PROPYLENE/ ETHYLENE- [err]-OLEFI N BLOCK COPOLYMER AND qﬁfﬂﬁﬂ@GESS
FCRiERCDUCING THE SAVE BACKGROUND OF THE I NVENTION Field of the |pog-

| nvwert i on The present invention relates to a propyl ene/ et hyl ene- d “Wyl
a-ghefin block copolynmer which is superifor in inpact resistance and
progessability. In the present invention, the propyl ene/ethylene- [err]

-olef in block copol yner neans a polyner obtained by successively

synt hesi zi ng a propyl ene _pol yner __conponent d - -olef in
copo:yner conﬁoagﬁp£YLﬁ§§é§3%¥LFHP§‘bTBEQFEBp -9§%r8¢£¥#§9§§ gPBe bl ock
copol ymer wt I ch said en LelLles) e fectly chem cal
bonded each ot her, but ispggggﬁg Béﬁpégghﬁ%iggnsgéiﬁggﬁs. Descri ption gf
the Related Arts Pol ypr opyl ene has wi dely been used for various

pur poses because of excellent physical properties. For exanple,

polypropyleE§¥§Q§g$§§£E§LﬁgEﬁgggégﬁgéhgr vari ous purposes such as
autor?blle | ' , ctrical parts, etc. because of
excel | ent riggi iiy { |.st:apnce, gloss and noldability as well as |ow
price. Howe\ %1 qfl¥ﬁ% fﬁv%ﬁ;éﬁhgn1that pol ypropylene is insufficient in
i npact  resi st an@heHPEGRSAtOINYERELPY HAAFHSMBP| R IBFORHL RS RIS he

use. thereof is Lim,te lo or i i i
propyl ene, a-olefin glock copogymegeahgghlggrgggegggrlg%aghp%%%lstance of

resistance and processability. In the present invention, the
propylene/ethylene-a -olefin block copolymer means a polymer .
obtained by successively synthesizing a propylene polymer
component and an ethylene-c-olefin copolymer component.

However, this block copolymer is not a true block copolymer
with which said components (moieties) are perfectly
chemically bonded each other, but is a kind of polymer

compositions.

Description of the Related Arts

Polypropylene has widely been used for various purposes
because of excellent physical properties. For example,
polypropylene has recently been used for various purposes
such as automobile interior/ exterior parts, electrical parts,
etc. because of excellent rigidity, heat resistance, gloss
and moldability as well as low price. Howéver, there was a
problem that polypropylene is insufficient in impact
resistance because of the crystallizability and, therefore,
the use thereof is limited.

In order to improve the impact resistance of propylene,



a process of pol yrrerl zing propylene with ethylene'or the other olef in
steg\ se to forma block copolyner has hithérto been wused. In the
produttion of a block copolymer of conventional stereoregular
pol.ypropylene, a titaniumtrichloride cdalyst or a titanium nmagnesium
conposite catalyst is exclusively used. These catalysts normally have | ow
randommess in the copol ynerization reaction and wi de composition
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propyl ene/eth‘gﬁ propy copol yirer or - a bl ock copo
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having 4 to 2‘%&/ élgér}% ﬂngbggékoggigﬁgunf g%#ﬁgg?g{ﬂst suc ch{giygt
met al | ocene, é\@vwgeiaw@wely
randommess ( panese Patent o al Nos -202152 an 6-172414). However,

when using tdLE‘e&bOﬁe%%Oe'axmgs%% hema ulagehakrlekgoﬁoaahaaaﬁegsl ehVenet he
|rrpact resistance i s II'TpI’OVG ut the ri ty as an Intrinsic
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e ot her nd, as a method of maintaining the rigidity to high |evel

wi th inprovi %éﬂ‘l@fdf@,aékreheﬁf & piiBBePLlike copolymer is produced at the
second-stage after crystalline polypropylene was produced at
the first-stage, the impact resistance is sometimes
insufficient ir_1 a specific use. |

As a method of improving the non-homogeneity of the

rubber-like copolymer moiety, there is discloséd a methed of
producing a propylene/ethylene-propylene block copolymer or
a block copolymer of propylene/propylene and at least one of
ethylene and an a-olefin_having 4 to 20 carbon atoms, using
an uniform catalyst such as metallocene, which produces a
homogeneous copolymer having large randomness (Japanese
Patent Kokai Nos. 5-202152 and 6-172414). However, when
using the above copolymer as the rubber-like copolymer moiety,
the impact resistance is improved but the rigidity as an
intrinsic characteristic of polypropylene is liable to be
drastically deteriorated.

On the other hand, as amethod of maintaining the rigidity

to high level with improving the impact resistance of



pol ypropyl ene, there has been used a nmethod of bl ending polypropylene with
a rubber-1ike substance having large randomess and narrow conposition

di stf1bution, such as et hyl ene- propyl ene copol yner rubber (EPR),

et hyl ene- but ene copol yner rubber (EBR),3 ethyl ene-propyl ene-di ene copol yner
rubber (EPDM), etc. Although these rubber-like substances are nornally
produced wi th a vanadium catal yst system there has recent Iy been

ol of i - copoPSHPEARITaRe;a LRBE, ?xhedn%pnb' eﬁ?' “&e%&w fodifh an
uni form cat al yst s s em such, as rrebgl | o e st Séstem apanese
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by nmeans of copol yneri zati on (Japanese Patent Kokai

(1aid-open) 2MaSnormaPlP bhodied?fifh %ahbdlitm é§t&@§§é%y§&x&05@z@&e&md

1-297408). In the production of these olefin block <cCopolyners, a titanium

trichloride gakak¥ebntY§tBéeRdfsclosed an improvement accomplished by
blending an ethylene-higher c«-olefin copolymer rubber («
-olefin having 4 to 8 carbon atoms) with an uniform catalyst
system such as metallocene catalyst system (Japanese Patent
Kokai Nos. 6-192500, 6-192506, 6-248156 and 7-102126).
However, there arises a problem in blending operation that
such a rubber-like copolymer can not be used after pelletizing,
like a crystalline resin, because the shape thereof is not
easily handled according to the composition. Besides, with
respect to a method of blending such a rubber-like copolymer,
an operation of blending is required and a kinds of the
rubber-like copolymers is expensive.

There is alsodisclosed a technique about a thermoplastic
elastomer which is superior in moldability by means of olefin
block copolymerization (Japanese Patent Kokai (laid-open)
Nos. 57-61012, 58-32616, 58-71910, 58-103548, 59-105008 énd
1-297408). In the production of these olefin block

copolymers, a titanium trichloride catalyst system or a



4  titani um magnesi um conposite catal yst systemis mainly used. However,

t he ;mechani cal properties such as inpact resistance is sonetines
insufficient in a specific use. Furthernore, when using the catalyst,
relative reactivity of a -olefin to ethglene tends to be markedly | owered
dep@ndlng upon the increase of the nunber of carbon atons of the a-olef in
in view of the property of the catal yst. SUMMARY OF THE INVENTICN
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. to

- been conpleteg&ew of the property of the catalyst.

SUMMARY OF THE INVENTION

An object of the present invention is to provide anolefin
block copolymer which is superior in impact resistance and
rigidity without blending a rubber-like copolymer having
excellent randomness and narrow composition distribution,
and a process for producing the same.

Another object of the present invention is to provide
an olefin block copolymer which is superior in balance between
the impact resistance and rigidity.

Still another object of the present invention is to
provide an olefin block copolymer which is superior in heat
resistance, impact resistance and processability, and has a
noticeable effect for improving physical properties of
polypropylene when adding it to polypropylene.

The present inventors have intensively studied so as to
accomplish the above objects. As a result, the present

invention has been completed.



5 According to the present invention, there is provided a
propyl ene/ et hyl ene-a-ol efin bl ock copol yner obtained by pol yneri zi ng
propyfene to forma pol ypropyl ene conponent in a first-stage and

copol ynmeri zing an ethylene and [err]-ol ebin having 4 to 18 carbon atomns
to Korm a random copol yner conponent in a second-stage, which satisfies
the foll ow ng conditions (1) to (II1): (I') a content of the
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1.5is from5 to 395%by weight; and (I an intrinsic vi ([n])

of the propyanssesny! Ber Fedlond-stileck bRy ¥aR: sTRasuLad 45811&6&{;@' in
at 135[err]Cis fromO0.5 to 5.0 dl/g. The present invention alSo
provides a conditions (I) to (III):
(I) a content of the polypropylene component(l) having an
intrinsic viscosity ([ n]) measured in tetralin at 135C of
from 0.5 to 5.0 dl/g is from 5 to 95% by weight;
(II) a content of an a-olefin in the random copolymer
component(2) is from 5 to 40 mol%, and a content of the
ethylene-a -olefin random copolymer component having a p
value represented by the following genefal formula:
p = 2[E] - (A]/[EA]
(wherein [E] represents a molar fraction of ethylene, [A]
represents a molar fraction of the a-olefin-and [EA]
represents a molar fraction of a dyad chain of ethylene and
the a-olefin) within the range from 0.5 to 1.5 is from 5 to
95% by weight; and | |
(ITII) an intrinsic viscosity ([ n]) of the
propylene/ethylene-ca -olefin block copolymer measured in
tetralin at 135C is from 0.5 to 5.0 dl/g.

The present invention also provides a

- propylene/ethylene-a-olefin block copolymer wherein the



propyl ene/ et hyl ene-a-ol efin bl ock copel yner wherein the cont ent
of t.he component (1) is from50 to 95% by wei ght and the anmount of the
conpofient (2) is from5 to 50% by wei ght. Furthernore, the present
i nvention al so provide a propyl ene/ et hybene-a-ol efin block copol yner
wherein the content of the conponent (1) is not |ess than 5% by wei ght

.~ and | ess than 50@6by wei ght and the anmount of the conponent (2) is nore

“th 50% b i ght and _not rethan 9%b Furtherrmre t he
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~Particularly but ene octene are pr
- content of t h?ZE’OiQ’RIBQ‘QyéI‘?é}?SO% by weight and not more than 95% by we:.ght.

Furthermore, the present invention provide a process for
producing the above-described copolymers and amolded article

therefrom.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be explained in detail below.

The propylene/ ethyleﬁe- a -olefin block copolymer of the
present invention is composed of the polypropylene component
and the ethylene-a-olefin random copolymér compenent and

. obtained by producing a polypropylene component in the

first-stage of polymerization and an ethylene-c-olefin
random copolymer component in the second-stage of the
polymerization. The a-olefin used in the present invention
is an a-olefin having 4 to 18 carbon atoms, preferably 4 to
8 carbon atoms. Particularly, l-butene, l-hexene and 1-
octene are preferably used. The content of the polypropylene
component in the propylené/ethylene—a-olefin block

copolymer is within the range from 5 to 95% by weight, and



conponent in the propyl ene/ ethyl ene-a-olefin block copolyner is within the
range from5 to 95% by wei ght, and : 7
the content of the ethylene-[err]-olefin random copol yner conponent is
within the range from5 to 95% by wei ghtz Each content may be changed
within the wide range. However, when the content of pol ypropyl ene
component is less than 5% by weight, the processabi lity is deteriorated.

On the other hand, when it exceeds 95% by the effect of inproving
t he inpact rdﬂxestmnjemq)mhylene-aﬁcoéﬁ%ﬁ-@r raademn§ePOLYMRE -
proportion of the pol ypropyl ene conponent to the ethyl ene- [err]-olefin
copol yner i n admponsndpyisewatbhinythecanas from site rP5d1 bykwebgbtyndfacht t he
present invention can be selected fromthe above range according to the
desired pur pententemaysheFhangachwishiposhepldthrandtne EPWPYRE, vEi8”t ance
Is required, in addition to the processablllty, t he cqontent of the

pol ypr opy! ené‘-l'@)mt aQf, HQHPEP(P#}I F&“PBHW dskess, tlﬂad’clg'%c(ﬂyol ynmer

is preferably not |ess than 5% y ht | ess th 5Q% b and
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ethyl ene- [err]-.0l efin _random co co onent in the
propyl ene/ et e iBPaEt aeéﬁs%a&cgp%e\é %o more than 50%

A preferred range of the proportion of the polypropyiene
component to the ethylene;-a-olefin copolymer in the
propylene/ethylene-ca -olefin block copolymer of the present
invention can be selected from the above range according to
the desired purpose. When using for the purpose to which the
impact resistance is required, in addition to the
processability, the content of the polypropylene component
in the propylene/ethylene-ca -olefin block copolymer is
preferably not less than 5% by weight and less than 50% by
weight, and the content of the ethylene-ca-olefin random
copolymer is preferably more than 50% by weight and not more
than 95% by weight. In this case, the impact resistance is
further enhanced by increasing the content of the ethylene-
a-0lefin random copolymer component in the
propylene/ethylene- a-olefin block copolymer to more than 50%
by'weight.

In the use to which physical properties superior in

balance between the impact resistance and rigidity are



by wei ght. In the use to which physical properties superior in

bal ance between the inpact resistance and rigidity are

8 Tequired, the content of the pol ypropyl ene conmponent in the

propyl ene/ et hyl ene-a-ol ef in block copol&ner is preferably from50 to 95%
by wei ght, and the content of the ethylene- a -olef in random copolyner
conponent is preferably within the range from5 to 50% by wei ght . There
can be obtai ned those having physical g erties, which is superlor

bal ance bet weREUiFRd; e consenst 9f cehe RPYYRFIRYLLNS, FOMRONERS; if %
Content of t HerapBl Rl dEiTieter rm%e&ﬁéf’g??&f EpRoL PR ohe c%%fwlv e
conponent is fron;;bto 40 ;% Sﬁgthﬁg %ﬁﬁtengFothh gle |s | ess
than 5 nol % % nﬁ?&@ aEPRFERFS? b Poor .
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or the a between the impact resistance and rlg:.d:.ty, by increasing the
content of the polypropylene component to 50% by weight or
more.

The content of the a¢-olefin in the ethylene-a-olefin
random copolymer component is from 5 to 40 mol%. When the
content of the a-olefin is less than 5 mol%, the effect of
improving the impact resistance becomes poor. On the other
hand, when it exceeds 40 mol%, the processability is
deteriorated. Particularly, when the content of the
polypropylene component is not less than 50% by weight, the
rigidity unfavorably decreases in addition to deterioration
of the processability.

When the polypropylene component of the
propylene/ethylene-a ~olefin b;ock.copolymer of the present
invention is produced, a small amount of ethylene or the «
-olefin (preferably not more than 10mol%) other than
propylene can be copolymerized as far as the object of the
present invention is not adversely affected. When the

ethylene-a-olefin random copolymer component is produced,



-olefin (preferably not nore than 10nol % other than propyl ene can be

copol ynmerized as far as the object of the present invention is not

adversely affected. Wien the ethylene-a-olef in random copol yner conponent

I s produced, 9 9 a smal |l anount of

propyl ene or the other a -olef in (preferably not nore than 3% by weight)

can be copolynerized as far as the object of the present invention is not
| ene-
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copol yrer havq'é}%géair Lfdpmmess and narrow conposition distribution.
That is, .the Targer the randommess of the ethylene-a-olef in random

ggr;;ygg;ieagé Iarge; é?ﬁ]fﬁf§¥¥[Eéﬁ i nprovi ng the inpact resistance of
(wherein [E] represents a molar fraction of ethylene, [A]
represénts a ﬁolar fraction of a-olefin and [EA] represents
a molar fraction of a dyad chain of ethylene and an a-olefin)
within the range from 0.5 to 1.5.

In the ethylene-c-olefin random copolymer component of
the present invention, this p value is an index which
represents a distribution state of each monomer constituting
a random copolymer chain. When the p value is closer to 1,
little blocked chain is formed and the resulting copolymer
is a copolymer having large randomness and narrow composition
distribution. That is, the larger the randomness of the
ethylene-a -olefin random copolymer, the larger the effect
of improving the impact resistance of polypropylene.

The polypropylene component in the propylene/ethylene-
a-olefin block copolymer of the present invention, has an
intrinsic viscosity ([ n]) measured in tetralin at 135C of

from 0.5 to 5.0 d1/g, preferably from 0.5 to 3.0 d1/g, more

preferably from 0.8 to 2.0 d1/g, and the intrinsic viscosity



The pol ypropyl ene conponent in the propyl ene/ et hyl ene- a-ol efin block
copolynmer of the present invention, has an intrinsic viscosity ([n])
nmeasured in tetralin at 135[err]C of fromO0.5 to 5.0 dl/g, preferably from
0.5to0 3.0dl/g, nore preferably fromQ@® to 2.0 dl/g, and the intrinsic

vi seosity 10 can optionally be changed
within the above range according to the desired purpose. The

et hyl ene-a-ol efin rando opol r in,the ropyl ene/ et hyl ene-a-ol ef in
blogk copolynEPnoPPFh%ngligghﬁygﬁaﬂﬁﬁﬂiWﬁFqéhséﬁ%i n§%89§i§ES§F ¥08[ n])
measured in tetralin at 185 err]Cof from0.5 to 5.0 dl/g. Wen the

content of tH@lﬁnggF§b§F.n UEBAPBnent is within the range from50 to 95%
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that is, a cai3lgsd by weight, the intrinsic viscosity is preferably from
0.5 to 3.0 dl1/g. When the content of the polypropylene
component is not less than 5% by weight and less than 50% by
weight, the intrinsic viscosity is preferably from 1.0 to 3.0
dl/g. Further, the intrinsic viscosity can optionally be
changed within the above range according to the desired
purpose. However, when [n] is less than 0.5 dl/g, the
stickiness:sometimes appear. On the other hand, when it
exceedsS.Odl/g,theflowabilitybecomespodf. Inboth cases,
the moldability is unfavorably deteriorated.

The propylene/ethylene-a -olefin block copolymer of the |
present invention can be produced by using a homogenous
ﬁransition metal complex catalyst, that is, a catalyst
containing a combination of (A) a compound of transition metal
of Group IV of the Periodic Table, having a cyclopentadienyl
ring and (B) at least one selected from the group consisting

of (i) aluminoxanes, (ii) compounds which reacts with the

transition metal compound to form an stable anion and (iii)



containing a conbination of (A) a -conpound of transition netal of Goup IV
of the Periodic Table, having a cyclopentadienyl ring and (B) at |east one
selected fromthe group consisting of (i) alum noxanes, (ii) conmpounds
which reacts with the transition netal 1tonpound to forman stabl e anion
ands(iii) or ganoal um num conpounds, as essential conponents.

As the transition nmetal conpound having a cyclopentadi enyl ring, there can

be preferably used ound wher cycl oal kadi enyl
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t here can be used a zi.rcqni_um.qr, hafni um ¢ ound ont aining, as a ligand,
a mul ti-coor di nat i?th Z?tﬁr%dﬂﬁﬁf’\%&é’r% c@g& sasel ected from

t he group cons i ndeny subst it ute ropyp. and a
partially hycﬁl‘g]te S" g:fq'(e < crﬁfhc}’% gaﬁﬁé' I"%ﬁec*J A kyl ene
group. 6 & 1, ofe)

stereorigid gﬁ?@qﬂ corrpounét} 46':3;4 cdoagllrkum J%aé%%%éaﬁ&gtﬁd&ted
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di net hyl si | yI enebi s?ne%ﬁfgéc opent ad‘ enyf)h2| rcélrﬁ!lpéé pé%@ﬁl%ornt I%i“'es%rl bed
in H Yamazakjs g 1§%Fn HAl i, ddddBinat iokP e3mpdBBY wherein at least

di et hyl si | yI enebl S i ndenyl) Zi r coni um
two groups selected from the group consisting of indenyl group,

substituted indenyl group and a partially hydrogenated group
thereof are bonded through a lower alkylene group.

Examples of the tranéition metal compound (A) include
stereorigid chiral compounds of zirconium and hafnium, such
as ethylenebis(indenyl)zirconium dichloride described in H.
H. Brinzinger et al., J. Organometal. Chem., 288, 63 (1985),
ethylenebis(indenyl)hafnium dichloride described in J. Am.
Chem. Soc.,; 109, 6544 (1987),
dimethylsilylenebis(methylcyc lopentadienyl ) zirconiﬁm
dichloride described in H. Yamazaki et al., Chemistry Letters,
1853(1989), dimethylsilylenebis(l-indenyl)zirconium
dichloride described in W. Spaleck et al., Angew. Chem. Int.
Ed. Engl., 31, 1347 (1992) and the like.

Specific exaﬁples thereof include ethylenebis(1-
indenyl)zirconium dichloride, ethylenebis(4;5,6,7-
tetrahydro-l-indenyl)zirconium dichloride, ethylenebis(2-

methyl-l-indenyl)zirconium dichloride, ethylenébis(3-



di chloride described in W Spaleck et al., Angew. Chem Int. Ed. Engl.
31, 1347 (1992) and the Ilike. Speci fi c exanpl es thereof include
et hylenebi s(1- indenyl)zirconiumdichloride, ethylenebis(4,5,6,7-

t et rahydro-1|-indenyl)zirconiumdichlorid@, ethylenebis(2-

met Byl -1 -i ndenyl ) zi rconi um di chl ori de, et hyl enebi s( 3-

12 Tnethyl -1-indenyl) zi rconi um di chl.ori de, ethyl enebi s(4-

ret byl -1 1 nadtRANE T EHRARRG A atiaim RAEH Ry Senylenebis (4-

ot iyl 1 -1 nadR oA ke SR B, Zepriencbis(s-

i ot hy1 -1 - § ST TR K S B o SEnoa Y Yehylenebis (s-

cL Y| el o Bkl M Al M AN 06! Sl 7-

et byt || sl e A G TGN S i 2., 3-
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dichloride, 4imethyl-l-indenyl)zirconium dichloride,
ethylenebis(2,4,7-trimethyl-l-indenyl)zirconium
dichloride,
dimethysilylbis(methylcyclopentadienyl)zirconium
dichloride, dimethysilylbis(t-
butylcyclopentadienyl)zirconium dichloride,
dimethysilylbis(dimethylcyclopentadienyl)zirconium
dichloride,
dimethysilylbis(trimethylcyclopentadienyl)zirconium
dichloride,
dimethysilyl(methyicyclopentadienyl)(dimethylcyclopentadi
enyi)zirconium dichloride,
dimethysilylbis(methylcyclopentadienyl) (t-
butylcyclopentadienyl)zirconium dichloride,
dimethysilylbis(l-indenyl)zirconium dichloride,
dimethysilylbis(4,5,6,7~-tetarhydroindenyl)zirconium
dichloride, |
.dimethysilylbis(2-methyl-1—indenyl)zirconium dichloride,

dimethysilylbis(3-methyl-l-indenyl)zirconium dichloride,



di et hysi | yl bi s(met hyl cycl opent adi enyl ) (t- butyl cycl opent adi enyl ) zi rconi um
di chloride, dinethysilylbis(1-indenyl)zirconiumdichloride,

di methysilyl bis(4,5,6,7-tetarhydroi ndenyl)zirconium dichloride,

di net hysi | yl bi s(2-net hyl - 1-i ndenyl ) zi rcdid um di chl ori de,

di met hysi |l yl bi s(3-net hyl -1-indenyl ) zirconi um di chl ori de,

13 dinethysilylbis(4 nmet hyl - 1- indenyl)zirconiun1dich|oride

§ e Egsigi E ShetfEed ¥¥1%1§E§e AT EcthdR diiﬁiﬁézﬁiﬁm dichloride,
o,
e
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di met hysi | yl byg ﬁl&fﬁ é&ﬁ&%ﬁy&lﬂyigggpyl)Zdiﬁéﬁh?{ulﬂlCh|0rlde

dlnethyS|Ibe|s 2- net - 4- phenyl - I- |ndenyl)2|rconlun1d|chlor|de
d|nethy5|IyIbiﬁ&gn?ﬁfnycgnlu@a@f@ﬁmgrﬂdé pdenyl ) zi rconi um di chl ori de,

I sopropyl (3-t- cycl opent adi enyl ) (3-t-butyl-indenyl)zirconium
_dimethy511ylbls(2 4,7-trimethyl-l-indenyl)zirconium
dichloride, dimethysilylbis(2-methyl-4-isopropyl-1-
indenyl)zirconium dichloride, dimethysilylbis(4,S5-benz-1-
indenyl)zirconium dichloride, dimethysilylbis(2-methyl-
4,5-benz-l1l-indenyl)zirconium dichloride,
dimethysilylbis(4-phenyl-l-indenyl)zirconium dichloride,
dimethysilylbis(2-methyl-5-phenyl-l-indenyl)zirconium
dichloride, dimethysilylbis(2-methyl-4-phenyl-1l-
indenyl)zirconium dichloride, dimethysilyibis(2-mgthyl-4q
naphthyl-l-indenyl)zirconium dichloride, isopropyl(3-t-
butyl-cyclopentadienyl) (3-t-butyl-indenyl)zirconium
dichloride, isopropyl(3;t-butyl-cyclopentadienyl)(3-
methyl-indenyl)zirconium dichloride, ethylenebis(1l-
indenyl)hafnium dichloride, ethylenebis(4,5,6,7-
tetrahydro-l-indenyl)hafnium dichloride, ethylenebis(2-
methyl-l-indenyi)hafnium dichloride, ethylenebis(3-
methyl-1-indenyl)hafnium dichloride, ethylenebis(4-

methyl-l-indenyl)hafnium dichloride, ethylenebis(5-



di chl oride, isopropyl (3-t-butyl-cycl opentadi enyl) (3-

met hyl -i ndenyl ) zi rconi um di chl ori de, ethyl enebis(l- indenyl)hafnium

di chloride, ethylenebis(4,5,6,7- tetrahydro-I|-indenyl)hafniumdichloride,
et hyl enebi s(2- nethyl - 1-i ndenyl ) haf ni urhddi chl ori de, ethyl enebi s(3-

met byl -1 -1 ndenyl ) haf ni um di chl ori de, et hyl enebi s(4-

met hyl -1 -i ndenyl ) haf ni um di chl ori de, ethyl enebi s(5-

ot iyl -1 ) naP TR b bARar R b e o in ot LAY fenenis (6-

rrF E\gglny: ) Ihgl(cj %‘%@Eﬁ%ﬂ%ﬁ%&f@#ﬁg%gg&f”%%1( ﬁ%m:"gégﬁﬁgﬁyl ) haf ni um
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dichloride, iiddiel 1] DAl fhd Syl RETE RIS L ) (1 -

| dimethysilylbis(methylcyclopentadienyl)hafniumdichloride,

dimethysilylbis(t-butylcyclopentadienyl)hafnium
dichloride,
dimethysilylbis(dimethylcyclopentadienyl)hafnium
dichloride,
dimethysilylbis(trimethylcyclopentadienyl)hafnium
dichloride,
dimethysilyl(methylcyclépentadienyl)(dimethylcyclopentadi
enyl) oA
hafnium dichloride, |
dimethysilylbis(methylcyclopentadienyl) (t-
butylcyclopentadienyl)hafnium dichloride,
dimethysilylbis{l-indenyl)hafnium dichloride,
dimethysilylbis(4,5,6,7~tetarhydroindenyl)hafnium
dichloride,
dimethysilylbis(2-methyl-l-indenyl)hafnium dichloride,
dimethysilylbis(3-methyl;1-indenyl)hafnium dichloride,
dimethysilylbis(4-methyl-l-indenyl)hafnium dichloride,

dimethysilylbis(5-methyl-l-indenyl)hafnium dichloride,



but yl cycl opent adi enyl ) haf ni um di chl ori de,

di net hysi | yl bi s(I -indenyl ) haf ni um di chl ori de,

di methysilyl bis(4,5,6,7-tetarhydroi ndenyl ) hafnium dichlori de,
di met hysi | yl bi s(2- net hyl - 1-i ndenyl ) haf nilém di chl ori de,

di met hysi | yl bi s(3-net hyl - 1-i ndenyl ) haf ni um di chl ori de,

di met hysi | yl bi s(4-net hyl - 1-i ndenyl ) haf ni um di chl ori de,
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di met hysi | yl bj | -4,5- benz-1-indenyl)hafniumdichloride,
dinethysiIyI5#£%§¥$F%§%hyl-l-indenyl)hafniun1dich|oride, di met hysi | yl bi s(2-

met hyl - 5- phegﬁﬂs?%f_%g?ﬁy@%?%{]ﬂAm’rﬂéfﬂheéhﬁz‘q-indeny% )hafnium

di met hysi | yl enyT-l-lndeny haf ni um ori de,

;ﬂisget hys: |yl bapegroBLaY] - dimdRiy vl ginis g@_&&vﬁ}f@méﬁﬁﬂéﬁiqi de,

propyl (3-t-butyl cycl opent’adi enyl ) (3-t-butyl -1 ndenyl )haf ni um

dichloride, jsdenPPyhifninkldyéhLoridesnd aféenyslP1®s (W)5-benz-1~
indenyl)hafnium dichloride, dimethysilylbis{2-methyl-4,5-
benz-l-indenyl)hafnium dichloride, dimethysilylbis(4-
phenyl41-indenyl)hafnium dichloride, dimethysilylbis(2~
methyl-5-phenyl-l-indenyl)hafnium dichloride,
dimethysilylbis(2-methyl-4-phenyl-l-indenyl)hafnium
dichloride, dimethysilylbis(2-methyl-4-naphthyl-1-
indenyl)hafnium dichloride, isopropyl(3-t-butyl-
cyclopentadienyl) (3-t-butyl-indenyl)hafnium dichloride,
isopropyl(3Qt—butyl-cyclopentadienyl)(3-methyl-
indenyl)hafnium dichloride, and dimethyl compounds of which
chlorine of these dichloride compounds above is substituted'l
with methyl. | |

Furthermore, there may be used a transition metal

compound having one multidentate ligand mentioned above.
Examples thereof include compounds such as
dimethylsilyl(fluorenyl)(t-butylamino)zirconium

dichloride, dimethylsilyl(fluorenyl) (t-butylamino)hafnium



I ndenyl ) haf ni um di chl ori de, and di nethyl conmpounds of which chlorine of
t hese dichloride conpounds above is substituted wth nethyl.
Furthernore, there may be used a transition netal conpound havi ng one
mul tidentate |igand nentioned above. EA8nples thereof include conpounds
such as dinethylsilyl (fluorenyl)(t-butylam no)zirconium dichloride,

di met hyl si lyl (fl uorenyl) (t-butyl am no) haf ni um
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' methylethylaluminoxane, methylbutylaluminoxane, '
methylisobutylaluminoxane and the like. Particularly,
methylaluminoxane and methylisobutylaluminoxane are
preferably used.

The amount of the aluminoxane used can be selectgd within
the wide range as 1 to 10000 mol per 1 mol of a transition
metal atom. Preferably, it is within the range from 100 to

. 3000 mol per 1 mol of a transition metal atom.

As the compound which reacts with the transition métal
compound to form a stable anion, there can pfeferably be used
tetrakis(pentafluorophenyl)borate- or
tetarkis(pentafluorophenyl)aluminate-containing compounds,
such as triphenylcarbonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetarkis(pentafluorophenyl)borate, triphenylcarbonium
tetrakis(pentafluorophenyl)aluminate and the like, and
tris(pentafluorophenyl)borane.

The organoaluminumcompound (B) (iii) used in the present

invention has at least one Al-C bond in the molecule, and is



t et raki s(pent af | uor ophenyl ) borate- or tetarkis (pentafl uorophenyl)

al um nat e- cont ai ni ng conpounds, such as triphenyl carboni um

t etraki s(pent afl uorophenyl ) borate, N, N-di nethylanilinium

t et arki s(pent af |l uor ophenyl ) borate, triphgnyl carboni um

t et taki s(pentafl uorophenyl)al um nate and the Iike, and

tris(pentafl uorophenyl) bor ane. The or ganoal um nuntonpound (B) (iii)
used in the present invention has at |east one A -C bond_in the nolecule,
and is preferably represented by the fPllOWQQﬁ(§QQM§}aﬁepresented by
the follow ng formula: AlRerr] X[ err] (wherein Rrepresents a
hydrocarbon groupPd®4Xpgn 1 to 20 carbon atons, X represents hal ogen or

hydrogen, and n represents a nuneral satisfying the eﬁgrﬁssign: 0.<n <
3). Specific (whenejincR reprrSeRss AIBYErRGATEPR #F MR/ AaEing L 240 abl y

%Sg?bﬁ% farbon atoni, suchsgs netgfl, etokfégéégg', iapﬁ égéggg but yl ,
-butyl, ta50mA,, XpEAPFESSRERM21ogeR AT hy n,oppd. B g o
4ot hyl bonz PRESEE. SakEETARE Heo BYRTRRTISH T8 Shrbher SRV o 8
bromne. | oSFABRKRS R 0ROt u ALRT] FRORRdreriny 58 o ey,
il 'me, P o uninge 6 EAT RN MBHR0RAULY ad HeetdA ' e HRLTY bRl Teo-
propyl, butyl, iso-butyl, t-butyl, pentyl, hexyl, heptyl,
octyl, etc.; aralkyl group having 1 to 20 (preferably up to
8) carbon atoms, such as benzyl, 4-methylbenzyl, etc.; and
aryl group having 1 to 20 (preferably up to 8) carbon atoms,
such as phenyl, etc. Examples of X include chlorine, bromine,
iodine and hydrogen atoms. n is preferably 3.

Specific examples of the organoaluminum compound
include trimethylaluminum, triethylaluminum,
tripropylaluminum,tributylaluminum,tri—iéb-butylaluminum,
tri-t-butylaluminum, -triisopropylaluminum,
tripentylaluminum, trilhexylaluminum, tri(2-
methylpentyl)aluminum, trioctylaluminum, diethylaluminum
hydride, diisobutylaluminum hydride, methylaluminum
sesquichloride, ethylaluminum sesquichloride, |
isobutylaluminumsesquichloride,dimethylaluminumchloride,
diethylaluminum chloride, dipropylaluminum chloride,

dibutylaluminum chloride, diisobutylaluminum chloride,

di-t-butylaluminum chloride, diisopropylaluminum chloride,



tripropylalum num tributylalum num tri-iso-butylal um num
trizt-butylalumnum triisopropylalumnum tripentylalum num
trilhexylalumnum tri(2- methylpentyl)alum num trioctylalum num
di et hyl al umi num hydride, diisobutylal udi&um hydride, nethyl al um num
sesqui chl ori de, ethylalum num sesquichloride, isobutylalum num
sesqui chl ori de, dinethyl al um num chl oride, diethylalum num chlori de,
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used.

The amount of the organocaluminum compound used can
normally be selected within the wide range, e.g. 1 to 10000
mol, preferably within the range from 1 to 1000 mol, per 1
mol of the transition metal atom in the transition metal
compound (A). | |

The feedings of the respective catalyst components in
a polymerization reactor, are carried out, for example,l in
water-freetrstate in an inert gas (e.g. nitrogen, argon, etc.)
in the presence of a monomer. The catalyst components (A)
and (B) may be fed separately, or may be fed after previously
contacting each other.

The polymerization temperature is usually within the
range from -30 to 300C, preferably from 0 to 280°C, more
preferably from 20 to 250C.

The polymerization pressure is not specifically limited,
but is preferably from normal pressure to about 5 atm. in view

of industrial economical efficiency. The polymerization

time is appropriately selected considering the kind of the



water-free state in an inert gas (e.g. nitrogen, argon, etc.) 1in the
presence of a nononmer. The catal yst conponents (A) and (B) may be fed
separately, or may be fed after previously contacting each other.

The pol ynerization tenperature is usuall¥®@within the range from-30 to
300kerr]C, preferably fromO to 280[err]C, nore preferably from20 to
250[err]C The polynerization pressure is not specifically |imted,
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I n bl ock .copoly resent i nvention. t he' productlon of

the propyl engl&ifydLead £664 inkd ibllefied monomer (e.g. propylene, etc.),
or gas phase polymerization.

It is also possible to add a chain transfer agent such
as hydrogen, etc. in order to adjust the molecular weight of
the propylene/ethylene-c-olefin block copolymer of the
present invention.

In the productibn of the propylene/ethylene-c-olefin
block copolymer of the present invention, the order of
synthesizing the polypropylene. component and ethylene-a-
olefin random copolymer component is not specifically limited,
but it is preferred that propylene is polymerized in the
first-stage in the presence of a catalyst, and then ethflene-
a-olefin random copolymerization is conducted in the
second—stage in the presence of the polypropylene component
formed in the first-stage.

There may be added various additives such as heat
stabilizers, antioxidants, weathering stabilizers,
releasanté, slip agents, colorants, antistatic agents, etc.

to the propylene/ethylene-a -olefin block copolymer of the



bl ock copol yner of the present invention, the order of synthesizing the
pol ypropyl ene conponent and ethylene-a- olef in random copol ynmer conponent
is not specifically limted, but it is preferred that propylene is
polynerized in the first-stage in the @0esence of a catalyst, and then
ethyl ene- a-olefin random copol yneri zation is conducted in the
second-stage in the presence of the polypropyl ene conponent forned in the
first-stage s such as _he
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pr esent i nventon Wt resin sucn as an o Inresin e g. anot

propyl ene pogﬁ v1etk A fé}?e-p&L)b'EEa.ani&@ldtc%i?olﬁﬁé?r bf tR8 present

acrylonitril adi ene- styrene copol ynmer resin or rubber such as a
styrene rubbeimhtdor Wit®N8/ £édin eh abuaﬁrzﬂe%ﬂf eaglal P& Kg ¢ Qs e .
etc.). The propyl ene/ ethyl ene- a -olefin block copolyner of the

present i nvedddy it Rp1veded annbehyaeheUpolPhée( polyshesne, etc.),
an acrylonitrile-butadiene-styrene copolymer resin or a
rubber such as a styrene rubber (e.g. styrene/ethylene-
butene/styrene block copolymer, etc.).

The propylene/ethylene-a-olefin block copolyiner of the
present invention can be molded into various molded articles
such as sheet, film, bottle, etc. by adding additives
described above, optionally blénding'fillers and various
resins or rubbers, melt-kneading using an extruder, a Banbury
mixer, a kneader blender, etc. to form pellets, followed by
molding according to an injection molding, extrusion molding
or blow molding. The propylene/ethylene-ca-olefin block
copolymer of the present invention can be used for various
purposes because of excellent mechanical characteristics
such as impact resistance, etc. For example, it is possible
to be use for purposes such as part for electrical apparatus,
automobile interior/exterior part, vessel for detergent and

the like. Further, there may be used the propylene/ethylene-



such as sheet, film bottle, etc. by adding additives described above,
optionally bIendlng fillers and various resins or rubbers, nelt-kneading
usi ng" an extruder, a Banbury mxer, a kneader blender, etc. to form
pellets, followed by nolding accordlng2ﬂo an injection nolding, extrusion
mol ei ng or b|OM/nD|dIng The propyl ene/ et hyl ene-a-ol efin bl ock copol yner
of the present invention can be used for various purposes because of '
excel | ent nechani_cal, characterlstlcs such as i npact resistance, etc. For
exanple, it i¢-p3eLim Block srPeLyEres e ng‘él’l’rngsap%ﬁ]tl’?‘?ﬁpﬂ% rical
apparatus, autonobile |nter|or/exte I or part ssel for det ent. and
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scope thereof.
| Measured values of the respeétive items in the Examples

were determined by the following methods.

(1) Stereoregularity

It was determined by the !*C-nuclear magnetic resonance
spectrum method. C-NMR of the polymer was determined by
measuring a solution, prepared by dissolving about 150 mg of
the polymer.in 3 ml of ortho-dichlorobenzene, in a test tube
of 10 mm ¢ under the conditions of a measuring temperature
of 135C, a measuring frequency of 67.8 MHz, a spectral width
of 3000 Hz, a filter width of 100000 Hz, a pulse repeating
time of 10 seconds, a pulse width of 45° and an integrating
times of 5000 to 7000.

(2) Content of ethylene-ca -olefin random cbpolymer and
a-olefin content and p value
@ Quantitatj.ve determination of content of ethylene-1-
butene random copolymer component, ethylene-l-hexene random

copolymer component and ethylene-l-octene random copolymer



spectrummethod. [err] C-NWR of the polymer was determ ned by neasuring a
solution, prepared by dissolving about 150 ng of the polynmer in 3 nml of
ort ho-di chl orobenzene, in a test tube of 10 nm[err] under the conditions
of a nmeasuring tenperature of 135[err]@2 a nmeasuring frequency of 67.8
MHz, a spectral width of 3000 Hz, a filter width of 100000 Hz, a pul se
repeating tine of 10 seconds, a pulse width of 45[err] and an integrating
times of 5000 to 7000. (2) Content of ethylene- [err] -olef in
random copol wemponent q-a5idkie raledit cfPRERAtD value [err] Quantitative

determ nation of content of ethylene-1- buteng random copol yner conponent,
et hyl ene- 1- hexene Theyd #arec eseFmdneds AYo &Td"’tﬁqfﬁﬂ%ﬁ&%{%‘tcene random
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measuri ng eac]_r);el}lea(tl)qf fusion a whol e
@ content of ethylene-propylene random copolymer component
The quantitative determination (% by weight) of the
ethylene-propylene copolymer component was conducted by

measuring each_heat of fusion a whole

propylene/ethylene-propylene block copolymer and a
polypropylene component, followed by calculating using the
following equation.

The crystal melting heat quantity was determined by -
previously melting 10 mg of a sample under a nitrogen
atmosphere at 220°C for 5 minutes using a differential
scanning calorimeter (manufactured by Perkin Elmer Co., DSC),
cooling to 50C at a cooling rate of 130°C/minute to
crystallize the molten sample, heating to 180°C at a heating
rate of 16C/minute, and calculating from the resulting
melting-endothermic curve.

X = {1 - (AHE)o/(AHE)p} x 100
wherein X is a content (% by weight) of an ethylene-propylene

random copolymer component, ( A Hf), is a melting heat quantity



propyl ene/ et hyl ene- propyl ene bl ock copol yner and a pol ypropyl ene
conponent, followed by cal culating using the follow ng equation. The
crystal nelting heat quantity was determ ned by previously nelting 10 ngy
of a sanple under a nitrogen atnospher@3at 220[err]C for 5 minutes using a
differential scanning calorinmeter (manufactured by Perkin El ner Co., DSC),
cooling to 50[err]C at a cooling rate of 130[err]C/minute to crystallize
the molten sanpl e

16[ err] ¢/ mi nut ,1/aglge‘g%: %31’%&?1139 qer Lﬁ%ﬁ@?@éﬂf?’%‘ggr?éai?e’h%f%%% her ni ¢

. X =41 - T/ (LA 100 _wher.ei |
(% by wei ght )SRRO LR it Fiedet 18 PR LR b o e s Sreted Sferr)
Hf )[err] is a neliing heat quantit 23
(cal/g) of a R %ﬂﬁd%ﬁ@ﬁﬁ%ﬁ&ﬁbropylene bl ock copolymer and ([err]

Hf [ | ti it f I t.
b val e of oy ronia i es URRhe: & ETeLE sinach BSLKELARY SliipSigiRe 0]
det exm ned by cal ol Qfddde emﬁe@%céiaﬁwﬁ (fe'ohn aChoShbVELREL 14 AN
et hyl ene- [err]-ol’efin random copol r conponent, a nolar fractiron ([A])

of an a-ol Efngf‘ﬂ)d &dgggy%enkr ﬂﬁtywré&{y[éﬂaﬁ-o& -61|Qif§ﬂ £8R88m A ogd IYhepe and

an [err] -ole ned t he err] G nucl ear magnetic resonance

spectrum netQobdGese | Refol Br W Reidn (TANY% £ anVRELOT®Ein iR dRAVEr |

fraction ([EA]) of a diad chain of ethylene and an «-olefin,
determined by the 13C-nucléar magnetic resonance spectrum
method described in James. C. Randall, Macromol. Chem. Phys.,
€29 (2 ¢ 3), 29, 201-317 (1989), accofding'to the following
general formula:

p = 2(E] - [A]/[EA]

(3) Weight average molecular weight (Mw), and weight
average molecular weight/number average molecular weight '
(Mw/Mn) 't

The Mw was measured by gel permeation chromatography
(GPC) under the following conditions. A calibration curve
was made by using standafd polystyrene.

Model: 150CV, manufactured by Millipore Water Co.
Column: Shodex M/S 80

Measuring temperature: 145°C, solvent: ortho-
dichlorobenzene

Sample concentration: 5 mg/8 ml

Incidentally, Standard Reference Material 706



C29 (2 [err] 3), 29, 201-317 (1989), according to the follow ng general

f or pul a: p = 2[E] [Al/][EA] (3) weight average nol ecul ar wei ght
(Mnv),° and wei ght average nol ecul ar wei ght/ nunber average nol ecul ar wei ght
(MM Wh) The Mwv was neasured by gel24¢erneati on chromat ography (GPC)

under the follow ng conditions. A calibration curve was nmade by using
standard pol ystyrene. Mddel: 150CV, manufactured by MIlipore Water Co.
ho
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viscosity ([nlagdl ggln d It was neasured in tetralin at 135[err]C
(5 Melting p0|nt m- Jerr] Q It was determ ned by previously

melting 10 ny of ab§?qu%rfﬂg¥3'Jiégagfgyﬂkﬁﬁqnsgﬁggg at 220[err]C for 5

m nutes using a
It was measured in tetralin at 135TC.

(5) Melting point (Tm: C)

It was determined by previously melting 10 mg of a sample
under a nitrogen atmosphere at 220°C for 5 minutes using a
_differential s;anning calorimeter (manufactured by Perkin
Elmer Co., DSC), cooling to 50C at a cooling rate of 5C
/minute to crystallize the molten sample, heating at a heating
rate of 10C/minute, and determining a temperature of a
maximum peak of the resulting melting-endothermic curve as
the melting point.

(6) Density (g/cm’)

The press molding and conditioning are conducted
according to JIS K6758. The measurement was conducted after
a lapse of 48 hours at 23°C since molding. The measurement
is conducted according to JIS K7112.

. (7) Flexural modulus (Kg/cm?)

The press molding and conditioning are conducted
according to JIS K6758. The measurement was conducted after
a lapse of 48 hours at 23°C since molding. The measurement

is conducted according to JIS K7203.



differential scanning calorineter (manufactured by Perkin Elner Co., DSO),
cooling to 50[err]C at a cooling rate of 5[err]C /mnute to crystallize
the nblten sanple, heating at a heating rate of 10[err]C/ m nute, and
determ ning a tenperature of a maxi num2®eak of the resulting

mel ti ng-endotherm c curve as the nelting point. (6) Density
(g/cnerr]) The press nol di ng and condi tioning are conducted
according to JI'S K6758._ The .neasur s gonducted after a lapse of 48
hours at 23[err]C @hcd2RE 4R SCtTﬁgg V\ﬁ Bent is conducted accordi ng to

;:1(? gﬁélzt I oni ng z(#%? pirE rcrludul (uﬁ”tﬂ( rﬁ%/ %oél‘%{@%e ‘ﬁ-lﬁ-’gie zfs egln?i \r/]vgs
measur emen; 46 M?eﬁ%ﬁ?@% 78 AL e 2L 165 UBLALB0ea Whker

(23(5)ngl ti ogl gfg)aah %&g}sagéc}{&g%sccg;i%g {%Qrﬁfqeifé&%%]gﬁ%%gh%mnﬁ}g%s
conducted af L&l , gl ? {’1‘} fe %B& (iRl &8 'uE‘Qed'Jdk
erature o é eC ucted

measuri ng at a te € neasurenent was con

after an ad nt Sl i e ﬁ?s% RIS I@ursZ(Hter(ﬁ? A ReRMS1& DeR a

V- shaped notc neasur e using an | zod inpact tester =~ (manufactured

by Toyo Sei kiy ghapéé Hoech! bﬁsKﬁéﬁghred by ubfhgMehtriodeimpddt Hddbr

m nut e)
(manufactured by Toyo Seiki Co., Ltd.) (JIS K7110).

(9) Melt index (MI: g/10 minute) -

It was measured with a melt indexer manufactured by
Techno Seven Co., Ltd. under the conditions of a load of 2.16
kgf and a specific measuring temperature (a polypropylene
resin: 230°C, an ethylene-c -olefin random copolyiner: 1907C)
(JIS K7210).

As the transition métal compound (A) having a
cyclopentadienyl ring of Group IV of the Periodic Table, the
coﬁmpound (B) (ii) which reacts with the transitioa metal to
form a stable anion, and (B) (iii), the followings were used.
(A) Transition metal compound |

As dimethylsilylbis(l-indenyl)hafnium dichloride, a
commercially available product manufactured by Nippon Fine
Chemical Co., Ltd. was used.

(B) (ii) Compound which reacts with the transition metal to
form a stable anion

A commercially available product manufactured by Toso



It was neasured with a nelt indexer manufactured by Techno Seven Co., Ltd.
under the conditions of a load of 2.16 kgf and a specific nmeasuring
tenpetrature (a pol ypropylene resin: 230[err]C, an ethylene- a -olef in
random copol ynmer: 190[err]C) (JIS K721@ﬁ As the transition nmeta
conmpound (A) having a cyclopentadienyl ring of Goup IV of the Periodic
Table, the conpound (B) (ii) which reacts with the transition metal to

forma stable_anio B) (iii), the follow ngs were used. (A
Transition ne@g gﬁp ﬂﬁé As di et hyl silyl bi s(I-indenyl)haf ni um

Cheni cal o, - CELRRe ke Rebtn TPk EFn By R LBRRERRIERAPBREPRE R aP e P ORR .

transition net% to forma stable anion A comrercially avail abl e
pr oduct manuf ¥ ?ﬂfed by Toso 26 Akzo

Co., Ltd. or ophenyl ) bor at e was sed.

(B) (iii) Oggégafg%i{ﬁ c%)%Hrrpou(r?fgl(:ﬁ'mn%(&%&; Lr&lerci gl I yyazlai | abl e prodﬂct
fact d by Tog : ' d
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aAkzo Co., Ltd., triisobutylaluminum was used.

Example 1

Polymerization

(1) First-stage: polymerization of propylene
After the atmosphere of a stirring type stainless steel

autoclave (1 liﬁer) was replaced with nitrogen, 300 ml of
purified toluene was charged and a hydrogen pressure of 50
mmHg was applied. Preparation for pélymerization was
conducted by saturating with a propylene gas of 4.0 kgf/cm®
with heating to a polymerization temperature of 40T.

| On the other hand, after the atmosphefé of a flask (100
ml) equipped with a magnetic stirrer was replaced with
nitrogen, 10 ml of purified toluene, 0.95 mmol of
triisobutylaluminum and 1.90 u mol of dimethylsilylbis(l-
indenyl)hafnium dichloride were added under a nitrogen
atmosphere and then mixed with stirring at room temperature
for 5 minutes to prepare a catalyst solution. The molar ratio
of [Al] to [Hf] of the catalyst solution was 500. This
catalyst soluﬁion was charged into the autoclave with a

pressure of propylene gas. After a purified toluene solution



(1) First-stage: polynerization of propylene After the atnosphere of
a stirring type stainless steel autoclave (1 liter) was replaced with
nitrogen, 300 mM of purified toluene was charged and a hydrogen pressure
of 50 mmHg was applied. Preparation fo27pol ynerization was conducted by
saturating with a propylene gas of 4.0 kgf/cnferr] wth heating to a
pol yneri zation tenperature of 40[err]C. On the other hand, after the

at nosphere of a flask (100 nm), equipped with a netic stirrer was

repl aced wit £ rﬁ##wl‘i@bﬁn’d*mqiﬁﬁﬁpﬁk’eﬂ gg}qﬁ%@%w}aqﬂate
triisobutylal um numand, 1.90 p nol of di.neth 11yl hbis(l- indenyl)hafnium
di chl ori de welRPlARISFREARIATE A4t cs’glé?ﬁtféf%ﬁﬁ??é?%’ (ai‘n‘d‘('\_q?é}?]rﬁq'ﬁ&%‘%&“i h
stirring at ropomtenperature for 5 mputes.to epare_a_.catalyst solution.
The nol ar ratdiFhigridg lt)owTﬁ—tF?‘aGSeEh%nE%tiﬂﬁ/@ﬁgggiﬁY?éﬁﬁabg SSYHT s

catal yst solutjon waﬁ_ charged i.nto t.he autoclave with a PSR %"C
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and, after r%@ﬂ%f@%ith nitrogen, a small amount of the polymer was
sampled. Furthermore, the pressure in the autoclave was
reduced using a vacuum pump for about 1 minute.
(2) second-stage: ethylene-a-olefin random
copolymerization |

After 10 g of liquefied l-butene was charged into the

autoclave adjusted to 60°C with a pressure of ethylene gas,
the polymerization was continuously carried out for 90
minutes with continuously feeding an ethylene gas at 4.0
kgf/cm?’. Then, the polymerization was terminated by adding
isobutanol of 15ml with a pressure. The unreacted monomer gas
was purged and contents of the autoclave were introduced in
an about 4-fold amount of ethanol. Then, the deposited
polymer was filtered and dried at 60°C for about 4 hours to
obtain a propylene/ethylene-14butene block copolymer of
61.6g. [n] of the resulting block copolymer was 1.43 dl/g

and Mw/Mn thereof was 2.5. The intrinsic viscosity[n] of

the polypropylene component was 0.98 dl1/g and Mw/Mn thereof



atmosphere with nitrogen, a small anmount of the polyner was sanpled.
Furthernore, the pressure in the autoclave was reduced using a vacuum punp
for about 1 mnute. (2) second-stage: ethylene-[err]-ol'efin random

copol yneri zati on After 10 g of |i@8efied 1-butene was charged into
the. autoclave adjusted to 60[err]C with a pressure of ethylene gas, the
pol yneri zati on was continuously carried out for 90 mnutes with
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derived fromgy, % Lrdibd he bl ock

copol ynmer, and
To 100 parts by weight of the resulting

propylene/ethylene-l-butene block copolymer, 0.2 part by
weight of Sumilizer BHT (trade.name) (manufactured by
Sumitomo Chemical Co., Ltd., 2, 6-di-t-butyl-p—cres<_>l) , 0.05
part.by'weight of Irganox 1010 (trade name) {manufactured by
Ciba Geigy Limited, tet:akis[methylene-3—(3;,5-di-t-
butyl-4-hydroxyphenyl)propionate]methane} and 0.15 part by
weight of cdlcium steara{:e were added. The resultingmixture
was melt-kneaded under the conditions of a temperature of
180°C and a revolution of 100 rpm for 5 minutes, using a
Laboplastomill (trade name of a small-sizéd twin-screw
kneader manufactured by Toyo Seiki Co., Ltd.,) and then cut
into pieces to obtain pellets. The pellets were evaluated
after press moldihg and conditioning according to JIS K6758.
As a result, the density was 0.886 g/cm? and the flexural
hodulus was 4700 Kg/cng. Furthermore, the Izod impact was
9.6 Kg'-cm/cm? at 23C and was 6.2 Kg'-cm/cm2 at -20C. MI

(230°C) was 39.2 g/10 minutes.



Press nol di ng and eval uati on of physical properties To 100 parts by
wei ght of the resulting propylene/ethylene-I|-butene bl ock copolynmer, 0.2
part by weight of Sumilizer BET (trade nane) (manufactured by Sunitono
Chem cal Co., Ltd., 2, 6-di-t-butyl-p-cr2&ol), 0.05 part by weight of

| rganox 1010 (trade nanme) {manufactured by GCi ba Geigy Limted,

tetraki s[ met hyl ene-3-(3',5-di-t- butyl -4-hydroxyphenyl) propi onat e] net hane}
and 0.15 part by weightof calciunstearate were added. The resulting

m xture was Eﬁﬁﬂ&ided under the.conditions of a tenperature of
180[err]C and_a revo] ution of 100 rpmfor 5 mnutes, using a

Labopl ast oni IB2XMERAZaLIRN of a snal | -sized twin-screw kneader

manuf actured by Toyo Sei ki Co Ltd. %ﬁa.nd then cut . into pieces to obtain

pel lets. The DRIEHREERNAIH, RIWMRF 245390 RLRFRYIAIR and conditi oni ng
di to JIS 758. . As | t. the_d It 0 6 d

Thetexaral o AHE REAYRPFIGaG P, was AR R PEE TRt RS coihd A ege

0,80 crl i " Selalile o e LU AU g eC M

Exanpl e 2 POy R 285 -QF wi(cL)yFir St :

ThgrrBoFyrreri gda%%]ﬂ‘ﬁgési arbr:li(st]a(g‘":)llr}‘?:‘t ?’ﬁ}%ﬁﬁgafs%y%%iﬁéékigg %\d gg%@&f

except that 1,940 fflmfiylaluminum were used in the first-stage

polymerization of Example 1.
(2)Second-stage: ethylene-a -olefin random copolymerization
The polymerization was carried out in the same manner
as in Example 1 except that 20 ml of l-hexene was used, the
polymerization time was 90 minutes, the polymerization
temperature was 40C and the ethylene gas pressure wa§ 4.0
kgf/cm® . Thus_, 64.2 g of a propylene/ethylene-l1-hexene block
copolymer was obtained. The intrinsic viscosity [n ] of the
resulting block copolymer was 1.12 d1/g and Mw/Mn thereof was
2.1. The intrinsic viscosity [ n] of the polypropylene
component was 1.03 dl/g and Mw/Mn thereof was 2.0. The
content of the ethylene-ca -olefin random copolymer component
was 31.7% by weight and the content of l-hexene in the
component was 13.3 mol% and, furthermore, the p value was
1.28. By the measurement of 13C--NMR, a signal derived from
an ethylene-propylene chain [EP] was detected in the block
copolymer, and 7.6 mols% of it was contained.

Evaluation of physical properties




di rethyl silylbis (1-indenyl) hafniumdichloride and 0.97 mmol of _
triisobutylalumnumwere used in the first-stage polynerization of Exanple
1. (2) Second-stage: ethylene- a -olef in random copol ynmeri zation

The pol ynerization was carried out in ti8 sanme manner as in Exanple 1
except that 20 m of 1-hexene was used, the polynerization tinme was 90

m nutes, the polynerization tenperature was 40[err]C and the ethyl ene gas

pressure was 4.0 kgf/cnferr] . Thus, 64.2 of a
propyl ene/ et hyl enéiiie eSO R PEGﬁGP?rrﬁgeﬁﬁs°6bF‘é? REPCk GRPGIHMShsi ¢
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an et hyl ene- Q{i%eegﬁe chain [EP] was detected in the block copolyner, and
7.6 mol % of iT Was. contained. Evaluation of physical properties

30 Th%#%ﬁﬂiéyg of a pressed sheet of the block copolyner obtained
was 0.884 g/ the flexural nodulus was 6100 Kg/cnferr].

Furthermre,g%_&'gﬁﬁ was 4.7 Kg cmcn2 at 23[err]C and was 3.1 Kg
"cmcnjerr] at—— y (230[err]C) was 53.3 g/10
(1)First-stage: polymerization of propylene

The polymerization was carried out in the same manner
as in Example 1 except that 1.81 u mol of
dimethylsilylbis(l-indenyl)hafnium dichloride and 0.90 mmol
of triisobutylaluminum in the first-stage polymerization of
Example 1 were used.

(2)Second-stage: ethylene-a -olefin ranaom copolymerization

The second-stage polymerization was carried out in the
same mannern.as in Example 1 except that 35 ml of l-hexene was
used and the polymerization time was 90, the polymerization
temperature was 30°C and the ethylene gas pressure was 6.0
kgf/cm? . Thus, 55.6 g of a propylene/ethylene-l-hexene block
copolymer was obtained. The intrinsic viscosity [n ] of the
resulting block copolymer was 1.16 d1/g and Mw/Mn thereof was
2.3. The intrinsic viscosity [ n] of the polypropylene
component was 1.03 dl/g and Mw/Mn thereof was 2.1. The
content of the ethyléne- a-olefin random copolymer component

was 42.7% by weighﬁ and the content of l-hexene in the



m nutes. Exanple 3 Polynerization (1)First-stage: polynerization of
propyl ene The polynerization was carried out in the sane nanner as
in Exanple 1 except that 1.81 p nol of dinethylsilylbis (1-indenyl)

haf ni um di chl ori de and 0.90 nmol of tridlsobutylaluminumin the first-stage
pol yneri zation of ‘Exanple 1 were used. (2)Second-stage: ethylene-a-olef

in random copol ynmeri zati on The second- st age pol yrreri zati on was

carried out i gmfgl

1- hexene was &I‘i&%‘ and e po'Ie{/rrn&%idza | o’nrﬁ?J thhlée p%?yrrem 3% on

tenperature o[ a | gpesga re S err|
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was 1.16 dl/g and e intrinsic viscosl
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content of the ethyl ene- -ol efin random copol ymer component was 42. 7% by

wei ght and t Bs, 004 Si8n fo bV igrddirties

31 conmponent was- 19.Z nol % and, furthérnore, the p value was 1.13. By
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chain [EP] was detected in the bl ock copolyner, and 9.3 nol % of it was
contained. was 0.879 g/cm’ and the flexural modulus was 3700 Kg/cm®.

Furthermore, the Izod impact was 58.0 Kg°*cm/cm® at 23C and

was 10.9Kg * cm/cm? at -20°C. MI (230C) was 34.9 g/10 minutes.

Example 4

Polymerization

(1)First-stage: polymerization of propylene

The First-stage polymerization was carried out in the
same manner as in Example 1 except that 1.76 u mol o;f
dimethylsilylbis(l-indenyl)hafnium dichloride and 0. 88. mmol
of triisobutylaluminum were used.
(2)Second-stage: ethjrlene- a -olefin random copolymerization

The p Second-stage polymerization was carried out in the
same manner as in Example 1 except that 20 ml of l-octene was
used and the polymerization time was 90 minutes, the
polymerization temperature was 40T, énd the ethylene gas
pressure was 4.0 kgf/cm®’. Thus, 51.8 g of a
propylene/ethylene-l-octene block copolymer was obtained.
The intrinsic viscosity [ n ] of the resulting block copolymer

was 1.17 dl/g and Mw/Mn thereof was 2.4. The intrinsic



Eval uati on of physical properties The density of a pressed sheet of
this bl ock copolyner was 0.879 g/cnferr] and the flexural nodulus was 3700
Kg/cnR2. Furthernore, the Izod inpact was 58.0 Kg. cmicnierr] at 23[err]C
and was 10.9Kg cmcnjerr] at-20[err]C 32M (230[err] C)was34. 9g/ 10m nut es.
Exanpl e 4 Polynerization (1)First-stage: polynerization of propylene

The First-stage pol ynerization vvas carried out in the sarre manner as in
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it was contained.

Eval_uation of physical properties

The density of a pressed sheet of this block copolymer
was 0.879 g/cm’ and the flexural modulus was 4700 Kg/cm’.
Furthermore, the Izod impact was 3.1 Kg-cm/cm® at 23T and
was 3.3 Kg* cm/cm? at -20C. | MI (230°C) was 57.8 g/10 minutes.

Example 5

Polymerization

(1)First-stage: polymerization of pr0pyleﬁe)

The first-stage polymerization was carried out in the
same manner as in Example 1 except that 1.75 u mol of
dimethylsilylbis(l-indenyl)hafniumdichloride and 0.87 mmol
of triisobutylaluminum were used.

(2)Second-stage, ethylene-a -olefin random copolymerization

.The second-stage polymerization was carried out in the
same manner as in Example 1 except that 35 ml of l-octene was
used and the pdlymerization time was 90 minutes, the

polymerization temperature was 40°C and the ethylene gas



the content of 1-octene in the conponent was 9.7 nol % and, furthernore,
the p value was 1.14. By the neasurenent of [err]C NVR a signal derived
froman et hyl ene-propylene chain [EP] was detected in the bl ock copol yner,
and 11.4 mol % of it was contained. Ev&@3uation of physical properties
The.density of a pressed sheet of this block copolymer was 0.879 g/cnferr]
and the flexural nodulus was 4700 Kg/cnferr]. Furthernore, the |zod inpact

was 3.1 Kg cmcnferr] at 23[err]C and was 3, g cnmcnferr] at -20[err]C.
M (230[err] (grqr,%‘gu%_vgasg/q.d) s - Tﬁlﬁrrppi'g gpefyderi zati on
(1) First-stage: | ymeyization qf propyl ene The first-stage
pol ymeri zat i %Fﬂ&%ﬁ}ﬁéﬁ'l&ﬁeﬂk"pﬁ?@nesg’ﬁ'é’)crlfar‘ﬁ?(?PlXE‘elrnwEfaR&té pedecept
that 1.75 p | of  dinmethylsilylbis (1-indenyl f.ni di chl ori.de and
087 mrol "oftte EREHRESF ARAIRARE ] BECHe o 18idg aL P fobatimatone.
[err] -olef in.r nd307m opol L zat i The . secopd-st.age. .
pol yneri zati s\/\23‘ carcﬁlgd %{Iﬂeqwﬁhg’%efgﬁg Fﬁ?ﬁngr’%as@gﬁ ER ﬁ'ﬁf‘élf except
that 35 m of .1-0G!: 0ol | ' ti
it oo, |t he VISSER £ T o a6, BBTvhP SRR T aaBNbA: #4F "W Blege gas
33 pressur%nl\ga%w@f& Qe T wEE“%. 021 Fhd chn@e% of t(}'ze ethylene-«
propyl ene/ et hyl'ene- 1I-octene bl ock copol yner was obft al hed.
-olefin random copolymer component was 37.2% by weight and
the content of l-octene in the component was 11.2 mol% and,
furthermore, the p value was 1.10. By the measurement of
B3C.NMR, a signal derived from an ethylene-propylene chain
[EP] was detected in the block 'copolymer, and 13.5 mol% of

it was contained.

Evaluation of physical properties

The density of a pressed sheet of this block copolymer
was 0.879 g/cm’ and the flexural modulus was 4500 Kg/cm®.
Furthermore,.the Izod impact was 6.8 Kg* cm/cm? at 23%C and
was 5.0‘ kg - cm/cm’ at -20C. MI (230C) was 46.0 g/10 minutes.

Comparative Example 1

Polymerization

(1)First-stage: polymerization of propylene

The first-stage polymerization was carried out in the
same manner as in Example 1 except that 1.96 u mol of
dimethylsilylbis(l-indenyl)hafnium dichloride and 0.98 mmol
of triisobutylaluminum were used.

(2)Second-stage: ethylene-~a ~olefin random copolymerization



The intrinsic viscosity [n ] of the resulting block copolyner was 1.37
dl /g and MV Mh thereof was 2.3. The intrinsic viscosity [n] of the

pol yptr opyl ene conponent was 1.00 dl/g and Mwv M1 t hereof was 2.0. The
content of the ethylene-a -olefin rand8 copol yner conponent was 37. 2% by
wei ght and the content of 1-octene in the conponent was 11.2 nol % and,
furthernore, the p value was 1.10. By the neasurenent of [err]CGNWR, a
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Exanpl e 1 except that an et hylene-propyl ene
2.1. The intrinsic viscosity [ n] of the polypropylene
component was 0.90 dl/g and Mw/Mn thereof was 2.1. The
content of the ethylene-propylene random copolymer component
was 37.6% by weight and the content of propylene in the

component was 42.2 mols.

Evaluation of physical properties

The density of a pressed sheet of this block copolymer
was 0.882 g/cm’ and the flexural modulus was 6300 Kg/cm’.
Furthermore; the Izod impact was 2.6 Kg-cm/cm’ at 23C and
was 3.3 Kg *cm/cm® at -20°C. MI (230C) was 71.4 g/10 minutes.

Comparative Example 2

Polymerization

(1)First-stage: polymerization of propylene

After the inner atmosphere of a stirring type stainless
steel autoclave (1 liter) was replaced with nitrogen, 280 ml
cf purified toluene and 200 ml of l-hexene were charged and
a hydrogen pressure of 50 mmHg was applied. Preparation for

polymerization was conducted by saturating with an ethylene



m xed gas having a propyl ene concentration of 30.3% by volume was fed at
3.0 _kgf/cnferr] and the polynerization time was 60 mnutes. Thus, 47.3 g
of a propyl ene/ et hyl ene- propyl ene bl ock copol yner was obtai ned. The
intrinsic viscosity [n] of the resultim@p block copolynmer was 1.02 dl/g and
MV Wh thereof was 2.1. The intrinsic viscosity [n] of the polypropyl ene
conponent was 0.90 dl/g and MV WMh thereof was 2.1. The content of the

et hyl ene- propyl ene_ randqm qgl onmponent  was 37.6% by, weight and the
content of p I%éaﬂ%q?ﬁdp%o*ﬁmgheﬁ?%gﬂ 92arrBP;3’meE€7§¥Eé?Pon of

physi cal properties T ensity of a pressed sheet of this block
copol yner m%‘ﬁ%rﬁ%ﬁeand the flexural modul us was 6300
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conduct ed by saturat an ethyl ene

35 gas of 4G )HE A n Wildh1RRAH W2 AdMRYd Tldezlal Htrogen
atmosphere and then mixed with stirring at room temperature
for 5 minutes. A molar ratio of [Al] to [Hf] of a catalyst
solution prepared at this tiine was 500. This catalyst
solution was allowed to penetrate in the autoclave using a
propylene gas. After a purified toluene solution of
triphenylcarbeniumtetrakis(pentafluorophenyl )borate
(molar ratio of it to dimethylsilylbis(l-indenyl)hafnium
dichloride: 1) was allowed to penetrate in the autoclave, the
polymerization was conducted at 60°C for 60 minutes. During
the polymerization, the ethylene gas was continuously fed at
4.0 kgf/cm®’. Then, the polymerization was stopped by
penetration of 10 ml of isobutanol. The unreacted monomer
gas was purged and contents of the autoclave were intfoduced
in an about 4-fold amount of ethanol. Then, the depcsited
polymer was filtered and dried at _60°C for about 4 hours. As
a result, 27.7 g of an ethylene-1l-hexene random copolymer was
obtained. This random copolymer was a rubber-like solid

having a tackiness. The intrinsic viscosity [ n J of the random



tenperature of 60[err]C On the other hand, after the atnosphere of a
flask (100 nl) equipped with a magnetic stirrer was replaced with
nitrogen, 10 m of purified toluene, 2.14 mmol of triisobutylal um num and
4.27 p nol of dinmethylsilylbis(l- indeggl)hafniumdichloride were added
~under_a nitrogen atnosphere and then mxed with stirring at room
-tenperature for 5 mnutes. Anolar ratio of [AlI] to (Hf] of a catal yst
solution prepared at this tinme was 500. This catalyst solution was allowed
to penetrat ecopolymenuwas| hvd0 udl g and piteMnchrereef wase?.2- pBhdgied
tol uene solution of triphenylcarbeniuntetrakis(pentafluorophenyl)borate
(mol ar rati ocontéenttaf di-hexepesvas| b9 s moliiand )‘-hsf ®i ialug wasolr06: 1)
was al lowed to penetrate in the autoclave, the merizati on was

conduct ed atTEe[dens iy a0 diteéen’ pRd M &H?@%bly?férizaiiﬁﬁ?—ot he

et hyl ene gas was continuously fed at 4.0 kgf/cnferr]. Then, the

pol yreri zat i BEIWE@S st opped by penetration of 10 m of |sobut anol . The

unr eact ed nononer \ d and contents of the gut oc!lave ver e
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pol ymer was flltereg and drled at 60[err]C for about 4 hour s. As a
result, 27. - hexene random copol yner was obtained. This
random_ copol ymer {@ihﬁar ubgﬁ of E%ﬁ’%lrlo%ylg%\é' of ®e ez:ekr{cnee ?:a.mprie tlgnt rinsic

viscosity [n] of
dry-blended with 30% by weight of a rubber-like solid prepared

by cutting the resulting ethylene-1l-hexene random copolymer.
Then, to 100 parts by weight of this blend, 0.2 part by weight
of Sumilizer BHT, 0.05 part by weight of Irganox 1010 and 0.15
part by weight of calcium stearate were adfied. The resulting
mixture was melt-kneaded under the conditions of a
temperature of 180°C and a revolution of 100 rpm for 5 minutes,
using a portable twin-screw kneader, laboratory plastomill
manufactured by Toyo Seiki Co., Ltd., and therlt cut into pieces-
to obtain pellets. The pellets were evaluated after press
molding and conditioning according to JISK6758. As aresult,
the density was 0.889 g/cm’ and the flexural modulus was 6200
Kg/cm?’. Furthermore, the Izod impact was 8.6 Kg°cm/cm’ at
23C and was 5.5 Kg - cm/cm? at -20°C. MI (230°C) was 43.0 g/10
minutes.

Comparative Example 3

Ethylene-a-olefin random copolymerization

The polymerization was carried out in the same manner



copolymer was 1.30 dl/g and MV Mh thereof was. 2.5. The content of 1-hexene
was 19.6 nmol % and the p value was 1.06. The density was 0.872 g/cnferr]
and M (190[err]C was 1.31 g/10 mnutes. Production of polypropyl ene
. conposition and eval uati on of physical 3yoperties 70% by wei ght of
. pol ypr.opyl ene of Reference Exanple was dry-blended with 30% by wei ght of a
“ rubber-like solid prepared by cutting the resulting ethylene-I|-hexene
random copol yner, Then, to, 100 parts by weight of this blend, 0.2 part by
wei ght of S |3 fomparative Bxanpls 2us%fRPoithayahold WMPLRE 0. 15
part by weight of calcjumstearate were added. The resuylting, _m.xture was
mel t - kneaded diRAKMY Hel bblRi ¢ { rindanyl ) hadhyam dicb Lor idsoand )8 74meek
revolution of 100 rpmfor 5 mnutes, usi n%dgéﬁortabl f t Wi n-screw kneader,
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intrinsic viscosity [ n ] of the random copolymer was 1.27 dl/g
and Mw/Mn thereof was 2.2. The content of l-octene was 18.8
mols% and the p value was 0.99. The density was 0.865 g/cm’
and MI (190C) was 3.4 g/10 minutes.

Production of polypropylene composition, evaluation of

physical properties

‘The polypropylene composition was produced in the same
manner as in Comparative Example 2 except for using 60% by
weight of polﬁrpropylene of Reference Example and 40% by weight
of the resulting ethylene-l-octene random copolymer. The
density of a pressed sheet of this polypropylene composition
was 0.884 g/cm’ and the flexural modulus was 4900 Kg/cm’.
Fufthermore, the Izod impact was 5.2 Kg+*cm/cm® at 23°C and
was 4.1 Kg * cm/cm’ at -20°C. MI (230°C) was 38.2 g/10 minutes.

Example 6

Polymerization

(1)First-stage: polymerization of propylene

Preparation for polymerization was conducted by



as in Conparative Exanple 2 except that 2.73 p nol of dinethylsilylbis
(1-indenyl) hafniumdichloride and 1.37 mmol of triisobutylalum num were
used and 30 mM of 1-octene was added in place of 1-hexene in the

pol ymeri zati on of Conparative Exanple 38 As a result, 28.6 g of an

et hyl ene- 1-octene copol yner was obtained. This random copolyner was a
rubber-1like solid having a tackiness. The intrinsic viscosity [n] of the
random copol yner was 1.27 dl/g .and My Mh thereof was 2.2., .The content of
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ggepar ation LQErB&EXr}e{é %ﬁt 4.:9 r%d’ﬁferfé),ngqgheﬂmgy of triisobutylaluminum
and 1.88 u mol of dimethylsilylbis(l-indenyl)hafnium
dichloride were added under a nitrogen atmosphere and then
mixed with stirring at room temperature for 5 minutes. A
molar ratio of [Al] to [Hf] of a catalyst solution prepared
at this time was 500. This catalyst solution was allowed to
peneti:ate in the autoclave using a propylene gas. After a
purified toluene solution of
triphenylcatrbeniumtetrakis(pentafluorophenyl)borate

(molar ratio of it to dimethylsily—lbis(1-iﬁdenyl)hafnium
dichlorideﬁ 1) was allowed to penetrate in the autoclave, the
polymerization was conducted at 40°C for 20 minutes. During
the polymerization, the propylene gas was continuously fed
at 4.0 kgf/cm’. The unreacted propylene gas was purged with
stirring slowly and, after replacing the atmosphere with
nitrogen, a small amount of the polymer was extracted.
Furthermore, the pressure in the autoclave was reduced using
a vacuum pump for about 1 minute.

(2)Second-stage: ethylene-a -olefin random copolymerization



repl aci ng the atnosphere of a stirring type stainless steel autoclave (1
liter) with nitrogen, charging 300 mMl of purified toluene and saturating
with a propylene gas of 4.0 kgf/cnferr] wth heating to a polynerization
tenperature of 40t. On the other B&nd, after the atnosphere of a
flask (100 m) equipped with a nmagnetic stirrer was replaced with
nitrogen, 10 m of toluene, 0.94 nmmol of triisobutylalumnum and 1.88 p
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deposited polymer was filtered and dried at 60°C for about
4 hours. As a result, 52.2 g of a propylene/ethylene-butene
block copolymer was obtained. The intrinsic visoosity [n]
of the resulting block copolymer was 1.04 dl/g and Mw/Mn
thereof was 2.7. The intrinsic viscosity [n] of the
polypropylene component was 0.87 d1/g and Mw/Mn thereof was
2.2. The content of the ethylene-a -olefin random copolymer
component was 50.4% by weight and the content of l-butene in
the component was 20.9 mol% and, furthermofe, the p value
was 1.31. By the measurement of *C-NMR, a signal derived from
an ethylene-propylene chain [EP] was detected in the block

copolymer, and 14.6 mol% of it was contained.

Press molding and evaluation of phvsical properties

To 100 parts by weight of the resulting
propylene/ethylene-butene block copolymer, 0.2 part by
weight of Sumilizer BHT (trade name) (manufactured by
Sumitomo Chemical Industries Co., Ltd., 2,6-di-t-butyl-p-

cresol), 0.05 part by'weight of Irganox 1010 (trade name)



39 After 10 g of liquefied 1-butene was allowed to penetrate in
the_autocl ave adjusted to 60[err]C, the polynerization was conducted at
60[ert] C for 5 hours with continuously feeding an ethylene gas at 4.0
kgf/cnferr]. Then, the polynerization w49 stopped by penetration of 15 ni
of ksobutanol. The unreacted nononmer gas was purged and contents of the
autocl ave were introduced in an about 4-fold anount of ethanol. Then, the
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yl-p cresol), 0.05 part by weight of

I rganox 10106t Bﬁgﬁlﬂ%@ﬂlets. The pellets hardly had a tackiness. The
pellets were evaluated after press molding and conditioning
according to JIS K6758. As a result, the density was 0.877
g/cm’ and the flexural modulus was 1400 Kg/cm’. In the Izod
impact test at 23°C and -20°C, both samples were not bﬁ:oken.
MI (230°C) was 53.7 g/10 minutes.
Example 7

Polymerization

(1)First-stage: polymerization of prOpyleﬁe
The first-stage polymerization was carried out in the
same manner as in Example 6 except for using 1.98 u mol of
dimethylsilylbis( l-indenyl)hafnium dichloride and 0.99 mmol
of triisobutylaluminum.
(2)Second-stage: ethylene-a -olefin random copolyﬁierization
The second-stage polymerization was carried out in the
same manner as in Example 6 except that 20 ml of l1-hexene was
used and the polymerization temperature was 30°C. Thus, 44.4

g of a propylene/ethylene-l-hexene block copolymer was
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40 {manufactured by C ba CGeigy Limted. tetrakis(nmethylene- 3-(3

, 5-di -t -butyl - 4-hydr oxyphenyl ) propi onat e] met hane} and 0.15 part by wei ght
of calcium stearate were added. The resulting m xture was nelt-kneaded
under the conditions of a tenperature &ft 180[err]C and a revol ution of

100kpmfor 5 mnutes, wusing a Laboplastomll, a small-sized tw n-screw
kneader manufactured by Toyo Seiki Co., Ltd., and then cut into pi eces to
obtain pellets. The pellets hardly had a tackl ness, The Iets
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measurement of ’C-NMR, a signal derived from an ethylene-
propylene chain [EP] was detected in the block copolymer, and

24.9 mols of it was contained.

Evaluation of physical properties

Pellets obtained from this block ‘copolymer hardly had
a tackiness and the density of a pressed sheet of this block
copolymer was 0.860 g/cm’. It was impossible to measure the
flexural modulus. In the Izod impact test at 23°C and -207C,
both samples.were not bfoken. MI (230°C) was 6.8 g/10 minutes.

Example 8

Polymerization

(1)First-stage: polymerization of propylene

The first-stage polymerization was carried out in the
same manner as in Example 6 except for using 1.79 uz mol of
dimethylsilylbis(l-indenyl)hafnium dichloride and 0.90 mmol
of triisobutylaluminum.
'(2)Second-stage,ethylene-a-olefinrandomcopolymerization

The second-stage polymerization was carried out in the



41 obtained. The intrinsic viscosity [n] of the resulting block
copolyner was 1.38 dl/g and MV Mh thereof was 2.3. The intrinsic viscosity
[n T ‘of the pol ypropyl ene conponent was 0.82 dl/g and Mwv Mh t hereof was
2.1. The content of the ethylene-[err]4@l efin random copol yner conponent
was.80. 7% by weight and the content of 1-hexene in the conponent was 9.7
nol % and, furthernore, the p value was 1.06. By the neasurenent of-
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ethylene-a -olefin random copolymer component was 69.9% by
weight and the content of l-octene in the component was 10.8
mol% and, furthermore, the p value was 1.20. By the
measurement of C-NMR, a signal derived from an ethylene-
propylene chain [EP] was detected in the block copolymer, and

24.2 mol% of it was contained.

Evaluation of physical properties

Pellets obtained from this block copolymer hardly had
a tackiness and the density of a pressed sheet was 0.866 g/cm’.
It was impossible to measure the flexural modulus. In the
Izod impact test at 23C and -20°C, both samples were not
broken. MI (230C) was 41.9 g/10 minutes.

Comparative Example 4

Polymerization

After the atmosphere of a stirring type stainless steel
autoclave (1 liter) was replaced with nitrogen, 300 ml of
purified toluene was charged. Then, 10 g of liquefied 1-

butene was charged. Preparation for polymerization was



42 same manner as in Exanple 6 except that 20 m of 1-octene was used
and_the pol ynerization tenperature was 40[err]. Thus, 62.8 g of a
propy‘] ene/ et hyl ene- 1- oct ene bl ock copol yner was obtained. The intrinsic
viscosity [n] of the resulting block c4Bolyner was 1.14 dl/g and Mv M
thereof was 2.5. The intrinsic viscosity [n] of the pol ypropyl ene
conponent was 1.29 dl/g and Mv Wh thereof was 3.0. The content of the

et hyl ene-a-ol efi n random copol yner copponent was 69. 9% by  wei ght _and, t he
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) indenyl)hafnium dichloride were added under a nitrogen
atmosphere and then mixed with stirring at room temperature
for 5 minutes. A molér ratio of [Al] to [Hf] of a catalyst
solution prepared at this time was 500. This catalyst
solution was allowed to penetrate in the autoclave using a
propylene gas. After a purified toluene solution of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate
(molar ratio of it to dimethylsilylbis(l-indenyl)hafnium
ichloride: 1) was allowed to penetrate in the autoclave, the
polymerization was conducted at 60°C for 1 hour. During the
polymerization, the ethylene gas was continuously fed at 4.0
kgf/cm?. Then, the polymerization was stopped by penetration
of 15 ml of isobutanol. The unreacted monomer gas was purged
and contents of the autoclave were introduced in an about
4-fold amount of ethanol. Then, the deposited polymer was
filtered and dried at 60°C for about 4 hours. As a result,
20.7 g of an ethylene-butene random copolymer was obtained.
The intrinsic viscosity [ n ] of the random copolymer was 1.83

dl/g and Mw/Mn thereof was 2.5. The content of l-butene was



- butene was charged. Preparation for polynerization was

43 conducted by saturating with an ethylene gas of 4.0 kgf/cn2 wth
healti:ng to a pol ymerization tenperature of 60[err] C On the ot her
hand, after the atnosphere of a flask (4@ ml) equipped with a magnetic
stitrer was replaced with nitrogen, 10 ml of purified toluene, 1.36 mol
of tr||sobutyl al um num and 2. 73 g nmol of di rrethyIS|IyI bi s(I -

i ndenyl ) haf ni um d| chI or| de re added under, n| tro at m)spher t hen
m xed with stdl3 U &35 dr- 14 i R cQenaLF¥) Y @tﬁ}é‘j

Al Hf .

cat ltySt[ so?q{t"qfn?ﬁ tﬁ'aﬁiagif’i e Eelt “Fanie, s
Aft f I I .
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di met hyl si | yléal s(al wndenﬁ ;haflrél ;{n dichloride: 1) was allowed to penetrate
I n the aut ocl I on was conducted at 60[err]C for 1 hour.

During the rx”zaa i.an, the ethylene gas was continuously fed at 4.0
kgf/cmferr]. nmerization was stopped by penetration of 15 m
of isobutanol . e mﬁg@r V@%f’q{ an Ss% he
aut ocl ave were m?r o%uceléé an “about %Z f rg{@?pofggtsﬁgiﬁgﬁg e t he
deposi ted pol (4 h&%@ﬂ 484 debedoal GOLRTAIE60kn2 04hggs. As
a result, 20. - uten random copol ymer was obt al ned.

pur:.f:.ed toluene was charged and a hydrogen pressure of 50
mmHg was applied. Preparation for polymerization was
conducted by saturating with an ethylene gas of 4.0 kgf/cm?
with heating to a polymerization température of 60°C.

On the other hand, after the atmosphere of a flask (100
ml) equipped with a magnetic stirrer was replaced with
nitrogen, 10 ml of toluene, 6.35 mmol of triisobutylaluminum
and 12.7 u mol of dimethylsilylbis(l-indenyl)hafnium
dichloride .were added under a nitrogen atmosphere and then
mixed with stirring at rooﬁ temperature for 5 minutes. A
molar ratio of [Al] to [Hf] of a catalyst solution prepared
at this time was 500. This catalyst solution was charged in
the autoclave with a propylene gas pressure. After apurified
toluene solution of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate
(molar ratio of it to dimethylsilylbis(l-indenyl)hafnium
dichloride: 1).was allowed to penetrate in the autoclave, the

polymerization was carried out at 40°C for 3 hours. During



The intrinsic viscosity [n] of the random copol yner was 1.83 dl/g and
Mv Nh thereof was 2.5. The content of 1-butene was

44 *21.2 nmol % and the p value was 1.11. The density was 0.875 g/cnferr]
and M (190[err]C) was 0.41 g/ 10 m nutegs This random copolynmer has a
tacki ness and nol ding thereof was difficult. Conparative Exanple 5

Pol yneri zati on After the atnosphere of a stirring type stainless
steel autoclave (3 liter) was replaced with nitrogen, 1000 mM of purified
tol uene was chiaegealynerizayiiregchpRreenylens 5 wagn Gonad nupysilydfed
Preparation for ‘ﬁol ymerization was conducted by saturating w.th an

et hyl ene gas &% 4%‘&{ erFpenyihe MM%@%%%FF?&%P&Eed by
tenperature of 60[err] On the other hand, after the atnobsphere of a
flask (100 nP§ne ?Bib%ﬂ A thsd‘q‘rébqwéﬁ%b‘%ttaﬂqler rae PBﬁPéEEedmin?HOmer
nitrogen, 10 m of toluene, 6.35 nmol of tr | sobuty] al umi num and 12.7

mol of di et hg%iWa% BLEEed ﬁﬁgrﬁﬂl)”r%ﬁtrﬁ ?cﬁ'ﬂftﬁ%/ Ve ¥es e, intgednged a

nltrogen at here_ .and. t xed Stirri r Qo eratu e.for 5
T nutee A mERuRt e offodd sty rl‘oieti’% yEneBo| EheoReRPEl ?@d at
this tine wasSO This st S I S ed t aut ocl
with a pr.opyl gy’@%’é "fﬁse?g%% ‘b cif W? %@Qatfg’r‘ ﬁhgug *EP‘J&? *of £°
triphenyl car beni umhet raki sg gegy ohi}BESBS}EEXL)‘Pa% 8b€ained. The intrinsic
viscosity [ 7] of this polypropylene was 1.06 dl1/g and Mw/Mn
thereof was 2.2. The stereoregularity mmmm fraction was
0.904 and the melting point was 143.8C.

Evaluation of physical properties

The density of a pressed sheet of this polypropylene was
0.900 g/cm’ and the flexural modulus was 13600 Kg/cm’.
Furthermore, the Izod impact was 1.8 Kg-cm/cm’® at 23°C and
was 2.1 Kg " cm/cm? at =20°C. MI (230C) was 77.1 g/10 minutes.

According to the present invention, there can be provided
an olefin block copolymer superior in impact resistance, and
a process for producing the same. When an amount of a
polypropylene component is within the range from 50 to 95%
by weight, there can be provided an olefin block copolymer
superior in balance between the impact resistance and
rigidity without blending a rubber-like copolymer having
large randomness and narrow compositiondistribution. On the
other hand, when the amount of the polypropylene is

particularly not less than 5% by weight and less than 50% by



(rnolar ratio of it to dinethylsilylbis(1-indenyl)hafnium dichloride: 1)
was allowed to penetrate in the autoclave, the polynerization was carried
out *at 40[err]C for 3 hours. During 45
t he pol ynerization, the propyl ene gas wag continuously fed at 4.0
kgf/.cnferr]. Then, the polynerization was termnated by penetration of 15
m of i sobutanol. The unreacted nononmer gas was purged and contents of

t he autoclave were introduced in an about 4-fold anmount of ethanol. Then,
t he deposit edeighkyeher@scdn [Hecptavideddai keattrédistal € dlaf abdliock
hours. As a result, 253.0 g of polypropyl ene was obtained. The intrinsic
vi scosity [ntopbliyhesr havingobgtter pescésS&billityandrids Miefire bdaicknas
2.2. The stereoregularity mmmm fraction was 0.904 and the nelting point
was 143. 8[ er ebpolymesl hasi anmatkpdyeffectpfopeimpeoving ph¥isdcadnsity of a
pressed sheet of this pol ypropylene was - 0.900 g/cnferr] and the fl exural
nmodul us was pe6perkgesnd£ priopylieme,handoran heheffigdenhpr@raodizcad andy
cmcnferr] at 23[err]C and was 2.1 Kg. cmicnferr] at -20[err]C. M

(230[ err] O hesdlgdicgmpampduwdth a conveptdpardgpréyehelpnesepelymesnti on,
there can be provided an olefin block copolynmer superior in inpact

resi stance, zwbbex.process for producing the sane. Wien an anount of a

pol ypr opyl ene conponent is within the range from50 to 95% by wei ght,
there can be provided an ol efin block copolynmer superior in bal ance

bet ween the inpact resistance and



rigidity without blending a rubber-I|ike copol yner having

| ar ger andommessandnar r owconposi ti ondi stri bution. Onthe other hand, when

t he “anmount of the polypropylene is particularly not |ess than 5% by wei ght
and | ess than 50% by 47 46 wei ght, there
can . .be provided a heat-resistant olefin block copolynmer having better

processablllty This olefin bl ock opol yner has a marked effect for

| mprovi ng phy5|caLw—prUp*‘TTE§~6Ff5fopyIene and can be efficiently
produced and hand| “\““mla conventlonal pol yol efin copol ymer
rubber. ﬂ “ What is clained
I S: 1. Apro e ethyléne [err] - olefln bl ock copol yner obt ai ned by

bl ock- copol yneri zi ng a pol ypropyl ene conponent w th random copol yner
conmponent of ethylene and [err]-olef in

What is claimed is:

1. A propylene/ethylene-ca -olefin block copolymer
obtained by block-copolymerizing a polypropylene component
with random copolymer component of ethylene and a-olefin
having 4 to 18 carbon atoms, which satisfies conditions of
the following terms (I) to (III):

(I) the content of the polypropylene component having an
intrinsic viscbsity ([ n]) measured in tetralin at 135°C of
from 0.5 to 5.0 d1/g is from 5 to 95% by Géight;

(II) the content of the a-olefin in the random copolymer
component is from 5 to 40 mol%, and the content..of the ethylene-
a-olefin random copolymer component having o value
represented by the following general formula:

o = 2[E] - [A]/([EA]

(wherein [E] représents a molar fraction'of ethylene, [A]
represents a molar fraction of the a-olefin and [EA]
represents a molar fraction of a dyad chain of ethylene and

the a-olefin) within the range from 0.5 to 1.5 is from 5 to



having 4 to 18-carbon—atems—which satisfies conditions of the follow ng

tergs (1) to (I11): I ' gnt of the pol ypropyl ene conponent having
an imtrinsic vilﬁﬂlﬁlm)lmlgjﬂjﬁjasured in tetralin at 135/ err]C of from
- 0.5to 5.0dl/gh O St Og by weigt®@; (1l1) the content of the [err]
-olef, in in the random copol yner conponent is from5 to 40 nol % and the
content of the ethylene- a-olefin random copol yner conponent having p
value represented by the follow ng general fornula: p = 2[ E]
(Al/ (EA] (wWestkeiby WEighdgregwhts a nol ar fraction of ethylene, [A]
represents a nolar fraction of the [err]-olefin and (EA] represents a
“nol ar fracti ILd) aheydhtaigsicoviscegidye (ri])t A€ Bhelefin) within the
range from0.5to 1.5 is fromb5 to 95% by weight; and_(II1) the
intrinsic vi progpylend/dthydenaree ~plefinchirekhgrpatyres| BeafHIBH0AR :
copol ynmer nmeasured in tetralin at 135/ err]Cis from0.5 to 5.0 dl/g.
2. A propyl efgtaabineds 13§ 6rin Brork0 edpePyPe? dbéGording to claim 1,
wherein the content of the pol ypropyl ene conponent is from50Q0 to 95% by
wei ght . 3. R -prepyreaxleméﬁgﬁzle{terPq-c&%#rrrh Btk RRRINRY

according to cl ai rﬁ_l, wher.ei.n t he_cont.ent. of the pol opyl.ene c onent
'S not |oss EEAPTSHASEAGIAH LnWhezein the, capyepy of the Polypropyldne

component is from 50 to 95% by weight.

3. A propylene/ethylene-a-oi_l.efin block copolymer
according to claim 1, wherein the content of the polypropylene
component is not less than 5% by weight and less than 50% by'
weight.

4. A pfopylene/ethylene—a-olefin block copolymer
according to claim 1, wherein the intrinsic viscdsity of the
polypropylene component is from 0.5 to 3.0 dl/g.

5. A propylene/ethylene-a-olefin block copolymer
according to claim 2, wherein the intrinsic .\.riscosity of the -
propylene/ethylene-a -olefin block copolymer is from 1.0 to
3.0 dl/g. |

6. A propylene/ethylene-ca-olefin block copolymer
according to claim 3, where.in the intrinsic viscosity of the
propylene/ethylene-c -olefin block copolymer is from 0.5 to
3.0 di/gq.

7. A propylene/ethylene-a-olefin block copolymer
according to claim 1, wherein the a-olefin is l—buteng,

l-hexene or l-octene.



wei ght . A propyl enel'e ene-[err]-olefin block copolyner

aCCQI’dI ng to cI gm intrinsic viscosity of the pol ypropyl ene
conponent is fr H"mmﬁ ﬂ m 5. A propyl ene/ et hyl ene-a-ol efin
bl ock copol ynmer “accor di ng m2, wi@®rein the intrinsic viscosity of
the: propyl ene/ et hyl ene- [er‘r] ol ef| n bl ock copolyner is from1l.0 to 3.0
dl/g. 6. A propylene/ethylene-[err]-olefi n bI ock copol ynmer according
to claim3, wherein the intrinsic viscosity of

pr opyl ene/ et hyl enee{ edy premhqneﬁe@@wls@smwn@lefsnfbbﬁﬁ:b copglymey |/ g.

7. A propylene/ethylene-[err]-olefin block copolyner accord| ng to claim1,

wherei n t he saegerding sta -glaime2, whersihshp a-gdefie is l-butene, 8
A propyl ene/ethyl ene- [err]-olef in block copolymer according to claim 2,
wherei n the al-die¥eneiar 11RA%HNE-. 1-hexene or 1-octene. 9. The

propyl ene/ et hyl ene- [err -olef in bI ck copoly accordjng to. claim3,
wherein the a- oI efd 4 nThe PrSWé-ﬁée et! N&ﬁ&ﬁé %Tgieg °°f‘ g°9°1_t5me’ﬁ\

propyl ene/ et h e-Jerr]-ol ef,l n k co oI rd| n o,claim1,
wher ei n the ’Sﬁ\’{ﬂ,’? é" G'ca‘l‘af”gg "Bor"rg ﬁ PH§ ne,
conbi nati on of Qer?e tgra -'otétf)enne.

10. A propylene/ethylene-ca-olefin block copolymer
according to claim 1, wherein the copolymer is synthesized
with a catalyst cdmprising a combination of (A) a transition
metal compound having a cyclopentadienyl ring of Group IV of
the periodic table aﬁd (B) at least one selected from the group
consisting of (i) aluminoxane, (ii)  a compounds which reacts
with the transition metal compound to form an stable anion
and (iii) an organcaluminum compound, as ‘essential
components.

11. A propylene/ethylene-a-olefin bl::ck copolymer
according to claim 2, wherein the copolymer is synthesized
with a catalyst comprisizig a combination of (A) a transition
metal compound having a cyclopentadienyl ring of Group IV of
the periodic table and (B) at least one selected from the group
consistingof (i) an aluminoxane, (ii) a compound which reacts
with the transition metal compound to form an stable anion
and (iii) an organcaluminum compound, as essential

- components. |

12. A propylene/ethylene-a -olefin block copolymer



met al conpound -having_a cycl opentadi enyl ring of Goup IV of the periodic
table and (B) at | east one selected fromthe group consisting of (i)
(!

al ufn noxane, :’ml ,mj(mnmmym ch reacts wth the transition netal
conpound to fary LUl n and (PPi) an organoal uni num conpound, as
essential conponents. " ° "1. A propyl ene/ethyl ene-[err]-ol efin bl ock
copol yner according to claim 2, wherein the copolyner is synthesized wth

Pavi ng & cycROROREHIE AR CIALE bi CPBEBLAVERE CORSLRRT G YR LARA ()
(1) 2 compoui i Gh:3 LR SOMELR IR &t FOPRL B HOR S (AT oA L0 m an
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and (iii) an organoaluminum compound, as essential

components.

13. A process for producing a propylene/ethylene-ca

-olefin block copolymer, which comprises block-

copolymerizing 5 to 95% by weight of a polypropylene component

with 95 to 5% by weight of an ethylene-ca-olefin random

copolymer component of an.ethylene and a-olefin having 4 to

18 carbon atoms in the presence of a catalyst comprising a

combination of (A) a transition metal compound having a

cyclopentadienyl ring of Group IV of the pe.:':iodic table and

(B) at least one selected from the group consisting of (i)

aluminoxane, (ii) a compound which reacts with the transition

metal compound to form an stable anion and (iii)-an.

organocaluminum compound, as essential components.

:!.4. A process for producing a propylene/ethylene-c

-olefin block copolymer according to claim 13, wherein the

block copolymer is composed of 50 to 95% by weight of the

polypropylene component and 5 to 50% by weight of the

ethylene-a-olefin random copolymer component.



13. A process—for—producing a propyl ene/ethylene-[err] -olefin block

copglyner, whi ' k- copolynerizing 5 to 95% by wei ght of a
pol ypr opyl ene mwgmyﬁmﬁllr“ﬂ%to 5% by wei ght of an ethylene-a-olef in
random copoly nents of* an et hyl 8me and a-olef in having 4 to 18
carlbon atons in the presence of a catalyst conprising a conbination of (A
a transition netal conpound having a cyclopentadienyl ring of Goup IV of
the periodic table and (B) at |east one selected fromthe group consisting
of (i) alum noxahk8; biP¥°G§§§n§©HnErQﬁﬂéﬁngeacP§°EV@ﬁn?Héth&ﬁ§PrWUn

metal conpound to forman stable anion and (iii) an_  organoal um num
conmpound, asodefdnt bapckofippadymer according hKopFadlis 1Por WBREEER khea
propylene/ethilene-[err] -olef in block copolyner accarding to claim 13,

wherei n t he bbpekiceppbime®is compasedRf SOS4LEE TR B RE tIR:
pol ypr opyl ene conponent and 5 to 50% by wei ght of the ethylene-a-olef in
random copol }@8f EBAPoPRH(PY weight of ‘the poly. TREFIGEES § nﬁWﬁd@Eﬂng a
Wher o1 n 1 he. BEFBCRREBSP$rieY YL PUmARD A HRR KR o BB B anc
by vei ght._ anBRRGEERERENER 2ot SRR PSR HMEEat ol of 1n random
copolymer componepg. mo1ded drd TIPS SPRANEhPYAP! di N9 the
propylene/ethylene—a-blefin block copolymer of claim 1.

17. A molded article obtained by molding the
propylene/ethylene-c ~olefin block copolymer of claim 2.

-18. A molded article obtained by molding the
propylene/ethylene-a-olefin block copolymer of claim 3.

19. A modifier for improving an impact strength of a
polyolefin resin consisting of the propylene/ethylene-ca -
olefin block copolymer of claim 3.

20. A process for improving an impac£ strength of a
polyolefin resin, which comprises adding the
propylene/ethylene-a-olefin block copolymer of claim 3 to
the polyolefin resin.

21. A modifier according to claim 19, wherein the
polyolefin is a polypropylene. |

22. A process according to claim 20, wherein the

polyolefin is a polypropylene.



propyl-ene/ et hyl ene-a-ol ef in block copolyner of claim 1. . 17. A nol ded
article obtained by nolding the propylénelethylene-a-olefin block

cop?ﬂ-ymar of claim 2. 18. A nolded article obtained by nolding the
propyl ene/ et hyl ene-a-ol efin bl ock copol p2er of claim 3. 19. A
nmodi.f.ier for inproving an inpact strength of a polyolefin resin consisting
of the propyl ene/ethylene-a- olefin block copolyner of claim 3. 20.

A process for inproving an i,.'n;gact strength of a pelnéol efin resin, which
conpri ses adding the propyPERERBERYPENEEE- BISCLASHRECK copol yner of claim

3 L0, e, POl YOl kLt ek erer el AP B SGSGLAB AB 2 1 1S,
to claim20, wherein the ,golyol gldd dRoBu@PhyPEREYRRE:

A propylene/ethylene-ca -olefin block copolymer
obtained by block-cbpolymerizing a polypropylene component
with an ethylene-.a -0lefin random copolymer component, which
satisfies conditions of the following terms (I) to (III):
(I) the content of the polypropylene component having an
intrinsié viscosity ([ n]) measured in tetralin at 135C of
from 0.5 to 5.0 dl/g is from 5 to 95% 'by weight;

(II) the content of the a-olefin in the random copolymer
component is from 5 to 40 mol%, and the content of the ethylene-
¢ -olefin random- copolyméf component whose p v;lue
represented by the following equation:

p = 2[E]* [A]/[EA]

(wherein [E] repi:esents a molar fraction of ethylene, [A]
represents a molar fraction of the a-olefin and [EA]
represents a molar fraction of a diad chain of ethylene and
the a-olefin) is within the range from 0.5 to 15 is from
5 to 95% by weight; and

(III) the intrinsic viscosity ({n]) df the
propylene/ethylene-a-olefin block copolymer measured in
tet_ralin at 135C is from 0.5 ﬁo 5.-0 dl/g, and a process for
producing the above propylene/ethylene-a ~-olefin block

copolymer.



