DESCRI PTI CN " ETHYLENE- a- OLEFI N COPCLYMER COVPCSI TI ON' 1 The

prgsent; invention relates to an ethylene- a-olefin copolyner conpaqRi o'Cb'q,oq,L,,
More particularly, the present invention relates to ethyl ene-a-olefin ‘
copol ymer conpositions excellent in protessability, inpact strength, 5
tensil e strength, environmental stress cracking resist- ance, |ow

téhperature resi'stance, creep char aPESCRIBMION t ear strength, transparenc
hedt - seal i ng characteristics and chem cal characteristics such as chemnicals
resi stance, which is obtained by mixing an ethyl ene-a-ol efin copol yner 10

of a relatively hi ghegmgpteRplalonerali coPdIAYMER HOMPBSIEEGN®f i n copol ymer
of a relatively | ower=foTecurar Wergnt. Belng excelrent 1n nmelt rheol ogy
characteristics as wel |

pol yet hyl énes manuf act &hefi ad{/k%%é hf@ke§?§3§8§§‘1%§'er;g[qﬁog§ir§ L%‘?%Y%%&?gren“ ty

iees such astrerag IR REERT A dip Rtin el | MORE B TRoLO), KRR Dot

pipes; 1 es, i njecti'on ducts,
present invention relates to_ethylene-u-olefin copolymer

compositions excellent in processability, impact strength,
5 tensile strength, environmental stress cracking resist-
ance, low'temperature'resistance,.éreep characteristics,
tear strength, transparency, heat-sealing characteristids
and chemieél characteristics such as chemicals resistance,
which is obtained by mi#ing an ethylene-a-olefin copolymer
10 of a relatively higher molecular welght and an ethylene-
a=-olefin copolymer of a_relatively'lower'molecular welght.
Being excellent in melt rheology characteristics
as well as in physical and chemical properties, low |
density polyethylenes manufactured by the high pressure
15 method (hereinafter referred to as "high pressure poly-
ethylene") have been used for various uses such as fillms,
.sheets, pipes, blow bottles; injection mdlded products,
coating materials for steel pipes'and foamfmol&ed ma-
terials. As mentioned above, high pressure polyethylenes
20 are excellent ih melt rheology characteristics, and
therefdre, they are excellent in propessability.
When used for extrusioh processing'or injection molding,
their production effiéiency is high, resulting in rela-
tively low electricity conSumption; In blown film proces-

25 sing, the above polyethylenes give good bubble stability.



coating materials for steel pipes and foam nolded ma- terials. As nentioned
e, high pressure polyethylenes 20 are excellent in nelt rheology - ®
racteristics, and therefore,2tkey are excellent in processability. Wen *
used for extrusion processing or injection nolding, their production o

efif i ghesagti Filnpbrdcsssingoand egtusiiior! lanwaeieat prekckg~consunption.
I'n blown filmproces- 25 sing, the above pol yet hyl enes give good bubble

st absLhgy. there2islonly sidght Imegk-aaessi nglmrdllewt r usi on | ani nati on
proces- sing, there is only slight neck-in. - 1In blow nolding, these

pol ymthiliegss these puolyethylenest givie goodipveson Weabiheyyare processed
I nto nol ded products, 5 their nechanical strengths, such as tensile

st r ecHgweavenq mhanxth&yemgﬁhareceesmm\hﬂQpImnidﬂdlpnodudblgly t hese
products can not be used in thin formns.

5 their mechanical strengths, such as tensile strength and
impact strength, are relatively low and ﬁbcordingly these
products can not be used in thin forms.

High pressure-polyethylenes have various other
problems. They are used in many fields as films. Films
~lO of high pressure polyethylenes are required to have thé
following prdperties_in recent, highly'developed auto-
matic packaging systems.
(1) : ‘Good heat-sealing property at low temperatures.
(2) . High sealing strength in a condition where
15 heat-sealed portions are not cooled sufficlently there-
fore not solidified &et (this strength is called "hot
tack" strength). Hot tack strength is required because
- £illing of contents and heat sealing are done almost at
the same time. | |
20 (3) Sealins strength in a state where heat-sealing
portions are contaminated with oils and the 1like, in
 packaging of oils and the like. (This strength is called
heat sealing strength 1n-contaminated condition,) How-
ever, high pressure polyethylenes are not satisfacﬁory
25 1in hot tack and heat sealing strength in ccntaminated
condition. When these polyethylenes are ﬁsed in blow
bottles, pipeé and injection molded products, they are

inadequate in environmental stress cracking resistance,



Hi gh pressure pol yethyl enes have various other problens. They are used in
nmeny fizelds as films. Films 10 of* high pressure polyethylenes are require
t o, have the followi ng properties in Legeni hi ghly devel oped auto- matic

paéﬁaging systens, (] - Good heat - sealing property at | ow
t gmper at U esherififore, c4lig§é 663bsAdnall HiWubids aar@ndrbi 8iis ?rt@.b]fe

heat - seal ed portions are not cooled sufficiently there- fore no

yet (this streergitadis byl thllorhne watler
required because filling of contents. and heat seallng are done al nost at

¢

solidified
St Riiker, théytask sotength is

the sanme ti smffAid®) in creépabhaga&t@¥ﬂ£ﬁ1d$,awhi@hemahééethﬁﬁi seal ing

portions are contam nated with oils and the |ike, . (
the like. (Tmusahtleeninpipesabfetighatinteairialy mresnghé.i nWhent alignt ed

condition.)
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I n packagi ng of oils and

How ever, high pressure polyethylenes are not satisfactory 25
-in hot td&ckpanessurs mbyemyteneSgaheu mse@tanmemgomdtemalsvmr t hese
pol yet hyl enes are used i'n bl ow

steel pipes, their low temperature resistance is not

_sat;sfactory, which makes their use in very cold climatic

areas improper. In their use as coating materials for
electric wires, troubles occur at times due to improper

eﬁvironmental stress-crackihg resistance and water-tree

resistance.

To improve these defects, some attempts have
been made. However, the qualit'y is still not at

a satisfactory level.

For improvement of these defects,
the folloﬁing polymerisation methods have been
adopted.
(1) : Polymerization of ethylene and other polymeriz-

able monomer such as vinyl acetate.

(2) - Method in which ethylene and acrylic acid (or
methacrylic acid) are polymerized followed by conversion
to a salt with a metal, namely an ionomer.

The former method still has many problems such
as (a) reduction of tear stﬁength, rigidity and heat
resistance of films, (b) occﬁrrence of corrosion of
extruder and smell in processing due to liberation of
acetic acid and (c) occufrence-of blocking due to sticky

film surface and cold flow.':The latter method has



es, pipes and injection nolded products, they are inadequate in
g pnment al stress cracking resistgn&eh 1.therefore, cause occasiopal
Il es and are susceptible to attack by chlorine water. Further, they are =

of i gh it BPRRLeRRLEE EORRELSH: S Ehertdd ROBIETLL Y HHNIARNRA L .00
coating_natgg% Eilf esg&&l Piﬂf h Eggkrlcwvtenperature resi stance i s not
sati sfactory, ahlc makes t%eir gse I'n very . cold clinmatic areas inproper.

In thei ti teLd ' BlaeGt I | ' b t
times due to | mproper G chu r SAREVSMeR O the HeretPU LI IR, O

vater-tree Eoeais%wepofy%%%g;eﬁesgh%@r@ewé,mqj‘&m?f&?sgaﬁ hgve been

made. wever, the Ity i's still notat satistactory level.
5 which a high pressure polyethylene_is_mixed with an-

other a-olefin polymer such as high density polYethylene,
polyprcpylene, pdlybutene,_or_a rubber. However, én
improvement in one'defect causes another probleﬁ and no
satisfactory ahswer has been attained.

10 = As resins which have 1oﬁ'densities about equal
| to those of high preééuré polyethylenes, there ére known
resins which are prepared by co-polymerizing ethyléhe
and an afolefin under a medium to lqw pressure using a

transition metal catalyst.HEreinafter,such_are abbreviated w

15 as “ethylene-a—olefin copolymers".). The copolymers
produced with a vanadlium catalysﬁ aré low in degree of
crystallization, and have prcblemé in heat resistance,
weather resistance and mechanical strengths. The
ethylene-g~-olefin copolymers'produced_under normal poly-

20 merization conditions with a titanium cétalyst, having -
generally_narrow molecular weight distributions (narrower
than those of high pressure polyethylenes), aﬁé relative-
ly excellent_in mechanical strengths but ﬁoor in melt
rheology characteristics and have'mgny problems in

25 processing. In blown film processing, a.lafge quantity
of electricity is needed, output 1s reducéd.or bubbie
stability is loSt. In high speed processing, "shark skin"

appears on film_surfaces;therebyIdecreasing product values.



15 For inprovenent of these defects, the follow ng

pof ynerki sati on net hods have been adopted. (1) . Pol yneri zation of ¢
etyy! ene and ot her pol yneriz- abl e gofower such as vinyl acetate. 20 (2)
‘Method in which ethylene and acrylic acid{(or met hacrylic acid) are

P@ yrreriyzed 1igy) |1yvash diy ROTALHE! OEaﬂs%nS%ﬁaW!H‘ty‘l 18t absthapgel y an

i ononer.” The former nethod still has many probl ens such as (a) reducti on of

tear strengiyhfddel b méldedcphoductasitiira o Ydhdrk NBkifbandc pvg-ence of

corrosion of extruder and snell in processing due to liberation of acetic
acid and (@ucrcaxiTescapé Dbseki ngnduajlertidnidoldingsuptocesathgol d
flow . The | atter nethod has -5- 1 problens of reduction of thernmal

stability aathperrdt\eres need to be largely raised because of poorer
5 flow property under high'pressures as compared with high
pfessure:polyethylenés, ﬁhich requires more heat energy
and moreover causes resin deterioration.
Trials have been made'in recent years for
solving these problems by improving.extruders, screws
10 and.dies.' These approachés require a large amount of
| expenditﬁres and moréover techniques have not been fully
developed. Further, various.pther problems such as the
following have been encountered. -
(1) with respect to mechanical strengths of films
15 -producéd, balancing of.machine direction (MD) énd trans-
| verse direétion (TD) is difficult and the tear strength
of MD 1is poorer than that of high pressure polyethylenes,
and _
(2) film transparency is inferior to that of high
20 pressure polyefhylenes, because the ethyléne-d—olefin'
copolymer of narroﬁ'molecular'weight distribution has a
faster crystalization speed than high pressure poly-
ethylenes and causes melt fractﬁre'more easlily.
Low density ethylene-d-olgfin copolymers are
25 difficult to obtain under normal polymepization conditions
using a chromium catalyst, because cdpdlymerizability
between ethylene and a-olefin is generally lower with

chromium catalysts than with titanium'catalysts. When



ey st ance and of high cost. Also for inprovenent of the defects of high
aésure pol yet hyl enes, there were made proposals in 5 which a high * »
afsure pol yethylene is mxed with=aé--other [err]-olefin polyner such'agj"
gh density polyethylene, polypropylene, polybutene, or a rubber.

oweverl ag ¢Rpomiametdtanine cefalystaliseasadotieromiem e averoome =
satisfactory answer has been attained. 10 o As resins which have

| ow densi ttREsappoblemjaletthylénseaoblafih popodymenslgtaihedebaveher e
are known resins which are prepared by co-polynerizing ethylene and an

[err] - ol ef whdendmolecuddinuweightbwipstribusiogisnghan reopdiynerset al
catal yst. Herei nafter, such are abbreviated 15 as "ethylene-[err]-olefin '
copol yner sproduted edid ardrktantenceatailysta andhhaiven sbiahydy dme | ow in
degree of crystallization, and have problens in heat resistance, weather
resi st aBcepnovedepiraciesdabt kit hsHoweNerst hneda meghanicali atrepatiser s
produced under normal poly- 20 nerization conditions with a titanium
catal yst, havgmdy worsen and thelr physical properties are not much
| different from those of high pﬁessure polyethylenes and |
these copolymers provide film sheets*énd bottles inferior
in transparency. ' ' |
10 For attempting to improve the transparency of these
copolymers, when the quantity of an d-blefin is largely
- increased in polYmerisation and the density of the copoly-
mer obtained 1is reduced, only a sticky copolymer having
much deteriorated_mechanical.strengths is produégd.
15 According to the kndwledgeuof the present in-
veptbrs, ethylene-g-olefin copolymers polymerized under
a2 medium to low-pressure using a trénsition metal cata-
lyst, have non-uniform component distributions. Namely
in these copolymers, the numbef,of-éhort chain branching
20 per 1000 carbon atoms (excluding methyl groups at the
ends) (hereinafter referred.to as "S.C.B." for brevity)'
varies depending upon molecglar weight,'and geﬁerally
lower.molecular weight components have'larger S.C.B. and
higher molecular weight components have smaller S.C.B.
25 This phenomenon is considered to be due to that a-olefins
tend to act as a chain transfer agent or act even to

active sites of catalyst to which molecular weight

regulators such as hydrogén tend to act. (cf. Reference



hi gh pressure polyethylenes), are velative- |y excellent in nechanical
stnggths but poor in nelt rheol ogy=cRaracteristics and have many proble

in processing. In blown filmprocessing, a |large quantity of electricity
‘i s_needdd, ezamplde ils. ¥ educed or bubble stability is lost. In high speed
prgbessing, "shark skin" appears, on filmsurfaces,thereby decreasing-
product values. - Becaygeef ntheoabavedbhgnonenann ethyvieneya~s | ost,
or surfaces_of nolded products turn to "shark skid'and pro- duct values are
lost. | n PARELN SORAIIYRIRS DRLYBerLrgd: ¥htd &he cx-MkRELRoCBB~ argel y

rai sed because of poorer 5 flom/pragerty under high pressures as conpared

with hi gh FPBETELEPoIARATRAMRASWLER| BR RAAGUILRFEBIRE HeRt 2chBFEP and

nor eover causes.resin deterioration.
v E e% e%t %ﬂe dens{éy o%lcopolymers produced, only give

general |y narrow nol ecul ar meight di stributions (narrower than those of <i:;;:
ne

such products as those having increased S.C.B. in their
lower.molecular weight.components,thereby hAVing in-
creased solubllity in soivénts énd poor mechanical
strengths_and causing.surface sﬁickiness. This tendency
10 1is particularly remarkable in those éthylene-a—plefin
copolymers whi;h are poiymerized with a caﬁalyst givihg
wider_molécular weight'distributions. One of the reasons
for boor mechanical gtrengths of ethylene-ag-olefin
copolymers having wide molecular weight distributions
15 will be explained by the above fact.
As described above,.ethylene—aeqlefin copolymers
‘having densities about equal to those'of high pressure

polyethylenes and synthesized under a mediuﬁ to low pressure

with a transition metal catalyst, cannot satisfy all the

20 requirements of processability,mechanical strengths and trans-
parency. For 1nstance,'1owering of molecular weight for

improvement of processability.résults in large reduction
" in meéhanical strengths and-disgpbea:ahce-of sald co-
polymer characteristics. quadening o:lmolecular weight
| 25 distribution 1éads to large reduéticn in mechanical
strengths as well (c¢f. Reference éxample 2.), and more-
| over transparenéy worsens énd surfaces of molded produpfs

get sticky. Thus, both of processability and physical



e\ s have been nmade in recent years for solving these problens by,f/&
_|npro ing extruders, screws 10 and dies. These approaches require a large,

. aND of expendltures and nor eover 4 echni ques have not been fully s
. devel/oped. Further, various other;ﬁcﬁﬂens such as t he follomnng have beeﬁ
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copol yner of narrow nol ecul ar tion has
crystalization speeggt Rale ﬂﬂéd) é%yg | t
fracture nore eaS|Iys Low enS|ty eﬁgéé ?E?In co? rm#@fg?éege

di f11 cyl tase ptaitentden E‘Héﬂoé}f"d’l&@f-ﬁéé‘ér%t%'&d'atdé’rﬁ-é@éé‘gaﬁ chroni um

cat al yst, because copol yneri zabi |
bility but relatively poor in mechanical strengths. On
the other hand, ethylene-g-olefin copolymers polymerized
under a mediun to low pressure with a transition metal
catalyst and having densities about equal to those of

- 10 high pressure polyethylenes, have excellent mechanical

strengths due to their narrower molecular weight distri-
butions but are poor in processability. These property
differences are considered to originate from molecular
structures of polymers. .

15 High pressure polyethylenes are obtained from
‘radical polymerization'under e pressure of about 1500 to
4000 kg/cm® at a temperature of about 150° to 350°C in
an autoclave or a tubular reactor. Their molecular
structures are very complicated and, in spite of being

20.'homopolyners of ethylene, have short chain branches
which are alkyl groups of 1 to 6 carbon'atoms, These
short_chsin'branches affect crystallinities and therefore
densities of polymers. The distribution of short chain
branohing of high pressure polyethylenes is relatively

25 even, and both lower moleoular welght cdmponents.and
higher molecular welght components have almost similar

numbers of branches.

Another important feature of high pressure



bet ween ethylene and [err]-olefin is generally lower with chronmium

catal ysts than. with titani um.catalysts. Wen -6- 1 a chromumtitaniu

catalyst is used in order to overconeat@®i s problem ethylene-[err]-olefin
%ﬁyners obt ai ned have wi der nol ecul ar wei ght distributions than

og)ol ymery ppollyettiylieries 13 tthatinthetpblyethyd etres allsioghawe | Tong pr oved
processability. However, their nechanical strengths |largely worsen and .

their. phy5|cahannopmunchesninrmmmwtbcdtéﬂesewuchmmesJuxﬁﬂehthfgbapﬂenﬁUre
pol yet hyl enes and t hese copol yners provide filmsheets and bottles inferior
In transpareafythé8e long clizin ddranpheagisodififfieultt hebut atheaeency of
t hese copol yners, when the quantity of an [err]-olefin is |largely increased
in polynerlshraunh&ﬂdQMQaanﬁidqred toebeopdkyl mnoups ofhewhishr educed,
only a SPICkXegg ggyg%;;u?gggJabout lengths of main chains to lengths
havingHCarbqn atoms of over several thousands. The pre-
sence of these long chain branchesllargely affects melt
rheology characteristics of polymers and fhis is one of the
reasons for the excellent processability of high pressure
10 method polyethylenes.

- | On the other hand, ethylene-g-olefin copolymers
synthesized under a medium to low pressure with a transi-
tion metal catalyst and having densities about equal to
those of high pressure polyethylenes, are obtained by co-

15 polymerizing ethylene and an a-olefin under a medium to
low pressure of about 5 ﬁo-lso kg/cm® and at 0° - 250°C
normally et a relatively 16w.temperature of 30° to 200°C
with a transition metal catalyst in an autoclave or a
tubular reactor. Theilr moiecular structures are relatively

20 - simple. These ethylene-a-olefin copolymers seldom possess
long chain brancﬁeseand'have only short chain branches._
These short chain branches are not formed through compli-
-eated reaction processes as so in high pressure poly-
ethylenes, but are controlled by the kind of an a-olefin

25 to be used in the copolymerization. As an example, in a2
copolymerization'between ethylene and butene-1l, short

chain branches formed are normally ethyl branches. These

branches could be hexyl branches as a result of dimeriza-



h deteriorated nechanical strengths is produced. 15 Accordi ng

he know edge of the present in- ventors,*-ethyl ene-a-olefin copolyners x
gg‘,nerized under a nmediumto Iom/prégsure using a transition netal cata-
-lygt, have non-uniform conponent distributions. Nanely in these copolyner?f

e nukbebiops ofhHutenarh. priRert nghadnydranphe s Foomedt eaptralc! udi ng
met hyl groups_ at .the ends) ereinafter referred to as "S.C.B." for
brevity) 9§§§§§Sﬂéﬁ§rﬂ% %Fé‘gndﬁﬁﬁéﬁ§?§r'°\§eipé’r¥mm~ general |y | ower

I I i ght I . C.B. d hi | I i ght
Component s have. sl At Rt RubTeBeo ABas. At PrendBRe; &8 8155 e due
to that - ol ef i t.end t t hai n .t fer t t
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hydfog%” ESQQ Y% @Hé.éggol§$23£§£§§on, %h% type of polymerization

and the temperatﬁre'of polymerization. Different from

&

.

-the case of high pressure polyethylenes,'the distribu-
tion 1s wide. Namely, as a general trend, lower molecular
weight components have larger S:C.B.'and higher molecular

10 weight components have smaller S.C.B. (ef. Reference

' example l.) . : | -

_. Ethylene-a-olefin copolymers obtained by copoly-
merizing ethylene and an a-olefiﬁ under a medium to low
pressure with a transition metal catélyst and having

15 densities about equal toIthose of high pressure éoly-

-ethylenes, have come td be.practically used. Therefore,
“the conventional classification fhat'polyethylene resins
having densities of 0.910 to 0.935 g/cm3 fall in a ca-
tegory of high pressure polyethylenes, is improper and

20 a new classificatioﬁ;should be'developed(mainly based on
whether or not a polymer_of resin has long chain branches.

As low density polyethylenes substantially not having
long chain branches,:there are resins which are dbtained
by polymerization using a transitioq_metal catalyst under

'25 a same high pressure and temperature as employed in the
| manufacture of high pressure method polyethylenes. These
resins are also included in "ethylene-a-olefin copolymefs"

as defined by thé present invention.



1 exanple 1.) Because of the above phenonenon, ethylene-a- olefin

copol ymers polynerized with the [err]-olefin con- centration increased with
an-aimto reduce to a large 5 extent £h1g density of copol yners produced,
only give such products as those having increased S.C.B. in their |ower

rr[* ecul ary wei ght conpoPeeisericee’cablativendd of- 16hgaed@d 10 Ibfind s | O
sol vents and poor nechani cal. strengths and causi ng surface sticki ness.

This tendenelatified peotaceonsideratliek@ktent bhosetRebyyend aolwdin
copol ymers which are polynerized with a catal yst giving w der nol ecul ar
wei ght di st riimmd onks dheexamphe,r sheopreseng»osf nkohgnchalins birergthes of
ethyl ene-[err]-ol efin copol yners-having w de nol ecul ar wei ght distributions
15 mﬁll_beﬂnqannennwlgnehpoévmee.ban;be%knnmnrbmedsahgv%n]/[n]
ethylene§£err}-olefin copol yners havi ng densities about equal to those of
hi gh pressunamedyhy| diesednd Endt Hesithed infuetnsleeutanrsdtioR Hrtdisure
with a transition netal catalyst, cannot satisfz all the
ethylene polymer, and [n]z is the intrinsic viscosity of
a reference lineér polyethylene (high density poly-
"ethylene produced from homopolymerization'of'ethylene
under a medium to low pressure with a Ziegler catalyst)
" 10 having the same welght average molecular weight by the
light scaﬁtering méthod; Molecules having more long
chain branches have less spread in a solution, and.there;
fore, their'gg is small. Normally, g; of high pressure
polyethylenes is 0.6 or less. | |
15 ' This method is useful, but practically presence
of long chain branches can be known more easily and.
clearly by a correlation between meit index and intrinsic
viscosity of polymer. This correlation was shown in -
Reference example 3. In there, the intrinsic viscosity
20 of a high pressure polyethylene is far lower than that
of ‘the ethylene-ag-olefin copblymer;according-to medium
to low pressure method haﬁing the same melt index,
because the former pOl&ethyléne-has'long chain branches.
‘Due to the difference of presence or absence of
25 1long chain'branches, high pressure polyethylenes and
ethylene?c-olefin copolymers give largely different - -
- properties in melt rheology characteristics,'crystallini-

ty, solid mechénical propert;es and optical properties.



20 requirements of processabilitymechanical strengths and trans- parency.
@ nstance, |owering of nolecular weight for inprovenent of x *

<

. pssability results in |arge redectlidnin nechanical strengths and -
dis@ppeayance of said co- polyner characteristics. Broadening of nol ecul a
wei ght 25 distributiThel paésent |inventerisichade streadous effartengt hs as
wel | (of. Reference exanple 2.), and nore- over transparency worsens and- ®
surfaces ofWwifth caml gimdtot obgatlnsipalpatinlenesovhich middesssalbre i tlye and
physi cal 1 properties are not met together yet, and any |ow density

et hyl ene- [ @#aquermentiongdl defechscsif pnlyetbybeneszbmililily hawe nechani cal
strengt hs have not yet been provided. As described above, high pressure
polyethyleﬁ&?Q?%ﬁ%g§¥§§YIéﬁﬂﬁhﬂﬁq“ﬁﬂ(Rﬁﬁ%ﬁarbbgarFbﬁﬁc@ﬂmﬁi&hocessa-
bility but relativel oor in mechanical strengths. On the other hand, -
-ethylene-[QﬂﬁQQHQ#ig°£855hy%ﬁp§spoﬁﬂﬁHW§kh be excellent in tear

strength, impact strength, environmental stress cracking
resistance, low temperature resistance,-cfeep_charactere
i1stics, chemicals resistance, transparency and heat-
sealing characteristics. As a result, the present in-
10 ventors have found that, by mixing (a) anfethylenefa-
olefin copolymer having a relatively higher molecular
weight and of which density, intrinsic viscosity, S.C.B.,
kind of @-olefin and (weisht average molecular weight)/
(number average molecular weight) are specified and (b)
15 another ethylene-a-olefin copolymer having a reiatively
. lower molecular weight and 6f which density, intrinsic'
_viscosity, S.C.B., kind of a-olefin and (welght average
molecular weight)/(ﬁumbér average molecular welght) are
'specifiéd,-in such a way that the ratio of S.C.B. of the
?O' former copolymer over S.C.B. of-the'latter copolymer 1is
in a specified range, ethylene copolymer compositions can be
obtaineq which have extremely good processability
compared with the conventional polyethylenes, as
well as very excellent physical and chemical properties
25 such as tear strength, impact strength, environmental
stress cracking resistance, low temperature resistance,
~creep characteristics, éhemicals resistance, transparency,

and heat-sealing characteristics. The present inventors



under a nediumto low pressure with a transition netal catalyst and havin

den5|tres about equal to those of 10 high pressure polyethyl enes, have '2)/
IIent mechani cal strengths due to their narrower nol ecul ar wei ght
dIS - butions but are poor in processability. These property differences

af con5|dered to originate from nol ecul ar structures of polyners. 15

H gh pressure pol yethyl enes are obtained fromradical polynerization under
a pressure of about 1500 to 2 4000 kg/ at a tenperature of about 1500 to
350[err]C in an autoclave or -a tubul ar “reactor. Their nnlecular structures

E%Sevgﬂérf ha !eﬁ:% %Sgﬁgﬁéé $RaEhexhyTani o ek (P REUE IR CompbaitEofis
ese short
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conponent s
properties such as tensile strength, impact strength,

5 environmental stress cracking resistance, low temperature
resistance, creep characteristics, chemicals resistance,
transparency and heat-sealing characteristics, compared with
the conventional polyethylenes, and therefore, with such
ethylene«xsolefin copclymer-ccmpositions, improvement of

10 processability by broadening of molecular weight distribution
can be attained without deterioration of properties described
above. Thus;'tne present invention has been achieved.

According to the present invention, there is
provided an ethylenedx-olefin copolymer composition excellent

_15'in transparency and strength and having a density of 0.915 to
0.929 g/cm3, a melt index of 0.02 to 50 g/10 min. and a melt
flow ratio of 35 to 250, which comprises 10 to 70% by weight
of an ethylene-o~olefin copolymer A and 90 to 30% by weight
of ethyleneea-olefin'copolymer'B;'said copolymer A having a -

20 higher molecular weight-than-copolymer-n and being a .
copolymer of ethylene and an‘xwolefin of 3 to 18 carbon atoms
and having a density of 0.895 to 0.935 g/cm , an intrinsic
viscosity of 1.2 tc 6,0 dl1/g, and a short chain branching
("S.C.B.") number per 1000 carbon atoms of 7 to 40 and a

25 (weight average molecular weight)/(number average



nol ecul ar wei ght conponents have al nbst simlar nunbers of branches.
| nportant feature of high pressure pol yet hyl enes is that the »

“Jdeavi fication of these long chain branches is difficult, but these
branches are considered to be al kyl groups of which 5 lengths vary from
about lengths of main chains to | engths having carbon atons of over several

t housands. The pre- sence of these |longgchain branches.largely affects nelt
rheol ogy- characteristics of polyners and this is one of the reasons for the

~excel | ent pgheedl1aPivdilght)l Jilie BESZUES 10; "Baladcppblgmer! @&ing) & he

other hand, ethylene-[err]-olefin copolyners synthesized under a mediumto
| ow pr essgbpolymera off myléwmmtﬁ; sabdefih efd3hgo 1§ cdardan etommut

equal to :
’ and having a density of 0.910 to 0.949 g/cm3, an intrinsic
viscosity 6f 0.3 to'1.5 d41/g, and S.C.B. of 5 to 35 and a
5 (weight average molecular weight)/(number average molecular
weight) value of 2 to 10; said copolymer A and said copolymer
B being chosen such that (S.C.B. of copolymer A)/(S.C.B. of
copolymer_B) is 0.6 to 1.7.
The present invention also providee'a composition
10 of copdlymers of eﬁhylene.and ant-olefin of 3 to 18 carbon
atoms, having first and second.coﬁponent groups, said first

component group having a higher molecular weight_than said

second component_group, having the following properties:

(1) density of 0.915 to 0.929 g/cm3
15 .(2) intrinsic viscosity [n]-of 0.7 to 4.0 dl/g,
(3) melt index of 0.02 to 50 g/10 min,
(4) S.C.B. being 5 to 45, _ | _
(5). _[ql/[n&.nemely g; being at leastioes, where [n], is

an intrinsic viscosity of a linear polyethylene having the
20 same weight average molecular weight measured by a light
scattering method,'and |
(6) (S.C.B. of the higher molecular weight
components)/(S.C.B. of the lower molecular weight components)
being 0.6 to 0.8, wherein these two component groups are
25 obtained by consolidating fractions obtained by column

fractionation in two portions of lower and higher molecular



t hose of high pressure polyethylenes, are obtained by co- 15 pol yneri zing
ethylene and an [err]-olefin under a mediumto |ow pressure of about 5 to
150, kg/.cmerr] and at 00 - 2500C normally at a relatively |ow tenperature
of §6[err] to 2000C with a transition netal catalyst in an autoclave or a :
tupul ar reactor. Their nol ecular structureées are relatively 20 sinple. These“
ethylene-[err]-olefin copolyners sel dom possess | ong chain branches and
have only short chain branches. ‘-These short chain branches are not forned
t hrough conpli- cated reaction processdd# @& 5o in high pressure poly-

et hyl enes,, but are controlled by the kind of an [err]-olefin 25 to be used
in the copoV§ight gompanenssan ig oFdes thaty thehof % At iR okt hhese

et hyl ene and butene-l, short chai- branches forned, are nornally_ethyl
branches. THEQePBFEALRES EGBFGsbgqﬁéﬁﬁlliQMﬁﬂﬁﬁ?%ﬁg tre%%?fbo¥fdiﬁé?an-
- 10 -

and higher molecular'weight components obtained in the gas
permeation chromatography (GPC) curve, | |
5 (7) _ the second coﬁpqnents have a density of 0.910 to
'0;949 g/¢ﬁ3, an.intrinsic viscosity of 0.3 to 1,5' dl/g and
§.C.B of 5 to 35, | |
(8) the first components have a density of 0.895 to
0.935 g/cm3, an intrinsic viscosity of 1.2 to 6.0 dl1/g and
10 S.C.B of 7 to 40, and -
(9) the second components are 30 to 90% by weighﬁ and
the first components are 70 to 10% by weight.
' The first feature of this invention is to provide
an ethylene copolymer composition of Whibh processability is
15 about equal to or better than that of high pressure
.polyethylenes and of which physical and chemical properties
such as tensile strength, impact strength, environmental
stress ctacking'resisﬁance, creep ¢haracteristics, teaf
strength, transparency, heat?sealing characteristics and

20 chemicals resistance are very excellent.



1/tijon of butene-I. Short chain branches forned control crystallinities and
2 ngities of polymers. Distribution gfgshort chain branches is also "
ffected by the nature of a transitionf netal catalyst 5 used in the o F

t ol rization, tha,, | ' d e f ‘)
poFyn%??zation. D.fPg?éﬁggfgéﬁfgﬁéﬁﬁégéq%¢QQ?S% %#ggghﬁggpgﬁig?ﬁV$tnes, the!
di stribu- d | | N I I ght
component STERST PAEPEORUELY oA LA LERTEs BUBIIIE T TS
have snal en ' e h in
copol yrrersﬁ?brtéalr%\%dléiéggﬁgleg?’ngl‘r%isgﬁgrﬂe?hyee Eﬁg &c}egnt%rr{ }t}%s’é: n under
a medi um I r ] Irld t cat ' 15
densiti estdafbﬁétgqlﬁg él%grtédhgg%ig]rg?ﬁlg%hdépf}éﬁ%r%%o?y?kéﬂsﬁg%@Ihgge come
to be py agHAM |dquELdto THRRE! @e hildt HAUWSRSE 0pal yekagliehegs i on t hat

pol yet hyl ene resins having densities of 0.910 to 0.335 g/cnB fall in a ca-

tegory of plEtErHPSSavenBOLEal Bl @xpectidd IWwPERPEheaBBoduct of this

invention; for insténce,'when this product is used for

films,.the same performance can be obtained with the
_ thicknes§.10_to 20% thinner than that of high pressure
10 polyethylenes.

The third feature of this invention is that,
because the product of this 1nvéhtion has extrusion -
processébility supérior to that of rélatively.low densi-
ty ethylene-a-olefin copolymers by the conventional ' g)

15 technique, conventional extruders being used for high
pressure polyethylénes can be utilized foﬁ_the present
product without any modification.

The fourth feature of this inveﬁtioﬁ is that,

-~

because the present product, even if possessing a melt
20 1ndex lower than that of low density—é;;&lené-a-qlefin-
copolymers by the coﬁventional technique, shows satis-
factory flow-propertiés in actual proéessing, it gives
excellent bubble stability and mechanical stfengths of
machine and transverse directions can be easily balanced,
25 whereby molded products can have a dniform quality.
The fifth feature of this invention is thaﬁ,

because a resin composition less sticky than low density

ethylene-a-olefin copolymers by the conventional



20 - a new cl assification should be devel oped, nai nly based on whether or no
a_polyner or resin has long chain branches. As |ow density pol yethyl enes
suhstantially not having |ong chain brdfches, there are resins which are
obt &l ned by pol ynerization using a transition netal -catal yst under 25 a
sggre hi git pteshmispzndl s evipa hnedeexenc mhleny dxheé Mensitypnafather eomi= hi gh
pressure net hod pol yet hyl enes. "These resins are also included in

"et hyl ene- [ posiitdast iLs dgwesed; sthesconppsisd By aark b9 caepliliedy 8Neron.
-11- Presence or absence of |long chain branches is clarified to a '
consi der abl fogxitdie usages hehepeotrapsparensy, Alexibiitbyeandhdmpassence
of long chain branches in an ethyl ene polyner can be known by using
[n]/[n][errPrBnRehanlsfies | areecreauired. is the intrinsic viscosity of the
ethylenespolyner, and:in]éerri is the intrinsic viscosity ofé

_ n the attached drawings, Figs. 1l to show

curves of molecular welght distributions obtained from
gel permeation chromatography. Broken lines in these
figures are for-dividing lower molecular weight comﬁonents
and highér molecular weight components into two respective
10 territories.
| ' Fig. 7 {s a typical example showing "distribu-
tion of'S.C.B. against molecular weight" of an ethylene-
a-0lefin copolymer of the conventionél technique.
Fig. ;'shows cérrelations between melt indices
15 (MI) and tensile impact streﬁgths of ethylene-a=-0lefin
copolymers qf the conventional technique, with their melt
flow ratios (MFR) used as a parameter.
Fig. § éhows’correlatidns between MI and in-
trinsic viscosities [n] of a high pressure polyethylene
20 and a_linear polyethylene .of the medium to low pressure
method as a method for distinguishing these two polymers.
:In the figﬁre, a broken line is.drﬁwn to separaﬁe two
territories, the left side_territory is for the high
pressure poiyethylene of the conven@ional technique and
25 the righf side territory is for the linear pol&ethylene
of the medium to low pressure method. | _
The present invention will be explained in -

more detall below.



af ®rence |inear polyethylene (high density poly- ethyl ene produced from
ppol ynmeri zation of ethylene under a nediumto |ow pressure with a « »
| er catalyst) 10 having the sanme W& ght average nol ecul ar wei ght by the, ®
¥ scattering method. Ml ecules having nore |ong chain branches have g
sphead in a sol # @thykrneherelefine copodiymey @f |aiselahliively
hbrnally,bg* of high pressure polzethylenes Is 0.6 or less. 15
Thi s met hodlgh medegulagyiweight i Chereipassenc reflenned) thada Beamches can
be known nore easily.and clearly by a correlation between nmelt index and
intrinsi c RPL¥EBEF 4dr whdioheks used iBr thpapPresents INvRRtienraser ence
example 3. In there, the intrinsic viscosity 20 of_a high pressure

pol yet hyl €& B1EING SRIPANEHE « th$ 3 CPRELYMSN ofc.qthvlens cand 28pol yner
accordipgg to Lbum to _l-Qw ssur.e. et hod havi the sane. nelt index,
becausegt h%'?gggéf‘ géi Qe%rﬂ/-%ecq'ﬁ%q‘oﬁ CRfai ni{gﬂ%@ﬂé&e i8 anp

[ T ' h hi_gh
gg}‘;:[ ﬁ;?% of resgen&enfrtﬁet)sggﬁgrgi %g | 0 g %hal r;ctz){rzan eq:se’in Ir? pressu.re

is an alkyl group of 1 to 16 carbon atoms. Examples of

-

the a-olefin include propylene, butene-l, pentene-l,
hgxene-l, heptene-l, octene-l, nonene-l, decene-l, i~

10° methyl-pentene-i, 4-methyl-hexene-l and 4, U-dimethyl-
pentene-l. Among these olefins, u-olefins of at least
4 carbon atoms are preferred;- Particularly, butehefl,
pentene-1l, hexene-l, octene-l and lY-methyl-pentene-l are
preferred from the standpoints of monomer avallability,

15 copolymerizability and quélity of polymer obtainéd.

These a-olefins can be used alone or in combinations of
two or more. The density of the copolymer A is influenced
by the kind of an a-olefin used, the content of the

olefin and the intrinsic viscosity of the copolymer.

20_ For the object of this invention, the density is required
to be 0.895 to 0.935 s/cﬁ3 and more preferably 0.895 to
0.930 g/em3. At a density smaller than 0.895 g/cm3,
copolymers stick to the reactor wallsnaking'polymeri-
zaﬁion difficult, or, the density oﬁ-the relatively

25 1lower molecular weight copolymer (némely'"copolymér B"
which 1is deséribed-later and used 55 another mixing
component in the present invention) is required to be

ralsed, resulting in formation of polymer compositions



ethylene-[err]-

ol efin copolyners give largely different properties in nel
rheol ogy characteristics, crystallini- ty, solid mechanical properties a
optLJaI properti es. - 12 - The prestBt « nventors nmade strenuous effor

w th an aimto obtain polyethylenes which will solve the above-nentioned

g;.

defects. &f gel wadawieusle vudélbayespéa@asa%blﬂmtms SPPodP Orapslter than
that of high 5 pressure polyethylenes, and will be excellent |n tear.

strength,

| preehicHl.r ey hendén 9107 nhakheir erproa.CMBe?/@zﬁ stenee, |ow
tenmperature resistance, creep character- istics, chemca

transpar encgoaténteif tiwsl am@ﬂmamhethet copoAmer rosbétomebevprgsent

S resi stance,

in- 10 ventors have found that, by m xing (a) an ethylene-a- olefin

copol yner hamwngamdwﬂhﬁ|un§qaymgmeA aﬂlsunhaa\hignndenmﬂtw dbesh density,

intrinsic viscosity, S.C B.

10

15

20

25

not give satisfactory mechanical strengths. For instance;

in films, balancing of MD and TD strengths becomes
difficult and heat-éealing characteristics get worse. -
S.C.B. in the copolymer A 1is 7 to'40_and.mbre
preferably 10 to 40. (When R in the above a-olefin
formula 15 2 linear alkyl group, the number of methyl

groups at branch ends per 1000 carbon atoms is S.C.B.

"When R is an alkyl group with a branch or branches, for

"instance, the a=olefin is h-methyl-pentene—l, the branch
is isobutyl group and the half number of methyl groups
at the branch ends is S.C.B.) Short chain branching in
ethylene-a-olefin copolymers occurs due to a~olefins and
it hinders crystallization mainly of ethylene sequences
and lowers densities. These effects vary depending upon
the kind of a-olefin. Short chain branching is con-

sidered to also make some contribution to formation of

interlamella molecules, and ultimately affects mechanical

strengths and thermal properties of copolymers obtained.
Therefbre, when S.C.B. 1s below 7, mechanical strengths
and heat-sealing propertieS'of the composition become
poor. For instance, in films, balancing of MD and TD .
strengths is difficult. When S.C.B. 1s over 4o, there '
.occur problems in polymerization of the copolymer A.

Also the transparency of polymer compositions obtained



indjof [err]-olefin and (wei ght average nol ecul ar wei ght)/ (nunber average
e¢ul ar weight) are specified and (b) 15 another ethylene-[err]-olefin .
yner having a relatively |ower-mpjesul ar wei ght and of which density;-"
insic viscosity, S.CB., kind of [err]-olefin and (wei ght average e

eculmr mmhﬁhé(@upbe:ymayeromm gred®[ wei ght) are specified, in such
a way that the ratio of S.C.B. of the 20 fornmer copol ymer over S.C. B. -of

the latter copol ynerThe molecwlay Welghtinge, thehygbeod yaeoly mer
conpositions can be obtained which have extrenely good processability

conpared ws h.RheocGreillifenads pinseimyienes, as well as very excel | ent v
physi cal and chem cal properties 25 such as tear strength, inpact strength, -~

enV|ronnemiﬁcqait$sandacisngpmaﬂennﬁﬂxxoIbe/leﬁpapaﬂuﬁbdmﬁgstance creep
characteristics, chem cals resistance, transparency, and heat-sealing
char act%rﬂ'&tertsthq htnprinsic visemsity is below 1. 2 d1/g, mechani-

cal strengths of polymer compositions of the present

invention are reduced. In over 6.0 d1/g, mixing with

the copolymer B becomes difficult, and polymer

compositions obtained havé fish eyes and further

10 worsened fiow-properties,as well as reduced transparency.
In injection molding, the intrinsic viscosity is pre;
ferablj 1.2 to 4.0 dl/g and_more.preferably 1.2 to 3.0
dl/g. If it is less than 1.2 dl/g, mechanical strengths
of compositions are lowered. If it is_over 4.0 di/g,

15 mixing with the copolymer B.becomes insufficient, and
polymer compositions obtained have fish eyes, deteriorated
flow properties (tend to cause flow marks) and reduced
transparency. _

(Welght average molecular weight)/(number - |

20 average molecular.weight) of the copolymer A which is a
measure for the molecular weight distribution of the
copolymer obtained from gel permeation chromatography
{hereinafter abbreviated as "GPC"), is preferably
'3 to 8, More generally, if it is less than 2,

25 such a copolymer A is difficult to produce; if it is
over 10, polymer compositions have lower mechanical
strengths and, when processed into films; cause blocking.

An ethylene-a-olefin_copolymer of a relatively



-13- have also found that ethylene-K-olefin copolynmer conpositions
sybstarftially not having | ong chain branches and having a specific
digtyibution of S.C.B. provide extremely good properties such as tensile
strength, inmpact strength, 5 environnental stress cracking resistance,

t grperature resi stance, creep characteristics, chem cals resistance,
transparency and heat-sealing characteristics, conpared with the
conventional polyethyl enes, and therefope, - with such ethylene-[err]-olefin-
copol ymer conpositions, inprovenent of ég 5rocessabi|ity by broadening of

e o A4 e PR REa EhBLARY b Bas e S Mitlietils, .o
ool LB B A R, A A
T St o Eiefhifhe i hapBiec o 0 %&é@ﬂ#g t
' 18 carbon atoms. As
5 dbolefins. there may be selected thecx-olefxns used in the
copolymer A. The density of the copolymer B is 0.910 to
0.949 g/cm®, and preferably it is at least 0.915 g/cm’. When
the density is below 0.910 /cma,'the'copolymer-compositions
poesees reduced mechenical strengths and cause blocking due
10 to bleeding of lower molecular weight components of low
density on film surfaces. In the area of injection molding,
the density of the copolymer B is 0.910 to*0.949 g/cm3 and is
preferred to be 0.915 to 0.948 g/cm3. When the density is
below 0.910”g/cm3 mechanical strengths of compositions are
15 reduced and surface tackiness occurs. S.C.B of the copolymer
B is 5 to 35 and is preferred to Ee 7 to 30. When S.C.B is
below 5, the copolymer B has a lower molecular weight as a
wholeiand~its c;ystellizatiOn,speed is fest, resﬁlting-in
‘poor transperency ef compositions. 'In case of over 35,
20 reduction in mechanical strengths es well as blocking in
films occurs;- | “
The molecular weight of the copolymer B is 0.3 to
1.5 dl/g, preferably 0.4 to 1.5 dl/g as intrinsic



an ethylene-[err]-olefin copolyner A and 90 to 30% by wei ght of
etyhyl ene-[err]-ol efin copolyner B[err] said copolyner A having a 20 higher &
cul ar wei ght than copol ynmer B ard 2deishg a copol yner of ethylene and an - *
“efr]-olefin of 3 to 18 carbon atons and having a density of 0.895 to 0.93%
g/ cnB, dan wikciosdty.vi Wiven tyhef iatPinsiec Fiddaisy |ianleassbhan chain
branching ("S.C. B.") nunber per 1000 carbon atoms of 7 to 40 and a 25
(wei ght aver3gdivg,cmechantegbt strenghius ansd dgmnspardrcy o€l eom-ar
wei ght) value of 2 to 10; said copolyner B being a copol yner of ethylene
and an [erppsditdions @re redugedar bin sases cthdvei hg5adliégsity of 0.910
to 0.949 g/cm 3, an intrinsic viscosity of 0.3 to 1.5 dl/g, and S.C.B. of 5
to 35 and flsiddwyi ¢iff compegitt honacdsapomsi.ghtln (therbareavefadajesl-ecul ar
wei ght) value of 2 to 10;. said copolynmer A and sai d copol yner B being
chosen Suchirhamol8ing  Wie coplesudarapedgit L dthe copolymer B
1s preferably 0.3 to 1.2 dl/g as intrinsic viscosity
and more preferably 0.4 to 1.2 dl/g. When the intrinsic
viscosity 1is below 0.3 dl/g, mechanical strengths and
transparency of compositipns are :eduqéd, In case of
10 over l.2 dl/g, fluiditi of compositions is poor.
The value of (welght average molecular weight)/
(number average molecular weight), namely, Mw/Mn of the
copolymer B determined by gel pe:meétion chromatography
(GPC) is 3 to 8. More generally, when
15 - Mw/Mn is below 2, the copolymer B is difficult to
produce’ when over 10, mechanical strengths of the
- compositions are reduced and surface tackiness of films
ocecurs.
| The copolymer A and the copolymer B as men-
20 tioned above can be obtained by copolymerizing ethylene
and an a-olefin of 3 to 18 carbon atoms under a medium
to low pressure using a transition metal catalyst.
FPor instance, catalysts such as Ziegler type catalyst
and Phillips type catalyst as well as polymerization
25 methods such as slurry polymerization, gas phase poly-
merization and sblution polymebization are used. As
catalysts, a Ziegler type cataiyst system using a

carrier-supported Ziegler catalyst component 1is



copolynmer B) is 0.6 to 1.7. The present invention also provides a,
conposition 10 of copolyners of ethylene and an[err]-olefin of 3 to 18
bon atons, having first and second nponent groups, said first

ébbnent group having a higher nol & I~ wei ght than said second

:"‘é‘i’grf%gé%&% AR *%é:jia zirf%“r“éﬂgtg E‘?oh»;j@sv adricy 878 08F 0. 7 o
bor g ?gi o B8} ShLyper1ZEDILLgYL Y, 3%?4?%&?&&?91?9 5 ﬁr?fev Ettect e o 6,
ere [err n cC V. t | r e havi ng the
sane wei ﬁF 39 % 4h#§xﬁé§f£§£ P £ erig
rzrgt hod, andEj @: gtr fﬁ@‘& :?i&g é}gg ﬁg‘? &%’eﬁaﬁlgigﬁ% gggtt ?
conponents)Fp 8“5“ f1 oOWe géc 9@? ﬁgggﬁ{ conponéggs) gelng 0.6 to
ractions oBPEDERRHSY S HELENS ShQ RI13EB I CHIH mixCarsg ag® 0

hlgher Mol eGUhSr a5 inorganic complexes. More specifically, they

are magnesium oxides, titanium Cxides,'silida, alumina,
magnesium carbonates, divalent metal hydroxychlorides,
magnesium hydroxides, magnesium chlorigdes, magnesium

10 alkoxides,“mégnesium haloalkoxides, double oxides of
mégnesium and aluminum and double oxides of magnesium
'ahd'calcium. ‘Among these compounds, magnesium com-

x/' pdunds are particularly preferred. The'following magne-
sium compounds are-particulérly preferrgd.' The following

15 magnesium CQmpound carrier is most preferred in the -

| production of the low density polyethylene type reSLh
cdmpoéitiOn of this iﬂvention, because it gives a satis-
factory slurry with no abnormal tackiness and there’
occurs no sticking of polymers to the reactor wall.

20 (Reference is made to Japanese Patent Publication No.
23561/1980.) Némely, it 1s the carrier obtained by (a)
reacting in a solvent an aluminum halide represented by
the general formula R AlX, . (R'is an alkyl, aryl or
alkenyl group of 1 to 20 carbon atoms.and X is a halogen

25 atom and n is an integer of 0 to 3) and/or a silicon
halide represented by the general formula R'SiX, . (R’
1s an alkyl, aryl or alkenyl group of 1 to 20 carbon

atoms and X 1s a halogen atom and m is an integer of 0



)Y ions beconmes closest to the weight ratio of |ower and higher nol ecul ar »
_weight conponents obtained in the gader neat i on chromat ogr aphy (GPC) '\)b
.curve, 5 (7) the second conponents have a density of 0.910 to 3 '
0.949 glcto k) whthi asi ongammignesiun. Gompound reprgsented ByBthe 5 to
35, (8) the first conponents have a density of 0.895 to 3 0.935 g/cm

. an intrigeneralsformulas R'MEX @meddon| RMgndRI0 18 @r8 atkyljo 40, and

(9) t he second conmponents are 30 to 90% wei ght and the first
conponent Axyk 90 adkeawlbgraimmt I'h'éofaﬂsﬂarg@nméﬂms t3md Xnient ion is

to provide
" a halogen atom), and (b) isolating the solid product

‘§§®4 a - wei ght conponents, in order that the weight ratio of these two
e

5 formed.

Asla transition metal catalyst component sup-
ported on carriers, there are, for instance, titanium
compounds, vanadium compounds and zirconium compounds.
Specific examples 1nclude titanium tetrachloride

10 titanium tetrabromide, titanium tetraiodide, titanium
trichloride, titanium alkoxy halides or titanium aryloxy
halides represented by the general_formula Ti(OR )u_p o
(uhere R1 is a hydrocarbon group, X is a halogen atom
and p is an integer of 0 < p < 4 ), vanadium tetra-

15 chloride, vanadium oxy trichloride,lzirconium tetra-'
chloride and zirconium alkoxy halides or zirconium
aryloxy halides represented by the general formula
Zr(OR%)u_qu (where_R2 1s a hydrocarbon group, X is a'_
halogen atom and q 1s an integer of 0 < q < 4). Among

20 these compounds, titanium compounds and/or vanadium .
compounds are particularly preferred in the production
of the low density polyethylene type resin composition
of this invention; because they glve satisfactory slurries
with no abnormal tackiness and there occurs almost no

25 sticking of polymers_to_the reactor wall.. (Reference is
made to Japanese Patent Publication No.23561/1980.)
Titanium compounds are most preferred from the standpoints

of weather_resistance and'heat resistance.



an et hyl ene copol ynmer conposition of which processability is 15 about equ
towsor better than that of high pressure pol yethyl enes and of which physic I&
and; chemi cal properties such as tensi+4&lgteength, inpact strength,
envffonnental stress cracking resistance, creep characteristics, tear

stgengt h,1transpar encyAshaacompanent GRrcarriessinpportedl Zdeglian s
resi stance are very excellent. - 15 - The second feature of this

i nvention | xdtmlystecased thethimddaveritidtns theeet ape iadsexqudationn
mechani cal strengths, has a rigidity higher than those of high pressure .
pol yet hyl engeraductissbetweans par engaromeagne s tamatompouhd: arid fa gh- pressure
pol yet hyl enes, material saving can be expected with the product of this

i nvention; ftnansﬁmbmnememnancpmmgqmdxnuﬂere,uthq toansditdon metahne
perfornance can be obtained with the
compound 1s represented by the general formula

T1(0R3 (where R3 is a hydrocarbon group, X is a

)h r r
halogen atom and r is an integer of 0 < r < 4, and
includes titanium tetrahalldes, titanium alkoxides,
titanium aryloxides, titanium alkoxy halides and titanium

10 aryloxy halides.

As an organometal compound component which
. forms the catalyst system of_this invention together with
the carrier-supported Zlegler catalyst component, there
are organocaluminum compounds such as trialkyl algminums

15 (triethyl aluminum, tri-n-propyl aluminum, tri-i-butyl
alminum, tri-n-butyl aluminum, tri-n-hexyl aluminum,
etc.), dialkyl aluminum_monohalideé (diethyi aluminum
monochlofide, di-n-propyl aluminﬁm monochloride, di-i-"
butyi aluminum monochloride, di-n-butyl aluminum mono-

20 chloride, di-n-hexyl'aluminum'monochloride, etc.), a;ky;
aluminum dihalides (ethyl aluminum dichloride, n-propyl
aluminum dichloride, i-butyl aluminum dichloride, n-butyl
aluminum.dichloride, n-hexyl aluminum dichloride, ete.),
ethyl aluminum sesquichloride, i-propyl aluminum sesqui-

25 chloride, i-butyl aluminum sesquichioride, n-butyl
aluminum sesquichloride'and n-hexyl Aluminum sesquil-
chloride as well és.other organometal cbmpounds such as

organozinc compounds. These organometal compounds may



t hi ckness '10 to 20% t hi nner than that of high pressure 10 pol yet hyl enes.
The third feature of this invention is that, because the product of this =«
venti on has extrusion processability superior to that of relatively low - *
densi- ty ethyl ene-a-ol efin copolyners by the conventional 15 technique,“

bonvent i onal extruders being used for high pressure pol yethyl enes can be
li'zed for the present product w thout any nodification. The fourth
cature of this invention is that, be se the present product, even if
possessing a nelt 20 index |lower thar®that of |ow density

cthylene ber Ghadl Skhe SAPUY TPIcha 411 GYELLR"3E pSEUTI AU, shovs

satis- facr ropertles in a ual” processi ng, grves excel |l ent
R
Uo7 oLy il ey Tuhe et SOpSLeTR!OF baiibabeliemtsna.s
molecular weight and the ethylene~X-olefin copolymer B of
5 relatively lower molecular weight both of which are obtained
with the above catalyst system under a normal medium to low
. pressure poiymerizetion method, the following matters must be
obeyed. ._ .
(1) ' Froh the Standpoint of transparency, it is
10 necessary that the copolymers A and B are selected in order
that (S.C.B. of copolymer A)/S.C.B. of copolymer B) is 0.6 to
1.7. When this ratio is below 0.6, mechanical strengths of
the copolymer composition obtained are reduced. 1In films,
for instance, balancing of MD and TD strengths is difficult;
15 heat sealing characteristics worsen and tackiness is seen.
From the standpoint of mechanical strengths the ratio will
preferably Be at least 0.8 more preferably at least 1.0. 1In
the case of oéer 1.7, transpa:ency of the copolymer
composition is reduced. | ) |
20 (2) The density oflthe copolymer composition is 0.915
to 0.929 g/cm3.



ethylene-[err]-olefin copolyners by the conventi onal -16- 1 techniq
i s *obt ai‘ned even when the density of the com position is |owered, the
conpgsi tion can be applied even for the usages where transparency,
flexibility and i npact characteristics are required. 5 In the
atgached drawings, Figs. 1 to 5 show curves of nol ecul ar wei ght

di stributions obtained fromgel perneation chromatography. Broken lines in
these figures are for dividing |l ower nolecul ar wei ght conponents and hi gher
nmol ecul ar wei ght conponents into two +e3feetive 10 territories. 6 Fig. 6 is
a typical exanple showi ng "distribu- tion of S.C B. against nolecul ar

wei ght". of(3an et hyl &he nekt Jindex | of cthhel| gopelynerhcompasdtiiopnds 0.02

t echni que. '

to 50 g/10 min. with preferred ranges being 0.04 to 10
g/10 min., 0.05 to 40 g/10 min. and 0.1 to 30 g/10 min. In
addition, tﬁe meit fiow ratio is preferred to be 35 to 200
5 and most'prefetred to be 35 to 150. uFurthermore,'the-product
| "of the melt index and the melt flow ratio is preferred to be
at least 4 and more preferred to be at least 7. When the
melt index and the melt flow ratio are below the lower
limits, extrusion processability worsens. When the melt
-~ 10 index is-above the upper limit and the melt flow ratio is
U above 250 bubble stability in blown film processing is iost'
and mechanical strengths are reduced.
| In the fiéld of extrusion processing, the MI of the
copolymer compositions is préferred to be 0.02 to 2.0 g/10
15 min. and more preferred to be 0.05 to 2.0 g/10 min. and most
preferred to be 0.10 to 2.0 g/10 min. Further, the MFR is
| preferred to be 35 to 200 and most preferred to be 35 to 150.
Furthermore, the product of MI and MFR is preferred to be at
least 4 and more preferred to be at least 7. When the MI and
26 the MFR are below Ehe lower limits, extrusion processability
worsens. When the MI above the upper limits and the MFR is
above 250, mechanicél strengths are reduced.
In the field of film processihg, the MI of the
compositions is preferred to be 0.02 to 5 g/10 mih, and more
- 25 preferred to be 0.05 to 4 g/10 min. and most preferred to be
0.1 to 3 g/io min. Further, its MFR is preferred to be 35 to



Fi .\Z shows correl ati ons between nelt indices 15 (M) and tensile inpact
' t hs of -ethyl ene-a-olefin copolyners of the conventional technique, 'y
their nelt flowratios (MFR) used as a paraneter. -8 Fig. 8 shows T
l.ations between M and in- trinsic viscosities [n] of a high pressuré’
ethylene 20 and a linear polyethylene of the nediumto | ow pressure
- method as a nethod for distinguishing these two polyners. In the figure, a
broken line is drawn to separate two territories, the left side territory
is for the high pressure polyethyl eng 87 the conventi onal t echni que and 25

the right side territory is for_the Jingar polyethylene of the nediumto
| ow press&?’@ ﬁé&f&ﬂ“ﬂ%‘ eEEsd Fﬂvéﬁt Sgnt&i #‘abe Eusithermecey e detail -
bel ow. product of the MI and the MFR is preferred to be at least 4

and mo:e"pteferred'tp be at least 7. When the MI and the MFR
are below the lower limits, extrusion processability worsens.
5 When MI is above the upper limit and the MFR is above 250

bubble stability in blown film processing is



-17- 1 : An ethylene-[err]-olefin copolyner of a relatively high
" ok ecul ar melght (hereinafter referred to as "co- polyner A") which is ug
ih;the present invention as one m xiAag28omponent, is a copol ymer of
et ene and an 5 [err]-olefin of 3 to 18 carbon atons. This [err]-olefi\

i 'g one rapreasafed derthangtmechahbeall stRefdttid card rédneed.R is an
al kyl group of 1 to 16 carbon atons. Exanples of the [err]-olefin include

propyl ene, butene-|, [Emthecfieldeaenin|ecitdaremlding; cbkel MInofene- |
decene-1, 4- 10 nethyl-pentene-l, 4- et hyl - hexene-1 and 4, .4-di net hyl -
‘pent ene-| . thAsocpmpoadktidrefisspreferreidnsoobent2 /Gas 30 cg/bOnminons are
preferred. Particularly, butene-l, pentene-l, hexene-l, octene-l and
4- et hyl - peandnaocreaprefarred ctiof benmitRe tot JW @/ IR snin. noFurbher,
avai l ability, 15 copolynerizability and quality of polymer obtained. These
[err]-ol &f i hhec MFRod supreferned ot oi hec3dbitmatdbrandimene preferzed The
density of the copolyner A is influenced by the kind of an [err]-olefin
used, the ctot bet 3& nqmyo. When the MI is below the lower limit,
moldability worsens and flow marks are produced.
When it is abeve the upper limit, mechanical strengths
‘are reduced. |
10 In order to provide the composition of this
invention excellent in processability and mechanical
_Strengths, it is also important to adequately balance
its MI and MFR. A lower MI requires a higher MFR. This
requirement is expressed'by the product of MI and MFR.
15 Por instance, a composition having a MI of about 1 g/
10 min, even if its MFR 1s as low as 50 to 60, has
processability abeut_equal to that of a high pressure
polyethylene having the same MI. On the other hand,
a composition having a MI of about 0.05 g/10 min.
20 and a MFR of 50 possesses extremely poor proeessability
and, in order to have satisfactory processability, a
MFR of at least 80 is required.' The product of MI and
- MFR of a composition is designed appropriately to meet
the requirement of its final application. The designed-
25 value of the product of MI and MFR can be achieved in
the composition by using (a) intrinsic viscosities of
the copolymer A of relatively higher molecular weight

and the copolymer B of relatively lower molecular weight,



¥n/and the intrinsic viscosity of the copolyner. 20 For the object of
t nvention, the density is required to be 0.895 to 0.935 g/cnB and Jyrore,
.préTerably 0.895 to 3 -29 - 30.930 .. =
g/lcnerr] . At a density smaller than 0.895 g/cnferr] copol yners stick ™

to the leaébdrvaWeﬁruﬂu&up#shtnaveragatmmlstdlamnweight)/(h&mﬂeﬂelty of
the relatively 25 | ower nol ecul ar wei ght copol yner- (nanely "copol ynmer

Blerr] whi3wersggemolanulantwelghtl)usfd tiesenatdmolymersgandmialent in the
present invention) is required to be raised, resulting in formation of

pol ymer cobBedr mdxdng ratip. 1 Bf intednsde origcositbessafhtae filns of
poor trans- parency. In the. denS|t¥ hi gher than 0.935 t he content

/c
of the a- oF%PPP:YPRITH‘ea&S’p(ﬂ opobymered mnwa%n&\ﬂﬂe(déﬂsl)yner A of
such a %n gh geE I] dol/s
: and (n (dl/g), respectively, and their ratios by weight
basis are put as WA.and Wﬁ (WA +.W§_= 1), respectively
the intrinsic viscosity of the composition obtained by
mixing the two copolymers namely [n]T (dl/g) is approxi-

mately given by the following formula.

10 L Inlp ¢ [N, [nlgig

MI is governed by En]T unequivocally.- Meanwhile, MFR is
generally larger when [n] /[n] is larger, and depends o
upon WA and WB. Therefore, it is difficult to express
MFR unequivocally and, based on preliminary tests, [n]A,
15 [n]B, W, and Wy are determined to give an intended MFR.
(4) o In order to'obtain a composition which satisfies
the above (1) ¢o (3) conditions, the copolymer A and the
copolymer B are mixed in a ratio of 10
to 70% by weight (copolymer 4) to 90 to 30%.by weight
20 (copolymer B). The ratioc of 20 to 65% by weight to 80
to 35% by weight_is.preferred and the ratio of 30
to 60% by weilght to 70 to 40% by weight is most preferred.
The mixing ratio of the two copolyners must be adequately
selected by considering S.C.B., densities,'intrinsic
25 viscosities and molecnlar welght distributions of the
copolymers A and B as well as the density,.MI and MFR



5 not give satisfactory nmechani.cal strengths. For instance, in filmns, e
bal dnci n§ of MD and TD strengths beconeg difficult and heat-sealing g’
charagteristics get worse. S.C.B. in fh OEd’polymer Ais 7 to 40 and nore
preferably 10 to 40. (Wen R in the above a-olefin 10 fornula is a |inear
al kel group, athemutngendedneomposdtdon. atWhemnthe cnasipeof1@d® car bon
atons is S.C.B.. Wien Ris an alkylﬂ%roup wi th a branch or branches, for

i nstance, th&qRAY¥YMEFchi hsi Bedowedhy Jawariblmit (andbtheckraitdd subilye .

group and the half nunber of nmethyl groups 15 at the branch ends is S.C B.)

Short chain ISORRIWMAF B t8ndbeNe- 1t8 amper obimiver thecBSFR,ddapnasct

[err]-olefins and it hinders crystallization mainly of ethyl ene sequences

and | owers dé&ifengish, Heae arrensthyangd dalermpenpburensesistasice

[err]-ol efgn. rt chain ncht i,s con- 20 sidered_ to also make sone

cont ri but i%n qffqﬁ%ﬁ' r&?@%ﬂsgg PRt QBI%qua AR% RPRs, 2BRAICHE: P&l y affects

mechani cal strengt an ermal _pr rties, of. copol yners obtained.

Ther ef or e, wﬁ&¥é§é§¥1°fs£€%|SRP?BsﬁggﬁaﬂQEutEﬁ#eﬁ©¥ﬁ§ti°n which 1is
obtained when the value of (S.C.B. of copolymer A4)/(S.C.B.
of copolymer B) is selected to be at_least 0.6 és-well
as the good transparency of the composition of this _

10 invention which is @btained when the value of (S.C.B. of
copolymer A)/(S.C.B. of copolymer B) is selected to be
0.6 to 1.7, are not achieved. When the ratioc of the
copolymer A is above its upper limit and the ratio of
the copolymer B_is below its lower limit, the processa-

15 bility of the composition obtained worsens.
| As long as the scope of this invention is
obeyed, mixing of the ethylene-a-olefin copolymer A of
relatively highér molecular weight and the ethylene-g-
Qlefin copolymer B of relatively lower molecular weight'_
20 1is not necessarily limited to mixing one of each kind.
The mixing may be.also done by using two or more
kinds of each of the copolymer A and the copolymer B
‘There is no particular limitation to mixing
methods of the copolymers A and B, and known methods can
25 be used in mixing of these two polymers. Commonly used
are a batch type melt kneading method which employs a
twin roll or a Banbury mixer after separate production

of the copolymers A and B, a continuous melt kneading



heat - seal i ng properties of the conposition becone 25 'poor. For
ance, in filnms, balancing of MD and TD strengths is difficult. V%en »
'B. is over 40, there occur probl3ks=in polynerization of the copoly

\a Al so the transpare of pol ymer conpositions obtained - 19- 1 fro
t he co§o|mﬁ§hosesmm&9x£§s noretaramikeyruch aseCt¥pbmanu- A is 1.2,
to 6.0 dl/g as intrinsic " - viscosity and is referred to be 1.2 to

4.5 dl/ g. T8couErc kY ithe ifapanfteed; Wyrkg)barbxﬁwz manyfagtured - cal
strengt hs_ of pg ner ]arp03|t|ons of the present jnvention are reduced. In
over 6.0 B¥/Eobg St {9F tHheSERBLLy BEFEW BILTHALTianG c&| 8oLuEd0oB0l yner

'-conp05|t|o s.obtain e fIS es and further 10 worsened. fl ow
propertie® §§ ﬁeF‘Ptg?‘fgtﬂj s’Bé?‘EHE'?. is obtained by dissolv-

5 1ing the copolymers A and B in a solvent separately or
together, blending'and finally removing the solvent.
When the dopolymers A and B are produéed'by a high
temperature solution polymerization method,Vit is ad-
vantageous from the process standpoint that their

10 composition is obtainéd by mixing A and B in a solution
state at high temperatures.and removing the solvent.
Mixing by a two- or multi-stage polymerization
method is also possible. Iﬁ thié method, in the first
stage, the copolymer A 1s polymerized for a certain
15 1length of time and, succeSsively in the second sfage,
the copolymer B 1is polymerized using the same catalyst
but changing other pclymerization conditions until the
composition containing the copolymers A and B at an
intended ratio is obtained. In this case, the order of
20 polymerization of A and B 1s not restricted.
The above two- of multi-stage polymerization
method 1s an 1deal mixing method, because the copolymers
A and B undergo molecular dispersion.
The most effective mixiﬁg'method can be se-
25 1lected from above various mixing methods, in order to
~ obtain a uniform compositioﬁ, which meets intended
requirements..

The intrinsic viscosity [n] of the ethylene-a-



In injection nolding, the intrinsic viscosity is pre- ferably 1.2
di.#g and nore preferably 1.2 to 3.0 dl/g. |If it is less than 1.2
meghani cal strengths of conpositions agg_lomered. If it is over 4. /g,
15 mxing with the copol ymer B beconBsZ#nSufficient, and pol yner

‘cQiTposi t ns o tained have fish & deterior ted f|OM/ opertles' tend to
cause fl aﬁa’oﬂé'mmocqm §§E¥-@Hc9f ¢ 8| BEBFEF-

f“n’rigiﬂi)ef ?2?‘”?%%?&?3:39%”9%6 h%é‘é%e??bﬁf@?snpapt{%efﬁ o e gﬁ?é%ﬂehis )
proferably 3 Podk/% %mf i R R ﬂﬁpg)’ )
a4 S SARLGFIES 4t akight B or AR STt
bl ocki ng5 AfeghlinleRe- E%%Jné%ﬁ%'é&&OPQEXHB& QBd? Hﬂfﬁi&ﬁﬂyfilm |
processing, bubble stability is insufficient.' In case

to 4.
di /g,
0 dl

of_above the upper limit, extrusion procéssability
worsens. . I |
| S.C.B. of the composition is preferred

10 to be 5 to 45 and more preferred to be 7 to 40 and most
preferred to be 10 tb'uo. When S.C.B. is below Lits
lower limit, transparency worsens. When S.C.B. 1s above

o its uppér limit, mecﬁanical'strengths are reduced and

molded products have tackiness.. |

15  Next, the "index of long chain branching" of
‘the éopolymer composition of this inventiqn'is described.
Whén'the-intrin31¢ viscosity of a,cSpolymer compositiqn
of this'invention iSlﬁut as [n] and the intrinsic viscosity
of a linear polyethylene having the same Mw measured by

20 1light séattering'method (a'high'denSity polyethyleﬁe
obtained by homopolymerization of'éthylené under a medium
to low pressure using a Ziegler catalyst) is put as Cnl, s
[n1/[n], namely g* is called the "index of long chain
branching” of the composition and indicates the extent

25 of pfeSence of long chain branching in the composition.
Now, intrinsic viscosities of ﬁwo'polymers'are compared.
One polyﬁer X is a polyethylene’having long chain

branches of which index of branching is unknown (for

o &



- low nol ecul ar wei ght (hereinafter abbreviated as copolyner B") _
Y is used in the present invention_as another m xing conponent, ista - #%
oljyrer of ethylene and an [err]- ol 88ir of 3 to 18 carbon atons. As 5_;;’
"J-olefins, there nmay be selected the [err]-olef ins used in the

| ymdr Anstamcegnai high RIRSSUDe| padyeshydenedi@nd whesotheenierr],
and preferably it is at least 0.915 g/cnB. Wen 3 the density is bel ow
0.910 /cm poilymesuis aekineapopolyehbyleneccontalining mohdnongal strengths
and cause bl ocking due 10 to bl eeding of |ower ol ecul ar wei ght conponents
of | ow denshagnodranchesiriukebaving the @am§<ﬂwum§a§mred byl ddght t he
density of the copolynmer B is 0.910 to.0.949 g/c err]-and is 3 preferred
to be 0.918casterdsg @efhod. vm‘éhenhéhe@#s %O ipo emsoaoeomgﬂenﬁnto
nechanlcal strengths of conpositions_ar

respective very dilute solutions with one same solvent,

T w

the polymer X givee a less-visoous solution because thoj
spread of its molecular chain is smaller than that of the
linear polyethylene.' Accordingly, by_measuring the
inbrinsic viscosities of the two polymers and calculating
10 .their'ratio namely g* the index of long chain branching
can be known. When a polymer has no long chain branches,
its g* is almost 1 within the range of experimental
errors. When the polymer has long chain branches, g; is
smaller than l.- In most cases, high pressure polyethylenes
15 show g% of below 0.6 and have considerable quantities of
long chain branches. . B
The ethylene-a-olefin copolymer composition of
this invention 1is preferred to have'g: of at least 0.8
and more preferably at least 0.9 and'practically_has no
20 long chain branches. When gz is below 0.8 and contaih .
a lafge quantity of long chain bfanches, the copolymer
is poor in tensile strength, impact strength, environ-
mental stress cracking resistance, low temperature |
resistance and chemicals resistance. _
25 (s.c. B. of higher molecular weight oomponents)/
| (S.C.B. of lower molecular weight components) of the
copolymer composition of this invention is &

at  least 0.6 and more preferred to be at least 0.8



15 reduced and surface tackiness occurs. S.C.B of the copolymer Bis 5 to<§i%i)
35.and i$ preferred to be 7 to 30. When S.C.Bis below 5, the copolyner B
has. @I ower nol ecul ar wei ght as a\Muues nd its crystallization speed is

fast, resulting in poor transparency of conp05|t|ons In case of over 35,

20 ped t LR. il .

The. mol edul S OERRY HyeTRRredrE yﬁér AR LR S S
1.5 dl/ t 2 t :

W scosi Ly | SIRESL Greieiasency ifs § ﬁ%%?%% R&rne Qﬁéﬁ??%%?%%‘?sﬁe of

com positi ﬁes‘ear%rr@s@q?dc B' naféss?ehﬁ\éar né,%f’&i&i 'th'

COI'T'pOSI tions is poor In the area of | nj ec tron é I'TD| ecul ar

3?'5822 . f; t B2 taeROloMns | nPeRt 86AP LKL td %ﬂo@pé'éﬁ ﬁawb.Bt hbAelc
5 cular weight components and higher molecular weight
components-using molecular weight fractionation andnthen
measuring S.C.B. of each group. When the ratio is below
0.6, mechanical strengths of the composition are: poor,
~ and when the composition is subjected to extrusion proces-
10 sing and injection molding, balancing of MD and TD
strengths is difficult and moided’brodﬁcts have sticky
surfaces, and in films, heat-sealing characteristics -
worsen. When'the ratio 1s over'0.8, tfansparency worsens.
The above molecular weight fractionation of the ethylene-
15 «-olefin copolymer into ‘two groups of lower and higher -
molecular weight components refers to the following .

method. -

(1) A curve of molecular weight distnibution'is
obtained by gel permeation chromatography. '

20 ' In this case, the abscissa 1s the logarithm of
chain length (unit;K) oalibréted'with a standafd poly-
styrene sample, and the ordinate 1is relati#e weight
fraction. The standard measnrement method is described
later. | . | |

_25_'(2)' " An examole of cases where curves of molecular
welght distributions have one peak was shown in Fig. 1.
This pattern 1s seen most'typically;in ethylene-a;olefin



re preferably 0.4 to 1.2 dl/g. Wen the intrinsic viscosity is

oW 0.3 dl/g, nmechanical strengths and transparency of conpositions*are *
ed. In case of 10 over 1.2 dldgjgfluidity of conpositions is poor.'uyf

ue of (weight average nol ecul ar weight)/ (nunber average nol ecul ar

" wei ght), qupelymers:r] Th ehlls @adde aopowgremoBedalarrivediy gel .
per meati on chromat ography (GPC) is 3 to 8. More generally, when 15

[err]w [ eorponentsl side, ankde ac diiherrmélesullatf wedightt @ qmposhueet s when
over 10, nechani cal strengths of the conpositions are reduced and surface

t acki nessisie faresdbvtded bfha ddme \drawr betiwekn cheolpesic &f asheen- 20
ti oned above can be obtai ned by copol ynerizing ethylene and an [err]-olefin
of 3 to Xtumee bamdathesmidpedint fiianine| drapnebetweansithe aendansi ti on
nmetal catalyst. For instance, catalysts such as Ziegler type catal yst and
Phi | | i%s q%/deomamqéecué,amMemqocnqmmgatsomnzsherm andh as slurry
polyneru¥§é(ghdggg g?gigr molecular weight components; and the
H
ratioc of areas of these two sides 1s the weight ratio of
1ower'and_higher molecular weight components. Separately,
fractions of the same sample are prepared by column |
10 fractionation. These fractions are consolidated into
two portions of lower and higher molecular weight com-
ponents, in order that the weight ratlo of these two
porfions.become closest to the weight ratio obtained
above. | '
15 (3) _' . An example of cases where curves of molecular
‘weight distributions havé two peaks was shown in Fig. 2.
Also, an example having one peak but shoWing'a shoulder
at higher.molecular weight components side was shown in
"Fig. 3. Examples having three'or more peaks are handled
20 as modifications of two peaks and are treated siﬁilérly
to two peaks.' Ih'the case of two or more peaks including
: shou;ders, a tangent line is drawn between main two peaks
of the higher molecular weight components side or between
one peak and a shoulder of the same side, and'then.a
25 perpendicular is_drawn from a point.where-the distance
between the GPC curve and the tangent line becomes largest.

This perpendicular splits the lower molecular weight

components side and the higher molecular weight components



merization and solution polynerization are used. As catalysts,

a Ziegl

is -22- 1 convenient- in this inveat3®n=fromits activity and co-
;pdf§nerizability. Speci fic exanples of .an effective -carrier of this
.cgrrier-3uppbie pdaddegher rattia off areagwneflit theskutwoosides Huwbmes des,
chlorides and 5 carbonates of nmetals and silicon and their mxtures as well
as inor ganitheomplghtsrabioce cfhddidse #wg, compyonens snpgmtsdians oxiWisen
titani um oxides, silica, alum na, nmagnesi um carbonates, dival ent netal
hydr oxychl @¥eaks , anegaentinuep® @ndiean mobcbeudetreseidddsasmgsi um 10

al koxi des, nmagnesi um hal oal koxi des, doubl e oxi des of nmagnesi um and al um num
and doubl e ¥oMeBabf saugnescUNvald ddieitechnigquagofhene @saounds,

magnesi um com

5 distribution 1s applied. Separately, fraction of the

same sample are prepared by column fractionation.

These

fractions are consolidated into two portions of lower

and higher molecular weight components, in order that

the weight ratio of these two portions becomes closest

10 to the weight ratio thus obtained.

Molecular weight fract;onation is conducted by

the known column fractionation method. 1Its detailed

explanation is made in "Polymer Fractionation" (compiled

by M.J.R. Cantow, Academic Press, published in 1967),.

15 and therefdre,.only the outline of the method is described

. below. .

About 5 g of a2 sample is adsorbed on a carrier,

Celite Tu45, in xylene and the carrier is charged into.a

type catalyst systemusing a carrier-supported Ziegler catalyst conpone

column. The column islheatéd to 130°c and a mixed solvent -

20 of butyl cellosolve and xylene is passed through the

column with their mixing ratio béing gradually changed

(namely with the solvency of thg_mixed solvent being

gradually changed). The-_lower molecular weight fractions

to higher molecular weight fractions are successively

25 fractionated. To each eluate is added methanol to cause

precipitation. Aftér recovery of each polymer, they are

dried under reduced pressure to be used as each fraction.

To prevent the decomposition of polymers during



s\are particularly preferred. The foll owi ng magne- sium conpounds are

larly preferred. The foll ow ng 15 magnesi um conpound carrier is 1ost &
fed in the production of the Loggdensity polyethylene type resin ;;“
coRpagition of this invention, because it giv a satis- factory slurry

wi th”no pbﬁwa@&&%m,sswadpbae ¢ L E510r6i 09 gharal wEers to the

reactor wall. erence i s nmade to Japanese Patent Publication No.
23501/ 1980¢he Wiy thal Isafipldcasan! stamiitadied did(alseematrtged 2

sol vent an al.um num hal i de represented by the general fornmula RAI'X (R

is an al kyhs padsed throdgh Shéeswvludmowd Whut térL0ogEkan atmee and X is
a halogen 25 atomand n is an integer of O to 3) and/or a silicon halide

repr esent egollymeie fyeiet bongoobuhdnked Erd dividédyinteor yivoogradupanyl group
of 1 to 20 carbon atonms and X is a hal'ogen atomand mis an integer of O
5 of lower and higher molecular weight components so that
the weight ratio of these two grdups'become the above-
mentionéd welght rétio. Each group"is-made into a press
sheet of about 100 to 300u thickness and these sheets
are subjected to Fourier-transform infra-red absorptioh
10 gspectroscopy. |
| Further, it is preferable that the character-
istic values of the samplé obtained by dividing the
'efhylene-a-olefin copolymer of this invention into two
fractions such as a higher moiecular weight component
15 and a lower molecular weight component are same to the
characteristic values of copolymer A and copolymer B,
respectively, as previously defined.
| When compared with low density ethylene-—a-
olefin copolymgrs'obtained from the conventional medium
20 to low pressure method (normally called "linear low
density'polyethylene of'LLDPE“), the polyethylene type
resin cbmprition of this invention has the following
advantages.
In. the field of'extrusion.processing, the com-
25 position of this invention is 1argely excellent in
| processability (about.equal even to high ﬁressure poly-
ethylenés) and moreover has excellént mechanical

strengths (ESCR, tensile strength, impact strength and



-23- 1 to 4) wth an organonagnesiun1cdnpound represented by the general

fofnul a8 R'"MyX and/or Rlerr]My (R' is ap alkyl, aryl or alkenyl group of
te..20 carbon atons and X is a hal ogen 380n), and (b) isolating the solid

product 5 formed. As a transition netal catalyst conponent sup- ported on
cariersl theas gtwengdh) @s Hokl 28tencedledspdowiSemperatuneconpounds
and zirconi um conpounds. Specific exanples include titani'umtetrachloride,
10 titani un¥esipEBnesi-de Thanafnne, tRedurbiprne 1n thdaknrasesnesri de,

titaniun1aIkOXéehalides or titaniumarylo

general forRetdefePrPousts Hagames P%séigiéﬁocgmﬁbﬁQ$ﬂﬂﬁit3@$s° hal ogen

hal i des represented by the

atomand p js,an inte

r of 0 < < 4 vanadiumtetra- 15 chloride,
vanadi um oxyh8] EHP’SPI%E-@P ﬂ%dﬁf@ﬁn Q&l&caEﬁP&Si 3% FRY R P8t al koxy

hal i des gr é‘inreconi um aryl Oﬁyg_cgatliéies repr esent eda.% t he Igeneral formul a

10

15

20

25

n in the app n:whe e transp ney is required.
 In case of films, the present composition 1is
far superior in processability (about equal even to high

pressure polyethylenes). Further, the composition has

‘excellent mechanical strengths such as tensile strength,

impact strengfh and tear strength, by which reduction

in thicknesses of films becomes possible. Moreover, the

present composition has excéllentltransparency and heat-

sealing characteristics, by which 1t is used as a high
quality film in wide applications including high speed
bag manufacfuring. | | |

In the field of injection'molding,_the_present

composition is'largely excellent in processability (about

~equal even to high pressure poiyethylenes). Moreover,

there occurs no flow marks, there is no warpage with
molded products, and transparency, low temperature'.
resistance and mechanical streﬁsﬁhs such as envirénmental
stress cracking resistance, tensile'strength_and impact
strength are excellent. Theréby, reductioﬁ in thicknesses

of molded products is possible and the present composition

has wide applications including the case where transparency

is required.
‘To the composition of_this 1nvention, can be

added if necessary various additives being commonly used



t o Japanefntdrliec

(where R2 is a hydrocarbon group, X is a halogen atomand q is an

eper of 0 < g < 4). Anpng 20 these_conpounds, titanium conpounds arfd/or*,
ngdi um conpounds are particularly‘p3%fErred in the production of the | qQy

A ity polyethylene type resin conposition of this invention, because they
gi ve sati sithcike ylrduskrigsyisueh@smwidarioncknhdbdtons i Hubricants,

al nost no 25 sticking of polyners to the reactor wall. (Reference is nade

BEi 88ENGS NGBt athe $Eentani BRUGRIAMEELZ2eRS sost

preferred fromthe stanggorhts of weat her resi stapce and heat resistance.

-24- As a A¥hRALITLBE
i nvention,, there are al reactio oduct s, between a
conpound &ty Sma} n%‘i‘ﬂ‘gg_t glﬁ%&

ERFSCSsuppbri®d 9FREFPOLIMmENEs R 39dedi s
anomagnes| um

AE8a 2% tion

#F ERPCSCORE Ofateis dib
5 1is kept. | | o
Next, the definitions of physical and chemical
properties used in this invention are explained below.
(l) Intrinsic viscosity

This implies [n] in tetralin of 135°C.

10 [n]l] = 11.65 x 1log R
R =  ‘a/to
t : Seconds of droppihg in a concentration of

0.2 dl/g
t,: Seconds of dropping of tetralin itself

15 (2) " Density |
" According to the specification in JIS-K-6760.
With'reSpect to thé copolymer B of lower mole-
cular weight; when it has a large S.C.B., it is regardéed
as a low density préduct, and according to the specifi-.
20 cation, it must be suﬁjected to annealiné-of 100°C and
1 hour. However, the cOpolymer'B Wés conformed in all
cases to the specification for high density products and.
was not subjected to the above annealing.
(3) . s.C.B. |
25 -Using thelclu labelled product described in
the following 1iterature, the subject property was calcu-

lated by employing the FT-IR spectrum substraction method.



5 conmpound is represented by the general fornmula Ti (OR3) rXr (where Rerr]
is_® hydtocarbon group, X is a halogen atomand r 'is an integer of 0 [err]
r-[eryl 4, and includes titaniumtetrahalides, titanium al koxides, titaniu
aryl oxi des, titanium al koxy halides andt@i tani um 10 aryl oxy halides. As an
or ganonet al conpound cgngonent which fornms the catalyst systemof this

i nventi o t oget her wi t iChaRagserigatdarpandPrepgreiesacs) Polymenshent
there are organoaluningn1iongounds such as trialkyl alumnunms 15 (triethyl
al uni num tri-n-propyl FaPhiBREMA b iKAGARK BOEINi num tri-n-butyl al uni num
tri-n-hexyl alum num. _etc,), .dial kyl alum num nonohalides (diethyl

al um num nonochl ori de, CO® %iﬁpobYIﬁéﬁﬁﬂ?ﬂuﬂ#ﬁ#ﬁéﬂ?o?Fdé;-di-i- but yl

al um num nonochl ori de, .di - nybutyl. gl uni pu o- 20 chloride, di-n-hexyl"

al um num nonochl ori de, LRERE} OF; rf;‘z‘ﬁ-ym j RIS hal i des (ethyl al umi num

di chl ori de, n-propyl 1 pu i ¢hl qnide, i-butyl alum num dichloride,

n- but yl gfuninun1dichﬁ%#g%g,fhihggyﬁuéﬁuninunldichloride, etc.), _
Determination formulas for various branches are given

below.



‘et hyl al um num sesqui chl oride, i-propyl alumnum sesqui- 25 chloride,

i -butyl alum num sesqui chl oride, n-butyl alum num sesquichloride and =« s
fm-hexyl al um num sesqui - chloride as |1 as ot her organonetal conpounds - *
as organozi nc conpounds. Thes€ ahonetal conpounds. may - - 25 - b

alone or in a conbination of two or nore. In conmpounding the

gsition of this invention using the ethylene-[err]-olefin copolynmer A
of Tel ati vely hi gher nol ecul ar weight and the ethylene-[err]-olefin
copolynmer B of 5 relatively | ower nol ecul ar weight both of which are
obtained with the above catal yst system under a normal nmediumto | ow
pressure pol ymerization nethod, the foll'owing matters nust be obeyed. (1)
From the standpoint of transparency, it is 10 necessary that the copol yners
A and B are selected in order : -
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that (S.C B. of copolyner A)/S.C. B. of copolyner B) is 0.6 to 1.7. W

th* ratia

I s below 0.6, nmechanical strengths of the copol yner conpos

characteristics worsen and

oht@ined are reduced. In filns, for 'qgéance bal ancing of MD and TD
n

strengths is dlffICU|t 15 heat seal

tasklnesi
w | | pre e
of over .

The' densi 1 oS RECRES0R) Adneels SORA ] noRBRELyeR) npvlsl R, 2

(3)
and 0.1 to

5

10

15

20

25

fn with pa %’?‘r‘ea“‘@gﬁég?eﬁéﬁﬁaf FRITE 558 RRTe Ll Siegsﬁf%t%%?-

6ﬁkf$ﬁoaﬂhnthbnsame_[nl as those of a given sample and
employling the spectrum substraétion method. Therefore,
effects of methyl grbups'at the ends were cleared.
| When R of an a-olefin R-CH=CH, is a linear
alkyl, (the number of methyl groups at the branch ends)/
1000C 1s S.C.B. When R 1s a branched alkyl group, for
instance, an aQOlefinﬂis h-methyl-pentene-l,'the branch
is the i-butyl group and half number of methyl groups
at the branch ends per 1000 carbon atoms 1s S.C.B.
)] Weight average molecular weight by light
scattering method

| This item was measured at 12550 by the normal
méthod, with a-chloronaphthalin used as a solvent and
employing a ﬁhotoelectric type light scattering photo=-
meter (manufactured by SHIMAZU SEISAKUSHO).
(5) Melt index (MI) |

According to the condition E of ASTM D 1238.

(6) Melt flow ratio (MFR)

en
ition

'erfieBe TR Cle SOy TR Bt 9 g K00

(2)
_26_
/10
0 mn.

Firstly, MI,, ¢ (grams per 10 min. under a load

of 21 6 kg at 190°C) is measured according to ASTM D 123

8

condition F. Then, MFR 1is calculated using the following

formula.

(7 Rigidity (expressed by Olsen's flexural modulu

According to ASTM D T47.

s)

@



di t\on,

the nmelt flowratio is preferred to be 35 to 200 5 and nost

preferred to be 0. 0

2.0 g/ 10
MFR is pr

mn. and noO

eferred to

Furthernore, the pr
nor e p$efe zed to b

| ower

I mt

extru

#ﬁa 0 15 nrn and nore preferred to be 0.05 to
é%ﬁbre d to be 0.10 to 2.0 g/10 nmin. Further,

ALUE t flowratio is preferred to at least 4 and nore preferred to bg
at Deast 7. Wien the nelt index and “helt flowratio are bel ow the | ower
“limts, extrusion processabil WOr s nelt.1Q i ndex is above
the upber linit and Pﬂ?e"#req? ‘#%%\Ppat ﬁgmwﬁwéﬁ)ﬁ%ﬁ%b e stability in
bl own film processi st _an nrc r t.hs are reduced. In the
field of extrusion ﬁ% égf e’tgg rﬁh%hﬁﬁ Bnpositions is

t he

%&ﬁﬁpo ref J d to be 35 to 150.
g@héﬁﬁ' %ﬂﬂﬁggrs prefe r#gd to be at ‘| east 4 and

Tetiad £eSindact EPrbigcd: WbGidE PERASTR BES

sion processa%rlrty

éhe :

upper limts and th?ﬂ@ﬂ%'ébﬁ&EWfoﬁ?oASTﬁpbaW8§ﬁ ﬁggﬁa@tES are reduced.

10

15

20

(9

Test plece: S type dumbbell, 1 mm thickness

Annealing: 1 hour in boiling water

Measurement_temperature: 26°C

Molecular weight distribution (MW/ﬁh)

GPC method (gel permeatien'chromatography
method) |

HLC-811 (manufactured by TOYO SODA)"

Column: TSK-GEL (GMSP + GoqqoHy + GMHx2)

Solvent: 1,2,§-trichlorobenzene (TCB)

Temperature: 145°C

" Detector: Differential refractometer

Flow quantity: 1 ml/min.
Concentration: 15 mg/10 m1 TCB
Measurement data on standard polystyrenes are

shown bélow.

ryed to be 35 to 150. Furthernore, the product of the nelt index and *



In the field of filmprocessing, the M of the conpositions is preferred to
be U 02 to 5 g/10 min. and nore 25 preferred to be 0.05 to 4 g/10 mn. and
mast\_preferred to be 0.1 to 3 g/10 min. Further, its MFRis preferred to b
35.t0. - 27 - 200 and nost preferred B8 Ise 35 t0.150. Furthernore, the
praduct- of the M .and the MFR is preferred to be at |least 4 and nore .
preferred to be at least 7. \Wen the M and the MFR are bel ow the | ower
limts, extrusi-on processability worsens. Wen M is above the upper limt
and the MFR i s above 250 bubble stablllty i n bl own fllmprocessmg S

. [@.

-28- 1 insuffici emt—ramdrrecheam-eat—sty engt hs are reduced.
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\hg field of injection nolding,- the M of the conposition is preferred to
\2.J0 to 50 g/10 min. and nore preferred to be 2.0to 30 g/I0 mn.
- F er, 5the MFRis preferred tgQ Q§'35 to 80 and nore preferred to be 33

t.0~70. Wen the M is below the lowef limt, noldability worsens and flow

el En%ﬁﬁr*aéeidéﬁﬁé Aikde, e RREAER XEsoR) P00 o

i nvention excel | ent é SéabhFTMNPa hanrcal strengths, it is also
i mportant to adequa nce | R Alower M requires a

hi gher MFR. This n§¥#£ég§gﬁ I8 gxprexﬁqd by 't he product of- M and MFR 15

For instance, a conpdsition having%a of about 1 g/ 10 min, even if its

MFR is as | ow as 56 ﬁg&lg@§ﬁ§rgg@§§%@ddg3@é¥§ngd@gﬁgh to that of ‘a high

pressure pol yethyl ene having t samne he ot hef hand, a conposition

havi ng a M of aboyoriedletPatofll Bf ARtaFUk-CAETVOT100 Byswelgat extrenely

poor processability
Sample: 3 mm thickness, 0. 5 mm notch

(11) Tensile strength |
According to ASTM D 638.
(12) 'Resistance to chlorine water-
10 Test solution: 0.2% chlorine water
Solution quantity: A quantity which gives

1.2 ml/cm2

against a pressed
sample. The solution is
replaced daily.
15 Temperatﬁre:.u0°c |
Evaluation: 10 stage evaluation on a sample
after 72 hours. o
1: Excel;ent,'
10: Overall surface like "foam"
20 (13) Transparency (haze value) |
Press condition: 180°C x 10 min, rapid cooling
in'ice water
Sample: 100 thickness
Haze measurement: Internal:haza
25 (lﬁ) Brabender torgue
Brabender plastograph ® was used.
Jacket: W 50 model, 45 g filled

Temperature: 190°C



and, in order to have satisfactory processability, a MFR of at least 80 is
reqlired= The product of M and MFR of a conposition is-designed
appropriately to nmeet the requirement of its final application. The
desi'b};ed 25 value of the product of M4éined MR can be achieved in the
corgosition by using (a) intrinsic viscosities of the copolyner A of
rel'atively higher nol eBatar wevgiutdanz RO ceeml ymer B of relatively | ower
nol ecul ar wei ght, -29- 1 (b) values of (weight - average nol ecul ar '

wei ght )/ (nunber averagd Eeraugl aftls @fl min. t hesexpepseetedn H#&Rc) their
mxing ratio, If intrinsic viscosities of the copolyner A and the copol yner
Bare put asi¥h [err] $BArgt Slowdensferr] (di/g), respectively, and

Fespect i vely the iniri RBIgcyien sala G Faiiingosh: Puncsnintsas ign

5. | - molding machine manufactured by the B

| Japan Steel Works, Ltd. |
Moid: Spiral mold (7.5 mmg semicircle,'2000 mm’

length) o
Molding condition: Resin temperature 250°C

10 | - Mold temperature'u0°c

o Injection pressure 840 kg/cm2

Injection molding is carried out with this mold=-

o ing condition and spiral flow length is measured.

15 The present invention is explained below in more
detail by the following examples, but it is not restricted

by these examples.

Example 1
(1) | 'Synthe&is df Organomagnesium Compound

20 1 In a 500 ml four-necked flaék equipped with a
stirrer, a reflux condenser, and a dropping funnel was
placed 16.0 g of flake-shaped magnesium to be used for
the production of Grignard reagents,"The alr and mois-
ture inside the flaék were completeiy #eplaced by_ |

25 nitrdgen. Into the droppihg funnel were charged_68 ml

| (0.65 mol) of n-butyl chloride and 30 ml of'n-butyl

efher. About 30 ml of this solution was dropped into



Qg the two copol yners ﬁanely‘[h][err] (dl/g) is approxi- mately given
N\Nhe follow ng fornmula. 10 [err] M is governed by ®
¢rr] unequivocal ly. Meanwhil e, =MHR i=s general ly |arger when [err] is.

-

-Iar ger . and dgfends upon WA and WB. Therefore, it is difficult to exp re§§

MFR unl»untlsc lasla te Inllelata ar zeretion, and sthemeartemthpeme]st V\A ang
composi t1 8 WA 19T a8 - aBBes AD k Squs ondhr 8&2%&%:82;31 yrer
Cotpo o S ol A5 Cab A3 B g il o 20 1o
00% by verght T8 O R BEHTRCRBBOLT o Test o1 Ui cieaSHAOH SURGL | o of
00 g AR OB, Fef SAAINENSS ET A Brsnen
the copol yaer $14:238 P ¥ Y ' tAS hUE 69% Bhadd ADTLFR
n-Butyl magnesium-chloride in the n-butyl ether
was measured for its coﬁcentration by hydrolyzing with 1 N
sulfuric acid and back-titrating with 1 N sodium hydroxide
10 using phenolphthalein as an indicator. The.concentration.
was 1.96 mol/l. ' |
(2) Synthesis of Solid Catalyst Componeht
'The air and moisture inside a 500 ml four-
necked flask equipped with a stirrer, a dropping funnel
15 and a thermometer was compietely replaced by nitfogen.
In thé flask was placed 130 ml of the n-butyl ether
solution containing 0.26 mol of n-but&l,magnesium chloride
synthesized in the above step (1). From the dropping.
funnel was dropped 30 ml (0.26 mol) of Silicon tetra-
20 chloride over 2 hours at 50°C. The reaction was con-
_tinued further for 1 hqur at 60°C. .The formed white
solld was separated, washed with n-heptane and dried
-under reduced pressure to obtain 31.5 g of a whiﬁe solid.
Ten grams of this white solid was piaced in a 100 ml
25 four-necked flask and 50 ml of titanium tetrachloride
was added. They were allowed to react with stirring for

1 hour at 100°C.‘ After the completion of the reaction,

n-heptane washing was applied until the washing became.



it;? lowtr limt and the ratio of the copolymer B is above its upper linit
the ESCR inpact strength, tear streagh8 and | ow tenperature resistance

of 'the conposition obtained are poor, and the high strength of the

coaposi t jonfpéet From wi%ariamm WetPathlopiaened afer tdyeydig Ugn@ér(S. C. B.

of copolynmer A)/(S.C B...of copolyner B) is selected to be at |east 0.6 as
wel | as t hergdadedr prepswecy Df9 theofoapaslidoratialiyts dénpowenti on which
i s obtained when the value of (S.C B. of copolynmer A)/(S.C B. of copolyner
B) is sel ecwas obthdnedi t Eakly,1 g cofiothashseldd cdvalyste ¢anponehtt he
copolymer A is above its upper Iimt and the ratio of the copolynmer B is
bel ow its | supportedt 14 mg mddektsaniddm. bility of the conposition obtained -
Wor sens. : :

30 of an intended conposition.. Wen the ratio of the copolynmer Ais beI;%EZ)

 -5 Example 2
| Ethylene-G-olefin copolymers A were pdlymerized,

using the cafalyst produced in'Example 1 and organoélminum,
compounds (co—catalyst)_and employing various a-olefins
and'dther polymerizatioﬁ conditions as shown in Table 1..

10 Densities; intrinsic viscosities, S.C.B. ahd (weight
average molecular:weight/number average molecular weight)
of these polymers obtained were also shown in Table 1.

| These copolymers are used in the following

examples as miting'compdnents.

15 Eiample 3
_ Ethylene—a-olefin copolymers B were polymerized,
using the catalyst produced in Example 1 and organocalumi-
num-compbunds (co-catalyst) and employing various a-olefins
and other polymerizatidn conditions as shown in Table 2.
- 20 Densities; intrinsic.viscosities,.S.C.B. and (weight
| average molecular weight/number average molecular weight)
‘of these ethylene-a—olefin-copolyme?s were also shown in"
Table 2. :
| These copdlymers are used in following examples

25 as mixing components.



As |qong as the scope of this i nvention is obeyed, nixing of the

is

et ne-[err]-olefin copolynmer A of relatively higher nol ecul ar wei ght a_nd
t h hyl ene-a- ol efin copolymer B.ofgrealatively |ower nolecular weight 20,.
) necessarily limted to mXxing one of each kind. The m xing may be
al so dong by using { thg copol yner{ A gnd the -
copol yner Ry nilxi nh At hols df 't he
copol ynmeris A and B e uged {n i xi hg 4f St hese
two pol ynelks b t kn_egdi ng m=t hoduwhich
enpl oys par gt e pepquct of the
copol yner ~ 3N L%Etﬁoﬂ"enhapoyi ng a
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by Kobe Steel) or a single screw extruder and a solution m xing nethod in
anch d& mixture is obtained by dissolv- 5 ing the copolyners A and B in
soIQ//ent separately or together, blending and finally renoving the sol venti,
When the copol yners A and B are prodec®d &y a high tenperature solution

pad yneri zation nethod, it is ad- vant ageous fromthe process standpoint.
that their 10 corrposition 'e,goobtal ned by mixing A and Bin a solution state
at high tenperatures and refoving the solvent. Mxing by a two- or _
mul ti-stage pol ynerization Bet hod is also possible: In this nethod, in the
.first stage, the copol yner i s polynerized for a certain 15 | engt h of

ti me and, successively in the second stage, the copolyner B is polynerized
using the sane catal yst é)ut Echa%gi ng ot her pol ynerization conditions until
the conposition contai n| gopOI yners A and B at an intended ratio is
obtained. In this case, \%heﬁor r of 20 polynerization-of A and B is not
restricted. The above t I ti-stage pol ymerization :
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od is an ideal mxing nmethod, because the copolymers A and B undergo

ul ar di spersion. The nost effectlve m xi ng nethod can be se- 25 |ected,
s F\%n above various m xing nethods, Jn~order to obtain a uniform W
_ sition, which neets intended 'I’E?ll rements. The intrinsic viscosity [n]
: -32- 1 ol efin copol yner

e ethylene-[err]- osition of this ‘.

|nvent|o ed, to be 0.8
to 3.5 dfTg a intrinsic
vi scositly~ S bel ow}t he e«r educed and,
in bl own| {§ |,m pr@Qtessi | rg case of
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S.C.B. of the conposition is preferred 10 to be 5 to 45 and nore preferred .
to*be 7 to 40 and nost preferred to be 10 to 40. Wien S.C.B. 'is belowits [
lower limt, transparency worsens. S.C.B. is above its upper limt,
. mechani cal strengths are reduced and déd products have tackiness. 15
Next, the "index of |ong chain branching" of the copol yner conposition of.
this invention is descri.be%i. When the intrinsic viscosity of a copol yner
conposition of this invem'g_on is put as [n] and the intrinsic viscosity o
a linear polyethylene havieg the same. Mv neasured by 20 |ight scattering
net hod (a hi gh density poldethyl ene obtai ned by honopol yneri zation of
et hyl ene under a nmediumtd| OW pressure using a Ziegler catalyst) is put as-
[err], [err] nanmely g[&r]g§isgcalled the "index of |ong chain branching" of
t he conposition and ingic esdthe extent 25 of presence of long chain -
branching in the conpo® ti'é)(h. §Now, intrinsic viscosities of two polyners

| & a pol yethyl ene having long chain .-

are conpar ed. One pol yBer X i 8
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- branches of which index of branching is unknown (for - 33 - 1 instance,
gh pressure pol yethyl ene) and the other polyner is a |inear :
thyl ene containing no long chain apches but having the same Merr]
siyred by light scattering nethod. en these two polyners are made into
re pebtlmxamplg Jilute solutions with one sane solvent, the polyner X

s, a il ess-Vviscous solution because the spread of its nnlecular chain i

g S
smal l'er than that of Ethylenesai-qke 't hydbpotyméesondivere/ . pdlymensaeting the
intrinsic viscosities of the two pol ymers and cal culating 10 their ratio

namel y g[ exsingtthei cdealyistl gupdieed inaBxampgecdn didl organo~\Wen a
pol ymer has no | ong chain branches, its g[efr] is alnost 1 within the range

of experi reluminenr compovhds KMmﬁnﬁga&wsbasahdngmumnyiﬂgewui&musg[err] S
smaller than 1. In nost cases, high pressure polyethyl enes.

a-olefins and other polymerization conditions shown in

Table 3. _Densities, intrinsic viscosities, S.C.B. and

(weight average molecular'weight/numbér average molecular

welght) of these ethylene/a~olefin copolymers were also

shown in Table 3. | R

10 | These copolymers are used in the following

examples as mixing compohents.

Example 5 .
_ _Ethylene-a;olefin ccpolymers B were po;ymerized,
using the catalyst produced in Example 1 and organoalmi-”
15 num compounds (co—catalyst) and employing various a-
olefins and other pblymerization conditions as shown in
Table 4. Densities, intrinsic viscosities, S.C.B. and
(weight average molecular weight/number average molecular.
weight) of these ethylene/a-olefin copolymers were also
20 shown in Table 4.
- These copolymers are used in the following

examples as mixing components.



15 show g[err] of below 0.6 and have consi derable quantities of |ong ch
br'anchés The ethylene-[err]-olefin copol ynmer conposition of this invengio

preferred to have g* of at |least 0.8 and nore preferably at |east 0.09
fané’pr actically has no 20 |ong chai n. bjpianches. Wen gferr] is bel ow 0.8\a
*cgntain a large quantity of long chain branches, the copolyner is poor in

tensile styrength, inpact) styength, fenyirop- nmentpl gtreps cracking
resistance, |ow tenpératluref[redi sthncd anfl cHem tal { repi st ance. 25
(S. C.B. of| hj gher nolecdl ar | wei|lght | corfpongntd)/ [S. ¢. B. of® | ower nol ecul ar
wei ght co ents)~0f tHe ceppollynmet cdnpokitijon pf tthis}imvention is
[err] at gast“g «sNd nbig Iprefgsrled o Qe -af | gast §3 1 and nost
preferred tg S0 {190} W I{napf ilcRit | ehy Rheke t‘l"ahsﬁhrency i's
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™\ these S.C.B. are obtained by dividing the conpo- sition of this .
qniion into two groups of [ower nole- 5 cular weight conponents and = ..
' nol ecul ar wei ght conponent s us:ﬁg nol ecul ar wei ght fractionation ag
_the pasuring S. C. B. oftgach group. en the ratio is bel ow 0.6,

mec an| cal strengths of e conposition are poor, and when the corrp05|t|on .
IS subjected to extrusi on-..proces- 10 sing and injection nolding, balancing
of MD and TD strengths i8difficult and nol ded products have sticky
surfaces, and in films, Hgatskealing characteristics worsen.” Wen the
ratio is over 0.8, transparemcy wor sens. The above nol ecul ar wei ght
fractionation of the &hyﬁenﬁ- 15 [err]-olefin copolyner into two groups

of lower and higher m§ ecgl ag wei ght conponents refers to the follow ng

met hod. (1) ' A c@ vegof onol ecul ar wei ght distribution is obtained by
gel perneation chrorraf'.’pgr ph.ﬁf 20 In this case, the abscissa is
t he Iogarlthm of chai I‘FIe‘HgtE'(unlt A callbrated with a standard poly-
ey Y .
= >s 2 £ o T 7 £
8 8 2 0o g 0o o o
P P I 4 @ £ £ L
O O T » P O O
- 8 3 L X 0
8 A " P g 3 o0 =
& m 1 om &
no~ -] =
] U I
0o « < % ) - "
£ Mm m ] N = = O
O B A FF O L O L O
=
|§ anljl@w]ojxit~~ln|lOolnn]in]o©
‘E nlfomjvjivnjvunlnlmlnfnlm e
3 _
. o |lnmjol~lnjmjoinjo|lm
3 ] 3 (9] o =i N i i N ~ s I
| @
~ 4=
o |
& _ 3 -
218 |m Jlo|lo|jn|o|co|o]lo|v]|o |
o g = guaaf e . . . ° . * . ° 'Y
O|lal= Ol |d|la o]l ]- ]
“ans® e’ .
o
Dy o~
o P MM AN > t~ | O -3 wn\ o | = O\ | O
— - glojo]lo|lAlAla i~ ]~
2 @ ||| anlanlajan]an |
& o W|lojlo|lolo|o|lojololo|eo
=) S~
1
o _
~ Q -~
een Ololo o oo |o o
E00 o njiaxsjnjnjinnnljasinin =
Sl 0~ — ~ :
=k R-E
cado 3
A NW P
o~
5 o
c« =3 £ _ : -
- 0 Q| O 79 =< wn
1l . . . *
- QO o | O (=) O |~ Q| = Q (=] [l o
Nl & 4 N - L] 3] =4 N
O ~




styrene sanpl e, and the ordinate is relative wei ght f
medsur ehrent nethod is described later. 25 (2)

raction. The standard
An exanpl e of cases

har ¢ curves of nol ecul ar viei ght distributions have one peak was shown in

;'Fig. 1. This pattern is seen nost typi5§|hy in ethylene-[err]-olefin -7

3% - 1 copolyners. In this ease, a |ower nolecular weight conponents si de

i dad by a line drawn
i ngg drawn bet ween the

vewand the end of

argas of these two

aré%eight conponents.
by col um

and a hi ghgr nol ecul a I ghy cqnpopentjs sj de jar g} di
between th S t=Er=—i
end 5 of | conpongnt's |thhe cun
hi gher nol . ts;}and the rdtiof of
sides ist ezhglghﬁgr of | kovjer BAnd (hingher {nol peul
Separately,| frgcti ofls|qf [tdfe] shrMensShep!|eal & | r,qpap.eé
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fractionation. These fractions are consolidated into two portions of
| onerN\and hi gher nol ecul ar wei ght com ponents, in order that the wei ght ,‘,
i f these two portions becone clgzest to the weight ratio obtained
15 (3) ~ An exanpl e of Tases™where curves of nol ecul ar wei ght
utions have two peaks was shown in Fig. 2. Also, an exanple having »
one peéak but showi ng a shpul der at higher nolecul ar wei ght conponents side
was shown in Fig. 3. Examples having three or nore peaks are handl ed 20 as
nmodi fications of two peaks and are treated simlarly to two peaks. In the
case of two or nore peakgincluding shoul ders, a tangent line is drawn
between main two peaks of§t hi gher nol ecul ar wei ght conponents side or
bet ween one peak and g shoul der of the sane side, and then a 25
per pendi cul ar is draw§ f mﬁ poi nt where the di stance between the GPC
curve and the tangentgli ® bcones |argest. This perpendicular splits the
| ower nol ecul ar wei gh': ccgrponents side and the higher nolecul ar wei ght
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-36- 1 side, and the ratio of areas of these two sides becones the weight

rag?o of* these two conponents portions. Wen peaks are continuous and can

net (be. detected (case of sonewhat squagg ~curve), the technique of one peak é{:
5 distribution is applied. Separately, fraction. of the same sanple are . 8/
praepared by colum fractionation. These fractions are-consolidated into

two portions of |ower and hlgher nmol ecul ar wei ght conponents, in order that-

the weight ratio of. these two“portions. becones closest 10 to the weight

rati.o thus obtained. Ml ecular weight fractionation is conducted by the

known colum fractionation nmethod. Its detailed explanation is nade in

"Pol ynmer Fractionation"” (conpiled by MJ. R Cantow,- Academ ¢ Press,

published in 1967), 15 and therefore, only the outline of the nethod is

descri bed: : S '

The below-described are mixing methods of an
ethjlene-asolefin copolymer A having a relatively higher
molecular weight and an ethylene-a-olefin copolymer B
having a relatively lower molecular welght.

5 (a) Mixing with a Banbury mixer {hereinafter refer-
_red to as Banbury mixing). |

A copolymer A and a copelymer B are mixed 1in a
fixed ratio and in order to giﬁe a total quantity of 1.0
kg. The mixture is kneaded in a Banbury miier for 5 min.

10 with arxotor revolution of 150 to 230 rpm. At that time,
nitrogen replacement should be made sufficiently ahd'
the polymer temperature must not exceed 250°C.

(p) : Mixing.in 2 solution state (hereinafter referred
to as solution mixing)

15 | " A copolymer A and a copol&mer B are mixed in e
fixed ratio and in order tergive a total quantity of 100 g.
‘This mixture is charged info_a 3 liter aﬁtoclave.. Two
liters of xylene is added as a soivent. With stirring,
the mixture is heated up to 200°C and is subjected to

20 1 hour of solution mixing. Then, it is cooled below the
boiling_point; and is added into 10 liters of methanol
to cause precipitation. The precipitateeis-dried for 48

hours in a vacuum drier of 80°C to obtain an intended



bel ow. About 5 g of a sanple S adsorbed on a carrier, Celite 745, in

ene and the carrier is charged into a colum. The colum is heated to

A 130}err] C and a m xed solvent 20 of .BgLyl cellosolve and xyl ene is pass
pugh the colum with their mxing rateo being gradually changed (nanely
h t.he so] vency of th xed solvent being gradually changed). The |owern
nol ecud arp‘??JeY’ﬁ?ﬁ' ‘F?‘&EPF@F{E% hi gher nol ecul ar weight fractions are
successively 25 fractionated. To each eluate is added nethanol to cause
precipitation. After recovery of each polyner, they are dried under
reduced es e Lo be used as each fraction. To prevent the deconposition
of polydgééﬁﬁ# g -37 - fractionation, 100 ppm of I|rganox [err] 1076 is

added to the °r'9'ﬂﬁ'céﬁBB iﬁ%%ﬁiés é%ﬂ' ené-gﬂgl%%?%'yggo ers

was prepared in two stage polymerization.

5 " The firsteStage polymerization was carried out
for 100 min. by using the catalyst produced in Example 1
and triethyl aluminum (co-catalyst) and employing other
polymerization conditions as shown in Table 5. Succes-_
sively, the second stage polyﬁerization'was conducted for

10 150 min. by changing only the hydrogen partial pressure
and the ethylene partlial pressure as shoﬁn in Table .5.
In both polymerization stages, the liquid phase molar <
ratio of ethylene/butene-l/hydrogen was maintained at

- respective fixed levels. The polyﬁerized quantitites

15 1in each stage were examined from the quantities of fed
ethylene. The result indicated that the total polymer
consisted of about 50% by weight of higher molecular
welight components and about 50% by weight of lower
molecular welght components. The sample polyﬁer of the

20 former stage waS'ﬁaken out immediately before the comple-
tion of the polymerization and was measured for its _
density, ihtrinsic viscosity, S.C.B. and (weight average
molecular weight / number average molecular weight).
Similar measurements were made also for“fhe whole polymer

25 obtained after the two stage polymerization. Using the
values of the former stage’polymer and the whole polymer,

the intrinsic viscosity and S.C.B. for the polymer formed



‘Zassed through the colum to shut off oxygen. The polyner fractions
obt ined are divided into two groups 5 &E | ower and hi gher nol ecul ar wei ght
onents so that the weight ratio of ese two groups become the above-
.msntl oned weight ratio. Each group is made into a press sheet of about 100

.“ﬁf ot o kb ERF oFe tB e, BERRSs e .fﬁ?ﬁe#?i?vi%?ebgef 854 i ne
gt ﬁ;?gtngrielr&}i%?gal g&g %fgl %%gr %(?Trg%{ ﬁslﬁs)éﬁ;'gvgﬁt Fgﬁllgln;go It\%’e}rac?l %ns such
component  ariosiiek The VR %&%&@2%2%5 R AL

copol yner B.

density eth ’?ée%%p grﬂr'}/?hé efl 28&\510 yrreérljéggﬁglgﬁggiwr omcit(q;rm/ﬁi/enil onal

di 2@ t I
g§| ;/g'[n hy?jengz%?WL'EﬁD§5E§§]6 rTgiblj%q’yet en%ﬁ?@é‘&@d to &ﬁaredﬂ%rg%ﬁlalng

and the molded composition was measured for its physical

properties. Results are shown in Table 9._

*
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conposition of this invention has. the follow ng advantages. In the
of extrusion processing, the cogy.25 position of this inventionts #
ely excellent in processability (about equal even to high pressure u *

";-.po y- ethyl enes) and noreover has excellent nechani cal strengths (ESCR,

tensile strength, jnpact stregngth and 38- 1 tear strength) as well as .
excel'l ent | ow tenpfrarure rE‘TSFdHL%——_ﬁTﬂ efore, reduction in thicknesses .
of* nol ded products|beconmes pqssiblef The cqnposition of this invention has
wi de applications hrgl can be|used Sleven irn the application where
transparency is reputiged. fnjcase off filns,) the present conposition is far

superior in procesg ﬁ)éltygcbo@ equal evgn o high pressure
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and‘tear strength, by which reduction in thicknesses. of filns becones

pgss Mor eover, the present conposition has excellent transparency and
heat - sealihg characteristics, by which=B2=is used as a high quality film
ingide applications including hi gh speed 15 bag manufacturing. In the
field of injection nolding, the present conposition is largely excellent in
processability (about equal even to high pressure polyethylenes). .

Mor eover, there occurs no flow marks, there is no warpage with 20 nDIded
products, and transparency, LOM/tenperature resi stance and mechani cal
strengt hs such as environnental stress cracking resistance, tensile
strength and i nmpact strength are excellent. Thereby, reduction in

t hi cknesses of nol ded products is possible and the present conposition 25
has wi de applications including the case where transparency is required. To
the conposition of this invention, can be

excel I ent nmechani cal strengths such as tensile strength, 10 i npact strengt?::::
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i nventiop 5,i

photostablllzer
guantities as long as the scope of this

i f necessary various additives being commonly used -39- 1 in the
dustri es such as oxidation inhibi
nfi/-static agents,
nmers can be added in smal

éfrs | ubricants, anti-bl ocking ag”ents"'g
and col oring pignents. Al so, othq~/

he degfinitions of physical and chem cal

properti F5 gsed-tn
viscosity THis skwpl

= 11.65f x 'gg '
concentraticng ag.

Table 6
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| are expl ai ned below. (1) Intrinsic
ralin of 135[err]C. 10 [err]

Seconds of dropping in a

Seconds of dropping of tetralin itself

-~ Contt'd

(S.C.B. of copolymer A)/(S.C.B. of copolymer B)

¥ Distribution index of S.C.B.



15 (2) Density According to the specification in JIS-K-6760. Wth
rngect’to the copolyner B of |lower nole- cular weight, when it has a larg
S.CB., it irs regarded as a | ow density product, and according to the
specifi- 20 cation, it nust be subjected t0 annealing of 1000C and 1 hour.
Hogever, the copolymer B was confornmed=BA<al| cases to the specification

for high density. products and was not subjected to thé above annealing. (3)

S.C.B. 25 : Using the C | abelled product described in the
following literature, the subject property was cal cu- |ated by enpl oying
the FT-1R spectrum substracti on net hod. - 40 -1

"Characterization and Properties of Polyners" Published by KAGAKU DQJI N
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d by'NFtéuru Nagasawa et al. ~§Swed on July 10, 1970 5

31 to 146 Determ nation fornulas for various branches are given ﬂg
. o - K7.25[err] (absorptivity) was obtained by~

. . UsS\n asefﬁ%ﬁgﬁgﬁc%lé-+?n%%9 %eﬁylene honopol ynmer havi ng the al nost san€"

mol ecul ar wei ght anq3€g§§%gégagﬁgkg$%hghﬁﬁgyhéygiéﬂbégﬁ%égg qne [err] as

t hose of a given sanp spectrum raction net hod.

Therefore Fﬁ%ﬁzﬁﬂ%@?ghﬁ#&%ﬁbﬂ% RS Pifs B B ELindfenR of an

[erf]-olefin R err I near
Example 3 were mixed in various ratios and the compositions

5 having densities, MIs and MFRs shown in Table 8 are
obtained. Their ﬁhysical properties are also.shown in
Table 8. |

For the purpose of comparison, in Table 8 were
also shown Comparative Examples 5, 6 and 7 as examplés of

10 10w‘density ethyiene-aéolefin copolymers of the conventional
technique of which molecular weight distributions are made
wider and of which lower molecular weight cambohents have
larger S.C.B. and of which higher molecular weight' |

.compdnents have smaller S.C.B. | : \)

15 As is obvious from Table 8, in the compositions of.
this invention, S.C.B. in higher molecular weight components
is more than or about equal_té that in lower molecular weight
components as seen in distribution index of S.C.B. (compare
Example 14 with Camparative Examples ‘5 and 6). Therefore,

20 the compositions of this invention have much higher tensile
impact strengths and tensile strengths than the comparative
compositions of the conventional technique do. By comparison
of_Comparative Example 2 in Table 6 with Comparative Example
5 in Table 8, it is seen that widening of molecular weight

25 distribution in the manufacture of a low dénsity-efhylene—
a~olefin copolymer of the conventional technique maintaining

density and MI (larger MFR gives wider distribution)



Mheﬂ R i & a branched al kyl group, for 10 instance, an a-olefin is

4- e hyl - pentene-1, the branch is the i-butyl group and hal f nunber of
met hyl groups at the branch ends per 1000-68~bon atoms is S.C B. (4)
Weight average nol ecul ar wei ght by light scattering nmethod 15

This itemwas mesulivl i latdentddudyidmanaudmdiretiffthetVddrength
[err] chl oronaphthalin used as a solvent and - enploying a photoelectrlc
type |ight scatamst itepsiie etretggh . ( manuf act ured by SH MAZU SEI SAKUSHO) .
(5) Melt index (M) 20 : ~ According to the condition E of
ASTM D 1238. (6) ' Melt flowratio (MFR) Firstly, M216 (grans per .

m n. under a load of 21.6 kg at 190[err]C) is nmeasured according to ASTM D
1238 condition F. Then, MFR is cal cul ated using .the follow ng 25 fornul a.
MFR = [err] : '

al kyl, (the nunber of methyl groups at the branch ends)/ 1000CC is S.C. B. éé%é;



Rigidity (expressed by dsen's flexural nodulus) According to
M D 747. - 43 - Press condition: ASTM D 1898 net hod C Test pi €ete: 2§
70 x 1 mmthickness Span: 25 nm Measurenent tenperature: 20[err]C 5 (8
Tensil e inpact strength: According to < D 1822 Press condition: ASTM
1898 nethod C Test piece: S type dunbbell, 1 mmthickness Annealing: 1 houg

i n boitling wateryMeasurenept tienpenaturq: 20[err]C 10 (9) _ Mol ecul ar
wei ght distributjonf([err]}] GPC netlhod (jgel perneation chronmatography
‘met hod)- HLC- 811 manui aeru ed by TQYO SCDA} o -
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Col um: TSK-GEL (GVBP + [err] + GWk2) 15  Solvent: Pf/
lqgf4mtfichlorobenzene (TCB) Tenperature: 145 err]C Detect/or: Different\a
ref(actometer Flow quantity: 1 m/mn. Concentration: 15 ng/10 nl TCB 20 -
Measur ement data on standard pol ystyrenes are shown ‘bel ow. [err] - 45

- & (10 Envi ronnental stress crad@@mg resi stance (ESCR) Accor di ng

to ASTM D 1693. Expressed in F50 (hr).
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Concentration of |
Ant ak ox- C0630: 10% by wei ght Sanple: 3 mmthickness, 0.5 mmnotch (11)
;ﬁ%{% |l e strength According to ASTM D 638. (12) Resi stance to chlorigg

t 10 Test solution: 0.296%%l ori ne water Solution quantity: A
ntity which gives 1.2 m/cnferr] against a pressed sanple. The solutione

Jollow ng exceptions were adopted. 5

- &
.

repl aced, daiply. 15 _ jTenperatupe: 4Q[err],C Evgl uati on: 10 stage
eval uation pn g sanpl ¢ after] /Z2}hours.| 1. JExcelfTent,| 10: [COverall surface
like "foanmi|20([(139= Tr apspdr ency ha%e vallue) Rress|condition: 1800C x
10 min. rap}d od @giin icel water.
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Sanpl e: 100[err] thickness Haze nmeasurenent: Internal haza 25 (14)
[Bnﬁbendér t orque Brabender pl astograph was used. Jacket: W50 nodel,
g filled Tenperature: 1900C -46- 1 " Rotor revolution: 60 rp
torgue after 30 min. is expressed in kg-m (15) - Spiral flow length
| ngecti on nol di ng machi ne: 5 ounce injec%%ﬁn 5 - nmol di ng
machi ne manuf actured by the Japan Steel ks, Ltd. Mld: Spiral mold (7.5
mierr] semcircle, 2000 mm | ength) Ml ding condition: Resin tenperature

- 2500C : : -
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Mol d tenperature 40[err]C 2 | njection

10

pregfufe)840 kg/cmlinjection nolding is carried out with this mold- iny -~ *
cony oh and spiral flow length is neasured. 15 The present
i nventon i-s explained belowin nore deggail by the foll ow ng exanpl es, but
It i.s not restricted by these exanples. Exanple 1 (1) Synt hesi s of "

Or ganomagnesgERanpesBousl a8 17 In a 500 M four-necked flask
-equipped with a stirrer, a reflux condenser, and a dropping funnel was -
placed 16.0 g of fl akeEshgherderagodeifim copbeymeed Roobbtag ne@oducti on of

Gignard reagents. The air-and nois- ture inside the flask were conpletely
repl aced by Egampiler 4gand ethydenkecdpdpfiingcbpnigmewsr 8 obaageddsann
- (0.65 nol) of n-butyl chloride and 30 nml of n-butyl ether. About 30 nl of
this So|utiOﬁxggglgrgpﬁgaeimiged in various ratios and the composi-
5 tions having densities, melt indices and melt flow ratios
shown in Table-9 ‘were obtained._ Their physical proper-
ties are - also shown in Table é.
In Table 9 is also shown a similar composi-
tion obtained from two stage polymerization (Example 7).
10 For the purpose of comparison, in'TabIe_S were also
shown Comparative examples'S, 9 and 10 as éxamples of
low density ethylene-a-olefin copolymers of the conven;
tional technique of which molecular weight distributions
are made wider, and of which lower molecular weight
15 components have larger S.C.B. and of which higher
molecular_weight components have smallsr S.C.B. |
_ As 1s obvious from Table 9, in the compositions
of this invention; the higher molecular weight components
have larger S.C.B. than the lower molecular weight com-
20 ponents do, as seen in distribuﬁion.index of_S.C;B.
(compare Examples 7 and 16 with Comparative examples 8§
and 9, and Example 17 with Comparative example 10).
Therefore, the compositions of this'inventionihave much
higher tensile impact strengths Escas and tensile
25 strengths than the comparative compositions of the con-
ventional technique do. By comparison of ComparatiVe

example 4 in Table 7 with Comparative example 9 in
_Table 9, it is seen that widening of molecular welght



dfoppi ng, the feaction was continued for further 1.5 hours at 60[err]C.
Théhf the reaction system5 was cool ed to7poom tenperature and the
ung’eact ed magnesiumwas filtered off by the use of a glass filter. n-Butyl

[ | [ i.n.t.h -b | eth ) d f it trati
Dy hydr of y24 ng ARG oG4, L HHE SREAR IR IOk 14 LAY APTALGY FRRATAm
166 o1 o ot A AR dF The b, MR R
o e o : . ,
Gropping funnaré SEiity i wr RS R ISP A MU on P
In the flask wasulltacqsh 13rgd rddudtadir B Werfd QY impact strength,
| 5 ESCR and tensile strength. o

-47- 1 the flask to initiate a réaction, and thereafter the rest of the
solfuti oh was dropped in 4 hours at 50[err]C. After the conpletion of

Examples 18 to 20
Ethylene-a-olefin copolymers A obtained in
Example 2 and ethylene-a-olefin copolymers B obtained in
Exmaple 3 were mixed in various ratios and the composi-
10 tions having densities, MIs and MFRs shown in Table 10
are obtained; Their physical properties were also |
shown 1in Table. 10.
For the purpose of comparison, in Table 10
is also shown an example (Comparafive example l) of
15 hnigh pféssure polyethylenes of the conventional techni-
que} an example (Comparative example 11) of low density
ethylene-a-olefin copolymers of the conventional techni-
que of which molecular welght distributions are médé
wlder, and of whiéh lower molecular welght compénents
20 have larger S.C.B. and of which higher molecular weight
components have smaller S.C.B.; and én example (Compara-
tive example 12, to be compared with Example'lé) of
ethylene-a-olefin copolymers compositions of which
distribution indices of S.C.B._meét.the object of this
25 1invention but of which lower molecular weight components
have a too low intrinsic viscosity.

It is clearly seen from Table 10 that'proper_



i-on containing 0.26 nol of n-butyl magnesium chl oride synthesized in
bove step (1). Fromthe dropping funnel was dropped 30 m (0.26 rfol) ’é
icon tetra- 20 chloride over 2 hours at 500C. - The reaction was con{J
Zd further for 1 hour at 60[err]C. “he=forned white solid was

separated, washed with n:heptane and dried under reduced pressure to obtains
31.5 g of la selleetdan ¢f Bdrstgridus inm tiridexvof € DB Jd gixseplgesadl in a 100
m 25 four-necked flask and 50 mM of titaniumtetrachlori de was added. They
wer e al | oned transgagenon Rbsut Fqugl dro thaturo ithigloressure phky-

conpl etion of the reaction, n-heptane washing was applied until the washing
becane. - efdylenescas wehlk iasa@ gMatemaRsh|axqlelentartans ks i Hepaglder

reduced pressure, 7.9 of a saqlid catalyst conponent was obtai ned. Each 1
g of thig soﬁqIQEﬁﬁﬂjé%@(ﬁiﬁiﬁiQHStrenseh thaﬁn%hose of high pressure

S polyethylenes.

It is learned from comparison of Example 19
with Comparative exémple 12 ﬁhab a too low intrinsic
viscosity of lower molecular weight compbnents badly
affegts the tensiie 1mpacf_strength and transparency of

10 <the copolymer composition.



supgo

pof ymeri zed,

rted 14 ng of titanium 5 Exanple 2 Ethylene-[err]-olefin copolyne
using the catal yst produced in Exanple 1 and
org noal m num conpounds (co-catal yst) and enploying various [err]-olefi

oy

and -ot her pol ynerization conditions as séaw in Table 1. 10 Densiti es,

i ngrinsic viscosities,

~average nol ecul ar wei ght

Table 1. Thes

S.C. B. and (wei ght average nol ecul ar melght/nunber

) of these polyners obtained were al so shown in

conponents. ‘18
pol ymeri zed,
conpounds (co-
pol ymeri zat i or
vi scosi ties,
nol ecul ar wei g
I n'

Table 9

copol ynerls ale used in|the follohi ng gxdnpl es as mi xi ng
EXppleg, 4 Ethylene-fferfJ-olgrin topolynsts B were
ysi np ot cata yst -prijodufed i p Exapple 1 and or ganoal um - num
cathp ard] enpl oyl ng{ vax i pusen | =rej l)l I ns and ot her
conq]ﬂl%ns“hs shdQn ¥n| T8l ¢ 2 p0"PepsMies, intrinsic
$. C. B B¥@ |(dle| ght Avjerape©no| e&ul ar @nef ghit / nunber aver age
hg) §gtge se pthylene-[grr]-plefiph copplynmers were al so shown
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Tabl &, 2. These copol yners are used in follow ng exanples 25 as m xi ng
49 [err]
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1 Exanple 4 Ethylene-é-oLefin copol ymers A were
i'n Tabl @

using the catal yst produced in Exanple 1 and organo-
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ene-a-ol efin copolyners B were polynerized, using the catal yst s . w
uged in Example 1 and organoal mi- 15 num conpounds (co-catalyst). and =,
ing various a- olefins and other polynerization conditions as show
le 4. Densities, intrinsic visddsities, S.C.B. and (wei ght average

| ar wei ght/ nunber average nol ecul ar wei ght) of these g E
ne/[err]-olefin copolynmers were also 20 shown in Table 4. These
copolyners are used in the foll ow ng exanpl es as m xi ng conponents. - b4
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- 56-

[err] 57 [err] - -58- The bel ow descri bed are m xi ng

metfiods of an et hyl ene-a-ol efin copol ymer: A having a rel atively higher
ul ar wei ght and an ethyl ene-[err]-olefin copolynmer B having a

no

.

(o}
relgflvely | ower nol ecul ar wei ght.

- 78 =

1 Examples 21, 22, 23

10

15

20

25

Ethylene-a-olefin copolymers A obtained in
Example 4 and ethylene-a-olefin copolymers B obtained in

Example 5 were mixed at various ratios, and the composi-

‘tions having densities, MIs and MFRs shown in Table 11

are obtained. Their physical properties were also
shown in Table 11 For the purpose of comparison, in

Table 11 are also shown Comparative example 3 using a

.high pressure polyethylene of the conventional technique;

Comparative example 13 using a composition of low density
ethylene-a—clefin copolymers of the conventional techni-
que of wnich molecular welght distribution is made wider
and of which lower molecular weight components have more.

S.C.B. and of which higher molecular welght components

have less S.C.B.; and Comparative example 14 (to be come

pared with Example 22) using a composition of ethylene-
a—olefin copolymers of which distribution index of S C.B.
meets the scope of the present invention but of which
lower molecular weight components have a too low intrinsic

viscosity. It is obvious from Table 1l that'proper se-~

‘lection of distribution index of S.C.B. gives good

transparency about equal to that of high pressure poly-
ethylenes and much more excellent'tensile impact
strength, tensile strength and ESCR than those of high
pressure polyethylenes. From comparison of Example 22
with Comparative example 14, it 1s learned that a too
low intrinsic viscosity of lower molecular welght com-
ponents badly affects tensile impact strength and

transparency.




MXI ng with a Banbury m xer (here| nafter refer- red to as , :
ury mxing) A copolyner A and a copolymer B are mxed in a fixed rat"l =

h order to give a total quantity of 1.0 kg. The mixture i's kneaded |&°
Barbury nmixer for 5 mn 10 wth aret7g Fevolution of 150 to 230 rpm
A that ti me, nitrogen replacenent should be nade sufficiently and the a
poI ymer tenpergture nyst not (b) Mxing in a. -
sol ution stgrejtnerer farger - jti on m xi ng) 15
A copol yner{ A gdnd saeCdpollynef flxed ratio and in order to
give a-total qyabt gy |of {100 4 charged into a.3 liter - -
aut ocl ave. | Twg R %y@q sGPvent Wth stirring, ‘the
m xture i s heat ug 4000 t0a20 “1.hour of solution
m xing. Then, b 5o1led pé&l oi ¥t ,mand is added into 10
liters of nptthqrgid & l‘émgltate is dried for 48
hours in a Vg:l1 , -G n Int gnded
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- 1 polyner conposi tion. Exanple 7 A conposition of

_QhEne [err]-olefin copolymers was.prepared in two stage polynerizati

& "~ The first stage pol ynerization was carried out for 100 nin
u§png the catal yst produced in Exanple 1 and triethyl alum num

-(co= catalyst) and enpl oyi ng ot her pol ys@g< zati on conditions as shown in
Table€ 5. Succes- sivelythe second stage polynerizati on was conducted for 10

_'150 m n.. by changing only the hydrogen partial pressure and the ethylene

- partial pressure as shown in Table 5. In both pol ynerization stages, the
li.quid phase nolar ratio of ethylene/butene-I/hydrogen was mai ntained at

~.respective fixed levels. The polymerized quantitites 15 in each stage were
exanined fromthe quantities of fed
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~ethylene. The result indicated that the total polynmer consisted of about.
50%0 by wei ght of hi gher nol ecul ar wei ght conponents and about 50% by wgighf
ower nol ecul ar wei ght conponents. The sanple polymer of the 20 former ¥
ape was taken out immediately befowgqthe conple- tion of the S

. B. %PdﬁGM§é¥§tfvgﬂﬁ¥§h qpular_meight / nunber average nol ecul ar

méight). Sim rrar nmeasurements were made al so for the whol e polynmer 25
obtai ned after the t‘@c’%ﬁ%%ﬂﬁékf%ﬂéﬁ%w&%dﬂé%l’ﬁ&es of the
S e

former stage polyner ang\the | e polymer, the’intrinsic viscosity and

S.C. B. for (SushikaltHee \EOFEIL -1 mdﬂkfébtdﬁk&fH?'SﬁdeqﬁﬁfﬂﬁéﬁiéE@ wer e
cal cul ated. These cal- culated values are al so. shown in Table 5. The

whol e 3 Co., Ltd.) was measured for its physical properties and

5 subjected to blow molding. '
Results are shown in Tablé 6 and 10.
Comparative Example 2 -
| An ethylene-qg-o0lefin copolymer of the conven-
tional technique was synthésized.employing-polymerization
10 conditions as shown in Table 12 in which the catalyst
| prepared in Example 1 and triethyl aluminum (co-catalyst)
were used. The copdlymer gave: dénsity 0.920 g/cms, MI
1.0 g/10 min., MFR 30. Its physical properties are shown
in Table 6. | ' |
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err] -64- [err] -65- Exanples 11, 12 and 14.

» »

ohe- a-ol efin copolynmers B obtaingg%in Exanple 3 were nmixed in various %
ds and the conpositions 5 having disities, Ms and MFRs. shown in Tabl -

8 are obtfjrggkpggg%{v£WE§gﬁp e‘_|o:50pert|es are also shown in Table 8.

A commercial high pressﬁre polyethylene
' (Sumikathene®a701 manufacturea by Sumitomo Chemical Co.,
Ltd.) was measured for its physical pfopéfties.and sub-
5 Jected to injection molding.

Results are shown in Table 7 andll.

Comparative Example 4
A low density'ethylene;a-olefin copolymer of
the conventional technique ﬁas synthesized employing
polymerization conditions shown in Table'13 in which the
10 catalyst prepared in Examplg 1l aﬁd triethyl'aluminum
(co-catalyst) were used. The copolymer gave: density
0.924 g/cms, melt index 5 g/10 mih., melt flow ratio 30. e

Its physical properties are shown in Table 7.



For the purpose of conparison, in Table 8 were also shown Conparative
Exanples 5, 6 and 7 as exanples of 10 |ow density ethylene-[err]-olefin
cBpol.yners of the conventional .techni que of which nol ecul ar wei ght '

di stfibutions are nade wi der ‘and of mhif | ower nol ecul ar wei ght conponents

haye | arger S.C B. and of ~which higher

smaller S.C B. 15
‘conpositions of this invs
conponents is nore than d
conponents as seen in dis
Conpar ative Exanples 5 an
i nventi on have much hi ghd
than the conparative cony
conpari son of Conparativs

$zcul ar

wei ght conponents have

As is obvipus fromTable 8, in the

r 1about equi

el
o Ix%rmle 2 i

| tot

i gher nol ecul ar wei ght

hat in | ower nol ecul ar wei ght
S.C.B. (conpare Exanple 14 with
D the conpositions of this

sfrengths and tensile strengths

hventi onal technique do. By
2 6 with Conparative Exanple 5

in Table 8, it is seen tH
t he manufacture of a | ow
conventional techni que ne

Table 13

ay ‘'wi deni ngjof ol pcul ar wei ght 25 distribution in
dgnsig y eghyl ene- ferr]-olefin copol ynmer of the
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ensi\ty and M (larger MFR gives w der distribution) -66- 1 results jn
l'arjge\reduction in tensile inpact strength and tensile strength. -67- *
[ RN -68- [err] o

v / -85- o/

1 Comparative Ekamples'S, 6, 7 and 11

' Compositions of ethylene-qg-olefin copolymers_
of the COnventionél technique were prepared by blending
etnylene-a-plefin copolymers A obtained_in Example 2 and

5 ethylene-a-olefin copolymers B obtained 1h Example 3 at
'ratios shown in Table 8 or 10. Howeverfin these copoly- '
mer compositions, molecular weight diétributions are
made wider and lower mqiecular weight components have
larger S.C.B.'and.higher molecular'weight componehts have

10 smaller S.C.B. Densities, MIs, MFRs and physical pro-

perties of these compositions are shown iri Table 8 or 10 .

Comparative Example 12
By blending an ethylene-a-biefin copolymer A
obtained ih Example 2 and an eihylene—aeolefin copolymer
15 B obtained in Examﬁle 3 at a mixing ratio shown in Table
10, a2 composition of ethylene-a-olefin éopolymers was -
prepared of which distribution index bf.S.C.B. meets thé
 scope of the present invention but of which lower mole-
cular welght componénté have a too loﬁ intrinsic viscosi-
20 ty. 1Its density, MI,'MFR_and physical properties are
- shown in Table 10.

Comparative Exémples 8, 9, 10 and 13'
Compositions of éthylene-a-olefin copolymers
of the conventional technique were prepared by blending
25 ethylene-a-olefin copolymers A obtained in Example h and
ethylene-a-olefin copqumers B'obtained in Exahple 5 at



- 069- [err] -70- [err] -71- Exanples 16 and 17
é—hylene [err]-olefin copolymers A obtained in Exanple 4 and
& ylene-[err]-olefin copolyners B obtained in Exanple 5 were mixed in
- varfous ratios and the conposi- 5 tions E%V|ng densities, nelt indices an
nelt flowratios shown in Table 9 were obtai ned. Their phy5|cal pr oper -

1 mixing ratios shown in Table 9 or ll. However in tpese
| compositione, moiecular welght distribuﬁions_are made |
wider and lower moleculer weight components have larger
S.C.B. and higher molecular weight components have smaller
5 S.C.B. Densities, MIs, MFRs and physical properties of

these compositions are shown in Table © or 1ll.

Comparative Example 14
By blending an . ethylene-o-olefin copolymer A
obtained in Example U4 and an ethylene-a-olefin copolymer
B obtained in Example 5 at a mixing ratio shown in Table
10 11, a composition of ethylene-a-olefin copolymers was
prepared of which distribution index of S.C.B. meets the
scope‘of thie_invention but of which lower molecular
weight_components have too low an 1ntrinsic viscoslity.
Its density; MI, MFR and physical properties‘are shown
15 in Table 11.

Example 24

Ethylene—a-olefin_copolymers A were_polymerized
using the catalyst produced in Example 1 and oréanoalumi-
num compounds (co-catalyst) and employing a-olefins and
other polymerization conditions as shown in Table 1a.

20 Their densities, intrinsic viscosities, S. C B. and (weight
average molecular weight/number average molecular weight)
are shown in Table 14.

These polymers are used in the following examples

as mixing components.



8,~9 and 10 as exanpl es of

t he conven- tional technique of which nolecular weight distributions are
made wi der, and of mhuch'lowar nnkepular velgpt |5 conponents have | arger
S.C.B. and Tt g+l r—trotgcoar [E:It ompormgnt s have snaller S. C B.
As is obviogs from Talpl e |9 in|thel cofrpoditipnsiof f{this invention, the
hi gher nol e qgar wei giit comppnenjt s jhave | drgef SIC. B. than the | ower
nol ecul ar iR com 20_pgnants do, a$. deenfinjdi gtrisduti on i ndex of
S.C.B. (co Expl| &8 [72ah& 16w Bn| eoripar pis Yer dxaPl es 8 and 9, and
Exanpl e 17 iR ComBaadive pxmbe &0] < Therketpies |t h& conpositions of
thi s i nventijjongave ch fhigher {tenlil ¢ inpacf sfrerjgths ESCRs and tensile
25 strength n t conpar pti e cpnpgsi tli ong off thHe con-
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in Table 9 were al so shown Conparative exanpl es-
Iom1denytgLégjwlene-[err]-olefin'copolyners of ™

al so shown in Table 9. In Table 9 is also shown a simlar
tion obtained fromtwo stage pol ynerization (Exanple 7).
uypose of conparison,

10 For™

>
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ventiopal . techni que do. By conparison of Conparative exanple 4 in Table
7% th nparative exanple 9 in Table 9, it is seen that w deni ng of

el ecul ar wei ght -72- 1 distribution in the manufacture of a | ow densi
etHyfene- [err]-olefin copolyner of the nventi onal techni que naintain-
|ng density and M (larger MR gives wi & di stribution) results in large
réduction in tensile inpact strength, 5 ESCR and tensile strength.. Exanples
18 to 20 Ethyl ene-a-olefin copolynmers A-obtained in Exanple 2 and

et hyl ene-a-ol efin copolymers B obtained in Exmaple 3 were mXxed in vari ous
ratios and the conposi- 10 tions having densities, Ms and MFRs shown in

Tabl e 10 are obtai ned. Thelr physi cal properties were also shown in Table
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he purpose of conparison, in Table 10 is al so shown an exanpl e <
arative exanple 1) of 15 high pressure pol yethyl enes of the _
convegntional techni- que; an exanple (Conparative exanple 11) of |ow S
Ity ethylene-[err]-olefin copolygets of the conventional techni- que\tﬁ
whi ch nol ecul ar wei ght distributions are made wi der, and of which | ower

ol ecul af wWeighi£oggponents 20 have larger S.C B. and of which higher

mol ecul ar wel ght conponents have smaller S.C. B.; and an.exanple (Conpara-
tive exanple 12, to IEtwpIee oa-oiéMiixeopdEyndrs 0B wéby| potyheritedl efin
copol ynmers conpositions of which distribution indices of S.C. B. neet the
obj ect of tusingShe nvetdlyst prodicedi L Exawmpleol eand asrgengdlundhponent s
have a too low intrinsic viscosity. It is clearly seen from Table 10 that
proper -rign compounds (co-catalyst) and employing a-olefins and

- 5 other polymerization conditions shown in Table 15. Their
densities, intrinsic.yiscosities, S.C.B. and (weight
average-moleéular welght/number average molecular weight)
are shown in Table 15. '

These copolymers are used in the following

10 examples as mixing components.



1l selection of distribution index of S.C B. gives good transparency
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llene-[err]-ol efin copolyners A obtained i-n Exanple 4 and

lerr]
-91-
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5, tiong having densities, - Ms and M-Rs shown in Table 11 are obtai ned.
Their physical properties were also shown in Table 11 For the purposg
cOnparison, in Table 11 are al.so shown Conparative exanple 3 using a Mg
prékéure pol yet hyl ene of the conventional technique; 10 Conparative exanple "

13 :using a conposition of |ow density eBl2yl ene-[err]-ol efin copol yners of
t he tonventional techni-. que of which nolecul ar weight distribution is made

wi der and of which | bwer mo| ecul ar mEIghf

of whi ch higher

M1 e¢ Ul FW
Conpar ati ve. exanp| e L4|§-o
conposition of et yleﬁégﬂie

i ndex of S.C. B.
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, tensile strength and ESCR than those of high 25 pressure
| enes. From conpari son of Exanple 22 with Conparative exanple 14
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ergnt;

nents badly affects tensile ingact strength and transparency.
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-81- 1sConparative Exanple 1 A commercial high pressure polyethyl ene-

(Sum kat hene[ err] F101-1 manufactured by Sum tono Chemcal - Co., Ltd.)/- ¢7
was\reasured for its physical properties and 5 subjected to bl ow noldin .l/
‘Results are shown in Table 6 and 10. Conparative Exanple 2 An

ethyl ene-[err]-ol efin copol ymer of the ven- tional technique was

synt hesi zed enpl oyi ng pol yneri zation 10 conditions as shown in Table 12 in
whi ch the catEK?@PlErasared in Exafmple | and triethyl al uni num

(co-catalyst) 3 were used. The copol yner gave: density 0.920 g¢/cm, M 1.0
9/10 mn., MFR 30. Its physical properties are shown in Table 6. :

The low density ethylene-a-olefin copolymer of the
conventional technique used in Comparative Example 17 was .
subjected to film processing uﬁder the follo&ihg conditions.
5 | Processing conditions
Extruder: Tanabe 30 mmg extruder
Screw: Full flight L/D = 28, C.R. = 2.5
Die: Diameter 50 mm, die gap 2.0 mm |
10 - Temperature control: Cl 170°, c, 220°, Cq 220°,
HD 220°C
Screw revolution: 35 rpm
w : " Qutput: 3.2 kg/hr
Blow up ratio: 2.5
r’ Frost line heighti 180 mm
15 Take-off speed: 5 m/min
| Film thickness: 35 u
Also, the commercial high pressure polyethylenes
‘used in Comparative examples 15 and 16 were sﬁbjgcted to
film processing under the following_conditions.
20 Die sap:ll.o mm
| | Temperature control: Cy 140°, C, 160°, C3 16Q°,
| HD 160°C
(Other conditions were same as those applied above.)
In the case of the low density ethylene-g-
25 oilefin copolymer of the conventional technique used in
Comparative examplé 17, a satisfaétory film was not

obtained'with too much load put on the motor ahd with



32-[ err] -83- 1 Conparative Exanpd®-3 A commerci al high pressure
of& 1wyl ene (Sum kat hene[ err] G701 manufactured by Sum t.ono Chem cal Co., _
d.y’ was neasif#¥k fdNin (foRiaE ondlehr ¢aamt sagrapd,sub- 5 jected to
i ij'ection nolding. Results are shown in Table 7andl| Conparative Exanple\f
A Fow density ethyl ene- [Tar itheolkalses odpthegrevmaertialchiighnpresstréechni que .
was synt hesi zed enpl oyi ng pol yneri zati on conditions shown in Table 13 in

whi ch the 10 gxilyethylengsansed inECompacatiyed Examplesgl 18] andnlién

(co-catal yst) were used. The copol yner %ave: density 3 .
satisfactory films were obtained with no excessive motor

t

5 loads., The physical propeities of these films were shown
in Table 17. . | |
In the films of Comparative Examples 15 and 16,
heat sealing strength in contaminated condition were
slightly lower thah heat-sealing strength.
10 : The measurement methods of the physical properties
shown in Table 17 are described below. |
Dart impact strength: In accordance with ASTM D 1709A.
lElmendorf tear strength: In accordance with JIS Z 1702.
Tensile strength: in accordance with JIS K 6732-62
15 Heat-sealing characteristics: Heat-sealing strength of W
a f£ilm heat-sealed with a heat sealer of bar type. The
maximum heat-sealing strength was obtained when pulled

under conditions



0.,924 g/ecm, nelt index 5 ¢g/10 mn., nelt flowratio 30. Its physical -
propertles are shown in Table 7. -84- [err] -85- 1 Conparative [.él
Examples 5, 6, 7 and 11 C0np05|t|ons of ethylene-[err]-olefin copolymners o(- -
t he Conventi onal t echni que- were prepared by bl ending ethyl ene-a-olefin.

copol yners A obtained in Exanple 2 and®P®thyl ene-[err]-olefin copolyners B

obt ai ned |n Exanple 3 at ratios shown in Table 8 or 10. However in these _
copol y- merlconpositionof fdllec dlhdekneisshto i3Sy, widtnofans mde wi der and

Iomer nmol ecul ar melght conponent s have
. and pulling speed of 200 mm/min. after heat-

sealing under sealing prgssure of 1 kg/cmz,

0.5 sec. and'each'incremental'5°c.

5 Hot tack property: A test sample (25 mm wide and

400 mm long) was folded into two, and the one
end was fixed to the upper clamp and a stripping
weight was placed on the other end. | |
The area near the crease was inserted betwgen

10 | heating bars and heat-sealed under a sealing

pressure of 1 kg/cm2

for'0;5 sec., and then
the'length of the stripped surface was measured.
w ' Heat Sealing strength in pontaminated condition:
This is a test method for evaluating the heat-
15 | 'sealihé characteristics in thé condition that
the heat-sealed surface 1s soiled with contents
such as mayonaise, edible oils_and flours.
Specifically, a test film sample was folded in
such a way that the surface soiled with an
20 edible oil came inside, and-was heat-sealed
“under ﬁhe saﬁe conditions as used 'in heat-

sealing characteristics. Then, 1ts heat-

sealing Strength_was measured.

Comparative Example 15
25 A commercial high pressure polyethylene
(Sumika'chene® F208-1 manufactured by Sumitomo Chemical

Co., Ltd.) was subJected.to measurements of physical



Jar S. C. B. and hi gher nol ecul ar wei ght conponents have 10 snal |l er S.QﬂB.
ies, Ms, M-Rs and physical pr#-perties of these conpositions are N
i in Table 8 or 10 Conparative Exanple 12 By bl endi ng an o
ethyl ene-[err] ppbisbt- 61 66PEAA B L\ HRUAWELY N RS 2rddrdIm in = ™~
ethylene-[err]-ol’efin copolynmer 15 B obtained in Exanple 3 at a m xing
rati o shown i nrdbhes 16€,amacpmposition of ethylene-[err]-olefin copolyners
was prepared of which distribution index of S.C. B. neets the scope of the
present i nventCompéxative Wikxaiplevwks nol e- cul ar wei ght conponents have a
too low intrinsic viscosi- 20 ty. Its density, M, MR and physical
properties are shown i n #agpmmarciahipghiprassuetmadysshydent) and 13

Conpositions of ethyl ene-[egr]l-olefin copol yners_ Qf the .conventi onal
t echni que. wgr ezﬁ ?%Be blénjcé%'gl Jepant ?‘g}?‘b‘f?éi%& %mc&ﬁﬂﬁ%rs A
g;’;ﬁ;o[‘gd o N EXAEP] Cra® U8l WASTEASE s Rl SRR TY nys1dad o0 1"

properties and film processing. Résulfs.are-shown'in

Tables 16 and 17.

Comparative Example l7l
10 | A ldw density ethylene-a-olefin copolymer of

the conveﬁtional téchnique was synthesizéd, using the

catalyst produced.in Eﬁample 1 and triethyl aluminum

(co—éatalyst) and.employ1ng_the other poiymerization

cénditions Shown in Table 18. The copolymer gave: density _
15 0.920 g/em>, MI 0.5 g/10 min., MFR 30. The physical ~

properties of this polymer are shown in Table 16.



-86- 1_mxing ratios shown in Table 9 or 11. However in these conposittons
mdl ecul ar wei ght distributions are made wi der and | ower nol ecul ar wei/gh{/}4
conponents have | arger S.C B. and hi gher nol ecul ar wei ght conponents '
smfer 5 S.C.B. Densities, Ms, MFRs and physical properties of these
conpositions are shown in Table 9 or Jlbg<Conparative Exanpl e 14 By

bl endi ng an ethylene-[err]-olefin copolyner A obtained in Exanple 4 and an
et hyl ene-a-ol efin copolyner B obtaipned in Exanple 5 at a mXing ratio shown

in Table 10 11, aconpositidn of ethylene-[lerr]-olefin copolyners was
prepared of which |distributijon index of S.{d B. neets the scope of this
i nvention but of which.lower| nol ecul ar wei ght conponents have too |ow an
intrinsic vi scosity:&tas density, M, MR and physical properties are
shown 15 in Table .7 % = ' o - :
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pl e 24 Ethylene-[err]-olefin copolymers A were polynerized using tQe
yst produced in Exanple 1 and organoal um - num conpounds (co-catalyst)
enpl oyi ng a-ol efins and ot her polynerization conditions as shown in v o
Yabl e 14. 20 Their densities, intr @8c viscosities, S.C.B. and (weight

aver age nol ecul ar wei ght/ nunber average nol ecul ar wei ght) are shown in

Table 14. These polymers are used in the follow ng exanples as m xing '

conmponents. -87- e+ 35
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[err]'s -89- 1 Exanple 25 Ethyl ene-a-olefin copolymers B were polyne ;ed
u3|ng the catal yst produced in Exanple 1 and organcal um - num conpoun(s

' catal yst) and enploying [err]-olefins and 5 other polynerization

con itions shown in Table 15. Their- dppgéties, intrinsic viscosities,
S.C.B. and (wei ght average nol ecul ar wei ght/ nunber average nol ecul.ar
m6|ght) ar sgigwk' bl e 15. These copolyners are used in the fol |l ow ng
10 exanpleg as m +£g§conponents - 90-

: Ethylene-a-olefin copolymers A were synthesized

‘using the catalyst produced in Example 1 and organo-
aluminum_compqunds (co-cetalyst) and employing u-olefins
5 and other polymefizationlconditlons'as shown in Table jo.
Densities, intrinsic viscesities, S.C.B. and (weight
average molecular weight/number averege molecular weight)
of these copolymers are shown in Tablels .
These copolymers are used in the following

10 examples as mixing components.

.Example 34
U _ - Ethylene-u—olefiﬁ copolymers B were synthesized
' using'the cafalyst produced in Example 1 and organo-
aluminum compeunds'(ce-eatalyst) and employing aeolefins
.15 and other polymerization conditions as shown in Table
20. Densities, intrinsic viscosities, S;C.B. and (weight
average molecular weight/number average molecular weight)
of these eopolymefs are shown id Table 20.
- These copolymers are'used in the following

20 examples as mixing components.
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-94- Eganple 32 The | ow density ethyl ene-a-ol efin copolymer of the
conventional technique used in Conparative Exanple 17 was subjected
processi ng under the follow ng conditions. 5 Processing [/ /2
condf'ti ons Extruder: Tanabe 30 mmb exthgder Screw Full flight L/D ferr]
28, CR - 2.5 Die: Daneter 50 mm die gap 2:0 mm 10

Tenperature control: C(ferr] 170[err], Cerr] 220[err], Cerr] 220[err], HD
2200C Screw revolution: 35 rpm Qutput: 3.2 kg/hr Blow up ratio: 2.5 Frost
line height: 180 mm15 $ Take-of f speed: 5 mimn Filmthickness:
35 [err] Also, the cormer«gi al high . pressure polyethyl enes used in
Conpar ati ve exanpl es 15 agd 16 were subjected to -
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erature contro

o

Jerr],

priocessi ng under the follow ng conditions.
' : Cl1 140[err],

2

0

160[err],

Cerr]
60[eyr] C (O her conditions were sane as those applied above.)

e low density ethylene-a- 25 @t&3-n copol yner of the conventi onal

Die gap:e 1.0,
160[err], HD

In the Ca%EJ

techni que used in Conparative exanple 17, a satisfactory filmwas not

shark skin
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In the,films of Conparative Exanples 15 and 16, heat sealing strength/in

caoantam nated condition were slightly | ower than heat-sealing strength. [19/1_@

The measurement met hods of the physical properties shown in Table 17 \are

destri bed bel ow. ‘Dart inpact strength: #ﬁ{laccor dance with ASTM D 1709%

El rendorf tear strength: In accordance™wrth JIS Z 1702. Tensile strength:

I n accordance with JI'S K 6732-62 15  Heat-sealing characteristics:

Heat -sealing strength of a filmheat-sealed with a heat seal er of bar type.

The maxi num heat - seal i ng strgngth was obtai ned when pulled under conditions

-96- of filmthickness of 35Berr], width of 15 mmand pulling speed of 200
S . ’ .

minmn. after heat- 2
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eal i pg/ under sealing pressure of 1 kg/cmO0.5 sec. and each increnentalg
[ ¢r 5 Hot tack property: A test sanple (25 mmw de and 400 nm
o]

ri ppi ng wei ght was placed on the other end. The area near the crease ™

was i nserted between 10 T&QﬁTng bars and heat-seal ed under a-
seal i ng ogessure of 1 kg/cnferr] for 0.5 sec., and then the length of the
stripped su i nmeasured. Heat Sealing strength in contan nated

o e et atter st tf%bnﬁ%?l%ﬁ&?bﬁ@tﬁ%ﬂéﬁ%@ﬂ&ﬁp} Y hce is

seal ing characteristics 1nthe condition

soi | ed wit hw‘é.%mp‘i"étpﬁr"ddcErﬁ%#@%é%&lﬂﬁﬁéﬂﬂ&ﬁndm& st

Specifically, a'test filmsanple was in such a way that the surface
soi l ed wi t hsgagdlpolymerizatddrbhaidardadd icuy dr Jvd mas. hagingeal ed

under the sane conditions as used in heat-

5 the catalyst produced in Example 1 and triethyl alminum
(co=-catalyst) and other polymerization conditions as
shown in Table 21. Successively, the second stsge poly-
merization was conducted for 180Imin. by changing only
the hydrogen partial pressure and the ethylene partial

10 pressure as shown in Table 21. In both stages, tne liquid
phase molar ratio of ethylene, butene-l and hydrogen was
kept at respective fixed levels. The polymerized quanti-
ties in each stage were calculated from the quantities
of fed eth&lene. The copolymers consisted of about 50%

15 by weight of higher molecular welght components and about
50% by weight of lower.molecular weight components.
Immediately before the completion of the first stage
polymerization, a part of the polymer was.taken out and
measured for its density,.intrinsic Qiscosity, S.C.B.

20.Land (weight average molecular weight/number average
molecular weight). The whole pol&mer obtained after'the
second stage was elso measured for the same test items.
From the values of the first stage polymer and the whole
polymer, the intrinsic viscosity and S.C.B. of'the poly-

25 mer formed in the second stage alone were calcuiated.
These valnes were shown in Tabie 21 . The whole polymer
gave: density 0.921 g/cm3, MI 0.5 g/10 min., MFR 70,
intrinsic viscosity 1.7 dl/g, S.C.B. .24, Flow

%

ng was fol ded into two, and the one end was fixed to the upper clanmp and"



sgaling characteristies. Then, its heat- sealing strength was neasured
Conparative Exanple 15 25 ' A commercial high pressure /-, '
polygthylene (Sum kat hene[ err] F208-1 manufactured by Sum tonp Chenica

Ltd.) was subjected to neasurenents of physical -97- properties and

f|1n1proce55|ng Results are shown in Igoees 16 and 17. Conparative Exanpl e’
16 A commercial high pressure polyethylene R5 (Sum kathene F 101-1

manuf actureg by, é&PPséP £ﬁ& §Giid gyé esul?ﬂ@%re S%O&ﬁfn@géa ﬁgfgts

of physi cal proper I es and | m processi i n es 16
and 17. polymer were shown in Table 23,

Example 36
By mixing the ethylene-a—olefin copolymer Ab-1
5 obtained in Example 33 and the ethylene-qpolefin copolymer
Bu-l obtained in Example 34 at a 50/50 weight ratio and
kneading the mixture in a Banbury mixer, a composition
of ethylene-opolefin copolymers having the density, MI
and MFR shoim in Table 22 was prepared. | Physical Ipro-

10 perties of this composition were also shown in Table 22.
For comparison, in Table '22 were alsoc shown Comparative
examples 15 and 16 using high pressure poiyethylenes of
the conventlonal technique (commercial product -
SumikatheneCDZF 208-1, F 101-1 manufactured by Sumitomo

15 Chemical Co., Ltd.) as well as Comparative example 17
usiné a low density ethylene-c;oiefin copolymer of the
conventional technique. } | | |

. As 1s ohvious from Table 22, :the poiymer.comp
position of the present invention, when compared with high

20 pressure.polyethylenes, has about an equal Brabender
torque (satisfactory in processability), and is much
superior.in tensile impact Strength, rigidity, ESCR and
tensile strength and further is about equally satis-
factory in transparency.

25. ' Compared with the low density ethylene-o—olefin
copolymer of the conventional technique, this polymer

composition has a much lower Brabender torque (farnmre



Copppar ¢t i ve Exanple 17 10 A low density ethylene-a-olefin
er of the conventional technique was synthesized, using the catalyst
¢d in Exanple 1 and triethyl alum num (co-catalyst) and enpl oyi ng t@y
pol ynmeri zati on conditions show&de'Table 18. The copol ynmer gave:

Sity 15 0.920 g/cnB, M 0.5 g/10 mn., MR 30. The physical properties
of this pgl Welalféiatswﬁbx‘dhe-rﬂﬁtﬁillﬁ:y) and %B- h:[éﬁéﬂ' tensiD-ihpddt

strength and tensile strength.
Example 37 - see Tables 22 ‘and 24,.
Examples 38, 39, 40, 41, 42, 43
By mixing the ethyléne-a—oiefin copolymers A

5 'obtained in Example 33 and the ethylene-a-olefin copoly-
mers B obtai ned in Example 34 at ratios as shown in
Table 23, compositions having densities, MIs and MFRs
shown in Table 23 were obtained. PhYsical properties of
these compositions are also shown in Table 23.

10 In Table 23 is also shown a similar composi-"
tion prepared by two stage poljmerization (Example 35)
and;.for the pufpdse of compsrison,.oompositions of low
density ethyleoé-aéolefin oooolymers of.the'conventionai
technique (Compafative examples 22, 23, 25) of which

15 molecular weight distributions ére.made wider and of
which lower molecular weight components have larger S.C.B.
and of which higher molecular welght components have
smaller S.C.B. In Table 23 is also shoﬁn a composiﬁion
of ethyisne—a—olefin copolymers (Comparative example 24,

20 to be compared with Examples 40 and 42) of which distri-
bution index of S.C.B. meets the scope of this invention
but of which lower molecular welght components have a
too low intrinsic viscosity. | |

As seen in.Table 23, in the-compositions of this

25 1invention, S.C.B. of higher molecular weight components

are more than or aoout equal to those of lower molecular

welght components. (Compafe Examples 35, 38 and 41 with



-190- 1» Exanpl e 33 Et hyl ene-a-ol efin copolyners A were synthesized using
the catal yst produced in Exanple 1 and organo- al um num conpounds { '
(coégatalyst) and enploying [err]-olefins 5 and other polynerization .
condiktions as shown in Table 19. Densiti{fs, intrinsic viscosities, S C B.

andi(weightfaverage nol ecul ar wei ght / nuttber aver age nol ecul ar wei ght) of

fol T o ng 2o CRARBFBL1YS ARRRRJSB0ABoRBH &3 ERGADREASR L8 A S1EPaCRer i n

copol yners B t ' i I Ln le 1 and

or gano- a?uni u%?&gﬁgpgﬁggéﬁgp?égpgl?@?fgg%%eéi%P%??%é&Fg}%%-gﬁ%??ng 15an

and other Dol ¥ERpbEIL1AASC8RIEH0EDNISrEAANAL! ReckPllehel 0 tnePRRRpbL1S
ties, S.C B and (weight

intrinsic viscos
' tions of this invention are far excellent in tensile

S5 impact strength'and tensile strength, and aré superior in
transparency. | |
-~ From the comparison between Comparative example
17-of Table 22and Comparative example 22 of Table 23,
it is learned that widening of molecular weight'distri—
10 bution (higher MFR gives wider distribution) in the
manufacture of a low density ethylene-a-olefin copolymer
of the conventibnal_technique with its density and MI
U kept constant results in large reduction in tensile
'impact'étrength and tensile strength.

15 From the comparison of Examples 40 and 42 with
Comparative exampleizu, 1t 1s learned that a too low
intrinsic viscosity of lower molecular weight'components
badly affects 1its tensile impact strength, tensile

strength and trahsparency.
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-104- perr] -105 - 1 Exanple 35 A conposition of ethylene-[err]-ol
copol ymers was prepared in two stage polynerization. The first stage /
pol yneri zation was carried out for 70 min. using 5 the catal yst prodyce
Exanmple 1 and triethyl almnum (co-catalyst) and other polynerization
conditions as shown in Table 21. Succg; pvel ythe second stage poly-

meri zati on was conducted for 180.m n. ; changi ng only the hydrogen parti al
pressure and the ethylene partial 10 pressure as shown i.n Table 21. In both
stages, the liquid '
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a mol ar ratio of ethylene, butene-l1 and hydrogen was kept at respegtive,
l.xed | evels. The polynerized quanti- ties in each stage were cal cul at ed
Bﬁ the quantities of fed ethylene. The copolynmers consisted of about 5Q%
y wei ght of higher nol ecul ar. wei ght conponents and about 50% by wei gh
of. 1 ower nol ecul ar wei ght conponent+3ll+nmedi ately before the conpl etion of
the first stage polynerization, a part of the polynmer was taken out and

measured fqr_ilts dendityd ibtrinsif visedsita—S B. 20 and (wei ght -
average'nnﬂec | ar weilght} nufrber avprage | ecul ar|} wei ght). The whol e
- pol ymer obfai neq s dr the $econd ktage s al so peasured for the sane test
itens. Fromp thezv@Pigs of the firsf stagg pol yner arld t he whol e pol yner,
the intringic veeeesilt®. pRdlS. G B. | of thg pol y- 2b Fer fornmed in the second
stage al ond wef & ead g af ed]| Thesejvaluey were shpws in Table 21. The whole
pol ymer gayew [d&8iky 0.p21{g/cniefr], M| 0.5.g/1p @n., FR 70, intrinsic
viscosity 1.9 dF49,°3. C.B. 24. Flpw i e
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were shown in Table 23. Exanple 36 By m xing the ethylene-a-olefin

copol ynmer ‘A4-1 5 obtained in Exanple 33 and the ethylene-[err]-olefin
copbfyner B4-1 obtained in Exanple 34 gt,a 50/50 weight ratio and kneading
the mxture in a Banbury m xer, a co %ion of ethyl ene-a-olefin

copol yners having the density, M and MFR shown in Table 22 was prepared.
Physical pro- 10 perties of this conmposition were also showi in Table 22.
For conparison, in Table 22 were al so shown Conparative exanples 15 and 16
usi ng hi gh pressure pol yethyl enes of the conventional technique (conmerci al
product Sum kathene F 208-1,. F 101-1 nmanufactured by Sum tono 15 Chem cal
Co., Ltd.) as well as Conparative exanple 17 using a | ow density '
et hyl ene-[err]-olefin copolymer of the : : -

-106- ] characteristics and solid physical properties or the whole pol @)

S
[}
Le] ~ .
:gE [==] 0 (=) N T}
Q . ) L) (] . ]
SN N . o=t N [\g]
o &
£ O
m &
o .
N~ w0 T} =3 o w0
e
=
N
. =4
(o] =~
L] O XN
= ~ 8 E Q (=} Q [=]
o~y - QO |0 (=) \¥e) x© \O
n B O\ N N (=) (] N
O S~ M
Q| © X
E | & 0w
(@]
Q
T |lw e ol|le K=
o ~~
- Q O Ol Q| O [1a} Q
= N na (=28 B =] . Q S
=] ] 2] Fey s rf -4 Q (32 ~t
() o A A A
(&) i ~t
- | o
) =
N (] ]
o~ Sl o : .
Q -{ ~~
) ] e N Q (= o Q (=
e~ Q, = (= (=) (=] Q (=
¥e] 0nao x (o=} = N N
S|~ ININ]ON 9Y] N g
B | S| o=t 8
Q O3
ot N T~
KL
=~
R
4
.Q
«
[=N o~
S N
- B
=0 (=4 (=] (=] (=] Q
DO\ U | O~ ™ (=] O
~ e (3a) o 4 N N
-l 0O
ol
S S8
O
[ R




cohyentional technique. As is obvious from Table 22, the polyner com , .
posi\t i on of the present invention, when conpared with high 20 pressure
et hyl enes, has about an equal Brabender torque (satisfactory in o
dessability), and is much superi<gl3< tensile inpact strength, rigidi t%/,

R and tensile strength, and further is about equally satis- factory in

transparency. 25 Conpared with the | ow,densiity
ethylene-[erliolefin cobg_LJmar of 1the cohventiondl tedhniqle  thHiis pol yner
conposi ti onf ha$ a,gich | ¢wer| Brpbender| t of que (farnore -107- J=excel | ent
I n processapi | tgg{énd afhi gher|tengsilje i fpagqt strhengti] and |t ensi{le
L h h D e d
Zgrength. Exam)lg.ﬂo .»os(,ec‘liagl eS _2,%,\ ng. _g. S .nrl @ L8f°.3_, §0§4}~ 42,
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By mi xisng the ethylene-[err]-olefin copolymers A 5 obtained in Exanple 3
and the ethylene-[err]-olefin copoly- ners B obtained in Exanple 34 at
rét{gs as shown in Table 23, conpositions having densities, Ms and
shown in Table 23 were obtained. Physical properties of these conposi
are also shown in Table 23. 10 - =11l4-|n Table 23 is also shown a~—
simlar conposi-. tion prepared by two stage pol ynerization (Exanpl e 35)
and, for the purpose of conparison, conpositions of |ow density '
ethylene-[err]-olefin copolynmers of the conventional technique (Conparative
exanpl es 22, 23, 25) of which 15 nol ecul ar wei ght distributions are nade

wi der and of which | ower nol ecul ar wei ght conponents have larger S.C. B. and
of whi ch hi gher nol ecul ar wei ght conponents have smaller S.C.B. In Table
23 is also shown a conposition of ethylene-a-olefin copolyners ,
(Conparative exanple 24, 20 to be conpared wi th Exanples 40 and 42) of
which distri- bution index of S.C B. neets the scope of this invention but
of which | ower nol ecul ar wei ght conponents have a
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intrinsic viscosity. As seen in Table 23, in the conpositions af
25 invention, S.C. B. of higher nolecular weight conponents are more.
por about equal to those of |ower nol ecul ar wei ght conponents. '
“Sompare Exanples 35, 38 and 41 withe115-108 - 1 Conparative exanpl es 22
and 23, and Exanple 43 with Com parative exanple 25.) Therefore, conpared.
~ with the tonpgampleénsdof the conventional technique, the conposi- tions of
~this invention are far excellent in tensile 5 inpact strength and tensile
strength, and are supeThercompositipaseprgpaFedninhExemppeasi 36nahdt ween
Conpar ative .exanple 17 of Table 22 and Conparative exanple 22 of Table 23,
it is IearneHTthatWleeﬁﬁtheflﬂﬁléeGS&FYm@PQﬁieuﬁsprpleQQHbGppéﬁymﬁrgher

MFR gives wider distribution) in the
of the conventional technique used in Comparative example

3

5 17 were subjected to film processing in the same condi-
tions as used in Example 32. |
' The.commercial high pressure polyethyienes used
in Comparative examples 15 and 16 were also subjected to
film processing in the same conditions. .A satisfectory
10 film was not obtained from the low density ethylene-o-
olefin copolymer of the conventional technique used in
Comparative example 17, with too much load put oh the
motor and with shark skin formed on the film surface.
Satisfactory fiims having good transparency
15' were obtalned from the compositions prepared in Examples
36 and 37 and the commercial high pressure polyethylenes
used in Comparative examples 15 and 16;.with_no problem
of motof_load. Physical pfoperties of these films are
shown in Table 24 Compared with the films of:the high
20 pressure method polyethylenes; the films of the composi-
tions prepared in Examples 36 and 37.had about saﬁe trans;
parency but were superior in da:t impact |
strength, Elmendorf tear strength (absolute value property
and MD/TD balance), heat-sealing properties, tensile
25 - strength, hot tack and heat sealing str ength in contami-
nated condition. 1In case of the films of the compositions
prepared in Examples 36 and 37, heat-sealing strengths and

heat sealing strength in contaminated condition were at



mgnuf agture of a | ow density ethylene-[err]-olefin copolyner of the
conventional technique with its density and M kept constant results
| arge reduction in tensile inpact strength and tensile strength. 15
From t he conparison of Exanples 40 and 42 wth Conparative exanple 24
I S. Iearned_that atoo lowintrinsic vistIs+ty of |ower nol ecul ar wei ght
conponents badly affects its tensile inpact strength, tensile strength and
transparency. aboutl@ame Grer\ﬂels, blit0-1r] &wtd f£ilms of the high pressure

polyethylenes of Comparative example 16, heat sealing
strength in contaminated condition were lower than heat-

sealing strengths.

5 Comparative Examples 22, 23, 25
By mixing ethylene-u-olefin copolymers A
6bﬁained in Example 33 and ethylene-a-olefin copolymers
B obtained in Example 34 at ratios as shown in Table 23 s
compositions of low density ethylene-apolefih copolymers
10 of the conventional technique'were prépared'of which
molecular welght distribdtibn are made wider and of which
— lower molecular weight components have larger'S;C.B; and
of which higher molecular weighﬁ components have smaller.
S.C.B. Densities, MIs, MFRs and physiéal properties of

15 these compositions aie shown'in Table 23.

Comparative Example 24
By mixing an ethylene—a—olefin copolymer A _

obtalned in Ex;mple 33 and an ethylené-a-olefin coéolymér
B obtained in Example 34 at a ratio shown iﬁ Table 23

20 a composition ofethylene-q-olefin copolymers was prepared
of which distribution index of S.C.B. meets the scope of
this invention but of which lower-mqleéular'weight'com-
ponents have a too low intrinsic viscosity. Its dénsity,

MI, MFR and physical properties are shown in Table 23 .
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[grr]-s -115- 1 Exanple 44 The conpositions prepared in Exanples 36 a

7
as well as the low density ethylene-[err]-ol efin copolyner of the 3'&é>/

conventional technique used in Conparative exanple 5 17 were subjectedNQ
filhfprocessing in the same condi- tions as used in Exanple 32. The
cormerci al high pressure pol yethyl enedl$sed in Conparative exanpl es 15 and
16 were al sp subjectejgio filmprocessing in the same conditions. A
satisfacto?% Example not obtained fromthe |ow density ethylene-[err]-

17 Wi'th Lo much | oad: PV A A Ry e e, e YR & T e
filmsurface. QAT Yatahlyst IR LA EXAPIRAEHNE organo-
| aluminum compounds (co-catalyst) and employihg a-olefins
5 and other polymerization.conditions as shgwn in Table 25.
Densities,_intrinsic viscosities, and S.C.B. of these
copolymers were shown in Table 25.

These copolymers are used in the following

examples as higher molecular welight components.

10 Example U46
o Ethylene-a-olefin copolymers were synthesized
using the catalyst produced in Example 1 and organcalumi-
num compounds (co-catalyst) and émploying a~-olefins and
other polymerization conditions as shown in Table 26.
15 Densities, intfinsic viscosities and S.C.B. of these
copolymers were shown in Table 26.
| - These copolymers are used in the following

examples as ;ower molecular weight components.



obtalned fromthe conpositions prepared in Exanples 36 and 37 and
rcial high pressure polyethylenes used in Conparative exanples 15
with no problemof notor |oad. Physical properties of these fI|qu
spown in Table 24. Conpared withighe filns of the high 20 pressure

0d pol yethyl enes, the filns of the conposi- tions prepared in Exanples .
36 and 37 had about sane traps-  parency bqt wer e, superior in dart inpact

‘2

strength, E Juﬂ (labshi ude vial ub property and MY TD
bal ance), he¢at-sealin opefti¢gs, ftenkilg 25 s{réngth, hot tack and heat
sealing str [ ' nated congfli tijon.}' I h &se of the filns of the
conposition ﬁ)mepar ed iv.R. Eé\a“r@:e-s 6 aﬁ%.:? heat - ;ﬁeal I ng strengths and
heat sealin engt h |i=A |con] s+ ratle ,encﬁgioa erge at -116- 1 about
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pot yet hyl enes of Conparative exanple 16, heat sealing strength in
contam nated condition were |ower than heat- sealing strengths. 5
: nQr,atlve Exanpl es 22, 23, 25 By mixing ethylene-[err]-olefin copol yner
A obTained in Exanple 33 and ethylene [; r]-ol efin copolyners B obtained in
Exanpl e 34 at ratios as shown in Table™ T conpositions of l'ow density
ethylene-[err]-olefin copolynmers 10 of the conventional technique were
“prepared of which nolecular weight distribution are nade wi der and of which
| ower nol-ecul ar wei ght conponents$s have targer S.C B. and of  whi ch higher

nol ecul ar wei ght conponents have smaller S.C.B. Densities, Ms, MRs and
physical properties of 15 these conpositions are shown in Table 23.

Conpar ative Exanple 24 By m xing an ethylene-[err]-olefin copolyner A _
obtained in Exanple 33 and an ethylene-[err]-olefin copolyner B obtained in
Exanple 34 at a ratio shown in Table 23, 20 a conposition of '
ethylene-[err]-olefin copol yners was prepared '
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h distribution index of S.C. B. neets the scope of this invention, but,k
of/ whi gh | ower nol ecul ar wei ght com ponents have a too low intrinsic

ifty. Its density, M, MR and physical properties are shown in
3 -117- [err] -118- 1 Bxpppke 45 Ethylene-[err]-ol efin /
ymers were synthesized using the catal yst: produced in Exanple 1 and

or gano- alunlnunlconppunqs (fo-catalyst) and enploying [err]-olefins 5 and
ot her pol yngrtZzatTom gongrtrpnsas [shopar [ naote 25. Densities, intrinsic
viscosities] and S.C. B. qf thes¢
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capol yrers were shown in Table 25. These copol yners are used in the
foll owi ng exanpl es as higher

prod,

enploylng [err]-ol efins and ot her. poIV%%?
Tabl e 26. 15 Densities,

foll owi ng exanpl es as | ower

nol ecul ar wei ght conponents.
Et'hyl ene- [err]-olefin copolymers were synthesized.usinng the catal yst

ced in Exanple 1 and organoal um -

Table 26 (Cont'd)

10 Exanpl e 46

intrinsic viscosities and S.C. B. of these
‘copol ynmers were shown in Table 26. These copol yners are used in the

nmol ecul ar wei ght conponents.
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num conpounds (co-catal yst) and
Tzation conditions as shown

in



[err]

1 Example 47

10

'15'

20

25

| A composition of.ethylene-u—olefinicqpolymers
was prepared in two stage polymerization. The first
stage polymerization was carried out for T0 min. using
the catalysf produced in Example 1 and triethyl aluminum
(co-catalyst) and other polymerization conditions as
shown in Table 27.  Successively, the second stage poly-
merization was conducted.for 180 min. by changing only
the hydrogen partial pressure and the ethylene partial
pressure as shown in Table 27. In both stages, the
11quid phase molar ratio of ethylene, butene-1 and
hydrogen was kept constant at respective fixed levels.
The polymerized quantities in each stage were calculated
from the quantitiee of fed ethylene. The copolymer com-
position consisted of about 50% by weight of higher
molecular weight components ahd about 50% by weight of

" lower molecular weight components. Immediately before

the completion of the first stage polymerization, a part

of the polymer was taken out and measured for 1its density{'

intrinsic viscosity and S.C.B. The whole polymer obtained

after the second stage was also measured'for the same test.

items. PFrom the values of the first stage polymer and
the whole polymer, the intrinsic viscosity and the number
of branched short chains of the polymer formed in the
second stage alone were calcﬁlated; These values were

shown in Table 27. The whole pelymer gave: density 0.921

g/cm3, MI 0.5 g/10 min., MFR 70, intrinsic viscesity 1.7

dl/g, S.C.B. 24, g} 0.93. The whole polymer was subjected

-121- [err] -122- . [err] -123- 1 Exanple 47 A conposition,of .-
-[err]-olefin copolyners was prepared in two stage pol ynerizati on.
A st stage polynerization was carried out for 70 mn. using

-

o/



5 ¢ he gatal yst produced in Exanple 1 and triethyl alum num (co-catal yst)
and ot her polynerization conditions as shown in Table 27. Successively,
secpond stage poly- nerization was conducted for 180 min. by changi ng onl.
theeﬁydrogen partial ‘pressure and the gt @ﬂﬁ ne partial 10 pressure as sho
in.Table 27. In both stages, the I|qU| ase nol ar- ratio of ethyl ene,

ool yrrer | zed Uit SPFe *?%eéﬁ%n‘:{-’ﬂééﬁ%?@aéﬁ@pﬁﬁ# A PHERE: RE HRARERIRE of-
fed ethylene. Jog H@p&i¥€Fib&9 nlSnéRA! 1hopsgong! £§do§635§8&t 50% by

wei ght of hi gher nD ecul ar wei ght conponents out y wei ght of

| over ol ecul ar wei ght cBse@acstor biBdast &1 ¥sPELRE Soh MInEePhEL! Bflo0f the
first stage polynerization, a part of the polyner was taken out and
“nmeasured for ipeakgpsthy, c@fvenwasndividedcoatoytwodpSrtsBusIhg vhoken

pol ymer obtained after the second stage was al so neasured for the sane test
i tems. FronPt hbines uesTbé aheagi ofteachgpaptl yere aaﬁcuhatabolen@otheer

the intrinsic VISCOSItX and t he nunber
. lower molecular weight components and the higher molecular

weight components were determined fo be 48 and 52% by
welght, respectively.
The whole polymer was'divided into 30 fractions
10 using column chfohatography. These fractions were divid-
ed into two partsi(the-lower molecular weight components
and the higher molgcular weight componeﬁts) so that the
former became 48% by weight and the latter 52% by weight.
S.C.B., densities and intrinsic viscosities'of each com-
15 ponent were shown in Table 29. _
Flow charaéteristics and solid physical.proper-
ties of the whole polymer were shown in Table 30.
In the following_examples, ethylene-a-olefin
'copolymers as higher molecular'weight components and
20 ethylene-a-olefin copolymers as lower molecular_weight
components were mixed at respective fixed ratios (tofal
‘quantity 1 kg) .and kneaded for 5 min. with a Banbury
mixer (150 to 230 rpm). - At that time, replacement by
‘nitrogen was conducted completely"aqd the polymer
25 temperatures were controlled not to'exceed 250°cC.
When sample quantities were small, mixing was
made in x&lene. After mixing,'the whole solution was'

added into methanol to cause precipitation. After



clhed short chains of the polynmer formed in the 25 second stage akone ,
cul at ed. These val ues were shown in Table 27. The whol e polyner -

- Adensity 0.921 3 g/cm, M 0.5 g/10 min., MFR 70, intrinsic viscosity
/g, S.C.B. 24, g[err] 0.93. TS50l e pol yner was subjected -12%
1 to gel permeation chromatography.and a curve of nolecul ar wei ght

di stri but Lorg iyt 16h fighe precipit £t ¢16chs BesmpTet @1y barDgal 14i gt ri bution

whi ch has two peaks, the curve was divided into two parts using broken 5
i nes. The wamam dirismr armphrusedras cal cep el yrersancompesioien sahplel ar

wei ght conponents and the hi gher nol ecul ar wei ght conponents were

determ ned to be 48 and 52% by wei ght, respectively. The whol e pol yner was

d| vi ded i nt Ox?)a?nglreas(:tdé)n 43, 50

Ethylene-c-oclefin copolymers obtained in
5 Example 45 and ethyleneQa-olefin_copolymefs obtained in
Example 46 were kneaded with a Banbury mixer at ratios
'as shown in Table 28. S |
Thus, compositions of copolymers having densities,
MIs,-MFRS, intrinsic viscosities, S.C.B. and g% shown 1in
10 Table 32 were obtained. These compositions had molecular
welght distribution curves about equal to Fig. 4. With
the same technique as used in Example 47, quantities of lower
- molecular weight.components and higher molecula; weiéht com- ~
ponents were calculated, and they were both approximately
15 50% by weight as shown in Table 29. - Physical properties of
these compositions were shown in:Table 30.
With the same technique as used in Example 47,
Icolumn fractionation was applied in order to divide into
higher molecular weight components cnd.lower molecular
20 welght components. Characteristics of the'components
| were ohown in Table 29.
In Tables 29 and 30 were also shown Eiample 47
using a composition of ethyléne-a;oléfin copolyﬁers-pre-
pared in two stage polymerization and, for comparison,
25 Comparative example 26 using a high pressure method poly-
ethylene of the conventional technique (commercial

product Sumikathene® F 101-1 manufactured by Sumitomo



10 usisng col um chr onmat ogr aphy. These fractions were divid- ed into t

parts (the | ower nol ecul ar wei ght conponents and the higher nolecul ar

we| ght conponents) so that the former becanme 48% by weight and the latt

52@Kby weight. S.C B., densities and_%géginsic viscosities of each com 15

ponent were shown in Table 29. Flow characteristics and solid physical

pr oper - tief of the whol e polyner were shown in Table 30. In the foll ow ng-
eth

exanpl es, yFhemlea b @i n kidhol yRamparatiyhsxannlie B hrustnga com-

el Gt compandRSL s o i AeneeE Tl et o Fin JRRATeRARE 1y 1
(P ept acendif v ot b RIHR Vet iR SR RE S A s o5
quanti t1 65 wer B BRI [9Y UGPSR LB R . ol o

S0l Uti on s agkest juitas B ROl driv RS A A RO £ ARSI
moelcular weight distribution is made wider and of which

ioWer molecular wéight components have larger S.C.B. and
of which higher molecular weight components have smaller
'S.C.B. | |
10 | As is obvious from Tables 29 and 30, when com-
pared with the high pressure polyethjlene, the.copolymer'
compositions of this invention have about'equivalent
W - Brabender torques (excellent in processability); and are
largely exceilent in tensile impact strength, rigidity,
15 ESCR and tensile strength. Transparency is equally'good,
because distribution index of S.C.B. is in a certain range
as defined by the present 1nvention. Wheh compared with
the composition of low density ethylene-g-0lefin copoiy-
" mers of the conventional techniqoe, the compositions of
20 this invention have far smaller Brabender torques (much
better processability) and higher tensile impact
strengths and tensile strengths.
 From comparison between Comparative examples 27
and 28 in Tables 29 and 30, it is learned that widening
25 of molecular weight distribution (larger MFR gives wider
distribution) in the manufacture of a low density
ethylene-a-olefin copolymer of the conveﬁtional technique
with density and MI fixed results in large reduction in

tensile impact strength and tensile strength.



~L filtration, the precipitate was conpletely dried in a vacuum driker .
fed as a copolyners conposi tion sanple. Exanples 48, 49, 50
ene-[err]-olefin copolymers obtained in 5 Exanple 45 and a
ethylene-[err]-olefin copolymers obt at}®t i.n Exanpl e 46 were kneaded with a
Banbury m xer at ratios as shown in Table 28. Thus, conpositions of -

copol ymers having densities, Ms, MARs, infrinsic viscosities, S.C. B. and
glerr] shown in 10 ffabl e 32 were obtlai ned. {These conpositions had nol ecul ar
wei ght distribution{curves abput equal to Hig, 4. Wth the same technique
as used in Exanple A‘ZS quani-: I es of| | ower |nol ecul ar wei ght conponents and
hi gher nol ecul ar vveLghﬁ Ponent were dal®ul ated, and they were both -
approxi mately 15 50po%h@ melaﬁ a¥ shown in [Tdbl e 29. Physical properties of
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t hese gonpositions were shown in Table 30. Wth the sanme techni que aé;g%fgza
in Exanmple 47, columm fractionation was applied in order to divide i _
hi'gher nol ecul ar wei ght conponents and | ower nol ecul ar 20 wei ght

conponents. Characteristics of the conpogigls were shown in Table 29. In
Tabl es 29 and 30 were al so shown Exanpl € using a conposition of
ethylene-[err]-olefin copolynmers pre- pared in two stage pol ynerization _
and,. for conparison, 25 Conparative exanple 26 using a high pressure nethod
poly- ethylene of the conventional technique (commercial product
Sum kat-hene F 101-1 manufactured. by Sum tono -126- 1 Chem cal Co
Ltd.), Conparative exanple 27 using a com position of |ow density

ethylene-[err]-olefin copolyners of the conventional technique and
Conpar at'i ve exanple 28 . o
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conposition of |low density ethylene-[err]-olefin 5 copolyners of
entional techni que of which noel cul ar weight distribution is nade
nd of which | ower nol ecul ar wei ght conponents have larger S.C B. an
I ch higher nol ecul ar wei ght conpeb@®+s have smaller S.C. B. 10

As is obvious from Tables 29 and 30, when com pared with the high pressure.
pol yet hyl ene, the copol-ynmer conpositions of this invention have about

equi val ent Brabender torques (excellent in processability), and are largely

excellent in tensile inpact strepngth, rigidity, 15 ESCR and tensile
strength. Transparengy ijs equal |y good,} because distribution index of
S.C.B. isin a certaih tgnge as defined jpby the present invention. Wen
conpared with thelgo' ﬁiti- on of low density ethylene-[err]-olefin copoly-
mers of the conveémgio It echni que, t he |conpositions of 20 this invention
have far smaller |B¥ab¢rgidr Ror RuefR (nBcH better processability) and hi gher
tensile inmpact s{r&ngfhg [and tensile strjengths. -
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-133- [err] -134- 1 Exanple 51. Conpositions of ethylene-[err]-olg
copol ymers were prepared by mXxing ethylene-[err]-olefin copolymers |
obt ai ned in Exanpl e 45 and ethylene-[err]-olefin copolyners 5 obtained in
Example 46 at ratios shown in Table 31. Densities, Ms, MRs, En], S.C B.
and g[err] of these com positions were-38gwn in Table 32. Their physical
propér- ties were shown in Table 33. Ml ecul ar wei ght distributions of
Exanpl e 51 10 showed "one al nost symmetrical nountain" curves. Colum
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nation was applied with the same techni que as used in Exanple 4% R
ults were shown in Table 32. In Tables 32 and 33 were al so shown | ow
ethylene-[err]-olefin copolyners of the conventional techni- que
(Compar ati ve exanpl es 29 and 30) of W th nol ecul ar wei ght distributi ons
are made wi der and of ‘which | ower nol ecul ar wei ght conponents have | ar ger’

S.C. B. and pf—ypirctr—irgirertnotrec \ ts have smaller S. C. B.
20 Curves - npl equl wei ght i butijons of Conparative
exanpl es 29l and 30 wer¢g siril gr tp that of . |51. : As seen
from Tabl es| 32 anc333 I n {helconpositiong ijnvention, S.C B. of
hi gher mol eful 4r i ght| eofmeriests cahd 4 h r nmol ecul ar 25 wei ght
conponents prelned |y dqual (donpare|Exam Conpar ati ve exanpl e
29), therefpref tige conpos|tigns :
B
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-135 - .1 of the present invention are far superior to the copol ymers. of ﬁd’%?

the conventional technique in tensile inpact strength and tensile strengt

Cowggrative Exanpl e 26 5 A commrercial high pressure polyethylsne !
( SuMt | ;

kathene F 101-1 manufactured by Sumitono Chemical Co., Ltd.) was
subj ected to neasurenents of physical properties and. Results were shown in

Table 30. T i s_pol yet hy] ene has low g[err] of 0.48 and it 10 suggests that
this sanpleqhagggﬁg§°l%*g chain branches. Its nolecul ar weight distribution

Fechni que as. used in bxanpeeatt et F L PREHeRerd oS 1ERR F et Mate " o
hi gher ol ecul S het SFRa Y8 nP RIS etuy LERENL SEFPER Lho I REET [ 0t
(2%, Dot Yen BN 5 e By Rocaat sty ndla585E P obopOEimdre
5 obtained in Example U6 at ratios shown in Table 31.
Densities, MIs, MFRs, [n], S.C.B. and-g: of these com=
positions were shown in Table 32. Their physical proper-

ties were shown in Table 33.

' Molecular weight distributions of Example 51

10 showed "one almost symmetrical mountain" curves. Column

fractioﬁation was applied with the _Same technique as 
Y used in Example 47. 1Its results were shown in Tablé.32.
In Tables 32 and 33 were also shown low density
ethylene-a-olefin copolymers of the conéentional techni-
15 que (Comparative examples 29 and 30) of which molecular
weight distributions are made wider and of which lowef
molecular weight components have larger S.C.B. and of
which higher molecular weight components have smaller
S.C.B. |
20 | ’ Curves of molecﬁlar.weight distributions of
Comparative examples 29 and 30 were similar to that of
Example. 51. As seen from Tables 32 gnd 33, in
the compositions of this invention, S.C.B. of higher
molecular weight components and those of lower molécular
25 welght components are nearly equal (compare Example 51

with Comparative example 29), therefore, the compositions



9. 20 Conparative Exanple 27 A |low density ethylene-[err]-olefin,

r of the conventional- techni que was synt hesi zed using the catal yst
ed in Exanple 1, triethyl alum num-(co- catalyst) and ot her :
rization conditions as shown BbiiTin Tabl e 34. The copol yner gave:

sity 0.920 g/cnferr] , M 0.5 g/T n., MFR 30, intrinsic viscosity 1.7

dl /g, -136- 1 S.C.B. 23, g[err] 0.95. Its physical properties were shown
in Tabl e 3001 thenpresent: Inveprion ane Fan SUPSTIAT P ikheyanpalymers.
symetri cal yntai n” _curve s seen.n Fig. 1. Fromthe area ratio, the
| ower nnlec&ggghﬁefﬁﬁye§téﬁ 5&@?%%%¥%|#§ el S oimREA & S SRS RERN
conponent s QSh?t@%EQ&@ %%@é%%t%? both 50% by weight. Colum frac-

Comparative Example 26 |
5 A commercial high pressure polyethylene
'(SumikatheneCDIF 101-1 manufactured by Sumitomo Chemical
Co., Ltd.) was subJected to measurements of physical:
properties and. Results were shown in Table 30.
This polyethylene has low gz of 0.48 and it
10 suggests that this sample has many long chain branches.
Its molecular weight distribution_curve was sbown in
' Fig.‘g. Column fractionation was applied with the same
teehnique as used in Exémple 47. The fractions obtained
were divided into two groups so that the lower molecular
15 weight component group and the higher molecular weight
component group became about 36 and 64% by weight, res-
pectively. Densities, S.C.B. and intrinsic wviscosity of
each group were measured and results were shown in

Table 29.

20 Comparative Example'27
A low density ethylene-a-o0lefin copolymer of
the'conventional technique was synthesized using the
catalyst produced in Example 1, triethyl aluminum (co-
catalyst) and other polymerization conditions as shown
25 in Table 34. The copolymer gave: density 0.920 g/cm3,

MI 0.5 g/10 min., MFR 30, intrinsic viscosity 1.7 dl/g,



_ N\
ti,onati on was applied with the sane techni que as used in Exanple 47 néf?gJ
results were shown in Table 29. Conparative Exanple 28 10 _ .

m xing the ethylene-[err]-olefin copolymer A-4 obtained in Exanple 45 and
the~ethyl ene-[err]-olefin copolynmer B-4 obtained in Exanple 46 at the ratio
as given in Table 28, a conpositi on of +l¥W-ensity ethylene-[err]-olefin

copol yners qf {h onyentignal _techpni que, was prepared of 15 which nDIecuIarJ
wei ght distﬁib%tsoﬁ'iésnaag &kaér aﬁﬁgoPhMﬁ#egllBﬁ@?eﬁﬁﬂeéuwaFeméhgwa

ts h | 'S, C.B._and_of which hi | egul i ght :

comonent s haversREPEe, 3 c kS o Lepihar yo1dhE AEREFLRNE NG BPER) vere

sh in Tabl en ' | jght distrifu:. 20 ti f thi

conposi i on wasdle iifofR, S8t rige? hothalh™ cyrPes A8 SERE HBehni que as
d.in Exanplg447,1th i o @f hi '

ponent s wag Bt Ho i hed TEaR She;abof LakEL, Cele OYEE ABLSEUIEL VELERE COT

results werg s@empohéndabhid 2One 2R1EH¥F f1eRuDRST e EEhOT cbRPSNEABROSI ti ON

were shown in
were determined to be both 50% by weight. Column frac-

tionation was applied with the same technique as used

in Example 47 and resﬁlts-were shown in Table 29.

cémpafative.Example 28 _
10 By mixing the ethylene-g-olefin éopolymer A-4 .
obtained in Example U5 and Ehe ethylene-a~clefin cbpolymer
U ' B-4 obtained in Example 46 at the ratio as given in Table
28, a composition of low density ethyleﬁe-urolefin
copolymers of the conventional tééhnique was prepared of
15 which molecular weight distribution is made wider and
of which lower molecular'weight components have larger
S.C.B. and of'ﬁhich_higher molecular weight components
- have smaller S.C.B. Its density, MI, MFR; (n], and g:
were shown'in Table 29. The molecular weight distribu-
20 tion curve of this composition was'almoét equal to that
in Fig. 4. Wwith the same techniqué as used in Example U7,
the ratio of the lower and higher molecular weight com- '
ponenﬁs was determined. Column fractionation was also
conducted. These resulfs were shown in Table 29.
25 Physical properties of this composition were shown in

Table 30.



0. -137- 1 Conparative Exanples 29, 30 By m xing 1
he-a-ol efin copol yners obtained in Exanpl e 45 and

e- [err] ol efin copolyners obtalyg#_in Exanple 46 at ratios as shomﬂ
apl e conp05|t|ons 5 of Iom1den3|ty ethylene-[err]-olefin

e, ghym”z‘.rsm oEErEEhTe ERLaPIeR 285 aR e e o p&ﬁf’iae?oﬁér“ﬂ;ﬂcﬂf’gfc“‘ "
e e 2 o' oY M98hng Sy 8nd- QLoeeh BbaBTimankoGHLaLaLg O™
glerr] of thfﬁel-:fé’rﬂﬂ’é'ﬁsOQﬁdV‘GEﬁ%ﬁgﬂé‘ﬂaLelgf‘?hecéﬁo1§’B¥§§Cthgiﬁgﬁrt.l.hes of

t hese conpositions were shown I n
Example 46 at ratios as shown in Table 31, compositions

5 of low density ethylene-a-olefin copolymers of the con-
ventional technique were prepared of which molecular weigh
welght distributlions aﬁe made wider and of which lower
molecular welght components have 1argef'S.C.B.iand of
which higher molécuiar welght components have smaller

10 S.C.B. Densities, MIs, MFRs, [n)], S.C.B. and g: of these
compositions were shown 1in Table 32. Pbysical properties

of these compositions were shown_in Table 33.
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By: applyi ng col um fractionati on,

fractions of different nol ecul ar wei ghts. _
agai nst nol ecul ar 10 wei ght was exam ned as shown in.Fig. 6.

fractionation

was heated to 130[err] C, and butyl

t hrough t he col
to obtain a gra3
fractions of |d

t he copol yner was fractionated int
distribution of S. C

Then,

J

In colum -

about 5 g of the sanple was placed in a fractionation col umm
aft ér being adsorbed on a carrier (Cel &0™45) in xylene. Then, the colum

cel l osol ve and xyl ene 15 were passed

adual | y changed in order
all the copol yner
e separated. To the

el uates was add
After recovery,
copol ynmer fract
in order to pre
of Irganox [er
i nside the col

Table 32 (Cont'd)

n 20 of the copol yners.
duded pressure and each
uln fractionation process,
f he copol yners, 100 ppm
alé?anpte and further air

um Jith tlhe mixing ratio being g
jJdual |i ncrgase in splvency. Thus,
wer tlo hi dher nol ecul ar wei ght we
U iTargtto-taus e precTpTtatto
t he |pol yrfers werej dried under re
ion JWas. ot ai ned. |In the above co
bvent |t he osi%ble deconposition o
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IMm Was ~ | 5T o 2 : _
£ |sodd| F S A
D | Do
- |HOo®O
] nE=20O
=
>
a
e
~
)
=i
=
o TRT
= g <
-~ 0
Se g g x O
go®a| W=
T S
Qo w®o
- B30
&
R
S
L
ot
. .
TRT
s s <
i -t /]
o I O
£ ®0Lgo .
O | Sewa -
% |a9588|= PR
d |mE2O | S W
Q : o o o
<) Q, -
h S o
= =3 S =
a ) o O
8 - - i
8O PO PO
Gy 3~ S 3
o a -
- » e M
= [ ) St
2 - N NP\
&0 0 . 02 ) o
g n owlg BV
= fﬁ % = E B8
Soe | & S 5
sogol|o o0 O
OOWR | W o G
FH R
SE2O DS S5 D




replaced by nitrogen. Using each copol ymer fraction, pressed sheets havikng
about 100 to 300[err] thickness were prepared, and S.C B. of each copolyner
ction were -145- 1 cal cul ated by conducting Fourier-transform
red absorption spectroscopy. Mlkdallar wei ghts of each copol yner -
c ion were calculated, using intrinsic viscosities En] neasured in
lin of 135[err]C and the 5 followng formula. [n] 5.1 x 10-4,
n0. 725 Reference Exanple 2 Wth ethylene-[err]-olefin copolyners of

e con- ventional technique, a relationship between nelt index 10 (M) and
tensile inmpact strength was exam ned with nelt flowratio (MFR) used as a
paraneter. Results were shown in Fig. 4. It is reveal ed that w deni ng of
mol ecul ar - - '

¥

[ =4
(o]
ol
o
= G
Q0w
ot . o ™ N
&%m . . .
P Q - () [= T -~ |
ngvo
- S .
Q-
L]
[
xy
« TR~ ~
[ =t I -1 &0 = S
Q ~ O —N . ° .
~ Lal = a = = N N N
-] = Q0 T
- (3] O -
|« ]
Sl & 00 o’
8 Gt E o
“18 |88 2~ | o ~ o
] L]
N | g S 8 - B ] N ™M
. | e &0 =t a o N N O
= - Q SN . . .
[} (o] =2 Q & Q o o
~4 [o ¥ =i 0O
Q g0
S| 8g
o .
LT~ m
Q0 . :
. o] (&) 79} ~ O
nw o =
0O p]
-t
2 M
0 G
-:
~~ '
o E ® |
o3 = ™~ N wn [To WY«
Q .& = - . . .
[ e et TS (= Qo ©
&N O L) ~ .
o QO
2™ =
O a Dy~
4 = M (14 [=) N
[+ - B (28] o N
(| n Qo (=)} (=) (=)
- gh . . .
[3) 1] =] o O
Q 0
3%
=2l 4
;.o .
D Q- (&) N =r [+
z2E . o NN
o 0 7]
- o




wej ght sdi stribution results in remarkable reduction in tensile inpact Lé’i
strength. (In the figure, nolecular weight 15 distribution was represente

by MFR~ Larger MFR neans w der nol ecul ar- wei ght distribution.). These :
ethyfene- [err]-olefin copolynmers were subjected to nol ecul ar wei ght '
fractionation with the sane technique as used in Reference Exanple 1. Al

t he copol ymers showed tregnds 20 simlar to that -of Reference Exanple 1. The
fractions were divided into two groups (Il ower. nol ecul ar wei ght group and

hi gher nol ecul ar wei ght group) in such a way that each group becanme about

50% by wei ght, and (S.C. B. of higher nol ecul ar wei ght conponent/S. C B. of

| ower 25 nol ecul ar wei ght conponent) was claculated. It was below 0.5 in
all the copolyners. -146- Reference Exanple 3
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a high pressure nethod pol yethyl ene of the conventional technique sand
| \near’, high density poly- ethylene of nediumto | ow pressure nethod,
.}r-lations 5 between nelt index (M)_and intrinsic viscosity [n] were

/i ned and shown in Fig. 8. The cot¥bdation lines of each sanpl e are i
arly divided by a partition line (broken line). It is |learned that the

a

I gh pressure pol yeth intrinsic viscosity than that 10
of the linear high dgngity polyethylene qf the sane nelt index. A
correl ati on between fefit index apd intrirsic viscosity was examined with
the ethylene-[err]-ol egig copofyyirer sof tlhe present invention. Al of the
copoly- 15 ners of trq3@$%§ent vengionifell in the zone of the |inear,
hi gh densit ol yet hyll or@m <
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[err] ~ -148- -148- [err] -149- CLAIMS 1. An ethylene-[err]-olefi
copol yner- conposition having a density of 0.915 to 0.929 g/cn8, a nel
i ndex of 0.02 to 50 g/10 min. and a nmelt flow ratio of 35 to 250, whi
congfises 10 to 70% by wei ght of an ethylene-[err]-olefin 5 copolyner A
and"90 to 30% by wei ght of an ethyl ene-{¥444 -0l efin copolyner B; said
copol ynmer A having hi gher nol ecul ar wei ght than copol yner B and being a
copol yner ofleﬂe;ﬂemeac&n&xamp[lerrl] ' _ :

An ethylene-a-olefin copolymer was . synthesized
from ethylene and butene-l, using the catalyst produced
in Example 1 diethyl alminum monochloride (co-catalyst)

5 and other polymerization conditions as shown in Table 35.
Properties of this copolymer were shown in Table 36.
By applying column fractionation, the copolymer was
fractionated into fractions of. different molecular
welghts. _Then, distribution of S.C.B. against molecular
10 weight was examined as shown in Fig. }'
In column fnactionation,'about 5 g of the sample
was placed in a fractionation column after being adsorbed
o on a carrier (Celite 745) in xylene. Then, the column
was heated to 130°C, and butyl cellosolve and xylene
15 were_passed through the column with the mixing ratio
being gradually changed in order to obtain a gradual
increase in solvency.- Thus, all the copolymer fractions
of lower to higher nolecuiar welght were separated. To
the eluates was added methanol to cause precioitation
20 'of the copolymers. .After recovery, the polymers were
dried under reduced pressure and each copolymer fraction
was obtained. In the above column fractionation process,
| in order'to prevent the-possible'decomposition of the
copolymers, iOO'ppm of'Irsanox@D.1076 was added to the
25 original sample and further air inside the column was
replaced by nitrogen. Using each copolymer fraction,

pressed sheets having about 100 to 300u thickness were

prepared, and S.C.B. of each copolymer fraction were



-#lefi/nYof 3 to 18 carbon atons and having a density of 0.895 to 0.9354 .. ,

37" copol yner B being a copolyner of ethylene and an [err]-olefin of 3 to
18 carbod acdkeuiptiedabyngondueringyFeurpepsbragsfoymoisfrargdcnierr] , an
intrinsic viscosit¥ of 0.3 to 1.5 dI/ﬁBand a SSC.B. _of 5to 35 and a
(wei ght aveRB3eTRbLERUPRECHEPYRPPY ¢ nuliBdrcHIRFayR1BBESCAFaP2/Bi ght ) val ue of

(s CB. of tonstiied Rraceifuere E8ECUITECy dRLAG {ABRTRaTE, "™
51 P RS SRR 1O LA YHEEAERCGPOLYSTE AndTdhY coPol e
5 following formula.

[nl] = 5.1 x 10-4; ﬂh°‘72$

Reference Example 2
- With ethylene-g-olefin copolymers of the con-
.ventional technidue, a relationship between melt index
10 (MI) and tensile impact strength was examined with meit
flow ratio (MFR) used as a parameter. Results were shown
in Fig. ;. It is revegled thaﬁ widening of moleculér )
welght distribution results in remarkable reduction in
tensile impaét strength. (In the figure, molecular weight
15 distribution was represented by MFR. Larger MFR means
wider molecular weight diétribution.). These ethylene-
a-olefin copolymers were subjected to molecular weight
fractionation with the same technique as used in
Reference Example 1. All the copp;ymers showed trends
| 20 similar to that of Refgrence Example l; ‘The fractions
were divided into two groups (lower molecular weight
group and higher molecular weight group) in suCh a way
that each group became about 50% by weight, and (S.C.B.
of.higher ﬁolecular welght component/S.C.B. of lower
25 molecular weight component) was claculated.- It was below

0.5 in all the copolymefs.



-150¢{ 3 A conposition according-to claim1l wherein copolyner A and/
copolynmer B is an ethyl ene-4-nethyl- pentene-| copolyner. 4. A conpo%iil%ézzj
accqrglng to claim1 wherein 5 copolyner A and/or copolynmer B is an

et hyl'ene- hexene-1 copol yner. 5. A conposition according to claim1 wherein
copol.ymer A and/ or copolyner B is an ethkihkére-octene-1 copolynmer. 10 '

6. - A conposition accordlng to any one of the preceding clains prepared by
a nultl-staée BeferenceaExamrle. 3° A conposition according to any one of

ol ymer i zat | on vher i n, NAEPn8 PLEE: PTEAgLre:BeEhas prey SRVLePS) HheFhee
it orent conarPreRBetPiatr ResnibRd ?aé"g"%‘ésr.:zbﬁsﬁ"%ﬁ%ﬁ'ﬁ?ﬂsﬁrﬂer
catalysts, untpkngieReUbkeied2lfiNto’ 3bivOpBbscabe! HEERIA) 3BErE1htions
5 between melt index (MI) and intrinsic viscosity [n] were
examined and shown in Fig. } The correlation lihes of
each sample are clearly divided by a partifion line
(broken line). It is learned that the high pressure
polyethylene has much lower intrinSic viscosity than that
10 of the linear high density polyethylene of the same melt
index. |
| A correlation between melf_index and intrinsic
s viscosity was examined with the ethylene-afolefin
copolymers of fhe present inventlion. All of the copoly-
15 mers of the present invention fell in the zone of the

linear, high density polyethylene.



20 8. A conposition according to claiml Les oy

18 to 23 and 35 to 43. 9. A conposition of copolyners of ethyl éne
[err]-olefin of 3 to 18 carbqgﬁéy43ns, having first and second 25

ent groups, said first conponent group having a higher -151-

cul ar wei ght than said second conponent group, having the follow ng

properties: (1) , densitly of 0.915 to 0.929 g/cnferr] (2)
intrinsic viscositlygferr] off 0.7 tq 4.0 dl/g 5 (3) melt index of
0.02 to 50 g/10 nmhe s(4) = S.¢.B. being 5to 45, (5) [err]/[err]
nanely g[err] bei Hggaﬂdeaﬁt 0.8, vhere [err]is an intrinsic viscosity of a
| i near pol yet hyl ene@nd\& ng~the '
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sase wei ght average nol ecul ar wei ght neasured by-a light 10 scatteri
nmet hod, and (6) (S.C.B. of the higher nolecul ar wei ght /
conmponents)/(S.C.B. of the | ower nol ecul ar wei ght conponents) being(0.6 to
0.8 Where these two conponent groups are obtained by consolidating
fractions obtained by colum 15 fracti ord4i8en in two portions of |ower and
hi gher nol ecul ar wei ght conponents, in order that the weight ratio of these
two portions becones closest to the weight ratio of ‘| ower and hi gher

nol ecul ar wei ght components obtained in the gas-perneation chromat ography

(GPC) curve, 20 (7) t he second conponents have a density of 0.910 to
0.949 g/cnB, an intrinsic viscosity of 0.3 to 1.5 dl/g and S.CB of 51to
35, (8) the first conponents have a density of 0.895 to 3 0.935 g/cm
, anintrinsic viscosity of 1.2 to 6.0 - 166 - 25 dl/g and S.CB of 7 to
40, and (9) t he second conponents are 30 to 90% by wei ght and
m
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(g/10 min)
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‘the first conponents are 70 to 1096by wei ght 10. A conposition Lo o
g'TB‘ETaTﬁTg‘mhrch~grves a two-peak or nulti-peak nolecul ar wei ght

utlo” ected to gel perneation chromatography, in = -
mnmm mﬂ” nol ecul prowei ght conponents contain at 2
| east -one cohpdnet mavsng« peak chain length of 2 x 10 to 3.0 x 10[err] A
and the total higher nol ecul ar wei ght conponents contain at |east one
conponent having a peak chain length of 1 x 10[err] to 6 x 10[err] A and
the | ower nol ecul ar wei ght 10 conponents represent 70 to 30% by wei ght and
the hi gher nol ecul ar wei ght conponents represent 30 to 70% by wei ght of the
total copolyners. 11. A conpositionCl@&dMSding to claim9 or 10 wherein the
X -olefin is butene-I.
1. An ethylene-ol~olefin copolymer composition
having a density of 0.915 to 0.929 g/cm3, a melt index of
0.02 to 50 g/10 min. and a melt flow ratio of 35 to 250,
which comprises 10 to 70% by weight of an ethylene-o-olefin
5 copolymer A and 90 to 30% by weight of an-ethyleneQNrolefin
copolYmer B; said copolymer A having higher molecular weight
than copolymer B and being a_copolymer of ethylene and an
-0lefin of 3 to 18 carbon atoms and having a density of 0.895
to 0.935 g/cm3, an intrinsic viscosity of 1.2 to 6.0 dl1/g and
10 a short chain branching ("S.C.B.") number per 1000 carbon
atoms of 7 to 40 and a (weight average molecular
weight)/(number average molecular weight) value of 2 to 10;
copolymer B being a copolymer of ethylene and an«&-olefin of
3 to 18 carbon atoms and having a density of 0.910 to 0.949
15 g/cm3, an intrinsic viscosity of 0.3 to 1.5 d1/g and a S.C.B.
of 5 to 35 and a (weight average molecular weight)/(number
average molecular weight)value of 2 to 10; said copolymer A- -
and said copolymer B being chosen such that (S.C.B. of
copolymer A)/(S.C.B. of copolymer B) is 0.6 to 1.7.
20 2. A composition according to claim 1 wherein

copolymer A and/or copolymer B is an ethylene-butene-1

copolymer.



15% «» ¢ - 12. A conposition according to claim9 or 10 wherein
[err]-olefin is 4-nmethyl-pentene-1. 13. A conposition according to
or 10, wherein the [err]-olefin is hexene-I. 14. A conp05|t|on accordLng
to gFaim9 or- 10 20 wherein the [err]-olefin i onposi tion
accordlng to any one of clains 9 to 14 prepared

pol ynmeri zation using a carrier-supported Zi egl e ‘mmll "Iﬂ WSS 16. A
conposi tion according to any one of Clal as a~ el t index

of 0.04 to 10°g/10 mn. 17. A conp03|t| accordlng to any one of Claims 9

to 16 which has a nelt flowratio of 35 to 250. 5 18. A

conposition according tqg daim9 substantial | y_as .herei nbefore descri bed
with reference to - 3. & composition according to claim 1 wherein

copolymer A and/or copolymer B is an ethylene-4-methyl-
pentene-1 copolymer.
4. A composition according to claim 1 wherein

5 copolymer A and/or copolymer B is an ethylene-hexene-l
copolymer.

5. A compdsition éccording to claim 1 wherein
.éopolymer A and/or copolymer B is an ethylene-octene-l
copolymer.

10 _ 6. A composition aécording to any one of the

. '_preceding claims prepared by a multifstage polymerization.
7. A composition according to any one of claims 1
to 5, in which the'copolymer components are mixed in a’
two-stége polymetization wherein, in the first stage,

15 copolymer A is polymerized and successively, in the second
stage, copolymer B is polymérized under different conditions
from the fiist stage pélymerizaéidn'apért from catalysts,
until a tequired weight ratio of copolymers A and B_is
obtained. '

20 8. A composition according to claim 1
substantially as hereinbefore described with reference to any
one of Examples 18 to 23 and 35 to 43. . |

9. A éomposition of copolymets 6f ethylene and an
ot~0lefin of 3 to 18 carbon atoms, having first and second

25 component groups, said first component group having a hzghe:



f Exanples 47, 49 and 50. 19. An extrusion processed material g3z o
ffBﬁTEﬁ‘érhy#eﬁe-PeLr]-oIefin copol yner conposition as clainmed 10

e | 5 and 18 having a density of 0.915 to 0.929
aﬂ“ﬂ'ﬁ“ﬁi’%f'ﬂﬂm 0.02 to 2.0 g/10 min. 20. A film obtained
froman ethyl'ene -Lern]- n copol yner conposition as clainmed in any one
of clainms 1 to 3 15 15 and 18 havisgsadensity of 0.915 to 0.929 g/cm and
a melt index of 0.02 to 5 g/10 min. 21. An injection nolded materi al
obt ai ned f hye€gRt tRAA] Q18T 88cERP bIMFS NI RASIUP OThadfing &h@ed in
any one of 'in%'ﬁglégéﬁg th?Standaw ﬂgi -ngca densdii% of 0.915 3 20 tn? 0. 929
g/cm, a ngbllowdfy propedties®0 g/ 10 min. and nelt flowratio of 35 to 80
and bei ng obtai ned by m xing a copolynmer A as defified in Claim1l having an
intrinsic (l9cosity dengiyt o£4009U5/ o ahdd29 cgpmmyner B as defi ned

(2) intrinsic'viscosity [n) of 0.7 to 4.0 dl/g
5 (3) melt index of 0.02 to 50 g/10 min.,
(4) . S.C.ﬁ._being 5 to 45,
(5) [n]/(n] namely g; being at least 0.8, where [n] is

an intrinsic viscosity of a linear polyethylene having the .
same weight average molecuiar ﬁeight measured'by a light

10 scattering method, and
(6) (S.C.B. of the higher molecular weight
components)/(S.C.B. of the lower moieculat weighf coﬁponents) .
being 0.6 to 0.8 where these tﬁe_ comﬁonent groups are e
obtained by consolidating fractions obtained by column

15 fractionation in two portions of lower and higher molecular
weight components, in order that the weight tatio of these
two portions becomes closest to the weight ratio of lower
and higher molecular weight componente obtained in the gas
permeation chromatography (GEC) curve,

20 (7) the second components have a density of_0.910 to
0.949 g/cm3, an intrinsic viscosity of 0.3 to 1.5 dl/g and
S.C.B of 5 to 35,

(8) the first componente have a density of 0.895 to
0.935 g/cm3, an intrinsic viscosity of 1.2 to 6.0 - 166 -
25 dl/g and S.C.B of 7 to 40, and

(9) . the second components are 30 to 90% by weight and



ingCedm1l having a den5|ty of 0.910 to 0.949 gitm—and—an 25 intripsi

viscosity of 0.3 to 1.2 dl/g.

\
N 2.
.

10

15

20

N Illllll gy Illl

the first components are 70 to 10% by weight

10. A composition according to claim 9 which gives
a two-peak or multi-peak molecuiar weight disttibu:ion curve
when subjected to gel permeation chromatography, in which
curve the total lower molecular weight components contain at
ieast one component having a peak éhain length of 2 x 102 to

3.0 x 103 A and the total higher molecular wéight components

.contain at least one component having a peak chain length of

1 x'103 to 6 x 104 A and the lower molecular weight

components represent 70 t9.30% by weight and the higher
molecular weight componehts represent 30 to 70% by Qeight of
the total copolymers. | ' _

11. A composition acco:dfng to élaim 9 or 10
wherein the .°<-oléfin is butene-l.

12. A composition according to cléim 9 or 10
wherein the N-oléfin is 4-m'ethy1-peh_,tene-1.'

13. A composition acco:ding to claim 9 or 10,
wherein theﬁ(-olefin is hexene-l.

14. a composition according to claim 9 or 10
wherein the X-~olefin ‘is octene-l.

15. A composition according to any one of claims 9

to 14 p:epazed by a multi-stage polymerization using a

carrier-supported Ziegler catalyst.
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16. A composition according to any one of
Claims 9 to 15 which has a melt index of 0.04 to 10 g/10 min.

.17. A composition according to any one of |
Claims 9 to 16 vhich has a melt flow ratio of 35 to 250.

| | 18. A composition according to Claim 9 |
substantially as hereinbefore described with referehce to
any one of Examples 47, 49.an'd 50.
) 19. An extrusion processed: mate_r;’.al obtained .

from an ethylene- &X-olefin copolymer composition as claimed .
in any one of Claims 1 to 15 ;énd 18 having a density of |
0.915 to 0.929 g/tz':m3 and a melt index of 0.02_ to 2.0 g/10

min.

20. A film obtained from an ethylene ~w-olefin

copolymer composition as claimed in any one of claims 1 to
15 and 18 having a density of 0.915 to 0.929 g/cm’ and a
melt index of 0.02 to 5 g/10 min.

21. An injection molded material obtained frqm '_
an ethylene- x-olefin copolymer com_po:siti_on as claimed in
any one of Claims 1 to 15 and 18 ha{ring a _density of 0.915
to 0.929 g/cm3, a melt index of 2.0 to 50 g/10 min. and .
melt flow ratio of 35 to 80 and being obtained by-..mixing a
copolymer A as defined in Claim 1 having an intrinsic
'viscOQi‘ty of 1.2 to 4.0 d1/g and a 'copolymer B as defined
in Claim 1 having a density of 0.910 to 0.949 g/cm3 and an

intrinsic viscosity of 0.3 to 1.2 dl/g.




