containers,
containers for daily dishes, heat-resistant containers for
microwave cven, cups, synthetic wood, original sheets of various

15 foamed products, various cushiconing materials, various heat
insulating materials, various sound insulating materials and
various vibraticn insulating materials.

[0263] Injection molded foam

Since the propylene-based block copolymer of the present

20 invention has high melt tension and excellent balance between
rigidity and impact resistance, an injection molded foam having
high expansion ratio, favorable surface appearance and excellent
mechanicalstrengthcanb@obtainedfromthepropylene—basedblock

copolymer ©of the present invention.



129 [0346]Comparative Example 2 Preparation of solid titanium catalyst component (p2) 75 g of
anhydrous magnesium chloride, 280.3 g of decane and 308.3 g of 2-ethylhexyl alcohol were thermally
reacted at 130C 5 for 3 hours to give a homogenous solution, then to the solution was added 17 .5 g
ofphthalic anhydride, andtheywere further stirred and mixed at 130C for 1 hour. [0347]The
homogeneous solution obtained as above was cooled down to room temperature, and then 38 ml of
this 10 homogeneous solution was drop se added in the whole amount to 100 ml of titanium
tetrachloride kept at£2440, over a period of 45 minutes with stiring @t rtatienal speed of 200 rpm.
After the dropwise addition was completed, the temperature of this mixed solution was raised to 110C
over a period-ebh%.1doursrantwhen dib-a temperatureoftllOC was rgached, 4q the mixed solution
was added diisobutyl phthalate in an amount of 0.25 time the molar quantity of Mg atom. Thereafter,

the mixture ywas-mairaingd.at 4his temperature for 120 minutes,After 4he reaction was completed, the
solid portion was collected by hot filtration, and this solid 20 portion was resuspended in 100 ml of

titanium teraghloricle: followediby-pertasming thermalyeactionagain at L10C: for, 120 minutes. After the

reaction was completed, the solid portion was collected by hot filtration again, and the solid portion

was sufficignthrwaghedpuith degane at-100 € and: hexape undl  titanium. .1,39&%%@%@_ Uerated in

the wash liquid was not detected. Although the solid titanium catalyst component (132) prepared

thiough the.aious, oBeralions,wes:siared as vdesans shury, & gart gt wasdried fof e pyrpose of

examining composition of the catalyst. 5 The composition of the solid titanium catalyst component (P2)

obtained as ghaue. yas ascfollows; titanium: 2.4%hy mass , TGRS, 18 ss.diisgbutyl
phthalate: 134% b)%ymass, and 2-ejthylhexyl algohol residue:’1.2% byﬁ%é%%%%@e%éﬁ%ggnzanon of

solid ttaniun,catalYs! A0camaonent (132)q  n, U & huce Aesked fask Ngying. an intermal olume of 2

liters and equipped with a stirrer, which had been purged with nitrogen, a heptane s ur?y containing

120 g (65 &;mmal- T of the seliitagium cajglys! comagnent was alipduced. andp e slyrry was 15

added dehydrated heptane to give a total amount of 1 liter. T g mixture was stirred with

conirglling. its temperatyre. to,not higher than 20 _C., and 1 95 mmol of tri %galuminum was added.

With mainta%ingr;p the temp%rature athC, the m?xt&rn?v%gs éﬁgwglg 0o a%‘geolr a %iven amount of

propylene for 120 irg'%% s, and the 20 reiigu%%r lene was re%IQge(Ij WithC itro.q{an. Using heptane,
1. )

washing was sufficiently carried out to obtain kg g%%lgr%p% mefized cata f?stlcojrr?p%tnj“en (20
g'PP/g'SO%Iga%‘?LW&nE%Ead%sﬁgoarg%%%esngb)ually used for injection feoam molding,

such as a chemical blowing agent and a physical blowing agent,
can be used without any restricticn. The chemical blowing agent
15 isnﬁgﬁxiwithairesinjl1advance, then fed to an injection molding
machine and decomposed in a cylinder to generate a gas such as
carbeonic acid gas.
[0266] Examples of the chemical blowing agents
include inorganic chemical blowing agents, such as sodium
20 bicarbonate and ammonium carbonate, and organic chemical blowing
agents, such as azodicarbonamide and
N,N’-dinitrosopentamethylenetetramine. The physical blowing
agent is injected in the form of a gas or a supercritical fluid

intocamoltenresininacylinderofamoldingmachineandisdispersed



[0349]Polymerization 131 To a loop polymerizer having an internal volume of 58 liters were
continuously fed propylene at 42 kg/hr, hydrogen at 135 NL/hr, the catalyst slurry at 0.99 g/hr in terms
of the solid catalyst component, triethylaluminum at 3.87 mi/hr and 5 dicyclopentyldimethoxysilane at
4.05 ml/hr, and polymerization was carried out in agiate where the polymerizer was full of a liquid
without gas phase. The temperature of the loop reactor was 70C, and the pressure was 3.5 MPa/G.
[0350]The resulting slurry was fed to a Bessel 10 polymerizer having an internal volume of 100 liters
and equippeddxitisa stigrer, ane-palymesization waskurthen earied-out T the pehunerizgronvere fed
propylene at 30 kg/hr and hydrogen at 143 NL/hr. The polymerization was carried out at a

polymerizatior: teraperature:af 7OG-angd & pressures0f 3.2:MPalG ; 151035 1T he resulting slurgy was
transferred into a meter pipe having an internal volume of 2.4 liters, and a polyoxyethylene

polyoxypregylene glygol cemposingwas;added i anamourt of 209 by weightibased-ga.the transition

metal solid component. The slurry was gasified, and gas-solid separation was carried out. 20

Thereafter, a:polypropylgne,komppolymes powder was-fed1o:a gas,phase pelymerizer of 480 liters to
perform ethylene/propylene block copolymerization. To the gas phase polymerizer were continuously

fed propylepe; ethyiene-and hydregen sa thalgas omposition ot ydrocarbons, such as
ethylene/(ethylene+propylene)=0.392 (molar ratio) and 132 hydrogen/(ethylene+propylene)=0.0521

(molar ratio) in thes gas phase.pelymerizerivould.be phtained. The polymerization,was carried out

under the conditions of a polymerization temperature of 70C, a pressure of 0.96 MPa/G and a

residence fime 950,95 Aheur to.gbtain apropylensshased plock gopalymer (A4-2),[0352IMolding

The propylene-based block copolymer (A'-2) was molded in the same manher as in Example 1.

Evaluation sesylts of r%ensisé&fglﬂmgdsg adicle, appearange 8%%%‘189“88%2%9 ticle 10 and

injection molding fluidity are set forth in Table 1. A photograph of the injection mo roduct used for

flow mark evaluatm i€§7s]hown in Fig. 3. [@353]Example. 2, }'_Lg‘yfm;g élg%ﬁgléd’ tg%n%g Jggg}{xsct

component (al),

10  chemicalblowing agent is preferable as the chemical blowing agent,
and an inorganic gas, such ag nitrogen, carbonic acid gas or air,
is preferable as the physical blowing agent, because a usual
injection molding machine can be safely used, and uniform and fine
cells are apt to be obtained.

15 [0268] Inorder to stably obtain uniformand fine
cells of the molded foam, blowing aids, e.g., organic acids such
as citric acid, and nucleating agents, e.g., inorganic fine
particles such as Iithium carbonate, may be added to these blowing
agents, when needed.

20 [0269] From the viewpoints of handling
properties, storage stability and dispersibility in the
polyprepylene-based resin, the inorganic chemical blowing agent
is preferably used as a masterbatch of a polyolefin-based resin

having a concentration of usually 10 to 50% by weight.



polymerization was carried out in the same manner as in Example 1, except that the residence time of
the polymerization conditions in the gas phase polymerizer was changed to 0.47 hour. Thus, a
propylene-based block copolymer (A-2) was obtained. The amount 20 of the room temperature
n-decane-soluble portion (Dsol) was 8.6% by weight; and the amount of the room temperature
n-decane-insoluble portion (Dinsol) was 91.4% by weight. [0354]Molding The propylene-based block
copolymer (A-2) was molded into 133 ASTM specimens in the same manner as in Example 1.

Evaluation results of properties of the molded arficlerappegarancepfihe injection molded article and
injection molding fluidity are set forth in Table 2. 5 [0355]Comparative Example 3 Using the solid

titanium cafalyst compenrent (ph,Rolymerization wasgatried out in the same,manpeLas:in , ;

Comparative Example 1, except that the residence time of the polymerization 10 conditions in the gas

phase pol @aa%rtv,va@}@@aﬂ%eg 10:0.37chaur, . Jhws, apropylene-based block capplymer (Az3) was

obtained. [0356]Molding he propylene-based block copolymer (A'-3) was mo ded into ASTM
specimens f the.safie MannatAsda Example: 1. Sualuation 15 tesylls.of propertiespf fag molded

article, appearance of the injection molded article and injection molding fluidity are set forth in Table 2.

(0357 Corpagatiyg Example 4.20sipg e 501d fianiym cafalyst compaaent (P2), pabymerization was

carried out in the samé manner as in Comparative Example 2, except that the residence time of the

polymerizgfion gandtions i the,gas phase polymerizer was chapged 10 0,410 Thugc 3.
propylene-based block Copolymer (A'-4) was obtained. 134
preferably not less than 1 part by weight but not more than 10
parts by weight, based on 100 parts byweight of the propylene-based
block copolymer of the present invention. Bytheuseof theblowing
10 agent in an amount of the above range, a molded foam having an
expansion ratio of not less than 2 times and containing uniform
and fine cells is apt to be econcmically obtained.
(02711 Moreover, additives, =.g., stabilizers,
such as antioxidant, metal deactivator, phosphorus-based
15 processing stabilizer, ultraviclet light absorber, ultraviolet
stabilizer, fluorescent brightener, metal soap and absorbent
antacid, crosslinking agent, chain transfer agent, nucleating
agent, plasticizer, filler, reinforcing material, pigment, dye,
flame retardant and antistatic agent, may be used in combination.
20 Although it is a matter of course that these additives are used
when needed in amounts not detrimental to the effects of the present
invention, they are preferably used in amounts of not less than

0.01 part by weight but not more than 10 parts by weight based

on 100 parts by weight of the propylene-based block copolymer of



[0358]Molding The propylene-based block copolymer (A'-4) was molded into ASTM specimens in
the same manner as in Example 1. Evaluation results of properties of the molded article, appearance
of the 5 injection molded article and injection molding fluidity are set forth in Table 2. [0359]Example 3
Using the solid titanium catalyst component (al), {;polymerization was carried out in the same
manner as in Example 1, except that the residence time of the polymerization conditions in the gas
phase polymerizer was changed to 0.32 hour. Thus, a propylene-based block copolymer (A-3) was

obtained. The amew:of theteor temperature n-decane-soluble portion (Dsol) was 5.9% 15
byweight, and the amount of the roomtemperature n-decane-insoluble portion (Dinsol) was 94.1% by

weight. [0360]Moldimg72; The propylengrbased:lack copelymsr (As3)hwas molded i ASTM
specimens in the same manner as in Example 1. Evaluation 20 results of properties of the molded

article, appearanse of theyinjection-melded article and injection molding fluidity are set forth in Table 3.
[0361]Comparative Example 5 135 Using the solid titanium catalyst component (1),

polymerization waspafrigd out in the same manpey,asJp Gomparatiye,Example I, except that the

residence time of the polymerization conditions in the gas phase polymerizer was changed to 0.26

hour.:5 Thus, apropylene;hased black gapalymer (Aip).was obtained, [9362IMalding . ; . Lhe

propylene-based block copolymer (A'-5) was molded into ASTM specimens in the same manner as in

Example 1. Evalualion results of praperties of the molded arfigle, gppearance of the 10 injection
molded article and injection molding fluidity are set forth in Table 3. [0363]Comparative Example 6
polypropylene-based resin, the type of the blowing agent, the type
of the molding machine and the shape of the mold. In the case
of a polypropylene-based resin, injection foammolding is usually
10  carried out under the conditions of a resin temperature of 170
to 250°C, a mold temperature of 10 to 100°C, a molding cycle of
lto60minutes, aninjectionrateofl0to300mn/secandaninjection
pressure of 10 to 200 MPa. There are various processes for in-mold
foaming, and of these, a so-called core back process {moving cavity
15 precess) wherein a mold constituted of a fixed core and a moving
core that is movable back and forth to the arbitrary position is
used, and after completion of injection, the moving core is moved
back to perform foaming is preferable, because a non-foam laver
is formedon the surface, the foam layer inside tends to have uniform
20 and fine cells, and a molded foam having excellent lightweight
properties is apt to be obtained. Moving of the moving core back
may be carried out in one stage or may be carried cut in plural

stages of two or more stages, and the speed to move the moving

core back may be properly controlled. Thus, an injection molded



Using the solid titanium catalyst component (p2), 15 polymerizationwas carried out in the same
manner as in Comparative Example 2, except that the residence time of the polymerization conditions
in the gas phase polymerizer was changed to 0.28 hour. Thus, a propylene-based block copolymer
(A'-6) was obtained. [0364]Molding 20The propylene-based block copolymer (A'-6) was molded into
ASTM specimens in the same manner as in Example 1. Evaluation results of properties of the molded
article, appearance of the injection molded article and injection molding fluidity are set forth in Table 3.

136 [0365¥mimpled ne oHIQRPaHs by weight of the propylene-based block copolymer (A-1)
prepared in Example 1 was mixed with 0.3 part by weight of 5 a crystal nucleating agent ADEKASTAB

NA21 (trademark, gyailahle fromAsahiDenkakogyokKdQ - d-parsbyweight et.a heat stabifizer
IRGANOX 1010 (trademark, available from Ciba-Geigy ICE.), 0.1 part by weight of a heat stabilizer
IRGAFOS 168 (trademark; available from. CibarGeigy K).Q,1:part by, weight of & heat stbilizer 10
IRGANOX 1076 (trademark, available fr_om Ciba-Geigy K.K.) and 0.1 pa.rt by weight of calc_lum
stearate by afumbler. Thereafier, the mixiure was meltkneaded by awi;screw exruder injthe same

manner as in Example 1 to prepare pellets of a polypropylene resin composition, and from the pellets,

specifens weig preparedy an 15.iectio solding. machine iy he parme manner asin, Example 1.

Mechanical properties and appearance of the molded article are set forth in Table 4.

[0366]Comparati 7 I 3 I in. i ple 4,
excopt ot 108 ports oy Woht o1 the profylene besed HIoSk cbpalmar (AL L) piopared -

Comparati le 1 wer instead r Jp i f.t opylene-base ck
copoIymeré\gq%))é%rh%g(?harﬁ%ﬁgégggé%é an aglggzﬁagﬁtc%e g?{\t/ﬁég %o%gel%d%a%g% %e?e%%j?%;i% %rth in

Table 4. used for autcomotive interior trim, such as luggage box, console

box, toocl box and door trim, containers for food packaging,
10  household appliance housing, boxes for daily use miscellaneous
goods, etc.

[0275] Extruded product

The extruded product of the present invention is produced
by subjecting the propylene-based block copolymer of the present
15  dinvention to extrusion precess. Since the propylene-based block
copolymer has high melt tension, high-speed extrusion becomes
possible, and large-sized articles can bhe obtained.
[027¢6] For producing the extruded product of the
present invention from the propylene-based block copolymer, a
20  hitherto publicly known extruding apparatus can be used. For
example, a single screw extruder, a kneading extruder, a ram
extruder, a gear extruder or the like is used. In the extruder,
a ring die cr a T-die may be installed.

02777 As the extrusion conditions, hitherto



[0367]Comparative Example 8 Specimens were prepared in the same manner as in Example 5 4,
except that 100 parts by weight of the propylene-based block copolymer (A' -2) prepared in
Comparative Example 2 were used instead of 100 parts byweight of the propylene-basedblock
copolymer (A-1) . Mechanical properties and appgayance of the molded article are set forth in Table 4.
10 [0368]Example 5 60 Parts by weight of the propylene-based block copolymer (A-1) prepared
in Example 1, 20 parts byweight of an ethylene/butene copolymer rubber (Toughmer A1050 (trade
mark), avajlable from 15 Mitsul.Chemicals,JIng.).2Q pags iy weight ef tale (White,kjller3000 PJ

(trademark), available from Matsumura Sangyo Co., Ltd.), 0.1 part by weight of a heat stabilizer

IRGANOXCJD%Q&%@%@f@ﬂ%@ﬁm&%@f&%*é-]k%)g%fe%%@ng% 0f.3 hegt,3tabilizer

IRGAFOS 168 (trademark, available fromCiba-GeigyK.K. ) , 20 0.1 part by weight of a heat stabilizer
IRGANOX, 1076 (tradema gg@iéaplggrogkgi%afgg'ég%@@)rgm 0.1 part by weight of calcium
L )

stearate were mixed by a tumbler. Thereafter, the mixture was melt kneaded by a twin-screw extruder

in the same manngy g%q Example 1 to p@e@gr%ggl{@@ eqf aD%oI;épl%)plxlstaQeorgsghcorggg%igg@, 138 and

from the pellets, specimens (ASTM specimens, square plates for measurement of linear expansion

coeffgient) yere prgpated by an ijection molding maching inhe same manne! 4o n, Example 1.

Mechanical properties and appearance of the mo article 5 are se

(0369]Comparglive Example ... Shegiens yers prepared i the same manner as o Example 5,

except that 60 parts by weig e propy ne-based block 10

copoIymeg(@'-&prgpgl%edé'n]%gr@pa%(\g/ {I;I_%(/? Iel\ﬁlgpe,%segijn_s}%%d §f 60 parts by weight of the
-1)."Mec

propylene-based block copolymer nical propérties and appearance of the molded article
are set forth in Ta ..15[0370]Comparative Example 10 Specimens were prepared in the same
manner as in Exaﬁw%g %]] except that 60 p%?ffs 5)9 %%WI &QEeep}%ﬁﬁéTﬁ]g-%%%ﬁ%‘%ék ‘(‘%8b8|§/mer (A" -2

) prepared in Comparative Example 2 were, used instead. of 60 parts by weight of the propylene-based
it T Sppeatiador (e Bide A et forth i

block cop(%fflrﬁlesre ’-1)0.Jiowll\r}férclfhan|c:a(F|c(:)3rl'cop1esrtigsr g

Tabf65'E%ggggéggug%Gused. By feeding paper or cloth onto a roll in the
extrusion, artificial leather, waterproof cloth and various
laminated articles can be produced.

[GZ80] In the extruded products, a so-called
extruded profile having a characteristic of a grain-like surface

15  is also included.

[0281] The extruded profile of the present
invention is produced by subjecting the propylene-based block
copolymer to contour extrusicn. Since the propylene-based block
copolymer has highmelt tension, shaping preperties are excellent,

20 and drawdcwn tends to be improved.

[0282] For producing the molded profile, a

hitherto publicly known process, such as a process comprising

feeding a resin containing a filler such as woodmeal or talc to

an extruder and extruding the resin from a die having a desired



Preparation of solid titanium catalyst component (a2) A high-speed stirring device (manufactured by
Tokushu Kika 139 Kogyo Co., Ltd., TV homomixer M model) having an internal volume of 2 liters was
thoroughly purged with nitrogen. Thereatfter, in this device were placed 700 ml of purified decane, 10 g
of commercially available magnesium chloride, 24.2.g of ethanol and 5 3 g of Rheodol SP-S20 (trade
name, sorbitan distearate available from Kao Corporation). With stirring the resulting suspension, the
temperature of the system was raised, and the suspension was stirred at 800 rpm for 30 minutes at

120C. Subsgguently, witgﬁig@&t%am%% atabigh.speed;sg t%@f@/@f@&i@&@&%}gihOU'd not

be formed, the suspension was transferred, by the use of a Teflon (registered trademark) tube having

an inner diameter.af 3. Mm..into. 2-liter glassflask-(equippedawith a stirrep).in which, 1 liter of purified

decane cooled to -10C had been placed in advance . The solid formed by the transferof liquid was

fitered 13,9ft and suficieptvavgshed wiihuiitedshepianso-ohial 3 seid,adeugiavhgtein ethano

had been coordinated in"an amount of 2.8 mol based on 1 moi of magnesium chloride. This solid

adduct was, syspended in decane,.and.in, 100 ml of titanium ng rachloride kept at -20C, the solid adduct
in an amount of 23 mmol in terms 20 of magnesium atom was introduced with stirring, to obtain a
mixed solution. The temperature of this n}ﬁ%c%% olution was raised to.80C over a period of 5 hours, and
when a temperatl:tre of B%C was reached, to't %urﬁlxéic? %oﬁﬁt%inlv(\:/gs added iié% lﬁiﬁgmdecp
3,6-dimeth¥lc clg 1exane-1,2-dicarboxylate (mixture of cis isomer 140 angd.trans isomer) in an amount
o7 0. 035 e LAbag o0 et B B o Atob 1 e e SeGuct, ATobad by sy the
temperatyre up to 110C over a periqd of 40 minutes. When. a temperature of 110C was reached,
diisobuty%c@% o%gféln%?ff?-%cﬁ?ggéyla%g fr%&?ﬁ?g %eéf%?si‘i%g% F aggl&a}r%%s %s%%‘e‘?)sv?é}stjaﬁggéd inan
amount 01;0.1%525 moall b sevg.orgil nPI of maggeiigm tom in the sollgd agfguct, ancjﬁwith stirring, they
were kept at 110C for 90 minutesto react thém: - ]A?t tHeTéaction' 8f oo ﬁﬁﬁ[ﬁg Wwas
completegq,.the soliézl pQFrtion was cglleqcted by hot filtration, and 10 thgiesolid portion was resuspended
in 100 ml 6t titanfurm tetrachioride’ Siiowéd I§/ ra‘T’sﬁ& 1fl%sirt’erﬁﬁ ratons Aiter 4 %ﬁr&t‘f}?g of 110C
was reached, the suspension was held for 45 minutes with stirring and thereby reacted. After the

reaction ot A5 ThiAltEs was Esmpicted, the sSild Farion was cditectéd By 15 M6t ftrafioh @hain, and

the solid portion was sufficiently washed with decane at 100C and heptane until a ti tanium compound

i

liberated frithe #ESh TGHE Wa<ASt detected. [0373]Although the solid titanium catalyst

(02847 Blow molded product

The blow molded product of the present invention is produced

by subjecting the propylene-based block copolymer to blowing.

1
[82)

Since the propylene~based block copolymer has high melt tension,
high-speedblowmolding becomes pessible, and large~sizedarticles
can be obtained.

[0285] For producing the blow molded product of
the present invention from the propylene-based block copolymer,
20 a hitherto publicly known blow molding apparatus can be used. As
the molding conditions, hitherto publicly known conditions can
be adopted. Of suchmolding conditions, the following conditions
are preferably used to produce a molded product in the present

invention.



component (a2) prepared through the above operations was stored 20 as a decane slurry,
apartofitwasdriedforthepurposeofexamining composition of the catalyst. [0374]The composition of the
solid titanium catalyst component (a2) obtained as above was as follows: titanium: 3.2% by mass,
magnesium: 17% by mass, chlorine: 57% by mass 141 diisobutyl
3,6-dimethylcyclohexane-1,2-dicarboxylate: 10.6% by mass, diisobutyl cyclohexane-1,2-dicarboxylate:
8.9% bymass, and ethyl alcohol residue: 0.6% by mass. [0375]Prepolymerization of solid titanium

catalyst 5 compongeg 42) In a threernggked flask having.an interpal volume.of 200 i, and

equipped with a stirrer, which had been purged with nitrogen, dehydrated hexane was placed, then

0.75 mmal,gf triethylalminum was introduced,and the abave suspension of the sl titanjym 10

catalyst component (a2) was further introduced in an amount of 0.25 mmol in terms of titanium atom to

give a total amoynt 050 wal, With stirring; the mixtire was maintained at 200 and allawed to absorb a

given amount of propylene for 60 minutes. Thereatter, the residual propylene was replacedwith n

trogen, and,usingiexana . 1n washingwas sufficisndy. car E%QioTut ntan aispoimeiized catelyst
component (3 g-PP/g-solid titanium catalyst component).” [0376 %o ymerization (Fn a polfymerlzer
having an.internal volume of 2 liters, 500.9 of prapylene and 6 NL of hydrogen were, placed at room
temperature. 25 Thereatfter, 0.75 r[{r?mlo o%%r?e%h§?§%rﬁi%%h,%.055 'Fnerﬁ%flofgemperature o
cyclohexylmethyldi xysilane and 0.0 mmal {interms._of titanium atom) aof the solid titanium
catalyst cgr%%otn% nﬂtg(ﬁtgg\ive?é %n%gg%;ﬁ;d%ﬁé tgr%c[)ge{rgtlzgré in ]%et[t)golrfm%%%gf V\Fg%erés& d I?/grg?éed up to
70C. Aftel golymerization was carried quLar 20 minuies 192 81,706 propylens was purged off with
lowering the temperature. ‘Thereafter, rep acement with i rogen’'was repea?edL Severaltim&s. After
0.04 NL of hydg)@egnwas added, a mixed gas of ethylene/(ethylene+propylene)-93% by mol was used

to give a t%;ﬁﬂ% pr%ssdre of 0.4 MPa, and at this total pressure, copolymerization was carried out in a

gas phase. The pol ization was conti until a rubber (Dsql) quantity of about 18% was
reached. After the?%ga%:eéﬁ)zn was complete%t,i%qéﬁ]uaqparﬁgﬁnta i ét%%ﬁ%?\%gs gdgﬁefo}f Inate the

reacitbon, anqr ropylene was purged %ﬁ. The 10 resulting polymer particles were vacuum dried at room
temperatdie §F é?lé) hight to §bf%\ n g'p%ﬁ’ﬁ%ﬁgfb‘aséa%% Sk COhotyrrier a-45 PR AoTht 8f the room

temperature n-decane-soluble portion (Dsol) was 18.4% by weight, and the amount of the room

temperaturg h-décaretinsoitibié pSa N DI Wak ¥ 6% Dy weighpLe, automotive

exterior trim, such as automotive bumper, automotive spoiler, side
molding, front grille guard and bumper guard;'automotive interior
trim, such as sun visor, radiator tank, washer tank, duct,

15 distributer, evaporator case, console box, indicator panel and
door trim; containers, such as kerosine tank, food container,
shampoo container, cosmetic container, detergent container,
medicine container and toner container; and others, such as toy
and container.

20 [0288] Vacuum/pressure formed product

The vacuum/pressure formed product of the present invention
is produced by subjecting a sheet of the propylene-based block
copolymer of the present invention to vacuum forming or pressure

forming. Since the propylene-based block copolymer has high melt



15[0377]Molding 100 Parts by weight of the propylene-based block copolymer (A-4), 0.1 part by
weight of a heat stabilizer IRGANOX 1010 (trademark, available from Ciba Japan K.K.), 0.1 part by
weight of a heat stabilizer IRGAFOS 168 (trade a k, available from Ciba 20 Japan K.K.), 0.1 part by
weight of a heat stabilizer IRGANOX 1076 (trademark, available from Ciba Japan K.K.) and 0.1 part by
weight of calcium stearate were blended, and then the blend was melt kneaded by a single screw
extruder under the following conditions to prepare pellets. From the resulting pellets , JIS small spec

mens and:simalk 343 squase platesware prodused: by an-inigetionmolding _@Bﬂ@n@rgﬁg%%num_ber:
EC40, manufactured by Toshiba Machine Co., Ltd.) under the following conditions. [0378] 5forth in

Table 6. [0379],Rrapstties ot the molded.article are set Melt kneading congdifions, ,recaut

nglescrewkneader:productnumberLaboplastoMill10M100, manufactured by Toyo Seiki Seisaku-sho,
Iid-Knea@@gﬁﬁ@“§¥@ggﬁ%2yxgention, therefore, production of large-sized

articles is possible, and deep drawing is also possible.

5 [0289] For producing the vacuum/pressure formed
product of the present invention from the propylene-based block
copolymer, a vacuum forming apparatus or a pressure forming
apparatus hitherto publicly known can be used. As the forming
conditions, hitherto publicly known conditions can be adopted.

i0 [0290] For example, a molded product in the form
of a sheet obtained from the propylene-based block copolymer is
held on a mold of a desired shape at a temperature of 180°C to
300°C, preferably 100°C to 270°C, particularly preferably 120°C
to 250°C, and themold is evacuated, or a compressed gas is injected

15 into themold, or a compressedgas is injected into themeld, whereby
a vacuum/pressure formed product is obtained.

[0291] Although use applications of the
vacuum/pressure formed products of the present invention are not
specifically restricted, there can be mentioned, for example,

20 auztomotive infterior trim such as automotive roof liner,
refrigerator interior trim, washing machine interior or exterior
trim, jelly containers, disposable lunch boxes, trays, food trays,
foamed trays for food, Tofu packages, cups, bags, heat-resistant

containers for microwave oven, machine protective cases, and



10Screw rotational speed: 60 rpm In the hopper, there was a flow of nitrogen. Injection molding
conditions Injectionmoldingmachine:productnumberEC40,manufactured by Toshiba Machine Co., Ltd.
15Cylinder temperature: 190C Mold temperature: 40C The JIS small specimens and the small
square plates were produced by a family mold. 20, Example 7 Polymerization Using the solid
titanium catalyst component (a2), polymerization was carried out in the same manner as in Example 6,
except that the period of time for copolymerization in a gas 199 phase was extended until a rubber

(Dsol) quantity-ef.apout 25% g\@asgr%hgg.sggq resulting polymer particles were vacuum dried at room
temperature for one night to obtain a propylene-based block copolymer (A-5). The amount of the room

temperature, §g§-§iecane-soluble R%ti%rhgl%%)iwﬁ? 24 .- A% by weight , and the amount of the room
temperature n-decane-insoluble portion(Dinsoty was 75:9% by weight. [0380]Molding The

propylene-based bigek Sppolyaer. () was aubledlad 19,10 lending oranulation ang niection

molding in the same manner as in Example 6. Properties of the molded article are 'set in Table 6.

[0381]Exqgn Ig 8 .15£>tol¥lme1gation 1 Usin_%thes id titanium _catalyst co nent (a2),
polymeriza on%v secarﬁeg outin the's meenr%an%g?goslb%%x%rﬁgféoéyg(%gp?%}%%gdﬁl io#(%ﬁwydrogen

in a gas phase was ot camied outs The resulting polymer Paricles were vacuum dried;at room

copolymerhashighmelttension,afilmhavingatﬁdcknessoflittle
unevenness can be obtained.
[0283] For preoducing the calendered product of
the present invention from the propylene-based block copolymer,
10 a hitherto publicly knowm.calendering'appaxatus can be used. As
the calendering éonditions, hitherto publicly known conditions
can be adopted.
[02947 For exampie, a calendering apparatus of
series type, L type, reverse L type, 7 type or the like can be
15 used. As the calendering conditions, the resin temperature 1is
in the range of 100°C to 300°C, preferably 130°C to 270°C, and
the roll temperature is in the range of 100°C to 350°C, preferably
130°C to 300°C, particularly preferably 150°C to 270°C.
[0295] By feeding paper or cloth to the roll in
20 the calendering, artificial leather, waterproof cloth and various
laminated articles can be produced.
[02¢%¢6] Although use applications of the

calendered products of the present invention are not specifically

restricted, there can be mentioned, for example, original sheets



20 temperature for one night to obtain a propylene-based block copolymer (A-6). The amount of the
room temperature n-decane-soluble portion (Dsol) was 17. 6% by weight, and the amount of the room
temperature n-decane-insoluble portion (Dinsol) was 82.4% by weight. 145 [0382]Molding The
propylene-based block copolymer (A-6) was subjected to blending, granulation and injection molding
in the same manner as in Example 6. Properties of the molded article are set forth 5in Table 6.
[0383]Comparative Example Preparation of solid titanium catalyst component (133) A high-speed
stirring deyee(manyfacturadiy Jokushufika 10:40ay0; Cor, Ligs 1 TK homamixer M madelihaving an
internal volume of 2 liters was thoroughly purged with nitrogen. Thereafter, in this device were placed
700 ml of purified decane, 10 g of commercially available magnesium chloride, 24.2 g of ethanol and 3
g of Rheodol SP-S20 (trade name, sorbitan distearate available 15 from Kao Corporation). With
stirring the[r@ygipg suspension, the temperature. gf the system was raised, and the suspension was
stirred at 800 rpm for 30 minutes at120C."Subsequently, with stirring the suspension at a high speed
S0 that any precipifte shquld %égeﬁfi%egft.t%%éug.BSQ%'R@ W%%“S‘E;S'Jc%r%d% %’r%‘&%%e%%%’ ofa
Teflon (registered trademark) tube having an inner diameter of 5 mm, into a 2-fiter glass ask
(equigped with. a stitr Ee? in,which 1 liter of purifi ne,cooled to -10C had peen placed in advance.
The solid ol'rlmraed%yltﬁ tlrganesf rofli %?3‘ ﬁ?;% iﬁgfgzjcgﬁ a]ﬁdcs?ﬁf?géffﬁfyrwgghe Wi rp%srﬁ%
n-heptane.to obtain a 146 solid adduct whergin ethanol had been coorc inate(gi n amount of 2.8 mol
based on 1 mol o lrﬁggr?e%il?n%%ﬁgn e. This gs%)ﬁg %dgglce:at WAS %Hgﬁéﬁdzb i ec%%%?a}énd in 200 ml of
titanium tetracrzilLoride tat-20C, t olid adduct in.an amount.of 23 mmaql.in terms 5 of magnesium
atom was ot %%%rﬁ%ss it %?ft%tfogb%aﬁiﬂsalﬁ?%e& l%&ﬁﬁo%%ﬁr%]t%%tp@% §rjéngf ?’h%%n%igé Solution
was raise% }10 89:% over a g%elr%gg ofa hg“'{% aﬂd g/vhen L2 temperature of 80C was reached, to the mixed
solution was ‘added (ﬁiso uty pﬁtha até in'afl aniount of 0.15 mol based on 1 mol of magnesium atom
- in the solid 10 addﬁ&, fgt’owed by raising%tgie tengperat%re%ofl, 0C over %%eriod of 40 minutes. With
stirring, they were ke %a a temperature of S0t or 60 Hinutesd Ract nﬁ).r[%i%g&]%fter the reaction

of 90 minytes was,
90 linventlon usually has a thickness of 5 to 200 um, preferably 10

to 120 pm. When the stretched film of the present invention is
a biaxially oriented f£ilm, it usuvally has a stretch ratio of 20
to 70 times, preferably 40 to 60 times, and when the stretched
film of the present inventiocn is a monoaxially stretched film,
15 it usually has a stretch ratic of 2 to 10 times, preferably 2 to
6 times.
[0298] For producing the stretched film of the
present inventicn from the propylene-based block copolymer, a
hitherto publicly known stretching apparatus can be used. For
20 example, tentering (lengthwise/widthwise stretching,
widthwise/lengthwise stretching), simultaneocus biaxial
orientation and monoaxial stretching can be used.
F0300] As the molding conditions, hitherto

publicly known conditions canbe adopted. Forexample, astretched



completed, the solid portion was collected by hot filtration, and 15 this solid portion was resuspended
in 100 ml of titanium tetrachloride, followed by raising the temperature. After a temperature of 130C
was reached, the suspension was held for 45 minutes with stirring and thereby reacted. After the
reaction of 45 minutes was completed, the solid perion was collected by 20 hot filtration again, and
the solid portion was sufficiently washed with decane at 100 C and heptane until a titanium compound
liberated in the wash liquid was not detected. [0385]Although the solid titanium catalyst component

(133) prepared; throygh th P@%@&@%@ti%@‘é’a&?&%&i&?@% 9%8619@@!)“%%&&%%%

itwasdriedforthepurposeof examining composition of the catalyst. [0386]The composition of ?he solid

tanium calalysLeampanelYt 1) phiinoc-as ahove.Wps 89 loays fiant iz 3t by mass,
magnesium: 20% by mass, chlorine: 58% by mass, diisobutyl phthalate: 9.5% by mass, and ethyl
alcohol residue: 0,1% by,mass,[0387]Prepolymerization of selid titanium catalyst. component (a2)
10In a three-necked flask having anlinté{%%?vo ume 0?9 ZOOOm agﬁL gaﬂiéﬁeatﬁ\:v%?eag?t%,lgv%ich had
been pur%ggrv%iglcrﬂig gen, dehydrated hexane was placed, then 0.75 mMol of triethylaluminum was
introduced, and the above suspension of the solid titanium catalyst component (133) was further

introdguced in an ar[‘rl%ﬁ f 15 0.25 mmol rms_of titanium atom tq give a total amount of 50 ml.
With stirring, the mixture ﬁ\3vas m intained 6{&{]2 Ya ?l]aﬁosv%egﬁfg %ggr"bgé) %ﬁ/e%%:r%%ﬁnt of propylene for

60 minutegtTgeErgngtgr,ggﬁ r%sid%alt%rgp I}gnge\}/}/%s re iacrggwigmnétg%gey,gnd usirj%hex r]1e , washing
was suffic:lenlfly carried 6ut to obtaina pr p‘oefymerlze 36 ca%é:fyst com[‘)c?nen?]%? % ﬁ’fgafso 1d titanium
catalyst cggggg%rg}%.e[ 38 Polgmeéi%aggnmen% [n aéjé)lyrperizer haviQ% an ini%rwnaévolufne of 2 liters,
500 g of propyléne and 5. 3 NFof Aydroger \Ware SIASEd at tdom Eltperatdre Therafief 184 mmol of
triethydaluminum, 0.028 mgnol of , ‘ ,
T packKaging such as sweets packaging and vegetable packaging; shrink
films forcupnoodle andthe like; films forpackaging fiberproducts
10 such as shirt, T-shirt and panty hose; films for stationary such
as clear file and clear sheet; films for cigarette packaging; light

packaging films; deccorating tapes; and packaging tapes.

[0302] Inflation film

The inflatign film of the present invention is produced by
15 subjecting the propylene~based block copolymer of the present
inventiontoinflation. Sincethepropylene-basedblockcopolymer
has highmelt tension, thebubbleisstableintheinflaticonprocess,
and the speed can be increased in the production process.
[0303] For producing the inflation film of the
20 present invention from the propylene-based block copolymer, a
hitherto publicly known inflation apparatus can be used. As the
inflation conditions, hitherto publicly known conditions can be
adopted.

[0304] For example, a resin temperature of 180°C



148 cyclohexylmethyldimethoxysilane and 0.0054 mmol (in terms of titanium atom) or the solid
titanium catalyst component (p3) were added, and the temperature in the polymerizer was rapidly
raised up to 70C. After polymerization was carried out for 20 minutes 5 at 70C, propylene was purged
off with lowering the temperature. Thereafter, replagement with nitrogen was repeated several times.
After 0.04 NL of hydrogen was added, a mixed gas of ethylene/(ethylene+propylene)=43% by mol was
used to give a total pressure of 0.4 MPa, and at this total pressure, copolymerization 10 was carried
out in a gas;phase: d hepalymgrzation was coptinued uptil asfubber {Psal) gyantityiof about
1896byweight was reached. After the reaction was completed, a small amount of methanol was added

to_termina\tveemger,pg‘gg% ¥ @W'e&? W@S@,uraquﬁem%fe%%g pelymer particles were vacuum
dried at room 15 temperature for one night to obtain a propylene-based block copolymer (A'-7).

[0389]Molding: ,, aHe Rropylene-based block copplymer (Ay7) wag,subjegted o blending,

granulation and injection molding in the same manner 20 as in Example 6. Properties of the molded

article are set forth jpgable 6. [0390]Comparative, Example 12 Polymerization, 149 . Usipg the

solid titanium catalyst component (p3), polymerization was carried out in the same manner as in

Example q,oe%pttmai aﬁiﬂitio of 589599&}‘ inagas ﬁ)'gaﬁ%vx@g nptcatried out. The resulting polymer

particles were vacuum dried at room 5 temiperature for one night to obtain a propylene-based block

copolymer (A'-8). M%%I@g The propyAeLngﬁgﬁé%d k&lggk gﬁgr?lygéetri(@\ﬁg) was LsHQjected to

blending, granulation and injection molding in the Same manner 10 as in Example 6. Properties of the
rnomediﬂ?ﬁ%f%?f@%ﬁ%HE%ET%@eé%el%%esent invention are not specifically

restricted, there can be mentioned, for example, films for food
packaging such as sweets packaging and vegetable packaging: films
10 for packaging fiber products such as shirt, T-shirt and panty hose;
films for stationary such as clear file and clear sheet; laundry
bags; films for fashion bags; agricultural films; and cups.

[0307] Other meclded products

Molded products of the propylene-based block copolymer of
15 the present invention other than the above-~menticoned molded
products can be obtained by other publicly known molding processes

such as stamping process.

Examples

20 102087 The present inventicon is further
described with reference tc the following examples, but it should
be construed that the present invention is in no way limited to
those examples.

[G209] In the following examples, bulk specific
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gravity, melt flow rate, intrinsic viscogity {([nl), amcunt of room
temperature n~decana-soluble {(insoluble) component andmolecular
welight distribution of a propylene-based block cepolymer were
measured by the following methods.

5 [G310] (1) Melt flow rate (MFR, (g/10 min))

Melt flow rate was measured under a lecad cof 2.16 kg in
accordance with ASTM D1238E. The measuring temperature was 230°C,
ro3111 (2) Intrinsic viscosity ([nl], (dil/g)}

Polymer particles were dissolved in decalin, and intrinsic

10 wviscosity was measured in decalin at a temperature of 135°C in
accordance with a conventional method.
[0312] {3) Amount of room temperature n—-decane-soluble
(insoluble) component (% by weight)
Inaglassmeasuring container, about 3 g (weight wasmeasured
15 down to a unit of 107 g; this weight is represented by b (g) in
the following formula) of a propylene-based block copolymer, 500
nﬂ4ofdecaneeﬂmiasmallamountofkadecan8msolubleheafstabilizer
were placed, and with stirring by a stirrer, they were heated to
150°C over a periocd of 2 hours in a nitrogen atmosphere to dissclve
20  the propylene-based block copolymer, held at 150°C for 2 hours
and then slowly cooled down to 23°C over a periocd of 8 hours. The
resulting ligquid containing a precipitate of the propylene~based
block copolymer was filtered under reduced pressure througha glass

filter of 25G-4 specification available from Iwata Glass Co., Ltd.
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Then, 100 mi of the filtrate was withdrawn and vacuum dried to
obtain a part of a decane-soluble component, and this weight was
measured down to a unit of 107" g (this weight is represented by
a (g} in the following formula). After this operation, the amount
5 of the decane-soluble component was determined by the following
formula.
[0313] Content of room temperature
n-decane-soluble component (Dsol) = 100x(500xa)/{(100x=b)
Content of room temperatufe n-decane-insoluble component
i0 (Dinscl) = 100-100x(500xa)/(100xb)
(4) Molecular weight distribution
Liguid chromatograph: Waters ALC/GPC 150-c plus model
{differential refractometer detector integration type)
Column: Two of Teosoh GMHG-HT and two of Tosoh GMHG-HTL were
15 connected in series.
[0314] Mobile phase medium: o-dichlorobenzene
Flow rate: 1.0 ml/min
Measuring temperature: 140°C
Calibrationcurvemakingmethod: Standardpolysiyrene sample
20  was used.
Sample concentration: 0.10% (w/w)
Amount of sample solution: 500 pli
Measurement was carried out under the above conditions, and

the resulting chromatogram was analyzed by a conventional method
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to calculate Mw/Mn value, Mz/Mw value and Mz/Mn value. The
measuring time based on one sample was 60 minutes.
[0315] {5y Pentad fraction (mmmm, (%))

Pentad fraction (mmmm, (%)) isone index of stereoregularity
of a polymer and is a result of examination of microtacticity of
the polymer. The pentad fraction was calculated from a peak
intensity ratio of a C-NMR spectrum of a propylene polymer, said
peaks being assigned based on Macromolecules 8, 687 (1973). The
1%3NMRspectrwnwasnﬁasuredlnfaJEOLEX—4OOdeviceataatemperature
of 130°C using TMA as a reference and using an o-dichlorobenzene
solvent.

[0316] (6) Flexural modulus

ASTM specimen

Flexuralmodulus (FM, (MPa)) wasmeasuredunder the following
conditions in accordance with ASTM D780.

[0317] Measuring conditions

Specimen: 12.7 mm {(width) = 6.4 mm {(thickness) x 127 mnm
{length)

Bending rate: 2.8 mm/min

Bending span: 100 mm

JIS small specimen

Flexuralimodulus (FM, (MPa)) wasmeasuredunder the following
conditions in accordance with JIS K7171.

[0318] Measuring conditfions




6.1 Mz/Mw 3.9 3.7 3.8 Homo-PP portion MFR g/10 min 16 15 14 w/Mn 11.97.9

Specimen: 10 mm (width) x 4 mm (thickness) = 80 mm {length}
Bending rate: 2 mm/min
Bending span: ©64 mm

(7) Izod impact strength

5 ASTM specimen

Izod impact strength (IZ, (J/m)) was measured under the
following conditions in accordance with ASTM D256.

[0319] Test conditions

Temperature: 23°C, ~30°C
10 Specimen: 12.7 mm (width} x 6.4 mm (thickness) x 127 mm
{(length), notched by machining
(8) Charpy impact strength

JIS small specimen

Charpyimpacttest(kJ/m?)wascarri@doutunderthefollowing

15 conditions in accordance with JIS K7111.

[03207 Test conditions

Temperature: 23°C, ~30°C
Specimen: 10 mm (width) % 4 mm {thickness) x 80 mm {length),
notched by machining
20 {9) Tensile elongation at break

ASTM specimen

Tensile elongation at break (EL, (%)) was measured in

accordance with ASTM D638.

[0321] Measuring conditions




6.8 Mz/Mw 7.4 4.9 4.4 Product MFR g/10 min109 MT g0.90.7 0.6

Specimen: ASTM No. 1 dumbbell

19 mm (width) x 3.2 mm {thickness) = 165 mm (length)
Pulling rate: 50 mm/min
Span length: 115 mm

5 JIS small specinen

Tensile elongation at break (EL, (%)} was measured in
acceordance with JIS K7162-RA.

(03227 Measuring conditions

Specimen: JIS K7162-BA dumbbell
10 5 mm (width) x 2 mm (thickness) x 75 mm (length)
Pulling rate: 20 mm/min
Span length: 58 mm
(10} Heat distortion temperature

ASTM specimen

15 Heat distortion temperature (HDT, (°C)) was measured in
accordance with ASTM D648,

[0323] Test conditions

Specimen: 12.7 mm {(width) x 6.4 mm {thickness) x 127 mm
(length)
20 Load: 0.45 MPa
Thickness of specimen: 1/4 inch

JIS small specimen

Heat distortion temperature (HDT, (°C)) was measured under

the following conditions in accordance with JIS§ K7181.
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Measuring conditions

Specimen: 10 mm {(width) x 4 mm (thickness) x 80 mm (length)
Load: 0.45 MPa
(11) Swell
5 Swell was measured under the following conditions using a
capillograph (manufactured by Toyo Seiki Seisaku-sho, Ltd.).

103247 Test conditions

Capillary length: 20 mm
Capillary diameter: 1 mm
i0 Measuring temperature: 230°C
Shear rate: 1216 sec™
(12) Appearance flow mark
Intheevaluationof flowmarkcfaninjectionmoidedarticle,
an injecfion.mold.having'a gate at the center (50 mm} and capable
15  of preoducing a flat plate having a length of 350 mm, a width of
100 mm and a thickness of 3 mm was used {Fig. 1). An area between
the gate and a flow mark having occurred was visuvally evaluated.

[0325] Injection molding conditions for specimen

Injectionmoldingmachine: Product numberM200, manufactured
20 by Meiki Co., Ltd.

Cylinder temperature: 210°C

Mold temperature: 40°C

Shape of molded article: shewn in Fig. 1

i0326] Flow mark evaluation:
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10 points (maximum): No flow mark occurred.
0 point: Flow marks occurred all cver the surface.
(13) Fish eye
A cast film was produced by a T-die extruder (manufactured
5 Dby Shinko Machinery Co., Ltd.) having a diameter of 25 mm, and
the number of fish eyes having a diameter of not less than 200
Hm was measursd.

[0327] Film production

Extrusion temperature: 250°C
10 Chill roll temperature: 40°C
Fiim thickness: 50 um
Screen mesh: one screen mesh #60
{14) Measurement of solid viscoelasticity tan & (°C)

Pellets were subjected to press molding to prepare a molded

bl
W

article, and temperature dispersion measurement was carried out
by a solid viscoelasticity measuring device. A tan & peak
temperature at not higher than -30°C was read out as an index of
a glass transition temperature of a propylene/ethylene and/or
a~olefin copolymer rubber portion.
20 103287 Press molding temperature: 230°C
Measuring device: RSA-II (manufactured by TA)
Measuring mode: tensile mode {(autotension and autostrain
control)

Measuring temperature: -80 to 150°C (up to measurable
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temperature)

Heating rate: 3°C /min

Measuring freguency: 1 Hz

Sample size: 5 mm (width) x 0.4 mm (thickness)

5 Initial gap (Lg): 21.5 mm

Atmosphere: N
{15) Melt tension

Melt tension (MT, {(g)} is a value obtained by measuring a
load for takingup a pulley having a function of load cell detection

10 by the use of a melt tension measuring device (manufactured by
Toyo Seiki Seisaku-sho, Ltd.) under the conditions of an orifice
having L of 8.0@ mm and D of 2.095 mm, a preset temperature of
230°C, a piston fall rate of 15 mm/min and a take-up rate of 15
mm/min.

15 10329] {16} Measurement of linear expanéion
coefficient (MD (x107°/°C), TD (x107°/°C))

Measurement of linear expansion coefficient was carried out
using a TMAmeasuring device (manufactured by TA Instruments Japan
K.K., TMAZ940) under the following conditions.

20 [0330] Measuring device: TMA2940 (manufactured
by TA Instruments Japan K.K.)

Test temperature range: -40 to 110°C

Test load: 0.029 N (3 g) {probe: about 3 mm in diameter)

Heating rate: 5°C /min
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Measuring direction: MD (machine direction, direction of
flow) and TD (transverse direction, vertical direction) of
injection molded product

Annealing treatment: none

5 Specimen: square plate (100 mm (width) x 100 mm (length)
x 2 mm {thickness)), small square plate (30 mm (width} x 30 mm

(length) = 2 mm {thickness))

Example 1

10 Preparation'of solid titanium catalyst component (ol)

75 g of anhydrous magnesium chloride, 280.3 g of decane and
308.3 g of 2—ethyihexyl alcohol were thermally reacted at 130°C
for 3 hours to give a homogenous solution, then to the solution
was added 17.7 g of ethyl benzoate, and they were further stirred

15 and mixed at 130°C for 1 hour.

10331 The homogeneous solution obtained as
above was cooled down to room temperature, and then 38 ml of this
homecgenecus solution was dropwise added in the whole amount to
100 ml of titanium tetrachloride kept at -24°C, over a period of

20 45 minutes with stirring at a rotational speed of 200 rpm. After
the dropwise addition was completed, the temperature of this mixed
solution was raised to 80°C over a period of 4.6 hours, and when
a temperature of 80°C was reached, to the mixed solution was added

diisobutyl 3, 6-dimethylcyclohexane~1,2-dicarboxylate {(mixture
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of cis isomer and trans isomer) in an amecunt of 0.0875 time the
molar quantity of Mg atom, followed by raising the temperature
again. When a temperature of 120°C was reached, diisobutyl
cyclohexane-1,2-dicarboxylate was added in an amcount of 0.0625
3  time the molar gquantity of Mg atom. Thereafter, the mixture was
maintained at this temperature for 35minutes. After the reaction
was completed, the solidportion was collected by hot filtration,
and this solid porticn was resuspended in 100 ml of titanium
tetrachloride, followed by performing thermal reaction again at
10 120°C for 25 minutes. After the reaction was completed, the solid
portionwas collectedbyhot filtrationagain, andthescolidportion
was sufficiently washed with decane at 100°C and hexane until a
titanium compound liberated in the wash liguid was not detected.
Although the solid titanium catalyst component (ol) prepared

through the above operations was stored as a decane slurry, a part

[
[85]

of it was dried for the purpose of examining compositicn of the
catalyst.

[0332] The composition of the sclid titanium
catalyst component {¢l) obtained as abovewas as follows: titanium:

20 3.0% by mass, magnesium: 18% by mass, chiorine: 58% by mass,

diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxyvlate: 8.6% by
mass, diisobutyl cyclchexane-1,Z2-dicarboxylate: 4.2% bymass, and
Z-ethylhexyl alcohol residue: 0.6% by mass.

[G333] Prepolymerization of sclid titanium catalyst
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component (al)

Inathree-necked fiask having an'internal volume of 2 Liters
and equipped with a stirrer, which had been purged with nitrogen,
a heptane slurry containing 120 g {(75.2 mmol-Ti) of the solid
titanium catalyst compeonent (al) was introduced, and to the slurry
was added dehydrated heptane to give a total amcunt of 1 liter.
The resultingmixture was stirredwith contrelling its temperature
tonot higher than 20°C, and 226 mmol of triethylaluminumwas added.
With maintaining the temperature at 20°C, the mixture was allowed
to absorb a given amount of propylene for 120 minutés, and the
residual propylene was replaced with nitrogen. Using heptane,
washing was sufficiently carried out to obtain 1.3 kg of a
prepolymerized catalyst component (10 g-PP/g-solid titanium
catalyst.component).

[0334) Polymerization

To a loop polymerizer having an internal volume of 56 liters
wérecontinuouslyﬁedpropyleneeﬂ:43kg/hr,hydrogeﬂeﬂ:16ONL/hr,
the catalyst siurry at 0.50 g/hr in terms of the solid catalyst
compenent, triethylaluminum at 2.16 ml/hr and
dicyclopentyldimethoxysilane at 2.2ml/hr, andpolymerizationwas
carried out in a state where the polymerizer was full of a liguid
without gas phase. The temperature of the loop reactor was 70°C,
and the pressure was 3.5 MPa/G.

10335] The resulting slurry was fed to a Bessel
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polymerizer having an internal volume of 100 liters and equipped
with a stirrer, and polymerization was further carried out. To
the polymerizer were fed propylene at 30 kg/hr and hydrogen at
180 NL/hr. The polymerization was carriedout at apolymerization
temperature of 70°C and a pressure of 3.3 MPa/G.

[0338] The resulting slurry was transferredinto
a meter pipe having an internal volume of 2.4 liters, and a
polyoxyethylene polyoxypropylene glycol compound was added in an
amount of 20% by weight basedonthe transitionmetal solid component.
The slurry was gasified, and gas-solid separation was carried out.
Thereafter, a polypropyléﬁe homopolymer powder was fed to a gas
phasepolymexizerof480literstoperformethylene/propyleaeblock
copolymerization. To the gas phasepolymerizer were continuously
fed,prépylene, ethylene and hydrogen so that gas composition of
ethylene/ (ethylene+propylene}=0.40 (molar ratio) and
hydrogen/ {ethylene+propylene)=0.53 {molar ratic) in the gas phase
polymerizer would be obtained. The polymerization was carried
out under the conditions of a polymerization temperature of 70°C,
apressure of 0.73 MPa/G and a residence time of 0.63 hour to obtain
a propylene-based block copolymer {A-1}. The amount of the room
temperature n-decane-soluble portion (Dsol) was 11.5% by weight,
and the amount of the room temperature n-decane-insoluble portion
(Dinsol) was 88.5% by weight.

{0337] Molding
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100 Parts by weight of the propylene-based block copolymer
(A-1) wasmixedwlth 0.1 part by weight of a heat stabilizer IRGANOX
1010 (trademark, available fromCiba JapanK.K.), 0.1 partbyweight
of a heat stabilizer IRGAF(CS 168 (trademark, available from Ciba
Japan K.K.}), 0.1 part by weight of a heat stabilizer IRGANOX 1076
(trademark, available from Ciba Japan K.K.) and 0.1 part by weight
of calcium stearate by a tumbler, then the mixture was melt kneaded
by a twin-screw extruder to prepare pellets of a polypropylene
resincomposition, andfromthepellets, specimens (ASTM specimens,
sguare plates for measurement of linear expansion coefficient)
were preparedby an injectionmoldingmachine. Evaluation results
of preperties of the molded article, appearance of the injection
molded article and injection molding fluidity are set forth in
Table 1. A photograph of the injection molded product used for
flow mark evaluation is shown in Fig. 2.

[0338] Melt kneading conditions

Co~rotating twin-screw kneader: product number NR2-36,
manufactured by Nakatani Kikai Co., Ltd.

Kneading temperature: 230°C

Screw rotational speed: 200 rpm

FFeeder rotational speed: 5090 rpm

In the hopper, there was a flow of nitrogen.

Injection molding conditions for ASTM specimen

Injectionmoldingmachine: product number EC40, manufactured
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by Toshiba Machine Co., Ltd.
Cylinder temperature: 230°C
Mold temperature: 40°C

Injection molding conditions for square plate for measurement of

linear expansion coefficient

Injection molding machine: product number AUTOSHOT T series
MODEL 100D, manufactured by FANUC CORPORATION

Cylinder temperature: 230°C

Mold temperature: 40°C

Specimen: sguare plate {100 mm x 100 mm x 2 mm)

Comparative Example 1

Preparation of solid titanium catalyst component (B1l)

75 g of anhydrous magnesium chloride, 280.3 g of decane and
308.3 g of Z-ethylhexyl alcchol were thermally reacted at 130°C
for 3 hours to give a homogenocus solution, then to the solution
was added 17.7 g of ethyl benzecate, and they were further stirred
and mixed at 130°C for 1 hour.

10339] The homogenecus solution obtained as
above was cooled down to room temperature, and then 38 ml of this
homegeneaecus solution was dropwise added in the whole amount o
100 ml of titanium tetrachloride kept at -24°C, over a period of
45 minutes with stirring at a rotational speed of 200 rpm. After

the dropwise addition was completed, the temperature of this mixed
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solution was raised to 110°C over a period of 5.1 hours, and when
a temperature of 110°C was reached, to the mixed solution was added
diisocbutyl cyclohexane-1,2~dicarboxylate (mixture of cis isomer
and trans isomer) in an amount of 0.15 time the molar guantity
of Mg atom. Thereafter, the mixture was maintained at this
temperature for 35 minutes. After the reaction was completed,
the solid pertion was collected by hot filtration, and this scolid
portion was resuspended in 100 ml of titanium tetrachloride,
followed by performing thermal reaction again at 110°C for 35
minutes. After the reaction was completed, the sclid portion was
collected by hot filtration again, and the solid portion was
sufficientlywashedwithdecaneat 100°Candhexaneuntil atitanium
compound liberated in the wash liquid was not detected. Although
the solid titanium catalyst component (B1l) prepared through the
above operations was stored as a decane slurry, a part of it was
dried for fhe purpose of examining compoesition of the catalyst.

(03407 The composition of the sclid titanium
catalystcamponent(51)obtainedasabovewasasfollowé;titanium:
2.6% by mass, magnesium: 18% by mass, diisocbutyl
cyclohexane~1, 2-dicarboxylate: 21.2% by mass, and Z—éthyihexyl
alcohol residue: 0.6% by mass.

[0341] Prepolymerization of solid titanium catalyst'

component (31}

Inathree-necked flask having an internal volume of 2 liters
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and equipped with a stirrer, which had been purged with nitrogen,
a heptane slurry containing 120 g (60.1 mmel-Ti) of the solid
titanium catalyst component {B1) was introduced, and to the slurry
was added dehydrated heptane to give a total amount of 1 liter.

5 Theresultingmixturewas stirredwithcontrollingits temperature
tonot higher than 20°C, and 180 mmol of triethylaluminumwas added.
With maintaining the temperature at 20°C, the mixture was allowed
to absorb a given amount of propylene for 120 minutes, and the
resicdual propylene was replaced with nitrogen. Using heptane,

10 washing was sufficiently carried out to obtain 1.3 kg of a
prepolymerized catalyst component {10 g-PP/g-sclid titanium
catalyst componant).

[0342] Polymerization

To a loop polymerizer having an internal volume of 58 liters
15 were continuously fedpropylene at 43 kg/hr, hydrogen at 140 NL/hr,
the catalyst slurry at 0.87 g/hr in terms of the solid catalyst
component, triethylaluminum at 2.%4 ml/hr and
dicyclopentyldimethoxysilane at 3.2ml/hr, and polymerization was
carried out in a state where the polymerizer was full of a liguid
20  without gas phase. The temperature of the loop reactor was 70°C,
and the pressure was 3.5 MPa/G.
[0343] The resulting slurry was fed to a Bessel
polymerizer having an internal volume cof 100 liters and equipped

with a stirrer, and polymerizaticn was further carried out. To
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the polymerizer were fed propylene at 30 kg/hr and hydrogen at
170 NL/hr. Thepolymerization was carriedout at a polymerization
temperature of 70°C and a pressure of 3.3 MPa/G.
[0344] The resulting slurrywas transferred into
5 a meter pipe having an internal volume of 2.4 liters, and a
polyoxyethylene polyoxypropylene glycol compound was added in an
amount of 208 byweight basedon the transitionmetal solidcomponent.
The slurry was gasified, and gas-solid separation was carried out.
Thereafter, a polypropylene homopolymer powder was fed to a gas
10 phasepclymerizerof 480 literstoperformethylene/propyleneblock
copolymerization. To the gas phasepolymerizer were continuously
fed propylene, ethylene and hydrogen so that gas composition of
ethylene/ (ethylene+propylene)=0.40 (molar ratioc) and
hydrogen/ (ethylenet+propylene)=0.095 (molar ratio) in the gas
15 phase pelymerizer would be obtained. The polymerization was
carried out under the conditions of a polymerization temperature
of 70°C, a pressure of 0.83 MPa/G and a residence time of 0.51
hour to obtain a propylene-based block copolymer (Af-1).
[0345] Molding
20 The propylene-based block copolymer {(A’-1) was molded in
the same manner as in Example 1. Evaluation results of properties
of the molded article, appearance of the injJection molded article

and injection molding fluidity are set forth in Table 1.
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103467 Comparative Bxample 2

Preparation of solid titanium catalyst component (R2)

75 g of anhydrous magnesium chloride, 280.3 g of decane and
308.3 g of 2-ethylhexyl alcohol were thermally reacted at 130°C
5 for 3 hours to give a homogenous solution, then to the solution
was added 17.5gofphthalicanhydride, andtheywere further stirred
and mixed at 130°C for 1 hour.
[0347] rThe hemogeneous sclution obtained as
above was cooled down to room temperature, and then 38 ml of this
10 homogeneous soluticn was dropwise added in the whole amount to
100 ml of titanium tetrachloride kept at -24°C, over a period of
45 minutes with stirring at a rotational speed of 200 rpm. After
thedrepwiseadditionwascompl@ted,thetemperaturecﬁfthismixed
solution was raised to 110°C over a period of 5.1 hours, and when
15 a temperature of 110°C was reached, to the mixed sclution was added
diisobutyl phthalate in an amount of 0.25 time the molar guantity
of Mg atom. Thereafter, the mixture was maintained at this
temperature for 120 minutes. After the reaction was completed,
the solid portion was collected by het filtration, and this solid
20 portion was resuspended in 100 ml of titanium tetrachloride,
followed by performing thermal reaction again at 110°C for 120
minutes. After the reaction was completed, the solid portion was
collected by hot filtration again, and the solid portion was

sufficientlywashedwithdecane at 100°Candhexansuntil atitanium
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compound liberated in the wash liguid was not detected. Although
the solid titanium catalyst component (B2) prepared through the
above operations was stored as a decane slurry, a part of it was
aried for the purpose of examining composition of the catalyst.
The compésition of the solid titanium catalyst component (R2)
obtainedas abovewas as follows: titanium: 2.4%bymass, magnesium:
18% by mass, diisobutyl phthalate: 15.4% bymass, and 2-ethylhexyl
alccohol residue: 1.2% by mass.

[0348] Prepolymerization of solid titanium catalyst

component (B2)

In a three-necked flask having an internal volume of 2 liters
and equipped with a stirrer, which had been purged with nitrogen,
a heptane slurry containing 120 g (65.1 mmol-Ti) of the solid
titanium catalyst component was introduced, and to the slurry was
added dehydrated heptane fo give a total amount of 1 liter. The
resulting mixture was stirred with controlling its temperature
tonot higher than 20°C, and 195 mmol of triethylaluminumwas added.
With maintaining the temperature at 20°C, the mixture was allowed
to absorb a given amount of propylene for 120 minutes, and the
residual propylene was replaced with nitrogen. Using heptane,
washing was sufficiently carried ocut to obtain 1.3 kg of a
prepolymerized catalyst component (10 g-PP/g-sclid titanium
catalyst component) .

[0349] Polymerization
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Toa loop polymerizer having an internal volume of 58 liters
were continuously fedpropylene at 42 kg/hr, hydrogen at 135 NL/hr,
the catalyst slurry at 0.9% g/hr in terms of the solid catalyst
compenent, triethylialuminum at 3.87 mi/hr and
dicyclopentyldimethoxysilane at 4.05 ml/hr, and polymerization
was carried out in a state where the polymerizer was full of a
liquid without gas phase. The temperature of the lcop reactor
was 70°C, and the pressure was 3.5 MPa/G.

[0350] The resulting slurry was fed Lo & Bessel
polymerizer having an internal volume of 100 liters and equipped
with a stirrer, and polymerization was further carried out. To
the polymerizer were fed propylene at 30 kg/hr and hydrogen at
143 NL/hr. The polymerizationwas carried out at a polymerization
temperature of 70°C and a pressure of 3.2 MPa/G.

[0351] The resulting slurry was transferred into
a meter pipe having an internal volume of 2.4 liters, and a
polyoxyethylene polyoxypropylene glycol compound was added in an
amount of 20% by weight basedonthetransitionmetal solid component.
The slurry was gasified, and gas—-solid separation was carried out.
Thereafter, a polypropylene homopolymer powder was fed to a gas
phasepolymerizerof 480 literstoperformethylene/propyleneblock
copolymerization. To the gasphase polymerizer were continuously
fed propylene, ethylene and hydrogen so that gas composition of

ethylene/ (ethylenetpropylene)=0.392 (molar ratio) and
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hydrogen/ {ethylenet+propylene}=0.0521 (molar ratio) in the gas
phase polymerizer would be obtained. The polymerization was
carried out under the conditions of a polymerization temperature
of 70°C, a pressure of 0.96 MPa/G and a residence time of (.55
hour to obtain a propylene-based block copolymer (A'-2).
[0352] Molding

The propylene-based block copolymer (A'~-2) was molded in
the same manner as in Example 1. Bvaluation results of properties
of the melded article, appearance of the injection molded article
and injection molding fluidity are set forth in Table 1. A
photograph of the injection melded product used for flow mark

evaluation is shown in Fig. 3.

[0353] Example 2

Using the solid titanium catalyst component (al),
polymerization was carried out in the same manner as in Example
1, except that the residence time of the polymerization conditions
in the gas phase polymerizer was changed to 0.47 hour. Thus, a
propylene-based block copolymer (A-2) was obtained. The amount
of the room temperature n-decane-soluble portion (Dsol) was 8.6%
byweight, andthe amount cf theroomtemperaturen~-decane-insoluble
portion (Dinscl} was 91;4% by weight.
[G354] Molding

The propylene-based block copolymer {(A-2) was molded inte
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ASTM specimens in the same manner as in Example 1. FEvaluation
results of properties of the molded article, appearance of the
injecticn molded article and injection molding fluidity are set

forth in Table 2.

[G355] Comparative Example 3

Using the solid titanium catalyst component (B1),
polymerization was carriedout in the same manner as in Comparative
Example.l, except that the residence time of the polymerization
conditions in the gas phase polymerizer was changed to 0.37 hour.
Thus, a propylene-based block copolymer (A’-3) was obtained.
[G0356] Molding

The propylene-based block copolymer (A’-3) was molded into
ASTM specimens in the same manner as in Example 1. FEvaluation
results of properties of the molded article, appearance of the
injection molded article and injection melding fluidity are set
forth in Table 2.

f0357] Comparative Fxample 4

Using the sclid titanium catalyst component (B2),
polymerizaticnwas carriedout in the same manner as in Comparative
Example 2, except that the residence time of the polymerization
conditicns in the gas phase polymerizer was changed to 0.41 hour.

Thus, a propylene-based block copolymer {A’-4) was obtained.
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[0358] Molding
The propylene-based block copolymer (A'-4) was molded into
ASTM specimens in the same manner as in Example 1. Evaluation
results of properties of the molded article, appearance of the
5 injection molded article and injection molding fluldity are set

forth in Tabkle 2.

[0359] Example 3
Using the solid titanium catalyst component (wl),
10 polymerization was carried out in the same manner as in Example
1, except that the residence time of the polymerizatiocn conditions
in the gas phase polymerizer was changed to 0.32 hour. Thus, a
propylene-based blcock copolymer {(A-3) was obtained. The amount
of the room temperature n—decane-scoluble portion (DPsol) was 5.9%
15 . byweight, andthe amount of the roomtemperaturen-decane-insoluble
portion (Dinscl) was 84.1% by weight.
[0360] Molding
The propyiene—based block copolymer (A-3) was molded inte
ASTM specimens in the same manner as in FExample 1. Evaluation
20 results of properties of the molded article, appearance of the
injection molded article and injection molding fluidity are set

forth in Table 3.

[0361] Comparative Example 5
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Using the solid titanium catalyst component (RB1l),.
polymerizationwas carriedout in the same manner as in Comparative
Example 1, except that the residence time of the polymerization
conditions in the gas phase polymerizer was changed to 0.26 hour. .

5 Thus, a propylene-based block copolymer (A’-5) was obtained.
[0362] Meolding

The propylene-based block copolymer (A"-3) was molded into
ASTM specimens in the same manner as in Example 1. FEvaluation
results of properties of the molded article, appearance of the

18  injection molded article and injection molding fluidity are set

forth in Table 3.

[0363] Comparative Example 6

Using the solid titanium catalyst component (R2),

15 polymerization was carriedout in the same manner as in Comparative
Example 2, except that the residence time of the polymerization
conditions in the gas phase polymerizer was changed to 0.28 hour.
Thus, a propylene-based block copolymer (A'-6) was obtained.
[0364] Molding

20 The propylene-based block copolymer (A'-6) was molded into
ASTM specimens in the same manner as in Example 1. Evaluation
results of properties of the molded article, appearance of the
injection molded article and injection molding fluidity are set

forth in Table 3.
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[0365] Example 4

100 Parts by weight of the propylene-based block copolymer
{A-1} prepared in Example 1 was mixed with 0.3 part by weight of
5 a crystal nucleating agent ADEKASTAR NAZ21 (trademark, available
fromAsahi Denka KogyoK.K.}, 0.1l part bywelght of a heat stabilizer
IRGANOX 1010 {trademark, available from Ciba-Geigy K.K.), 0.1 part
by weight of a heat stabilizer IRGAFQOS 168 (trademark, available
from Ciba~Geigy K.K.}), 0.1 part by weight of a heat stabilizer
10 IRGANOX 1076 (trademark, avallable from Ciba-Geigy K.K.)} and 0.1
part by weight of calcium stearate by a tumbler. Thereafter, the
mixture wasmelt kneadedby a twin-screw extruder in the same manner

as in Example 1 to prepare pellets of a polypropylene resin
composition, and from the pellets, specimens were prepared by an
15 injection molding machine in the same manner as in Example 1.
Mechanical properties and appearance of the molded article are

set forth in Table 4.

[03¢66] Comparative Exanmple 7

20 Specimens were prepared in the same manner as in Example
4, except that 100 parts by weight of the propylene-based block
copolymer (A’ -1} preparedinComparative Example 1l wereusedinstead
of 100 parts byweight of the propylene-basedblock copelymer {(A-1).

Mechanical properties and appearance of the molded article are
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set forth in Table 4.

[0367) Comparative Example B8

Specimens were prepared in the same manner as in Example
5 4, except that 100 parts by weight of the propylene-based block
copolymer (A’ ~2) preparedinComparative Example Zwereusedinstead
of 100 partsbyweight of thepropylene-basedblcecck copolymer (A-1).
Mechanical properties and appearance of the molded article are
set forth in Table 4.
10
[0368] Exanmple 5
60 Parts by weight of the propylene-based block copolymer
(Awl)preéaredinExamplel,ZOpartsbyweightofanethylene/butene
copolymer rubber (Toughmer AlL0L0 (trade mark}, avaiiable from
15 Mitsui Chemicals, Inc.), 20 parts by weight of talc (White Filler
5000 PJ {trademark), available from Matsumura Sangyo Co., Ltd.},
0.1 part by weight of a heat stabillizer IRGANOX 1010 (trademark,
available from Ciba~Gelgy K.K.}, 0.1 part by weight of a heat
stabillizer IRGAFO3 168 (trademark, available fromCiba-GeigyvK.K.),
20 0.1 part by weight of a heat stabilizer IRGANOX 1076 (fLrademark,
available from Ciba-Geigy K.K.} and 0.1 part by weight of calcium
stearate were mixed by a tumbler. Thereafter, the mixture was
melt kneaded by a twin-screw extruder in the same manner as in

Example 1 to prepare pellets of a polypropylene resin composition,
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and from the pellets, specimens (ASTM specimens, square plates
for measurement of linear expansion coefficient) were prepared
by an injection molding machine in the same manner as in Example
1. Mechanical properties and appearance of the molded article

5 are set forth in Table 5.

[G369] Comparative Example 9

Specimens were prepared in the same manner as in Example

o, except that 60 parts by weight of the propylene-based block

10 copelymer (A’-1) preparedinComparative Example lwereused instead
of’60partskn/Weightcﬁfthepropylene—basaﬂblockcopolymer(Awl).
Mechanical properties and appearance of the molded article are

set forth in Table 5.

15 [0370] Comparative Example 10

Specimens were prepared in the same manner as in Example

5, except that 60 parts by weight of the propylene-based block

copelymer (A'-2) preparedinComparative Example 2wereused instead

of60partsbyweightofthepropylene~basedblockcopolymer(Awl}.

20  Mechanical properties and appearance of the molded article are
set forth in Table 5.

[0371] Example 6

Preparation of soclid titanium catalyst component (o2)

A high-speed stirring device {(manufactured by Tokushu Kika
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Kogyo Co., Ltd., TK homomixer M model) having an internzl volume
of 2 liters was thoroughly purged with nitrogen. Thereafter, in
this device were placed 700 ml of purified decane, 10 g of
commercially available magnesium chloride, 24.2 g<xfethanol and
5 3 g of Rheodol SP-520 (trade name, sorbitan distearate availabie
from Kao Corperation). With stirring the resulting suspension,
the temperature of the system was raised, and the suspension was
stirred at 800 rpm for 30 minutes at 120°C. Subseqguently, with
stirring the suspension at a high speed sc that any precipitate
10 should nct be formed, the suspension was transferred, by the use
of a Teflon (registered trademark) tube having an inner diameter
of 5 mm, into a Z2~liter glass flask {equipped with a stirrer) in
which 1 liter of purified decane cocled to ~10°C had been placed
inadvance. Thesolid formedby the transferof liguidwas filtered
15 off and sufficiently washed with purified n-heptane to obtain a
solid adduct wherein ethanol had been coordinated in an amount
of 2.8 mol based on 1 mol of magnesiumchloride. This solid adduct
was suspended in decane, and in 100 ml of titanium tetrachloride
kept at -20°C, the solid adduct in an amount of.23 mmel in terms
20  of magnesium atom was introduced with stirring, to obtain a mixed
solution. The temperature of this mixed solution was raised to
80°C over a period of 5 hours, and when a temperature of 80°C was
reached, to the mixed solution was added diisobutyl

3, 6-dimethylcycliohexane-1,2-dicarboxylate (mixture of cis isomer
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andtransisomer)inanamountof0.0BSmolbasedonlnwlofnﬂgnesium
atom in the solid adduct, followed by raising the temperature up
t0 110°C over a period of 40 minutes. When a temperature of 110°C
was reached, diisobutyl cyclohexane-1,2~dicarboxylate (mixture
of cis isomer and trans isomer) was added in an amount of 0.0625
mol based on 1 mol of magnesium atom in the solid adduct, and with
stirring, they were kept at 110°C for 80 minutes to react them.

103723 After the reaction of %0 minutes was
completed, the solid portion was collected by hot filtration, and
this solid portion was resuspended in 100 ml of titanium
tetrachloride, fellowed by raising the temperature. After a
temperature of 110°C was reached, the suspension was held for 45
minutes with stirring and thereby reacted. After the reaction
of 45 minutes was completed, the solid portion was collected by
hot filtrationagain, andthe solidportionwas sufficiently washed
withdecane at 100°Candheptane until a titaniumcompound liberated
in the wash liquid was not detected.

[0373] Although the solid titanium catalyst
compeonent (o2} prepared through the above operations was stored
as adecaneslurry, apart of itwasdried for thepurpose of examining
composition of the catalyst.

[0374] Thé composiﬁion of the solid titanium
catalyst component (@2} obtained as above was as follows: titanium:

3.2% by mass, magnesium: 17% by mass, chlorine: 57% by mass,
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diisobutyl 3, 6-dimethylcyclohexane-1,2~dicarboxylate: 10.6% by
mass, diisobutyl cyclohexane-1,2~dicarboxylate: 8.9% bymass, and
ethyl alcchel residue: 0.6% by mass.

[0375] Prepolymerization of solid titanium catalyst

5 component (w2)

In a three-necked flask having an internal volume of 200

ml and equippedwith a stirrer, which had been purgedwithnitrogen,
dehydrated hexane was placed, then 0.75 mmol of triethylaluminum

was introduced, and the above suspension of the solid titanium

10  catalyst component (o2) was further introduced in an amount of
0.25 mmol in terms of titanium atom to give a total amcunt of 50

ml. With stirring, the mixture was maintained at 20°C and allowed

to absorb a given amount of propylene for 60 minutes. Thereafter,
theresidualpropylenewasreplacedwithnitrogen, andusinghexane,

15 washing was sufficiently carried cut to obtain a prepolymerized
catalyst compeonent (3 g-PP/g-solid titanium catalyst component).

[G376] Polymerization

in a pelymerizer having an internal volume of 2 liters, 500
g cof propylene and 6 NL of hydrogen were placed at room temperature.
20 Thereafter, 0.75 mmol of triethylaluminum, 0.025 mmol of
cyclohexylmethyldimethoxysilane and 0.0054 mmol (in terms of
titanium atom) of the sclid titanium catalyst component (¢2) were
added, and the temperature in the polymerizer was rapidly réised

up to 70°C. After polymerization was carried out for 20 minutes
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at 70°C, propylene was purged off with lowering the temperature.
Thereafter, replacement with nitrogen was repeated several times.
After 0.04 NL of hydrogen was added, a mixed gas of
ethylene/ (ethylenet+propylene)=43% by mol was used to give a total
5 pressure of 0.4 MPa, and at this total pressure, copolymerization
was carried out in a gas phase. The polymerization was continued
until a rubber (Dsol) guantity of about 18% was reached. After
the reaction was completed, a small amount of methanol was added
to terminate the reaction, and propylene was purged off. The
10 resulting polymer particles were vacuum dried at room temperature
for cone night to obtain a propylene-based block copolymer (A-4).
The amount of the room temperature n~-decane-soluble portion (Dsol)
was 18.4% by weight, and the amount of the room temperature
n~decane~insoluble portion (Dinsol) was 81.6% by weight.
15 [0377] Molding
| 100 Parts by weight of the propylene-based block copolymer
(&—4), 0.1 part by weight of a heat stabilizer IRGANOX 1010
{(trademark, available from Ciba Japan K.K.)}, 0.1 part by weight
of a heat stabilizer IRGAFOS 168 (trademark, available from Ciba
20 Japan K.K.), 0.1 part by weight of a heat stabilizer IRGANOX 1076
(trademark, available from Ciba Japan K.K.) and 0.1 part by weight
of calciumstearatewereblended, andthentheblendwasmelt kneaded
byasingle screwextruderunder the followingconditions toprepare

pellets. Fromtheresultingpellets, JISsmall specimens and small
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squareplateswereproducedbyaninjectionmoldingmachine (product
number: EC40, manufactured by Toshiba Machine Co., Ltd.) under
the following conditions.
[0378] Properties of the molded article are set
5 forth in Table 6.

[0379] Melt kneading conditions

Single screw kneader: product number LaboplastoMill 10M10G,
manufactured by Toyo Seiki Seisaku-sho, Ltd.
Kneading temperature: 210°C
10 Screw rotational speed: 60 rpm
In the hopper, there was a flow of nitrogen.

Injection molding conditions

Injectionmoldingmachine: product number EC40, manufactured
by Teshiba Machine Co., Ltd.
15 Cylinder temperature: 190°C
Mold temperature: 40°C
The JIS small specimens and the small square plates were

produced by a family mold.

20 Example 7

Polymerization

Using the solid titanium catalyst component (a2),
polymerization was carried out in the same manner as in Example

6, except that the period of time for copolymerization in a gas
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phase was extended until a rubber (Dsol) quantity of about 25%
was reached. The resulting pblymer particles were vacuum dried
at room temperature for one night to obtain a propylene-basedblock
copolymer (A-5). The amount of the room temperature
5 n-decane-scolubleportion (Dsol) was 24.1% by weight, and the amount
of the room temperature n-decane-insoluble portion (Dinsocl) was
75.9% by weight.
{0380] Molding
The propylene-based block copelymer (A~5) was subjected to
10 blending, granulation and injection molding in the same manner
as in Example 6. Properties of the molded article are set forth

in Table 6.

[0381] Example 8

15  Polymerization

Using the solid titanium catalyst component (o2),
polymerization was carried out in the same manner as in Example
6, except that addition of hydrogen in a gas phase was not carried
out. The resulting polymer particles weré vacuum dried at room
20  temperature for one night to obtain a propylene-based block

copolymer (A-6). The amount of the room temperature

n-decane-soluble portion (Dscl) was 17.6% by welght, and the amount
of the room temperature n-decane-insoluble portion (Dinsol) was

82.4% by weight.
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[G382] Molding

The propylene-based block copolymer (A-6) was subjected to
blending, granulation and injection molding in the same manner
as in Example 6. Properties of the molded article are set forth

in Table &,

03831 Comparative Example 11

Preparation of sclid titanium catalyst component (B3)

A high-speed stirring device (manufactured by Tokushu Kika
Kogyo Co., Ltd., TK homomixer M model} having an internal volume
of 2 liters was thoroughly purged with nitrogen. Thereafter, in
this device were placed 700 ml of purified decane, 10 g of
commercially availlable magnesium chloride, 24.2 g cf ethanol and
3 g of Rheodol SP-520 {trade name, sorbitan distearate available
from Kao Corporation). With stirring the resulting suspension,
the temperature of the system was raised, and the suspension was
stirred at 800 rpm for 30 minutes at 120°C. Subsequently, with
stirring the suspension at a high speed so that any precipitate
should not be formed, the suspension was transferred, by the use
of a Teflon (registered trademark) tube having an inner diameter
of 5 mm, into a 2—litér glass flask (equipped with a stirrer) in
which 1 liter of purified decane cooled to -10°C had been placed
inadvance. The soclidformedby the transferof licguidwas filtered

off and sufficiently washed with purified n-heptane to obtain a

['9 19.5 ILS
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solid adduct wherein ethanol had been coordinated in an amount
of 2.8 mol based on 1 mol of magnesium chloride. This solid adduct
was suspended in decane, and in 100 ml of titanium tetrachloride
kept at -20°C, the solid adduct in an amount of 23 mmol in terms
5 of magnesium atom was introduced with stirring, to obtain a mixed
solution. The temperature of this mixed solution was raised to
SO°C over a period of 5 hours, and when a temperature of 80°C was
reached, to the mixed solution was added diisobutyl phthalate in
an amount cf ¢.15 mol based on 1 mol of magnesium atom in the solid
10 adduct, followed by raising the temperature to 120°C over a period
of 40 minutes. With stirring, they were kept at a temperature
of 120°C for 90 minutes to react them.
[0384] After the reaction of 890 minutes was
completed, the sclid portion was collected by hot £filtration, and
15 this solid peortion was resuspended in 100 ml of titanium
tetrachleride, followed by raising the temperature. After a
temperature of 130°C was reached, the suspension was held for 45
minutes with stirring and thereby reacted. After the reaction
of 45 minutes was completed, the solid portion was collected by
20  hot filtraticonagain, andthe solidportionwas sufficiently washed
withdecane at 100°Candheptaneuntil a titaniumcompound liberated
in the wash liquid was not detected.
[0385] Although the solid titanium catalyst

component (B3) prepared through the above operations was stored
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asadecaneslurry, apartofitwasdriedforthepurposecf examining
composition of the catalyst.

[0386] The composition of the solid titanium
catalyst component (B3) obtained as abovewas as follows: titanium:

Z2.5% by mass, magnesium: 20% by mass, chlorine: 58% by mass,

|83

diiscbutyl phthalate: 9.5% by mass, and ethyl alcohol residue:
0.1% by mass.

[0387] Prepolymerization of solid tiftanium catalyst

component {al)

10 In a three-necked flask having an internal volume of 200
ml and equippedwith a stirrer, which had been purgedwithnitrogen,
dehydrated hexane was placed, then 0.75 mmol of triethylaluminum
was introduced, and the above suspension of the solid titanium

catalyst component (R3) was further introduced in an amount of

-
{82}

0.25 mmol in terms of titanium atom to give a total amount of 50
ml. With stirring, the mixture was maintained at 20°C and allowed
to absorb a given amount of preopylene for 60 minutes. Thereafter,
theresidual propylenewasreplacedwithnitregen, andusinghexane,
washing was sufficientiy carried out to cbtain a prepolymerized
20  catalyst component (3 g-PP/g-solid titanium catalyst component).

[0388] Polymerization

In a polymerizer having an internal volume of 2 liters, 500
goelpropyleneandb.3NLof hvdrogenwereplacedat roomtemperature.

" Thereafter, 0.84 mmol of triethylaluminum, 0,028 mmol of
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cyclohexylmethyldimethoxysilane and 0.0054 mmol (in terms of
titanium atom) of the solid titanium catalyst component ($3) were
added, and the temperature in the polymerizer was rapidly raised
up to 70°C. After polymerization was carried out for 20 minutes
at 70°C, propylene was purged off with lowering the temperature.
Thereafter, replacement withnitrogen was repeated several times.
After 0.04 NL of hydrogen was added, a mixed gas of
ethylene/(ethylenetpropylene)=43% by mol was used to give a total
pressure of 0.4 MPa, and at this total pressure, copolymerization
was carried out in a gas phase. The polymerization was continued
until a rubber (Dsol) quantity of about 18% by weight was reached.
After the reaction was completed, a small amount of methanocl was
added to termiﬁate the reaction, and propylene was purged off.
The resulting polymer particles were vacuum dried at room
temperature for one night to obtain a propylens-based block
copolymer (A"-7).
[0389] Molding

The propylene-based block copociymer {A"-7) was subjected
to blending, granulation and injection molding in the same manner
as in Example 6. Properties of the molded article are set forth

in Table 6.

[03%0] Comparative Example 12

Polymerization
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Using the solid titanium catalyst component (B3},
polymerization was carried out in the same manner as in Example
6, except that addition of hydrogen in a gas phase was not carried
out. The resulting polymer particles were vacuum dried at room
temperature for one night to obtain a propylene-based block
copolymer {A’-8).

Molding

The preopylene-based block copolymer (A’-8) was subjected
to blending, granulation and injection molding in the same manner
as in Example 6. Properties of the molded article are set forth

in Table 6.
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[0391] [Table 1]
Tabhle 1
Comp. Comg.
Bx. L Ex. 2 Ex. 3
Propylene~based block copolymer A1 Ar-1 Bf -2
mmmm % 87.4 97.6 97.5
Mw /Mn 12.86 7.8 6.7
DJ'.nsol -
Mz /Mw 9.0 5.8 5.1
Mz /Mn 113.4 45 .7 34.2
Amount wt® 11.5 11.6 12
Ethylene content mol¥ 46 45 46
Dsoy inl dL/g 3.6 3.2 3.8
Mw /Mn 8.3 6.1 6.1
Mz /Mw 3.9 3.7 3.8
MFR g/10 min 16 15 14
fomeTrr M /Mn 11,5 | 7.3 .8
P Mz /M 7.4 4.9 4.4
MER g/10 min 10 9 9
MT g 0.9 .7 0.6
Mz /Mn _ 88.1 38.7 29.9
EL ASTM specimen % 30 30 60
FM ASTM specimen MPa 1,150 1,130 1,080
Tzod at .
53°0 ASTM specimen J/m 68 90 116G
Ifggaét ASTM specimen J/m 26 22 22
HDT | ASTM specimen °C 115 111 109
swell (at 1216 s%) 1.8 1.5 1.4
Product 10 points:
Flow ma?k (degree of 0o Flow 9.5 6 3
CONSPLCUOUSNESS) mark
Number of
. fish
Fish eye eyes /600 220 220 390
. sz
Solid viscoelasticity o 57 55 54
tan &
Linear expansion 1050
coefficient MD e 8.4 2.0 2.7
Linear expansion 105 /0
coefficient TD 107°/°C 12.1 11.8 11.9
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[0392] [Table 2]
Table 2
Comp. Comp.
BR- 20 gy 3 | Ex. 4
Propylene-based block copolymer B-2 Af -3 AT -4
TATRTYIT % 97.4 97.6 97.5
D, Mw /Mn 12.8 7.7 6.8
tnsed Mz /Mw 9.1 5.6 5.0
Mz /Mn 116.5 43,1 34.0
Amount wt% 8.6 8.5 9.0
Ethylene content mol% 46 46 46
Bso1 n] dL/g 3.5 3.3 3.7
Mw /Mn 8.3 6.1 6.1
Mz /Mw 4.0 3.7 3.8
MFR g/10 min g 9 8
H - P
omoTE” Mw/Mn 12.0 | 7.8 §.6
B - Mz /Mw 7.5 4.8 4.2
MFR g/10 min 7 5 6
Mz /Mn ' 90.0 37.4 27.1
EL ASTM specimen % 30 30 40
M ASTM specimen MPa 1,350 1,290 1,240
Izoq)at ASTM specimen J/m 52 65 77
Product 23 C
I
”fggcét ASTM specimen J/m 25 22 24
HDT ASTM specimen °C 119 114 111
10 points:
Flow ma?k (degree of ne flow 10 A 3
conspicuousness) mark
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[0393] [Table 3]
Table 3
Conmp. Comp.
BXe 3| gy, 5 | mx. 6
Propylene-based block copolymer A-3 Al -5 Af -5
ML % 897.4 897.6 87.5
D Mw /Mn 12.7 7.9 6.6
Hnsod Mz /Mw 9.2 5.8 4.9
Mz /Mn 116.8 £45.8 32.3
Amount wt% 5.9 5.8 6.0
Ethylene content molsd 46 46 46
Deo1 {ﬂ] dL/g 3.5 3.3 3.7
Mw/Mn 8.3 6.1 6.1
Mz /Mw 4.1 3.7 3.5
s MFR g/10 min 6 6 6
fomo=b s M /ML 2.1 7.8 6.9
portion
Mz /Mw 7.6 4.9 4.4
MFR g/10 min 5 5 5
Mz /Mn 92.0 38.2 29.9
EL ASTM specimen % 20 40 40
M ASTM specimen MPa 1,450 1,370 1,320
Izoq)at ASTM specimen J/m : 42 48 58
Product 23°¢C
nggoit ASTM specimen J/m 25 25 22
HDT ASTM specimen °C 120 120 115
10 points:
Flow ma;k (degree of 0o £low 9 3 3
CONSploucusSness) mark




L 7m/fN 3. 00/c_OIx 11X1 1.11W UN/MN mN/zN uN/zN Amount Ethylene content [ Mw/Mn
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[0394] [Table 4]
Table 4
Comp. Comp .
Bx. 4 Ex. 7 Ex. 8
A-1 A’ -5 AT -G
Propylene-based block copolymer PHR (100) (100) (100)
Crystal nucleating agent PHR G.3 0.3 0.3
MER g/10 min 11 9 9
EL ASTM specimen % 20 30 30
M ASTM specimen MPa 1,600 1,590 1,540
Ii;gq?t ASTM specimen J/m 57 74 110
Product +
Ifggné” ASTM specimen J/m 25 24 28
HDT ASTM specimen °C 128 127 127
= 10 points:
Flow ma;k {degree of no £low 10 6 5
Cconspicuousness) mark




MN/ZN UN/ZN PILL TIBuls small TP small TP small TP small TE) Swell (at 1216 s Solid

yiscoelasticity tan 6 small TP small TP
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[0385] [Table 5]
Table 5
- Comp. Comp.
B O Ex., 9 | Ex. 10
A-1 AT-1 AT -2
P - >
ropylene-~based block copolymer PHR (60) (60) (60)
Elastomer
(ethylene/butene copolymer) PHR 20 20 20
Inorganic filler (talc) PHR 20 20 20
MFR g/10 min 6 6 6
EL ASTM specimen % 70 40 170
M ASTM specimen MPa 1,760 1,730 1,670
li;ﬁwft ASTM specimen J/m 630 680 700
Ifggoit ASTM specimen J/m 50 51 69
Product HDT ASTM specimen °C 123 124 122
; 10 points:
Flow mark (degree of no £low 4 5 1
conspicuocusness) mark
Linear expansion -5 ;e
coefficient MD *107/7C 3.9 3.3 4.9
Linear expansion <1075 /°¢ 4.2 4.8 4.9

coefficient TD




'13 N2 Charpy impact at 23C Charpy impact at -30C ICH Linear expansion coefficient MD Linear

expansion
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coefficient TO Tosu Los, Homo-PP portion 42 C.) Ti 0 0-I 156 Industrial Applicability [0397]The
propylene-based block copolymer of the present invention and the composition containing the
copolymer have high melt elasticity, have excellergg lance between rigidity and impact 5 resistance
and are excellent in processability, molded article gearance, molded article dimensional stability.
Therefore, they can be applied to wall-thinning of automotive parts and industrial material parts and
weight-lightening of various molded products, such as foam molded products and blow molded

products. Industrial Applicability

[0387] The propylene-basedblock copolymer of the present
inventicn and the composition containing the copolymer have high melt

elasticity, have excellent balance between rigidity and impact

5 resistance and are excellent in processability, molded article
appearance, molded article dimensiocnal stability. Therefore, they
can be applied to wall-thinning of automotive parts and industrial
material parts andweight~lightening of variousmolded products, such

as foam molded products and blow molded products.



157 CLAIMS 1.A propylene-based block copolymer comprising 5 to 80% by weight of a room
temperature n-decane-soluble portion (Dsol) and 20 to 95% by weight of a room temperature
n-decane-insoluble portion 5 (Dinsol), with the provyiso that the total amount of the Dsol and the Dinsol
is 100% by weight, and satisfying the following requirements [1] to [3] at the same time: [1] the
molecular weight distribution (Mw/Mn) of the Dsol is not less than 7.0 but not more than 30, 10[2] the
molecular weight distribution (Mw/Mn) of the Dinsol is not less than 7.0 but not more than 30, and
Mz/Mw thereof is not less than 6.0 but not moredtham20, and [3] the pentad fraction) of the Dinsol is
not less than 15 2.The propylene-based block copolymer as claimed in claim 1, which further satisfies

the following requirement Mk ropy [4liheratinsie visepsity fah (dia) of the Dsol s, notdessthan 1.5 but
not more than 10.0. 20 3.The propylene-based block copolymer as claimed in claim 1 or 2, which

ItrJlrther satisfiesthenfollowing ceauirement 151: 18] MziMrottheRinsokis,pet less than,79 butnot more
an '
20 to 95% by weight of'a.roonatemperature n—-decane-inscluble portion
5 {(Dinsel), with the proviso that the total amount of the Dsol and the
Dinsol is 100% by weight, and satisfying the following requirements
1] to [3] at the same time:
[1] the molecular welght distribution (Mw/Mn) of the Dsol is
not less than 7.0 but not more than 30,
10 [2] the molecular weight distribution (Mw/Mn) of the Dinscl
is not less than 7.0 but not more than 30, and Mz/Mw thereof is not

less than 6.0 but not more than 20, and

[3] the pentad fraction (mmmm) of the Dinsol is not less than

93%.
15
2. The propylene-based block copolymer as claimed in claim
1, which further satisfies the following requirement [4]:
[4] the intrinsic viscosity [n] (dl/g) of the Dsol is not less
than 1.5 but not more than 10.0.
20

3. The propylene-based block copolymer as claimed in claim
1 or 2, which further satisfies the following reguirement [5]:
[5] Mz/Mn of the Dinsol is not less than 70 but not more than

3C0.



158 4. The propylene-based block copolymer as claimed in any one of claims 1 to 3, wherein the
room temperature n-decane-soluble portion (Dsol) contains, as a main component, a copolymer
rubber comprising propylene and one or more olefigg, selected from ethylene 5 and a-olefins of 4 to 20
carbon atoms, and the room temperature n-decane-insoluble portion (Dinsol) contains, as a main
component, a crystalline propylene-based (co)polymer comprising 98.5 to 100% by mol of propylene
and 0to 1.5% by mol of one or more olefins selected from ethylene and a-olefins 10 of 4 to 20
carbon atoms.  4.5. Therpropylenelbased-block dopalymenasiclaimed in clainéwhereimthe step
for preparing the copolymer rubber comprises polymerizing propylene and one or more olefins
selected from ethylenei 5 dand @-blefihs: of 4:10C2Q: cashonatpms-in-one stege cane G:old 1 e
propylene-based block copolymer as claimed in any one of claims 1 to 5, which is obtained by
polymerizingraléfins ¢coatainingpropylene isthe presencenaf ancolefinpalymerization 20-eatalyst
comprising: a solid titanium catalyst component (I) containing titanium, magnesium, halogen, a

cyclic esteregrmpeund (a)tepresested dy:the follewing foraiula{1)angd-a eyclic gster egmpaund (b)
represented by the following formula (2), 159 an organpmetallic compound (Il) containing ametal

atomselecied from Groupsl daraup.2 and Greupd 3aithe periedic table, and if necessary, an electron
donor (111); 5[Chem. 1] RR2 R100CIIR
the room temperature n-decane-insoluble portion (Dinsol)
contains, as a main component, a crystalline propylene-based
(co)polymer comprising 98.5 to 100% by mol of propylene and 0 to 1.5%

by mol of one or more olefins selected from ethylene and a-olefins

10 cf 4 to 20 carbon atoms.

5. The:propylene—basemiblock<30polymer'as claimed in claim
4, wherein the step for preparing the copolymer rubber comprises
polymerizing propylene and one or more olefins selected fromethylene

15  and o-olefins of 4 te 20 carbon atoms in one stage.

5. The propylene-based block copolymer as claimed in any
one of claims 1 to 5, which is obtained by polymerizing olefins
centaining propylene in the presence of an olefin polymerization

20  catelyst comprising:

a solid titanium catalyst component (I) containing titanium,
magnesium, halogen, a cyclic ester compound {(a) represented by the
following formula (1) and a cyclic ester compound (b) represented

by the following formula (2),



Ca-Ca RNI\/R3 R-CbCa -R wherein nis an integer of 5 to 10, R4 and R3 are each
independently OOOR1 or R, at least one of R2 and R3 is 000R1, and single bonds (C-Ch bond, Ca-0b
bond in the case where R3 is 000R1, and C-C bang,(in the case where n is 6 to 10)) in the cyclic
skeleton may be each replaced with a double bond, each R1 is independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, 15plural R are each independently an atom or a group
selected from a hydrogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogen atom, a
nitrogen-containirig grogp;anaxygeh<comamingl grolpsarprosphogusrconidiningngrelipraed
halogen-containing group and 160 a silicon-containing group, and they may be bonded to one another
to form a fingpbGtratieast ofeRis Aobadyerogen Atomf thdn@eskeleton atthearing formed from
plural R bonded to one another, a double bond may be contained, and when two or more Ca to 5 each
of which COORI isrobndéedrareccontained:m thessketetontiofthe rig;, the number of carbon atoms to
constitute the skeleton of the ring is in the range of 5 to 10; [Chem. 2]

5 [Chem. 1]

R R
R100C R
=Y
R/ \ R
yd
FQ_;::?(:Q\_ _C@—R
\C/
R/\R
i ] n-4 NG

wherein n is an integer of 5 to 10,

R* and R’ are each independently COOR! or R, at least one of

E..—-‘
<

R* and R® is COOR?, and single bonds (C-C® bond, C*-C° bond in the case
where R® is COORl, and C~C bond (in the case where n 1= 6 to 10)) in
the cyclic skeleton may be each replaced with a double boend,
each R' is independently a monovalent hydrcocarbeon group of 1
to 20 carbon atoms,
15 plural R are each independently an atom or a group selected
from a hydrogen atom, a hydrocarbon group of 1 to 20 carbon atoms,
a halogen atom, a nitrogen—-containing group, an oxygen-containing

group, a phosphorus-containing group, a halogen-containing group and



HR4 R1 00C Cz H a-Ca H /zR5 N H-Cb 10 n-4 (2) wherein nis an integer of 5 to 10, R4 and R5 are
each independently COORL1 or a hydrogen atom, at least one of R4 and R5 is COOR1, each R1 is
independently a monovalent 15 hydrocarbon groupgef 1 to 20 carbon atoms, and single bonds (C-Cb
bond, Ca-Ch bond in the case where R5 is COOR1, and C-C bond (in the case where n is 6 to 10)) in

the cyclic skeleton may be each replaced 161

a silicon-containing group, and they may be bonded to one another
to form a ring, but at least one R is not a hydrogen atom,
in a skeleteon of the ring formed from plural R bonded to one
another, a double bond may be contained, and when two or moa:elca to
5 each of which COOR' is bonded are contained in the skeleton of the
ring, the number of carbon atoms to constitute the skeleton of the

ring is in the range of 5 to 10;

[Chem. 2]

H R4

. H
RTOOC\ClaWCIa/

H

NG W

N

R5

n-d - (2)
10

wherein n is an integer of 5 to 10,
R* and R® are each independently COOR' or a hydrogen atom, at
least one of R® and R® is COOR?, each R® is independently a menovalent
15 hydrocarbon group of 1 to 20 carben atoms, and single bonds (C-C°
bond, C*-C® bond in the case where R® is COORJ‘, and C-C bond {in the

case where n is 6 to 10}) in the cyclic skeleton may be each replaced



with a double bond. 7. The propylene-based block copolymer as claimed in claim 6, wherein in
the formula (1) and/or the formula (2) , all the bonds 5 between carbon atoms in the cyclic skeleton are
single bonds. 8. The propylene-based block ¢gpolymer as claimed in claim 6, wherein in the
formula (1) and/or the formula (2), n is 6. 109.The propylene-based block copolymer as claimed in
claim 6, wherein the cyclic ester compound (a ) is represented by the following formula (Ia) , and the
cyclic ester compound (b) is represented by the following formula (2a) ; 15[Chem. 3]

R100C.... COORL Ea'ehPPEbCa-H wherein nis an integer of 5to 10, 162  single bonds
(C-C bond (in the case where n is 6 to 10), Ca-C bond and Cb-C bond) in the cyclic skeleton maybe
each replaced with a double bond, each Rl is independently a monovalent hydrocarbon group of 1
to 20 carbon atoms, plural R are each independently an atom or a group selected from a
hydrogen atom, a hydrocarberPgroup-efe t&20ecarion htoms, avirsogeh atempachitrogénicontaining

group, an oxygen-containing group, a phosphorus-containing group, a halogen-containing group and
6, wherein in the formula (1) and/or the formula (2), all the bonds

5> Dbetween carbon atoms in the cyclic skeleton are single bonds.

8. The propylene-based block copolymer as claimed in claim

6, wherein in the formula (1) and/or the formula (2), n is 6.

10 9. The propylene-based block copolymer as claimed in claim
6, whereinthecyclicester compound (a) is representedby the following
formula {la), and the cyclic ester compound (b) is represented by

the following formula (2a):

15 [Chem. 3]

n-4 ... (1a)

wherein n is an integer of 5 to 10,



10 a silicon-containing group, and they may be bonded to one another to form a ring, but at least one
R is not a hydrogen atom, in a skeleton of the ring formed from plural R bonded to one another, a
double bond may be contained, and when two or mgse Ca to each of which COORL1 is bonded are
contained in the skeleton of the 15 ring, the number of carbon atoms to constitute the skeleton of the
ring is in the range of 5 to 10; [Chem. 4] 163 H H R100CICOOR1 Ca -Ca HVH H-CbCa -H wherein n
is an integer of 5 to 10, each RI is independently a monovalent hydrocarbon group of 1 5 to 20 carbon
atoms, and single bongsq GC:bendTHT thecdséwmhere ntisG:terd8),«Ca-Chandand Ch-C bond) in the
cyclic skeleton may be each replaced with a double bond. 10. The propylene-based block
copolymebasdlaimedinclaimd)09,wheeeinyinithe formuia ¢la)and the darmute:(2a); el thedponds
a double bond,
each R is independently a monovalent hydrocarbon group of 1
5 to 20 carbon atoms,
plural R are each independently an atom or a group selected
from a hydrogen atom, a hydrocarbon group of 1 to 20 carbon atoms,
a halogen atom, a nitrogen-containing group, an oxygen-containing
group, a phosphorus-containing group, a halogen-containing group and
10 a silicon-containing group, and they may be bonded to one another
to form a ring, but at least one R is not a hydrogen atom,
in a skeleton of the ring formed from plural R bonded to one
another, a double bond may be contained, and when two or more C* to
each of which COOR is bonded are contained in the skeleton of the

15  ring, the number of carbon atoms to constitute the skeleton of the

ring is in the range of 5 to 10;

[Chem. 4]



between carbon atoms in the cyclic skeleton are single bonds. 11. The propylene-based block
copolymer as claimed in claim 9, wherein in the formula (la) and the formula (2a), nis 6. 15 12. A
propylene resin composition comprising the propylene-based block copolymer as claimed in any one
of claims 1 to 11, and an inorganic filler and/or an elastomer. 164 13.A molded product comprising the
propylene-based block copolymer as claimed in any one of claims 1 to 11.

H H
R1'00C COOR!
N

H ___—-Cb\_ ”’”/Ca

n-4 - = s (2a)

wherein n is an integer of 5 to 10,
each R' is independently a monovalent hydrocarbon group of 1
5 to 20 carbon atoms, and single bends (C-C bond {in the case where
n is 6 to 10}, Cawclbond and C?—C bond} in the cyclic skeleton may

be each replaced with a double bond.

10, The propylene-based bleck copelymer as claimed in claim
10 9, wherein in the formula (la) and the formula (2a}, all the bonds

between carbon atoms in the cyclic skeleton are single bonds.

11. The propylene-based block copolymer as claimed in claim
9, wherein in the formula (ila) and the formula_{2a), n is 6.
15
1z. A propylene resin composition comprising the
propylene-based block copolymer as claimed in any one of claims 1

to 11, and an inorganic filler and/or an elastomer.
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13. A nmolded preduct comprising the propylene-based block

copolymer as claimed in any one of claims 1 to 11.



