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COVPCSI Tl ON FI ELD OF THE | NVENTI ON

pr esent |nvent|on rel ates to uses of an ethylene/[err]-olefin
copolynmer. The present invention further relates to uses of an
et hyl ene copol yner conposi tion having the conposition and the

usef ul ness
copol yrer.
conposition

the ethyl ene copol ynerysegnes it o1 eraRotheoreid ene copol yrrer

BACKGROUND OF THE | NVENTI ON thyl ene copol yners are nol ded by
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in order~to

10

15

20

25

stably perforn1hrgn Speed-notdrng tree from

The present invention relates to uses of an
ethylene/0-olefin copolymer. The present invention
further relates to uses of an ethylene copolymer
composition having the composition and the usefulness
substantially same as those of the ethylene/a—olefin
copolymer.

The invention still relates to uses of a
composition which comprises either the ethylene/0-olefin
copolymer or the ethylene copolymer composition and

another ethylene copolymer.

BACKGRQOUND QF THE INVENTION

Ethylene copolymers are molded by various molding
methods and used in many fields. The properties
required for the ethylene copolymers differ from each
other according to the molding methods and the uses of
the copolymers. For example;_in molding of an inflation
film at a high-speed, an ethylene copolymer having high
melt tension for its molecular weight must be selected

in order to stably perform high-speed molding free from



.2 occurrence of bubble swi ng or bubble break. The sim|lar

properties a6 JRWe @@at 0 prevent sag or break in a bl ow nol di ng
method or to | ower reduction of width to the mninumin a T-die
nol di ng met hod. 5 I n Japanese Patent Laid-Cpen Publication No.
90810/ 1981 or No. 106806/1985, a method of increasing melt tension or
swell ratio (die swell ratio) of et hyl ene pol yners obt ai ned by the use
of Ziegler catal ysts, particularly titaniumcatalysts, to inprove 10

mol dabi | ity &Jc&%%bn%% W LILbE r%ﬁgﬁéegr plEbAEYAhe.  The "s@ﬁif%?y' ene

|
pol yners obtained by thé use o titaniumcatal ysts, particularly

| ow- density : r , V. I_gde.copposition

distributicnﬁ%éﬁgégx%ﬁaﬁﬁebo%§§%%§§s§ah$%%&%§5§§Q?f§:§Fég%i%%sgpmhen t he
pol ymers ar sed as..npl de roduc S . films. .Therefore,
decrease of ‘%”5%%ﬁ%ﬁ5%?§ghgd °Ea%§i%%W?Edagﬁggéiﬁ%§g§g3 tge nded.

O the ethylene pol.yners _produced b he use, .of Zi egl er catalysts,
t hose obtain @@JPﬁEmU§@'8ngﬁﬁ8nW§ 139 meti ysts have relatively high

melt tension, but_further i_nprove t in the heat stability has been
demanded 1o Yanafiese RarSEE GrLOrTOPR IR CLIACHE Boobt ai hed by

the use of olefin polynerizatiaqn catagésts cont ai ni ng transition netal
met al | ocene TUMIVUITERL % &oni JROREPI 1988, 2 JAt 1ECEEPPERP heat

stability, so that they are ] ) )
melt tension or swell ratio (die swell ratio) of

ethylene polymers obtained by the use of Ziegler
catalysts, particularly titanium catalysts, to improve
10 1moldability of the polymers is reported. In general,
the ethylene polymers obtained by the use of the
titanium catalysts, particularly low-density ethylene
copolymers, however, have a wide composition
distribution and contain components which cause
15 tackiness when the polymers are used as molded products
éuch as films. Therefore, decrease of the components
causing tackiness has been demanded.-
Of the ethylene polymers produced by the use of
Ziegler catalysts, those obtained by the use of chromium
20 catalysts have relatively high melt tension, but further
improvement in the heat stability has been demanded.
A great number 6f ethylene copolymers obtained by
the use of olefin polymerization catalysts containing
transition metal metallocene compounds have high melt.

25 tension and excellent heat stability, so that they are



3 .expected as copol yners satisfying the above demands. In t he

et hyl ene copplys®s sslygd ned by the use of the met al | ocene catal yst s,
however, the nelt tension (M) is general ly proportional to the flow
activation energy 5 (Ea). - Pol ynmers having high nmelt tension
have excel | ent nol dability because they have excel |l ent bubbl e
stability as nentioned above. They, however, have high flow

activation energy (Ea), and this nmeans that the nolding 10 conditions

t her eof havee%é&@%e&%ﬂ?QﬂﬁQﬁ. %&stggtiFFXéﬁgnpﬁé ﬁgé%légﬁiﬁﬂpre if the

nmol di ng condrttons are ot contro ery strictly an Uniggrn1y, t he
resul ting nmolded products suffer une R ...Fo e le, filnms may
have | ow t ralﬁg%a?@ﬁ%o%ne ffp%l e%é%%?%ggﬁ % é% i VA i%ﬁlr%‘r?er gy (Ea) is

| ow, f in th ded_pr oduct, .
i bi ted, D CBELATRE (5 AT FERRERDn, CORGTSEY ot <hesom e ir

duced and h | dabi ity is | d. . Th t inventi
has been madSSBRHEH X JRPPORG-HCEtAte (i LR E4OHsAELER VIR SR, and it is

an obj ect_ of the invention to provide uses of an ethylene/a-olefin
copolyne#sha&ﬁﬁb‘excelIent nol dability and capabl e of producing fil ns
and nol ded products, of excell.ent t ranspar ency, and nechani cal strength.

It is another 25PObApeE having highemelsn teBSpPRiaee e deidn et hyl ene
mdldability because they have excellent bubble stability

as mentioned above. They, however, have high flow
activation energy (Ea), and this means that the molding

10 conditions thereof have great dependence on the
temperature. Therefore, if the molding conditions are
not controlled very_strictly and uniformly, the
resulting molded producﬁs-suffer unevenness. For
example, films may have low transparency.

15 Wheﬁ the flow activation energy (Ea) is low,
occurrencé of unevenness in the molded products can be
inhibited, but because of low melt tension, unstable
bubble is produced and hence moldability is lowered.

The present invention has been made under such

20 circumstances as described above, and it is an object of
the invention to prévide uses of an ethylene/o-olefin
copolymer having excellent moldability and capable of
producing films and molded products of excellent
transparency and mechanical.strength. It is another

25 object of the invention to provide uses of an ethylene



copol ymer conposition having the conposition and | usef ui negs ~ -

substantial | yos t e of the ethylene/Fbs&&agmggk olyne )
5 F f@fbﬁs&t@um OF THE | NVENTI ON m Bduct s

of the present invention, such as single Iayer
multi-layer filnms or sheets, 4ect|on nmol ded p u5|on
nol ded products, fibers, expanston nol ded products or sheat hs

for electrical wires conprise the ethylene/[err]-olefin copolyner

A), the ethyl (o . I I
Comosi 1 on (FOPOBAERG SR R o fp CREPO%%%%%%l%%% () e’

descri bed bel ow. Eth e/ rr olefln opol The
et hyl ene/ a- ol BFERAULRDRT y?HJ‘? %ﬁg (535161 ?ﬁeFﬁoge é’/Entfh‘%:t hy! ene and an
[err]-olefin _ﬁ%§ has the follow ng properties:
(A1) the nel%g?g%éﬁ%ﬁu( Bﬂ%q%ggﬁ[err ‘C and the nelt flowrate

(MFR) satisfy the following relation 9. OXMFR[ err] > MI >

2. 2XMFR[ err ], wherein Mr represents nmelt tension (g) and MFR
repr esent the melt flow rate ’g/lOnin%. gA—ii) the fl ow
activation’ energy Ea(10[err L oma shift factor of
ti me-tenperature 25 erposition of the flow curve, the carbon atom
nunber (O of M%bd?‘gr?qoqwéﬁ 5 Fhen@respBly HMBYeRREOR heSY 13 ol ef i n

REPLACENMENT SHEET
single layer films or sheets, multi-layer films or

sheets, injection molded products, extrusion molded
products, fibers, expansion molded products or sheaths
10 for electrical wires comprise the ethylene/c-olefin
copolymer (A),_the ethylene copolymer composition (A'}),
the ethylene copolymer composition (A") or the ethylene

copolymer composition (A''}, as described below.

Ethylene/o0-olefin copolymer (A):

15 The ethylene/0-olefin copolymer (A) is a copolymer
of ethylene and an o0-olefin of 6 to 8 carbon atoms and
has the following properties:

(A-1) the melt tension (MT).at 190 °C and the melt

flow rate (MFR) satisfy the following relation

20 9.0XMFR0-65 > MT > 2.2XMFR-0-84,
'(A—ii) the flow activation energy ((Ea)x10-4 J/molK)
determined from a shift factor of time-temperature

superposition of the flow curve, the carbon atom number

(C) of the o-olefin in the copolymer and the o-olefin



content (x mol% in the copol ymer satisfy the following relation
(0.039LNn(C 2%xtq490896FxKF2. 87 < Ea x10[err] [err] This Sheet Has Been R,

(0.039Ln(C 2) +0. 1660) Xx+2. 87, wherein Ln is the natural \piaced g
and (A-iii) the haze of a filmhaving a “"m"ﬁﬂmﬂ "0
[err] mproduced by inflation nolding @f the copol yner [ es the
foll ow ng conditions: when the flow index (FlI) defined by a

shear rate at 10 which a shear stress at 190 [err] C reaches 2.4x10[err]

dyne/cnferr] Cf%)?K}ER?QdeH'Q) M) tehd gg\&@é&éﬁ&ﬁmﬁgér Egﬁsﬁilgﬁs ion FI

[err] case o0 on at om nunber
(C of the [errlL+: ol efin being 6, 15 Haze <
O.45/(1-d)x|g%%%%ﬁﬁFErr])x(C-S)[err] in the case of the carbon
atom number (C) ofi ol 88987 (c-2)+0. P6§6) XS89 4 RL 04 < Haze <
0.50/(1-d)x|og(3x§ﬂ[e§??§f )+ b J gng 20 when the flow i ndex

(FlI') defined [~k ape ich a shear stress at 190 [err]C
reaches 2.4xf [g§??ggsng)chfégr?)xx+z'gghd the nelt flowrate (MFR) satisfy

the relation FI < 100x MFR, in the case of the carbon atom
number (@ of the®&r]- 25 olefin being 6,

{A-iii) the haze of a film having a thickness of 30
pm produced by inflation molding of the copolymer
satisfies the following conditions:

when the flow index (FI) defined by a shear rate at

10 which a shear stress at 190 °C reaches 2.4x106.dyne/cm2
and the melt flow rate_(MFR) satisfy the relation FI 2
100XMFR,

in the case of the carbon atom number (C) of the o-
olefin being 6,

15 Haze < 0.45/(1-d)Xlog (3xMT1-4)x(C-3)0-1
.in the case of the carbon atom number (C) of the o-

3

olefin being 7 or 8,

Haze < 0.50/(1-d)xlog (3xMTi-4),
and
20 when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches 2.4x10° dyne/cm?

and the melt flow rate (MFR) satisfy the relation FI <

100XMFR,
in the case of the carbon atom number (C) of the o-

25 olefin being 6,



6 Haze < 0.25/(1-d)xlog(3xMrfferr])x(C3)[err], in the

case of the 0 unber (C) of the a- olefin being 7 or 8,
Haze < 0.50/ 1&2?9(§%(§9£W[err]) 5 wherein d represents density (g/cnB)
and M represents ~nelt tension (Q). The et hyl ene/a-ol efin
copol ynmer (A) is obtained by copglynerizing et hyl ene and an
[err]-olefin of 6 to 8 carbon ns in the presence of an olefin

pol ymeri zation 10 catalyst conpr|5|ng (a) an organoal um num
oxy- conpound; (b- % at | east one transition netal conpound

sel ected from traHarei o0 2R AfL spredended- oy the follow ng
formula (1): 15 MJ[err] (I%

wherein Mis a transtheorasetef themaxdar d@nr ngmberodp) of thedi-t he
periodic table; L[err] is a ligand coordinated to the transition netal
atom M at | edeffihwbeingahdsrlgerr] are each a substituted

cycl opentadi enyl group having at 20 | east one group selected from
hydr ocar bon groupBaeé 8 0050/ (1-d)XLagp(dA atlons, and the ligand L[err]
ot her than the substituted cycl opentadi enyl group is a hydrocarbon

group of § t QhtZetal B0Pept HFEnt AN KDY (@ /RdB) &fd MT rep¥addhtis group, a
trial kylsilyl group, a hal-ogen atom or

melt tension (g).

The ethyléne/a—olefin copolymer (A) is obtained by
copolymerizing ethylene and an o-olefin of 6 to 8 carbon
atoms in the preseﬁce of an olefin polymerization

10 catalyst comprising:

(a) an organoaluminum oxy-compound;

(b-I) at léast one transition metal compound
selected from transition metal compounds represented by
the following formula (I):

15 MLL, | (1)
wherein M is a transition metal atom selected from Group
4 of the periodic table; L! is a 1iéénd coordinated to
the transition metal atom M, at least two ligands IL! are
each a substituted cyclopentadiényl group having at

20 1least one group selected from hydrocarbon groups of 3 to
10 carbon atoms, and the ligand IL! other than the
substituted cyclopentadienyl group is a hydrocarbon

group of 1 to 12 carbon atoms, an alkoxy group, an

aryloxy group, a trialkylsilyl group, a halogen atom or



7 a hydrogen aton1 and x is a valence of the transition - met al

atom M -1492 - (b-11) at least one transition netal
conmpound eﬁec ron1tran3|t|on nmet al conpounds represented by

t he follomnng fornula (rry: M[err] (rr)
wherein Mis a transition netal aton12e|ected from G oup 4 of the
periodic table; L2 is a ligand coordihated to 10 the transition netal atom
M at least two ligands L2 are each a nethyl cycl opent adi enyl group or

an et hyI c¥1§lgggﬁyﬁgag£&gylar% ?ﬁ%s %.ana]{égxcl | g%ng ZF %ﬂglt on t han the

met hyl cycl opéen group or cyclopen ienyl group is a
hydr ocar bon g{g E E 1 15 to 12 carbon atons, an al koxy group, an aryl oxy
Piraft y?sylyl group, a hal ogen atom or a hydrogen atom

group, a
and x is a val ence 8f the transition netal atom M The above
catal yst preferabf% urther conprises (c) a carrier on which the

or ganoal um num oxy- conpound é % 20 the transition_netal cquound (b-1)
and the transitionP~t1) @bt ifacho it ddasitipipetad pForpeg Et hyl ene
copol ymer conp05|t|on ') The et hyl ene copolyner conp05|t|on

(A) is @ SeleghfBsErPBntT#RtHt {Pietads compounds représented by
the following formula (II):

ML, (II)
wherein M is a.transition metal atom selected from Group
4 of the periodic table; 12 is a ligand coordinated to
10 the transition metal atom M, at least two ligands 12 are
.each a methylcyclopentadienyl group or an
ethylcyclopentadienyl group, and the ligand L2 other
than the methylcyclopentadienyl group or the
ethylcyclopentadienyl group is a hydrocarbon group of 1
15 to 12 carbon atoms, an alkoxy group, an aryloxy group, a
trialkylsilyl group, a halogen atom or a hydrogen atom;
~and x is a valence of the transition metal atom M.
The above catalyst preferably further comérises (e)
a carrier on which the organocaluminum oxy-compound (a),
20 the traﬁsition metal compound (b-I) and the transition
metal compound (b-II) are supported.
Ethylene éopolymer composition (A'):
The ethylene copolymer composition (A') is a

composition which comprises:



(B) an ethylene/[err]-ol efin copolyner being a copol ymer of .ethyl ene
and an [err] ohg% bispf 6, t0 8 carbon atons (O an

ethylene/[err]-0 I'n copolyner being a copoly Repisgedand an
[err]-olefin of 6 to 8 carbon at ons. , I
et hyl ene/ a-ol efin copolyner (B) has t follo

(B-i) the density is in the range of g 880 to 0.970 10 g/cn[err

(B-ii) the melt flowrate (MFR) at 190 [err] C under a | oad of 2.16
kg is in the range of 0.02 to 200 g/10 mn, (B-iii) the
decane- sol ubl e cofBbr@htethakene-iefin copglypssnbeéRgetat ure and t he
density (d) satisfy the 15 followng relation I n the case of

MFR [err] 10cgpredwnar of ethylene and am/\kosir@ié;apefléo(:@ 9. gmyhom. 1,
in the case of MFR > 10 g/ 10m n,

80x( MFR- 9)[eat}>mexpénd00(d 0.88))+0.1, 20 - \/\herel n exp is the
exponential function. (B-i v) the tenperature (Tnm) at the maxi num
peak posi t i 0fCdf anneehyirmfdrial efliny eopolymercbpdhgner, as

nmeasured by a differential scanning calorineter (DSC), and the density

g d) sati Sy thpolgheowhgetlmrkanemnd an o-olefin of 6 to 8 carbon
atoms.
The ethylene/0-olefin copolymer (B) has the
following properties:
{(B-i) the density is in the range of 0.880 to 0.970
10 g/cm3, |
(B-ii) the melt flow rate (MFR)_at 190 °C under a
load of 2.16 kg is in the range of 0.02 to 200 g/lO min,
(B-iii) the decane-soluble component fraction (W)
at room temperature and the density (d) satisfy the
15 following relation
in the case of MFR £ 10 g/10min,
W < 80xexp(-100(d-0.88))+0.1,
in the case of MFR > 10 g/10min,
W < 80X(MFR-9)0-26xexp (-100(d-0.88))+0.1,
20 ~ (B-iv) the temperature (Tm) at the maximum peak
position of an endbthermic curve of the copolymer, as
measured by a differential scanning calorimeter (DSC),

and the density (d) satisfy the following relation

Tm < 400xd-248,



(B—v) the nelt tension (MI) at 190 [err]C and the nelt flowrate
(MFR) satisfy_ teklpyyng relation 9. OXMFR-[err] > MI >
2.2XFR—[err]% Eﬂ§2/§# é)aM(B-vi) the flow activation energy (Ea Xl0[err]
J/ nmol K) 5 determned froma shift factor of tine-tenperature

superposition of the flow curve, the garbon atom nunber (O of the
[err]-olefin in the copol yner and theZa-olefin content (x nol% in
t he copol yner satisfy the follow ng rel ation

10
0. 039Ln( G- 2) +0. 0096) xx+2. 87 < 10 . 039Ln (C-2 ) +
8. 1660) n§< x+)2. 87, ER R me]a%E‘aeﬁ(Sl"[nerMT)[(%g @?P) (fhaé&fa{:fbleo (Nh) Z)f

t he wei ght - aver age ecul ar i,ght_ ( .to th unber - aver age

mol ecul-ar 1% iﬁﬁFe(ﬁﬂggJaia ﬁﬁﬁ%ﬁ%af 89 §§i?gf?ﬁs t he

follow ng conditign ~0.65 y%. 0<gs3- 5. The
ethylene/a-olefingégﬁ%F§ner fC h%sit'%%{(dﬁiL ‘following properties: 20
(Gi) the density is_i e nge of. 0..880 to 0.97 _o/ ],

(Cii) the nelt fi¢ w"?gtéﬂ?nﬁ%"gaﬁc%‘ﬁ“{%]ef,‘e&ﬁ?fe?EaXlo Jﬁ%ﬁ%f 2.16 kg
is in the_range of 0.02 to 200 g/10 m n,

10 5  detegminggl ?ﬁ@“d%o‘é%eftscﬁm@ npdmenterparatere (W at

roomtenperature and the density éd) satisfy the
superposition of the flow curve, the carbon atom number

(C) of the 0-olefin in the copolymer and the o-oclefin
content (x mol%) in the copolymer satisfy the following

relation

10 (0.039Ln(C-2)+0.0096)Xx+2.87 < Ea X104 £
(0.039Ln(C-2)+0.1660D<x+2.87,
and
(B-vii) the ratio (Mw/Mn) of the weight-average
molecular weight (Mw) to the number-average molecular
15 weight (Mn), as determined by GPC, satisfies the
following condition
2.2 < Mw/Mn < 3.5.
The ethylene/0-olefin copolymer (C) has the
following properties:
20 (C-i) the density is in the range of 0.880 to 0.970
g/cm3, |
(C-ii) the melt flow rate (MFR) at 190 °C under a

load of 2.16 kg is in the range of 0.02 to 200 g/10 min,



follow ng relation in the case of MFR [err] 10 g/ 10m n, 5

W< 80Xexp(-4C 38)),+0. 1, in the case of MFR > 10 g/ 10m n,
W< 80X( MFR- ?%%%52%&(4 100( d- 0. 88)) +0. 1, (Civ) the
tenperature (Tm) at the maxi num peak position of an endotherm c curve

of the copolyner, as 10 neasured b]ySQa differential scanning cal orineter
(DsO) , and the density (d) sati‘sfy the follow ng rel ation;
Tm < 400xd- 248, and (Gv) the nelt tension (M) at

190 Cand the nelt, 15 £l t R, satisfy the f.ol | ow
relation et o celerBhTublp LotBASlY EGen INRT i o o

the nelt flowrate (MR(C)), of t he copol yner .to the melt flow
rate (MFR(B) ?to¥°?lﬁetempel)a?t&3:€ola§lﬁetth88 e’%ﬁ?F%f F@s *(taf?elsr% I"R% ng conditi on:
20 1< J(LI\/FR(C )/ (MFR(B)) [err] 20. The et hyl ene copol yner
conposi ti on EaLio relat stantially the sanme conposition and

usef ul ness as . those of the ethyl ene/ierr] -ol efin copol yner.

It is preferabl e ihathe esa R 2E FelP96

1% 25 copol yners (B) and (C)
in the ethyl ene copol yper 11 -

cormposi tidn (A) are Bbth 8PP AzeRR) Lot yners and further the

et hyl ene copol yner conposition (A has
Y poLy in thrg) case of (ME'R) > 10 g/10min,

W < 80X{MFR-9)0-26xexp(-100(d-0.88))+0.1,
(C-iv) the temberature (Tm) at the ﬁaximum peak
position of an endothermic curve of the copolymer, as
10 measured by a differential scanning calorimeter (DSC),
and the density (d) satisfy the following relation;
Tm < 400xd-248,
and
(C-v) the melt tension (MT) at 190 °C and the melt
15 flow rate (MFR) satisfy the following relation;
MT < 2.2xXMFR-0-84;
wherein ﬁhe ratio of the melt Flow rate (MFR(C))} of
the copolymer (C) to the melt flow rate (MFR(B)) of the
copolymer (B) satisfies the following condition:
20 1 < (MFR(C))/ (MFR(B)) < 20.
The ethylene copolymer composition (A') has

substantially the same composition and usefulness as

those of the ethylene/d-olefin copolymer.

It is preferable that the ethylene/0-olefin

25 copolymers (B) and (C) in the ethylene copolymer



the foll owm ng properties: (A" -i) the nelt tension (M) at 190

[err]C and the _ low rate (MFR) satisfy the follow ng rel ation:
9. OXMFR] err] EQ%;&ZSE.%%\/FR[ err], (A" -ii) the flow activation
energy (Ea x10[err] J/nol K) determ ned froma shift factor of
time-tenperature superposition of the flow curve, the carbon atom
nunmber 10 (O of 1-hexene in the c lymers (B) and (C), and the

total content (x nol% of 1-hexene in the copol yners (B) and (O
satisfy the faollow relation -P39Ln( C- 2) +0. 0096) Xx+2. 87 <
2o w10l err] compotton 12 Yre bory erpaepell-AERels FoHemEr e 1

and (A -jd1) the ze of a filmhaving a thickngss of 30
[err]m produlBd EVrHW% aYhorf e]tﬁnﬁag c(S’Pot-LP@efoﬁﬁl??rﬁQlon (& i)o?ﬂ?t?si tion
satisfies the follﬂvi ngnconditions: ) when the flow index (FI)
defined by atBRefPlIGVERAPTOREIHISH .a shear stress at 190 [err] C reaches

2.4x10[err] dyne/cnferr] and the nelt flow rate (MER) satisfy the
rel ati on Fi [err](A -1) "ghg) gt tension (MT)ghe120 °C and ‘the melt |

0.45/(1-d§x| og(Bxl\/ﬂ'{:err X(C3)[err] . and )

12 fleWeratfe (MBI satdsty Hhe Jollpwdngyralakienr: rate at
whi ch a shear stress at —M%%) Lerr C reaches 2 4x10[err] dyne/cnierr]
and the nelt flow’r R S i§f%' REFRerarion FI <

(A'-ii) the flow activation energy (Ea X10-¢ J/molK)
determined from a shift factor of time-temperature
superposition of the flow curve, the carbon atom number

10 (C) of 1-hexene in the copolymers (B) and (C), and the
total content (x mol%) of l-hexene in the copolymers (B)

and (C) satisfy the following relation

(0.039Ln(C—2)+0f0096)Xx+2.87 < Ea x10-4 <
(0.039In(C-2)+0.1660)xXx+2.87,
15 and
(A'-iii) the haze of a film having a thickness of
30 pm produced by inflation moidingﬁof the copolymer
campésition satisfies the following conditions:
when the flow index (FI) defined by a shear rate at
20 which a shear stress at 190 °C reaches 2.4x106 dyne/cm?
and the melt flow rate (MFR) satisfy the relation FI 2
100XFR,
Haze < 0.45/(1-d)Xlog (3xMT1-4)x(C-3)0.1

and



100XMFR, 5 Haze < 0.25/(1-d)xlog(3xMrferr])x(C3)[err] wherein

d represents _dengit¥n( nerr]), MI represents nelt tension (g), and
C representsEfﬁgggé%goﬁbgton1nunber of 1- hexene, nanely, 6.

In addition to the properties (A -i) to (A -iii), 10 the ethylene

copol ymer conposition (A") further preferably has: (A -iv)
the ratio (Mv WMn) of the meight-aver&ée nol ecul ar weight (Mv) to the
nunber - aver age nol ecul ar wei ght (M1), as determ ned by GPC, satisfies

the 15 follow ng condition . 2. Q.lerrl My err],. 2.5,

The ethylene/a-ol&%@ﬁ Egﬁo%gﬂﬁrlTéﬁxcﬁF%%u9%§4# e%g a gﬁegﬁoﬁ%??ﬁ%$
conposition ¥ I L& hy ° (D)
etﬂEIene/[er&??%?g%yﬁﬁgggogggggsyﬁﬁc 9?sc fsacgg?a%%%%ﬂgbdggﬁéF?%erizing
et hyl ene and an_ a-ol efin qf 3 to 20 carbon atons_in,the_presence of
an glefin and-&HeyWEFFzggPUnr%Eﬁeﬂ%ﬁﬁ)\ﬂﬁQﬂ?ﬁEbﬁ§Fi§8%atlon FP < (a) an

organoaluningﬁ%ﬁéﬁ;conpound and (b-111) a transition netal
conmpound of 4 of 25 the periodic table containing a |igand
havi ng a cycl opent adi enyl

skel et on, 2and whi &¢4as Ph@sféﬁ‘ab\ﬁd@g(3ml'@%(§é'33t§ioéls: (D-i)
the density is in the range of 0.850 to 0.980

wherein d represents density (g/cm3), MT represents melt

tension (g), and C represents the carbon atom number of

l-hexene, namely, 6.

In addition to the properties (A'-i) to (A'-iii),
10 the ethylene copolymer composition (A') further

preferably has:

(A'-iv) the.ratio (Mw/Mn) of the weight-average
molecular weight (Mw) to the number-average molecular
weight (Mn), as determined by GPC, satisfies the

15 following condition

2.0 £ Mw/Mn < 2.5.

The ethylene/d-olefin copolymer (A) or the ethylene
copolymer composition (A') may be blended with:

(D) an ethylene/a—olefin copolymer which is

20 obtained by copolymerizing ethylene and.an o~olefin of 3
to 20 carbon atoms in the presence of an olefin
polymerization catalyst which comprises

(a) an organoaluminum oxy-compound and

(b-ITI) a transition metal compound of a Group 4 of

25 the periodic table containing a ligand having a



g/cnferr], and 5 (D-ii) the intrinsic viscosity ([err]), as
measured in p_q4q alyp at 135 [err]C, is in the range of 0.4 to 8 dl/g.

| n consequence,” an e hyI ene copol ymer conposition (A") conposed of
the ethylene/[err]-olefin copolynmer (A and the ethylene/[err]-olefin
copolynmer (D), and the ethylene 10 _copol yner conposition (A"") conposed
of the ethylene/[err]- olefin (1§pol ymer (A') and the
ethylene/[err]-olefin copolymer (D) are prepared with the proviso

that the t hyl en .er]- I n co (A) is.no entical with
the ethyl ene/T6 ?Lﬂp)é&%gﬁl/l% 8??%#0?@&‘%&%{51&%#3& ﬁe%oigowmg
et hyl ene/ a- ol ef| n qclopol ynmers (B) and (C) is not identical with the
et hyl ene/ [er§ copol yrrer (D). BEST EMBODI MENT OF
THE | NVENTI O\I uses of the ethylene/[err]-ol efin copol yner
20 according to t(Pell)nF]é‘ﬁt iiﬁﬁséﬁlﬂ thelniddie grngge ot RyBBAeto 0.98%opol yner
conposition w || be described in detail herei nafter. I n
t he present |9{\F€ht'|6ﬁ t he term poI yneri zation" used herein may inply
not only ; hormpol yﬁe %a%hgn" 14
al so "cop | yner i 24 sbntﬁﬂes%%r‘ﬁ’rs"iﬁﬂ%rm)wa?s measure@| i not only
"honopol yner" but al so copol yne The filnms, sheets and nol ded
product s accslafiadgn @t 135 Q:helﬂ rivne rbieo rapgePOE s@. 4 hieo & Wil fene/ a- ol ef i n
copol yner

oty In consequence, an ethylene copolymer composition

(A") composed of the ethylene/o-olefin copolymer (A) and
the ethylene/oi~olefin copolymer (D), and the ethylene

10 copolymer composition (A"') composed of the ethylene/o-
olefin copolymer (A') and the ethylene/a-olefin
copolymer (D) are prepared with the proviso that the
ethylene/a~olefin copolymer (A) is not identical with
the ethylene/0-olefin copolymer (D), and each of the

15 ethylene/a~olefin copolymers (B) and (C) is not

identical with the ethylene/a-olefin copolymer (D).

BEST EMBODIMENT OF THE INVENTION

The uses of the ethylene/d-olefin copolymer
20 according to the invention and the uses of the ethylene

copolymer composition will be described in detail

hereinafter.
In the present invention, the term "polymerization"

used herein may imply not only "homopolymerization" but



5 (A) or the ethylene copolynmer conpositions (A), (A") or (A""),
as descri bed sl \5/5@ r6%t4l y, the ethyl ene/ a- ol efin copolynmer (A and
t he et hyl ene copol ymer conpositions (A), (A") and (A"") are

descri bed. 10 Et hyl ene/[err]-ol efin copolymer (A)

The ethylene/[err]-olefin copol ynmer gﬁb I's a random copol ynmer of

ethyl ene and an a-olefin of 6 to 8 ¢ atons. Exanpl es of the
a-olefins of 6 to 8 carbon atons used in the copol ynerization with

hexone 1. Rééﬁdﬁe FRro BB SRRt IO bR Sy A SeolvmeR il ar 1y
Phe o o0V TRGtASn s §pav: rhemoRefyten (i (180 SgoLvmert i a 1) The helt
o o8] A AP a5, B Citabhebleg L e

ng;ﬁLgFL?r? %&erEgﬁﬁFﬁﬁngfsexgﬁ; etthene/a olefin copol eferably 15

The et hylgne/a ol efin copol yner having the above property has hi gh
mel t tensPon,(&o Ahite ethyiergceppelymer compasigdieonsi t@ Y. (A") or The

MFR i s neasurgd ,under the co |t1|30 ) of a, 5 tenperature of 190 [err]C and
a load of 2.18" g'l gs descri Firstly, the ethylene/o-

olefin copolymer (A) and the ethylene copolymer

compositions (A'), (A") and (A"') are described.

10 - Ethvlene/o-olefin copolymer (A)

The ethylene/d-olefin copolymer (A) is a random
copolymer of ethylene and an 0-olefin of 6 to 8 carbon

atoms. Examples of the o-olefins of 6 to 8 carbon atoms

used in the copolymerization with ethylene include
15 straight-chain a-olefins having no branch, such as 1-
hexene, l-heptene and l-octene. Of these, l-hexene is

particularly preferably employed.

The ethylene/a—oléfin copolymer (A) has the
following propérties (A-i) to (A-iii).
20 (A-i) The melt tension (MT (g)) and the melt flow

rate (MFR (g/10 min)) satisfy the following relation:

9.0XMFR0-65 > MT > 2.2xXMFR-0.84,
preferably 9.0xXMFR-0-65 > MT > 2.3XMFR-0-84,

more preferably 8.5XMFR-0.65 > MT > 2.5xMFR-0.84,



accordance with the nethod of ASTM D1238-65T. The nmelt tension
(M) is deterAiRedchygrasuring a stress given when a nolten pol yner
i's stretche?r @ U constant rate. That is, the produced pol yner powder
was 10 nelted and pelletized in a conventional manner to give a

measuring sanple, and the nelt tensign of the sanple was measured by a
MI' neasuri ng machi ne manuf act ured b} Toyo Sei ki Sei sakusho K. K. under
the conditions of a resin tenperature of 190 [err]C, an extrusion rate

of 15 mimn, a 15 take-up rate of 10 to 20 mmn, a nozzle dianeter of
2.09 mierr] andTiengehvéene/gralefin ¢prolmes haying thepabpeei zi ng, the

et hyl ene/ a-ol efi n copol yner was bl ended with 0.05 @6by wei ght of
tri(2,4-di - pdopeypityhbagl high melphosphiaire, & dhedcdtdaay extébkemtant, 0.1 %
by wei ght of 20 n-octadecyl-3-(4"-hydroxy-3',5" -di-t-butyl phenyl)

propi onate a®ladahadtitgtabilizer and 0. 05 % by wei ght of cal ci um
stearate as a hydrochloric acid absorber. (A-ii) The flow

activati on ener gfhe( MERx18[ reasudédnlnder the dRAifinad Hrosm a shift factor
of tinme-tenperature 25 superposition of the flow curve, the carbon atom

nunber S5 temperature of 190 °C and a load of 2616 kg in (O Of the a-olefin
In the copolyner and the [err]-olefin content (x nmol% in the

copol yner saidcvirdahite #@thovhadmethod dﬁ?'z@mpfmz% 65T.
(0.039LNn(C 2) +0. 0096) xx+2. 87 < Eaxl1lO[err] <
(0. 039Ln(C— 2) +0. 19RO t2t8Khsion (MT) is determlned by measuring a
stress given when a molten polymer is stretched at a
constant rate. That is, the produced polymer powder was
10 melted and pelletized in a conventional manner to give a
measuring sample, and the melt tension of the sample was
measured by a MT measuring machine manufactured by Toyo
Seiki Seisakusho K.K. under the conditions of a resin
temperature of 190 °C, an extrusion rate of 15 mm/min, a
15 take-up rate of 10 to 20 m/min, a nozzle diameter of
2.09 m@ and a nozzle length of 8 mm. Prior to
pelletizing, the ethylene/c-olefin cepolymer was blended
with 0.05 % by weight of tri(2,4—di—t—butylphenyl)
phosphate as a secondary antioxiaant, 0.1 % by weight of
20 n-octadecyl-3-(4'-hydroxy-3',5'-di-t-butylphenyl)
propionate as a heat stabilizer and 0.05 % by weight of
calcium stearate as a hydrochloric acid absorber.
(A-ii) The flow activation energy ((Ea)x10-4 J/molK)

determined from a shift factor of time-temperature

25 superposition of the flow curve, the carbon atom number



preferably (0.039LNn(C 2) +0. 0096) xx+2. 87 < EaXlO[err] <

(0.039Ln(C>2)a%#%é§%3ﬁQg . 87, nore preferably 10
(0.039Ln( G 2)+0. XX+Z2. 87 < Eax10[err] [err]
(0.039Ln( C 2) +0. 1300) Xx+2. 87. In order to inprove film
nol dability, the nelt tensi on needs to be inproved, and to inprove
the nelt tension, introductionlé | ong-chain branch is known as 15
an effective nmethod. Ea of the ethylene/a-olefin copol ymer havi ng no
| ong-chain branch is _expressed by the equation: Ea x 10[err] =
(0. 039Ln( C 2) ¥D. ot eorodrfin in thgepopptyhengredaihe W-wlsfins present,
the value of Ea i ncreases, so that in the case of Ea x 10[err] > 20
(0. 039LNn( C 2)adht(Ae6) k#0187, ia khagecpalymér asutisfy; the foplnewtagd to be
present, and the filmnoldability and the transparency are | nproved.
In the case afelstiorlO[err] > (0.039LNn( C 2) +0. 1660) xx+2. 87, though
the noldability is good, filmstrength and filmtransparency are
| owered, 25 so that0.O3GRndCedseli. 0006 avaRaBlex Eax 10-4 <
17 Measurenent of the flow activation energy (Ea) is
describedSin, for exanpl e, (0.8 9ure(C-2yper.il60) &kk+2 .87, Science, Vol. 9,
Ther nodynam ¢ Properties |I" (edited by Pol ymer Experinental Science
Editorial Conm.tteg-cFHerapdyPol ymer Society, Kyoritsu Publishing K K., pp.
25-28),

(0.039Ln(C-2)+0.0096)Xx+2.87 < Eaxl0-4 <

(0.039Ln(C-2)+0.1500)x x+2.87,
more preferably
10 (0.039Ln (C-2)+0.0096)xx+2.87 < Eax10-4 <
(0.639Ln(C—2)+0,1300)Xx+2.87.
In order to improve film moldability, the melt
tension needs to be'improved, and to improve the melt
- tension, introduction.of long-chain branch is known as
15 an effective method. Ea of the ethylene/0-olefin
éopolymer having no long-chain branch is expressed by
the equation: Ea x 10-4 = (0.039Ln(él2)+0.0096)XX+2.87.
When the long-chain branch is present, the value of Ea
increases, so that in the case.éf Ea x 1074 >
20  (0.039Ln(C-2)+0.0096)xx+2.87, a long-chain branch is
presumed to be present, and the film moldability and the
transparency are improved.. In the case of Ea x 104 >
(0.039Ln(C-2)+0.1660)Xx+2.87, though the moldability is
good, film strength and film transparency are lowered,

25 so that such a case is unfavorable.



and the flow activation energy (Ea) is determ nﬁj froma o shift factor
of tinme-tenpes gtlyesuparposition of the ow curve by neasuring
dependence o?réﬁ?gge agﬁﬁcity on frequency. A graph showing a

rel ation between storage 10 elastic nodulus (ordinate) and angul ar

vel ocity (absci ssa) nmeasured at _a certain base tenperature is

fi xed. Then, data neasured at a di f f ddent measuri ng tenperature are
noved in parallel with the abscissa, and as a result they overlap the

dat a obtai ned at m%b e 15 _t erature (thermal rheol ogical,
sinplicity). The's W?gmen% Esg?%%ff‘%‘@ %‘{Jc‘f?q'tlr?él &%&%bgﬁ?ﬂeﬁsat the
i ' he b
Femper at ir e, G0 FIRErod agSPRoPraRPLE: prBtmTDRETiReatal of t he )
asuring ternperature bsqlute tenperature) to 20 obtain_|inear incline.
The || near | eG4 < TRt 1 Bpl FERFTORTIANLS Sramertacsydd GBALERNLRY  wher oby
the activatiaqn energy i s obtained as a tenperature-independent

const ant . Polymer Bxperimental Sehence Rdikatdali fommétieel ofi ng 25
manner . Di spersi on of

18
the storage &ATEX feghrtY. (Ryoritsu Rulpkishism) K.t BB -aRBul8). vel ocity
([err] (rad/sec)) _ was measured with a Rheonmeter RDS-11 nmanufactured
by Rhe the Edowaaghivptten mrgroshalBalg is dieterménedf £26m a5
mierr] was used as a sanple holder. The thickness of the sanpl e was
about 2 nm Thdiredagiprgofehpaeatemreraine superposition of the

flow curve by measuring dependence of viscoelasticity on
frequency. A graph showing a relation between storage
10 elastic modulus (ordinate) and angular velocity
(abscissa) measured at a certain base temperature is
fixed. Then, data measured at a different measuring
temperature.are ﬁoved in parallel with the abscissa, and
as a result they overlap the data obtained at the base
15 temperature (thermal rheological simplicity). The shift
Log(aT), by which the data obtained at the measuring
- temperature overlap the data obtained at the base
temperature, is plotted against a reciprocal number 1/T
of the measuring temperature (absolute temperature) to
20 obtain linear incline. The linear incline is multiplied
by 2.303R (R: gas'conStant), whereby the activation
energy is obtained as a temperature-independent
constant.
Specificélly, Ea is measured in the following

25 manner.



130, 170, 200 and 230[eri]C, and at each tenperature, rC]; was [reatsured
i n the range of ri4,400. For exanple, in t he nmeasurenent a
130[err] C, gt hIg %%n%/IHeEeW%O]séL heated to 150[err]C 10 to conpletely nelt the
crystals and then cooled to 130[err] C. The strain was properly
selected fromthe range of 2 tg 25 %so that the torque was
detectable in the measuri ng rarlg% and did not becone too nuch. After
t he measurenent, flow curves obtained under the four 15 tenperature

conditions were syperposed taki 130 [err] C as , t.he base tenperature,
and fromthe Arrhgfrlﬁsé%rtsﬂ‘ﬁél SI‘K'ofn'ﬂe StOL‘?ﬁet St MBS (CEa val ue was

calcul ated. T alcu i s perf or.med uysi nal yti cal software
RH OS attache oe/lﬁgé-)?l !aE Eﬁé gﬂgu\l\fa]f A{ellﬁcﬁlrp’yhe( a@%dgfeﬁﬁi?"ﬁ havi ng a

t hi ckness of 30 err] mproduced fromthe ethylenel/a-ol efin copolyner
by i nf | A§a5TH4Rs &Fﬁ& %EP@PW@E%%D%H aiwned biis:

when the flow. index ([Fl) defined bg a_shear rate at ~which a shear
stress at 19GHMMtEIXeSonesPoPakadlet (Playediaving 1 diameter of 25

19 nd the nelt flowrate (MFR) satisfy the relation FI [err]
100XMFR, mn@ was jusechascaseapplehbotdepon Thermhivkness( 6F thethe [err]-
ol efin being 6, 5 Haze < 0.45/(1-d) Xl og(3XMI[err])X(C3)[err]

in the case dflamHe a@sbedoutomh munbeThe Qreasutitg demperatuakesf warbei ng 7 or

8, -
130, 170, 200 and 230°C, and at each temperature, G' was

measured in the range of 0.04<®w<400. For example, in
the measurement at 130°C, the sample was heated to 150°C

10 to completely melt the crystals and then cooled to
130°c. ~The strain was properly selected from the range
of 2 to 25 % so that the torque was detectable in the
measuring range and did ﬁot become too much. After the
measurement, flow curves obtained under the four

15 temperature conditions were superposed taking 130 °C as
the base temperature, and from the Arrhenius type plot
of the shift factor, Ea value was céiculated..'The
calculation was performed using énalytical software
RHIOS attached to RDS-II.

20 (A-iii) The haze of a film having a thickness of 30

| Mm produced from the ethylene/a-olefin copolymer by

inflation molding satisfies the following conditions:

when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches 2.4x106 dyne/cm?



Haze < 0.50/(1-d)xl og(3XMr[err]), and 10 when the fl ow

i ndex (Fl) defli - hear rate at whi ch a shear stress at 190
[err]C reach§§&gsg§§%f§9§] dyne/cnferr] and the nelt flowrate (MFR)
satisfy the relation FI < 100XMFR, in the case of the
carbon atom nunber (C) of the a- 15 _olefin being 6, Haze <
0.25/(1-d)x|og(3x|\/TI'[err])x(C—3)[err],19 in the case of the carbon
atom nunber (C) of the [err]- olefin being 7 or 8, Haze <
0. 50/ (1-d) xl og(.3 [err]) .. 20 wher ej repr.esen densi g ) and Mr
represents S §gglpei£n§%8% e st S ?h%igtﬁﬁﬁghg?%eéfggolefin
copol yner saab &%%EQ t he above conditions has excellent noldability
and can roduce films having excellent transparency. -

ﬁgasured in accgrggﬂgégmg%ﬁgAf.bﬁ%g%%%gggifﬁg%ikne %F?BC§OOE6%%%2§%Zd by

inflation nolding using a_single extruder: having 20 nmjerr], L/D of
26, a 25 mmi &LEig beaRE &-1ip width 5 of 0.7 nm and using a single slit
air ring paving an ir_flow anmpunj_ of .90 1/m_n, .an extrudi ng anount of
9 g/tin, a bﬁ@%erét8045((§7%2x SERUCE %§%4 7§)8f@2.4 m mn and a
processi ng tenperature of 200[err]C.

in the case of the carbon atom number (C) of the o-

olefin being 7 or 8,
Haze < 0.50/(1-d)Xlog(3xMT1-4),
and
10 when the flow index (FI) defined by a shear rate at
which a shear stress at 190 °C reaches 2.4x106 dyne/cm?
and the melt flow rate (MFR) satisfy the relation FI <
100XMFR, |
in the case of the earbon atom number (C) of the o-
15 olefin being 6,
| Haze < 0.25/(1-d)xlog (3XMT-4)x(C-3)0-1,
in the case of the carbon atom number (C) of the o-
olefin being 7 or 8,
Haze < 0.50/ (1-d)xlog (3XMT!-4)
20 wherein d represents density (g/cm3) and MT represents

melt tension (g).

The ethylene/0-olefin copolymer satisfying the

above conditions has excellent moldability and can

produce films heving excellent transparency.



The flow i ndex (FI)

capillary w
correspondin
sanple as in

is determned by extruding a 10 resin through a

h shear rate and finding a shear rate
Eégé §E ?@%cribed stress. That is, using the sane
t he measurenent - of MI, the flow index is neasured by a

capillary flow property tester manufactured by Toyo 15 Sei ki Sei sakusho

K. K. under t
shear stress

according to

he conditions of a resin20 tenperature of 190[err]C

and a

of about from 5x10[err] to 3x10[err] dyne/cnerr].
In this neasurenent, the dianeter of nozzle was varied as foll ows

t he WER hgreoofi a) fbim thavimy g ddilckngsiseoffed8upmdis

MFR>20: 0.5 mm 20[err]MFRl err]3: 1.0 nm

3[ err] MFR>0. &eaduedMin accordancd®.vditdi rAdURD-3.003"60. The film is
The density (d) is neasured in the foll ow ng manner .
Strands obt aigiepairedt bg MRSt EeRMoDdinElising a kligyleabethMi& at 190
[err]C under a |oad of 2.16 kg are heated at 120[err]C for 1 hour,

then slowly ¢peliad b0 MAGIMN L/D SEMPES & WF miridid ped 8d19H *ilewr,

21

density of

the strands was measur ed by a density gradi ent tube.

and t he

The et hyl gne/derpr l7- e BAaCOBPhY BIs{Y1e féarltth%rl,r ring BE@iggakLY has the
follow ng properties in addition to t he above- nentloned pr opert

10

15

air flow amount of 90 1/min, an extruding amount of 9
g/min, é blow ratio of 1.8, a take-off rate of 2.4 m/min
and a processing temperature of 200°C.

The flow index (FI).is determined by extruding a
resin through a.capillary with varying a shear rate and
finding a shear rate corresponding to the prescribed
stress. That is, usinglthe'same sample as in the
measurement of MT, the flow index is measured by a
capillary flow property tester manufactured by Toyo
Seiki Seisakusho K.K. under the conditions of a resin

temperature of 190°C and a shear stress of about from

5x104 to 3x106 dyne/cm?.

20

In this measurement, the diameter of nozzle was
varied as follows according to fhe MFR (g/ld min) of the
resin to be measured;

MFR>20: 0.5 mm

202MFR>3: 1.0 mm

32MF#>O.8: 2.0 mm

0.82MFR: 3.0 mm

i es.



10 In the ethylene/[err]-olefin copolynmer (A), the consti tuent

units derive ram.eth ne are present in anmpunts of 50 to 100 % by
wei ght , prefgfgéggv§§—¥é£99 % by weight, nore preferably 65 to 98 % by
wei ght, nost preferably 70 to 96 % by wei ght, and the constituent 15
units derived fromthe [err]-olefin of 6 to 8 carbon atons are present
I n amounts of O to 50 % by wei ght, 21 preferably 1 to 45 % by wei ght,

nore preferably 2 to 35 % by weight, particularly preferably 4 to 30 %
by weight. 2 .. The_conposi tion of, an,et ne/a-ol efin

copol yner i rsr'gﬁeﬂﬁ?ﬁﬂ"X? g@[ et 'I?F?c?uf]ﬁ?qoﬁél £5¢ gﬁﬁa‘”ﬁﬂ%ner. About

200 ng of the copolynmer is_ho eneous) I ssolved in 1 - . of
hexachl or obufgdEke iﬁtéa’%ﬁﬁp‘l[”gg"{‘ h]égi peasuremgntof wedbt 10 mierr]

to prepare a sanple, and a 13C-NVR 25 spectrumof the sanple is neasured
under the me £4GMi ﬁ‘@,te (MFR) at 190 °C under a load of 2.16 k9223re

conditions of a neasuring tenperature of 120[errlC, a measuri ng
frequency of h=ates ﬁﬂz}zg Gt Hahoprdt khep slowly copled tq ypame
repetition tine of 4.2 sec and a pul se wi dth of 6 [err]sec. 5

The et hyl 2neftfegperasisei avespdl pertod A Hahauriedsid fhe densify of 0.880 to
0.970 g/cnferr], preferably 0.880 to 0.960 g/cnferr], nore preferably

0.890 to 0.93heystadndgowas measupedflay #bldersidys greddessotybenierr].

The et hyl ene/[err]r-hol efin_copolyner (A) has a nelt flow
e ethylene/0-olefin copolymer (A), further,

preferably has the following properties in addition to
the above-mentioned properties.

10 In the ethylene/o-olefin copolymer (A), the
constituent units derived from ethylene are present in
amounts of 50 to 100 % by weight, preferably 55 to 99 %
by weight, more preferably 65 to 98 % by weight, most
preferably 70 to 96 % by Weight, and the constituent

15 units derived from the a-~olefin of 6 to 8 carbon atoms
are present in amounts of 0 to 50 % by weight,
preferably 1 to 45 % by weight, moré-preferably 2 to 35
% by weight, particularly preferably 4 to 30 % by
weight.

20 The composition of an ethylene/o-olefin copolymer
is generally determined in the following manner. About
200 mg of the copolymer is homogeneously dissolved in 1
ml oflhexachlorobutadiene in é sample tube having a
diameter of 10 mmmlto prepare a sample, and a 13C-NMR

25 spectrum of the sample is measured under the measuring



10 rate (MFR) of 0.02 to 200 g/10 nin, preferably 0.05 to 50 g/ 10
mn, nore preaf L¥-.0.1,to 10 g/ 10 mn. It is desirable that
t he _n-decane-g'sg?gg(%Fc%%onent fraction (WwW% in the :
ethylene/[err]-olefin copolynmer (A at 23 [err]C and the density (d
g/cnB) satisfy the followng 15 relation: - in the case of MFR
[err] 10 g/ 10nin, 22 W < 80xexp(-100(d-0.88))+0. 1
pref erabl vy, W < 60xexp(-100(d-0.88))+0. 1, nore preferably,
W < 40xexp(-100(d-0.88))+0.1 20 , in the case, of, MFR > 10 g/ 10mi n,
W < 80x( MFR- §PP§FF}9%§p_§1?)GQ?ﬁSO%r§éﬁ W?ratt_ure 3 196”% i decane- sol ubl e

ion,(W_in an et hyl ene/ a-ol efin copol ynmer is nmeasured
in the foll oW@ﬁﬁumgg EReEHAY t3He 2(,5085 i ﬁa§p§cﬁﬁ?f o%b‘gtlécﬂﬁ-)osi tion 25

conponent fractio
di stribution according as it has a | ower sol ubl e

23 conpoR8ft HEy a3tPehie MRARLE QR fivenefcdpdl §aerand a pulsgided to
450 m of n-decane, dissolved therein at 145[err]C and cooled to
23[err] C. Thaddthhefnbtdbeeme-insol ubl e portion is removed by
filtration, and the n-decane- 5 soluble portion.is recoyered fromthe
filtrat ef)é] TheTﬁEhl’ﬁW‘é't‘ﬂr%fS’(rﬁ'rﬁoP(C[ O abafnd AeRFht peak

position of an endotherm c curve of the ethylene/[err]- olefin
copol yner (A)dasoffefis@Bedtdyd BH fd/mmint paeferablychin8hgad-&6ohet er ( DSC)
and the density gd (g/cmerr])) -
g/cm3, more preferably 0.890 to 0.935 g/cm3, most
preferably 0.905 to 0.930 g/cm3. _
The ethylene/t-olefin copolymer (A) has a melt flow
10 rate (MFR) of 0.02 to 200 g/10 min, preferably 0.05 to
50 g/10 min, more preferably 0.1 to 10 g/10 min.
It is desirable that the n-decane-soluble component
fraction (W wt%) in the ethylene/c-olefin copolymer (A)
at 23 °C and the density (d g/cm3) satisfy the following

15 relation:

in the case of MFR < 10 g/10min,
W < 80xexp(-100(d-0.88))+0.1,

preferably, W < 60Xexp(-100(4-0.88))+0.1,

more preferably, W < 40xexp(-100(a-0.88))+0.1,
20 in the case of MFR > 10 g/10min,

W < 80X (MFR-9)0-26xexp (~100 (d—-0.88))+0.1.

The n-decane-soluble component fraction (W) in an

ethylene/0~olefin copolymer is measured in the following

manner (the copolymer has a narrower composition

25 distribution according as it has a lower soluble



10 desirably satisfy the follow ng relation:

Tm < 400xd- 248 ; erably Tm < 450xd- 296, nor e

pr ef er abky %—1492/SF%m&I< 500xd- 343, particularly preferably Tm<
550xd-392. 15 The tenperature (Tn) at the maxi num peak position

of an endotherm c curve of the ethyl ene/a-olefin copol ynmer as neasured
by a differential scanning cal oé3met er (DSC) is found from an

endot herm ¢ curve which is obtained by heating a sanple of about 5 ng

up 20 to 200[err]C at a rate of 10[err]C/ nn. in _an alum num pan,

mai nt ai ni ng CAEPSH Feg’é cm)e’rr]pé’of'%r 35 nP%]uFE‘?, c888f¥1P1 18 it to room
tenperature at. a rate of 10[err m n and .heatin It at a rate of

10T o111 G naofRe' RBabS0 dREret k dshaneaq G SSOLERE GheRel SpodStus o
DSC-7 nodel manufactured by 25 Perkin-Elmer Co.

24 angh gogl &y | E‘heé/%\-col effPRRe o pBPyREFCFRRE TP I MoV e-

defined relation between the tenperature (Tm at_ the maxi mum peak
position of BRTEAEBt her FRBOVRR Y dkiltratiopasarddthe B-df¢3eRenti al
scanning calorineter (DSC) - 5 and the density_ (d) and having the

above- def? negolubler pprtion betueeovensd freecihe- SoltbrEeconponent fraction

(W and the density (d) has a narrow con'§>osi tion cdistribution.
The et hyl ene/ [ er r Fhe| sthpexapors ntfm, ((AF) hreati Bhedraximum peak

position of an endothermic curve of the ethylene/o~

olefin copolymer (A) as measured by a differential
scanning calorimeter (DSC}) and the density (d (g/cﬁ@))

10 desirably satisfy the following relation:

Tm < 400xd-248,
preferably _ Tm < 450xd—296,
more preferabky Tm < 500xd-343,
particularly preferably Tm < 550xd-392.

15 The temperature (Tm) at the maximum peak position
of an endothermic curve of the ethylene/0-olefin
copolymer as measured by a differential scanning
calorimeter (DSC) is found from an endothermic curve
which is obtained by heating a sample of about 5 mg up

20 to 200°C at a rate of 10°C/min in an aluminum pan,
maintaining the sample at 200°C for 5 minuteé, cooling
it to room temperature at a rate of 10°C/min and heating
it at a rate of 10°C/min. The measurement is éarried
out with an apparatus of DSC-7 modél manufactured by

25 Perkin-Elmer Co.



10 above may be used in conbination of two or more ki nds. The

et hyl ene/[err olynmer (A) is obtained by copol yneri zi ng

et hyl ene andI%&AF%/S% %ﬁgfln of 6 to 8 carbon atons in the presence of
an ol efin polynerization catal yst (Cat-1) which conprises: 15

(a) an organoal um num oxy- conmpound, (b-1) at |east one
transition netal conpound selecaéd fromtransition nmetal conpounds
represent ed by the formula (1), and (b-11) at |east one

transition metal conmpound 20 selected fromtransition netal conpounds
represented by  The wtdvilensiPiaolpfin copolymer hpneing difien apoNgmeri zati on
catal yst may further conprise (c) a carrier on which (a) the

or ganoal um nuiefined relutdonpbebdechbthe wémpesstureneTm)aasi then nmetal 25
conpound selected fromtransition netal conpounds

25 r eprigsenhed gaak bosfieistl af(4n, endck{drniild Airdecast one
transition netal conpound selected fromtransition netal conpounds

represented t}b(eatshﬁféa)rbwIaadﬁlflfleraﬁelaypggaﬁ@mg calorduEter JuRPYrt ed
catalyst is sonetinmes referred to as 5 "Cat-2" hereinafter. The

conponent 5 f o4nd i@ %rislﬁyol(af)l Bnd havPel ViR | Zdvaradmrlaysts (Cat-1) and
(Cat-2) are descri bed bel ow. (a) Organoal um num
OXy-conpound yelation between the n-decane-soluble component fraction
(W) and the density (d) has a narrow comﬁosition
distribution.
The ethylene/o-olefin copolymers (A) meﬁtioned
10 above may.be used in combination of two or more kindé.

The ethylene/o-olefin copolymer (A) is obtained by
copolymerizing ethylene and an o-olefin of 6 to 8 carbon
atoms in the presence of an olefin polymerization
catalyst (Cat-1) which comprises:

15 (a) an organoaluminum oxy-compound,

{(b-I) at least one transition metal compound
selected from transition metal compounds represented by
the formula (I), and

(b-II) at least one transifién metal compound

20 selected from transition metal compounds represented by
the formula (IT).

The olefin polymerizatioh catalyst may further
comprise (c) a carrier on which (a) the organocaluminum
oxy-compound, (b-I) at least one transition metal

25 compound selected from transition metal compounds



10 The

di scl osed in

organoaluhinun1oxyrconpound (a) (sonetines referred to as
"conponent (zyiiigaﬂ' _%Baer) may be a benzene-sol ubl e al um noxane
hit hert o known "or enzene- i nsol ubl e organoal um num oxy- conpound as -

Japanese Patent Lai d-Qpen Publication No.276807/1990.

The al um noxane can be prepared by, for exanple,: the foll ow ng
processes, and is generally obt ai ned 28 its hydrocarbon sol ution.
(1) A process of adding an organoal um num conpound such as

trial kylal um num t

0 a rocarbagn nedi um. 20 suspensi.on of a conpound
cont ai ni ng euEﬁHﬁﬁ%%ﬂ?%ﬁé Xrtgﬁ gormuﬁ?sé?%’dﬂﬁ%a&ﬁﬂﬂa ﬁﬁtgFaﬁF one
crystallization, e.q., nagnesiu chLorid drate, cogper sulgate
hydr at e, t%ﬂllﬁﬁt?ﬁ% IGtRdt EORRATBH eSS HET T SEY A IR TG

cerous chloride hydrate, and allow ng to react. t hem

26

directly act on _an organoal um num conpound such as

h
compungs, repeesepted| Pywig TRirela | dd)orrRafEPPOEEEE -

a medi um suchSy¥@h FefrEmerted) gahelyst isctopgtinerederrety &RyaFof ur an.
(3) A process of allow ng an organotin oxide such as dinmethyltin
oxi de or & butGati3y dherednadtesact with an or ganoal um num conpound
such as trialkylalumnumin a medi um such as decane, benzene or

t ol uene.

Thih e oxPgmtensgafier nEgrubeg aike ol@flil amount of an 10

organonetal | i c conponent. The sol vent or the unreacted

10

15

20

polymerization catalysts (Cat-1l) and (Cat-2) are
described below.

(a) Organocaluminum oxv-compound

The organcaluminum oxy-compound (a) (sometimes
referred to as "component (a)" hereinafter) may be a
benzene-soluble aluminoxane hitherto known or a benzene-
insoluble organoaluminum oxy-compound as disclosed in
Japanese Patent Laid-Open Publication No.276807/1990.

The aluminoxane can be prepared by, for example,
the following processes, and is generally obtained as
its hydrocarbon solution. ‘

(1) A process of adding an organcaluminum compound
such as trialkylaluminum to a hydrocarbon medium
suspension of a compound containing adsorption water or
a salt containing water of crystallization, e.g.,
magnesium chloride hydrate, copper sulfate hydrate,

aluminum sulfate hydrate, nickel sulfate hydrate or

cerous chloride hydrate, and allowing to react them.

15

trial kylalum numin

5



or ganoal um num conpound i s renoved fromthe recovered sol ution of an

al um noxane %Mf%gﬁyi Lﬁ%ion and the remai nder is redissolved in a

sol vent . afBfes of the or ganoal um num conpounds used for 15
preparing the al um noxane i ncl ude: trial kyl al um nuns, such as
trimethyl al um num triethylalumnum tripropylal um num triisopropyl

al um num tri-n-butyl al um num triisaﬁutylaluninum tri-
sec-butylal um num tri-tert-butylalumnum tripentyl 20 alum num
tri hexyl al um num trioc%))él al um num tridegyl al um nu

d. m
tricycl oal kyl al uni‘ddn®, PERERSEsO aff?“ﬁ’t%/d'f%y|l§|euRanﬁF‘aﬁdvaP°r
tricyclooctyl al um nu ) 27
di al kyl al uni rﬁﬂn%ﬁcghy, aghic AN 230 PFEAPRA WAL Fompound  fihi @8,
di et hyl al umi num chl ori de, diethylal um num brom de and
di i sobut yl al difddvdalygmigem in’ a medium gugh Asaemizensy hfeiuees,; such as
di ethyl alum num 5 hydride and diisobutyl al um num hydri de;
di al kyl al unm rehydl ledkegesr Sethabgdupferand al uni num met hoxi de and
di et hyl al um num et hoxi de; and _dial kyl al um num aryl oxi des, such
as di et hyPal um nuni3) A pphesssi df.allowing an o@gamiesde, oxidal &ythl um nuns
and tricycl oal kyl alum nuns are particularly preferable.
Al so enpl oyals dHsnethyléigansidiendnudiwrmpduind oxside to react with
an organoaluminum compound such as trialkylaluminum in a
medium such as decane, benzene or toluene.
The aluminoxane may contain a small amount of an
10 organometallic component. The solvent or the unreacted
organocaluminum compound is removed from the recovered
solution of an aluminoxane by distillation and the
remainder is redissolved in a solvent.
Examples of the organocaluminum compounds used for
15 preparing the aluminoxane include:
trialkylaluminums, such as trimethylaluminum,
triethylaluminum, tripropylaluminum?'triisopropyl
aluminum, tri-n-butylaluminum, triisobutylaluminum, tri-
sec-butylaluminum, tri—teft—butylaluminum, tripentyl
20 aluminum, trihexylaluminum, trioctylaluminum and
tridecylaluminum;

tricycloalkylaluminums, such as

tricyclohexylaluminum and tricyclooctylaluminum;



i soprenyl al um num represented by the follow ng formul a: (i

-Clerr]Herr] L[ -~ err]Herr]) [err] 15 wherein x, y, z are each a
positive nunbgr?ag%ggg[ééé]Zx. . The organoal um num conpounds

menti oned above are used singly or in conbination.

Exanpl es of the solvents used for prﬁfaring t he al um noxane i ncl ude:
20 aromati ¢ hydrocarbons, suc &s benzene, tol uene, xyl ene,
cunmene and cymnene; al i phati c hydrocarbons, such as pentane,

hexane, hept ane, . .0cC e,, decane,, dodecane, hexadecane and
oct adecane: P 31élky£§ihM1num alides, such’ as ggmethylaluminqmi cyclic

hydr ocar bons, ch,as cycl qpent_ane, cyc¢l.ohexane, cycl ooctane and
nethylcyclopeﬁﬁgﬂﬁ?gé' lethylajumigua, ehipgdte ondlethta Haniguan| i ne,

ker osi ne and .gas oil; and 5 . hal ogenated products of these
aromatic, aliphaRide and dhisohutalaluminyar shaebe8e; such as chlorinated or
brom nated products, thereof. Al so _enployable are . ethers, such as ethyl
et her and t et r ahydfbdtralplugpinyge hydrides) veuel, aardhethwlalyviossy bons ar e
particularl]y 10 preferable. . The benzene-insol ubl e
or ganoal um nuhyexide ompd el sobutydeduminygmahvdridenponent sol uble in
benzene at 60[err]Cin an anount of not nore than 10 % preferably not
nor e dialkylaluminum alkoxides, such as dimethylaluminum
methoxide and diethylaluminum ethoxide; and
dialkylaluminum aryloxides, such as diethylaluminum
phenoxide.
10 Of these, trialkylaluminums and tricycloalkyl
aluminums are particularly preferable.
Also employable as the organcaluminum compound is
isoprenylaluminum represented by the following formula:
(1-Cy4Hg) xAly (CsHig) 2
15 wherein x, y, z are each a positive number, and z>2x.
The organoaluminum compounds mentioned above are
used singly or in combination. ‘
Examples of the solvents used for preparing the
aluminoxane include:
20 " aromatic hydrocarbons, such as benzene, toluene,
Xylene, cumene and cymene;
aliphatic hydrocarbons, éuch as pentane, hexane,

heptane, octane, decane, dodecane, hexadecane and

octadecane;



than 5 % particularly preferabky not nore than 2 % in 15 terns of Al

atom and is_| 1hle slightly sol uble I n benzene. The
solubility oF“E%gﬁzggéﬁﬁgluninun1oxy-conpound in benzene i.s
determned in the foll owi ng manner. The or ganoal um num oxy- conpound

I n an anount corresponding 20 to 100 ng[err]atomof Al is suspended in
100 mM of benzene, and t hey ard8ni xed with stirring at 60[err]C for 6
hour s. Then, the mxture is subjected to hot filtration at 60[err]C
using a jacketed G5 glass filter, and the solid separated on the
filter i s washed ROBFYE+HeIYGARICHTPRS- f@cgoﬁsbgﬁﬁéﬂ@ﬁ%ﬁ [err]Cto
obtain a filtrate, The anmobunt (x 29
mol ) of Al SYEAPBREERAt FYCIIRELANR &1G Methvacyslorentangsyured to

determ ne the solubility (x 9%. . (b-1) Transition netal conpound
and ( bPEVFOl WA SEFAQHLQRE alSUSHnPSuFasolEne, kergging @i ti on
metal conpound (b-1) is a transition nmet al conpound represented by the
fol | owi ng fogmsl ailf)and and the transition netal conpound (b-11) is a
transition met al compound represented by the follow ng formula

(11). 1 Mbpdeggnated products of these aromatig¢))aliphatiiterein Mis
a transition netal atom sel ected from G oup 4 of the periodic table;

L[err] is a lendapdicyolii¢ naydcbdarbons, tsueht panshipoinaeedlomt om M at
| east two ligands L[err] are
brominated products thereof. Also employable are
ethers, such as ethyl ether and tetrahydrofuran. Of the
solvents, aromatic hydrocarbons are particularly
10 preferable.

The benzene-insoluble organoaluminum oxy-compound
contains an Al component soluble in benzene at 60°C in
an amount of not more than 10 %, preferably not more
than 5 %, particularly preferabky not more than 2 %, in.

15 terms of Al atom, and is insoluble or slightlj soluble
in benzene.

The solubility of the organoalﬁminum oxy-compound
in benzene is determined in the following manner. The
organoéluminum oxy—coﬁpound in an amount corresponding

20 to 100 mg-atom of Al is suspended in 100 ml of benzene,
and they are mixed with stirring at 60°C for 6 hours.
Then, the mixture is subjected to hot filtration at 60°C
using a jacketed G-5 glass filter, and the solid
separated on the filter is washed four times with 50 ml

25 of benzene at 60°C to obtain a filtrate. The amount (X



each a substituted cycl opentadi enyl group having at 15 |east one group

sel ected fro r groups of 3 to 10 carbon atons, and the
| i gand L[errFnggé?gfﬁgﬁgthe substituted cycl opentadi enyl group is a

hydr ocar bon group of 1 to 12 carbon atons, an al koxy group, an

aryl oxy group, a trialkylsilyl group, a halogen atomor 20 hydrogen; and
X is a valence of the transition net%? atom M MJ[err]

(rn) wherein Mis a transition netal atom sel ected from G oup 4

of the periodic_table;_ Llerr] is a li,gand co rEin ted to 25 the
transition n@@ﬁﬂsaPSnékA Lem | RERSeR g i%é&nﬂ OL8 g?ﬁtrate 1s
30 each a net hyl cycl opent adi enyl gr ug_or an
ethylcyclopeWFé&Péﬁ?lt@r@@&ﬁr@&ﬂFtQR?I%éiﬁ%i E8YofKeb) - t han the
nethylcyclopentadien¥l roup, or the et h I%ycl pent adi enyl group is a
hydr ocar bon groupiBF—L-4ﬂ@3g€¥¥§L§%ﬁﬁéﬁ$§¥5ﬁé¥—aﬁE§|koxy group, an aryl oxy
group, a trial kylsilyl group, a hal ogen atgom or hydrogen; and Xx
is a val ence of tKE:ilén5¥$¥§#§#ﬂﬁ4ﬂ§2§;yﬁﬁﬂpggﬂg The transition netal
conpound represented by the formula (1) or (1) is described belowin
nore detad|l. 10 The tramsitior grefifila qampoursd dbali r dnsttteansition at om
selected from Goup 4 of the periodic table, specifically zirconium
titani um or metalugpmpeehdrredpresented by dieufollowing formula (I),
and the transition metal compound (b-II) is a transition
metal compound represented by the following formula
(I1).
10 ML, (I)
wherein M is a transition metal atom selected from Group
4 of the periodic table; L! is a ligand coordinated to
the transition metal atom M, at least two ligands Ll are
each a substituted cyclopentadienyl group having at
15 least one group selected from hydrocarbon groups of 3 to
10 carbon atoms, and the ligand 1! other than the
substituted cyclopentadienyl group is a hydrocarbon
group of 1 to 12 carbon atoms, an alkoxy group, an
aryloxy group, a trialkylsilyl group, a halogen atom or
20 hydrogen; and x is a valence of the transition metal
atom M.
Msz ' (IT)
wherein M is a transition metal atom selected from Group

4 of the periodic table; L2 is a ligand coordinated to

25 the transition metal atom M, at least two ligands L2 are-



L[err] is a ligand coordinated to the transition nmetal 15 atom M and at

| east two Ilgaaﬂg zggr are each a substituted cycl opent adi enyl group
havi ng at / group sel ected from hydrocarbon groups of 3 to 10
car bon atons. These ligands L[err] may be the sanme or different.

The substituted cyclopentadlenyl group may have two 20 or nore
substituents, and the two or nore suBBtituents may be the sane or
different. When the substituted cycl opent adi enyl group has two or nore
substituents, at | east one subsiituent is a hydrocarbon group of 3 to

10 car b&Rckt GnEethy CYﬁ opgRrf ?nké‘u@ﬂqu&@ﬁt ans nethyl, 25 ethyl
or a hydrocarbon _group of to 10 carbon ato
31 etlbY&t%Féé’PGPtﬁﬁéeW%lr%%% rﬁrtﬁ 6&3& dfigandold ptdEhon
atons include alkyl groug cycl oal kyl groups, aryl groups and aral kyl
groups. Specithan dhenpesbykayclopentadicme FUopP @XotBS, such as n- propyl
| sopropyl, n- S butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl,
octyl, 2-et hﬁummycémeueggm,enwcgmmws 3 WOW&PI@H groupsofykl opent yl
and cyclohexyl aryl groups, such as phenyl and tolyl; and aral kyl
groups sudh aEJﬂ@npyrb@ndatoms.n@ommmbxyfgrOUP. anCpriyfesy, gppaberabl e are
al kyl groups, and particularly preferable are n-propyl and n-butyl.
The substriitalkyd sdyyllogentpdi 2nyal gyeumtoord hytedgen; t ard x
transition netal is preferably a di-substituted
is a valence of the transition metal atom M.
The transition metal compound represented by the
formula (I) or (II) is described below in more detail.
10 In the formula (I), M is a transition metal atom
selected from Group 4 of the periodic table,
specifically zirconium, titanium or hafnium, preferably
zirconium.
Ll is a ligand coordinated to the transition metal
15 atom M, and at least two ligands L! are each a
substituted cyclopentadienyl group having at least one
group selected from hydrocarbon groﬁps of 3 to 10 carbon
atoms. These ligands L! may be the same or different.
The substituted cyclopentadienyl group may have two
20 or more substituents, and the two or more substituents
may be the same or different. When the substituted
cyclopentadienyl group has two or more substituents, at
least one substituent is a hydrocarbon group of 3 to 10

carbon atomsg, and the residual substituent is methyl,

25 ethyl or a hydrocarbon group of 3 to 10 carbon atoms.



~cycl opentadi enyl group and is particularly preferably a 15 1, 3-substituted
cycl opent adi %29%9%59 In the fornmula (1), the ligand L[err]
ot her than the aB2ti t ut ed cycl opent adi enyl group coordi nated to the

transition nmetal atom Mis a hydrocarbon group of 1 to 12 carbon
atons, an al koxy group, an aryloxy group, a 20 trialkylsilyl group, a

hal ogen at om or hydrogen. anpl es of the hydrocarbon groups of 1
to 12 carbon atons include al kyl groups, cycloal kyl groups, aryl
groups and aral kyl groups. Specific_exanpl es nma i ncl ude al kyl groups,
such as methyl, eEFHPLRSpPEpLRe h%r‘?‘%{)%?%’p)ﬂﬁo){‘ﬁ- Rt §1 EOi g&bﬁ?wgn

sec-butyl, t-butyl,, 32 pentyl,
hexyl, octyl 2toms FACRELs aikyl JSEgyRs oy Galyl grougeeudsylsuch as

cycl opentyl and cycl ohexyl; aryl groups, . _such as_phenyl and tolyl; and
aral kyl gr ousEouisc fngs aralkyhegrgirand FRIPHAUC exagples ma¥yanpl es of the
al koxy groups include_net hoxy, et hoxy, n-propoxy, isopropoxy,

n- but oxy, i sdmelade adkyl groupgut SRGh as FRHepY lpe ABERYOPHEXORY and

oct oxy. Exanpl es of the aryl oxy groups include phenoxy.

Exanpl es 3f thhewlni diskbpusivly| sgedopeyl nctdecyll0 pentviet heksl !l yi |
triethylsilyl and triphenylsilyl. ~ The hal ogen atomis fluorine,

chlorine, brantud ,o2-ethylherivheand decyl; cyedasdkyd gftouhe,tsaelition
met al conpounds
as cyclopentyl and cyclohexyl; aryl groups, such as
phenyl and tolyl; and aralkyl groups such as benzyl and
neophyl.

10 Of these, preferable are alkyl groups, and
particularly preferable are n-propyl and n-butyl. The
substituted cyclopentadienyl group coordinated to the
transition metal ié_preferably a di-substituted
cyclopentadienyl group and is particularly preferably a

15 1,3-substituted cyclopentadienyl group.

In the formula (I), the ligand Ll other than the
substituted cyclopentadienyl group coordinated to the
transition metal atom M is a hydrocarbon group of 1 to
12.carbon atoms, an alkoxy groﬁp, an aryloxy group, a

.20  trialkylsilyl group, a halogen atom or hydrogen.

Examples of the hydrocarbon groups of 1 to 12
carbon atoms include alkyl groups, cycloalkyl groups,
aryl groups and aralkyl:groups. Specific examples may
include alkyl groups, such as methyl, ethyl, n-propyl,

25 isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl,



represented by the forrmula (1) include: 15

bi s(n-propyl cycl adienyl ) zi rconi um di chl ori de,
bis(n-butylc%ﬁﬁéggzggdgggyl)zirconiun1dich|oride,

bi s(n- hexyl cycl opent adi enyl’) zi rconi um di chl ori de,

bi s( et hyl - n- propyl cycl opent adi enyl ) zi rconi um di chl ori de,
bis(nethyl-n-butylcyclopentadienyl)zBZconiunldichloride, 20

bi s(di met hyl - n- but yl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(n-butyl cycl gpent adi e yI%zir onj um._di_hr om._de .

bi s(n- but yl c\ﬁﬂn&%im ﬁﬂfﬂyl %FYﬁor#tﬁﬁ%t}mﬂcﬁ‘m Ageyl; cycloalkyl
bi s(n-butyl cycl opent adi enyl ) zi rconi um et hoxychl_oti de
bis(n-butylcﬁ@PHB@ntﬁHFEn§F)iY?%RPﬁQﬁW%d?Hi§%ﬁﬂ6&@§¥;7 98yl groups,
bi s(n-butyl cycl opent adi enyl ) zi r coni um di et hoxi_de,

33 - bi sEvcbuey eherspedbadiehyt) Ant Fradhvie OKPURE) oFtch, a8
bis(n-butylC;clopentadienyl&zirconiun1dinethyl,

bi s(n-butylc yaneadi BRYPRY¥1r coni um benzyl chl ori de,

bi s(n-butyl cycl opent adi enyl ) zi rconi um di benzyl , 5

bi s(n- butgl cycl op&rennileayp¥ zthe onlkermp araunsh lisclydeangthoxy,

bi s(n-butyl cycl opent adi enyl ) zi r coni um hydri de chl ori de. In the
above exanpl eshoxiye di-probskyt uiscpropoxyy al-dpdoxadi éspbutoxygs $&ctude 1, 2-
and 1, 3-substituted cycl opent adi enyl rings, and the tri-substituted
10 cycl opentadiosayy| trbrgexynchemieoxdy 2, Bex@nd abhd? oftoxy. substituted

cycl opent adi enyl . ri ngs. Al so enployable in the invention are

transition mExampt espofintlse odut il ovah | ger dupsr épicdadegphezoxgoni um
| Examples of the trialkylsilyl groups include
10 trimethylsilyl, triethylsilyl and triphenylsilyl.
The halogen atom is fluorine, chlorine, bromine or
iodine.
Exambles of the transition metal compounds
represented by the formula (I) include:
15 bis(n—propyicyclopentadienyl)zirconium dichloride,
bis (n-butylcyclopentadienyl)zirconium dichloride,
bis(n—hexylcyclopentadienyl)zirconiﬁm dichloride,
bis(methyl—n-propylcyclopentadiehyl)zirconium dichloride,
bis(methyl—n—butylcyclopentadiehyl)zirconium-dichloride;
20 kﬁs(dimethyl—n—butjlcyclbpentadienyl)zirconium dichloride,
bis (n-butylcyclopentadienyl)zirconium dibromide,
bis(n-butylcyclopentadienyl)zirconium methoxychloride,
bis (n-butylcyclopentadienyl) zirconium ethoxychloride,
bis(n—butylcyclopenﬁadienyl)zirconium butoxychloride,

25 bis(n-butylcyclopentadienyl)zirconium diethoxide,



metal wth a titaniumnetal or a hafniumnetal in the 15 above-nentioned
Zzi rconi um conp , O the transition nmetal conpounds

represent ed SVRXQQ?SFHQO%ornUIa (1), particularly preferable are bis(n-
propyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(n-

but yl cycl opent adi enyl ) zi rconi um di chl ori de, bis(1- 20

net hyl - 3- n- propyl cycl opent adi enyl ) zi 88oni um di chl ori de and

bi s(1- met hyl - 3-n-but yl cycl opent adi enyl ) zi rconi um di chl ori de.

In the formula (I11), Mis a transition netal agtom se&ect d from G oup
4 of the per#ﬂ&ﬂE" HEyécyclopentadlenyl)z1rcon1um methylchlori enq4

specifically ;irconiung titani um or hafnium prefenablﬁ zirconi um
L2 is a |igakdsdBoPurHAr¥aleReRFRAemAs)iirgeridMmadinethydt om M and at
| east two Iigﬁnds L2 are each a _5 nethylcycLopentadienél group or an
et hyl cycl operigdreRityleyclopenpadiensl Fixfondsm Pepgylebloridgane or
different. ) In the formula (11), the ligand L2 other than the
net hyl cycl op&isdar-buyylgrelprentadieryhgirconivgy dibgaayadi enyl group is a
hydrocarbon group of 1 to 12 10 carbon atons, an_al koxy group, an aryl oxy
group, a S Dbisrlnabkyldciglogentadienyib) tigmerduompienyy ¢hdgehde candy of
which is the sane group or atomas indicated by L[err] in the formul a
(1). bisHExatplkgdcytlohbentadbenyl i rosrelunc dydeddeschloride.
| In the above examples, the di;substituted
cyclopentadienyl rings include 1,2- and 1,3-substituted
cyclbpehtadienyl rings, and the tri-substituted
10 cyclopentadienyl rings include 1,2,3- and 1,2,4-
substituted cyclopentadienyl rings.
Also employable in the invention are transition
metal compounds obtainable by replacing a zirconium
metal with a titanium metal or a hafnium metal in the
15 above-mentioned zirconium compounds .
Of the transition metal compounds represented by
the formula (I), particularly prefeiable are bis(n-
propylcyclopentadienyl) zirconium dichloride, bis(n-
butylcyclopentadienyl)zirconium dichloride, bis(1l-
20 meﬁhy1—3—n—propylcyclopentadienyl)zirconium dichloride
and bis(l-methyl-3-n-butylcyclopentadienyl)zirconium
dichloride.

In the formula (II), M is a transition metal atom

selected from Group 4 of the periodic table,



15 represented by the fornmula (11) include

bis(nethylcyﬁLgag?Zgngagl)zirconiun1dich|oride,
o]

bi s( et hyl cyclopen Ienyl’) zirconiumdichloride,

bi s( et hyl cycl opent adi enyl ) zi r coni um di br om de,

bi s(et'hyl cycl opent adi enyl ) zi rconi um di brom de, 20
bis(nethylcyclopentadienyl)zirconiunsﬂethoxychloride,
bi s( et hyl cycl opent adi enyl ) zi r coni um net hoxychl ori de,

bi s(met hyl cycl opent, adi nylizirconiun1ethox chloi%ggp
bi S( ot hyl cycFEEEREAAPERYl F3FF OB Mim E IRy BhI Gy Fganiun, preferably
bi s(met hyl cycl,opent . adi enyl ) zirconi um di et hoxi de, 25
bi s( et hyl cyclZdF&Pddenyl ) zi r coni um di et hoxi de,
35 bi s(met hyl cycl opent adj enyl ) zi rconj um net hyl chl or| de,
bis(ethylcyclopen%ﬁd?%n?l}%ﬁéQQnﬁQﬂﬁqﬁQﬁFﬁdbﬁPoF e¥ran51tl°n metal
bis(methylcyclopentadienyl)zirconiumd_imethyl,2
bi s( et hyl cyclagEnMadpedyplzipadhi twe dl igansid L° age each a
bi s(met hyl cycl opent adi enyl ) zi rconi um benzyl chl ori de, )
bi s( et hyl éyclwgmlmcéﬁyepﬁaéewhngm Vo i ratdy lcyclopentadienyl
bi s(met hyl cycl opent adi enyl ) zi rconi um di benzyl , .
bi s(et hyl cycloxesm.-adTaege) 2igends ukd dishedsylthe same or different.
bi s( et hyl cycl opent adi enyl ) zi rconi um phenyl chl ori de, 10
bi s( et hyl cycl opentladitbey fpzimutani TH phigdns | Ligagnd dé, other than the
bi s(met hyl cycl opent adi enyl ) zi rconi um hydri de chl ori de and
bi s( et hyl cyc metdntlagicdopehzadienyUnghydr iate the etdhilori de.
enpl oyable in the invention are transition
cyclopentadienyl group is a hydrocarbon group of 1 to 12

10 carbon atoms, an alkoxy group, an aryloxy group, a
trialkylsilyl group, a halogen atom or hydrogen, each of
which is the same group or atom as indicated by Ll in
the formula (I).

Examples of the transition metal compounds

15 represented by the formula (II) include
bis (methylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl)zirconiumgdichloride,
bis(methylcyclopentadienyl)ziréonium dibromide,
bis(ethylcyclopentadienyl)zircohium dibromide,

20 Dbis(methylcyclopentadienyl)zirconium methoxychloride,
bis(ethylcyclopentadienyl)zirconium methoxychloride,
bis(methylcyclopentadienyi)zirconium ethoxychloride,
bis(ethylcyclopentédienyl)zirconium ethoxychloride,

bis (methylcyclopentadienyl)zirconium diethoxide,

25 bis(ethylcyclopentadienyl)zirconium diethoxide,

Al so



15 nmetal conpounds obtainable by replacing a zirconium metal with a
titani um netal jumnmetal in the above-nenti oned zirconi um
conmpounds 9_12§2?S€;g@%e transition nmetal conpounds represented by

the formula (11), particularly preferable are 20

bi s(met hyl cycl opent adi enyl ) zi rconi um di chl ori de and
bis(ethylcyclopentadienyl)zirconiunqiﬁchloride. In the present

i nvention, at |east one transition nmet al compound sel ected fromthe

transition t al conmpounds r.epresented by the fo a ( and at | east
o5 one. 1 anBieBRCTEHETC Lot Sed asgoriim preavidildridd,

36 transiti on netal conpounds represented by the formila (rn)
are used in CoRPFRBYIGNC ?42;4i%ﬂ¥%)ﬁaﬁﬁoﬁéP§1me%hYTEBLﬁﬁg#H. It is
preferable to make a conbjination of the, transition netal conpounds

such that th&igdRebhyglcygierentadimaylyzdrcrpigm damgtBYEn pol yner obt ai ned

by the use of . a_catal yst conponent, contai ning only the transition
netal conpoukdséethricyelorprtadienys iziacondngy fidathyl, netal conpound
conponent_to the MFR (MFR(11)) of an . olefin polymer obtained by the
use of a Tat Bigémethylcrelgreniadicmildizitsgndtm bensyliehteridon net al
conpound of the formula (I1) as the transition netal conpound
conponent uniés (erbyteviel prentadicratl )aincondium bepzylchlomieg, )/ MFR(I 1))
satisfies the formula of MFR(I)/MFR(I1) [err] 20.
bis (methylcyclopentadienyl)zirconium dibenzyl,
bis (ethylcyclopentadienyl)zirconium dibenzyl,
bis(methylcyclopentadieﬁyl)zirconium phenylchloride,
10 bis(ethylcyclopentadienyl)zirconium phenylchloride,
bis (methylcyclopentadienyl)zirconium hydride chloride
and bis(ethylcyclopentadienyl)zirconium hydride
chloride.
Also employable in the invention are transition
15 metal compounds obtainable by replacing a zirconium
metal with a titanium metal or a hafnium metal in the
above-mentioned zirconium compounds;
Of the transition metal compounds represénted by
the formula (II), particularly preferable are
20 Dbis(methylcyclopentadienyl)zirconium dichloride and
bis (ethylcyclopentadienyl)zirconium dichloride.
In the present invention, at least one transition
metal compound selected from the transition metal

compounds represented by the formula (I) and at least

25 one transition metal compound selected from the



15 Exanpl es of the conbinations include a conbination - of

bi s(1, 3-n-butyl cycl opent adi enyl ) zi rconi um di chl ori de and
bis(nethylcy%%ﬂ%&%?%hféﬁ%l)zirconiun1 di chl ori de, a conbi nati on of

bi s(1, 3-n-propyl net hyl cycl opent adi enyl ) zi rconi um di chl ori de and

bi s(methyl 20 cycl opentadi enyl)zirconiumdichloride, and a conbination

of bis(n-butylcyclopentadienyl)zircoﬂﬁun1dich|oride and
bi s( et hyl cycl opent adi enyl ) zi rconi um di chl ori de. The at |east one

transition netal conpound - | selected frogmthe_ transitjion nmeta
conpounds oft?ﬁ551§3°nfB?H%Eacém§°%ﬁQFt?ﬁpﬁﬁsﬁQﬁﬁim%mghFr ﬁ§PPh8n met al

37 conpound (b-11) selected,fromthe transition metal conpounds
of the forml &X)| Prearger érefaBPinatteR i3S the t&ansitiopnietetat the
(b-1)/(b-11) molar ratio is from 99/1 tqo 40/60, preferably 95/5 to
45/ 55, more prEmReuast-y Itsisgpreferablbe tp maksa @ ﬁ@%ﬂﬁnss%lshﬁo 55/ 45.

The transition nmetal conpound catal yst conponent caontai ning at | east
one transiti dirangidiionomgsahdsoppounds suclkyithafe the matdo( PE 5B at | east
one transition netal conpounds (b-11) of the formula %}I) I's sonetines
10 ref er Ped MER d@TFRIGNPonsnan( b}efhereelaterobtained by thehusel efin
pol yneri zation catal yst (Cat-1) conprises the organoal um num
oxy- conpound g ajatallyst componenhsconbaimitalorchnpgdhendrgpsitiend t he
transition netal conmpound (b-11) and further a catalyst (Cat-2) in
whi ch metal compound of the formula (I) as the transition
metal compound component to the MFR (MFR(II)) of an
olefin polymer obtained by the use of a catalyst
10 component containing only the transition metal compound
of the formula (II) as the transition metal compound
component under the same polymerization conditions
(MFR(I) /MFR(II)) satisfies the formula of MFR(I)/MFR{II)
< 20.
15 Examples of the combinations include a combination
of bis(l,3-n-butylmethylcyclopentadienyl)zirconium
dichloride and bis(methylcyclopenta&ienyl)zirconium
dichloride, a combination of bis(1l, 3-n-propylmethyl
cyclopentadienyl) zirconium dichloride and bis (methyl
20 cyclopentadienyl)zirconium dichloride, and a combination
of bis(n-butylcyclopentadienyl)zirconium dichloride and
bis (methylcyclopentadienyl)zirconium dichloride.
The at least one transition metal compound (b-I)

selected from the transition metal compounds of the

25 formula (I) and the at least one transitioﬁ metal



15 t he organoal um num oxy-conpound (a), the transition met al

conpound (b-L) ansition netal conpound (b-11) are supported
on the carrlg 1?§€/§£ 6{]iéscrlbed bel ow, may be used. (c)
Carrier The carrier optionally used is an inorganic or

organic conpound of granular or particulate solid having a particle
di aneter of 10 to 300 [err]m preferdBly 20 to 200 [err]m The
inorganic carrier is preferably a porous oxi de, and exanpl es t her eof

SERORL EORET Gk GO T i )
th f h Si g Q. S
Sl gerr]-Ti C;Ié;g?m%g(éfgfg elformu:J""\/I[\%rrr] Glrgr %’]rrre]fgif@%iY ‘}‘%ﬁ?[%‘i‘r] Jerr] and

Siqerr]-Tigerr]- preferable, are those
cont ai ni ng atsulcéaé‘{“"unts thake the Si]QIIér/r(]b‘éﬁd Reerr Fefeeris akrethei r maj or
conponent . The above-nenti oned i norgani c oxi des nmay contain

smal | anmunt §9dfl tar BBNEP e Preferakly A/ Satte 4fd S58xi Bere prrefermpbiient s,
such as Na[err]CJerr], Klerr]CJerr CaCderr], MmgCderr],
Na[ err] S@er 9p/10 to 5NP@:r r¢sSorire gr[aéﬂm 85Bé§qtér 5]5/450\10[ err],
I\/g(NCIerr])[err] Al (NJerr])[err], Na[err]OQ_K[err]O and L| [err] O
Al t hou@'het heapsopmmlmtadf Qdrepsld icettalyptvaeyponent dependi ng
upon the type and the preparation process, the carrier desirably has
a specific swoh&ednangaabfleast o dfrenrsdlbioir owtsl tompowndsnil+rE)/g, nore
preferably 100 to 700 nferr]/g, and a pore volunme of preferably 0.3
to 2.5 of the formula (I) and at least one transition metal
compounds (b-II) of the formula (II) is sometimes
10 referred to as "component (b)" hereinafter.
The olefin polymerization catalyst (Cat-1)
comprises the organocaluminum oxy-compound (a), the
transition metal compound (b~I) and the transition metal
compound (b-II) and further a catalyst (Cat-2) in which
15 the organoaluminum oxy-compound (a), the transition
metal compound {b-I) and the transition metal compound
(b-II) are supported on the carrieri{c), as described
below, may be used.
{c) Carrier
20 The carrier optionally used is an inorganic or
6rganic compound of granular or particulate solid having
a particle diameter of 10 to 300 um, preferably 20 to
200 um. The inorganic carrier is preferably a porous

oxide, and examples thereof include Si0,, Al,0;, MgO,

25 zro,, TiO,, B,0;, CaO, ZnO, BaO, ThO,, and mixtures



15 cnferr]/g. The carrier may be used after calcined at a

t enperat ure ofligg/gF &qaoo [err]C, preferably 150 to 700 [err]C, if
necessary. e quantity of adsorption water in the carrier (c)
is preferably less than 1.0 % by weight, nore preferably 20 less than 0.5

% by wei ght, and the quantity of surface hydroxyl group therein is
preferably not less than 1.0 % 38y weight, nore preferably 1.5 to 4.0
% by wei ght, particularly preferably 2.0 to 3.5 @6by wei ght .

39 The uantlty of adsorption water (%.0Db and t he
quantity of WF&E’% h§erB 35 %uﬁﬂgg% B OnetplPs) 5%%2 d £@2Tined in the
fol l owi ng nmanner. Quantity of adsorption water Per cent age of
| oss in wei gMeOnf HQaFFe@y §1L0,-Ti0 g at 200 [err]C for 4 hours at
at nospheric pressure in a streamof nitrogen to the weight before
drying is t akénthesé hepxrbandble gireaddoset contadning at lea@mantity of
surface hydroxyl group 10 The weight of a carrier obtained by drying
at 200[ err] Cone off §i04 anslidsl.Q a% nEkphiemad s €ogwPEeRH-a stream of
nitrogen is taken as X (g) and the weight of a calcined carrier

obt ai ned By cal ci Thegabbeecmsrt idned iHMaeric] Oxtides may @6ntwins to renove
the surface hydroxyl group is taken 15 as Y (g), and the quantity of the
surface hydr @gglloafsints of | Caxiwdradet ediiffate,t he tkakkoshdgoxdderul a.

components, such as Na,CO;, K,CO3;, CaCO;, MgCO;3;, Na,SO,,
Al,(S0,)5, BaSO,, KNO;, Mg(NO;),, Al(NO;);, Na,0, K,0 and
Li,0.

10 Although the properties of the carrier (c¢) Gary
depending upon the type and the preparation process, the
carrier desirably has a specific surface area of
preferably from 50 to 1,000 mz/g,_more pfeferably 100 to
700 m2/g, and a pore volume of preferably 0.3 to 2.5

15 om3/g. The carrier may be used after calcined at a
ﬁemperature of 100 to 1,000 °C, preferably 150 to 700
°C, if necessary. | |

The quantity of adsorption water in the carrier (c)
is preferably less than 1.0 % by weight, more preferably

20 1less than 0.5 %.by weight, and the quantity df surface
hydroxyl group therein is preferably not less than 1.0 %
by weight, more preferably 1.5 to 4.0 % by weight,

particularly preferably 2.0 to 3.5 % by weight.



Quantity of surface hydroxyl group (wt% = {(X-Y)/X}x100 Al so
enpl oyabl e as,t G i.er, (c) in the invention I s an organi ¢ conpound
of a granulaﬁpﬁﬂﬁﬁg?#?éﬁﬁate 20 solid having a particle dianeter of 10 to
300 pm Exanpl es of the organi c conpounds include (co)pol yners
produced using an [err]-olefin of 2 tg 14 carbon atons such as

et hyl ene, propyl ene, 1-butene or 4-n§8hy|-1-pentene as a nmain
conponent, and (co)pol yners produced using 25 vinylcycl ohexane or styrene
as a mai n compone

nt . . : . 4 An
organoaluninun1coﬁ%ﬁhﬁWaP&}tXSoﬁegéﬁ?ﬁgﬁl?ﬁﬂwﬁﬁer (% ﬁﬁ&“ﬁ%ggﬁgiSHQIIy used
as a conponent. for formng _the ol efin polynerization catalysts (Cat-1)
and (Cat-2). the guantity @f epgiAcs ﬁ%ﬁ&%ﬁ%ﬁ Yy welg t%’hére

or ganoal um num conpound (d)  (sonetinmes referred to as "conponent (d)"
her ei naft er) PRFIHAGSY s s fOLLOWIRGMAIRRAAt jon is, for exanple, an

or ganoal um num . cquound represented by the following formula (i):

10 Rl err] of ad a hydrocarbon group of 1 to 12
car bon atoms, X is a halogen atomor hydrogen, and n'is 1 to 3.

In the foPnul a (i)BexRentads RfdAessr bBnwgidhp @f a carriexpaffegarbon at ons,
e.g., an alkyl group, a cycloal kyl 15 group or an aryl group. Exanples of
such groups idcyime at 200n8€h{er 4thgurs miprdppisphesdpr Bpgsursobut yl |
pentyl, a stream of nitrogen to the weight before drying is
taken as the quantity of adsorption water.
Quantity of surface hvdroxvl group
10 The weight of a carrier obtained by drying at 200°C
for 4 hours at atmospheric pressure in a stream of
nitrogen is taken as X (g) and the weight of a calcined
carrier obtained by célcining the carrier at 1000°C for
20 hours to remove the surface hydroxyl group is taken
15 as Y (g), and the quantity of the surface hydroxyl group
is calculated from the following formula.
Quantity of surface hydrox&l group wt$) = {(X-Y)/X}X100
Also employable as the carrier (c) in the invention
is an organic compound of a granular or particulate
20 solid having a particle diameter of 10 to 300 um.
Examples of the organic compounds include (co)polymers
produced using an O-olefin of 2 to 14 carbon atoms such
as ethylene, propylene, l-butene or 4—methy1—1—penteﬁe

as a main component, and (co)polymers produced using

25 vinylcyclohexane or styrene as a main component.



hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl. .Exanpl es
of the or ganqal K ounds (d) may include: trialkylalum nuns,
such as tri ne%tahl%ryzlr%ﬁ (rélgglp 20 triethylalum num: triisopropylal um num
triisobutyl al um num trioctylalum numand tri-2-ethyl hexyl al um num

al kenyl al um nuns, such as isoprenyl al um num di al kyl al um num
hal i des, such as dlnethylalunlnun1 chl ori de, diethylaluninun1ch|oride,
d||sopropylalun1num

chl oride, diisobutylalum num chl ori de and um brom de;
al kyl al um num ses r?&ﬁia&é?? EIEW“aEOIP%?W aﬁ@marﬁjnﬁtegéngeglegﬁ?f’ﬂhl ori de,
et hyl al um num sesqui chl,or 5_.isopro al um n S chIo
butylalumnurﬁ‘"ay (é gﬁVoP?ﬁ@ %%daéE%VP #g#igggEﬁPﬁrB

al kyl al um num di hal i des sych as net hyl al um nu di chl or| de

et hyl al umi nurRRdR @q]ﬂ&"em%SFBByF%F%H%‘Eﬁn (Cat- Lgiagw dFr8s2and

et hyl al um num di brom de; and 10 al kyl al um num hydri des, such as
di et hyl al um num hydri de and dii sobutyl al um num hydri de.

Al so enpl gyabl e as the or ganoal um num corrpound (d) is a conpound
represented by t heldlolOrganes lumipim conpg Rlerr] A Y[err]
(i11) 15 wherein RL is the sane as above Yis -ORerr] group, -CSiRerr]
group, -OAlRerr] ﬂ@xa)m@rganmapem]lw@r@@ppoursﬂm grsmsetgmes referred

-N(Rlerr])AIRerr] group; nis 1to 2; Rerr], Rerr], Rerr] and R err]
are each to as "component (d)" hereinafter) optionally used in

the invention is, for example, an organocaluminum
compound represented by the following formula (i):
10 R AIX3 q | (i)
wherein R! is a hydrocarbon group of 1 to 12 carbon
atoms, X is a halogen atom or hydrogen, and n is 1 to 3.
In the formula (i), R! is a hydrocarbon group of 1
to 12 carbon atoms, e.g., an alkyl group, a cycloalkyl
15 group or an aryl group. Examples of such groups include
methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl,
hexyl, octyl, cyclopentyl, cyclohex&i, phenyl and tolyl.
Examples of the organocaluminum compounds (d) may
include: trialkylaluminums, such as trimethylaluminum,
20 triethylaluminum, triisopropylaluminﬁm, triisobutyl
aluminum, trioctylaluminum and tri-2-ethylhexylaluminum;
alkenylaluminums, such as isoprenylaluminum;
dialkylaluminum halides, such as dimethylaluminum

chloride, diethylaluminum chloride, diisopropyialuminum



nmet hyl, ethyl, isopropyl, isbbutyl, cycl ohexyl, phenyl or the Ilike;
R5 is hydrogen neth% 5 ethyl i sopropyl, 20 phenyl or trinethylsilyl;
aEn

and R6 and RY a&fd?é %@thyl or ethyl. Exanpl es of such
or ganoal um num conpounds i ncl ude: (1) conpounds of the formula
Rlerr]Al(ORlerr])[err], e.g., di met hyl al um num net hoxi de,
dlethylalunlnunlethOX|de and 25 dii4bbutyl al um num net hoxi de;

42 (2) compounds of the formula R err]A (CSiRerr])[err],
e.g., Et[err] Al (OSI Me err{ (|so Bu)[err] Al (OSi Me[err]) and (|so-
Bu)[err]AI(CSﬁ&PFé@?})dllSObUtY i cEesdA8saBE the fornul a
R[err]AI(OAI&errLy&err]‘ gb .5 Et2AIOAIEt2 and

(iso-Bu)[err g8 u@mq@m romide; (4) conpounds of the formula

R[err]AI(NR[err])[erri Me2Al NEt 2, Et 2AI NHVe, Me2Al NHEt ,

Et 2A1 N( Si Me3) 2 andlky elummum sy uihyldides3) spechapg methylaluminyms)
conpounds of the formula Rlerr]A(SiRerr])[err], e.g., 10

(i so- Bu) [ er r jsRissiuishéeride anethylaluminum ﬂ?&ﬂuéghﬁgnhds,of the formul a
Rerr]A(N(R7)AIR[err])[err], e.g., Et2AIN(Me) Al Et2 and

(i so- Bu)ZilN@E@pﬁbpyialﬁmiﬁemr#esqulchlorlde Obutiydaduyémaeal uni num conpounds
of the fornmulas (i) and (ii), preferable are conpounds of the

formul as R[em@b@hichlEri&éeam¢Aéiﬁ?{aﬁuﬂﬁqum'spsqndbromide;
Rlerr]Al(QAIRerr])[err], and particularly preferable are conpounds

of the fornul as i aliglabukirum|dilsalides, such as methylaluminum
dichioride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and

10 alkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride.

Also employable as the organcaluminum compound (d4)
is a compound represented by the following formula (ii):
R1AlY;3 , (ii)

15 wherein R! is the same as above; Y is -OR2 group, -0SiR3;
group, -OAlR%; group, -NR?; group, -SiR6; group or
-N(R7)AlR8; group; n is 1 to 2; R2, R®, R* and R® are each
methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl
or the like; R5 is hydrogen, methyl, ethyl, isopropyl,

20 phenyl or trimethylsilyl; and R® and R7 are each methyl

or ethyl.
Examples of | such organoaluminum compounds include:
(1) c;ompounds of the formula R1,Al(OR2)3.,, e.g.,
dimethylaluminum methoxide, diéthylaluminum ethoxide and

25 diisobutylaluminum methoxide;



an isoal kyl group and n is 2. : The ol efin polynerization
cat al yst (CatF;_Jl)492-/ _G%Q‘rrprises t he conponent (a), the conponent (b), and

if 20 necessary, 'the conponent (d); and the olefin pol ymeri zati on
catal yst (Cat-2) (solid catalyst (Cat-2)) conprises a solid catalyst
(conponent) obtai nabl e by supporting the conponent (a) and the
conponent (b) on the carrier (6’, and if necessary, the conponent

(d). 43 The ol efin
pol ymeri zation catglyst (Cat-1) Ls repare 1-X{ hg and_contacting
t he cat al yst @oﬁﬁﬂ‘%@ﬁf@smﬂ%ht%%c%o%&g%ilhg} g%s{ﬂ%&r%l 8e9t he

pol yneri zation reactor. The, solid catalyst y be . 5 prepared by

previ ousl y ne&‘?ﬁgqpﬁéM%hpoWe?ﬂ‘B(ud)zAﬁ'go%éM?@an% (&8P d conponent, and then
m xi ng and contacting.with the conponent (b), or m xing and

cont acti ng t@’@&%@géﬁﬁh (a) and the component (b) to forma solid
catal yst, and then addi_ng the solid catal yst to the polynerization

10 system (3) compeupds Ph Pate yFRrmElaR RIpAL KPR el 3 hcaf-F) » can be
formed by _m xi ng_and contacting the congon_ent }ga), t he conponent (b),
and i f neessEiplOPAELe oRdNEFIO(ER) 2AA0AK (1S0-Bukatert hydrocar bon sol vent .
These catal yst conponents 15 nmay be contacted in any order, but when the
conponent (a)d)i soopeuadseafnthe foraelenFdnhiNRR) 3-vit ©-§- .
preferable to add the conponent (b) to a suspension of
Me,AINEt,;, Et,AINHMe, Me,AlNHEt, EtAIN(SiMes); and (iso-
Bu),AlN(SiMe3),; and
(5) compounds of the formula R Al (SiR®3)s3.n, e.9.,
10 (iso-Bu),AlSiMes3; and
(6) compounds of the formula RILAL (N(R7)AIRS;)3_,,
e.g., EtyAlIN(Me)AlEt; and (iso-Bu)3AIN(Et)Al (iso-Bu),.
Of the organoaluminum compounds of the formulas (i)
and (ii), preferable are compounds of the formulas R13Al,
15 RL,A1(0OR?);., and RYL,AL(OA1R%;)3.n, and particularly
preferable are compounds of the formulas in which R! is
an isoalkyl group and n is 2. '
The olefin polymerization catalyst (Cat-1)
comprises the component (a), the component (b), and if
20 necessary, the component (d); and the olefin
polymerization catalyst (Cat-2) (solid catalyst (Cat-2))
éomprises a solid catalyst (component) obtainable by

supporting the component (a) and the component (b) on

'the carrier (c), and if necessary, the component (d).



t he conponent (a). The component (b) is preferably . forned in advance

by m xing t ar re trgnsition netal 20 conpounds (conponents (b-1) and
(b-11)), angq%ﬁéﬁgﬁﬁgiﬁaﬂ and contacting with other conponents.

Exanpl es of the inert hydrocarbon solvents used for preparing the

ol efin polynerization catal yst (Cat-1) i ncl ude al i phati c hydrocarbons,
such as propane, butane, 25 pentanéd3 hexane, heptane, octane, decane,
dodecane and 44 ker osi ne;

al i cyclic hydrocarbons ych as cyc| opent ane, cycl ohexane and
nethylcyclopentangieaP&ﬁ%PPcp°lymeﬁ§%ﬁE&Eﬂtﬁﬂ%§1Y§GcHC§§‘Bén%§ne, t ol uene
and xyl ene; hal ogenat ed hydrocarbons, such as ethyl ene chloride, 5
chl or obenzen®EERRTE: FYoPofeREaRRd GPREaRtING ddhepratrdyst hydr ocar bons.
In the m xing and contacting of the conponent (a), t he conponent (b),

and i f neces<$HMpPonEREScWEpBneaeh (afher inside cxowudstidet kba of the
conponent (a) is in the range 10 of about 0.1 to 5 nol/liter-solvent,
preferably 0R®lymerizatioppreatter .- sdvermolidh cegadysef mayyubenum in the
conponent (a). The atonmic ratio of aluminum(Al) in the conponent
(a) to transindemenest by prevheusbypowreing (the compopantt (ahstbilba aetal) is
in the range of usually 10 to 15 500, preferably 20 to 200. The atomc
rati o of al udadud compoaeni (&hddihem mielngFpdheohtad)ringt wotial tiye used to
al umi num atom (Al -a) in the conponent (a) (Al-d/Al-a) is

component (b), or mixing and contacting the component

{(a) and the component (b) to form a solid catalyst, and

then adding the solid catalyst to the polymerization

10 system.

The olefin polymerization catalyst (Cat-1) can be
formed by mixing and contacting the component (a), the
component (b}, and if necessary, the component (d) in an
inert hydrocarbon solvent. These catalyst components

15 may be contacted in any order, but when the component
(a) 'is contacted with the component (b), it is
preferable to add the component (b)ﬁto a suspension of
the component (a). The component (b) is preferably
formed in advance by mixing two or more transition metal

20 compounds (components (b-I) and ({b-1II)), and then mixing
and contacting with other components.

Examples of the inert hydrocarbon solvents used for
preparing the olefin polymerization catalyst (Cat-1)

include aliphatic hydrocarbons, such as propane, butane,

25 ©pentane, hexane, heptane, octane, decane, dodecane and



I n the range of usually.0.02 to 3, preferably 0.05 to 1.5. In the

m xi ng and caqnt ing af .the conponent (a), 20 the conponent (b), and if
necessary, t&gjggﬁﬁgﬁéﬁb4(d), : the m xing tenperature is in the range

of usually -50 to 150 [err]C, preferably -20 to 120 [err]C, and the
contact tine Is in the range of usually 1 mnute to 50 hours,
preferably 10 m nutes to 25 hours. 44 45
In the olefin polynerization catal yst (Cat-1) prepared as above, the
conponent (b), is desir cont ai ned, based_on 1 gygf the catalyst, in

ably ) ,
an armount of ker%%@zoﬁgﬂ?}fc%ac5&11@f%$ﬂb9ﬁﬁr, P ESabVG L eBERIASt 0
2x10[err] nol, in 5 terns of transition netal atom ,and the conponent (a)
and the conpdfEHOReIRngr 8NdeBPERKLGYELPRERIRNE ! BIOBR AR 1 g of the
catalyst, in the total amount_ of 10-2 to 2.5x10[err] mol, preferably
1.5x10[ err] thyosergEdonE . nsUChi ast bepgene, tojuenefnduyaeBiy |
The solid catal yst (Cat-2) can be prepared by allowing the carrier (c)
to support tﬁé?%iﬁﬁﬂfﬁ@d hydregapbaent $Ugh ahettohsaseshlebideand i f
necessary, the conponent (d). Al t hough the conponent (a),
t he corrpoEentC]f(JU)IIOhehi@enESandr dichlorymetrhpndre ayshpamsnregdpinthrede nmi xed
and " contacted in any order to prepare the solid catalyst (Cat-2),
it is preferdydradeatoonse conponent (a) is contacted with the carrier
(c¢), then with the conponent
In the mixing and contacting of the component (a),
the component (b), and if necessary, the component (d),
the concentration of the component (a) is in the range
10 of about 0.1 to 5 mol/liter-solvent, preferably 0.3 to 3
mol/liter-solvent, in terms of aluminum in the component
{a). The atomic ratio of aluminum (Al) in the component
(a) to transition metal in the component (b)
{Al/transition metal) is in the range of usually 10 to
15 500, preferably 20 to 200. The atomic ratio of aluminum
atom (Al-d) in the'component (d) optionally used to
aluminum atom (Al-a) in the componeﬁt (a) (Al-d/al-a) is
in the range of usually 0.02 to 3, preferably 0.05 to
1.5. In the mixing and contacting of the component (a),
20 the component (b), and if necessary, the component (d),
the mixing temperature is in the range of usually -50 to
150 °C, preferably -20 to 120 °C, and the contact time

is in the range of usually 1 minute to 50 hours,

preferably 10 minutes to 25 hours.



(b), and then, if necessary, with the conponent (d). 20 The conponent (b)
is preferably fornmed in advance by m xi ng two or nore transition netal
conmpounds F‘%ﬁ%@%ﬁgﬁéﬁﬁs (b-1) and (b-11)) and then m xi ng and

contacting with other conponents. The contact between the
conponent (a), the 25 conponent (b), the carrier (c) and conponent (d) may
be 45 46 conducted in an inert
hydr ocar bon sol vent, and exanpl es of the inert hydrocarbon sol vents
used for preparing the catal yst are the sane_as those used for
preparing the noltdei AlpsLy e vey e tekamicpdelyeht (¢3tptbviously 5
descri bed. In the m Xxing and contacting of the conmponent (a),

t he conponentoreaparechescabpver th¢, cemrpndntclddsdgr flesirablyhe conponent
(d), the conponent (b) is used, based on 1 g of the carrier (c), in an
anmount of usumdtaifed) baspdt on 109 5x Ofke rdatedlystpr éhepnbepoudferf] to
2x10[err] nol, in_terns of transition netal atom and the
concentrat i o800 fheo 5x10-¢gppbnepitefanably 1977 neo raAde grobbdt 10[err] to
2X10[ err] nmol/liter-solvent, preferably 2x10[err] to 10[err]

mol /literS termsolofemtrangheiahometal adton ofarsl whenwompshentn(ahe 15
conponent (a) to transition netal in the conponent (b) (Al /transition
metal) is in die tlengempbnesaualidy dbetdesirablib@bntpriakdr, abbhyedOoto 200.
The atomc ratio of alumnum atom (Al -d) in the conponent (d)
optionally used tof the catalyst, in the total amount of 10-2 to

2.5%10-2 mol, preferably 1.5x10-2 to 2x10-2 mol, in terms
of aluminum atom.

10 The solid catalyst (Cat-2) can be prepared by
allowing the carrier (c¢) to support thereon the
component (a), the component (b), and if necessary, the
component (d).

Although the component (a)f the component (b), the

15 carrier (c) and the component (d) may be mixed and
contacted in any order to prepare the solid catalyst
(Cat-2), it is preferable that the &omponent (a) is
contacted Qith the carrier (c),'then with the component
(b), and then, if necessary, with the component (d).

20 The component (b) is preferably formed in advance by
mixing two or more transition metal.compounds_
(components (b—I)'and (b-II)) and then mixing and
contacting with other components.

The contact between the component (a), the

25 component (b), the carrier (c¢) and component (d) may be



al um num atom (Al -a) in the conponent (a) (Al-d/Al-a) is 20 in the range

of usually O ferably 0.05 to 1.5. In the mxing and
contacti ng 0F03ﬁ5 égﬁpgggnt (a), t he conponent (b), the carrier (c),
and i f necessary, t he conponent (d), the mxing tenperature is in the
range of usually -50 to 150 [err]C, ngreferably -20 to 120

47 [err]C, and the contact ti Is in the range of usually 1

m nute to 50 hours, preferably 10 minutes to 25 hours. In the
solid catal yst re ared a ove onponen S
desirably suf¥ &%P&t'i % oh"§* 5%%&%&@?@ ggﬁpqeg?: ?8?8 g1 eéﬁmunt of
5x10[err] to 5x10Q[err] h¥ referab 12%Frr to 2x10[err]
terns of tra tfgninert Rygdopcarhon o8

hit PYERaGHS t"ﬁée
conmponent (d) are desj rabl ported based on 1 of the carrier
(c), in the tc@tté‘llyéﬁoéﬁ? Ghel ‘l’*r? t‘ﬂ“%{aléis@rdr ]fOHDPrepgﬁln%rQ?%rabl y
2x10[err] to 2x1Q[err in terns of alum num - atom The
ol efi n pol ymoiefasi &R EEFﬁF?@Fl?@%ﬁ§§51¥ﬁE/Qﬁ??ﬁl) preyigsiyneri zed
catal yst [ n which an olefin has been prepol ynerized. 15 The
prepol yme?i z&lesexibedst can be prepared by i ntroducing an olefin into
an i nert hydrocarbon sol vent in the presence of the conponent (a),
t he conponent (b) In the mﬁalnﬁea%@r¢¢ﬁﬁaqﬁ$nq(9%M§hﬁoﬁﬁmppéﬂﬁtyﬁ@}4zatlon
It is preferable that the solid catal yst co onent (Cat-2) is

the component (b}, the carrier (c), an 1f necessary,

the component (d), the component (b)‘is used, based on 1

g of the carrier (c), in an amount of usually 5x10-% to
10 5x10-4 mol, preferably 10-5 to 2x10-%4 mol, in terms of

transition metal atom; and the concentration of the

component (b)_is in the range of about 10-¢ to 2x10-2

mol/liter-solvent, preferably 2x10-% to 102 mol/liter-

solvent. The atomic ratio of aluminum (Al) in the

15 component (a) to transition metal in the component (b)
(Al/transition metal) is in the range of usually 10 to
500, preferably 20 to 200. The atomic ratio of aluminum
atom (aAl-d) in the component (d). optionally used to
aluminum atom (Al-a) in the component (a) (Al-d/Al-a) is

20 in the rahge of usually 0.02 to 3, prefefably 0.05 to
1.5. In the mixing and contacting of the component (a),
the component.(b), the carrier (c¢), and if necessary,
the component (d), the mixing temperature is in the

range of usually -50 to 150 °C, preferably -20 to 120



20 formed fromthe conponent (a), the conponent (b) and the carrier
(c). The solid YA onponent (Cat-2) may be further blended with
t he conponen?'&%§52§§fgpithe conmponent (d). For preparing
the prepolynerized catalyst, an 25 olefin may be added to a suspension
cont ai ning the F- 1492/ SF- 604 48
produced solid catal yst (Cat-2) (solﬂa cat al yst conponent), or the
solid catalyst (Cat-2) nay be separated from a suspensi on contai ni ng

t he produced, olid catal yst (Cat.,-2),, tgen the solid C%Fal st may be

5 resuspendefi /% nt?ﬂeﬁ?nqﬁg% 3 BnkhEnTEREEi AF MSHALLY Yhe added to
the resul ti ng suspensi agn. I n the(Preparation of the

prepol ymer i z&H¥kEaltes PO hours, (prefeARhentt @Hputes §42P n"haWrSmount  of
usually 10[err] to 2x10[err]_nmol/liter-solvent, preferably 5x10[err]
to 10[err] 10 noM theepoddfvertalyst t Erais 20t RreRased 8f ARPE® at om i n

the conponent (b); and the conponent (b) is used, based on 1 g of the
carrier (c), the sempepent &) skaofesifakbly supportedy Bappdneh, L @ef erabl y
10[ err] tg 2x10[err] rnol, in terps of transition netal_gtonlin t he
conponent? (bt Hhe segkier {S) . r &R P ANMRHURLARTS §h PHO CIDbnent (a)
to transition nmetal in the conponent, (b) (Al/transition net al )
is usual ly fsnterabdysa8;°> fiefeddpf ynob tig Jeoms of trapgibiemic ratio of
al um num atom (Al -d) in the conponent (d) optionally used to al um num
atom (Al -a) imetal atom; and the component (a) and the component (d)

are desirably supported, based on 1 g of the carrier

(c), in the total amount of 10-3 to 5x10-2 mol,
10 preferably 2x10-3 to 2x10-2 mol, in terms of aluminum
atom.

The olefin polymeriéation catalyst (Cat-2) may be a
prepolymerized catalyst in which an olefin has been
prepolymerized.

15 The prepolymerized catalyst can be prepared by
introducing an olefin into an inert hydrocarbon solvent
in the presenée of the component (ai) the component (b)
and the carrier (¢) to perform prepolymerization. It is
preferable that the solid catalyst component (Cat-2) is

20 formed from the component (a), the component (b) énd the
carrier (c). The solid catalyst component (Cat-2) may
be further blended with the component (a) and/or the
component (d). |

For preparing the prepolymerized catalyst, an

25 olefin may be added to a suspension containing the



20 .the conponent (a) (Al-d/Al-a) is usually fromO0.02 to 3,
preferably 0.0 . . The solid catal yst conponent is used in
an anount F'Ei%%/égﬁgpﬁy 10[err] to 2x10[err] nol/liter-sol vent,

preferably 5x10[err] to 10[err] mol/liter-solvent, in terns of
transition 25 netal in the transition netal conpound.

49 The prepol yneri zation #8nperature is usually from -20 to
80 [err]C, preferably 0 to 60 [err]C, and the prepol yneri zation tine

is usually fromO0.5 to 10 refera 1 to_50 hours. 5

Exanpl es of BFOWICES ﬁ?lﬂlgeﬂaFﬁii’ﬁE (Cag’%))re kiy’ﬁae CRFALYER i ncl ude
ethylene; and [err]-ol efins of to 20 car bon atons such as propyl ene,
1- but ene, 1- COMPONSAL) anQT Eh?reﬁﬂ%dlc%‘é"r‘&léﬁh‘é CRtheleHBY Peoct ene, 1-
decene, 1-dodecene and 1-tetradecene, O these,, 10 particularly

pref erabl e | SapARAtese fspmaac SHEPRRE IR ggntaining fHpeepECHESEhe a- ol ef i n
used in the polynerization. The prepol ynerized catalyst is
prepared by, swrid catadyafpl(€atrhe. f Shenvihy) saldcesatalstempyibe is
suspended_in an inert hydrocarbon to give a suspension. 15 To the

suspensi o, ttesuwsEsaded dni Anmiosyt ceydoerrrbon, andempedefin(myy i s added,

and they are reacted for a gi ven period of time. Then, the
super nat ant |hey@dfleids to the remulbing asnisperssiwsul ting sol i dis resuspended
in an i nert hydrocarbon. To the system the transition netal

In the preparation of the prepolymerized catalyst,
the component (b) is used in an amount of usually 10-6 to
2x10-2 mol/liter—solvent, preferably 5x16'5 to 102

10 mol/liter-solvent, in terms of transition metal atom in

“the component (b); and the component (b) is used; based

on 1 g of the carrier (c), in an amount of 5x10-6¢ to
5x10-4 mol, preferably 10-5 to 2x10-¢ mol, in terms of
transition metal atom in the component (b). The atomic

15 ratio of aluminum (Al) in the component (a) to
transition metal in the component (b) (Al/transition
metal) is usually'from 10 to 500, péeferably 20 to 200.
The atomic ratio of aluminum at&m (Al-d) in the
component (d) optionally used to aluminum atom (Al-a) in

20 the component (a) (Al-d/Al-a) is usually from 0.02 to 3,
preferably 0.05 to 1.5.

The solid catalyst component is used in an amount

of usually 10-¢ to 2x10-2 mol/liter-solvent, preferably

5%x10-5 to 1072 mol/liter-solvent, in terms of transition

25 metal in the transition metal compound.



20 conpound (conponent (b)) is added, and they are reacted for a

gi ven period_of t] n, the supernatant liquid is renpved to
obtain a soIFalé§?2E§§ngonponent. Subsequently, to an-inert

hydr ocar bon contai ni ng the or ganoal um num conpound (conponent (d)),
the solid 25 catalyst conponent is added and an olefin is further

50 i ntroduced. Thus, a prepol y#ized catalyst is pr epar ed.

In the prepolynerization, an olefin polynmer is desirably produced in

an amount of 0.1 to 500 g, 5 greferabl 0.2 to 3Q0 %} n?&e Ereferably 0.5
to 200 g, bad®§ BRCPOGYBETLRRIER (FEPIALture 1s Usuallylygm
prepol ynerized catal yst, the conponent (b) | I s desirably supported,
based on 1 g &0 e 8arfi dergkgrably O Hon'69n "GnRfd 1€ about from 5x10[ err]
to 5x10[err] nmol, = 10 preferably 10[err] to 2x10[err] nol, in terns of
transiti on PrenedivalerizenioBnbingele onpimehy from $hé tre188nhenEnt (d)
are desirably supported in such anounts that the nolar rati o of
al um num at omyeflerabiyt Be teohPohenrs. (a) and (d) to transition netal
atom (M in the conponent (b) 15 (Al/M beconmes 5 to 200, preferably 10
to 150. 5 Ex@implpsepd| vher okafion wesd ber ddveri ed out by any of
bat chwi se and conti nuous processes, and may be carried . out_ under
reduced presdqnepolamextigaspnar inchudsserlvigne; andrlgfiassgfe3 In the
prepol yneri zati on, hydrogen is
to 20 carbon atoms such as propvlene, l-butene, 1-
pentene, 4-methyl-l-pentene, l-hexene, l-octene, 1-
decene, i—dodecene and l-tetradecene. Of these,
10 particularly preferable is ethylene or a combination of
ethylene and the a-olefin used in the polymerization.
The prepolymerized catalyst is prepared by, for
example, the following process. The carrier is
suspended in an inert hydrocarbon to give a suspension.
15 To the suspension, the ofganoaluminum oxy-compound
(component (a)) is added, and they are reacted for a
given period of time. Then, the suéérnatant liquid is
removed, and the resulting solid is resuspended in an
inert hydrocarbon. To the systém, the transition'metal
20 compound (component (b)) is added, and they are reacted
for a given period of time. Then, the supernatant
liquid is removed to obtain a solid catalyst component.
Subsequently, to an inert hydrocarbon containing the

organocaluminum compound (component (d))}, the solid

25 catalyst component is added and an olefin is further



20 desirably allowed to be present in the systemto produce a

pr epol ynmer havi i I nsic viscosity ([err]), as measured in
decalin at 1%§&Fg???gf8@4 0.2 to 7 dl/qg, preferably 0.5 to 5 dl/g. _
The copol yneri zation of ethylene and an [err]-olefinis 25 <carried out in
t he presence of the above-nenti oned

51 ol efin polymerization catal$9t in a gas phase or a liquid
phase of slurry, preferably in a gas phase. In the slurry

pol yneri zatiqQn, an ingrt hydr ocar bon qgélbe used as,the solvent, or

the ol efin i t8EFPIMEFIbe TREH R Prepylymegipehratalyst is  pvanples of the
I nert hydrocarbon sqlvents used in the slurry polynerization include
aliphatic PreRp8P8earbons, such as propane, butane, isobutane,
pent ane, hexane, octane, decane, dodecane, hexadecane _10 and octadecane,
al i cyclic hydrocafBohBe Buepehguerizatehan.of@nhtdséinneehyheEyts opent ane,
cycl ohexane and cycl ooctane; aromatic hydrocarbons, such as benzene,
t ol uene and @psénablinpredeced cimman asduwiis ofsfch &9 500 ggasoline,
kerosine and gas oil. O the inert 15 hydrocarbon solvents, preferable
are aliphati preferahyurOcarbonl0 o gyarid Eueferebavbbnd Bad2@etyol eum
fractions. When the copol ynerization is carried out by slurry
pol ymeri zati based gaslpbast P yemriiseat ilen,. the catal yst
In the prepolymerized catalyst, the component (b)
is desirably supported, based on 1 g of the carrier (c),
in an amount of about from 5X10-® to 5x10-4 mol,

10 preferably 10-5 to 2x10-4 mol, in terms of transition

metal atom; and the component (a) and the component (d)

ére desirably supported in such amounts that the molar

ratio of aluminum atom (Al) in the components {(a) and

(d) to transition metal atom (M) in the component (b)
15 (al1/M) becomes 5 to 200, preferably 10 to 150.

The prepolymerization may be carried out by any of
batchwise and continuous processes,iand may be carried
out under reduced pressure, at atmospheric pressure or
under pressure. In the prepolymerization, hydrogen is

20 desirably allowed to be present in the system to produce
a prepolymer having aﬁ intrinsic viscosity'(n), as
measured in decalin at 135 °C, of 0.2 to 7 dl/g,
preferably 0.5 to.5 dl/g.

The copolymerization of ethylene and an o-olefin is

25 carried out in_the presence of the above-mentioned



20. is desirably used in an anount of usually 10[err] to 10[err]

mol /liter, pregfgfﬁéﬁggégewr] to 10[err] nol/liter, in terns of a
rans

concentrati of” on netal atomin the pol ymeri zati on reaction
system : In the olefin polynerization catalyst fornmed from 25
t he conponent (a), the conponent (b) and optionally the
52 conponent (d), the atomc r&lio of aluminumatom (A) in t he
conponent (d) to transition nmetal atom (M in the transition netal
conmpound (b) iAI[N@ is in the range of . 5to 300, preferably 10 to 200,
more pref er aBL§fin pelymeriagyion catalYStlﬁntﬁegﬁEIQHQQ?Z%Eﬁ%n usi ng the
olefin olyperization_catal yst formed fromthe conponent (a), t he
conponent (b}icuid Rhase f (Huriy HFEteFably LRe2 928 REAFRNen? (d), an
or ganoal um num oxy-conpound which is 10 not supported on the carrier may
be used in atbet pbrr¥y pPolymemigasriganoaiudnetih BYJresapermdiat dfonent (a))
which is supported on the carrier. In this case, the atomc ratio
of al um num uese¢h &4l the rselieenst gadheniodekioxytself mayrpputredtash i s not
supported on the carrier to 15 transition nmetal atom (M in the
transiti dn nehal solventonpound (b) (AI/M is in the range of 5 to 300,
preferably 10 to 200, nore preferably 15 to 150. The conponent (d)
opti-onal | y used nEyabplssippbriles ioredthdydrocachoni solyents arsedhyirbe added
during the polynerization.

the slurry polymerization include aliphatic

hydrocarbons, such as propane, butane, isobutane,
pentane, hexane, oétane, decane, dodecane, hexadecane
10 and octadecane; alicyclic hydrocarbons, such as
cyclopentane, methyl cyclopentane, cyclohexane and
cvclooctane; aromatic hydrocarbons, such as benzene,
toluene and xylene; and petroleum fractions, such as
gasoline, kerosine and gas oil. Of the inert
15 hydrocarbon solvents, preferable are aliphatic
hydrocarbons, alicyclic hydrocarbons and petroleum
fractions. ‘
When the copolymerization is carried out by élurry
polymerization or gas phase polymerization, the catalyst
20 is desirably used in an amount of usually 10-% to 10-3
mol/liter, préferably 10-7 to 104 mol/liter, in terms of
a concentration of transition metél atom in the
polymerization reaction system.
In the olefin polymerization catalyst formed from

25 the component (a), the component (b) and optionally the



20 The conponent (d) having been beforehand supported on the carrier

(c) may be a LN he pol yneri zati on. The conponent (d) having
been supportggﬁgﬁgyﬁg_ggﬁrier and the conponent (d) to be added during
t he pol yneri zation may be the same or different. The atomc 25 ratio
of alum numatom (Al) in the conponent (d)

53 optionally used to transiti 88 net al atom (M in the

transition nmetal conpound (b) (AI/M is in the range of 5 to 300,

preferably 10 to 200 e eferably 15 to 150. When t he
Sl Grry pol ymSiRPereah 180 caPPPeataRte THS OF AI5FHMEM 280MofALbner at ur e
Is in the range of usual l preferably 0 to 90

-50 to, 100 C
[err]C. When % C@&‘?°nenty;()‘ﬂbsE° pﬁ%%""rlz‘&'f i[‘%:g%]s akery (¥ oht EPehe

pol ymeri zati on . tenperature is in the range of usually O to 120 [err]C
10 pr ef er abl (FrE@sigippompEpt| eompound. (b) W%bgﬁonhéPif&@iEﬁnﬁﬁeggure i s
usual Iy at nospheric pressure to 100 kg/cnR, preferably 2 to 50 kg/cn®.
The pol | 2801 orredpraelyrat? e’ MR, Wergmpreferabdllseto |
sem -continuous and continuous processes. 15 The pol yneri zation can
be conducPed 59-two or nore stages under different reaction
conditions. The olefin pol yneri zation catal yst may further contain

ot her conpondimt $hesppliymest zatedn nupisry dre odiefdm i n addition to

t he above conponents. _
polymerization catalyst formed from the component (a),

the component (b), the carrier (c¢) and optionally the
component {(d), an orgénoaluminum oxy-compound which is

10 not supported on the carrier may be used in addition to
the organocaluminum oxy-compound (component (a)) which is
supported on the carrier. In this case, the atomic
ratio of aluminum atom (Al) in the organcaluminum oxy-
compound which is not supported on the carrier to

15 transition metal atom (M) in the transition metal
compound (b) {Al/M) is in the range of 5 to 300,
preferably 10 to 200, more preferabiy 15 to 150. The
component (d)'optionally used may be supported on the
carrier (c), or may be added during the polymerization.

20 The component (d) having been beforehand supported on
the carrier (c) may be added during the polymerization.
The component (d) having been supported on the carrier
and the component (d) to be added during the
polymerization may be the same or different. The atomié

25 ratio of aluminum atom (Al) in the component (d)



20 Exanpl es of the ol efins which can be pol ynerized by t he use
of the olefin pol nerigation catal yst include ethylene; [err]-olefins
of 6 to 8 caF5£ﬁ9éf%%%,o%ther a- ol efins, such as propyl ene, 1-butene,
1- pentene, 4- met hyl - 1- pentene, 1-decene, 1-dodecene, 1-tetradecene,
25 1-hexadecene and 1-octadecene and 1-eicosene; and cycl o-

54 olefins of 3 to 20 carbon &8onms, such as cycl opentene,

cycl ohept ene, norbornene, 5-nethyl-2-norbornene, tetracycl ododecene
and 2-nethyl -1, 4,5, 8-di net hano- L. )

1,2, 3, 4, 4a, 5°BL8a0ALLEHYRRD teh HiurRsdidon mesgleapPBy M) el Bhyre styrene,

vi nyl cycl ohexane and di enes, In the ethylene/[err]-olefin

copol ymer obtzppedtbynthetal compausrd dlyol(PheM) zA8i R BrecerRge tde
constituent units derived fromethylene are present in anounts of 50
to 1005%:-by30Ri ghreferaltler Al yvo52000 99re, byeferghty Horeo 10
preferably 65 to 98 % by wei ght, nost preferably 70 to 96 % by

wei ght, and flh@.constituent units derived from the a-olefin of 6 to 8
carbon atons are present in anounts of 0 to 50 % by wei ght,
preferably 1 to 48henbyhe slurmeipgitymenirzetioef ésabhyrledoo®s, %Hy wei ght,
nost 15 preferably 4 to 30 % by wei ght. The et hyl ene/a-olefin
copol yner thpslghtainatitastemperathire fdrsofder tthes réAge) of ougelly ), so that
it has excel l ent noldability and can produce filnms of excellent

t ranspar ency -godteetbantcalpreifieeaplly. 0 to 90 °C. When the gas
phase polymerization is carried out, the polymerization
temperature is in the range of usually 0 to 120 °C,

10 preferably 20 to 100 °C.

The polymerization pressure is usually atmospheric
pressure to 100 kg/cm?, prefefébly 2 to 50 kg/cm?. The
polymerization can be carried out by any of batchwise,
semi-continuous and continuous processes.

15 The polymerization can be conducted in two or more
stages under different reaction conditions. The olefin
polymerization catalyst may further‘tontain other
components useful for olefin polymerization in addition
to the above components.

20 Examples of the olefins which can be polymerized by
the use of the olefin polymerization catalyst include
ethylene; o-olefins of 6 to 8 carbon atoms; other o-
olefins, such as propylene, l-butene, l-pentene, 4-
methyl-l-pentene, l-decene, l-dodecene, l-tetradecene,

25 1-hexadecene and l-octadecene and l-eicosene; and cyclo-



20 Et hyl ene copol yner conposition (A) The

ethyl ene copa}y- zfgyn@aiition (A") has substantially the sane
conposition and useful ness as t hose of the ethyl ene/a-ol efin copol yner
(A), and 25 conprises (B) an ethylene/[err]-olefin copolymer and (C) an
55 et hyl ene/ a-ol efin copolynmer which is different fromthe

copol yner (B). The ethylenéVb-olefin copolynmer (B) is a random
copol ymer of ethylene and an [err]-olefin of 6 to 8 carbon 5 atons.

Cramles of Bt Gl e L3 00La0l2 2SR AL e, 11 sare

ol efins as previou
copol yner (B) uent units derjved fromethylene are present

t-h constit
in anDun:%F%éh%ﬁfqﬂ?'158r§959eﬂﬁig Tl A ANGPSHERE 99 9% 10 by
wei ght, nore- referaq%y gg to 98 % by wei ght, nost ) referably 70 to 96
% by wei ght, HHFAREICTRSEFERENENA 2 MRy L~ Tyed i Rt ~a-olefin of 6
to 8 carbon gﬁgfs are present_in amounts of 0 to 50 @6bépmei ht ,
preferably 1 Y 45 %%y “wlir §Rr OChah¥dsrririidinlene o Adso esplowgbhei ght
particul aply preferably 4 to 30 @6bg wei ght . The
et hyl ene/ Per r3=Q | BRLEICo p ¥ FYC BPherane rapsd yienes . the fol | owi ng

roperties (B-i) to - Vi i nd articul arl r ef er abl has t he
Polromﬁng pEopeatﬁgk@sg et%y?ene/a—olgf£n copolyﬁgé)obtaine by the

olefin polymerization process, the constituent.units
derived from ethylene are present in amounts of 50 to
100 % by weight, preferably 55 to 99 % by weight, more
10 preferably 65 to 98 % by weight, most preferably 70 to
96 % by weight, and thé constituent units derived from
the a-olefin of 6 to 8 carbon atoms afe present in’
amounts of 0 to 50 % by weight, preferably 1 to 45 % by
weight, more preferably 2 to 35 % by weight, most
15 preferably 4 to 30 % by weight.
The ethylene/t-olefin copolymer thus obtained has
the properties (A-i) to (A—iii), so that it has
excellent moldability and can produce films of excellent

transparency and mechanical strength.

20
Ethvlene copolymer compogition (A')

The ethylene copolymer composition (A') has

substantially the same composition and usefulness as

those of the ethylene/a-olefin copolymer (A), and

25 comprises (B) an ethylene/o-olefin copolymer and (C) an



20 1) to (B-viii). (B-i) The density (d) is in the range of

0.880 to preferably 0.880 to 0.960 g/cnB, nore
preferably O:. 8&%9?6g8 éggﬁg/cn{err] nost preferably 0.905 to 0.930

g/cnerr]. 56 (B-ii) The
melt flowrate (MFR) is in the range_of 0.02 to 200 g/ 10 mn,
preferably 0.05 to 50 g/ 10 mn, Shore preferably 0.1 to 10 g/10 m n.
(B-iii) The n-decane-sol ubl e conponent fraction (W 5 (Mt%) at 23
[err]C and the density (d é g/cnferr])) satisfy the fol |l ow ng

rel ation: ethylene/pnol géigagereiymR Yheikl] ir0 d§ffement from the W
< 80xexp(-100(d-0.88))+0.1, preferably W<
60xexp( - 100( d&cpol8pr0.(B) . 10 nore preferably W<
40xexp(-100(d-0.88))+0. 1, in the case of MFR > 10 g/ 10m n,

W < 80x( MFR- 9) [ er TheerphylfédetoB8fjnrGedpolymer (B) is( B- rahddhe
tenperature (Tm ([err]C)) at the maxi num peak position of an _
endot her m ¢ cuwpodvakert bé ethplynerand Sen as-oledSior e 6y ta 8i €hebent i al
scanni ng cal ori neter (DSC) and the density (d (g/cnferr])) satisfy
the foll o%i ngtoms. E&bAbLES: of the a-oleflins HOBXto248carbon atoms
preferably Tm < 450xd-296, 20 nore preferably Tm < 500xd- 343,

include the same olefins as previously described.

In the ethylene/0-olefin copolymer (B), the
constituent units derived from ethylene are present in
amounts of 50 to 100 % by weight, preferably 55 to 99 %

10 by weight, more preferably 65 to 98 % by weight, most
preferably 70 to 96 % by weight, and the constituent
units derived from the a-olefin of 6 to 8 carbon atoms
are.present in amounts of 0 to 50 % by weight,
preferably 1 to 45 % by weight, more preferably 2 to 35

15 % by weight, particularly preferably 4 to 30 % by
weight.

The ethylene/0-olefin copolyme;'(B) preferably has
the following properties. (B-i) to (B-vii) and
particularly preferably'has the'following properties (B-

20 i) to (B-viii).

(B-1i) The density (d) is in the range of 0.880 to
0.970 g/cm3, preferably 0.880 to 0.960 g/cm3, more
preferably 0.890 to 0.935 g/cm3®, most preferably 0.905

to 0.930 g/cm3.



particularly pr ef er abl y Tm < 550xd- 392. The

et hyl ene/ [ er I:F]—12|9§ FQ g8 oI yrrer (B) havi.ng the above-defined relation
bet ween t he terrper ure at t he maxi num peak position of an
endotherm c curve as 25 rreasur ed by a differential scanning calorineter
(DSC) 57 and the density (d)
and havi ng the above-defined reP8tion between the n-decane-sol ubl e
conmponent fracti on (W and the density (d) has a narrow conposition

di stribution. B—v nelt te MI.(g and the It flow
ate (VR (i 10 miR)HaPheritt ‘he B PR o Foiin the Pandd of™
9. 0OXxMFR- 0. 65 efer Pé/f&OXNFR[err] > M

> 2. 3XFR] err]0,>' of' €5 306° ngrzg[% 1y e‘?’é?faﬁﬁagplé' @x%éRf‘@r B, 5xMFR[ err] .

10 The eth Ie e/[err]-olefin co mer having the above

property has ®9%¢h FF@ FrtL‘B?ﬂél Bnl (f)10 éf/oltngilnit has excel | ent

nol dabi lity. B-vi) The flow _ activation energy ((Ea)XlO[err]
J/ mol K) det er®~ ﬁéa)f’Fla%n %-é?ﬁ?ffeﬁ&%l{hleoﬁ%epéngé?%%% (W5
super pOSiél on of the flow curve, the carbon atom nupnber ;C of the

a-ol efin ?n tEEXIpALy Adr "GRG HAY SenpisVeffin (9/cm) o smtdREY( £bRol % i n

the copol yner satisfy the follow ng relation:
(0. 039Ln( C- 2)Ed lowaspx xe2aB¥or: Eax10[err] 20
(0.039Ln(C 2) +0. 1660) xx+2. 87,

in the case of MFR £ 10 g/10min,

W < 80Xexp(-100(d-0.88))+0.1,
preferably W < 60xexp(-100(d-0.88))+0.1,
10 - more preférably W < 40xexp(-100(a-0.88))+0.1,
in the case of MFR > 10 g/10min,
W < B80X(MFR-9)0-26xexp(-100(d-0.88))+0.1.
(B-iv) The temperature (Tm (°C)) at the maximum
peak position of an endothermic curve of the copolymer
15 as measured by a differential scanning calorimeter (DSC)
and the density (d (g/cm3)) satisfy the following

%

relation: -

Tm < 400xd-248,
.preferably Tm < 450xd-296,"
20 _ more preferably Tm < 500xd-343,
parﬁicularly preferably Tm < 550xd-392.
The ethylene/d-olefin copolymer (B) having the
above-defined relation between the temperature kTm) at
the maximum peak position of an endothermic curve'aé

25 measured by a differential scanning calorimeter (DSC)



preferably, (0.039Ln(C 2)+0.0096)xx+2. 87. < Eax10[err]

(0.039Ln(C 2 X 87 nore preferably,

(0.039Ln(C- 2 )f' 8%%8%@“% 87 < Eax10[err] [err]
(0.039Ln( C 2) +0. 1300) Xx+2. 87. 58
(B-vii) The nol ecul ar wei ght distribution (Mwv M, NMr wei ght - aver age
nmol ecul ar wei ght, WM nunber-averag nol ecul ar wei ght), as determ ned
by GPC, satisfies the foll owi ng condition: 5 2.2 < MW M <

G o but on"BAN TR oaetey (il sy Ehe rirreideiiner using U

GPC- 150C nufactured by A col f TSK- GNH HT
havi ng a di afELBFLBR F9UHrRn the %Eioeg%apﬁug%%@nwm L%t he
col um t enperature ma 140 C. In the colum,, 500 mcroliters

of a sanple (WdneBfiFaei PRSHEA b A g REF Qs CABRRELELON 5 ng

o-di chl orobenzene (avail able from Wako Junyaku 15 Kogyo K K') as a nobile
phase and 0. @aStyibytiefght of BHT (avail able from Takeda Cheni ca
| ndustrie Ltd.) as an antioxidant. As a detector, a differenti al

refracton®ter was (BsEY. The melhdensios My Aghe, and thedneks \ilaws of
Mw<1, 000 and Mav>4x10[err] available from 20 TOHSO K. K. and pol ystyrene of
1, 000[ er r | Mrete] AMEB|[ ég710 anin ) atsacisfy theofeblewing erelririamd Co. wer e

used.
9.0XMFR-0-65 > MT > 2,2XMFR-0-84,

preferably 9.0XMFR0-65 > MT > 2.3XMFR-0-84,
more preferably 8.5XMFR0-65 > MT > 2.5XMFR-0-84,

10 The ethylene/o-olefin copolymer having the above
property has high melt tension (MT), so that it has
excellent moldability.

(B-vi) The flow activation energy ((Ea)x10-4 J/molK)
determined from a shift factor of time-temperature

15 superposition of the flow curve, the carbon atom number
(C) of the o0-olefin in the copolymer and the o-olefin
content (x mol%) in the copolymer_sétisfy the following
relation:

 (0.039Ln(C-2)+0.0096)X%+2.87 < Eax10-4 <
20 (0.039Ln(C-2)+0.1660)xx+2.87,
preferably, (0.039Ln(C-2)+0.0096)xx+2.87 < Eax10-4 <
(0.039Ln(C-2) +0.1500) X x+2 .87,
more preferably, (0.039Ln(C-2)+0.0096)xx+2.87 < Eax10-4

£ (0.039Ln(C-2)+0.1300)xx+2.87.



(B-viii) The nunber of unsaturated bonds presént in t he nol-ecul es of

t he copol yner, i n than 0.5 based on 1,000 carbon atons and is
| ess than 1 522852%Fn§é2 one nol ecul e of the copol yner. '

F- 1492/ SF- 604 59 The quantitative
determ nation of the unsaturated bonds is nade by finding an area
intensity of signals not assign5§ to doubl e bonds, i.e., signals
within the range of 10 to 50 ppm and an area intensity of signals 5

assigned to double_bonds, j.e.,.signals wthin,the.range f 105 to 150
ppm fromthe int ZEFXEL?‘ganEﬁrW%l%%' i"?é-gtht I&lsﬁﬁﬁi’ﬁﬂg"’&a%‘ﬁpg?‘i ng a ratio
bet ween the intensitjes. The et hyl ene/ a-ol efin copolyner (B) is
obtai nod by e REEBEy AEPFa9 ARk TR e RO e, FBr PUTPEF AR t o 8
carbon 10 ataons iin the presence of an olefin polynerizatjon cat al yst
whi ch conpri §odechlagxyRpeRt) ( 38 fHptermingdy o SF6m faktokietofip®und and
(b-11) a transi_tion metal conmpound of the forrmula (I11). The
or ganoal unm nfRldeyirgnFenfdtia®: and the 15 transition netal compound
(b-11) are the sane as those previ ously described in the process for
preparingot he 2.et syMer¥naso¥ e¥in copolymer (A). Similarly to the above
case, the carrier (c) and the organoal um num conpound (d) may be al so

enpl oyed, and prepsefacpbidt 2oh vfwAE 93 .0onducted. The anpunts of the

conponents, prepol yneri zati on conditions and pol ynmeri zation
The molecular weight distribution (Mw/Mn) was

measured by the following manner using GPC-150C
manufactured by Milipore Co.

10 A column of TSK-GNH-HT having a diameter of 72 mm
and a length of 600 mm was used, and the column
temperature was 140 °C. In the column, 500 microliters
of a sample (concentration: 0.1 % by weight) was moved
using o-dichlorobenzene (available from Wako Junyaku

15 Kogyo K.K.) as a mobile phase and 0.025 % by weight of
BHT (available from Takeda Chemical Industries, Ltd.) as
an antioxidant. As a detector, a differential

refractometer was used. As standard polystyrene,

polystyrenes of Mw<l, 000 and Mw>4x10¢ available from
20 TOHSO X.X. and polystyrene of 1,000<Mw<4x106 available
from Pressure Chemical Co. were used.
(B-viii) The number of unsaturated bonds present in
the molecules of the copolymer is not more than 0.5
based on 1,000 carbon atoms and is less than 1 based on

25 one molecule of the copolymer.



conditions are the sane as those for preparing the

ethylene/[erf] ol efin copolynmer (A). The et hyl ene/a-olefin

copol ymer (O 1492 /55788Mm 25 copol ymer of ethylene and an [err]-ol efin of
6 to 8 carbon 60 at ons. '
Exanpl es of the [err]-olefins of 6 to 8 carbon atons I ncl ude the sane
ol efins as described above. 59 In the ethyl ene/ a-ol efin copol yner
(O, the constituent units derived fromethylene are present in 5
anounts of 50 to 100 % by WEI referably 55 to 99 % by wei ght,
nore preferably 65heoWenisipy megq§¢temmatlon O%ﬁéﬁepﬁﬁﬁ?uvﬁt?—‘é 96 % by
wei ght, and the constituent units derived fromthe a-olefin of 6 to 8
carbon at ons bonds ig mageebynfindingoumtares imtea=S¢yupbysignghs, 10
preferably 1 to 45 % by weight, nore preferably 2 to 35 % by wei ght,
particularly rprtefa@mlgthpodgob%blyonds, ivpigtignals within fhe

et hyl ene/ a-ol efin copolyner (C) preferably has the foll ow ng
properties (Gangd ®f COvkocah@ pamtiandart ared ipteherisll pfhasgnaesf ol | owi ng
properties (CGi) to (Cvi). (Gi) The density (d) is in the
range of B. 88sdigmed to dodbBlegbondierri,e pr efimredlsy witB80 theOraBge
g/cnferr], nore preferably 0.890 to 0.935 g/cnB, nost preferably

0. 905 taf AEB3AoghGE8ppm20from the ({htegrathisnmettrvil avingt BQ-MFR) i s
in the range of 0.02 to 200 g/10 mn, preferably 0.05 to 50 g/10 mn,

NMR and calculating a ratio between the intensities.

The ethylene/0-olefin copolymer (B) is obtained by
copolymerizing ethylene and an o~olefin of 6 to 8 carbon
10 atoms in the presence of an olefin polymerization |
catalyst which comprises for example, (a) an
organcaluminum oxy-compound and (b-II) a transition
metal compound of the formula (II).
The organoaluminum oxy-compound (a) and the
15 transition metal compound (b-II) are the same as those
previously described in the process for preparing the
ethylene/0-olefin copolymer (3a). Similarly to the above
case, the carrier (c¢) and the organcaluminum compound
(d) may be also employed, and pfepolymerization may be
20 conducted. The amounts of the components,
prepolymerization conditions and polymerization
éondiﬁions are the same as those for preparing the
ethylene/a-olefin copolymer (A).
The ethylene/0-olefin copolymer (C) is a random

25 copolymer of ethylene and an ¢-olefin of 6 to 8 carbon



nore preferably 0.1 to 10 g/ 10 m n. (C—iii%'Tge n;dec?ge-soluble
conponent fr (%) at 23 [err]C and the density
(g/cr‘r{err]))afg %{;\é{—ﬁg4 25 followi ng rel ation: :

in the case of MFR [err] 10 g/ 10m n, W <

80xexp( 100(d-0.88)) +0. 1, ~preferably W<
60Xexp(-100(d-0.88))+0.1, 60 more preferably W< .
40xexp(-100(d-0.88))+0. 1, 5 in the case of MFR > 10 g/ 10mi n,

W< 80x(MFR-9)[err] xexp(-100(d-0.88))+0. 1. (Giv) The
tenperature (aweng.er E@mples tliethaxerubefins pRak twod tdaaboal a8bms

endot herm ¢ curve of the copol yner as neasured by a differenti al

scanni ng cal ciridiRick theSEhmelBlediibst 88 defstived GHoecnierr])) satisfy the
foll owi ng relation: Tm < 400xd- 248, preferably

Tm < 450xd- 296, 1In the ethymeaepaebEéﬁbhchpb]sn@.OX(d})34%he 15
particularly preferably Tm < 550xd- 392.

ethy|ene/[errdoﬂﬂﬁﬁﬂdén%pBﬁhigeae£§%eéaﬂféﬁﬂéﬂﬁilene ar%bB¥ =daE! pgd relation
bet ween the tenperature (Tm at he maxi"mum peak p03|t|on of an

(050 20" arct A Rat o5, 0, P ?égﬁﬁd‘ﬁ%&’%&% sy 3895 T o
bet ween the nsderaRRSOhdRLepcQFRPNETN, &5 aCS i o by weight, most
preferably 70 to 96 % by weight, and the constituent
units derived from the a-olefin of 6 to 8 carbon atoms
are present in amounts of 0 to 50 % by weight,
10 preferably 1 to 45 % by weight, more preferably 2 to 35
% by weight, particularly preferably 4 tb 30 $ by
weight. _
The ethylene/d-olefin copolymer (C) preferably has
the following properties (C-i) to (C-v) and particularly
15 preferably has the following properties (C-i) to (C-vi).
(C-i) The density (d) is in the range of 0.880 to
0.970 g/cm3, preferably 0.880 to 0.560 g/cm3, more
preferably 0.890 to 0.935 g/cm3, most preferably 0.905
to 0.930 g/cm?. |
20 (C-ii) The melt flow rate (MFR) is in the range of
0.02 to 200 g/10 min, preferably 0.05 to 50 g/10 min,
more preferably'o.l to 10 g/10 min.
(C-iii) The n-decane-soluble component fraction (W
(wt%)) at 23 °C and the density (d (g/cm3)) satisfy the

25 following relation:



(W and the density (d) has a narrow conposition di stribution.
(Cv) The nelpt-14ea3EBR60M (g)) and the nelt flow 25 rate (MFR (g/10
mn)) satisfy the follow ng relation:

62 MI [err] 2. 2xMFR[ err]. (CG-vi) The nunber of unsaturated
bonds present in t he nol ecul es 3& the copolyner is not nore than 0.5
based on 1,000 carbon atons and is | eSs than 1 based on 5 one nol ecul e of
t he copol yner. The ethylene/[err]-olefin copolynmer (C is
obt ai ned by QePehyMBREZI BF BEFRYL ene PNdbmam,a-ol efin of 6 to 8 carbon
atons in the presence of an olefin polynerization cat al yst which
conpri ses, for exanpl ew aBorRexp 1010®{@NEE)yMNUM oxy- conpound and (b-1) a
transition netal conmpound of the formula (1). The organoal um num oxy-
conpound (a) and the tpaagekbBly Rt 2l 6amoUdo((&-0). 881¢+0.1, the sanme as
t hose previously descrlbed in tﬁe process . for preparing the

ethyl ene/a-olefin copohﬁggrpgéferagﬁySanI@ﬁ*ékﬁalﬂoquabogg)yagel t he
carrier (c) and the or ganoal un1nun1conpound (d) may be enployed and

pr epol ynegi zat i on TRy nggdggdﬁgR %5§% of t he conponents,

prepol yneri zati on con rons an rlzdtlon conditions are the
sane as those for 20 Rf%p%bknﬂFﬁh§)@b 1&oqlell. BegoReL YTEr (A).

The et hyl ene copol yner conp05|t|on (A") desirably

(C-iv) The temperature (Tm (°C)) at the maximum
peak position of an endothermic curve of the copolymer
as measured by a differential scanning calorimeter (DSC)

10 and the density (d (g/cm3)) satisfy the following

relation:

Tm < 400xd-248,

preferably Tm < 450xd-296,

more preferably Tm < 500xd-343,

15 particularly preferably Tm < 550xd-392.

The ethylene/0-olefin copolymer (C) having the
above-defined relation between the temperature (Tm) at
the maximum peak position of an endothermic curve as
measured by a differential scanning calorimeter (DSC)

20 and the density (d) and having the above-defined
relation between the n-decane-soluble component fraction
(W) and the density (d) has a narrow composition
distribution.

(C-v) The melt tension (MT (g)) and the melt flow

25 rate (MFR (g/10 min)) satisfy the following relation:



contains the ethylenela-olefin copolyner (B) in an anount of 1 to 90 %

by wei ght, piRefldS2uisF-20d0 80 % by wei ght, and the ethylene/a-olefin
copolymer (C) in an _ 63 anount of 10
to 99% by weight, preferably 20 to 98 % by wei ght . In the
et hyl ene copol ynmer conposition (A") i ch conprises the _ .
et hyl ene/ a-ol efin copol yner (B) and the 5 ethylene/[err]-olefin copolymer
(©, the ratio of the nelt flowrate (MFR(C)) of the ethylene/a-olefin
copol yner (C Q5 tQQM]fggJot gflowrate (MFR(B)) of the ethyl ene/ a-
ol efin copoly ) sat|5|esthefollowlﬂg condi tion: t th1<

MFR C))/(I\/FR(B)) err, In the present jinvention, e
(et hyl( ene/[err]-ol e‘h i) %P‘GCBB’BP%E?E w2 a8 bonds,prrsarti igbl y

et hyl ene/ 1- co In thIS case, the ethyl ene copol yner
COFY)];OSItIOI’l (R “Wi?cf"ﬁrgs E? ¥g§I COROhERST ds not momes{thari 8Py sane as
those of the et hyI ene/ [ erb] cgl s%rlln i‘egrgﬁ copol ymrirel (A, asﬁdg:g;abgg bel ow,
and can be eXfesedn 1.000hchEhen 2 s 1§ digssr thent Aa t

copol ynmer _( A) %1 -i) The nelt tension (MI (g)) and the nelt
f1 ow Sy g WPI-’QeG(}/]-fOO F\]P? eRPLyNexXhe fol | owing rel ation:

Ml > f bly 9.0xMRerr] > Ml >
g g;((ﬁg[[ :;H ” W he etﬁ%% 69‘e?%?§b‘llf%’%]>¥% e(rrC?)] is IVPtélER%XMZR[ err].

r, gonmposjtion (A havi ng t he
The et hyl ene C%P9y¥gglzgngpethylene(an an 0-olefin of 6 to 8 carbon

atoms in the presence of an olefin polymerization
catalyst which comprises, for example, (a) an

10 organoaluminum oxy-compound and (b-I) a transition metal
compound of the formula (I). The organocaluminum oxy-
compound (a) and the transition metal compound (b-I) are
the same as those previously described in the process
for preparing the ethylene/a-olefin copolymer (A).

15 similarly to the above case, the carrier (c) and the
organocaluminum compound (d) may be employed, and
prepolymerizatioﬁ may be conducted. The amounts of the
componénts, prepolymerization conditions and
polymerization conditions are the same as those for

20 preparing the ethylene/o-olefin copolymer (A).

The ethylene copolymer composition (A') desirably

contains the ethylene/a-olefin copolymer (B) in an

amount of 1 to 90 % by weight, preferably 2 to 80 % by

weight, and the ethylene/a-olefin copolymer (C) in an



above property has high nelt tension (M), so that it has excel | ent

mol dability. v-1492/8F-604 64 (A -i1)
The fl ow activation energy ((Ea)X10[err] J/ mol K) determ ned froma
shift factor of tine- tenperature superposition of the flow curve, the
car bon at om nunber (C) of l-hengf in the copolyners (B) and 5 (O, -
and the total content (x nol% of 1- ene in the copol yners (B) and
(C) satisfy the follow ng rel ation:

(0.039Ln(C 2) + 2.87 E

(0. 039Ln( C- 2)?‘%’.‘%%% ﬁ(x)iP&%s?? 5 @X%Q%)%Her%%ﬁ?rably 20 to 98 % by
(0.039Ln(C—2%¢0. 96) xx+2.87 < (Ea)x10[err] 10

(0.039Ln(C—2)fﬁi 0) xx+2. 87, nore preferably,

. - ) 2. .. \
(0 09oLn & 2) 20, 1950 . 581 Enb RO UL commosition & ¥PighT | 1 havi ng
hi ck . |
oot on Gamorises’ e dthP1BhEHEBTE LA OHEI Y | (® P Frel™™!
diti : . .t h | i nd F i t t
oo bR o etpyiene /o YRk SobaWERTE) { Fide CEULACG O HIGH rate @
dth | i h i | 0 100XMFR,
enc Che el gy e AT et ey oLk B Lele o SRAPOOFR

the flowindex. (R} qelingd .8 $0€a8" dBLfsff of the ethylene/a-

olefin copolyvmer (B) satisfies the following condition:

1 < (MFR(C))/(MFR(B)) = 20.

10 In the present invention, the ethylene/0-olefin
copolymers (B) and (C) are both desirably ethylene/l-
hexene copolymers. In this case, the ethylene copoclymer
composition (A') has the physical properties
substantially same as those of the ethylene/0-olefin

15 copolymer (A), as described below, and can be expected
to have usefulness similar to that of the copolymer (A).

(A'-i) The melt tension (MT (g)) and the melt flow

rate (MFR (g/10 min)) satisfy the following relation:

9.0XMFR-0-65 > MT > 2.2XMFR0.84,
20 preferably 9.0xMFR-0.-65 > MT > 2.3XMFR-0-84,
more preferably 8.5XMFR-0-65 > MT > 2.5xXMFR-0-84,
The ethylene copolymer composition (A') having the
above property has high melt tension (MT), so that it

has excellent moldability.



which a shear stress at 190 [err] C reaches 2.4x10[err] dyne/cnierr]

65 and flqw rate (MFR) satisfy the relation FI <
100X MFR, th%g%ﬁg 6I09‘ 0. 25/ (1-d)xl og(3xMr[err])X(C3)[err] wherein

d represents density (g/crr[err]) MI represents nelt 5 tension (g), and C °
represents the carbon atom nunber of 1- hexene, nanely, 6. :
The et hyl ene copol yner conposition (5?4) sati sfying t he above
conditions has excellent noldability and can produce filns of

excel l ent transparency. 10 The ethyl ene copol yner conposition (A")
of the i nvent {20 ign effacaBiLows G?Fh*é@tm Qﬂ@fg}bl&/ rTfoperty in
addition to the above properties. (A -iv) The m)l ecul ar wei ght

di stribution I/Mul¥), determivedwEirgint aaslei figefamieac dfartiwmei-ght , Mh:
nunber-average 15 nolecular weight), as determ ned by GPC, satisfies the
foll owi ng conghriperiiture superpositilohesf] thd Moy etudve’). The carbon
preferably 2.0 [err] MV M [err] 2.4. In the ethyl ene copol yner
conposi tion (#tdm rdi@er2QC)coffsl-hegahe Uith t Shelefdpedmiarem @) hphane are
present in anounts of 50 to 100 % by weight, preferably 55 to 99 %

by wei ght § no[® p@ﬁﬁ?&ﬂﬁiko@@lt@oﬂgeﬁibeWﬁéD@ﬁ,ofﬂﬁﬂhexene ipr eherably 70
to 96 % by wei ght, and the constituent units derived fromthe

[err]-ol efin &p&Jnerd c@)bansat(@YSsatisfy the following relation:
(0.039Ln(C-2)+0.0096)Xx+2.87 < (Ea)x10-¢ <
{0.039Ln(C-2)+0.1660)xx+2.87,
preferably, (0.O3§Ln(C—2)+0.0096)XX+2.87 < {(Ea)x10-¢ <
10 (0.039Ln(C-2)+0.1500) X x+2.87,
more preferably, (0.039Ln(C-2)+0.0096)xx+2.87 < (Ea)x10-4
< (0.039Ln(C-2)+0.1300)xx+2.87.
(A'-1iii) The haze of a film having a thickness of
30 um produced from the ethylene copolymer composition
15 (A') by inflation molding satisfies the following
conditions:

when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches 2.4x106 dyne/cm?

and the melt flow rate (MFR) satisfy the relation FI 2

20 100xMFR,
Haze < 0.45/(1-d)Xlog (3xMTL-4)x{C-3)0.1,
and

when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches 2.4x106 dyne/cm?



25 preferably 1-hexene, are present in amounts of 0 to 50 %

66 by wei r rably 1 to 45 % by weight, nore preferably 2
to 35 % by mé?%%?%/%gr§§%ularly preferably 4 to 30 % by wei ght.

The et hyl ene copol yner conposition (A) desirably 5 has a density (d) of
0.880 to 0.970 g/cnB, preferably 0.880 to 0.960 g/cnB, nore
preferably 0.890 to 0.935 g/cn@$ nost preferably 0.905 to 0.930

g/ cnB. The et hyl ene copol yner conposition (A) desirably

h It fl t RL, of 0.05 00 /.1 m.n, 10 preferably 0.08 t
SSnglgEnin, 2 r%gﬁfﬁégga%}gwoFﬁF?cﬁﬁ%é% S%%i%%”?%ﬁﬁiﬁ?ga@igﬁg&f'<yThe °

n-decane-sol#§I§¥$ﬁnponent fraction (W(wW%) of the ethyl ene
copol ymer co 83 'on (A') at 23 [err]C and the density (d

/ t her eof satj fol | ow Labion: inth
f:gsgn{ofer R/H?) [er re]r ﬁ%éezglbﬁé%,’%f‘ed)’&wo‘\@%l&g’gﬁ:?g‘%S%%O( d- 0. 88)) +0. |1n ©

preferably W< 60xexp(-100(d-0.88))+0, 1, nore preferably W<
40xexp( - 100( dhgresy) dorepresents density (g @ide ¥T NERESSaR;$/Medh n,

W < 80X(NFR—9)[e[r]xe;g(-lOO(d-O.88))+0.1. The tenperature (Tm
([err]C))Satt@W§1@Hxﬂ m pBAKkC repPreRents dihepicaghosnasPRePHFeeELPle of the
et hyl ene copol ynmer conposition (A') as neasured by a differenti al

l-hexene, namely, 6.

Thé ethylene copolymer composition (A') satisfying
the above conditions has excellent moldability and can
produce films of excellent transparency.

10 The ethylene copolymer composition (A') of the
invention preferably further has the following property
in addition to the above properties.

(A'-iv) The molecular weight distribution (Mw/Mn,
Mw: weight-average molecular weight, Mn: number-average

15 molecular weight), as determined by GPC, satisfies the
following condition:

2.0 € Mw/Mn £ 2.5,

preferably 2.0 £ Mw/Mn £ 2.4.

In the ethyleﬁe copolymer composition (A'), the

20 constituent units derived from ethylene are present in
amounts of 50 to 100 % by weight, preferably 55 to 99 %
by weight, more preferably 65 to 98 % by weight, most
preferably 70 to 96 % by weight, and the constituent

units derived from the o~olefin of 6 to 8 carbon atoms,

25 preferably l-hexene, are present in amounts of 0 to 50 %



67 scanning calorineter (DSC) and the density (d (g/cnB))

t hereof sati sfyy 49 graldoawi ng rel ation: Tm < 400xd- 248,

preferably Tm < 450xd- 296, 5 -nore preferably Tm < 500xd- 343,

particularly preferably Tm < 550xd- 392. The et hyl ene copol yner

conposition (A) having the aboye-defined rel ati on between the

tenperature (Tn) at t he maxi num¥peak position of an endotherm c curve

as 10 neasured by a differential scanning calorineter (DSC) and the

density (d) d fLne rel.ati.on_between the

n- decane-sol u rrpong}%f?r ac f to &15 sf/\)b%nde% o BIRES ty (d) has a

narr ow conpo di_st b th .Th eth Ien

conposi ti on %&t% {/]\i]abHY 2 égn%rlge‘ge}%két’et%% ePrrl’? Eﬁﬁgﬁflmar (B)

and the th I /a-ol ef.in _copolynmer (C) can be prepared by

convent i onal 4e|dr 0%32’2265% B'F ggﬁrrpl e the f ol | owi ng _processes. 20

(1) A process of g&fhan bIen or nelt ing the

ethyl ene/[err]-ol FOF ym 5e¢°mp03¥ﬁ4ﬂﬂ(ﬁ@eﬁad@FéFPhlvopolyner
C) and other._ conpa ents tional | added using a tunbler, an extruder

gr)a Bkngﬁﬁ%E}) ensity (d) OE .880 €o 0.970 g/cm %, preferably

0.880 to 0.960 g/cm?, more preferably 0.890 to 0.935
g/cm?®, most preferably 0.905 to 0.930 g/cm3.

The ethylene copolymer composition (A') desirably
has a melt flow rate (MFR) of 0.05 to 200 g/10 min,

10 preferably 0.08 to 50 g/10 min, more preferably 0.1 to
10 g/10 min.

The n-decane-soluble component fraction (W (wt$%))
of the ethylene copolymer composition (A') at 23 °C and
the density (d (g/cm3)) theréaf satisfy the following

15 relation:

in the case of MFR £ 10 g/10min,

W < 80xexp(-100(d4-0.88))+0.1,
preferably W < 60xexp(-100(d-0.88))+0.1,
nore preferably W < 40Xexp(-100(d-0.88))+0.1,
20 in the case of MFR > 10 g/10min,
W < 80X(MFR-9)9-26xexp(-100(d-0.88))+0.1.
The temperature (Tm (°C)) at the maximum peak
position of an endothermic curve of the ethylene

copolymer composition (A') as measured by a differential



68 (2) A process of dissolving the ethylene/a-olefin

copol yner (EﬂF_fdyafgymgbqne/[err]-oIefin copolyner (C) and ot her
conponents optionally added in an appropriate good solvent (e.g.,
hydr ocar bon sol vents such as hexane, 5 heptane, decane, cycl ohexane,
benzene, toluene and xyl ene), a%%.rennving the solvent fromthe

sol ution. (3) A process ofUfYindividually dissolving the
ethylene/[err]-olefin copolyner (B), the ethylene/a-olefin copol yrer

(C and ot her_caonpaonent ional | d i i.ate, good
solvent to prsecpaéﬁ‘n%lcuilogﬁél?g%gxi(%aé? ggdtﬁ'ée ;?%r%%@a’ﬁg‘g g%cﬁeﬁ{)vi ng the
sol vents from.t he m xt ure,. . ' A process of properly
conbi ni ng thet}b?%%ogsss&tls)%y't%{alfog‘aio‘(’é?g r% eiod The
ethylene/[err]-olefjin Qﬂﬂﬂb¥§2§ (A) and the et hyl ene copol yner
conposition (A) of the i nventiobn, as descri bed above, both have

excel | ent nol dabi l_it V.. an d films of excellent transparency
and nmechani cal - pr%§?§%ﬁ$ﬁﬁrh§ #E§§8a?g§’Furthernore, they can be used in

20 conbigation wth other ob¥ne S, _p E: an
et hyl ene/ Perr] - ol é195F & edfle% Y ?8»%@&%52?&%@ can be used as an
et hyl ene copol yner_conposi ti.on % ")_of .th Hiy e/[err]-olefin
copol yner (A) euuiQﬂﬁﬁ%ﬁgiq§PﬁyP ﬁ5F59£ly $mofe%?ﬁx ‘opdlyner, and an
et hyl ene copol ynmer conposition 25 (A"") of the ethylene/[err]-olefin
copol ynmer (A ) andtfhe ethylene copolymer composition (A') having the

above-defined relation between the temperature (Tm) at

the maximum peak position of an endothermic curve as

10 measured by a differential scanning calorimeter (DSC)

and the density (d) and having the above-defined

relation between the n-decane-soluble component fraction

(W) and the density (d) has a narrow composition

distribution.

15 The ethylene copolymer composition (A') which

comprises the ethylene/a—olefin copolvmer (B) and the
ethylene/o-olefin copolymer (C) can be prepared by
conventional processes, for example, the following
processes.

20 (1) A process of mechanically blending or melt

mixing the ethylene/o~-olefin copolymer (B), the
ethylene/0~olefin copolymer (C) and other components
optionally added using a tumbler, an extruder or a

kneader.



69 anot her ethylene/[err]-olefin copolyner. As such an

ethylene/a-o#eiggngpggygﬁr, the ethylene/[err]-olefin copol yner (D)
described below is particularly preferably enpl oyed. 5 The

et hyl ene/ a-ol efin copol yner (D) used for the i nvention is a random
copol yner of ethylene and an [err]- olefin of 3 to 20 carbon atons.
Exanpl es of the [err]- ol efins @§ 3 to 20 carbon atons may i ncl ude
propyl ene, 1- but ene, 1-pentene, 1-hexene, 4-nethyl-1-pentene, 1- 10

octene, 1-decene, 1-dodecene, 11g%;rad cene, éﬁ hexadec n)gr_;r

1- oct adecene and 12bjR0REPeSSS of dissolvilng: eeFﬁ?VéﬁE??@F? ehtRfin

copol yner (D), the constituent, units derived fromethylene are present
in anouRPBOYISY (B) 10Ehe, HPlanF-dedisr SIPPLEBer 019 apd 15 py

wei ght, nore preferably 65 to 98 % by wei ght, nopst preferably 70 to 96
% by wei ght, o&hdrt hemponetts uepitionallyuriddeddéni aadappoapyt bt egadd ol ef i n
of 3 to 20 carbon atons are present in anmounts of 0 to 50 % by wei ght,
pref erably 1sbavéhtd?dbygweighdrocexrtermp selleealilsy sichoa85he2éné) by wei ght ,
nost preferably 4 to 30 % by wei ght. The et hyl ene/a-ol efin

copol yner5S ( Dheptaher aikyahas cyclohdxdme,0lbenwicng, propaeheéeand D-i) to (D-ii)
and particularly preferably has the follow ng properties (D 1)
to (D-iv). =xylene), and removing the solvent from the solution.

(3) A process of individually dissolving the
ethylene/0-olefin copolymer (B), the ethylene/a-olefin
copolymer (C) and éther components optionally added in

10 an appropriate good solvent to prepare solutions, mixing
the solutions, and removing the solvents from the
mixture.

(4) A process of properly combining the processes
(1) to (3).

15 The ethylene/d-~olefin copolymer (A) and the
ethylene copolymer composition (A') of the invention, as
described above, both have excellent moldability and can
produce films of excellent transparency and mechanical
strength, as they are. Furthermore, they can be used in

20 combination with other polymers, preferably an

ethylene/0a-olefin copolymer. For example, they can be

used as an ethylene copolymer composition (A") of the

ethylene/a-olefin copolymer (A) and another ethylene/0-

olefin copolymer, and an ethylene copolymer composition

25 (A"') of the ethylene/0-olefin copolymer (A') and



70 (D-i) The density (d) is in the range of
0.980 g/cnferrhaopyetesahly 0.910 to 0.960 g/cnB, nore

0.850 to
preferably

0.915 to 0.955 g/cnferr], nost preferably 0.920 to 0.950 g/cnferr].
5 (D-ii) The intrinsic viscosity ([err]), as neasured in

decalin at 135 [err]C, is in the rangg of 0.4 to 8 dl/g,
0.4 to 1.25 dl/g, nore preferably 0.3"t

preferably

o 1.23 dl/g.

(D-iii) The tenperature (Tm ([err]C)) at the maxi num 10 peak position of

an endotherm c curve o he copo r as neasured
scanni ng cal @Fﬁoﬁ:g‘ﬁéfr e(cggéi?nesa‘déﬁﬁntﬁ%p%?y &F EYF

the foll ow ng relatiqn

by a differenti al
Brr])) satisfy

1: Tm < 400xd- 250, 5
preferably TRtEYisse{orerefin C°p°lymeﬁnrEh?w?§h¥ﬁ%ﬂ%/“ﬁﬂ1§%§@0xd-344,
particularly preferably Tm < 550xd- 391. (D-iv) The
n- decane- sol ueipelyoepori®nt desaribed Yelow is gamtvicularlyvopwetfenpetdt ure and
the density (d (g/cnB)) 20 satisfy the follow ng relation:

the case of MaRlowed. 10 g/ 10m n, W <

80xexp(-100(d-0.88))+0. 1, preferably W<

60xexp( - 190( d- 0. 88he+@thylene/a-olefin copgiumepr e uasdy far<the

40xexp(-100(d-0.88))+0.1, 25 in the case of MFR

> 10 g/ 10m n,

invention is a random copolymer of ethylene and an ¢-

olefin of 3 to 20 carbon atoms. Examples of

the o-

olefins of 3 to 20 carbon atoms may include propylene,

l-butene, l-pentene, l-hexene, 4-methyl-l-pentene, 1-

10 octene, l-decene, l-dodecene, l-tetradecene,

hexadecene, l-octadecene and l-eicosene.

In the ethylene/o-olefin copolymer (D),

1-

the

constituent units derived from ethylene are present in

amounts of 50 to 100 % by weight, preferably

55 to 99 %

15 by weight, more preferably 65 to 98 % by weight, most

preferably 70 to 96 % by weight, and the constituent

units derived from the o-olefin of 3 to 20 carbon atoms

are present in amounts of 0 to 50 % by weight,

preferably 1 to 45 % by weight, more preferably 2 to 35

20 % by weight, most preferably 4 to 30 % by weight.

The ethylene/0-olefin copolymer (D) preferably has

the following properties (D-i) to (D-ii) and

- particularly preferably has the following properties (D-

i) to (D-iv).

in



71 W < 80x( MFR-9) 026xexp(-100(d-0.88))+0. 1. The
et'hyl ene/ a- olgefi palyaer (D) having the above-defined relation
bet ween t he gg#ﬁﬁggture ??n) at t he maxi num peak position of an
endothermic curve as 5 neasured by a differential scanning calorineter

(DSC) and the density (d) and h%bl ng the above-defined relation
bet ween the n-decane-sol ubl e conpone fraction (W and the density
(d) has a narrow conposition distribution. 10 The

Ll ey e 1101 11,08 AR £ 4, 1Fin cog S 2 0%658 Lbe
oL ) e et d e RsonguBLan o 300 (9 o 6 o/t A2 i th the
oL e e et AT, 601t b Loy dcatinilshed brgm (e
D015, o 1550, b oohof DYhghe] 5071016111 copolyrer (D)

required kor the cgpal, (A . 20, . The e | ene/ err%; lefin
copol yrrerg( D furt er“égg‘é’e l}‘trﬁﬂflgaﬁ%‘??s%yl St aogné'le&su §-%i ) to
(B-vii) for the _  copolyner (B). The et hyl ene/a-olefin
copol ymer (D)d9SatiedtodeS °C/ HHeP ridte LANGS Pral -FekBt Bofe/9f (Ciii) to
(Gv) 25 required for the copolyner (C).

preferably 0.4 to 1.25 dl/g, more preferably 0.5 to 1.23

dl/g.

(D-iii) The temperature (Tm (°C)) at the maximum
10 peak position of an endothermic curve of the copolymer
as measured by a differential scanning calorimeter (DSC)

and the density (d (g/cm3)) satisfy the following

relation:

Tm < 400xd-250,
15 preferably Tm < 450xd-297,
more preferably Tm < 500xd-344,
particularly preferably Tm < 550xd-391.
(D-iv) The n-decane-soluble component fraction (W
(wt%)) at room temperature and the density (d (g/cm3))
20 satisfy the following relation:

in the case of MFR £ 10 g/10min,

W < 80xXexp(-100{d-0.88))+0.1,
preferably W < 60xexp(-100(d-0.88))+0.1,
more preferably W < 40Xxexp(-100(d-0.88))+0.1,

25 in the case of MFR > 10 g/10min,



72 The ethylene/[err]-olefin copolyner (D) desirably has a

| ower intrin s ([err]), as nmeasured in decalin at 135[err]C
and a | ower %L%é??zg?hggxthose of the ethylene/[err]- ol efin copol yner
(A). 5 The ethylene/[err]-olefin copolyner (D) desirably has a

| ower intrinsic viscosity ([err]), 2 measured in decalin at 135[err] C:
and a | ower density than those of th 1ethylene/[err]- olefin

copol yners (B) and (C). The ethylene/[err] ol efin copol ynmer (D)
is prepared by 10 copolynerizin eth | ene and an o efin of 3 to 20 carbon
atoms in the presence Wf<aﬁ06K%E€ ‘of e (740057 -0-88) ¢ 8P at yst whi ch

conprises, for exanple, (a) an organoalun1nun1oxy conmpound and (b-111)
the transition Then@&hyléﬁﬁﬁGUﬂhefé%rQ@EQ&XRFRnKQNu@ﬂWéPﬁuﬁée(III) as 15
described | ater. The organoal um num oxy-conpound (a) is the sane as

t hat previ ousibovidesiefihed relabbopriveesserd dthe tempemagpaei ifmd hat

et hyl ene/ a-ol efin copolyner (A). SSimlarly to the above case, the
carrier (c) aMé tsimum peakgposit Lsh nodn o rgrelothdxe)icreyrbe aspl oyed, and
20 prepolynerization may be conducted. The amounts of the

conponent§, RpiRRRAINEbyZatl HoffepaftiaDnscaitting caldidmgteti 2B5CHN
conditions for preparing the ethylene/[err]- ol efin copolyner (D) are

Eg)e same as tHFaHOEREERF (Y and hatviey e@ﬁwlaanﬂ/e[-aerfhn@aefl n copol ymer
relation between the n-decane-soluble component fraction

(W) and the density (d) has a narrow composition

distribution.

10 The ethylene/c-olefin copolymer (A) is not
identical with the ethylene/o-olefin copolymer (D); and
each of the ethylene/o-olefin copolymers (B) and (C) is
not identical with the ethylene/o-olefin copolymer (D).
Specifically, the ethylene/d-olefin copolymer (D) can be

15 distinguished from the ethylene/c-olefin copolymers (A)
to (C) in the following properties.

That 1is, the ethylene/a-olefin copolymer (D) does
not satisfy at least one of properties (A-i) to (A-iii)
required for the copolymer (A).

20 The ethylene/d-olefin copolymer (D) further does
not satisfy at least one of (B-iii) to (B-vii) for the
copolymer (B).

The ethylene/0-olefin copolymer (D) furthermore
does not satisfy at least one of (C-iii) to (C-v)

25 required for the copolymer (C).



73 The transition netal conpound (b-111) is described

bel ow. F-1492/sfbsbkl) Transition netal conpound 5 The
transition nmetal conpound of a Goup 4 transition nmetal of the
periodic table including a | i gand havi ng a cycl opent adi enyl skel eton
(b-111) (sonetines referred to Z? "conmponent (b-111)" :
hereinafter) used for preparing the hyl ene/a-olefin 10 copolyner (D) is
not particularly limted as long as a conmpound of a Group 4 transition
met al of the peri

cycl opent adi enyl e e§ﬂ?¥ll§t az&g?ﬁgg%’ggéﬁ"?}%ﬁe%@d éc]e%\ré‘%%g’%g PBs 71y,

TIEr e Al AhinkifeSQTBO8B0 18" TP 48 maadutea 12 qelalfpf g LorM @
formula (111), Mis a tranS|t| n netal atom sel ected f oup 4 of
the peri odi c ¥3bFeand a g‘ﬁ%l‘? ety thame Fos® Oofi FhAi ﬁFrNSie’F\% H7um
preferably 20 zirconium X is a valence of the transition

met al . olefirg dopod ymeyarid) coor di nated to the transition met al

atomM and at |east one ligand L3 is a |ligand having
cycl opent adi enyl Sthe @téivleBrdfpPésion €aROLYBRMJP) szW@thghés a

cycl opent adi enyl skel eton i ncl ude:
lower intrinsic viscosity (M), as measured in decalin at

135°C and a lower density than those of the ethylene/d-
olefin copolymers (B) and (C).
The éthylene/d—olefin copolymer (D) is prepared by

10 copolymerizing ethylene and an olefin of 3 to 20 carbon
atoms in the presence of an olefin polymerization-
catalyst which comprises, for example, (a) an
organcaluminum oxy-compound and (b-III) the transition
metal compound represented by the formula (III) as

15 described later. The organcaluminum oxy-compound (a) is
the same as that previously described in the process for
preparing the ethylene/da-olefin copolymer (A).
Similarly to the above case, the carrier (c) and the
organoaluminum compbund (d) may be employed, and

20 prepolymerization may be conducted. The amounts of the
components, prepolymerization conditions and

polymerization conditions for preparing the ethylene/o-

olefin copolymer (D) are the same as those for preparing

the ethylene/o-~olefin copolymer (A).



74 a cycl opent adi enyl group; al kyl - substi tuted
cycl opent adi gnylyq9g@eRgpasuch as a net hyl cycl opent adi enyl group, a
di et hyl - cyc{opentadlenyl group, a trinethyl cyclopentadienyl 5
group, a tetranethyl cyclopentadi enyl group, a pent anet hyl

cycl opent adi enyl group, an ethyl cycl opent adi enyl group, a

nmet hyl et hyl cycl opent adi enyl groZé a propyl cycl opent adi enyl group, a
nethylpropylcyclopentadienyl group, a 10 butyl cycl opent adi enyl group, a

an i haeny! S?SLS,"%%%—'” BB o aR T ods, Cant eﬂ%%i vor eny

group. gr oups nay be substituted with hal ogen at ons,

trial kylsilyl %}9§hps and the |ike. O the ligands haV|ng a

cycl opent adi enyl skel et on, particularly preferable are

al kyl - substi tuted cyclopentadlenyl gr oups. When t he conpound

nore |igands having a

of the fornula (I
xf SHYRBHSEE bonded t hrough an

cycl opent adi enyl

al kyl ene group, such as et hyl ene or propyl ene, a substituted alkylene
gr oup, such &89 §6§P§ﬁ§PP§éﬁ§t%¥‘HW§¥§HV¥ Rt 1By IG5 4 si |yl ene

group, or a substituted silylene group,,K such as

75 transition metal of the periodic table including a

ligand having a cyclopentadienyl skeleton (b-III)
{(sometimes referred to as "component (b-III)"
hereinafter) used for preparing the ethylene/q-olefin
10 copolymer (D) is not particularly limited as long as a
compound of a Group 4 transition metal of the periodic
table containing a ligand having a cyclopentadienyl
skeleton. The transition metal compound (b-III),
further, is preferably a compound represented by the
15 following formula (III).

ML3, (III)

In the formula (III), M is a transition metal atom
selected from Group 4 of the periodic table,
specifically zirconium, titanium or hafnium, preferably

20 zirconium.

X is a valence of the transition metal.

I3 is a ligand coordinated to the transition metal
atom‘M, and at least one ligand L3 is a ligand having a
cyclopentadienyl skeleton. Examples Qf the ligands

25 having a cyclopentadienyl skeleton include:



di met hyl si |l yl ene, di phenyl silyl ene or nethyl phenyl silyl ene.

In the fornul III other than the |igand havi ng a
cyclopentadlenfl 3% eton is a hydrocarbon 5 group of 1 to 12 carbon
atons, an al koxy group, an aryl oxy group, a trialkylsilyl group, a
halogen atom hydrogen or a SJerr]R group (R is a hydrocarbon group
of 1 to 8 carbon atons which may“have a substituent such as

hal ogen), each of which is the sane group or atomas 10 indicated by
L[err] in the formula ( | i gands represented by

S err]R include & ¥ é@@ﬁggéﬁggﬁgt%r°u9' group, a nethanesul fonato group
and a trlfluoronEtQﬁaSF sul f Qnat o_ gr oup The transition
netal conpound of & ﬁPFﬁFétPF?@)ch%°P?PV&ﬁ%ﬂP¥4K9§R¥D§ncéugh BHe

transition netal |s e nE , s nore specifically represented
by the & A9 ¥ﬁ§0ﬂ8PﬁHF&d6PFY')9r°u . a dimetipdr r[Rlerr]Rlerr] Rl err] M
(reet) wherein Mis the same transition netal atom as described 20
above; R2 is ¥YReRtaGigand) InavPngaateikeUpshteutilapgntadienydkel et on; R3,
R4 and R5_are each a group having a cycl opent adi enyl skel eton, an

al kyl grofp, F¥iRl @albepramethylgepoporemtadignyi aypupanaar al kyl group, an
al koxy group, an aryloxy group, a trialkylsilyl group, a Sqerr]R
group, a pentamethyl cyclopentadienyl group, 76 ethyl

cyclopentadienyl group, a methylethylcyclopentadienyl
group, a propylcyclopentadienyl group, a
methylpropylcyclopentadienyl group, a

10 butylcyclopentadienyl group, a
methylbutylcyclopentadienyl group and a
hexylcyclopentadienyl group; an indenyl group; a
4,5,6,7-tetrahydroindenyl group; and a fluorenyl group.
These groups may be substituted with halogen atoms,

15 trialkylsilyl groups and the like.

Of the ligands having a cyclopentadienyl skeleton,
particularly preferable are alkyl-substituted
cyclopentadienyl groups.

When the compound of the formula (III) contains two

20 or more ligands having a cyclopentadienyl skeleton, two
of them may be bonded through an alkylene group, such as
ethylene or propylene, a substituted alkylene group,
such as isopropylidene or diphenylmethylene, a silylene

group, or a substituted silylene group, such as



hal ogen atom or hydrogen; k is an integer of 1 or nore; and k+1+mtn =

4, rFlLnadhespresent invention, a netallocene conmpound wher ei n
one of R3, R4 and R5 is a group (Ilgand) having a 5 cycl opent adi enyl

skel eton, e.g., a netall ocene conpound wherein R2 and R3 are each a
gr oup (Iigand) havi ng a cycl op %adienyl skel eton, is preferably

enpl oyed. The groups having a gz | opent adi enyl skel eton may be bonded

t hrough an al kyl ene group such as ethyl ene or propylene, 10 a substituted

al kyl ene gr ol 8UG018514 2086 R HIERR D ylene GiPhRRYLIBREIYENE, @ Silylene

group, or a su 'yl ene group such as di net hyl silyl ene,
di phenyl Slikgghgne or net hyl phenylsilylene. In this case, other
ligands (e.g nd R5) are each a group having a 15 cycl opentadi enyl

kel et | k I I ,
e e S L

: hyd
Exami es of ?ﬂﬁgﬁﬁ%ﬁ?? ﬂ&%i%f? e %8598$%F%%ﬁ1a| -
i br om 06> TR &1 ﬁd’é ?2%’ Lﬁ%fr%?%h SR aRa sy

bis(4,5,6,7- tetra dr0|nden chlorlde
bi s(f | uor eny PP n?ﬁﬁ?ﬂrc% % %é?§is£?§i Frclip,“% naldgen atom,

7 hydrogen or a SO3R group (R is a hydrocarbon group of 1

to 8 carbon atoms which may have a substituent such as
halogen), each of which is the same group or atom as
10 indicated by L! in the formula (I). Examples of the
ligands represented by SO3R include a p-toluenesulfonato
group, a methanesulfonato group and a trifluoromethane
sulfonato group.
The transition metal compound of the formula (III)
15 in which the valence of the transition metal is, for
example, 4, is more specifically represented by the
following formula (III'):
 R2,R3;R4,R5M (IIT')
wherein M is the same transition metal atom as described
20 above; R? is a group (ligand) having a cyclopentadienyl
skeleton; R3, R? and R® are each a group having a
cyclopentadienyl skeleton, an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, an alkoxy group,

an aryloxy group, a trialkylsilyl group, a SO3R group, a



et hyl enebi s(i ndenyl ) zi rconi um di chl ori de,

et hyl enebi s( i )& Tdgni um di br om de,

et hyl enebi s( |ﬁng€%/)%: met hyl zi rconi um

et hyl enebi s(i ndenyl ) di phenyl zirconium 5
ethylenebis(indenyl)nethylzirconiun1qﬁgochloride,

et hyl enebi s(i ndenyl ) zi r coni um bi s( mret/fanesul f onat o) ,

et hyl enebi s(i ndenyl ) zi rconi um bi s(p-tol uenesul f onat o),

et hyl enebi s(i,ndenyl) zi.rconj_u I s(trifluoronethane- sulfonato), 10
et hyl enebi s( 41}%?%9?%}“1 t%%%f?fd?é’%ﬁ&%ﬁ?r) lz(i PR oRR tteder gt 1 Gr GRTe]
isopropyliden%%gyclﬁpqptqgugnyl-fluorenyl)zirconiun1 di chl ori de,

I sopropyl i den ﬁé adi‘enyl - met hyl cycl opent adi enyl ) 15 zirconi um

di chl ori de, di met.hyl silyl enebi s cl opent adi | ) zi rconi um

di chl or | de. TR A GS A GV EPESORy | 2y SHLMGER & FATPA DN um
dichloride, 20 djnethylsjl Iengbis dgnethylcyclopentadienyl Zj rconi um
dichloride, “RereRHeInsy I KjF eReAR] tH At Ry BTGP o heHIRRF e RAY AT Goni um
dichlorid . ) 78 .
di net hyl s% y| eYiebrReR FRIBIRAYL iSkedfiteR dBcHt or # gBetallocene compound

di net hyl si |yl enebi s(i ndenyl ) zirconiunbis(trifluoro- .
met hanesul f onwkeyein R* and R?® are each a group (ligand) having a

cyclopentadienyl skeleton, is preferably employed. The
groups having a cyclopentadienyl skeleton may be bonded
through an alkylene group such as ethylene or propylene,
10 a substituted alkylene group such as isopropylidene or
diphenylmethylene, a silylene group, or a substituted
silylene group such as dimethylsilylene, diphenyl
- silylene or methylphenylsilylene. In this case, other
ligands (e.g., R* and R®) are each a group having a
15 cyclopentadienyl skeleton, an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, an alkoxy group,
an aryloxy group, a trialkylsilyl group, a SO3R group, a
halogen atom or hydrogen.
Examples of the transition metal compounds of the
20 formula (III) include:
bis(indenyl)zirconium dichloride,
bis(indenyl) zirconium dibromide,
bis(indenyl)zirconium bis (p-toluenesulfonato),
bis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,

25 Ybis(fluorenyl)zirconium dichloride,



di met hyl si |l yl enebi s(4,5, 6, 7-tetrahydroi ndenyl ) zi rconi um

di net hyl si | ylrengeeyekogeat adi enyl -f 1 uorenyl ) zi r coni um
di phenyl si | yl enebi s(i ndenyl ) zi rconi um di chl ori de,

met hyl phenyl si | yl enebi s(i ndenyl ) zi rconi um di chl ori de,
s(cyclopentadienyl)zirconiunIdichlzﬁide,

s(cycl opent adi enyl ) zi rconi um di br om‘de,

s(cycl opent adi enyl ) met hyl zi r coni um nonochl ori de,

S oycl opent AN any TR CLBReRIT

b
b
b
b
b
b
bi
bi
bi
bi
bi
bi
ne

bi s(cycl opent agi enyl ) z
bis(cyclopent%éhii%%
bi s(

79
su

I t adi I i
S(oyel openthamieriident S
s(cyclopentq%{g%ﬁ
s(cyclopentea Y Y

I t adi | ) di net i
Sl evel opent A LTe oA o | -
o ifyTehebLatE ARl T L LRI b ot B SRR R b or s

sul f onat o) , %5
3ﬁ@§ q{hﬁﬁqﬁgl onato),

zirconium bis(trifluoronethane-

St R R Ut R

s(cyclog
t hoxych

| f onat 0),

10

15

20

AlrSanLUm

yI'ZIt<

LA

C

DL 4P DDNGE N Q0 1465 ge

zirconi um monochl ori de,
! Hpet

DAL HRAE i,

JRRRcilor) de.

unT Monony

F§§§$%ﬂ}lzf¥éonium,

nl ’
ri-de,

i s(met han

PSPt

b

5 di chl ori de,
di chl ori de,

10

15

nonohydri de,

PoRAFge;

ethylenebis (indenyl) zirconium bis(trifluoromethane—

sulfonato),

ethylenebis (4,5, 6, 7-tetrahydroindenyl) zirconium

dichloride,

isopropylidene(cyclopentadienyl-£fluorenyl)zirconium

dichloride,

isopropylidene (cyclopentadienyl-methylcyclopentadienyl)

zirconium dichloride,

dimethylsilylenebis(cyclopentadienyi)zirconium

dichloride,

dimethylsilylenebis (methylcyclopentadienyl) zirconium

dichloride,

dimethylsilylenebis (dimethylcyclopentadienyl) zirconium

dichloride,

dimethylsilylenebis(trimethylcyclopentadienyl)zirconium

dichloride,



bis(dinethylcyclopentadienyl)zirconiUn1dichIoride, 5

bi s(di met hyl cyc xdi gnyl ) zi rconi um et hoxychl ori de,
s gir%é;g/n%sgge;&

bi s(di et hyl cy ehyl ) zi rconi um

bi s(trifluoronethane-sul fonato), bi s(et hyl cycl opent adi enyl ) zi rconi um
di chl ori de, bis(nethylethylcycI%Pentadienyl)zirconiun1dich|oride, 10
bi s( pr opyl cycl opent adi enyl ) zi r coni um7# chl ori de,

bi s(met hyl pr opyl cycl opent adi enyl ) zi r coni um di chl ori de,

bi s(butyl cycl gpent.adj enyl.) zi r goni,um di ¢chl ori de, ) )

bi s( met hyl but‘gfIP:?/"t,lF HERERHS) ARPenHl ) f B et §R | Ykchloride,

bis(nethylbut%]cyclo ent adi enyl ) zi r.coni um bi s(met hane- 15 sul fonato),
Ve ‘E?Béﬁ"i

bi s(tri et hyl ¢ye¢ Hyrlampbisi (Ragdrpyhy aieareiygels (trifluoro-
bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( pent anet HPEBRRISPEHIAHASY! ) zi r coni um di chl ori de,

bi s(hexyl cycl opent adi enyl ) zi rconi um di chl oride, and 20 -

bis(trinethyI@4m§¢hx&ﬁkﬁ%%ﬁnﬂmh§dﬁhﬁzﬁnthénnathiwxndenyl)zirconium In the

above exanples, the di-substituted cycl opent adi enyl rings include 1, 2-

and 1, 3- s@bstdichkeride, cycl opentadienyl rings, and the tri-substituted

cycl opentadi enyl rings include 1,2,3- and 1,2,4- 25 substituted

cycl opent adi edisethivigsi Ly TEne (alykybpgnoag@senyl-£fluorenyl) zirconium

80 such as propyl and butyl include isoners, such as n-, i-

sec- and tertdtikddrigieups. Al so enpl oyabl e are conpounds

obt ai nabl e by

: diphenylsilylenebis (indenyl) zirconium dichloride,
methylphenylsilylenebis(indenyi)zirconium dichloride,

10 bis(cyclopentadienyl)zirconium dichloride,
bis (cyclopentadienyl)zirconium dibromide,
bis (cyclopentadienyl)methylzirconium monochloride,
bis(cyclopentadienyl)ethylzirconium monochloride,
bis (cyclopentadienyl)cyclohexylzirconium monochloride,

15 Dbis(cyclopentadienyl)phenylzirconium monochloride,
bis (cyclopentadienyl)benzylzirconium monochloride,
bis(cyclopentadienyl) zirconium monochloride monohydride,
bis (cyclopentadienyl)methylzirconium monohydride,
bis (cyclopentadienyl)dimethylzirconium,

20 bis(cyclopentadienyl)diphenylzirconium,
bis(cyclopentadienyl)dibenzylzirconium,
bis(cyclopentadienyl)zirconium methoxychloride,
bis(cyclopentadienyl)zirconium ethoxychloride,

bis (cyclopentadienyl) zirconium bis (methanesulfonato),

25 bis(cyclopentadienyl)zirconium bis (p-toluenesulfonato),



replacing zirconiumwi th titaniumor hafniumin the

zi rconi um conpo The transition netal
by -t he r%%¢g§§2§%jqq% i nclude the transition net
) represented by the fornmula (1) and the transition

(b-11) represented by the fornula (11). 10 The ethylene/[err]-olefin.
copolyner (D) is prepared by C | ymeri zi ng et hyl ene and an
[err]-olefin of 3 to 20 carbon atons in the presence of the

above-nenti oned ol efin poh¥nerization cat al yst

5 above-exenplified
conpounds represented
al conpounds (b-

nmet al conpounds

in such a way that th

resul ting copdtyhEycirrentafsavly 24X cPRHINOLES Ot bl uayymetigngy cnferr] .

The ethylene/[err]-olefin copolyner (D) is used in an
preferably 99Sebf®mtakts by weight, nore prefe
by wei ght, based on 100 parts

anount of
rably 95 to 60 parts

wei ght of the ethyl ene/a-olefin

b
copol yner (A)bbs (mﬁ@ymyclanﬁﬁt@ﬁée@wgélzgicn@@né@rnp@iscmlmctew ).

conposition which conprises the ethylene/[err]-olefin

copol yner (D)

and eit her theis{@imetriylcysloentedienyipeirconiug Adichlatiaiet hyl ene

copol ymer conposition (A') can be prepared by t

processes Jor ebis(digetifl cyidapentedi enyh¢ zi vaposiuni ethaareldomdepar ed by a

mul ti- 81

process wher ebis { diEme thylqupapenteidianydn zi sconigmact e

st ages under different reaction conditions using
bis(trifluoromethane-sulfonato),

he conventi onal

stage pol yneri zation
dintw or nore
one or plural

bis (ethylcyclopentadienyl) zirconium dichloride,

bis(methylethylcyclopentadienyl)zirconium

dichloride,

10 bis(propylcyclopentadienyl)zirconium dichloride,

bis (methylpropylcyclopentadienyl) zirconium dichloride,

bis (butylcyclopentadienyl) zirconium dichloride,

bis (methylbutylcyclopentadienyl)zirconium
bis (methylbutylcyclopentadienyl)zirconium

15 sulfonato),

dichloride,

bis (methane-

bis (trimethylcyclopentadienyl)zirconium dichloride,

bis(tetramethylcyclopentadienyl)zirconium

bis (pentamethylcyclopentadienyl)zirconium

dichloride,

dichloride,

bis (hexylcyclopentadienyl) zirconium dichloride, and

20 bis(trimethylsilylcyclopentadienyl)zirconium dichloride.

In the above examples, the di-substituted

cyclopentadienyl rings include 1,2~ and 1,3-substituted

cyclopentadienyl rings, and the tri-substituted

cyclopentadienyl rings include 1,2,3- and

1,2,4-

25 substituted cyclopentadienyl rings. The alkyl groups,

e

A



pol yneri zers. 5 The nol ded products according to the invention are

formed from tée mtdngreweil err]-ol efin copol yner (A) or the et hyl ene
.copol yner conposition (A), (A") or (A"). - Exanples of the nol ded
products i ncl ude .singl e- | ayer filnms, nulti-layer filns, injection

nol ded 10 products, extrusion nold products, fibers, foam products ..
and electric wire sheaths. Mire spec cally, there can be nentioned
agricultural filns (single | ayer, mul ti-Iayer), r@fer barrierhspeﬁts
mul ti-layer f , | t Vel stret i1 ms,
15 heavyydut yédpdggl?asgipng 8 Bgt{( %é/%&:g iarérl er 'f %urcr;s?il,sas E sg?: anés
for lamnated f , d films, grain bags, ui
packagi ng poucﬁ%%ﬂsanpp %¥t QEXX gkg%%gpackages bag- i n- box interor 20
cont ai ners, ners heat - | st.ant. tai ners i bers,
expansi on mol ded prggu%%gﬁgg gt%ré c?mQI é% é%ﬁﬁ?égl EJ'hrodﬁcts pi pes,
various inje ded _products, el ectric.wre,sheaths

The nol ded p:‘:%é u%\c‘m) ArEGORrSE Vh e?h@ﬁ”é’n‘&? £r hafmé’l“bflfln gSpoI yrrer (A
or the et yI e copol

conposi ti 3VEY%§%ﬂﬁ;lfeﬁd"?lﬁF%nﬂ%@C??TQRPQQQTMNI n nor e detall.

' | e
Agrlqultural f|In1 SIn%ansxt{on metal compounds represented by the

formula (III) include the transition metal compounds (b-
I) represented by the formula (I) and the transition

metal compounds (b-II) represented by the formula (II).

10 The ethylene/a-olefin copolymer (D) is prepared by
copolymerizing ethylene and an o-olefin of 3 to 20

carbon atoms in the presence of the above-mentioned

olefin polymerization catalyst in such a way that the

resulting copolymer has a density of from 0.850 to 0.980
15  g/cm3.

The ethylene/a-olefin copolymer (D) is used in an
amount of preferably 99 to 60 parts by weight, more
preferably 95 to 60 parts by weight, based on 100 parts
by weight of the ethylene/o-olefin copolymer (A) or the

20 ethylene copolymer composition (A').

A composition which comprises the ethylene/d-clefin
copolymer (D) and either the ethylene/a-olefin copolymer
(A) or the ethylene copolymer composition (A') can be
prepared by the conventional processes previously

25 described.. The composition can be prepared by a multi-



5 The agricultural filmconprises the ethylenela- olefin

copolyner (A t Iene copol yner conposition (A ), (A") or
(A""), and |chéﬁé$Z§ﬁaé8/ additives hitherto known, such as anti oxi dant,
ultraviolet |ight absorber, lubricant, slip agent, anti- 10 bl ocking
agent, anti-stick agent, antistatic agent, col orant, carbon bl ack,
medi um densi ty pol yet hyl ene, etly| ene/ vi nyl acetate copol yner and

et hyl ene/ a-ol efin copol ymer rubber. The agricultural film
of the invention has a 15 thickness of o 30 rr]n1 preferably 7 to 20
[err]m stage ROLYMRIEZARLM BFOCRFR &’Bﬁrﬁén BPar ed by film

nol ding of the ethylene/[err]-olefin copolyner g or th - et hyl ene
copol ymer confeRPIYBerizayion As copdugted ygj o or m°%ﬁt§qﬁ9§§n on net hod
or a T-die nethod. Filmnolding 20 wusing the inflation nmethod can be
conduct ed by eRdenoihfferent th‘?’é:fé{oﬁlylc9ﬁ§FFéP¥1F BEERT ORJRH YRFFA) or the
conposition (A), (A") or (A") through a slit die and inflating the
extrudat e wnthoéyg¢Vbﬁe%§r st eam The agricultural filmis

excellent Jjn varlous 25 pro erties such as weat hering StabJ|I2¥, tensile
83 §pr operti € Eg‘i?éjr“\qtés acicﬁ’ﬁgéflgr EQj ERGNERVERMLOn &re (j gidity

as vell as 'nggg]nga'%t ﬁ@'éth}#le ofo-giorill SEbBILLY. (29 SPAnd! can be

effectively u tur|ng, I'n astrc tunnel,
Sem - ethylene copolymer composition (A'), (A") or (A'").

Examples of the molded products include single-
layer films, multi-layer films, injection molded

10 products, extrusion molded products, fibers, foam
products and electric wire sheaths. More specifically,
there can be mentioned agricultural films (single-layer,
multi-layer), water barrier sheets, multi-layer films,
packaging films (multi-layer films, étretch films,

15 Theavy-duty packaging films), multi-layer barrier films,
sealants for laminated films, heavy-duty packaging
films, grain bags, f£luid packaging pouches, batch
inclusion packages, bag-in-box interior containers,
medical containers, heat-resistant containers, fibers,

20 expansion molded products, gaskets, extrusion molded
products, pipes, various injection molded products and
electric wire sheaths.

The molded products formed from the ethylene/o-

olefin copolymer (A) or the ethylene copolymer



5 forcing grow ng in greenhouse, non-support grow ng for pr ocessi ng,

early diggin gtc. as mulch filns which are mainly
required to %(gt%%;}(’)glliln%oenperature rise ef fects. 10

Agricultural multi-layer film The agricultural nulti-layer film
according to the invention is a three-layer lamnated filmconsisting.
of an outer |layer, an i nt er medi®& e | ayer and an i nner | ayer.
15 Quter |ayer The outer layer for constituting the

mof the invention is fornmed froma

ggir;)ggl E:J{)ﬁl c%‘?ﬂﬁ‘?sglﬁ:ﬁémt h@‘y t'hﬁP‘er’lePﬁ &hel | e g SHRRed el SWAXTor t he
et hyl ene copol rrer conposition (A ), (A") or (A""), an inorganic
conpound, and"¥¥ asg'd weat hering stabilizer and an anti-foggi ng
agent . The outer Iayer conprising the copolyner (A) or the
conposition (A), (A") or (A") has an extrenely small 25 decrease of
light transmttance with tine. ,Theref_ore,
84 the agri L 1 g such outer | ayer
The copol Prer () e G iCOMsazRl SAlpacpIpELses the ethylene/a- |
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"'), and if desired,
additives hitherto known, such as antioxidant,
ultraviolet light absorber, lubricant, slip agent, anti-
10 blocking agent, anti-stick agent, antistatic agent,
colorant, carbon black, medium-density polyethylene,
ethylene/vinyl acetate copolymer and ethylene/a-olefin
copolymer rubber.
The agricultural film of the invention has a
15 thickness of 3 to 30 um, preferably 7 to 20 pm.
The agricultural film can be prepared by film
molding of the ethylene/a-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A'") using
an inflation method or a T-die method. Film molding
20 using the inflation method can be conducted by extruding
the ethylene/a-olefin copolymer (A) or the composition
(A'), (A") or (A'") through a slit die and inflating the
extrudate with a given air steam.

The agricultural film is excellent in various

25 properties  such as weathering stability, tensile



5 (A") or (A") is used, the outer layer of the multi- | ayer film

can be thinnefl,1 & Adratggghe mul ti-layer film can be made |ightweight.
| norgani ¢ conpound 10 Exanpl es of the inorganic conpounds

enpl oyabl e for form ng the outer layer of the multi-layer film

i ncl ude i nor gani ¢ oxi des, inorgﬁfic hydr oxi des and hydrotal cites

all of which contain at | east one at sel ected from My, Ca, Al and
Si, and are effective as therno-keeping 15 agents. Mor e

ecificall L por gan oxi des such as
Z?q :arlr] Aly[ A:F]e({ﬁec 3%1 t&%g ﬁ&agfﬁgf ?’&%‘_‘Fﬁ% resmtaﬁﬂﬁfr 8?1 des, such as
Al 3, My( drotalc:tes such as inorganic
coErpOI_Dex conp(?l}l? Oasr g’?#ﬁrséﬁt &8 B?h?ﬁje B or it At ]

Alferr . rr.] (A err ere nH e erel err] is a
gl/i[\e/ratlr]ent [ rret!at ]tl(Vg[ ?1]C ‘A% % effeCtl aﬁlsfﬁai % Tsuch as
Clerr], Br[err err rr] err]

Si [q er ]r] HI[3 %ﬂ]glﬁw PgPCfE?%ngxlrﬁ sp]aﬁsrﬁﬁﬂ)éuné%'sﬁ?%g t he
condi ti on.of <x<0.5, and mi,s er satisfying 25 the candition of
O[err]n{eﬁr] °r%ﬁﬂ9tQR9Wi§9bﬁﬁegrﬁ?ﬁ BeFe, gron-support growing.for

t he conpounds. O _these, preferable are hydrotalcites, and

partlcularly DRQARSSIfGe £08 lyafipaing pFatiierings ete as mulchofadmsc

conpl ex conpounds represented by the above f or mul a.
which are mainly required to exert soil temperature rise

effects.

10 Agricultural multi-layver film
The agricultural multi-layer f£ilm according to the
invention is a three-layer laminated film consisting of
an outer layer, an intermediate layer and an inner
layer.
15
Quter laver
The outer layer for constituting the agricultural
multi-layer film of the invention is formed from a
composition comprising the ethylene/o-olefin copolymer
20 (A) or the ethylene'copolymer composition (A'), (A") or
(A"'), an inorganic compound, and if desired, a
weathering stabilizer and an anti-fogging agent.
The outer layer comprising the copolymer (A) or the
composition (A'), (A") or (A'") has an extremely small

25 decrease of light transmittance with time. Therefore,



5 The i norgani c conpounds nentioned above can be used singly of
i n conbi nati ga 1Qfg A Mg @lggnor e ki nds. The inorgani ¢ conpound
desirably has an average particle dianmeter of not nore than 10
[err]m preferably not nore than 5 [err]m nore preferably not nore
than 3 [err]m 10 When the av§%€ge particle dianeter of the

i horgani c conpound is in the a e range, a nulti-layer film

havi ng good transparency can be obtai ned. In the present

i i 1 20
LQYSchgnmelg Inol%?%rgﬁﬁgﬂp%gﬂg t§a¥§r r#ﬁega$§%$gIﬁﬁpggﬁégérefé?ably 2
to 15 t based 0 I

(0118 P21(S s Mgt DRSS, 01000 PR, P Sl e ol v

compound i s used in the above anount in the formation of an outer
|l ayer of a muttT€- 20 layer film a nulti-layer film having excellent

t her no- keepi_ng properties can be obtaj ned. . at hering
stabili zer %h Oﬁﬁ@eﬁeéﬁﬁePanﬁgt%ﬂW@?iﬁﬁ%?nga<3na|Iy used
25 for formn the out er Iayer of_ the nU|tI-|ﬂ er f|In1are

86 Br oabhy) Wi Ged )i o Uselr afP8I BRERY gheYEHsOF & MHdFL- 1 ght
stabilizers, the light stabilizers are nore effective for thin

agricul tural 3Yes S8 PenitgAsred. soekhakt khe mmiHel viestste bl
ility.
stability can be made lightweight.

Inorganic compound

10 Exanmples of the inorgahnic compounds employable for
forming the outer layer of the multi-layer film include
inorganic oxides, inorganic hydroxides and hydrotalcites
all of which contain at least one atom selected from Mg,
Ca, Al and Si, and are effective as thermo-keeping

15 agents.

More specifically, there can be mentioned inorganic
oxides, such as SiO;, Al;03, MgO and Ca0Q; inorganic
hydroxides, such as Al1(OH)3;, Mg(OH); and Ca(OH);; and
hydrotalcites such as inorganic complex compounds

20 represented by the formula M2*;_,Al, (OH); (A%")x/n-MH0
(wherein M2+ is a divalent metal ion of Mg, Ca or Zn, An-

" is an anion such as Cl-, Br-, I-, NO32-, CIO%-, S042-, CO,2-
. S1032-, HPO42-, HBO32- or P042~, x is a number satisfying
the condition of 0<x<0.5, and m is a number satisfying

25 the condition of 0<m<2), and the calcined products of



5 As the light stabilizers, hitherto known |i ght stabilizers are

enpl oyabl e. dered am ne | ight stabilizers (HALS) are
ppgfe¥ably enpl éb%?éF -684) Exanpl es of the hindered amne |ight
stabilizers i nclude the foll owi ng conpounds. 10 (1)
Bis(2,2,6,6-tetramethyl -4-piperidyl) sebacate, (2) Dinmethyl
succi nat e- 1- ( 2- hydr oxyet hyl ) - 4- &@droxy-z,2,6,6-tetranethy!p|pgrldlne
polycondensate (3) Tetrakis(2, 2,6, 6-tetranethyl -4-pi peridyl)-

1, 2,3, 4-butan et racar bo 15 (4 ,
2,2,6,6-Tetra %%rl (9 g;.peggnzggggera%le are hydquptalcites,

BIS 1,2,6,6-te ranethl- eridinyl)-2-(

di -t(butyl Qﬁ{ﬁéﬁ%ﬁ‘-’) YD PYS &F?\Fg )ﬁa%ﬁa??;cmed prol;iuct(se pt ;:gxe

Bi s N—rrethl 2,2,6,6-tetranet hyl - 4- pi peri di ny sebacat e

(7)(1 1" - ()1/ DLRPTEAEHG ﬂc)“m@e%cgmeosnds reprasenved H fihseedovieone)

(8) (Mxed 2,2,6,6-tetranethyl -
piperidyl/tri%@%ﬂ#%al.2,3,4-butanetetracarboxy|ate, (9) (M xed
1,2,2,6,6_pentanet hyl -4- 25

pi peri dyl Pt ri decylThe Z@Waﬁ@ﬁ@@rladarm@nyim@d above can be used

87 (10) Mxed {2, 2,6, 6-tetranet hyl -
pi peri dyl /[ er§ing rQﬁnﬂﬂnﬂOmblgaFion g8f1bwo Or more kinds.
t et raoxaspiro(5, 5) undecane] di ethyl }-1, 2, 3, 4- but anet et r acar boxyl at e,

The inorganic compound de51rably has an average
particle diameter of not more than 10 i, preferably not
more than 5 um, more preferably_not more than 3 pm.

10 When the average particle diameter of the inorganic
compound is in the above range, a multi-layer film
having good transparency can be obtained.

In the present invention, the inorganic compound is
used in an amount of 1 to 20 parts by weight, preferably

15 1 to 18 parts by weight, more preferably 2 to 15 parts
by weight, based on 100 parts by weight of the copolymer
(A) or the composition (A'), (A") or (A'").

When the inorganic compound is used in the above
amount in the formation of an outer layer of a multi-

20 layer film, a multi-layer film having excellent thermo-

keeping properties can be obtained.

Weathering gtabilizer
Although the weathering stabilizers optionally used

25 for forming the outer layer of the multi-layer film are



5 (11)

M xed (1, 2, 2 6, 6- pent anet hyl -

plperldyI/[e@LhA@QW@gu% -3,9-[12,4,8, 10-

t et raoxaspiro(5, 5)un ecane]dlethyl} 1,2,3,4- but anet et r acar boxyl at e,
(12) N, N -bis(3-am nopropyl)ethyl enedi am ne-2,4- 10
bis[N—butyI-N—(l,2,2,6,6-pentanethy|-i;piperidyl)anino]-

6-chl oro-1, 3,

5-triazi ne condensat e, (13) Condensat e of

N, N -bis(2,2,6,6-tetranethyl-4- pi peri dyl ) hexanet hyl enedi am ne and
%hf(glgrgngebﬂgggﬂéfﬁgwiﬁggi5é?Pd9}$¥§Y%%ﬁ%%|light absorbers and

ﬁi El(zjerzeg gn;[ %1‘ A plﬁggrelrgﬁl ALY, ng]u%eaagiﬂnzaen;sﬁd%&eym&rel n co-rlr-tr;?fl:t i on
e B, comgtia b Wia il 35 thRel)
wei ght, nore preferably 01l to, 1 part by melght based on 100 parts

by wei ght of
Exanpl es qof t

¢HeETSHdiTy) e (’ﬂ?thﬁr%ﬁ% stabilimhosition (A'), (A") or (A "),

he ul travi ol et ght absorbers 25 include;

88 sal ixsy15he &cligattt ﬁebm‘-f-?@momtmm kaissmy Bdebt such as
phenyl salicylate, p-tert- butylg aé salicylate and p-octyl phenyl
salicyl ate; stabilizensegrepkeRén¥abipe WAbPwRidllt Hingereshemibers, such

10

15

20

25

light stabilizers (HALS) are preferably emploved.

Examples of the hindered amine light stabilizers
include the following compounds .

(1) Bis(2,2,6,6~-tetramethyl-4-piperidyl) sebacate,

(2) Dimethyl succinate-1-(2-hydroxyethyl)-4-
hydroxy-2,2,6,6-tetramethylpiperidine polycondensate,

(3) Tetrakis(2,2,6,6~-tetramethyl-4-piperidyl)-
1,2,3,4-butanetetracarboxylate,

(4) 2,2,6,6-Tetramethyl-4-piperidinyl benzoate,

k5) Bis-(1,2,6,6-tetramethyl-4-piperidinyl)-2-(3,5-
di-t-butyl-4-hydroxybenzyl) -2-n-butyl malonate,

(6) Bis(N-methyl-2,2,6,6-tetramethyl-4-piperidinyl)
sebacate,

(7) 1,1'-(1,2-ethanediyl)bis(3,3,5,5~
tetramethylpiperazinone),

(8) (Mixed 2,2,6,6-tetramethyl-4-
piperidyl/tridecyl)-1,2,3,4-butanetetracarboxylate,

(9) (Mixed 1,2,2,6,6-pentamethyl-4-

piperidyl/tridecyl-1,2,3, 4-butanetetracarboxylate,



5 as 2, 4-di hydr oxybenzophenone, 2-hydroxy-4- met hoxybenzophenone,

2- hydr oxy- 4- ogl Dryhaszgenone, 2- hydr oxy- 4- dodecyl oxybenzophenone,
2, 2" -di hydr oxy- 4- nmet hoxybenzophenone, 2, 2'-di hydroxy-4,4'-

di met hoxybenzophenone and 2- hydr oxy- 4-nmet hoxy-5- 10 sul f obenzophenone;
benzotri azol e type absorbers, such a;.} (2" -

hydr oxy-5' - met hyl phenyl ) benzotri azol 2-(2' - hydroxy-5"-

tert-butyl phenyl)benzotriazole, 2-(2'-hydroxy-3',5' -di-

tert-butyl phenyl)b Otk I 2-( j-kert- 15
butyl-5'-nethylpheﬁgﬁﬁ-éﬁc%|JgggégiéthégéRé¥h§l % hydroxy-3',5
-di-tert-buty, lgor gbe aZRLe- 2nd g, 10-

2-(2' - hydroxy&)g}ﬂgﬁ%&%ﬁ&gﬂtﬁp'g Eégﬁé?pﬁe%ylgben otriazol e; and

cyano acrylate type ultrav sor ber. g4 ? 2 ? -

2-et hyl hexyl _Be E% {ﬁop‘ﬁé‘ﬁ%bcgﬁ Aies vy hgr

cyano- 3, 3' - acr The uItraV|oIet | i ght absorber is
used in an a e tr%%a%?qﬁ¥§qg§ '5 parts by weight, preferably 0.005 to 2

p:rts > &i:gﬂt b iihq%ﬁL%%dﬁp§§g%%%§E%§%§ aé%by¥ﬁ%"copolyner (A or
AI n
: hg gggg&s/lnélr O'([J % %y}%@ %ﬁpgm 1 }@‘-’nﬂa{"ﬁt?yl(g ?GEZCEHQOP&M > ° 10

tetraoxaspiro(5,5)undecane]diethyl}-1,2,3,4-

butanetetracarboxylate,
(12) N,N'—bis(3-aminopropyl)ethylenediamine—z,4—
10 bis[N-butyl-N-(1,2,2,6,6-pentamethyl-4-piperidyl)amino]-
6-chloro-1, 3,5-triazine condensate,

(13) Condensate of N,N'-bis(2,2,6,6~-tetramethyl-4-
piperidyl)hexamethylenediamine and 1,2-dibromoethane,
and

15 (14) [N-(2,2,6,6-tetramethyl-4-piperidyl)-2-methyl-
2—(2,2,6,6—tetramethyl—4—piperidyl)imino]propionamide.
| These hindered amine light stabilizers can be used
singly or in combination of two or more kinds.

The light stabilizer is used in an amount of 0.005

20 to 5 parts by weight, preferably 0.005 to 2 parts by
weight, more preferably 0.01 to 1 part by weight, based
on 100 parts by weight of the copolymer {(A) or the
composition (A'), (A") or (A").

Examples of the ultraviolet light absorbers

25 include;



or (A"), hitherto known additives, such as anti-fogging agent,

antistatic ageniiganagrbeggh stabilizer, can be added i n anounts not
detrinental to the objects of the present invention. 10 The
anti-fogging agent preferably used is an anti - f oggi ng agent
containing as a main ingredient a 3 partially esterified product
conprising a polyhydric alcoho§ and a higher fatty acid of 12 to 24
carbon atons (i ncluding hydroxy fatty acid). 15 I nt er mredi at e
| ayer The +is d Lage, | Iqtsug i n

agricul tural nult%gﬂégggag??%?%ft¥§%e§¥££§X#é¥§ﬁs&%#?ﬁngggggber?fon1a

ot gani ¢ Combind® BRARE Gak SRR e R CR e Ran P BB 2P ool yiver

(A-1) as descriped herei weat hering stabilizer and an
anti-fogginga'najp §§§H§Pﬂeny§SSQE%%€#%§%ﬂvinyI acetate copol ymer
The etg%

i nvention has a vibﬁﬁ é@%ﬁéﬁéngﬁggﬁig%q%%%%q{ gln%tf%%%’f%% elrgwte?gﬁF,. :

e ant S5 a5 2 dputudeRvhiBraehrates | AdR i by the Use of
methoxybenzophenone, 2-hydroxy-4-octoxybenzophenone, 2-
hydroxy-4-~dodecyloxybenzophenone, 2,2'-dihydroxy-4-
methoxybenzophenone, 2,2'-dihydroxy-4,4'-
dimethoxybenzophenone and‘2—hydroxy~4—methoxy-5—

10 sulfobenzophenone;

benzotriazole type absorbers, such as 2-(2'-
hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hydroxy-5'-
tert-butylphenyl)benzotriazole, 2-(2'-hydroxy-3',5'-di-
tert-butylphenyl)benzotriazole, 2-(2'-hydroxy-3'-tert-

15 butyl-5'-methylphenyl)-5-chlorobenzotriazole, 2-(2'-
hydroxy-3',5'-di-tert-butylphenyl) -5-chlorobenzotriazole
and 2—(2'—hydroxy-3',5'—di—tert-
amylphenyl)benzotriazole; and

cyano acrylate type ultraviolet absorbers, such as

20 2-ethylhexyl-2-cyano-3,3'-diphenyl acrylate, ethyl-2-
cyano-3, 3'~diphenyl acrylate.

The ultraviolet light absorber is used in an amount
of 0.005 to 5 parts by weight, preferably 0.005 to 2

parts by weight, more preferably 0.01 to 1 part by



t he et hyl ene/vinyl acetate copolyner, a multi-layer film havi ng

excel | ent thegnpabigeprngoproperti es can be obt ai ned. The term

"t her np- keepi ng properties" used herei n neans properties to absorb
radiation released in 10 the night fromthe ground whose tenperature has
been rai sed by absorption of the%§unlight during the daytinme and
to reflect the radiation so as to maintain the t enperat ure

(at nospheric tenperature and soil tenperature) inside the greenhouse

or the tunnel Bt, ba é@qgrgamcp?;ﬁrggp eight of tHECcHOI@RY ¢ conpound
used for fornrﬁé& ® i nternedi ate Fﬁg@flgf tﬁe nult? §@£er filmis

i denti cal (A»ABQ Eﬂg bsmg&gggq%ﬁoHpqunq u§e fqg ﬁprnlng the 20

af oresai d outer I norgani c conpound is used in an
anount of 1 to 20 parts by weight, preferably 1 to 18 parts by
wei ght, nore preferably 2 to 15 parts by weight, based on 100

parts by melggﬁggg EE§§58&%%?Of the ethylene/vinyl 25 acetate copol yner
and the later- ene/[err]-
oL onal1 S oAt S8 oS el B PRI okl el oy, RPN
o erof T, bk e RO il el
agent, antistatic agent and heat stabilizer, can be
added in amounts not detrimental to the objects of the
present invention. |
10 The anti-fogging agent preferably used is an anti-
fogging agent containing as a main ingredient a
partially esterified prbduct comprising a polvhydric
alcohol and a higher fatty acid of 12 to 24 carbon atoms
(inclﬁding hydroxy fatty acid).
15
Intermediate laver
The intermediate layer for constituting the
agricultural multi-layer film of the invention is formed
from a composition comprising an ethylene/vinyl acetate
20 copolymer, an inorganic compound, and if desired, an
ethylene/0-olefin copolymer (A-1l) as described herein

below, a weathering stabilizer and an anti-fogging

agent.

25 Ethvlene/vinvl acetate copolymer



multi-layer film a nmulti-layer film having nore excel | ent
thernn-keepi@glgggggnggg can be obt ai ned. Ethylene/[err]-olefin N
copolymer (A1) 1 The ethylene/[err]-olefin copolyner (A-1) which e
S optionally used for formng the internediate | ayer of t he '
multi-layer filmis an ethylene/[errbbolefin copol yner havi ng a
density of not nore than 0.925 g/ cnB; preferably 0.880 to 0.920
g/cnferr], which is one of the 15 -ethylene/a-olefin copolyner (A).

In the present in ti L ght ' t eng/ lefin
copol yrrgr (A-1) tﬁghgggyﬁ%ﬁgﬁﬁfﬁ nyﬁléé‘éétpe g{:"éidg‘?é“eé"ofé’?yp%l? ?EC) €nd

A-1)/(C) is.in.t.he ra 0 t farahl ¥,90/ to
10790, ot e prsrery H308 Fhnybredtry aprtent F TLERY Sp Y AY
et hylene/[err]-.0l.efin_caqpol r -1) ed . in the above wei ght
rat?/o to Ehe “L?W%En?ﬁ?i%%§la%g§e?g@etg 25 él?%{)gf%t'i o fe formationgof t he
I nternmedi ate | ayer of th lti-layer film the internediate | ayer

e oe Cprdrarably 5.0 to 20 % by welght. 99

Szgthgrin stabilizer : Eéa | es of the ﬁgatge in% stabilizers
optional | udEn hendnE6rhe ?%ﬁe Yt Tt %Wé P&y8PSoPtthe 5
multi-layer filminclude the same ultraviolet |ight bsorb%gimand

| i ght st abi | i 2% SHYLSe/vonEly288s e peepolymer,” a multi-layer

having excellent thermo-keeping properties can be
obtained. The term "thermo-keeping properties" used
herein means properties to absorb radiation released in
10 the night from the ground whose temperature has been
raised by absorption of the sunlight during the daytime
and to reflect the radiation so as to maintain the
temperature (atmospheric temperature and soil
temperature) inside the greenhouse or the tunnel.
15
Inorganic compound
The inorganic compound used for forming the
intermediate layer of the multi-layer film is identical
with the inorganic compound used for forming the
20 aforesaid outer layer.
The inorganic compound is used in an amount of 1 to
20 parts by weight, preferably 1 to 18 parts by weight,
more preferably 2 to 15 parts by weight, based on 100

parts by weight of the total of the ethylene/vinyl

25 acetate copolymer and the later-described ethylene/a-



in the formation of the outer |ayer. The light stabilizer is used
in an anount gf] 0@ _g04 t0 5 parts by weight, preferably 0.005 to 2
parts by 10 weight, nore preferably 0.01 to 1 part by wei ght, based

on 100 parts by weight of the total of the ethylene/[err]- ol efin
copolymer (A-1) and the ethyl ene/vi n§I acetate copol ynmer. The
conponent (A-1) is a conponent ationally used, so that the anopunt

t hereof nmay become 0 15 part by weight. The ultraviolet Iight

bsorber i A f 0 b i gh
gr Z?;rg[:)l I;/SOU%%%J{ILB %%Oﬁ%lé%;r(%l%yov\g?%h(?énérr%?%%?(et—gr)a%ls\;/@ gOEL to 1 part
by wel ght 4 DREd. Q) tj't(r%g(“i%% 850y, V€S QQ%thﬁQ%xﬁonéaac' clrble 20

ethylene/a-of% iI“n~copol ynme yl éne/vin acetate

copolynmer. The c onent, (A-1).is. a.c onent optionally used, so that
t he anount tﬁﬁyeg?@ciw e&@ﬁé Y Welg%glr)t by wei ght . 25 Ot her
conponent s VTo t he

: . . 93, .
et hyl ene/ vi nyl acdffife S IRPFEAES: CPOPAIRY 18 us§hdd (& #BSV& e | ayer,
hitherto known additives, such as antj-foggi ng agent, anti-m st agent,
anti stati 5 agdfunt 1n aﬁsﬂf rexmatiaB; P?z@?,“&%\ ﬁ%ﬁ% aYeLafbufits not 5
detrinental to the objects _of theHEresent i nyention. The

anti - f oggi ng BYEnt-Iopeefddry asBylfi-aventfilm having more

excellent thermo-keeping properties can be obtained.

Ethvlene/a~-olefin copolvmer (A-1)

10 The ethylene/o-olefin copolymer (A-1l) which is

optionally used for forming the intermediate layer of

the multi—layer.film is an ethylene/0-olefin copolymer

having a dénsity of not more than 0.925 g/cm3,

preferably 0.880 to 0.920 g/cm3, which is one of the
15 ethylene/o-olefin copolymer (A).

In the present invention, the weight ratio of the
ethylene/a-olefin coﬁolymer (A-1) to the ethylene/vinyl
acetate copolymer (C) ((A-1)/(C)) is in the range of
99/1 to 1/99, preferably 90/10 to 10/90, more preferably

20 80/20 to 20/80.

When the ethylene/a-olefin copolymer (A-1) is used
in the above weight ratio to the ethylene/vinyl acetate
copolymer in the formation of the intermediate layer of
the multi~layer f£film, the intermediate layer can be

25 thinned.



f oggi ng agent containing as a nmain ingredient a partially esterified
product conprFsisgR sspetdhydric al cohol and a higher fatty acid of 12
to 24 carbon atonms 10 (including hydroxy fatty acid). The
anti-fogging agent is used in an anount of 0.05 to 5 parts by weight,
preferably 0.1 to 4 parts by weight, more preferably 0.5 to 3 parts by
wei ght, based on 100 parts by weight of the total of the
ethylene/[err]- 15 olefin copolynmer (A-1) and the ethylene/vinyl acetate
copol yner. The conponent (A-1) is a conponent optionally used, so that
t he amount thereof may becone 0 part by weight. 20 I nner | ayer

The i nner Iayﬁéaggérgﬁgsgtgbglﬂgbﬂ:he agricul tural mul ti-layer film of
the invention 1s fornme romt copolymer (A) or the conp05|t|on

(A), (A") or (A" To-t ( 0 (A)
) of Examples G 'fife CRALNUFIh( SkaBli11hErE %Eleféﬁéﬂ:}zl o) ani o

corpound,  a vEaLReLLNSt AORLICEL of tnP 1 AnalheLogal 00 P, can De

added. € present T nvention e Inorganit conpound is

oo "o BRSSP Bl 0300y 58T U
when the inorg%gggbgggpgggdl éﬁt é%éﬁ(ilzers a% previously described
in the formation of the outér layer.
The light stabilizer is used in an amount of 0.005
to 5 parts by weight, preferably 0.005 to 2 parts by
10 weight, more preferably 0.0l to 1 part by weight, based
on 100 parts by weight of the total of the ethylene/o-
olefin copolymer (A-1) and the ethylene/vinyl acetate
copolymer. The component (A-1) is a component
optionally used, so that the amount thereof may become 0
15 part by weight.
The ultraviolet light absorber is used in an amount
of 0.005 to 5 parts by weight, preferably 0.005 to 2
parts by weight, more preferably 0.01 to 1 part by
weight, based on 100 parts by weight of the total of the
20 ethylene/da-olefin copolymer (A-1) and the ethylene/vinyl
acetate copolymer. The component (A-1) is a component

optionally used, so that the amount thereof may become 0

part by weight.

25 Other components



above amount in the formation of an inner |ayer of a multi-layer film
a nulti-layerpfidon fepdaog excel l ent 10 t herno-keepi ng properties can be

obt ai ned. : Weat hering stabilizer Exanpl es of the weathering .:.
stabilizers optionally used in the formation of the inner layer of the
multi- 15 layer filminclude the sgﬁ? ultraviolet |ight absorbers :
and |ight stabilizers as previously déescri bed. The |ight

stabilizer is used in an amount of 0.005 to 5 parts by weight,

preferably 0.005 tf, ZRardth glune/vmw 866t fRT Cop Bhiralioy Gofhihg 1 part
by wei ght, based 20 on 100 parts by wei ght of the copolyner (A) or the

conposi tion (¢éhd, lﬁééﬁméaidfg ihger hithertd Mendtnd rA3414i®led,| @lilcnabsor ber
is used in an anount to 5 parts by weight, preferably 0.005

to 2 paris éﬂ%ﬂw¥éggrnd“§§%nﬁreéﬁ&§bh¥sg Q&eﬁ@ ]aﬁﬁﬁgtéﬂﬁc agent

F- 1492/ SF- 604 based on 100
b | All
s e el 8o DR ), ()

COMPOSI 11 61 (Abdridfidar vo eile GseLeUSEd [AL LOLEING Lhedagy | aver of

the nul ti ayer nomn a TVes, SUCh as anti -

foggi ng agent, ant+3tatun.%%%%&n%ngggggtpregb'l'f "usédis an anti-

fogging agent containing as a main ingredient a

partially esterified product comprising a polyhydric

alcohol and a higher fatty acid of 12 to 24 carbon atoms
10 (including hydroxy fatty acid).

The anti-fogging agent 1s used in an amount of 0.05
to 5 parts by weight, preferably 0.1 to 4 parts by
weight, more preferably 0.5 to 3 parts by weight, based
on 100 parts by weight of the total of the ethylene/o-

15 olefin copolymer (A-1) and the ethylene/vinyl acetate
copolymer. The component_(A—l) is a component
optionally used, so that the aﬁount thereof may become 0

part by weight.

20 Inner laver
The inner layer for constituting the agricultural
multi-layer film of the invention is formed from the
copolymer (A) or the composition (A'), (A") or (A"').

To the copolymer (A) or the composition (A'), (A") or



be added in amounts not detrinental to the objects of 10 the present
i nventi on. F-1492/SFH&®4ant i - f oggi ng agent preferably used is an anti -

foggi ng agent containing as a nmain ingredient a partially esterified
product conprising a pol yhydric al cohol and a higher fatty acid of 12
to 24 carbon atons 15 (including h oxy fatty acid). The
anti-fogging agent is used in an anount of 0.05 to 5 parts by weight,
preferably 0.1 to 3 parts by wei ght, nore preferably 0.5 to 2 parts by
wei ght, based(a"'), ch L rRaMis Bympelad] &fwéden&ong) WBIbLi1Azesr the 20
conposition (A), (A") or (A"). Mul ti-layer film In the

agricul tural &ad tdn |aner-fddgingf a8t can bEVEREPN consisting of the outer
| ayer, the 25 internediate |ayer and the inner |ayer, the thickness of

96 t he out I r nt thechangs ofpdls d & 5km
preferably 10 to g%n [tg?gra]prﬁe%%r%e&%?gf ermaﬁl;l y&é% #gé%a:ﬁer%o%n&gﬁhe ik

hi ck f j 4 j \Sal . taA150
Lo r1m pr of rai T TR, oBV/E bo3 Pabll BRI baged 3;911&@0{ errm
h hi ck i .S . 0 t errlm
:)r gf ter :at(l::)I ?eigp%t%ggf :gg}]]%r%é %?%hESCBBO%%?Er g%% yégoqgfeo éf(s“%[oesgrtﬁ%g and the

t ot al thickneisg.)of H’nqseor (A...)I_ayers isin the range of 30 to 200 [err]m
preferably 50 to '

When the inorganic compound (B) is used in the
above amount in the formation of an inner layer of a
multi-layer film, a multi-layer film having excellent

10 thermo-keeping properties can be obtained.

Weathering stabilizer

Examples of the weathering stabilizers optionally

used in the formation of the inner layer of the multi-
15 layer film include the same ultraviolet light absorbers
and light stabilizers as previously described.

The light stabilizer is used in an amount of 0.005
to 5 parts by weight, preferably 0.005 to 2 parts by
weight, more preferably 0.0l to 1 part by weight, based

20 on 100 parts by weight of the copolymer (A) or the
composition (A'), (A") or (A'").

The ultraviolet light absorber is used in an amount

of 0.005 to 5 parts by weight, preferably 0.005 to 2

parts by weight, more preferably 0.0l to 1 part by



180 [err]m nore preferably 70 to 150 [err]m 10 The agri cul tural

mul ti-layer fglimgf,drhaoanvention has the foll ow ng physical
properties and characteristics. (i) The El nmendorf tear
strength is not less than 90 kg/cm preferably not | ess than 100
kg/cm in MD, and is 15 not less t 90 kg/cm preferably not |ess than
100 kg/cm in TD. (i1Y) The dart inpact strength in the

t hi ckness of 100 [err]mis not less than 900 g, preferably not |ess
than 1, & dked on 100 bh)ctlhsytﬁ@.ﬁgﬂl@ &t ragtd R Jdegak is not

| ess t han 50 kg/ cn2, preferably not |ess than 370 kKg/cn2, in

MD, and is no P ef epa .J t han 370
kg/cn2, in TD AJ G {HET ? %i@lﬁﬁge%e of ?é F ?r ﬁ%w ng a thickness of 100
25 [err]m the initial light transmttance is not |ess than 90

97 % preferably not less than 92 % and the Iight transm ttance

after outdoorg, S days is not | ess than 85 % preferably
%&Eﬁg e . .

not | ess than The El nendorf tear strength is determned by
31677 1708 “The dalt Hipasoeaieto ] greh® BBBerqttlep o2 dir i g out an
Lmact test ipn ageordance; ror At B2 LAQL(PRL 1P QSRR 38 M
layer film, hitherto known additives, such as anti-
fogging agent, antistatic agent and heat stabilizer, can
be added in amounts not detrimental to the objects of
10 the present invention.
The anti-fogging agent preferably used is an anti-
fogging agent containing as a main ingredient a
partially esterified ﬁroduct comprising a polyhydric
alcohol and a higher fatty acid of 12 to 24 carbon atoms
15 (including hydroxy fatty acid).
The anti-fogging agent is used in an amount of 0.05
to 5 parts by weight, preferably 0.1 to 3 parts by
weight, more preferably 0.5 to 2 parts by weight, based

on 100 parts by weilght of the copolymer (A) or the

20 composition (A'), (A") or (A'").

Multi-laver £ilm
In the agricultural multi-layer film of the
invention consisting of the outer layer, the

25 intermediate layer and the inner layer, the thickness of



strength at break is determ ned in accordance with JIS K 10 6781 by

carrying out B-14937/$®-6®Et of a nulti-|ayer filmin MD and TD using a
tensile tester of constant crosshead speed type (manufactured by
Instron Co.). The agricultural nulti-layer filmof the invention
havi ng a thickness of 50 [err]m has | oss of usually not 15 less than 60
% and a haze of usually not nore than 15 % The gloss of the film
was neasured at an incident angl e of 60 in accordance with ASTM D
523. The hazethe ou@értiwydi |8 Mas tMRASHNEE bR BEGATBRNTE AN idy ARIM D 1003-
61. 20 Preparation of multi-layer film The agri cul tural

mul ti-layer filarefable 1OUENGONM, moreaPrREePLEPRI S8 &Y F REAC ,
conpri si ng niging t%eﬂ§ pone#ﬁblene rggin andﬁ?he aforesgﬁg gg%ﬁtlves
for each 25 ¢hayRhe®f SHEHBIirrdriieliakl! EFYE?! f_?kma@l@%}g@ of

98 m xture by a Banbury mxer or aro m and subjecting t he

m xtures to ajgoexty @iﬁyligy%fggéyiyngbhgg ?50 f&%€§§§%?§%§%§%¥gﬁ-die

nmet hod to | am nate the ‘out ayer, the nte d the

ner 1ayes togethefon . ene HISARELOHEl gl UL TrLaver S bas

excel | ent er no- i ng propertres, pr rties a

Loyt o7 gk, OF £ HOCIBE LAk eng, B6L8%0 un, madd ™
preferably 20 to 70 pum; and the total thickness of these
layers is in the range of 30 to 200 um, preferably 50 to
180 um, more preferably 70 to 150 um.

10 The agricultural multi-layer film of the invention
has the following physical properties and
characteristics.

(1) The Elmendorf tear strength is not less than 90
kg/cm, preferably not less than 100 kg/cm, in MD, and is

15 not less than 90 kg/cm, preferably not less than 100
kg/cm, in TD.

(ii) The dart impact strength in the thickness of
100 pm is not less than 900 g, preferably not less than
1,000 g.

20 (1ii) The tensile strength at break is not less
than 350 kg/cm?, preferably not less than 370 kg/cm2, in
MD, and is not less than 350 kg/cm?, preferably not less
than 370 kg/cm?, in TD. |

(iv) In case of a film having a thickness of 100

25 pm, the initial light transmittance is not less than 90



formagricultural and horticultural facilities such as 10 greenhouse and

tunnel . F-1492 /384 barri er sheet The water barrier sheet
is formed fromthe et hyl ene/ a-ol efin copolymer (A) or the ethylene 15
copol ymer conposition (A'), (A") or (A"), and if desired, known

addi tives such as carbon bl ack, heat 7 stabilizer, weathering
stabilizer, pignent, filler (exé%pt carbon bl ack), lubricant,
antistatic agent, flame retardant and bl owi ng agent. The water barrier
20 sheet nmaygbe,@efaildiiry ¥R 13380t nuhengi §, thsq opter igauer or the

I nner | ayer made of the copolyner (A) or the composition (A"), (A") or

(A") is combipedaii dthid@lFrer outkdbSt 8kBSsutsi HF O£ NEhyERLGS HRS OF
ot her drai nage mat eri al s. 99

The water barg} sheetgPref ' properties: in
case of a sheg%giaw ng 8aljp o grt%%eé(a%ggshgg ?‘L.egsn%?éljtlﬁ%b’ g?'ongation at tear

(JI'S A 6008, gpflrﬁgﬂc{&%% Crea‘;&e;’st %g?g? %nné?%%n{?ﬂ{ed gﬁ’;nt han 80 % 5

in case of a sheet "having a ness 0 gation at

penetrati Is_not.less than 5 t sir th K 6328,
rate: 50 mcﬁf)%ﬁnq h%u%eaa{]c-ensrﬁe s?rél’gfarelgt%og%%nléfﬁ%ﬂaérg gﬂ%aiﬂ ng been

heat seal ed under oonce WIRLCORY 1 999207 B G38L LETRA AU G, 320 [errIC

determined by carrying out an impact test in accordance
with JIS z 1707 (dart tip diameter: 38 mm). The tensile
strength at break is determined in accordance with JIS K
10 6781 by carrying out a tensile test of a multi-layer
film in MD and TD using a tensile tester of constant
crosshead speed type (manufactured by Instron Co.).
The agricultural multi-layer film of the invention
having a thickness of 50 um has a gloss of usually not
15 1less than 60 % and a haze of usually not more than 15 %.
" The gloss of the film was measured at an incident
angle of 60 ° in accordance with ASTM D 523. The haze
of the film was measured in accordance with ASTM D 1003-
61.
20
Preparation of multi-laver film
The agricultural multi-layer film of the invention
can be prepared by a process comprising mixing the-
polyethylene resin and the aforesaid additives for each

25 layer of the multi-layer film, melt kneading each



10 sealing rate of 5 mimn using a field heat sealer is not | ess than
10 kg/ 20 mMm g_1492/sF-60@e water barrier sheet is sonetinmes brought into
contact with uneven substances, particularly pointed or t aper ed
substances, so that the elongation at tear or 15 the el ongation at
penetration are inportant factors of 8 mai ntai ning qualities of the

wat er barrier sheet. As thg heat sealer for field use, a hot air
sheet seal er 10E nodel manufactured by Leister Co. i enpl oyed.

1S
The peel tesly, s ca] adpalibus hekePVE: 4 o112 ilslh%ﬁgsg\y%ﬁsce?ﬁg-sea' ed

using a hot arr sheet “sealer nodel manufacture ei ster Co.

d h [t f f C and
of 5 mmn. e ffures, 58 p0cBERERe S o et B ore, “and

of 5 mmn, en conditioné nor e, and

e widhB st Bk fabnh B0 " TR QLR Fayer) "

accor dance WiTH 0 neasure-a

100 strengt.h, whi s, taken_a n i ndi caty on of heat - seal i ng
properties. fﬁggﬁéﬁﬁ??Qﬁiaﬁggt%?Yeﬁagnéaﬁ??e%Fner i?ﬁﬁraiggF%FFEWs: a wat er
barrier sheet was fixed t.0 fixture havi a.dianeter.of 5 cm then a
needl e haSing 5 ???I%%?lFthH59%nﬁu§£ﬂ7§$¥$ﬁr£%hm(ﬁ%ﬁrﬁﬁqﬁ&éeﬁgnetrated
into the sheet, at a_rate of 50 nmmn tQ neasur br eaki_.ng strength,

: a
and t hereby a“BSIFiY kFeRIPGaRERGST 1St %ﬁb?%?%ﬁe%?of{%t&?ﬁeégd( kg/ nm and

an el ongation at break_were determ ned. )
g toughness, so that Et can be used for a long period of

time for culturing of useful crops by spreading them to
form agricultural and horticultural facilities such as

10 greenhouse and tunnel.

Water barrier sheet
The water barrier sheet is formed from the
ethylene/o-olefin copolymer (A) or the ethylene
15 copolymer composition (A'), (A") or (A"'), and if
desired, known additives such as carbon black, heat
stabilizer, weathering stabilizer, pigment, filler
(except carbon black), lubricant, antistatic agent,
flame retardant and blowing agent. The water barrier
20 sheet may be a multi-layer sheet wherein the outer layer
or the inner layer made of the copolymer (A) or the
composition (A'), (A") or (A"') is combined with_other
substrates, reinforcing materials or other drainage

materials.



10 The

favorabl e i nppnaobisrerl-s0s8e because it can be

water barrier sheet of the invention is extrenely

hi gh strength by a heat sealer practically used in situ.

wat er barrier sheet is excellent in nmechanical 15 strength, such as
tensile strength, tear strength, el ongation at tear, penetration
??ation, and has excellent flexibility

strength and
and heat -

The multi-layer fith GARBREI B&Sr fes Uiddl-dfidribly hakayRe and a |ayer
conprising the ethylene/[err]-olefin

copol ymer comRasickify gmpe{cé\'iés; (M )cMde (¥ &) sheet having a

101
substrate fil

film and for exanple, po

are enpl oyabl
as hi gh-densi
polyethylgne
et hyl ene/

,..an et hylenelyinyl e
cr ﬁnatcgsceoégl ? mg%/l?eg hg&lﬁ

el ongati on at pene
seal ing properties. 20 Mul ti-layer film

There™i s no specific [imtation on the material of

copolymer (A) or the ethylene

easily heat sealed with
The o

t he

R AR o%sﬂt.ae?ug?t@ﬁé aé%%gg}@i%q at. (Al ib¥sOh 6687 N a

ynme r, alumnumforl and ce

ophane

| » | ef.i | , h
SpmsoryReal 13c8L A0 MR S dudaat ehe ol yrers oue

medi um density or

te . copol r
tn lond%é?,tthknﬁ) &@“i 5 %ﬂ

and pol y-4-metiyl -4 19, BRALENg:; XYl R WIS Rich g5, Pehyvi nv

chl ori de,

10

15

20

25

peel strength (JIS K 6328, rate: 50 mm/min) at the heat-~
sealed portion of sheets having been heat sealed under
the conditions of a preset temperature of 500 °C and a
sealing rate of 5 m/min using a field heat sealer is not
less than 10 kg/20 mm.

The water barrier sheet is sometimes brought into
contact with uneven substances, particularly pointed or
tapered substances, so that the elongation at tear or
the elongation at penetration are important factors of
maintaining qualities of the water barrier sheet.

As the heat sealer for fieid use, a hot air sheet
sealer 10E model manufactured by Leister Co. is
enployed. The peel test was carried out as follows: two
sheets were heat-sealed using a hot air sheet sealer 10E
model manufactured by Leister Co. under the conditions
of a preset temperature of 500 °C and a rate of 5 m/min,
then conditioned at 23 °C for 48 hours or more, and
subjected to a peel strength test at a rate of 50 mm/min

in accordance with JIS K 6328 to measure a peel

0 yproﬁylené,thly-l-butene



pol yvi nyl i dene chl ori de, polystyrene, polyacrylate and

pol yacryl oni tgi14®2 /gel-¥aa de pol ymers, such as nylon 6, nyl on 66,

nyl on 10, nylon 11, nylon 12, nylon 610 and pol yret axyl eneadi pam de;
pol yester polyners, such as 15 polyethylene terephthal ate, polyethyl ene
t er epht hal at e/ i sopht hal ate and pon?B | ene t er epht hal at e; pol yvi nyl

al cohol ; ethyl ene/vinyl al cohol

pol ymers.

pol ymer film
stretched or

opol yners; and pol ycar bonat e

When the substrate filmis made of a pol yner, the

et IRACH LAECRERCRT A8 &5 MdR R of HERRAXI Al |y
Iaxially Il'm

oriented

appropri at el ysesaeﬂiﬁﬁ _%@olggrrti%%‘?or %Q?%é:‘?e{z.h& @éé%im%%t QR 9kgt he

mul ti-Iayer

exanpl e,

film the subah{ e eirio%-aBPEVQBéL%&JB%i%gL%é@@ waﬁ:dfixed to a

102 accordi ng 1o a substance to ged. I exanpl e,

t he substancef1££t3
1 11,
excel | ent transparency, Tl ion resistan

| yamid l.yvinylid hl orid | ene/ vi nyl__al cohal
Copol yier 8. HISHITEEERGE Andoporyesiet o bl vad DepsfulER. when tne
bst to be.packaged | Ki when. fib kaging i de,
pol ypr opy| encERERITHE et fEePt EAES: PEnSBAPUALYPR 59 IR cafd vater

per neati on

10

15

20

e %%%r%%eg id?.al%eggg ghadl &, oqthy 3 nedd3 %\Hﬁg g
gl di y ana gas pernea

qre£ﬁ¥25”§¥¥2%563,pgﬁﬁeﬁﬁgéébﬁnglé?%?% of breaking
strength/sheet thickness (kg/mm) and an elongation at
break were determined.

The water barrier sheet of the invention is
extremely favorable in practical use because it can be
easily heat sealed with high strength by a heat sealer
practically used in situ.

The water barrier sheet is excellent in mechanical
strength, such as tensile strength, tear strength,
elongation at tear, penetration strength and elongation
at penetration, and has excellent flexibility and heat-

sealing properties.

Multi-laver £ilm

The multi-layer f£ilm comprises a substrate film
layer and a layer comprising the ethylene/cd-olefin
copolymer (A) or the ethylene copolymer composition

(A'j, (A") or (A"').

The substrate can be

case of a packaging conposite

€,



In the formation of a |layer of the ethylene/[err]- ol efin copol yner

(A) or the ethylengseopohymer conposition (A), (A") or (A'"") on the
substrate by extrusion coating, the copolynmer (A) or the conposition
15 (A"), (A") or (A"") may be subjected to extrusion coating
directly onto the substrate, or in fé?er to | nprove adhesi on between
the substrate and the copol yner A) or the conposition (A), (A") or
(A""), the substrate is prelimnarily coated with an anchor coati ng

20 agent of or gage,Ll §8NLYMLLAREEL PO HAUMICHE CLiMkE hPErial ofT

i socyanate type by a known met 'S prOV| W th an undercoati ng

I fl t hyl d
Lhen t he copd ea‘lﬁ%%%%ﬁ%e 2 et R B P8 T ey e

25  subj ect ed,yt Xtéer ?Qmiﬁgténﬁil and for example, polymers,

103 0 ensure adhesion propéer
substrate and the re in.to b b;q#QEHii to.contact w.t t he substrate

(unde[FoatlnéﬁFﬁg]n Pmﬁﬁgm g%b ophang, a o the™ Errgosﬁalon (A), (A"
O (A )5 1 ieii9asl BrcSpl  BLOY 2200end o e exnudadaoLlen 1 esi 0

I ti-| fil f bl k b , €.g.,
packagi ng. bad® E%l'g%od'z‘%%%%xdéo*; ﬂhyfénggr&"?%dﬁ}‘ <555 BRCRPES and konn] ak

h ka f f
spaghet 1. packaging ol0ccRE92n2! RELG RIS G FeToeg and I am

copolymer, an ethylene/acrylate copolymer, an ionomer,
polypropylene, poly-l-butene and poly-4-methyl-1-

10 pentene; vinyl polymers, such as polyvinyl chloride,
polyvinylidene chloride, polystyrene, polyacrylate and
polvacrylonitrile; polyamide polymers, such as nylon 6,
nylon 66, nylon 10, nylon 11, nylon 12, nylon 610 and
polymetaxyleneadipamide; polyester polymers, such as

15 polyethylene terephthalate, polyethylene
terephthalate/isophthalate and polybutylene
terephthalate; polyvinyl alcohol; ethylene/vinyl alcohol
copolymers; and polycarbonate polymers.

When the substrate film is made of a polymer, the

20 polymer film may be a non-stretched film or may be a
monoaxially stretched or biaxially oriented film.

The substfate can be aﬁpropriately selected
according to the use application of the multi-layer
film. For example, in case of a packaging composite

25 £film, the substrate can be appropriately selected



of powders such as sugar, flour and fish flour, and packagi ng bags of
medi cal tabl ei-g 00 /gagghes. I n these uses, the nmulti-layer filmplays
a roll of a seal ant | ayer. 15 Packaging multi-layer film
The packaging nulti-layer filmhas a structure of at least three

| ayers consisting of an outer |ayer ne or nore internediate | ayers
and an inner layer. The 20 resin FQ formng the outer |ayer and the

i nner | ayer and the resin for formng the internediate | ayer are

1AL LRI piBecece o REOUEL | B gl et
05 © 1 < g, S HTLRTROTL SRy (47D it PR,
970,80 S nd GBS BAOL IR A, Wiy pEATRESIL 0"
oot e R o TREMB, Ak YR it | ol eoted Tram
The, Lt SO SR A PLESSLRALY Sy ene) B AL T 2 oot or 2
10 ethyl enel pr oy el 1 L8981 20000 SPPILY Bl 1yesters, are
employable. When the substance to be packaged is cookie
or when fiber packaging is made, polypropylene having
excellent transparency, rigidity and water permeation
10 resistance is preferably employed.
In the formation of a layer of the ethylene/o-
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"') on the substrate by
extrusion coating, the copolymer (A) or the composition
15 (A'), (A") or (A"') may be subjected to extrusion
coatiqg directly onto the substrate, or in order to
improve adhesion between the substrate and the copolymer
(A) or the composition (A'), (A") or (A"'), the
substrate is preliminarily coated with an anchor coating
20 agent of organic titanium type, polYethylene imine type
or isocyanate type by a known method, or is provided
with an undercoating resin layer of adherent polyolefin
or high-pressure polyethylene, and then the copolymer
(A) or the composition (A'), (A") or (A"') may be

25 subjected to extrusion coating.



The 1-butene (co)polyner is a 1-butene honopol yner or a

1- but ene/ pr opy+preR SE@EMTEr having a 1-butene content of 75 to 85 %
by nol and a propyl ene content of 15 to 25 % by nol. 15 The

1- butene (co)polynmer has an MFR of 0.1 to 5 g/10 mn, preferably 0.5
to 2 g/10 mn, and a density of 1 .890 to 0.925 g/cnB, preferably
0.895 to 0.920 g/cnferr]. The fl utene (co)polynmer can be prepared by
t he use of an ordinary Ziegler-Natta catalyst. 20 In the

present invention,d hg-debWrLRRsU¢R) BEhYIEEN propelSidls &bteedn tagbuNt of
40 to 100 % by wei ght, preferably 50 to 90 % by wei ght, nore

preferably S5:iQstrate sl %HY 288iGNto BaSBH0GnE OMhP8 Riorieityieh the
total of t%e 1-but ene (co)polynmer and the ethyl ene/ propyl ene/ 1- 25

The et hy! enel B opsTEne b BT eSRTRTCBET G oy P copebvms a4
hr Pyl one oA AREOB Dl o BRF(ST 20y 0 SR bV,
190,810 8T 88150 Blond 42 3] reryBrACnhPen 0SBy BB o o 0,590 Lo
can, b prebar e uskicot oL SR E Bk te | catalyst. O
copol ymer is used +ﬂgeﬁhf¥ggfgyé¥ égl%pigofavorably used for various
packaging bags, e.g., packaging bags of moist foods such
as liquid soup, pickles and konnjak spaghetti, packaging
10 bags of paste foods such as miso and jam, packaging bags
of powders such as sugar, flour and fish flour, and
packaging bags of medical tablets or granules. In these
uses, the multi-layer film plays a roll of a sealant
layer.
15
Packaging multi-laver f£ilm
The packaging multi-layer film has a structure of
at least three layers consisting of an outer layer, one
or more intermediate layers and an inner layer. The
20 resin for forming the outer layer and the inner layer
and the resin for forming the intermediate layer are
different in their composition.
The outer layer and the inner layer are each formed

from the ethylene/a-olefin copolymer (A) or the ethylene

25 copolymer composition (A'), (A") or (A"'). The



% by weight, preferably 10 to 50 % by wei ght, nore preferably 5 to 45
% by wei ght, basssh gr-lda % by wei ght of the total of the 1-butene
(co)polynmer and the 15 ethyl ene/ propyl ene/ 1-butene random copol yner.

When the anpbunts of the 1-butene (co)pol yner and the

et hyl ene/ propyl ene/ 1- but ene random 32)049' ynmer are within the above
ranges, a nmulti-layer film capable being well cut with an

aut omati ¢ packagi ng machine can 20 be obtai ned. In the present

iatmr/lglnteing/nprgpy(?ggi@;n&ég ¢enteorie chie rang 8%’6%%&2' ngi IOO{/arl gotfgn( "dpt |f\7§s such
as stabili zerfcrmln (@{@%%@rpg_ra%gngngng?%;é?%ﬂ % _t)@t)addeq:h o the resin

25 or the resin osition or mng

106 | ay mount s, , etrinental, t ob ects of, the _
i nventi on, sf?ﬁ”?%??l Jtoc?t r’es(g‘nsoPrt Eé r)a J&ﬁ’rﬁgﬁ %8 f or f or ni ng
t he aforesald out er i | n partlcular an anti-fogging

| .
agent or an By %lﬁtl?as}fgﬁl %r}’?fgéﬁfnenﬁ§aég£gﬁﬂ%ﬁ in order that the contents

| ook better, or an_ultraviol | bit or be added in order to
protect t e cont ente ]ﬂﬁ:e&‘ﬁﬁ Ea f"yﬁﬁdl% rblt?%ﬂb%}rléa?ﬁlwdbérémso
added. The i nternedi ate | .ayer may nprise one or nore 10 |ayers

in which the 3eHth &%“R%)Wnﬁ?eénastﬁ%terlal%t?ﬁll%/%ﬁ%ﬁlaéﬁe/ 1- but ene

random copol yner are
POt Y substrate film. The intermediate layer is preferably a

layer formed ffom a resin or a resin composition
comprising a l-butene (co)polymer and if desired an

10 ethylene/propylene/l-butene random copolymer.

The l-butene (co)polymer is a l-butene homopolymer
or a l-butene/propylene copolymer having a l-butene
content.of 75 to 85 % by mol and a propylene content of
15 to 25 % by mol.

15 The l-butene (co)polymer has an MFR of 0.1 to 5
g/10 min, preferably 0.5 to 2 g/10 min, and a density of
0.890 to 0.925 g/cm3, preferably 0.895 to 0.920 g/cm3.
The l-butene (éo)polymer can be prepared by the use of
an ordinary Ziegler-Natta catalyst.

20 In the present invention, the l-butene (co)polymer
is used in an amount of 40 to 100 % by weight,
preferably 50 to 90 % by weight, more preferably 55 to
95 % by weight, based on 100 % by weight of the total of

the l-butene (co)polymer and the ethylene/propylene/1-

25 ©butene random copolymer.



contained in the above anounts. The packaging nmulti-layer film of
the inventi orF+15492/SF480dduced to have a thickness of usually 10 to 20
[err]m 15 The internediate |ayer of the filmis adjusted to have a
thickness of 1 to 5 [err]m and each of the outer |ayer and t he inner
layer is adjusted to have a thickneggf 2 to 8 [err]m Depending on
the use application, it is possible to formother resin |ayers on the
outer side of the 20 inner layer and/or the outer |ayer. The

packaging mul ti-| aped ddHylen®/PirogytetePy-butendl bt RROpAARRREENt S fOr
form ng each | ayer using various bl enders and then perform ng an

ordinary ol djdg; rah1y i pripiibhe oAU Pf5d @&HITH o g Hottures to
an 25 inflation fil'mnolding machine that i1s an extruder

107 equy | lg7diel or a T-di e nolding machi ne.
S%Pé’f& I R WA lo7 %} b%hiﬂél.

In the packading nulti-I|ayer e ratio of an El mnendorf tear

strength in the cr.]c(;i,?ﬁsOﬁﬂﬁg&eggf%gﬁggﬁ/%ﬁg{%ggﬂggl:;gn&&@rc .1?]‘%@' in the

machi ne direction I ne rection esirably not

T TS, e S G MR Beniieh s anesd g

packagi ngfi | #- ES y When t b an “aut omatic

kagi ngti | H" ESpect alfy (P red o’ fan A
G oction of Phes ity it B ol pRO0ZaR0 R " SO R con be O

evaluated by the The ethylene/propylene/l-butene random copolymer

can be prepared by the use of an ordinary Ziegler-Natta
catalyst.

10 In the present invention, the ethylene/propylene/l-
butene random copolymer is used in an amount of 0 to 60
% by weight, preferably 10 to 50 % by weight, more
preferably 5 to 45 % by weight, based on 100 % by weight
of the total of the l-butene (co)polymer and the

15 ethylene/propylene/l-butene random copolymer.

When the amounts of the l-butene (co)polymer and
the ethylene/propylene/l-butene random copolymer are
within the above ranges, a multi-layer film capable of
being well cut with an automatic packaging machine can

20 be obtained.

In the present invention, in addition to the 1-
butene (co)polymer and the ethylene/propylene/l-butene
random copolymer, various additives such as stabilizer,
cdmpounding agent and filler may be added to the resin

25 or the resin composition for forming the intermediate



ratio of an El nendorf tear strength in the cross direction to an

El mendorf teai_jgloporgtlaopn the machine direction. If the El nmendorf
tear strength ratio is not 15 nore than 9.1, the cutting of the filmwth
an automatic packagi ng machine is eval uated as good. The
packaging multi-layer filmof the iTK@Ption has t he El mendorf tear
strength ratio of not nore than 9.1 and can be easily cut with-an
automati ¢ packagi ng 20 machine. Besides, by the use of this film

i gh-speed o GO U4 DARKACHOG: | 5ed £251 ) STl SEcENGRr LyLear

strength is neasured in accordance wt e met ho 1702.

108 iRk A BHl Lol BT LU die Jdauent ! on has

excel l ent transparency an zé of  usual nore than 2. 0%

Furt her, the packagin ltilayer filmpo he . 5 inventian. excel | ent
finger-press %ﬂﬁﬁéi%#%dﬂforpFSﬁé???egyea%épéﬁé?%éi?4%%% a gréggégry of not
| ess than 70 % and a Qﬁ%na?ent set_of. not nore tha%’5.5 nmm

Furt her nor e, %?%Fﬁﬁm:kgﬁﬁﬁﬁ' FEL2F ay@P FRY W99 39€RY QFeft on has
excel l ent .l ow-tenperature sealing, 10__properties nd has a seal ing
strength 8f rith thgent ma¥06ek3¢@%é t%ﬁé%% éﬁé%hgiﬁ Sgﬁggﬁkﬁt 90
[err] C. The packagi ng lti-layer filmis excellent_ . ,

mechani cal st*?ﬁEHQ?ﬁﬁﬁﬁbePFi@9,uggﬁﬁgb%féﬁc@nQ&RFqQ£NmaY e aaded in

order to protect the contents. An antioxidant and a
lubricant may be also added.

The intermediate layer may comprise one or more

10 layers in which the l-butene (co)polymer and the
ethylene/propylene/l-butene random copolymer are
contained in the above amounts.

The packaging multi-layer film of the invention is
produced to have a thickness of usually 10 to 20 um.

15 The intermediate layer of the film is adjusted to have a
thickness of 1 to 5 um, and each of the outer layer and
the inner layver is adjusted to-have a thickness of 2 to
8 um. Depending on the use application, it is possible
to form other resin layers on the outer side of the

20 inner layer and/or the outer layer.

The packaging multi-layer film is produced by
mixing the components for forming each layer using
various blenders and then performing an ordinary molding
method, namely, a method of feeding the mixtures to an

25 inflation film molding machine that is an extruder



tenperature heat-sealing properties and has excellent 15 recovery
properties even  4BeRplLiogs pressed toward the contents after
packaging, so that it is suitable for packagi ng foods and daily
necessari es. Stretch packaging film 20 The stretch
packaging filmis formed fromthe ethylene/a ol efin copolymer (A) or
t he et hyl ene copol yner conp05|ipgn (A), (A") or (A"), and if

desi red, other resin conmponents, e.g., an et hyl ene/ propyl ene random
copol yner y 5 0 n

et hyl ene/ but eéﬁﬁﬂ{p%ﬂ?%'tﬁ p?Lrag dleolﬁ?é) 42 4 ’IB%I_ieq %ﬁing
copol yner having .a denS|ty of 0.880 to 0.895 g/cnB and a

hi gh- pressur éﬁ%ﬂ €ne/ vi nyl acetate random copol yner having a
density of 0.910 to re3|g conponent s

924 L o Th
are used in amunt® aggagggégkﬂﬁytél?xgﬂwﬁ © 2?%5 a54°18 ﬁrts by
ht of | th t A A"
S ol R B L

copolyner (A)_or the ethylene copo] ymer co 05|t|on . (A), (A") or
(A""), ordth %ﬂﬁﬁﬂiﬁﬁ|99§rcéﬁﬁFP8FHgl?h%he aCh%ﬁ?nﬂ%Q%EF&OBIéFFHSEopolyner
(A or the ethylene copol.y osition (A), (A") or (A"") and

ot her qFQ&ﬂﬂﬁm%§ﬁﬂ§e §1§PF51 ngnts Qﬁﬁ%ﬁﬁhlybmé@kmﬁﬁea eap,

9.1, and such a film can be used as an excellent

109

packaging f£ilm. Especially when the film is applied to
an automatic packaging machine, the film is cut with a

10 knife running in the cross direction of the film, so
that the cutting of the film can be evaluated by the
ratio of an Elmendorf tear strength in the cross
direction to an Elmendorf tear strength in the machine
direction. If the Elmendorf tear strength ratio is not

15 more than 9.1, the cutting of the film with an automatic
packaging machine is evaluated as good.

The packaging multi-layer film of the invention has

the Elmendorf tear strength ratio of not more than 9.1
and can be easily cut with an automatic packaging

20 machine. Besides, by the use of this film, high-speed
continuous packaging is feasible. The Elmendorf tear
strength is measured in accordance with the method of

JIS Z-1702.



an anti-foggi ng agent, an antistatic agent, and other 15 wvarious

addi tives to rOtﬁﬂ ﬁlg% contents, such as an ul traviol et inhibitor
can be added & # detrimental to the obj ects of the

i nventi on. Exanpl es of the slip agents preferably enpl oyed

i ncl ude higher fatty am des such as ol eic am de, stearic 20 am de and
eruci ¢ am de. Exanpl es of 108 anti - bl ocki ng agents preferably
enpl oyed i ncl ude inorgani ¢ substances such as silica and tal c.

110 Exanpl es of the antlstatlc a ents referably enpl oyed

i ncl ude gl ycerol H& PaE&eeiEIamEL Ebr%ﬁ’%’F ilm qi;ithe é§tV§P§1°n has The
filmconprising the copolyner (A) or the conposition_(A), (A") or
(A"') has dese¥e&lJfitfetgpasparencycRfebas ¢fh4m a5 [yf sTREr e
tackiness, liquid pol ybut adi ene, pol yi sobutyl ene or the li ke is added
to t he Imerearthasnw2ddisi ty pol yet hyl ene in an anount of about 2 to
10 % by weight. 10 The stretch packaging filmof the invention

i ncl udes a fil m cdgprtibsimg theeraspatjnermgyiokayere £ilm ofofpesition (A'),
(A") or (A"). The stretch packaging filmof the invention has a
t hi cknessSof imeentiorl haso e3¢eldenEnfiftier spressirgemieayi ng 15 fil m nmay
have a single-layer structure or a multi-I|ayer

properties, and has an initial recovery of not less than

70 % and a permanent set of not more than 5.5 mm.

Furthermore, the packaging multi-layer film of the
invention has excellent low-temperature sealing

10 properties, and has a sealing strength of not less than
100 kg/cm? after it is heat sealed at 90 °C.

The packaging multi-layer f£ilm is excellent in
mechanical strength properties, transparency and low-
temperature heat-sealing properties and has excellent

15 recovery properties even when it is pressed toward the

contents after packaging, so that it is suitable for

packaging foods and daily necessaries.

Stretch packaging film
20 The stretch packaging film is formed from the
ethylene/0~olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"'), and if
desired, other resin components, e.g., an
ethylene/propylene random copolymer having a density of

25 0.880 to 0.895 g/cm®, an ethylene/butene random



structure. The stretch packaging filmof a single-Iayer
structure canrbea®z ogkucegt by an ordinary fil m nol di ng met hod such as

an inflation nmethod or a T-die nmethod. 20 The stretch packaging film .-

of a multi-Ilayer structure can be produced by a hitherto known nol di ng
met hod, e.g., a nethod of using an ier ation film nmol di ng machi ne that .
is an extruder equipped wth plural die lips or a T-die nolding

machi ne. 111 The stretch

i fil I 2 th il
packagi ng {1 | Sya eHRsANd 132 A Benasey, oEobl g4 1E, 5 o8 (4 % LI fensi e
kg/ k S 71702). i 5th
ﬁgghine dirgcﬁf% #g@%% essyqﬁ%%ggébg%;g%ﬁga?%pﬁé?éom “oPQ Ingth (AS?M
D3420) is nothggf&% %1%%3315%0 o@o %6%858 ?%ﬁtnhgﬁmie(ar strength (J_I S Z1720)

in the machi ne dir g/ cm the tackiness (20
kg, 50[err]C x 0 da in the range of 3 to, 25 g/cm the strength
10 after a |apse %Relqﬁgﬁf%%ﬁ¥5 §PP§P8ﬁng§t?5eoVS (F@@ unts of B {pe
range of %50 mt of stretch is not

| ess than SOOEQ/ 2008 S B wﬂi’cg?’%"t E@Fga Bﬁcl%lﬂﬁrﬁ IIPN dfeidhe i9fventi on has

hi gher tensil g el on i on at break_than fil ns, of conventi onal
| owdensity p‘b#’?e‘f%% orAdt R &her ¢PRppsition é%e)t at &'do yner, and

stretching in(zfil".r)atlo of 300 to

In the present invention, to the ethylene/a-olefin
copolymer (A) or the ethylene copolymer composition
10 (A'), (A") or (A"'), or the composition comprising the
ethylene/a-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') and other
resin components, a slip agent, aﬁ anti-blocking agent,
an anti-fogging agent, an antistatic agent, and other
15 various additives to protect the contents, such as an
ultraviolet inhibitor, can be added in amounts not
detrimental to the objects of the invention.
Examples of the slip agents preferably employed
include higher fatty amides such as oleic amide, stearic
20 amide and erucic amide.
Examples of the anti-blocking agents preferably

employed include inorganic substances such as silica and

talc.



600 %is feasible, so that the filmof the invention is suitable for

hi gh stretch packagisidepn stretch packagi ng of special shapes (two or
nore matters haV|ng different 20 shapes). Further, the stretch
packagi ng filmof the invention has smaller stress applied after

packagi ng as
pol yet hyl ene
packaged natt

conpared with fi of conventional |owdensity

or ethylene/vinyl acetat<e copolyner, and 25 therefore the

er is hardly def or med.

112

Mor eover, the str %ﬁﬁ% |@gﬁléhgig£a£ﬂgi%%%§g g rabl s high film

strength after pa aglng an
The stretch pa

m appear ance.

Ie layer film

f
conpri si ng theénﬁ ot Hﬁ’rCl?}g)% 8|ELYFﬁ5°YeEa£ n%rra,g? oar{lcfﬁo)r%l ) or (A"'),

éln1of mul ti-layer structure conprising a | ayer of the

or may be a f
copol yner (A
ot her | ayers.
structure, e.

produced Mn t
t he copol yner
i nternedi ate

10

15

20

9t¥tﬁ§ osition (A"), (A") or (A"') and one or

nor e

The stretch packagi fllm -l ayer
g., é['l?ﬁ,ulfcllln} WEPrF?FWmﬁaE?eg ‘glrﬂ“?ret m{:lhﬁackagl ng film
i's made tg have a non-tacky surface and égkgirface can be
n bn’éa%w??

‘F@“HQﬁJ}'bW%g(AnﬁnnélA" or %)"1'

froglemate | ayer of

ition (A'), (A") or (A"') .serving as an

(A). or the co S
Fagleiness f i |In‘% |t§;¢eﬁn5rﬁd§es¢8| pekartagpiness, liquid
polybutadiene, polyisocbutylene or the like is added to
the linear low-density polyethylene in an amount of
about 2 to 10 % by weight.

The stretch packaging film of the invention
includes a film comprising the copolymer (A) or the
composition (A'), (A") or (A"').

The stretch packaging film of the iﬁvention has a
thickness of usually 10 to 50 um. The stretch packaging
film may have a single-layer structure or a multi-layer
structure.

The stretch packaging film of a single—layer
structure can be produced by an ordinary f£ilm molding
method such as an inflation method or a T-die method.

The stretch packaging film of a multi-layer
structure can be produced by a hitherto known molding
method, e.g., a method of using an inflation film
molding machine that is an extruder equipped with plural

die lips or a T-die molding machine.



density pol yet hyl ene having a higher density than the copol ymer (A) or
t he conposti or-Ao2/skAspa0r (A"') is formed as a non-tacky layer in
such a manner that the 20 thickness of this filmlayer beconmes about 5 to
30 % of the whol e thickness of the resulting stretch packaging

film On the other surface, a film 'f‘i’fr made of a conposition
conprising the copolynmer (A or the conposition (A ), (A") or (A"")
and 2 to 10 % by weight 25 of |iquid polyisobutylene, |iquid

| ybut adi t like is

Pgrﬁeg gslgnfagLy g?e?tfﬁtgﬁc aCk%%%%%E lﬁﬁhpreferaP%g ?ﬁlé%ness of this
resul ti g straPaRouing pedplf itk fivne cisi1l® SHLs8 Y 8 rﬁapae%%f ng film
has high stre kLY erate t acki ness p excess
stressgto the%&gaa)p%%kgagdmag$ & eﬁﬁeCtjﬁﬁsﬁngﬁg 1ﬁ5§ h$ g@?ength agd_

ood appear ance ,after_.packaqi. e fro xce |ness and is
gxcel lent in %% %:tl ?y,” lc%a&lf lga 6°np?g]p§?'"?? (%%k%fﬂﬁ g

roperties 1N IIm ackagl ng, f1 |
Pnpfoved ﬁgck§ﬁﬁn8a8plne giﬁ?éﬁﬁéhm}%|99ﬁ Ie5§ FBPQ §Bﬁc%fi ¢3¢t | s a

shrink 15 film kin fil a stretch film a hot tack filmand a
vacuum wr ap fFFﬁ?ﬂﬁFﬁ (ﬁﬁ Vﬁ%ﬁ%Qaﬁ§%éF§héFsstGﬁﬁﬁn83§0° kg-cm/cm;

the tear strength (JIS z1720) in the machine direction

is not less than 50 kg/cm; the tackiness (20 kg, 50°C X
one day) is in the range of 3 to 25 g/cm; the strength

10 after a lapse of 1 hour in a stretch ratio of 300 % is
in the range of 150 to 300 g/15 mm; and the maximum
limit of stretch is not less than 300 %.

The stretch packaging film of the invention has
higher tensile elongation at break than films of

15 conventional low-density polyethylene or ethylene/vinyl
acetate copolymer, and stretching in a ratio of 300 to
600 % is feasible, so that the film of the invention is
suitable for high stretch packaging or stretch packaging
of special shapes (two or more matters having different
20 shapes).

Further, the stretch packaging film of the
invention has smaller stress applied after packaging as
compared with films of conventional low-density
polyethylene or ethylene/vinyl acetate copolymer, and

25 therefore the packaged matter is hardly deformed.



extrusion processability and irradiation crosslinking efficiency.

These fil nms hav 2, one | ayer of at | east one

et hyl ene/ [ er ﬁ-lagg/iéﬁe??%ol ynmer (A) or ethylene 20 copolyner conposition
(A"), (A") or (A"). These filns may be biaxially oriented

mul ti-layer and/or constructed wi_th barrier properties. To
the et hyl ene/ a-ol efin copol yner (A)ldﬁ~the et hyl ene copol yner

conposition (A), (A") or (A""), 25 additives, such as antioxidant (e.g.,
hi ndered phenol . . 114 . type such as
| rganox (tr a&g"’?ﬁa‘ﬁ@r'lm SVECrEh BAFFRH™I T f &y ESAS ™ phosphi t es

.9., | f tr, , 68 ilable f 1 b I Corp.),
Cling | adind W fln SERRoRePT AT S B GHAPIGE name | 5 of

Sandoz Chemical), their_rnmain nmaterial is thought to be bi phenyl
phosphoni t e) , E3TYrARke fdfoPRREAZAACE! | | er can be added in anounts not
detrinental to the inproved filmproperties found by the present

appl i cants. he Hdretche PRCKASARY B1L4B @BnEhe ninitrntiofe 3o Penhance
10 its anti-blocking and friction coefficient characteristics.

Exanpl es of sacpirglrtlaner ifidrugemprisingt Feateepalyneiedidd %% [Hheon

di oxi de, talc, calcium carbonate and clay, as well as primary or
secondary conp@eitinn dds' Jand 2SI | PEoRB" tbat Phgeay we o il lm @ift eng 15
thereto. As described in, for exanple, U S. Patent No. 4,486, 552

(Ni emann), otielthdkiyew e mustareasowprheing a layer of the
copolymer (A) or the composition (A'), (A") or (A"') and
one or more other 1ayérs.

10 The stretch packaging film of a multi-layer
structure, e.g., a multi-layer film wherein a stretch
packaging film is made to have a non-tacky surface and a
tacky surface, can be produced in the following manner.
On one surface of a film layer of the copolymer (A) or

15 the composition (A'), (A") or (A"') serving as an
intermediate layer, a film layer made of linear low-
density polyethylene having a higher density than the
copolymer (A) or the compostion (A'), (A") or (A"') is
formed as a non-tacky layer in such a manner that the

20 thickness of this film layer becomes about 5 to 30 % of
the whole thickness of the resulting stretch packaging
film. On the other surface, a film layer méde of a
composition comprising the copolymer (A) or the
composition (A'), (A") or (A"') and 2 to 10 % by weight

25 of liquid polyisobutylene, liquid polybutadiene or the



anti - f oggi ng properties of the filmmay al so be added. Still, other

additi ves, a nary anmoni um conpounds singly or in
conbi nat i on Wi ?ﬁ’%&%ﬁ %S%t her 20 functional polyners may al so be added

to enhance the antistatic properties of the filmand all ow packagi ng
of electircally sensitive articles. The et hyl ene/ a-olefin
copol yner (A) or the ethyl ene l,éﬁol ymer conposition (A), (A") or
(A"") for use in the 25 production of the packagi ng or wapping olefin

fil f th t
elrrplmogabl e astife IGnEPTREAY AR 2 tac}qéo]rﬁ%ﬁférhn (ﬁuclhné‘ F‘FFﬂgFlng]\ée n:jgztl gf a

si ngl e-l ayer structure _or [ti-]ayer structur he f O her
pol yners can @& FHERBResTde Wi‘ﬁn?hjeme]cmre ag’f’ i % 5hr%ol yner

(A) or the eth Iene copol t)émsr conposition (A), (A") or (A"") to
i mprove film ickpegs of th%t?%ﬂ&tt}*?-n%éétre% ling properties
or adhesi on propert| es. The packagi ng and wapping filnms produced

by appropri at@%ﬂﬂl@ﬁdlfﬁém he et hyl ene/ a ol efin 10 copol ymer (A) or the
et hyl ene copol yner conposition A") (A"") with other polyner
conponent § rﬁ?mmmcbnpaﬁkéglmrf& hmhﬂ SitﬂreécbébélaFYcase
i nproved conbi nati ons of properties are provided. - Exanpl es of
sui t abl e pol yarst snddmratlectdckgnessh abpllds netdndeasse/sgrelssf ta €bgol yner
(A) or the ethylene copol yner conposition (A), (A") or (A"") include
hi gh- packaged matter after packaging, has high strength and

good appearance after packaging, is free from excess

tackiness, and is excellent in productivity, packaging

10 properties and handling properties.

Packaging £ilm
The packaging film is an improved packaging or
wrapping film, and more specifically, it is a shrink
15 £film, a skin film, a stretch film, a hot tack film and a
vacuum wrap film with improved transparency, toughness,
extrusion processability and irradiation crosslinking
efficiency. These films have at least one layer of at
least one ethylene/0-olefin copolymer (A) or ethylene
20 copolymer composition (A'), (A") or (A"'). These films
may be biaxially oriented multi-layer and/or constructed
with barrier properties.
To the ethylene/a-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"'),

25 additives, such as antioxidant (e.g., hindered phenol



pressure | owdensity pol yethylene (LDPE), ethylene/vinyl acetate

copol yner (EVA I carboxylic acid copol yners and their

| ononers, E¥ %4?2 E%GG?% [err]- 20 olefin polynmers (e.qg.

hi gh-density polyethylene medi um density pol yet hyl ene, pol ypropyl ene,
et hyl ene/ propyl ene copol yners, |Iﬂ€f£ | ow densi ty pol yet hyl ene (LLDPE)
and ultra | owdensity pol yet hy ﬂ as well as graft nodified
polymers, and 25 blends thereof, mnthout limting to these exanples.

;ﬁg/or conblﬁgploﬁxnﬁr hgﬁ de ) eg%ivarl%%lqgio V%gﬁaﬁgnskﬁgsclosedwvﬁ

U S. Patent 5,032,463 h d h b
refereﬁcZ? Eﬁ? Ggig¥: h9 Ei[Qﬁ?ﬁpQﬂQﬁﬁ‘nggbo: EEF %%f E %ﬁe Z:ﬁ;reng

copol ymer conposit "' ri ses | east 50 %
preferably aFaFEﬁs9%§0g§61$?éﬁ%éﬁﬁwﬁ nﬁ@§?t?on01FP§hly preferabl e
for the multi-Jayer film ructure, homever t he outS|d§ filmlayer
(also 10 r&C8d He?o(ésg”skP yigRhutyghene (BlBle PEPEr (CFAdEHRATME  or¢)
and the sgal ant | ayer consists essentially of the et hyl ene/ a-ol efin
copol ymer? ( APToSapRezefhgmial) /. thedgpdaine madeiicedi P—Foﬁh?ml? Q") or
(A""). The oriented and unoriented filmstructures of the 15

i nventi on cafsh®ipheawécBhosphgntelvemidiant sigpdioaapst and £iklein bubbl e

met hod, cast extrusion or extrusion coating
can be added in amounts not detrimental to the improved

film properties found by the present applicants.
Further, the film may also contain additives to enhance

10 its anti-blocking and friction coefficient
characteristics. Examples of such additives include
untreated or treated silicon dioxide, talc, calcium
carbonate and clay, as well as primary or secondary
fatty amides and silicone coatings, without limiting

15 thereto. As described in, for example, U.S. Patent No.
4,486,552 (Niemann), other additives to enhance the
anti-fogging properties of the film may alsc be added.
Still, other additives, such as quaternary ammonium
compounds singly or in combination with EAA or other

20 functional polymers may also be added to enhance the
antistatic properties of the film and allow packaging of
e%ectircally sensitive articles.

The ethylene/a-olefin copolymer (A) or the ethylene

copolymer composition (A'}, (A") or (A"') for use in the

25 production of the packaging or wrapping olefin film of



techni ques. Especially in case of the oriented film the filmcan be

produced usi _ rate t echni ques, such as "tenter fram ng",
"doubl e bubblegm%bgsgg%@q"trapped bubbl e" et hod. The terns
"stretched" and "oriented" are used in the art and herein

I nt erchangeably, but orientation is actually the consequence of a film:
bei ng stretched by nmeans of, féﬂséxanple, internal air pressure
pushi ng on 117 the tube or by a

T e B R o g8l g B D g TSP S
Wity & omRPte, Notkf F38T, NAPIAAeR bl A GBS E . 1o,
2 SPL T ACEAELA MR TS RIS e B
broduci ng. ¢ nEPOLmes S oot bR Dy Yor cPec P & adedithed i n.
for exanple, U S. Patent No. 4,865,902 (CGolike et al.), . . US Patent
No. 4, 352584CqmAiames )(A)Uos, the ekhyigne copolymsn ampasigiosn), U s.
patent No. 4,927,708 (Herran et 15 al.), U S. Patent No. 4,963,419
(Lustig et al (3" and(dJ)sor (A" 'patenimmgove, HEimmuoqedaaliddty, film As
descri bed by Pahlke in U S. Patent No. 3,456, 044
strength, heat sealing properties or adhesion
properties. The packaging and wrapping films produced
by appropriately blending the ethylene/d-olefin
10 copolymer (A) or the ethylene copolymer composition
(A'), {(A") or {(A"') with other polymer components
maintains enhanced performance, and in a special case,
improved combinations of properties are provided.
Examples of suitable polymers for blending with the
15 ethylene/a-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') include high-
pressure low-density polyethylene (LDPE), ethylene/vinyl
acetate copolymer (EVA), ethylene/carboxylic acid
copolymers and their ionomers, polybutylene (PB), O-
20 olefin polymers (e.g., high-density polyethylene,
| medium-density polyethylene, polypropylene?
ethylene/propvlene copolymers, linear low-density
polyethylene (LLDPE) and ultra low-density
polyethylene), as well as graft modified polymers, and

25 Dblends thereof, without limiting to these examples.



and in conparison to the sinple bubble nethod, "double bubbl e" or
"trapped bub cess can 20 significantly increase a films
orientation %]iég%ﬁb?LEBQ machi ne and transverse directions. The

i ncreased orientation gives higher free shrinkage val ues after the
filmis heated. As disclosed by Pahl ke in U S. Patent No. 3, 456, 044
and Lustig et al. in U S Patent Nol 1625 5,059, 481, |lowdensity

pol yet hyl ene and uItra | ow 118
density polyeth respect

exhi bi t. poor shrln operties in
machi ne and t eﬁ?réB?#Eﬁ i Varl%% tﬂ8n§?ﬁ¥re net hod,
for exanple, they inferior pn the free s nkage ratio in both
di rections %ﬁé&@F §°%?1?ﬁ51%?h9*eﬁRWQPQﬁ%ﬁqrJE? @F%WB €¢A) or t he

et hyl ene copolyner conposition (A (A A'') %he i pvention,
however , exhlﬂﬂ]ty@eéi‘sgﬁlltsFéﬁﬁ?ﬁyln t'cﬁfetd r|5r|I93|3P66§r eSMiRBhot h t he
machi ne and . transverse d|rect|ons even when it is used in the sinple
10 bubbl e neteEh il dorPrrerated ttt%reeh\)emnefr%emq m The mterials,
partlcula ly in ntrast tq.the fi mat eri al s cl osed by Lustig et
in U S eisenea-ole ig 68905@%?%(%) Pat it 1676, 898 and U.S.

Patent No. 4,863,769, as well as in contrast to the filmmterial 15
di scl osed by’QQQQHymar gospopatant KB') 5, (%) 483 (A"') comprhees aken t he
ethylene/[err]-olefin copolymer (A) or the et hyl ene copol yner
conposi tion (ast OA' B, opreferpbly at least 80 %, of the blend
composition. Highly preferable for the multi-layer film
structure, however, the outside film layer (also
10 referred to as "skin layer" or "surface layer" in the
art) and the sealant layer consists essentially of the
ethylene/0-olefin copolymer (A} or the ethylene
copolymer composition (A'), (A").or (a"').
The oriented and unoriented film structures of the
15 invention can be produced using conventional simple hot
blown bubble method, cast extrusion or extrusion coating
techniques. Especially in case of the oriented film,
the £ilm can be produced using more elaborate
techniques, such as "tenter framing", "double bubble" or
20 r"trapped bubble" method.
The terms "stretched" and "oriented" are used in
the art and herein interchangeably, but orientation is

actually the consequence of a film being stretched by

means of, for example, internal air pressure pushing on



produced by the sinple bubble nethod at high bl ow up ratios, e.dg.,

2.5:1 or higher, o9r, gD preferably, by 20 the "double bubble" nethod
di scl osed bygg&ﬁP%éS?ﬁgﬁﬁs. Pat ent No. 3,456,044 and Lustig et al. in

U S. Patent No. 4,976,898, it is possible to achieve favorable

shrink properties in the machine and transverse directions making the -
obtained filmsuitable for shrink 237 wr ap packi ng purposes.

119 The bl owup ratio (abbreviated herein as "BUR") is
calculated frogmthe foll pw ng equation: . BUR, = di_anet er of bubbl e
[err] di amet dPetupeeor BY A tentencEaang By lIdnea i 6 SHPaPpPhg f il m of
the 5 invention may be a single-layer filmor a multi-I|ayer film

Wien the fil & fddfure is a si ngl e-l ayer structure, this single |ayer
may conprise at | east qne ethylene/[err]-olefin_caopqlymer (A or

et hyl ene copol yneThe simpdgpBettpbpwp Aoybbkenhilg meghop i an anount of at

least 10 10 % by weight, preferably at |east 30 % by wei ght, or may

conprise at |dsssrifed éPhyﬁ@ﬁeﬁFémP}eoIEThﬁlQﬁﬂXﬂ%ﬂﬁﬁééa of Chpmaeasdt hyl ene

copol yner conposition (A"), (A") or _(A") in an anmount of 100 % by
wei ght. S  Technolipgydt hifizhePbhoeef | Hhiobadituion AJobn Whdert fyl ene 15
copol yner conposition (A), (A") or (A"") used for formng this single

| ayer dependsSans.t NewpYopént L8681, Voldekdr epbi ithellf7 lamd Wadn 80 or nore
ki nds of the
pp. 191-192. The more elaborate method for producing
biaxially oriented film, e.g., the "double bubble"
method, is described in U.S. Patent No. 3,456,044
10 (Pahlke). Other methods appropriate for producing the
biaxially stretched or oriented film are described in,
for example, U.S. Patent No. 4,865,902 (Golike et al.),
U.S. Patent No. 4,352,849 (Mueller), U.S. Patent No.
4,820,557 (Warren), U.S. patent No. 4,927,708 (Herran et
15 al.), U.S. Patent No. 4,963,419 (Lustig et al.) and U.S.
Patent No. 4,952,451 (Mueller).

As described by Pahlke in U.S. Patent No. 3,456,044
and in comparison to the simple bubble method, "double
bubble" or "trapped bubble" film process can

20 significantly increase a film's orientation in both the
machine and transverse directions. The increased
orientation gives higher free shrinkage values after the
film is heated. As disclosed by Pahlke in U.S. Patent

No. 3,456,044 and Lustig et al. in U.S. Patent No.

25 5,059,481, low-density polyethylene and ultra low-



ethylene/[err]-olefin copolyners (A and the ethyl ene copol yner
conpositionsrégﬁgﬁ%Aggzkognd (A"") are used in 20 the single-layer film
structure, t rs are sel ected partly based on their
conpatibility with each other with respect to both processing and use
conditions. Simlarly, when a blend of at |east one et hyl ene/ a-ol efin.

copol yner (A) or ethylene copolynerlléS conposition (A), (A") or (A"")
and at |east one 120

conventional ethy]ene polyner. (e.g., conventjonal _.. ., uniforg! ranched
[ hear et hyl TSt o &t YR epRe s £esBetieler b ifo B SRR, S
Pat ent No. 3, 645, 992, . conventional ununiformy branched
et hyl ene/ [ er rPEeRRKFILS Sk BIRGIREr 87 Epaneuehse ALl hs ¢ ™s descri bed
in U S. Patent No. 4,076,698) are_ used, the ethylene pol ymers ‘are
sel ected par tPyodeedl lon threisimple meshad: | EpFi exempley tihey are
ethylene/[err]-olefin copolyner (A) | or the ethyl ene copol yner
conposi tion (Mferier )imrthe Fregq ghrinkage ratio imdbafhFHEqcdjOnsti| m can
be used in any of_ the five various ackagtng nmet hods d&gending on
their vaPY odROW ohef 1 i die fiwvaens/Brader iRl CARP 8RS t Y ©F
single-layer filmis nost adapted for use in the stretch 15 overw apping
and ski n packbe ngtheténg ssopdymegqaiorpgsitionf b’} he(&'tk et h(2dVer wr appi ng,
the single-layer film produced fromthe ethylene/[err]-olefin
copol yner (A)obrthéeinvention, however, exhibits significantly

improved shrink properties in both the machine and

transverse directions even when it is used in the simple

10 bubble method, in contrast to the conventional film

materials, particularly in contrast to the £ilm

materials disclosed by Lustig et al. in U.S. Patent No.

5,059,481, U.S. Patent No. 4,976,898 and U.S. Patent No.

4,863,769, as well as in contrast to the film material

15 disclosed by Smith in U.S. Patent No. 5,032,463.

Further, when the ethylene/0-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"') is
produced by the simple bubble method at high blow-up
ratios, e.g., 2.5:1 or higher, or more preferably, by
20 the "double bubble" method disclosed by Pahlke in U.S.
Patent No. 3,456,044 and Lustig et al. in U.S. Patent
No. 4,976,898, it is possible to achieve favorable
shrink properties in the machine and transverse
directions making the obtained film suitable for shrink

25 wrap packing purposes.



et hyl ene copol yner conposition (A), (A") or (A"')' exhibits

surprisingly_g: |, ent ygen perneability. 20 Oxygen perneation is
particuIarIyFﬁéggéfggnsﬁée stretch wapping of individual cuts of red
is

nmeat (that i n-store waped neat where the grocer/butcher

actually cuts the primary neat into_smaller cuts for i ndi vi dual

sal e), where the oxygen perneation 31Pows 25 fresh red meat to "bl oont to
the desired bright red 121

color. The filmeffective in packagi i ndi vidyual cuts " of red neat
will usually exhi Ffes PR HRI PaFien %Wteél%erfdﬁ‘da'?trg%h;b?‘?i ty. This

filmpreferably exhibits en perneability and has good el astic

0X
recovery, to cal5udgdsce trpe Eﬁﬁsﬁﬁg}%‘”’t@ SHATECY'he neat wi t hout

permanent|ly deforming the filman i it .non- attractive.

Co- pendi ng’ U. S. P&tent gﬂﬁ?ﬁ%ﬁFiSﬁ g?%%ﬂgi7ldlamet%ﬁm9q A3&- 1993 by
Pak-Wng Steve Chum and N cole F. Wi t eman under the title of "Method
of Packagi ng Food Theo opedducpackagieg ool swraRticws Gflmpedk&§eng f ood

products i ncl udi ng such individual portions of red neat.

However, 8verinversticmapt bgept Bégheelaer ufiln A o gulti-layele present
art, the filnms used in packagi ng individual portions of red neat can
be produced afilm-hedthenlZhehfidkabteud¢tine is a single-Hawezi ngle-layer film
structure suitably used for the stretch overwapping is particularly
preferably nmestructure, this single layer may comprise at least one

ethylene/0-olefin copolymer (A) or ethylene copolymer

composition (A'), (A") or (A"') in an amount of at least
10 10 % by weight, preferably at least 30 % by weight, or
may comprise at least one ethylene/ta-olefin copolymer
(A) or ethylene copolymer composition (A'), (A") or
(A"') in an amount of 100 % by weight.
The ethylene/0-olefin copolyvmer (A) or the ethylene
15 copolymer composition {(A'), (A") or (A"') used for
forming this single layer depends on the properties
desired in the film. When two or more kinds of the
ethylene/0-olefin copolymers (A) and the ethylene
copolymer compositions (A'), (A") and (A"') are used in
20 the single-layer film structure, the polymers are
selected partly based on their compatibility with each
other with respect to both processing and use
conditions. Similarly, when a blend of at least one

ethylene/0-olefin copolymer (A) or ethylene copolymer

25 composition (A'), (A") or (A"') and at least one



of a blend of the ethylene/[err]-olefin copolynmer (A) or the et hyl ene
copol yner co -5fﬂ§ﬂ/%@—%6l)’ (A") or (A'"") and 20 any of an

"et hyl ene/ [ err]-unsaturated carbonyl copol yner (e.g., EVA, EAA), an
et hyl ene/ met hacrylic acid (EMAA) copol yner, alkali netal salts

t hereof (iononers), esters : th‘iﬁff and ot her derivatives thereof.
For the coextruded or |am anted mul &+ ayer film 25 structure (e.g.,

three-layer and five-layer film 122
structures), the ethylenel efin_c et hyl ene

20 ol r (A or the.
copol yner corfFBIFH P A )e,%h%'i\e?eo?o?%negmg%ﬁ(” Com’%él%&s?galfor a core
| ayer, an outer. q ' i | an i nner
seal ant | ayer‘&g)lftscii:?fteﬂ’c%ga?%:?1 %S'C? 3?8§rE§%ﬂé€%%ﬁ§r§? c?f()}&:trﬁé%ﬁagﬁ &?(ae?ks film of
t he i nvention,_ at |east . one ethylene/[err]-olef) opal.ynmer (A)
or ethyl ene JIFR3ARS acgor‘ﬁ?§§irtlg8§ ﬁ'?\'%;g(ﬁy t?}?'l (&?* )3’{%§%'882' used as at
| east one heat -seal abl e outer .l.ayer of th film syructure. The
heat-sealabIef?ﬁﬁ%ﬁtﬁ%ﬂﬁﬁ'uﬁﬁ?158¥mig ££%%§??ﬁd%§P¥}?9$é§7§$§ éyer(s) or nmay
be | am nafed onto anot her Iayer.(sl in the secondary ,operation. The
coextrusi en rRIRRYRATS MEPAFPAaPY ngirst AbdRErrhas described d& out as
descri bed in "Packagi ng Foods Wth Pl astics" witten by Wl ner A
Jenki ns and Jan®s Batents Noqad, 0§y 6A8¢ 1808)used, "t athydie®® For Barri er

Packagi ng" (witten by WJ. Schrenk and C. R Finch) of "Soci ety of
Pl astics EngiprbmeRErEG Bredessgingsrtlyupased on their

compatibility with the ethylene/a-olefin copolymer (A)
or the ethylene copolymer composition (A'), (A") or

10 ().

The single-layer film can be used in any of the
five various packaging methods depending on their
various properties, but as a practical matter, the
single-layer film is most adapted for use in the stretch

15 overwrapping and skin packaging methods. As required
for the stretch overwrapping, the single-layer film
produced from the ethylene/a-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"')
exhibits surprisingly excellent oxygen permeability.

20 Oxygen permeation is particularly useful in the
stretch wrapping of individual cuts of red meat (that
is, in-store wréped meat where the grocer/butéher
actually cuts the primary meat into smaller cuts for
individual sale), where the oxygen permeation allows

25 frésh red meat to "bloom" to the desired bright red



15-17, (1981), pp. 211-229. For theI mul ti E!A;tyer Ilhl m tSLr:JCt ure,
enerally, thg_ ne/[err]-olefin copolyner or e et hyl ene
gopol yne¥ co%o]é%%/o%u(% , (A") or (A"') conprises at | east 10 % of
the total nulti-layer filmstructure. O her layers of the nmulti-Iayer
structure include barrier Iayer.zs and/or tie layers, and/or structural
25 layers, without limting theret &41 vari ous material s for

123 these | ayers are enployable for these |layers, with sone of

feri i \ e | dn ., ..t : fil

LTFoE e S R RS LU e
i | EV 5 el S, Vi I dene chl or]j de
CPVbO - pol vephoretdnead ST usidniRbehiBiRs Rintaal MnaSicde Sd 0

OPP) , et hyl ene/ vi nyl. .acetate ( EVA) ,copol yners, ethylene/acrylic
gci d) (EAA) coPdtyne E?th}/abﬁét%yl e Fﬁe%ﬁi@r??géeﬁi}?ﬁy (?fﬁ%ltcggp?! y(rjrer s,
ULDPE, 10 LLDPE, HDPE, E,, LMDPE, LDPE, .iononers, graft nodifie
pol ymers (e. Y9l & e 2560 PRE1IRETy 8L AT ER eyecoverandEdaper . The
mul ti-Iay filmftructure general ly . congrises 2 to 7 layers.

In one enbodi FRMPLSI RE AP UNSES §° S¥ARLRe- FR§ereat vithquh structure

conprises at |least 3 |ayers (e.g., an _. Al B/ A structure), wherein each
outer |ayer cRFPPIRILLY deformiggsithenéidmhgndneaking |itoinsmin copol yner (A)
or ethylene attractive. Co-pending U.S. Patent Application filed in
April 28, 1993 by Pak-Wing Steve Chum and Nicole F.
Whiteman under the-title of "Method of Packaging Food
10 Products" discloses methods of packaging food products
including such individual portions of red meat.
However, even if shrink properties are not utilized for
the present art, the films used in packaging individual
portions of red meat can be produced as a heat
15 shrinkable film.
The single-layer film structure suitably used for
the stretch overwrapping is particularly preferably made
of a blend of the ethylene/a-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"') and
20 any of an ethylene/a,B—unéaturated carbonyl copolymer
(e.g., EVA, EAA), an ethylene/methacrylic acid (EMAA)
copolymer, alkali metal salts thereof (ionomers), esters
thereof and other derivatives thereof.
For the coextruded or lamianted multi-layer film

25 structure {e.g., three-layer and five-layer film



copol ynmer conposition (A), (A") or (A"), and at |east one core |ayer
or hidden | ayprygespsmségy hi gh-pressure 20 [owdensity polyethylene
(LDPE). The multi-layer film structure exhibits surprisingly _
excel l ent opti cal properties wth naintaining excellent overal film
strength properties. Generally, the %giio of film structure layers is
such that the core |ayer dom nates L the filmstructure in terms of its
per cent age of the _ 124 entire
structure. The core |ayer nust be at |east 33 % of the whole
structure. FoPtER@Hpres) i the itedeng/grolefin eppalvmenctll eor ddsh out er

| ayer (A) conprises at |east 33 % by weight of the whole film
structure, whetbyléme cépalymer BREposieiofl dxef, (B)) caprAses ch % by

wei ght of the whole filmstructure. In the three-layer film
structure, thbecosed LEFE d ayoare drgker, abhyocneepr saefadd layer, legast 70 % of
the whole filmstructure. Additional hi dden | ayer may be i ncl uded

into the fil mateneédiste dayekO ahdl/ oas ahhénfgti §84 14O PEtdre oA @ 0t
deteriorated. For exanple, a tie layer or an internedi ate | ayer nade

of an 5 esbyhenelyi nEspedbaly, cepel m&rhoant&éxbyfﬂri@/&fcrmé c
aci d copol yner or anhydride-graft nodified pol yethyl ene

enpl oyabl e, oinvehaionerat dyserstmete @thylénayukdeeelnlébp&myméﬁkwﬁwlnyl
chl oride copol ynmer or an ethyl ene/vi nyl al cohol copol yner is

enpl oyabl e. | 8r ae R} Ferl¥ &Id18ther compbBieeohaygr) fi|Am stguciyurg, jeach
outer layer (A
used as at least one heat-sealable outer layer of the
filﬁ structure. The heat-sealable outer layer may be
10 coextruded with other layer(s) or may be laminated onto
another layer(s) in the secondary operation. The
coextrusion method or the laminating method can be
carried out as described in "Packaging Foods With
Plastics" written by Wilmer A. Jenkins and James P.
15 Harrington (1991), or "Coextrusion For Barrier
Packaging" (written by W.J. Schrenk and C.R. Finch) of
"Society of Plastics Engineers RETEC Proceedings", Jun.
15-17, (1981), pp. 211-229.
For the multi-layer film structure, generally, the
20 ethylene/a-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') comprises at
least 10 % of the total multi-layer film structure.
Other layers of the multi-layer structure include
barrier layers and/or tie layers, and/or structural

25 layers, without limiting thereto. Various materials for



conprises at |east one ethylene/[err]-olefin copolyner (A or

et hyl ene copq%yi%? ition (A"), (A") or (A"") in 20 an anmount of 15
% by weight o e oIe il mstructure, and the core | ayer (B)
conprises LDPE in an anount of 70 % by wei ght of the whole film
structure. The nmulti- | ayer filmstructure can be orientated and/or

I rradiated (in any order) to pﬂéﬁide a nulti-layer shrink film 25

structure or a nmulti-layer skin package with controlled

125 linear tearabilit Th efo the | ayer
filmstruct ur e’ I‘?éyreel Pﬁ&vgﬁg ﬁ‘ﬁ Dt 8‘51th’[ CPESpar e%cy

usual ly has a denS|t of 0. Q%ﬁ g/ c to 0 935 qécnﬁ a nelt, i ndex of
0.1 g/10 nmin 9?5 PSS MPLRFIH Qﬁ&ng HEPE RENEYRrCBHMe I@é’ﬁrsllﬁ For
| mprovi ng optical transpar ency, the et hyI ene/ a- o} ef| n olynmer (A or
the et hyl ene E@¥potamert ’&ﬁhﬁd‘éﬁuﬁt&’f . °’(“ﬁ ¢xaqples R (the dadsgensity
of usually 0.85 g/cnB preferably n[err] to 0.92
g/cr’r{ err], anihelude) £+ mﬁd& @|t%ylsped§aa¥lyabcczh@1/ 1@?% to 10 g/ 10
§referab|y059/10 mnto 2 The nul ti-| ayer
f| | m st r uét ur EORAHYTERER 1RO I¥MigH 1dene sbiﬁﬁaéﬁe(a‘{%u BRL MR anfe

ethylene/[err]-olefin copol yner (A) or the ethylene copolyner
conposi tion terepharhalaye )(RET)(A0T)eptefeppiupr@Pybena (3RP)t.he bel ow
described filmstructures) singly or in conbination with ot her oxygen
per neabl e fi | ethalens/ cinhl @&s-dtarer JEJR) copolymers,
ethylene/acrylic acid (EAA) copolymers,
ethylene/methacrylic acid (EMAA) copolymers, ULDPE,
10 LILDPE, HDPE, MDPE, LMDPE, LDPE, ionomers, graft modified
polymers (e.g., maleic anhydride-grafted polyethylene)
and paper. The multi-layer f£ilm structure generally
comprises 2 to 7 layers.
In one embodiment disclosed herein, a multi-layer
15 film structure comprises at least 3 layers (e.g., an
A/B/A structure), wherein each outer layer comprises at
least one ethylene/o-olefin copolymer (A) or ethylene
copolymer composition (A'), (A") or (A"'), and at least
one core layer or hidden layer comprises high-pressure
20 low-density polyethylene (LDPE). The multi-layer film
structure exhibits surprisingly excellent optical
properties with maintaining excellent overal f£ilm
strength properties. Generally, the ratio of f;lm

structure layers is such that the core layer dominates

25 the film structure in terms of its percentage of the



et hyl ene/ vi ny
Particularly
(A EAA (A,
are repl
.Suitable for

| acetate (EVA) and/or ethylene/acrylic acid (EAA).

ilmstructures 20 include filmstructures of
FARTB _ i

and LLDPE/ (A)/LLDPE. These film structures

acenents for conventional filnms such as PVC film
stretch overw apping various fresh foods (e.g

and are

retail-cut red neat, fish, poultry, 2% vegetables, fruits and cheese, and

ot her foods d

retail displa%? nd whi ch benefl from ac

or need appro
as non-shri nk

esti ned 126
envj ronnent al

f or
oxygen

AR TR on he c:reTﬁrgé’@rf F‘rﬁE Ia?e?'b[]e?ae?tabﬁd%/ %p(rjo]guced
. t orientation jnduced from
double 5 buB%IghﬂEW?R&ﬁ %ﬁ?&%qg%ggflgﬁf 8%;§éiepe%ﬂeéb¢mﬁﬁ%r layer

stretchability,_ elastic recovery and heat-sealing properties, whereby
a whol esal er %? 1o $EFuGhwre cfpdisouter laype (A) nepRoBhSEDIat faast or m
e.g., stock roIIs and can use the filmon conventional packagi ng
device. 10 ¥ by weighfeofadifie Wholge £ ImuBErurtyee, fwhike the
structure may conprise an oxygen barrier film(e.g SARAN (trade
nane) tha i sCarei MpPHr RiRe d avem 4B) ) ComplsllyeSn%l%Ié%e wehlgivt & pol yrrer,
avai |l abl e from Dow Chem cal Conpany), EVAL resins (trade nane) that
is an 15 et Byfeerde nld lm| stetisitugepol Eretheay thtest bayenniital

Conmpany of Anmerica (a division of Kuraray of America, Inc., a whole

owned subsi di

10

15

20

25

aEyueturer athg dang JPPETReyer preferably comprises at

least 70 % of the whole film structure. Additional
hidden layer may be included into the film structure, as
far as the optical properties are not deteriorated. For
example, a tie layer or an intermediate layer made of an
ethylene/vinyl acetate copolymer, an ethylene/acrylic
acid copolymer or anhydride-graft modified polyethylene
is employable, or a barrier layer made of a vinylidene
chloride/vinyl chloride copolymer or an ethylene/vinyl
alcohol copolymer is employable. In a more preferred
three-layer film structure, each outer layer (A)
comprises at least one ethylene/0-olefin copolymer (A)
or ethylene copolymer composition (A'), (A") or (A"') in
an amount of 15 % by weight of the whole film structure,
and the core layer (B) comprises LDPE in an amount of 70
% by weight of the whole film structure. The multi-
layer film structure can be orientated and/or irradiated
(in any order) to provide a multi-layer shrink film

structure or a multi-layer skin package with controlled



oxygen barrier properties are inportant in filns applications such as
packaging th Pp=T o) of nmeat 20 (that is, large cuts of neat which
are transport?Fe 4t9(r)§a/'SFClébispeci al stores for further cutting for the

specific consuner consunption). As described by Davis et al. in

U S. Patent No. 4,886,690, the oxygen barrier layer also can be

desi gned as "peelable" to allow remd¥d once the 25 packaged primal cut
arrives at the butche/grocer. The 127

peel abl e structure or design is particularly, useful_for case-ready”
vacuum skin %5%%&8?‘5%%&‘3 tow o?‘%ljrtcﬁ?@,e iR BUhéneed for
repackagi ng t.o oxygen per neahl e gack g_(:@;o,r | oom ng to bright red. 5
The filmstr LﬂfﬁXﬂregfﬁrlé}Hﬁ(Fé'HCFPﬁﬁ EhECLPH ¢ Maving imgreved copol yner

(A) or the ethylene copol ymer conposition (A), (A") or_(A"") may also
be prefor med ¢Rtical t&t‘?}ls@%ﬁﬁc}fe?ﬁ‘dﬂﬁ%.]@?s, %Aqrtﬁltqyor?f% ﬁelsllr%form' ng

according to the 3shape and contours of the article to be 10 packaged.
The advant age8musend -PRa gfent.ormn@elit ipdex ofgPrcg(F@ B 1t b o
conpl enment, or avoi de given packagi ng_operations such _as increase of
stretchab®l i tg/10 min @ gagelsf teppaPRNPEkaesteds lgidrenFor et ch
requi renments and reduced heat-up and cycle tine. 15 The_ .t hi ckness of
the singl e- | aifRTSFINIRLICH e FransSParenry st ctithel $h8/ Araleithe
t hi ckness of the single- | ayer and nmulti-layer filmstructures is,
however, in copolymer (A) or the ethylene copolymer composition
(a'), (A") or (A"') has a density of usually 0.85 g/cm3
to 0.96 g/cm3, preferably 0.9 g/cm3 to 0.92 g/cm?, and a
10 melt index (I2) of usually 0.2 g/10 min to 10 g/10 min,
preferably 0.5 g/10 min to 2 g/10 min.
The multi-layer film structure can also be oxygen
permeable either by using the ethylene/a-olefin
copolymer (A) or the ethylene copolymer composition
15 (a'), (A") or (A"') (referred to as "A" in the below-
described film structures) singly or in combination with
other oxygen permeable film layers such as layers of
ethylene/vinyl acetate (EVA) and/or ethylene/acrylic
acid (Eaad). Particularly interesting film structures
20 include film structures of (A)/EAA/(A), (A)/VLDPE/(A)
and LLDPE/ (A) /LLDPE. These film structures are
replacements for conventional films such as PVC £ilm,
and are suitable for stretch overwrapping various fresh

foods (e.g., retail-cut red meat, fish, poultry,

25 vegetables, fruits and cheese, and other foods destined



the range of typically 0.1 ml (2.5 [err]m) to 50 m | (1,270 [err]m,
preferably 0.4_4m )derr]m to 15 ml (381 [err]m, 20 particularly
0.6 ml (15 [%rir%dr%/s#géﬁm (102 pm). The filmstructure
produced fromthe ethylene/[err]- ol efin copolynmer (A) or the

et hyl ene copol yner conposition (A ), (A") or (A"") described herein
surprisingly shows nore efficient i Adfi ation 25 crosslinking as conpared
to a conparative conventi onal 128

Zi egl er polyngrized l.inear _ethylene/[err]-olefjn polyners. As one
aspect of therTP?anFe%Etaf%n%lﬁ?MFﬁ i} éC%fb‘FlPﬁ‘ 1t from@Gaesst tohe

I rradi ation crosslinki efficiency of t hese uni que pol yners, a film
struct ure havFhg-EPReRes OXeERPePy BRedcRRRIPREIRLS (MASHITREEED: | m | ayer
can be produced. For the purpose of making use of further merit
of this di scobFsSe %ﬂé‘)ﬁ Bre Prekrrabéy REePdrsed @s non-shnimknifdgmshe
ethylene/[err]-olefin copolyner (A or the _ethyl ene copol yner

conposi tion (X9 ( Athaut Riaxiadnorientaeien cndused dgorhéoulileh pro-rad
agents, e_g., triallyl cyanurate as described by Warren in U S. Patent
No. 2, 9gubile AMRHAd) Wihe pESSLLARE nekYaRn Memreabilityant i oxi dants)
e.g., butylated hydroxytol uene as descri bed by Evert in U S. Patent
No. 5, 055, 328stretrhability;,r gdipgtienrecovety rividhdreat rseflingal so for

i ncreasing the shrinking tenperature range and the heat seal i ng range
for the fil mBIorRRKxtLes, Mherekunpl eholesiler or a retailer can use

the film in any ordinary form, e.g., stock rolls, and
can use the film on conventional packaging device.

10 In another aspect, these multi-layer film
structures may comprise an oxygen barrier film (e.g.,
SARAN (trade name) that is a film produced from a
polyvinylidene chloride polymer, available from Dow
Chemical Company), EVAL resins (trade name) that is an

15 ethylene/vinyl alcohol copolymer available from Eval
Company of America (a division of Kuraray of America,
Inc., a whole owned subsidiary of Kuraray Ltd.)). The
oxygen barrier properties are important in films
applications such as packaging the primal cuts of meat

20 (that is, large cuts of meat which are transported to
special.stores for further cutting for the specific
consumer consumption). As described by Davis et al. in
U.S. Patent No. 4,886,690, the oxygen barrier layer also
can be designed as "peelable" to allow removal once the

25 packaged primal cut arrives at the butche/grocer. The



Patent No. 5,089, 321 discloses a nulti-layer film structure conprising
at. | east one _hegty- | apl,e outer 20 layer and at |east one core |ayer
whi ch have g§2§%52%%% ??%adiation crosslinking properties. O the

i rradiation crosslinking technol ogies, beta irradiation by electron
beam sources and gamma irradiation b§ a radioactive el ement such as
cobalt 60 are the nost common net hod2df 25 crosslinking filmmterials.
129 The irradiation crosslinking is carried out as fol |l ows.
A thernoplastic filmis ﬁroduced by a. bl own Cfillm rrethog, agd t hen
exposed to aP9¥ieklicaStENCEYtRcRY designets RAT AR 1Yt “SRTF 5@F ati on
dose of up to 20 Mad _ 5 to crosslink the filmmaterials Whenever an

ori ent ed " G399TLS8 e s VASHUMS ERR R ¢RI 9 h ik iy & packagi ng,

the irradiation crosslinking can be induced before or, after final film
ori entation, BRIERES, Sldpdpabpythe need el MIRACKALHS EAKPKYIFR i nduced
before the final 10 orientation. _Wen a heat-shrinkable filmor a skin
packagi ng fi |peumeakrled poskage £rFaBlaenbRg ot gayights ned. film before
the final filmorientation, the resulting filmcon tﬁptly exhibits
hi gher shPinkage tBWsifdimasgructurg; PFo‘fl\éﬁ%Flt%r%ﬁ‘v@%ieﬁ’é’ spséRage war page
and board curl. 15 To the contrary, when the orientation is carried out
bef ore the irokalfiat icopolviverr ddlil ok nghei ¢bipwi¢ne esdnddivimer | ow shrinkage
tension. Differently fromthe shrinkage
composition (A'), (A") or (A"') may also be preformed by
any known method, e.g., extrustion thermoforming
aécording to the shape and contours of the article to be
10 packaged. The advantage of ﬁsing the pre-formed film
structure will be to complement or avoide given
packaging operations such as increase of stretchability,
decrease of film thickness for given stretch
requirements and reduced heat-up and cycle time.
15 The thickness of the single-layer or multi-layer
film structure may vary. The thickness of the single-
layer and multi-layer film structures is, however, in
the range of typically 0.1 mil (2.5 um) to 50 mil (1,270
pm) , preferably 0.4 mil (10 um) to 15 mil (381 um),
20 particularly 0.6 mil (15 pm) to 4 mil (102 pm).
The film structure produced from the ethylene/o-
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"') described herein

surprisingly shows more efficient irradiation

25 crosslinking as compared to a comparative conventional



tension, the free shrinkage properties of the ethylene/[err]-olefin
copol ymer (A)_pfgd r&fdayl ene 20 copol yner conposition (A), (A") or
(A"") of the I nvention are not substantially influenced by whet her
irradiation is conducted before or after the final film orientation
The irradiation techni ques advantagﬁﬁysly used for 25 the filmstructure -
descri bed herein include technique

130 : known to those skilled in the art. It is preferable to

effect the irradiation using an_el ectron bfan1§be%f% . i rradi ation
device at a @ERAF |RRLMSFL 28 Linggrt gthglene/o-gfafin BRUENES K film
structure produced fromthe 5 ethylene/[err]-olefin copolyner (A) or the
et hyl ene As oupdispest cdhpbsi tnventdoh, bA'naking Atsg afeddviisbed

herein is al so expected to exhibit inproved physical properties due
to a | ow degreribfof Hdie ismieskiagnon crosetimking efficimmsemfence of the
irradiation treatnment. 10 The hot tack filmof the invention as
oriented or these umificedAgmensgl e- IFdyar soruatulite -haxying st ruct ure shows
useful ness in a.bag-in-box and formfill-seal operati ons. Exanples of

uses of the #isvindtively or sdlreeiviedy chosSLimked | £ihamllopar aiarons are
described in 15 Wlner A J. Jenkins and Janes P. Harrington "Packagi ng

Foods Wth Pbasprédicedp. bt &he HAbpsePackhgringalsdeof furtihenuf act ured
al so by vertical or horizontal foamfill-

merit of this discovery, specific film layer materials
containing the ethylene/0-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"') can

10 be prepared together with pro-rad agents, e.g., triallyl
cyanurate as described by Warren in U.S. Patent No.
4,957,790 and/or with crosslinking inhibitors
(antioxidants}, e.g., butylated hydroxytoluene as
described by Evert in U.S. Patent No. 5,055,328.

15 Irradiation crosslinking is useful also for
increasing the shrinking temperature range and the heat
sealing range for the film structure. For example, U.S.
Patent No. 5,089,321 discloses a multi-layer film
structure comprising at least one heat-sealable outer

20 layer and at least one core layer which have good
irradiation crosslinking properties. Of the irradiation
crosslinking technologies, beta irradiation by electron
beam sources and gamma irradiation by a radiocactive
element such as cobalt 60 are the most common method of

25 crosslinking film materials.



seal packaging or thermoformfill-seal packaging, as described I n
C.G Davis ofp Haekagrngohbchinery 20 Manufacturers Institute "Packaging

Machi nery Qperati ons; No. 8, FormFill-Sealing, A Self-Instructional 2
Cour se" (1982, April); M Bakker (editor) "The WIley Encycl opedi a

of Packagi ng Technol ogy", John VVIe¥ g Sons (1986) (p. 334, pp.

364-369); and S. Sacharow and A. L. g Brody "Packaging: An Introduction”,

Har court Brace 131 ‘Javanovi ch

Publ i cations. Inc h%ﬁ%@Zedggg10338r§§§%$%#in%;ls cé?gf Eogg}flll-seal

machi ne of Hayssen a artlcu arIy useful machine

for e formdiice. 05\1 tg,ggmggfsgew@lﬁvlé gperotas & 0f thls e ne.

packagi ng 85~ sUe f'oo rugs ware is
carried out her s_of ouC t her mof or

evacuat i ng deé% a85y5558 SFCRORHEC A 1rr'gl£%l°ﬂe§°ur8g
packagi ng fil The heavy- dut ackagi m_conp he

ethyl ene/[err %ﬁ%ﬂqr g@BBEﬁyﬁEraFA}rB?gf$kﬁ?ﬁréﬁ%§1 2 0 b ¢0 é ﬁyﬁér
conpositign (A (AY) v duty packa ing film has
S i t nSCk R Srsieatinisbe thim Rabertald oo Mhenqust B PFYCAMEa 11 mm
density of 0.923 to 15, 0.95 g/cnB g/cc and shows a tear strength and
an a@t I%tlf%ﬁa@tsr’rrﬁrighéldcﬁyaat PEShT Ik g Ak itheeskaging.

polyethylene filns typically used_in the industrjes at
the irraddiation’ crosslinking can be induced before or

after final film orientation, however, preferably
irradiation crosslinking is induced before the final

10 orientation. When a heat-shrinkable film or a skin
packaging film is produced by irradiation of pellets or
film before the final film orientation, the resulting
film constantly exhibits higher shrinkage tension and
will tend to give higher package warpage and board curl.

15 To the contrary, when the orientation is carried out
before the irradiation, the resulting film will exhibit
low shrinkage tension. Differently from the shrinkage
tension, the free shrinkage properties of the
ethylene/d-olefin copolymer (A) or the ethylene

20 copolymer composition (A'), (A") or (A"') of the
invention are not substantially influenced by whether
irradiation is conducted before or after the final film
orientation.

The irradiation techniques advantageously used for

25 the film structure described herein include technigques



present. This filmis enployable for heavy-duty packagi ng, )
transportati op-aaeR heer-404 | packagi ng. 20 The term "medi um modul us
used herein referring to the novel filmneans a calculated film
density of 0.923 to 0.95 g/cc. The term"calculated filmdensity"
used herein neans a filn1densyﬁ% cal culated fromthe known _

wei ghts of the polyners (conponents) Q the layers and 25 the density
nmeasured after anneali ng. 132

The term "t higkoyhised Hisssd rbkrqul%rdr 'ﬂigthg Lpe. no¥§| lT &rﬁgéfMem%%ns a f' l m

t hi ckness of not | ess than about

term!' Var'ab'Sffé@éktﬁ$(§¥}éﬁ%dq£§?9 &Hg °d s?§F£€£8#g? di & gt t he helght

of the angugar die for > r : r 2 efbgtrﬁgﬂ (0
h
o fortan ot LUk B 6 BerlHR e B s L
ggfrﬂsfins $%P£?erﬁﬁ&§ éqllﬁﬁmkﬂi Euggyfﬁspﬁﬂdufﬁé? f Iﬁf: n a ggneral
r filns and air
Senee U, ncahgléﬁ%*aﬁé“feﬂf%%%%“ A S
herei n nmeans an _operation 15 anig 3g Rg rfil articles at an

article CORRPEPSAL LTERFS TP n 48r[é% degrr iR8Gm " heavy-
oty Lo v et ectanon o an it g e Al
properties due to a low degree of chain scission
ocurring as a conséquence of the irradiation treatment.
10 The hot tack film of the invention as oriented or
unoriented single-layer or multi-layer structure shows
usefulness in a bag-in-box and form-fill-seal
operations. Examples of uses of the film of the
invention in form-fill-seal operations are described in
15 wilmer A.J. Jenkins and James P. Harrington "Packaging
Foods With Plastics", pp. 32-83 (1991). Packages can be
manufactured also by vertical or horizontal foam-fill-
seal packaging or thermoform-fill-seal packaging, as
described in C.G. Davis of Packaging Machinery
20 Manufacturers Institute "Packaging Machinery Operations;
No. 8, Form-Fill-Sealing, A Self-Instructional Course"
(1982, April); M. Bakker (editor) "The Wiley
Encyclopedia of Packaging Technology", John Wiley & Sons
(1986) (p. 334, pp. 364-369); and S. Sacharow and A.L.

25 Brody "Packaging: An Introduction", Harcourt Brace



|l ess than 10 Ib (4.5 kg). 20 The tear resistance of the filmof the
pr esent F+4@MS1e04s neasured in accordance with ASTM D1922 and
reported in gram The neasurenent of the tear resistance is carried
out in both of the nmachine direction (M) and the cross direction
(CD). In the 25 present specificatijgy the term"tear strength” is used
133 to indicate an average o# e MD tear resistance and the

CD tear resistance, and the tear strength is al so reported in gram
The inpact resavdmnerclofpudlg dadionel nc. (15€7) nyspt ippipdieasyed in
accordance wth ASTM D1709. 5 Where t he property val ues are |ncreased

Wi th increasey&ftical féﬂﬁlﬂﬂﬂrlﬁéﬁismaéﬂﬁnéeéﬁ|ﬁ§y§§eﬂ‘ﬁﬁtﬁ} JPact are
i ncreased or decreased in proportlonal to the fil |ckness ([err]m

practically n@@ufﬁsﬂ a%ﬁ%ﬂa‘%@ LsBEu1 ma ﬁﬂ&kf'&éscq @%&rﬂtﬂ'—y

normalized to 3 ml|. However, t he norma |zat|onc ation'1s

per f or med andsééi“ﬁﬁé%%tlon 9‘¥h@h Qetgf VRIL ﬂégl ess is
nes |

not nore than 10 % t hat nmeasur ed S }nth
f 7 T m e

rﬁ\r/]gﬁt ?onghaséf) égclala}:r lactle SFth g%nglg ?gbf&%g%l%f%é har&agcegg g;gg o
I I / t ; i cu

D oas gl oe. ) Cartted/dtu, 0 ditSrlnfEac IRESRAE Sl shermosalmingdy oF

and evacuating device include Cryovac and Koch.

Heavv-dut ackaging film

10 The heavy-duty packaging film comprises the
ethylene/0-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"'). The heavy-
duty packaging film has a film thickness of at least
about 1.25 mil (31 ) and a film density of 0.923 to

15 0.95 g/em3 (g/cc), and shows a tear strength and an
impact strength higher by at least 30 % than those of
polyethylene films typically used in the industries at
present. This film is employable for heavy-duty
packaging, transportation and hot-£fill packaging.

20 The term "medium modulus" used herein referring to
the novel film means a calculated film density of 0.923
to 0.95 g/cc. The term "calculated film density" used
herein means a film density calculated from the known
weights of the polymers (components) or the layers and

25 the density measured after annealing.



1.25 m|, particularly in the range of 1.5 ml to 8.75 20 ml, nore
particularly gpmdde/grga of 2 ml to 8 ml. The tear strength
or the inpact strength of the novel filmis higher by at |least 30 %
t han t hose exhi bited by a conparabl e conventional polyethylene film
havi ng al nost the sanme filmdensity, It index and film 25 thickness.
134 The novel film can onveniently fornmed into bags

and is useful for heavy-duty packagi ng, transportation and hot-fil
packagi ng. In suchriiseS o hefif &veded hefein eféf].Lfﬁs% Ao Dtfell b '
property bal ance, i.e., filns having 5 excelfent teda strengtnh, I mpact
strength and gj | I ‘ ahlLLLY,.chayl n ' strengt.h.a

exhi biting mﬁjﬁ;}&é% a o%llr?eg?lt&% géél .Of At ﬂeQé | saeor%l\}:ell %%I m can be
produced by trpf \éfﬂ | e- stal k bl owmn extrusion. Production of filns
by bl own 10 |+ extrusion is well known. For exanple, U S. Patent

No. 4,632,801 of wd in which.a pical. bjown film . extrusion process

i s described is reqf%? A O_var&apﬁnés—sga!l.k Lf?‘tﬁ’c%ﬁ‘tlﬁf%s,usfdpol ymer is

introduce§ inlglo a. screw ed therejn g}? put forward in
er

L& At shey EESTRE hneBE Fhe aelar

the extru § d®&d through
an annul ar dig, for fi to.fQtma nolten tube. Then, air is fed into
t he annul ar deeLP% arﬂc%\l;ﬁt% ang-- SlSt?%%?ekB?t‘ﬁ%l}'é'@ ExoFasisde

havi ng a desired di aneter.
9 points of a bubble, can vary over the range of 0 inch (0

cm) to 144 inches (366 cm) during blown film production.
This term includes both of the well known pocket blown

10 film and stalk blown film extrusions. The term "high
stalk extrusion" used herein in a general sense means
that the distance between annular die for films and air
ring is 30 inches (76 cm) or more.

The term "hot-fill" used herein means an operation

15 of packaging or filling articles at an article
température of not lower than 45 °C. The term "heavy-
duty" used herein means packaging of an industrial item
usually having mass- or single-packaged weight of not
less than 10.1b (4.5 kg).

20 The tear resistance of the film of the present
invention is measured in accordance with ASTM D1922 and
reported in gram. The measurement of the tear
resistance is carried out in both of the machine
direction (MD) and the cross direction (CD). In the

25 present specification, the term "tear strength" is used



The air is kept inside the bubble by neans of the 20 annular die and nip

rol |l ers posi tg-aed /@r-dsioga downst ream side of the die, and then the
bubble is pressed to produce a lay-flat film The final thickness of
t he filmis adjusted by the extrusion rate, bubble dianeter and

nip rate, which are adjustable by vigbﬁbles such as 25 screwrate,
haul -of f rate and take-up speed. | e
135 extrusion rate is increased with constantly keeping the

Paroer AT ARG P aiBkael BF EROAm LAY reoiscdhlakRRScRECOTES

| ar ger. I ca own extrusion can

classi Tl ed asep SIQUKr RAGUALEN gha" PACKELar ALIURIAN. 1 5189 ot the S oK

extrusion, blow ng and expansi 6n o ake ace at the

consi derabl y hi i tJ ve the annul ar di and.t he

adj ust nment th%érig%recr eldsaq'§1 tdr%ﬁadgheAﬁgé??t sﬁselaﬁqﬁ-afr%c% ec%l %EH’&?&&“& RE tube in
parallel 10 i t.h t he .nmachine direction by an.air ri, a

having a si ngt}%(\é- RE AN &Feﬁ“eaﬁi’lf?éthré ?ﬁ%cf?%qﬁrﬁﬁ)é“”ir@ bt bh%%'at t he
hei ght of atghfast é?i nches 12-710”2 above t he ;annyl ar die, so that
the tube di anBtEr® i Sk PEFTEdVE-UeS P D st RS D dRgresret g film
annul ar die. For _.15. the puh ose o& ensuring the optimumstability of the
bubbl e duringd™5 IFH Sri GRS TREVLEBLPE FeA%eranst ITRRCt arepe cool ed;

| i kewi se, a bubbl e s%ﬁbilization nmeans can be, used inside the bubble.
: increased or decreased in proportional to the film

thickness (um) practically measured, whereby the film
thickness is accurétely normalized to 3 mil. However,
10 the normalization calculation is performed and reported
only when the variation of the thickness is not more
than 10 %, that is, the measured thickness is in the
range of 2.7 to 3.3 mil.
The medium-modulus film of the invention has a
15 calculated film density of 0.923 g/cc to 0.95 g/cc,
particularly 0.926 g/cc to 0.948 g/cc, more particularly
0.93 g/cc to 0.945 g/cc.
The film thickness is usually not less than about
1.25 mil, particularly in the range of 1.5 mil to 8.75
20 mil, more particularly in the range of 2 mil to 8 mil.
The tear strength or the impact strength of the
novel filmtis higher by at least 30 % than those
exhibited by a comparable conventional polyethylene f£ilm
having almost the same film density, melt index and film

25 thickness.



It is known that, if the stalk extrusion is used, 20 nolecular relaxation

IS inproved amdli492meamYy to excess orientation in one direction is
reduced, whereby wel | - bal anced film properties can be obtained. Wth
i ncrease of the-height of the stalk, i.e., height of the expanded

part, the properties in the cross dilrﬁi_:tion 25 (CD) are generally
| nproved, and thereby the average . . 136
filmproperties are inproved. \Wen a blomm filmis produced from a

ne ght i gh- dens 1o BoV e R RS CPRRVTERLy Dt ikl Eﬁa%? el ght
enough for reisi by SoT T ei o v Libb GV PARATTS ﬁiﬁsp%fta
gh for ensurlng sufficiently _ I , fuI
M case of | nard Rt A Db AR pos o chend Enk R A 11 ng
i ruded frortHIE dr e FRelitre Broper oy PO BRER Sn%"fei%@m SV ai 1 ring
Ltfs ter fee ﬁlgg%?égjr?nt %egrgféﬁf%fl erggpgagu%gréggt%%%%ﬁﬁé’éibi lh:attny
compos t ﬁﬁé‘%ﬁ%"@iqﬁ‘&ﬁvm Righ scupasthcri 3 HoRS TRAILYR | ongt h
e.g., linear of ediéﬁ%ﬂfn%]ty pol yet hyl ene (LLDPE) and ultra Iom#denS|ty
This novel film can be produced by the variable-
stalk blown extrusion. Production of films by blown
10 film extrusion is well known. For example, U.S. Patent
No. 4,632,801 of Dowd in which a typical blown film
extrusion process is described is referred to. 1In this
typical process, a polymer is introduced into a screw
extruder, melted therein and put forward in the extruder
15 under pressure. The molten polymer is extruded through
an annular die for films to form a molten tube. Then,
air is fed into the annular die to blow the tube and
thereby produce a "bubble" having a desired diameter.
Thé air is kept inside the bubble by means of the
20 annular die and nip rollers positioned on the downstream
side of the die, and then the bubble is pressed to
produce a lay-flat £ilm. The final thickness of the
film is adjusted by the extrusion rate, bubble diameter
and nip rate, which are adjustable by variables such as

25 screw rate, haul-off rate and take-up speed. If the



pol yet hyl ene (ULDPE). 20 The stal k and pocket extrusions can produce

bot h of Fsiaad sr-aor filnms and nulti-Iayer filnsz and the film
of invention may be a single-layer structure or a nulti- | ayer
structure. The multi-layer filmcan be produced by any of known

techniques in the art, and coextrumf§§ 25 lamnating and a conbination
thereof are included in 137 . such
techni ques. The preferred thick nmedi um nodul us polyethylene film of

the inventi ongiSmas S ULd a 1ncreaﬁgalglé #ﬁ%é%éhtl (ﬁeﬁggn 9l he

thylene/a ol ef 1 n copol yner ene. ¢of conp05|t|on

(A), () Ory{8fid diperer o4k KBS PROIUCEAONE QLI ha | mof the

i nventi on, trves, such as an aht hOS cli ng

agents, Stan {ﬁhé’ G&%Bége&ggggr.avallable fron1 Sandoz) plghent,
er can e

col orant and e ad 10 anmounts not detrimental to the

[ d t i stance. Furt additives to
Ierrm;(rz\é: Lear aFn(:aiSI'%F 0C ng proggwﬂ rrggc ﬁg‘gﬁ:iﬁgﬂ (,%eé?%agﬁéfnt
n I ting agents, etc.
can bo. § ndor perATEHFIRT Be Re AL SRt s1 Sh 8 ioRheton SRRy are
[ 1 the additives include untreated or
Created - Qi cEn Shak &é%x@nﬁen'cﬁﬁewmcﬁ%mwm%f #nd

| ed fatt m des, w t hout
primary, secobégbfg a éyé %Letg% the co sgderabiy higher position

—day

above the annular die, and the adjustment thereof is
made. An air stream is fed outside the tube in parallel

10 with the machine direction by an air ring (usually
having a single-lip structure) until the molten tube is
blbwn at the height of at least 5 inches (12.7 cm) above
the annular die, so that the tube diameter is maintained
almost the same as that of the film annular die. For

15 the purpose of ensuring the optimum stability of the
bubble during film production, the bubble interior can
be cooled;llikewise, a bubble stabilization means can be
used inside the bubble.

It is known that, if the stalk extrusion is used,

20 molecular relaxation is improved and a tendency to
excess orientation in one direction is reduced, whereby
well-balanced film properties can be obtained. Wwith
increase of the height of the stalk, i.e., height of the
expanded part, the properties in the cross direction

25 (CD) are generally improved, and thereby the average



limting thereto. In order to enhance the filns 20 antistatic properties

and al | ow heayE4RRASHR&EODMagi ng of electrically sensitive articles,

addi tives such as guat er nary anmoni um conpounds singly or in

combi nati on wi th ethylene/acrylic (EAA) copol ymers or other

functional polyners can be added. 138 .
The novel film has advantageously inproved film strength, and
therefore, in addition to the recycling . materi al s and scrap

materials, pofyreigrdgdrtdidsubirenifghoved. Wigerl &8st Mid FiQm added to the
f|In1conp05|t|on used for 5 producing the novel film in anounts | arger

than the prédIREY SEAoPiaC &k K- ﬂe%emsrvw:?@fgﬁ@ep&l%@&we gal

pol yet hyl ene f|In1conp05|t|ons are used. The novel can have or
retain quali t&’orgggl?éla@.{[cﬁf' o.igCS ﬂ?éhrﬁglé‘%far welgfﬁtbq'xlf jgyccesstully
used for heavy-duty packaging or transportat &s¥of the

SRR AR T A S
[OPE 91l ket A g %feeﬁte%sdwg%fh A )
copolyTers. LA Mlring B5RERLSRPY GRS ) ey
Stretch adheséégﬁfllﬁgrusion, particularly high stalk extrusion, is
very useful.
In case of the pocket extrusion, air is fed by

10 means of an air ring positioned right adjacent to the
annular die so that the bubble extruded from the die is
immediately blown and expanded. The air ring is
typically a double-lip type to ensure the bubble
stability after feeding of air. The pocket extrusion is

15 more widely used than the stalk extrusion, and generally
is suitable for polyethylene compositions having lower
molecular weight and lower melt strength, e.g., linear
low-density polyethylene (LLDPE) and ultra low-density
polyethylene (ULDPE).

20 The stalk and pocket extrusions can produce both of
single-layer films and multi-layer films, and the film
of invention may be a single-layer structure or a multi-
layer étructure. The multi-layer f£ilm can be produced

by any of known techniques in the art, and coextrusion,

25 1laminating and a combination thereof are included in



20 The multi-layer filmof the invention conprises at

| ayers, one sunfaeegselenhgi ch is substantially adherent, and is
suitable for use as a stretch w appi ng material. This novel
multi-layer filmconprises a back surface | ayer nmade of at |east one

ethyl ene/a-olefin 25 copol yner (Aiser et hyl ene copol ynmer conposition
139 (A") or (A"") and

(A),

| east two

having a density of at |east about 0.90 g/cc or a density of about

0.90 g/cc,
ol efin

f f
aJJﬁ%n&Fm 7 e BT SITRE i Pt BRulloT o0 " 5

g/ cc, and opt| &Fﬁeesﬁiﬁ ggetﬁ8r1n§g?€§5ﬁ““§”aj1ngle 1£§¥§r made of at

| east one hld%

ene YIET "Conposi

The

front surface.la er exhi bits adhesion properties conspi cuously | ower

than that of THE SIERCHES "surface Iayer The core or the structural

may vary 10 qpghd 'é%pﬁ&%ﬁé ié‘fi’i&sé ﬁé‘%&ﬁbé ! TTRALS-

In the present i nvention

Ravi ng a

| ayer

propertles on its

one surfage rticular useful in stretch wr LN tretch

bundl i ng snd ?Qﬂgi \ﬁ°ﬁ8h§ﬁer1§°m?ﬁsﬁf%ﬁpcﬁArﬁyld&%) ﬁﬁpe g? %PE or a big
article. The one-surface-adhesive fjlmo the Jnvention is provided
wi t hout necedtt® bithedBreresipPBr OfdHeei bhimrot the inyeotigRal pol ymers.
As advant ages of the present invention there can . 20 be  nentioned

decr ease or

10

15

20

%;yyeqhefﬁpﬁgagrantlox1aant phosphites, cling
agents, Standostab PEPQ (trade name, available from
Sandoz), pigment, eolorant and filler, can be added in
amounts not detrimental to the improved tear resistance
and impact resistance. Further, additives to enhance
anti-blocking properties and friction coefficient
characteristics, such as release agents, silicone
coating agents, etc. can be incorporated into the film
of the invention, though they are generally unnecessary.
Examples of the additives include untreated or treated
silicon dioxide, talc, calcium carbonate, clay, and
primary, secondary and substituted fatty amides, without
limiting thereto. In order to enhance the films
antistatic properties and allow heavy-duty packaging of
electrically sensitive articles, additives such as

quaternary ammonium compounds singly or in combination

- with ethylene/acrylic (EAA) copolymers or other

functional polymers can be added.



accunul ation of resin at the die lip and m gration of | ow nol ecul ar
subst ances. Thergforgs-g9la€ani ng and retention time in the film
producti on and w appi ng processes can be reduced. Further, problens
relating to 25 adhesion of the filmto the adjoining articles or

140 packages, contam nation ag%gwﬂEHnion of dust or fragments
on the filmsurface can be decreased: I n anot her aspect of the
i nvention, there is provi ded a singl e-sided adhesive fil mnmade of

pol ymer s 5 havi Lm)ar «nheo [ racteristics a%ﬁﬁgg&pner

chem cal characte??gffgﬁ%ﬁtgl?ﬁebggygéggﬁfébéé%éﬁ¥llmprov% rofed mel t

vi scosities sjJi to_each,other _in |, coext rudi and excel | ent

pol yner conpa%“{%élr}aqrtthy V?flnt%‘f:‘l there%ogg(:hl%t?\%?l?]o?n rte%frci%i T _cyciLéng In a
further aspect_.of .the invention, there is rovi ded si ngl e- si ded
adhesi ve fil rﬁ‘ﬁ’\ta‘?ﬁﬁ‘?gscﬁﬁ’éﬁisgﬁgﬁsmapen%i?et%%l)ﬁgﬁ?%i%ﬁ’ ﬁ&%ﬁ%??@t ch
adhesi on wi t hout . decr easi i.ts high adhesion property under the
stret ched corfff f1fEd Wﬁgh or a aﬁdhﬁg Eg%ng?ﬁﬁrﬁPWHﬂﬁquﬂ§ A$8EsEOR degree
cl osely rel.ates to densities_of the polynmers or blends for

forning tRe UG e REVEL o AL 18 ur FRCEPE S slasigqathehan thefj| m and
that the adhesion is inproved as the polyner density of the back

surface | ayerdiUnfst fyRdcadliynpassible Weer cile tgomfenitionigdck surface | ayer

is not nore than . L
polyethylene film compositions are used. The novel film

can have or retain quality characteristics desired when
the film is succeséfully used for heavy-duty packaging |
10 or transportation. Examples of the suitable materials
for dilution include elastomers, rubbers, anhydride-
modified polyethylenes (e.g., polybutylene, LLDPE and
HDPE grafted with maleic anhydride), high-pressure
polyethylenes such as low-density polyethylene.(LDPE),
15 ethylene/acrylic acid (EAA) copolymers, ethylene/vinyl
acetate (EVA) copolymers, ethylene/methacrylate (EMA)

copolymers, and combinations thereof.

Stretch adhesive film
20 The multi-layer film of the invention comprises at
least two layers, one surface of which is substantially
adherent, and is suitable for use as a stretch wrapping
material. This novel multi-layer film comprises a back

surface layer made of at least one ethylene/c-olefin

25 copolymer ‘(A) or ethylene copolymer composition (A'),



0.90 g/cc, preferably in the range of 0.85 g/cc to 0.89 g/ cc, nost

preferably i rtlwa/argesoafl 0.86 g/cc to 0.88 g/ cc, the back surface

| ayer shows substantial adhesion to the front surface layer. The
density of the front 25 surface layer of the invention is not |ess than
0.90 139 141 g/cc, preferably in the.
range of 0.91 g/cc to 0.96 g/cc, nore preferably in the range of 0.93
g/cc to 0.95 g/cc. The front surface |ayer having a nore preferable
density — [R00%:010.93 BeCabong. 35aghsrepl oy idles dstl Agarsided 5
adhesive filmhaving stretch adhesi on and non-stretch adhesi on whi ch

are equal 10 aph PRElor a density. 9?h§b61&"?i3('?:[§’0 Oé/catgr.% £3% Irt or the

Zgructuraiolayer in the Pyl tayer i m of~t n|nve][1 ﬁn.n?% V?{%afo
use applica.tirgc}%fatc'tée1%3%':cJ EE?Sn%Fgééo?ggﬁé %é%?#%%%qﬁg%én'rg F%%nforning
I e L N
bi'ends. sombi il oneid SHPeRaras; 2 ThEeEE R IR A aler orabl y
(o avE R B Thalk: pRE BRI TR, S5 20
conpositions géyygégwggﬁéggg ioagnt surface | ayer of the
The front surface layer exhibits adhesion
properties conspicuously lower than that of the back
10 surface layer. The core or the structural layer may
vary to meet the specific film strength requirements.
In the present invention, the film having adhesion
properties on its one surface is particularly useful in
stretch wrapping, stretch bundling and tension winding
15 to wrap or hold a small article or a big article. The
one-surface-adhesive film of the invention is provided
without necessity of additives for adhesion or
functional polymers.
As advantages of the present invention, there can
20 be mentioned decrease or cease of heaping or
accumulation of resin at the die lip and migration of
low-molecular substances. Therefore, cleaning and
retention time iﬁ the film production and wrapping

processes can be reduced. Further, problems relating to

25 adhesion of the film to the adjoining articles or



i nvention and having a density of nmore than 0.90 g/cc ' 5 80 ~
pol yners of prappgkege-god et hyl ene (e.g., pol ypr opyl e?e?q ‘gfj 12

et hyl ene/ propyl ene copol yner), | ow density pol yet hyl I' 57
medi um density pol yet hyl ene 25 (MDPE), hi gh-densi ty pol yei EE/ ‘t% q—ﬁﬁf@)

t he copol yner 4 (A) or the
conposition (A), (A) or (A""), un%fgkn1y or ununlforn1y branched
| i near | ow density polyethyl ene (LLDPE), wuniformy or ununiformy

branched verydfyes, condgRShiYibR! 3&d Y&t (oW FREkusand bl end
conbi nati ons 5 thereof. The front surface |layer is preferably nmade of

pol ypropy! enesr4gmnesMBREAAT bﬁg%ﬁffé@%él%@d&reasedcom nation with

pol ypropyl ene, Dbecause stretc hesi on and non-stretch adhesi on equal
to each other can{he ' : FXapp he ethyl ene
pol yners for formIlri:l anﬁghekng%%ggec}forlg?%el%\ﬁ uc ural g;f?e% of the

pol yet L;’Eehg%%ﬁged g YR RSN FOMTI e br BRI ”mgiﬂﬁ%wmer
A or_ununi f or
br anched Bi nddr rig, stk ardsﬁéﬁggb%?lye%h%ﬁ%% ’%ﬁ%ﬁ@) 2 HoBhmeBrni y or

upuniforly bhsngied uehroL Oy BO LI ene py LATED
the linear pQH&?th %?%%l%rv1scggsgles similar to each other in

coextruding and excellent polymer compatibility with

each other for recYcling.

10 In a further aspect of the invention, there is
provided a single-sided adhesive film having conspicuous
stretch adhesion and non-stretch adhesion without
decreasing its high adhesion property under the
stretched condition.

15 It has been found that the adhesion degree closely
relates to densities of the polymers or blends for
forming the back surface and front surface layers of the
film and that the adhesion is improved as the polymer
density of the back surface layer is decreased. When

20 the density of the back surface layer is not more than
0.90 g/cc, preferably in the.range of 0.85 g/cc to 0.89
g/cc, most preferably in the range of 0.86 g/cc to 0.88
g/cc, the back surface layer shows substantial adhesion

to the front surface layer. The density of the front

25 surface layer of the invention is not less than 0.90



prepared by Ziegler-Natta sol ution '_pol yneri zati on, slurry

pol ynmeri zat i .19 20@3 Blvase pol yneri zati on using such a coordination
netal catalyst as described in U S Pat ent No. 4,076,698 of Anderson
et al. These Ziegler 25 type linear polyethylenes are not uniformy
branched and 4 143 have | ow nelt
t ensi on. These pol yners have Iom/deﬁsﬂty and are not substantially
anor phous because they i nherently have substantial high-density

(crystal) o/ pol mf&ghg;,gg@ﬁ- tht Léng%reég ?dé{ﬁ_:;\l;gf)téac ) W.@@afggr:é“d S

pell etize these pol'ymers u a conmon ] IIa %ét to
have a densit 9 / ause the et,s _have
adhesi on pro;%or% ég%ifﬁeéra%g& %/1 tnd gg%%%| %fscoep%%(c)g%/ts%cert.o BE g/CC‘AI so, the
uni formy bra LLDPE are .10 _known by the.skilled.in the

| i near pone?ﬂ%?gﬁgngggr%gge &Eg?reé%%%?%,atWﬁf%ﬂ%gééﬁﬁﬁb SoFeBSE Y pat ent
No. 3, 645,992 fo Glunston _is referred to. .They are prepared by

sol uti on pol yreH zat (9n'535 ZFFthOPyﬁ%rgé%?i%o‘aé1%%? Sln%lelpﬁ&g?d )

pol yneri zati on,.usi.n of zi.rconiu d_yanadium 15 catalysts. The
process f3r p“i‘dgb%ﬁjiv%gafg)ﬁ‘g\e%‘s{’fﬂtﬁpysthtgﬁ a&"‘es*‘?rh@é?dlﬁ’&ny&tﬁﬂ Efe by the
use of netallqﬁgne ca%&*yiés &s stated by Eiwen et al. in U S Patent
No. 4,937, 20fdnesion WHiehs arenggre! cFaseash mEhetol yet hyl ene !F aI 0
uniformy branched pol ynmer, but_has low nelt tension_simlarly to

the Ziegler type Jﬁﬁ%‘*%FﬂFVyBﬁaﬁ€ﬁ§d1?Yﬂ€a9r the structural layer

in the multi-layer film of the invention may vary so as
to meet the specific film strength requirements of the
10 final use application.
Examples of the ethylene polymers fpr forming the
back surface layer and having a dénsity of 0.90 g/cc or
a density of less than 0.90 g/cc include very low-
density polyethylene (VLDPE), the copolymer (A) or the
15 composition (A'), (A") or (A"'), and blends combinations
thereof. The back surface layer is preferably made of
the copolymer (A) or the composition (A'), (A") or
(A"').
Examples of the film-forming olefin polymer
20 compositions for forming the front surface layer of the
invention and having a density of more than 0.90 g/cc
include polymers of propylene and ethylene (e.g.,
polypropylene and an ethylene/propylene copolymer), low-
density polyethylene (LDPE), medium-density polyethylene

25 (MDPE) , high-density polyethylene (HDPE), the copolymer



pol yet hyl ene. Such polyners are on the market under the trade nane of

"TAFMAR' by M-149i2 /CFei0dal s, Inc. and under the trade nane of "EXACT"
by Exon Chem cal s. The et hyl ene pol yner conposition for the back
25 surface layer, the filmformng ol efin pol yner

144 conposition for the front a&rface | ayer and the high-

strength ethyl ene pol ymer conp05|t|on for the core or structural |ayer
conpri se ethylene polynmers prepared by hormopol yreri zati on of ethyl ene

or copol yrer izt ian tdle corpekiyiene (And, syl ) AOYHt:s ohnxggkﬂy§ gpnoners.
Addi tives, such as tackifier, cling agent (e.g., B), slip agent,

antl-blocklnguﬁgﬁ h@éhgﬁga 13 (Eord-gedlt h Reyebgesuch as
| rganox 1010 or | ?S’é‘ﬁ%? 0761%?/%fl abl e ef rolmwap%gy%eﬁgy CSr p. )

h h BHE&@% f Gorp.)
gt gﬁgo;t SE (e(ﬁ'DPEI%P ufla\rjlfg?fnggl from &?‘L% g%%c(rgée% @?ng %Pant f| 'l er
and processi ﬁgﬂ% %g?ggﬁh&ﬂﬁﬁép ﬁg)frﬁﬁﬁt%féﬁa'E§H§1natlonsw¢gpp'ng

materials dis c ose ough ey are no necessary

attaininggth %¥¥g&@ed &%%ukggngﬁS&Pgac&51?£g§sentéfgy %ggpm?ggPﬁgaddltlves

shoul d be ad or ~anbun

Tvention. polrtETEEE 0 a???”?a'yer R P R MR ALRCoAR be 20

produced froméﬁ%&natlggr%lgh iyggéSy éﬁg}llégéuse g%retch adhesion
and non-stretch adhesion equal to each other can be
imparted.

10 Examples of the ethylene polymers for forming the
core or the structural layer of the invention include
low-density polyethylene (LDPE), medium-density
polyethylene (MDPE), high-density polyethylene (HDPE),
the copolymer (A) or the composition (A'), (A") or

15 (A"'), uniformly or ununiformly branched linear low-
density polyethylene (LLDPE), and uniformly or
ununiformly branched very low-density polyethylene
(VLDPE) .

The ununiformly branched VLDPE and LLDPE are known

20 Dby the skilled in the linear polyethylene art. They are
prepared by Ziegler-Natta solution polymerization,
slurry polymerization or gas phase polymerization using
such a coordination metal catalyst as described in U.S.
Patent No. 4,076,698 of Anderson et al. These Ziegler

25 type linear polyethylenes are not uniformly branched and



Al B/ C structures by neans of filmlam nating and/or coextrusion

techni que ang-hlgownsereeast film extrusion devi ces known in the art.
The preferred structure is a structure of A/ B/ C produced by
coextrusion technique, 25 nore preferably cast coextrusion techni que.
145 A preferred bl own fil 31 met hod is described in, for

exanpl e, "The Encycl opedi a of Chem g Technol ogy", Kirt-O hner,
Third edition (John Wley & Sons, New YorKk) 1981, Vol. 16, pp.

416-417 and Yolue 18, BR1c183:408,. AThéﬁéorpeJ%&rnag%gsgowaszggig;' on

net hod i s descri exa Ircs Cct ober

1989, %y%&%p%gka kﬁéygntfgi equﬁF% c%gs gh257

Preferred coéxttdsion rec ué an leydescribed in Tom
|. Buttl "Ei_Lm 1 ria roperties,
Coex?rus?f:)n" 1'6%‘ %ﬁttﬁ'gshgvel\@&g%t%u% q’pﬁegigl?% ﬁﬁﬁ?ﬁgabg %LQ|92) .
Th |t d f h ayer of th er fi.l mof the
|nSeEF|on|Ps%?&gTﬁ%aﬁgﬁ éo i ¥bséf? 535%%9H}tnFﬁ pﬁ?@?é?aﬁ?? 0.5 to 12

/10 mn, rmre era 15 .0.8 to 6, g/10 mn. The total film
?hlcknessscﬁ B FFlgkéﬁgrp?}YWﬁ¥ﬁ usisg 9 3 RETRRe AiEgASFSNRRERhe range of
0.4 to 20 n1| err] 508 [errb? preferablﬁ 0.6 to 10 ml (15
[err] to 2549 F%t ﬁBrEave a densiir M VI8 thers 0?0 g26Cterr] to 127
[err]). 20 The_ |l ayer_ratio of the A/B nulti-layer filmof the

because the pellets have adhesion properties and easily
coalesce together.
Also, the uniformly branched VLDPE and LLDPE are
10 known by the skilled in the linear polyethylene art.
For example, the disclosure of U.S. Patent No. 3,645,992
of Elunston is referred to. They are prepared by
solution polymerization, slurry polymerization or gas
phase polymerization using any of zirconium and vanadium
15 catalysts. The process for preparing a secondary class
linear polyethylene by the use of metallocene catalysts
is stated by Eiwen et al. in U.S. Patent No. 4,937,299.
This secondary class linear polyethylene is a uniformly
branched polymer, but has low melt tension similarly tb
20 the Ziegler type ununiformly branched linear
polyethylene. Such polymers are on the market under the
trade name of "TAFMAR" by Mitsui Chemicals, Inc. and
under the trade name of "EXACT" by Exon Chemicals.
The ethylene polymer composition for the back

25 surface layer, the film-forming olefin polymer



I nvention is |arger than 2:98 (A layer: B layer), and is preferably

i n the rangeFefl45298Ft+6085: 65, nore preferably 10:90 to 25:75. The

| ayer ratio of the mul ti-layer filmhaving two or nore |layers is such
a 25 ratio that the thickness of the back surface |ayer and _

146 the thickness of the froni4aurface | ayer of the filmare ~ the-
sane as each other and the proportion of the core or the structural

| ayer is in the range of 60 to 98 % by wei ght, preferably 65 to 95 %
by wei ght, MydapdisetebabEyr tRe 7Bré: WS4t WM and the high-
Multi-layer barrier film The nulti-layer barrier fiTmis an
oxygen- JeTReLIRARL By 1 ¥Rk 6bo 1 TREE MBS iUld FoY @hebBBELEE fI I M 10
and exanpl es of i?gghsesyinclﬁge ost ony baggsﬁ]an1ﬁ%te§e arflcles to

bar 1 er 111 me A e 1P eEnBE LS Finpene BOIWRES BERREI R Lo one
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PIB), slip agent, anti-blocking agent, antioxidant
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(efg., hindered phenols such as Irganox 1010 or Irganox
1076 available from Ciba Geigy Corp.), phosphites (e.g.,

10 1Irgafos 168 available from Ciba Geigy Corp.)., Standostab
PEPQ (available from Sandoz), pigment, colorant, filler
and processing aid, can be incorporated into the stretch
wrapping materials disclosed herein, though they are not
necessary for attaining the desired results of the

15 present invention. The additives should be added in a
manner or amounts not detrimental to the substantial
adhesion and non-adhesion properties found by the
invention.

The multi-layer film of the invention can be

20 produced from two or more film layers including A/B and
A/B/C structures by means of film laminating and/or
coextrusion technique and blown or cast film extrusion
devices known in the art. The preferred structure is a
structure of A/B/C produced bg coextrusion technique,

25 more preferably cast coextrusion technique.



The term "water inperneability” used herein neans that the filmhas a
wat er vapor m+iashidre-tgo4of not nore than 5 gm n2/ H. In one
enbodi ment, the filmconprises a barrier 25 | ayer havi ng t hereon at

| east one heat-seal abl e skin 147

| ayer. The barrier |ayer conprises ﬁﬁéﬂ%ﬂtrary pr oper “barrier layer
material which is conpatible with the heat - seal abl e skin |l ayer (single
| ayer or plural |ayers) and provi des desired oxygen and water

i mper meabi lity. Ap 5 -d¥sbeu %ﬁogﬁfgﬁﬁérnﬁ%{%&a{s 'ée@ﬁ%;i?r%(ra ﬁge\r,ff%l  dene

vinyl i dene chloride and vin e or a copo _
Copol ymer of VIR idene ehrErFGaoRRgES SESGRBELLEL Technd B0, OO0 M ner of
opt s onal Ty REEGREE, LR R PR e R M RS
B B 47 SRR OBNTT b, T nRart B 025 R dyer s
Gosi red T Pex BT TIT S RETogtan xCE0BIPRIPSEAR e ARACHNSd 18 o) secant
and the {1 ancudh ST G ERCETD) Blankingh wllroiaben g S8kin Layer
comprises theg ot Ny Snesa 9l G0l I A 11, pp. 256-257.
Preferred coextrusion technique and requirements are
described in Tom I. Buttler "Film Extrusion Manual:
10 Process, Materials, Properties, Coextrusion" Ch. 4, pp.
31-80, TAPPI Press (Atlanta, Ga, 1992).
The melt index of each polymer layer of the multi-
layer film of the invenﬁion is in the range of 0.4 to 20
g/10 min, preferably 0.5 to 12 g/10 min, more preferably
15 0.8 to 6 g/10 min.
The total film thickness of the multi-layer film of
the invention is in the range of 0.4 to 20 mil (10 ML to
508 W), preferably 0.6 to 10 mil (15 W to 254 W), more
preferably 0.8 to 5 mil (20 p to 127 ).

20 The layer ratio of the A/B multi-layer film of the
invention is larger than 2:98 (A layer: B layer), and is
preferably in the range of 5:95 to 35:65, more
preferably 10:90 to 25:75. The layer ratio of the

multi-layer film having two or more layers is such a

25 ratio that the thickness of the back surface layer and



or the ethyl ene copol ynmer conposition (A ), (A") or (A""). To assist
processi ng oft-tthe2fsFasothe skin | ayer (single layer or plural |ayers)
may contain a copol yner of ethylene and vinyl acetate as a processing
aid inan 25 anmpunt of 0 to 10 % by weight, nore preferably 0.5 to 5

148 % by weight. Further, the 3§|n Iayer may optionally contain
a slip agent and/or an anti-blockinb gent . is desirable that an
adhesive tie |layer made of a copol yrer of et hyl ene and vinyl acetate
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| ayer or ural  Layers) are_s rately made and then they are
Ianinated?togﬁtﬁ ¥fés%n YW %E Sui tabl e adhesi ve pol yner, |iquid adhesive
or hot-nelt adheS|ve The multi-layer barrier filmof the invention

has a noise of less than 85 dB when it is bent at an 20 angle of 65 and

0.45 Mz, preferabiy2;19L58 Hat £S5 f£i1n

The multi-layer barrier film is an oxygen-
impermeable, water-impermeable multi-layer barrier film,
10 and examples of its uSes include ostomy bags, laminated
articles to percutaneously supply drugs and articles
produced from the multi-layer barrier f£ilm, such as
heat-sealable bags.
According to one embodiment of the invention, there
15 is provided an oxygen-impermeable, water-impermeable
multi-layer barrier film having a heat-sealing strength
of at least 1.0 1b, preferably more than 1.5 1lb, based
on 1 inch of the film width. The term "oxygen
impermeability" used herein means that the film has an
20 oxygen permeability of not more than 90 cc/m2/H-atom.
The term "water impermeability" used herein means that
the film has a water vapor permeability of not more than
5 gm/m2/H.
In one embodiment, the film comprises a barrier

25 layer having thereon at least one heat-sealable skin



than 83 dB when it is bent at an angle of 65[err] and 0.45 Hz, and

nost pref er aldy a@elyigm-isp4a noi se of | ess than 81 dB when it is bent
at an angle of 65 and 0.45 Hz. I n anot her enbodi nent of the

i nvention, additional 25 |layers are added to the barrier layer to forma
system 47 149 t o percutaneously
supply drugs. This systenlpreferabl} conpri ses a backing | ayer of the
barrier film which functions as a gateway to the drug system The

adhesi ve = 1M1 BHR0LB0AEE! Yoy OF Wohdr UKL S:AllpibhaghBdopa one 5

surface of the film e esive 1s adjacent to a se contro
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oxygen-inperrgﬁﬁgé%déMgh th@B% ngggﬂgcrylate. When the barrier
layer contains a copolymer of vinylidene chloride and
vinyl chloride or a copolymer of vinylidene chloride and
10 methyl methacrylate, the barrier layer may optionally
contain a copolymer of ethylene and vinyl acetate as a
processing aid in an amount of 0 to 6 % weight, more
preferably 4 to 6 %.
In one embodiment of the invention, the barrier
15 layer is coextruded with at least one heat-sealable skin
layer. To provide the desired flexibility, the heat-
sealable skin layer has a 2 % secant modulus of less
than 15,000 psi in both of the machine direction (MD)
and the transverse direction (TD). The heat-sealable
20 skin layer comprises the ethylene/o-olefin copolymer (A)
or the ethylene copolymer composition (A'), (A") or
(A"'). To assist processing of the film, the skin layer
(single layer or plural layers) may contain a copolymer

of ethylene and vinyl acetate as a processing aid in an

25 amount of 0 to 10 % by weight, more preferably 0.5 to 5



mul ti-layer barrier filmcapable of being produced by the use of the

coextrusi on retihaed /er-khe | am nati ng nmet hod. Further features of the
present invention are odor barrier properties, flexibility and | ow
noise. 25 Still further feature of the present inventionis to

150 provi de a heat-seal abl e syyl ﬁgce for use in the producti on of
bags and pouches. In one odi nrent of the invention, the

mul ti-Iayer barrier filmcan be produced by the use of standard 5
extrusion tech a | o o r sl nifold die
coext rusi on orqé’;\"g |nétigﬁkggg?ﬁe§§e SRI% %ﬁyﬁgfﬁ§6;¥>The%&%?a

(thickness) o <ﬁﬁﬂ |4 duritRg the

ext rusion. (’torﬁ% ere orlce1 gﬁ%hﬁo?gfl/gﬁ ness o] er{r?ﬁl g‘laefillltayer 10

structure can, beiggp IA(%%at gggpﬁgengigo@g% e;??dﬁ of iahdependent
an

Iayﬁrs can be separa y forne an1nated t oget her
with an appro adhesi r o A I S not
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essentially heé?sone orlen ation_in both of the machi ne direction (M)
and the transyePREODFNGRIREIWESH - (TD), but the cast filmis still

non-stret ched . .
In a preferred embodiment of the invention, the

barrier layer is coextruded between two heat-sealable
skin layers. In this case, the proportion of the skin

10 layer is 70 % by volume (thickness) of the f£ilm, and the
proportion of the barrier léyer is 30 %.by volume
(thickness) of the film. By the use of this structure,
reusable ostomy bags or pouches can be manufactured. It
is also possible that the barrier layer and the skin

15 layer (single layer or plural layers) are separately
made and then they are laminated together using a
suitable adhesive polymer, liquid adhesive or hot-melt
adhesive. The multi-layer barrier f£ilm of the invention
has a noise of less than 85 dB when it is bent at an

20 angle of 65° and 0.45 Hz, preferably a noise of less
than 83 dB when it is bent at an angle of 65° and 0.45
Hz, and most preferably exhibits a noise of less than 81
dB when it is bent at an angle of 65° and 0.45 Hz.

In another embodiment of the invention, additional

25 layers are added to the barrier layer to form a system



in the transverse direction. As the orientation i ntroduced into the

filmis smal lgen, gbhargipge general ly becomes nmuch smaller. The

mul ti-layer barrier film of the invention has a noise of |less than 85
dB when it is 25 bent at an angle of 65[err] and 0.45 Hz, preferably a
noi se - 151 of less than 83 dB
when it is bent at an angl e of 65[eiﬂp and 0.45 Hz, and nost _
preferably exhibits a noise of | ess than 81 dB when it is bent at an

angl e of 65 d r %Q&: es| ibility,
thg heat - i¥%:§§§%§$%gégﬁgéylgngl%agrggip%ggggin ngﬂhﬁhg%%ngggs d
th 15, 000 psi__i t f th Lpe_di t ' : t he
trgﬂsverse d%Fg\Fﬁgﬁg?$t§éc¥2§ggﬁggéga%€ the ﬁ#%ké%ﬁﬁ?ﬁ%?'awﬁgg i cation of
rigidity or flexihility of a__10 f|l have f.ound at s _the val ue
of “the 3 o FiEions asom Bastr, he Hea Toll S Sk TRt Boner
the resulting filmhecone nore flgxible. I desirabl e

t LS ner al |
that the 2 0SUSHAAHETELESSLVENSTUT 16 (PFeE SRRy | ae?i’eﬁioizgi 6F& and the
filmis still 15 rocessahl.e by conyentjonal] deyjce. The whole nmulti-
| ayer fil pr%H%é%ﬁéﬂP Jiea%23@8se%5ﬁtaﬁ?ﬁﬁﬁY% ot acent tonfe than 30, 000
psi. The resulting nulti-lﬁyer film . has |OM/OXé%$n perneagglity and
| ow st eam perfRLRHYS Gprtrol HrAbLpRE AUitedofoharhe oA e MLt the

flexibility and 20 |ow ,noise which are required for the ostony.
pateint's skin and for the release of the drug under

control.
In another form of this embodiment, the backing
10 layer can be provided with a reservoir containing an
active drug and having a release control membrane for
controlling diffusion of the drug into the patient's
skin and for hiding the opening of the reservoir. The
percutaneously supply system can adhere to the pateint's
15 skin with the peripheral or whole adhesive. It is
preferable that the adhesive and the membrane are
covered with a releasable liner to protect the structure
prior to use.
Accordingly, the feature of the present invention
20 is to provide an oxygen-impermeable, water-impermeable
multi-layer barrier film capable of being produced by
the use of the coextrusion method or the laminating
method. Further features of the present invention are
odor barrier properties, flexibility and low noise.

25 Still further feature of the present invention is to



The oxygen- and water-inperneable nulti-|ayer barrier filmconprises a
barrier | ayerp\yuglyggamole formed froma copolymer of vinyl chloride
(15 to 20 % by wei ght) and vinylidene chloride (80 to 85 % by wei ght)
25 or a copolynmer of vinylidene chloride (93 to 94 % by

152 wei ght) and nethyl met ha;rsﬁ ate (6 to 7 %by weight).

Exanpl es of suitable barrier materiats’ i ncl ude SARAN (registered
trademark) 469 and SARAN MA commercially avai | abl e from Dow Chemi cal

Conpany. We%ggﬁ@@l}keatisggp_éiﬁg% %ﬁi‘g%%g‘af@fi@éeii% %%d, the barrier

| ayer can contain a copo yl'ene and vi acetate as a

processi ng ené%ééhéﬁ}d%pgﬁp%gg%fgg&gas?%%gé-meight, nor e preferably 4

to 6 % by wei exanp et hyl ene/ vinyl acetate
copol ymer conposi tf on._i s o%gmﬁﬁgpggyggr commercially avai.l.abl.,e fromE. |
s . ~un
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duPont de Nerour's
(El vax: regqi skt)ere.d tr’ﬁ_g_emargl) d It Jds LPrefe abt'@%g%}t the barrier
layer is Aot rudel 6 ggfhEFOWJFﬁ {6 e A% i hI iayers 15
oot vaer Scon oSt AR Lty e oERR0RY Feelflod Litemetonty hAt o et veen
these two | ayer .The barrier filmcan he used for producing a

reusabl e ostdW?f?ﬁﬁTQHié?lﬁogéﬁ GOSKEFHPAgRt e 3 i TIRRIMPLLNE ofedbeseEal i ng

h kin | ayers conprisin he et hyl ene/ a- )
the s y two mégﬂods. gT e volu%e (thickness) of each independent

layer can be controlled_during the extrusion.
Therefore, the total thickness of the multi-layer

10 structure can be controlled. In another method, the
independent layers can be separaﬁely formed, and they
can be laminated together with an appropriate adhesive
tie layer.

The film is not extended or stretched

15 intentionally, except for the natural consequence
brought about in film production, to protect the low
noise of the film. For example, the film produced by a
blown process essentially has some orientation in both
of the machine direction (MD) and the transverse

20 direction (TD), but the cast film is still non-stretched
in the transverse direction. As the orientation
introduced into the film_is smaller, the noise generally
becomes much smaller. The multi-layer barrier film of
the invention has a noise of less than 85 dB when it is

25 ©bent at an angle of 65° and 0.45 Hz, preferably a noise



ol efin copolyner (A) or the ethylene copol yner conposition (A ), (A")

or (A""). The bogydAssqn oxygen perneability of |ess than 90
cc/nerr]/HerrJatom (1.8 cc/100in2/H errJatom. The total thickness .-
of the barrier 25 filmis 35 to 100 [err]m The barrier filmconstitutes
10 15 153 to 30 % of the total '

t hi ckness of the film The skin *ayer (and i f necessary an adhesive

| ayer) constitutes typically 70 to 90 % of the total thickness of the
film [ reiet .fi of ..t | t y 5 be
produced by ?gr%%%%i%%\gé egc ?%_&gg%silﬁgagnb%%r%E’)rlg&gt%ﬁa{fg d%%g:gi ve. For

exampi e, 1 LaaPOSpbike, (OB 4Dt BAUESLoLy ehBUPEsAbin dd n Laver

(single layef or plural’ laye e Separa forme t hen t hey

are | am nate to h sing.an _adhesi vy ol | Aquid ;adhesi ve or
10 a hot-rre??sﬁdff‘\%%rilsg f%xwg}%ﬁ g‘st,: of g’ﬁlnt aBgeB‘Ed ggi%egf ééq’uma)‘%dyrners for
tying the ba rigr | ayer to the skin | ayer I ncl ude ethylenically

unsat ur at ed 06 I§ﬁErs pr epar ed usi ng vinyl acetate, ethyl acrylate,

et hyl nmethacryl at g, . et hyl acryl i id, acrylic_acid and carbon

nmonoxi de® 15 wiTﬂo?ﬂonJr%tq%ﬁe}%F@%o%ieﬁ?&iéﬁ%r of2BI1 %28k i ononer s
of ethylene and_nethylacrylic acid or acrylic acid_and copol yners
grafted wit hS8RhJEHE I BEYRY &8s 2 3 S?GPFEbW@dPEﬁ%i‘EIf i ves or

hot - nel t adhesi ves_i ncl ude, t hose based on, urethanes, coPonesters and
20 anide/acF?P%t%SC%%%I9§%H¥H both of the machine direction (MD)

and the tfansverse direction (TD). The 2 % scant
modulus is an indication of rigidity or flexibility of a

10 film. We have found that, as the value of the 2 %
secant modulus of the heat-sealable skin layer is lower,
the resulting film become more flexible. It is
generally desirable that the 2 % secant modulus of the
film is as low as possible and the f£ilm is still

15 processable by a conventional device. The whole multi-
layer film preferably has a 2 % secant modulus of not
more than 30,000 psi. The resulting multi-layer film
has low oxygen permeability and low steam permeability
and also has odor barrier properties, flexibility and

20 1low noise which are required for the ostomy.

The oxygen- and water-impermeable multi-layer
barrier film comprises a barrier layer which can be
formed from a copolymer of vinyl chloride (15 to 20 % by
weight) and vinylidene chloride (80 to 85 % by weight)

25. or a copolymer of vinylidene chloride (93 to 94 % by



A five-layer oxygen- and water-inperneable barrier | filmconprises a

barrier |ayermade ek_-thg suitable barrier material previously

di scussed. The barrier | ayer is preferably coextruded with two outer
heat- 25 sealable skin layers, with sandw ching an adhesive | ayer

154 between the barrier |ayer fgg each of the two outer
heat - seal abl e skin |l ayers. The heat-séal abl e skin | ayers in the
five-layer enbodi nent may contain substantially |inear copol yners of

t hyl d lLefi ' ' | Lcati .
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barrier |ayer__an addjitional J]ayers to nake_a systemfor
Pr cheicd

per cut aneous3ya1lables from bow qhemical fompany-or Whepe FhgndARAY skin | ayer
of 15 thg filmfunction as backing filmwhich is a barrier to t he
drug syst®m PRFEYSZr HR¥PTT PREEFIRE heF WSRfr itdhes barrier laygResaRe | ayer
whi ch contai ns act,ive drug_i ncorporated into the matrix and adheres

to one surfal@tERifhé FPPRLYmer of meihylanaiand ydmydt agesnbal asbe

conpatible with the, 20 active drug and perneable to the active drug. A
gr eat processing aid in an amount of 0 to 6 % by weight, more

preferably 4 to 6 % by weight. An example of a suitable
ethylene/vinyl acetate copolymer composition is a
10 copolymer commercially available from E.I duPont de
Nemours & Co., Inc. under the trade name of Elvax
(Elvax: registered trademark).
It is preferable that the barrier layer is
coextruded together with two heat-sealable skin layers
15 comprising the ethylene/c-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"'), or
it is laminated between these two layers.
The barrier film can be used for producing a
reusable ostomy bag.or a pouch by folding the film and
20 heat sealing the skin layers comprising the ethylene/0-
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"'). The bag has an oxygen
permeability of less than 90 cc/m2/H-atom (1.8

cc/100in2/H-atom). The total thickness of the barrier

25 film is 35 to 100 Mm. The barrier film constitutes 10



nunber of active drugs such as estrogen, nitroglycerin, : ni cotine and
scopol am ne an 489 /agogphstrated into the patient in this manner.
Theoretically, alnbst all drugs can be administrated in this manner.
155 A rel ease control menbrane suited for the contact with
the skin of the patient and for the gglease of the drug under control
Is present on the adhesive | ayer. % addi ti onal adhesive | ayer
applicable to the periphery or 5 the whole surface of the nmenbrane may be

al'loved to bgg 39 %pr?EﬂEd{:]Qtéixtlﬁi‘&rP@ésc%@ %“%ﬁkhpp' %%éyéfcfﬂ‘ onto the

skin of the patient he "adhesive use in ment of the

| nventi on shaul.dbe asmedi g essgﬁ'gﬁa SI%C*lag%ﬁ shhbgopgeaghesive, an

acrylic acid Adivesi Ve “of acetate adhe énbodi nment ,

t he systen1|s ally,se n K r fixe

seconddb\%rl ety?ﬁcﬁ}\taﬁé %’ﬂ 9@ % tl’&ﬁ qi#efﬁs%gﬁﬁgmf ess O%a&tﬁi ?l Hor rnt i s
renpve en e ste qQrm of .t he per cut aneous
drug supply syster%‘?ﬁ ﬁ%&oﬁﬁ?’ﬁﬁ ?%r¥h%r|§ﬁ/@hﬁ%§&ﬁes JEse F‘B&d“‘%%l ow. The
barrier | er and the skij r constityting a barrier | mare

mol ded i ndo P EEAAVGRR P !L%%ﬁ?%ﬁ%g St 38, S, agoroRELBEeNI ng of
t he reserv0|r |s hldden r rel ease control _nmenbrane. The adhesive

20 appl i cabl EHESE - peFPﬁh@?‘?mB et h%tvﬂﬁ)l@%sl}rh‘]é‘cé'-héit the Parriggnpr ane

functions to fix the systemto the patejnt's
layer and the skin layer (single layer or plural layers)

are separately formed and then they are laminated
together using an adhesive polymer, a liquid adhesive or

10 a hot-melt adhesive. Examples of suitable adhesive
polymers for tying the barrier layer to the skin layer
include ethylenically unsaturated copolymers prepared
using vinyl acetate, ethyl acrylate, ethyl methacrylate,
methylacrylic acid, acrylic acid and carbon monoxide,

15 without limiting thereto. Also employable are ionomers
of ethylene and methylacrylic acid or acrylic acid and
copoiymers grafted with anhydrides. Examples of
suitable liquid adhesives or hot-melt adhesives include
those based on urethanes, copolyesters and

20 amide/acrylate copolymers.

A five-layer oxygen- and water-impermeable barrier
film comprises a barrier layer made of the suitable
barrier material previously discussed. The barrier
layer is preferably coextruded with two outer heat-

25 sealable skin layers, with sandwiching an adhesive layer



skin. The adhesive sel ected should be conpatible with the active drug
and per neabl e 11 ddygragigve drug. It is preferable to provide a

rel easable liner or the like for _ 156
hiding and protecting the adhesive and the nenbrane prior to use.

The typical, reusable ostony bag mﬁgs42n openi ng - formed fromthe

mul ti-layer barrier filmcan be proawcCed 5 by folding edges of the

mul ti-layer filmand heat - sealing the edges. It |s pr ef erabl e t hat

e e Ll P eeudedl 48 Sad-e2 odvep. Lale e JpdosalRbleqkin | aver

fornms the inner ace o eres bag or ‘pouc fie barrier

filmof the |ﬂ’é @téet%ﬁa%rl%vgﬂﬁﬁ E_I eX| %)I;nl,t%? r}?%‘% gs?l %& Se %erproof ness,

odor barrier ‘properties an ch are

d df h eval uat ed t he skllled in the art,
The barrior fIRARES EhETEnbiNE. ﬁyﬁ’élnglﬁ%milr‘%%n S o ot her

packagi ng usesﬁlﬁ’g@netll%ﬁg.ﬁd g_rl{lgég Fé}bs@‘%o Ve, erthle'-Se an%{gl jen are

required. mnated film
seal ant ¢ %odu inflation usi
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composition (A ) qéﬁ?i&l branch é 1;near ol olef;g“iéngsnghgg ;glnlsealant
of the invent9or! 4 e poly
EXACT resin and TAFMER resin. An example of a suitable
adhesive is a copolymer of ethylene and vinyl acetate,
which enhances interadhesion between the barrier layer
10 and the skin layer.

In the most simple form of another embodiment of
the invention which include the barrier layer and
additional layers to make a system for percutaneously
supplying drugs, the barrier layer and the skin layer of

15 the film function as backing film which is a barrier to
the drug system. The barrier film further comprises an
adhesive layer which contains active drug incorporated
into the matrix and adheres to one surface of the film.
The adhesive selected should be compatible with the

20 active drug and permeable to the active drug. A great
number of active drugs such as estrogen, nitroglycerin,
nicotine and scopolamine can be administrated into the
patient in this manner. Theoretically, almost all dfugs

can be administrated in this manner.



dart inpact strength of not |less than 100 kg/cm preferably not |ess

than 150 kg/ 288 spL b has a 157
conpl ete sea?nhg ténperature of not higher than 130 [err]C, pref erably
110 to 130 [err]C The lam nated fil msealant of the invention
has a bl ocki ng strength of usuibgy not nore than 1.5 kg/cmand 5 a
Young's nodul us in tension of usual not |ess than 3,500 kg/cnk.

The thickness of the lamnated filmseal ant of the invention is in the
range of 10 to 15 ¥]}p e The
lam nated filmi s% %%al ng% gggﬁgénf%{é g th Sult%é%bo%vgh%en%??%%g | am nat ed
f|In1seaIant af th entl n onto a t t he
substrat e, %ﬁd@g Fheh§a?&ﬁ ﬁ&“?%{fﬁﬁg ggﬁeaSF ?orﬁ?ng a film

| b| EX | h th f
Shetn Y apr irdo a"%erpgaaFrOfiefaﬁg%%?f'ét i i ieatgePIavEE T,

| am nated fil ealan exceII I n erat ure, heat-sealing
properties, S?bﬁ%rf ¥&T ?Qﬁﬁ&ﬁa9¥ﬁﬂ§ﬁ!£%? peﬁﬁppe5¥o8flng
ropertie 20 and o] enablll Heavy- dut acka film

ghepheavy§duﬂ§“bé@%&§$ﬁ&r§PFﬁ1ﬂSst%F\%ﬁWEF%Pe may ‘be al dved td' bd

present to fix the percutaneous supply system onto the
skin of the patient. The adhesive for use in this
embodiment of the invention should be a medical adhesive
such as a silicone adhesive, an acrylic acid adhesive or

10 a vinyl acetate adhesive. In this embodiment, the
system is generally sealed in a package or fixed to the
second barrier film, and the package or the second
barrier f£ilm is removed when the system is used.

Another form of the percutaneous drug supply system

15 according to the invention is described below. The
barrier layer and the skin layer constituting a barrier
film are molded into a reservoir for containing an
active drug. The opening of the reservoir is hidden
with a release control membrane. The adhesive

20 applicable to the periphery or the whole surface of the
membrane functions to fix the system to the pateint's
skin. The adhesive selected should be compatible with
the active drug and permeable to the active drug. It is

preferable to provide a releasable liner or the like for



nodul us, as neasured in accordance with JIS K 6781, of 25 not |less than
4,000 kg/ch i ct strength, as

158 negsg$%% |ne§%%ordance with the A nmethod of ASTM D 1709, of
not |ess than 55 kg/cm and a filmthickness of usual ly 30 to 200
[err]m The heavy-duty ngﬁgglng filmcan be produced by 5
subjecting the ethylene/[err]-ol efi opol yner (A) or the et hyl ene
copol ymer conposition (A'), (A") or (A"") to an inflation nmethod or a

T T 10 08RO i, BACKERRRLLI LBk ALAgate 10 2,111 m o

heavy- duty packa ing filmhas excellent nechanlcal strength,

t ranspar encyPand sﬁgf%i% snmoot hness, so that the filmis suitable for
packagi ng of foods,, office supplies, furpiture, toys, elgectrica

parts and nechanlggF E%?%%? Vi eiﬂﬁg§mV|BﬁchﬁtBe J%P Y for

heavy- duty packa bags in cold districts G ai n_bag

The grain bad OSP gr?%vEPﬁ|%H#§%f¥ﬁ¥ﬁ¥ GPrFFFﬁsfﬁim can bgproduced
ethylene/[err]-alefin copoly A) or. the ethyl ene copol yner

conposi tidn PX Folding g?§¥0§ theéh dulficd ayer féﬂﬁe§n6f ?%Erfllns
superposed upon _each other are seal ed. The grain bag may be produced
in any mannefeaaing thefedges. anltogdhinrgherapdenthakt thaefthe, i2and a bot'tom

is
folded and sealed so that one heat-sealable skin layer

forms the inner surface of the resulting bag or pouch.
" The barrier film of the invention provides flexibility,
10 calmness, waterproofness, odor barrier properties and
oxygen barrier properties which are desired for the
ostomy use. As is evaluated by the skilled in the art,
the barrier f£ilm of the invention can be also applied to
other packaging uses where barrier properties to water

15 and oxygen are required.

Laminated f£ilm sealant

The laminated film sealant can be produced by air-
cooling inflation using the ethylene/c-olefin copolymer
20 (A) or the ethylene copolymer composition (A'), (A") or
(A"').
The laminated film sealant of the invention has a
dart impact strength of not less than 100 kg/cm,

preferably not less than 150 kg/cm. This film has a



formed at the other end. For exanple, the grain bag may 25 be a bag
obt ai ned by ﬁgifgéFbﬁungillni n two and sealing
ot [

159 t he sides, or nmay be a bag obtained by sealing one end
of a tubular filmproduced by inflation or the like and keeping the

ot her end open. For seali the filnms on one side, it is
preferable 5 to fuse the filns to&g?%er, but any nethod is applicable

as far as the sealed filnms can contain the contents. Ext ended edge
part X rt._is e w~ 10
described a F?‘f‘%gg%?er%eﬁ%ﬂ?‘% gct%?ng)c e&hgﬁdogegggshggﬁég i %rd;i ﬁ'to w nd up
the string tg _clos h ni of,~t he grain bag of the invention.

Thi s extende@rggﬁggﬁ stﬁgycbgg¥%rﬁéd by fitting a separate film at

the end of the opgni of the - 15, shaped _filmor may he fornmed by
overl appi ng fil rrsﬁ?%ngammae%%%qﬁblsﬁa&apﬁeggr 8%‘50?‘?‘6??“6*8/? ﬁ'éa%aag so as to
ext end e film Tvina strin 20 Th ying string is
provi ded to BE8§%1?$eSEEﬁRﬁ§R;°é usqﬁﬁl?hgoﬁrQPﬁebﬁaénAft% R %at eri al
may be used for =~ the tying string, the sane nateria{ as that of the
film i sapyeyey 451 BB S KPR O2n UTHABY aROF oL 877 cEhan

3,500 kg/cm?.

The thickness of the laminated film sealant of the
invention is in the range of 10 to 150 um, preferably 10
to 60 um.

10 The laminated film is obtained by laminating the
above-mentioned.laminated film sealant of the invention
onto a substrate.

As the substrate, a thin film made of any material
capable of forming a film is employable. Examples of

15 such thin films include polymer films, sheets, fabrics,
paper, metal foils and cellophane.

The laminated film sealant is excellent in low-
tempeiature heat-sealing properties, hot tack
properties, impact resistance, anti-blocking properties

20 and openability.

Heavy-duty packaging f£ilm
The heavy-duty packaging f£ilm has a Young's
modulus, as measured in accordance with JIS K 6781, of

25 not less than 4,000 kg/cm?, a dart impact strength, as



convenient for recycling the grain bag. 25

160 St i t The string seal part is provided to

. nount the ty ? ﬂ@g ?ééséggng on the extended edge part. The string seal part
is formed by foldlng a part of the extended edge toward 5 the opening
side of the other filmso as to ineﬁ% e the tying string inside the

- folded film The tying string be only put through the fol ded and
seal ed ext ended edge portion, or nay be seal ed together with the
f ol ded extended edg art_so as . ho natter of
course, the FREFHESG Y e B e npethta B s

Gap 15 S EBE?%' ST i A Te A7EhE S GRage

openi ng si de end f|In1 It is preferab
gap because Pfig2 6g¥n a dﬁf easily opened in th
bag and the gap serves as a gln far,_.w nding u

20 cl ose the gralﬁhﬁaﬁeaﬁﬁ Ay 97 &éﬁ §aPn%Fh§r

é?gsggl &%SL%%%Bﬁ 1ng ghe eégglene/a—of§¥1&Iégggly%%QSR

ethylene copolymer composition (A'), (A") or

tring.seal part.
Par £ and t he

Ie to provide the

e use of the grain

the tying string to
Oducegémge of 5to
Ky ugntengl the

(A"') to an

inflation method or a T-die method. The heavy-duty

packaging film is laminated to a film of polyester or

polyamide to make a multi-layer film.

10 The heavy-duty packaging film has excel

lent

mechanical strength, transparency and surface

smoothness, so that the film is suitable for
of foods, office supplies, furniture, toys,
parts and mechanical parts. Moreover, this

15 used for heavy-duty packaging bags in cold d

Grain bag

packaging
electrical
film can be

istricts.

The grain bag of the invention is made of films of

the ethylene/a-olefin copolymer {(A) or the e

thylene

20 copolymer composition (A'), (A") or (A"'), and three

sides of two films superposed upon each other are

sealed. The grain bag may be produced in any manner, as

far as an opening is formed at one end, and a bottom is

formed at the other end. For example, the grain bag may

25 ©be a bag obtained by folding one film in two

and sealing



161 The grain bag of the invention conprises the essenti a

constituentsgqg I d ove, but it may further conprise the
foll owi ng ad it?%gzﬁgcgggtituents. 5 Flap The grai n bag of

the invention nmay be provided with a flap extending fromthe string
seal part to the openi ng end sig§ and having a given width so as to
cover the opening. It is prefel le to provide the flap 10 because
the flap can hold the contents present in the vicinity of the opening,
wher eby t he % rdl.y _cones out .of t en_when_th

rain h ha bag is
laid on its sht?e%Ot% S1ues. ?JﬁemWa]?T‘l %fb?grleori?eﬁaﬁ‘&%dg\éXotseﬁgérslgt ﬁ%ﬁ t he
w dt h of the gap nd is_ih the ran of 3Q.tq.150 referably 15
50t o 100 mmend of PyyBilar et b ProdSESE B histish oF ERE BA§Smmy be
provided with %*fold, ortLon hayi ng a V-shaped section, which is
formed by 20°% HSEPIG9REScRENST H hetic resin filminward. It
is preferable to provide_the fold_portion because the |, baott om of the
grai n bag becones FoFateftdRgt Reegfhims i one §igdg.odifcdd Pﬁ?gaEa € bag and
t her eby tge bag can st abl stand up. In this case, each_corner of the

bot t om of 2 250 thEeythien fﬁéﬁsi EOGREREF abPYt S &SP §SoBPPYteaRsl i ng

as far as the sealed films can contain the contents.

Extended edge part
The extended edge part is a base where the below-
10 described a tying string is attached and serves as a
margin to wind up the string to close the opening of the
grain bag of the invention.
This extended edge part may be formed by fitting a
separate film at the end of the opening of the bag-
15 shaped film or may be formed by overlapping films to
each other in the production of the bag so as to extend

one f£ilm.

Tying string

20 The tying string is provided to close the opening
of the grain bag. Although any material may be used for
the tying string, the same material as that of the film
is preferable because use of such material is more

convenient for recycling the grain bag.

25



162 so as to forman isosceles triangle whose oblique sides have

the sane | engt e-m dth of each fold portion, wher eby the wi dth
of the bottoﬁ1gég%ﬁ%§ %@%stant i ndependent of the volunme of the grain
contained in the 5 bag. Air hol es The both sides of the
grain bag are preferably pr ovi with plural air holes because the
condition of 10 the grain contai in the resulting bag can be properly
mai nt ai ned. The plural air holes nay be formed al ong at | east any one

of the openi end andlthe bottom end of the film Each of air holes
may be arran%gg&gﬁ-§ﬁ%b+?$¥¥ to forma rectangul ar shape. 15 The
air holes nmay be Erovided on any one of the two ilms or bofth of them

f
The grain bag is FBEUFFEHRY SPRYPBE 1T SFOVINESc o mount eEhe BRI and t ear

resi stance, because heavy materials are introduced into_the bag and
the bag is fEEkBALPY the expsrdpd edge part.Th@hgr §EF1BEgSERL tPREF nventi on
is produced from filnms_ obtained by subjecting the copolynmer (A or the

conposi ti on @A forpad)byr folding 1 panfy of e extgaded edgaffewa®s® net hod,
So as to inpart a strength appropriate 25 for grain bags. Therefore, the
thicknesssoftbﬁeogﬁaiﬁg side of the other film so as to involve the

tying string inside the folded film. The tying string
may be only put through the folded and sealed extended
edge portion, or may be sealed together with the folded
extended edge part so as not to freely move. As a

10 matter of course, the inside of the string seal part may
be coated with an adhesive to bond and fix the tying

string to the string seal part.

15 A gap is provided between the string seal part and
the opening side end of the other film. It is
preferabie to provide the gap because the opening can be
easily opened in the use of the grain bag and the gap
serves as a margin for winding up the tying string to

20 close the grain bag. The width of the gap is in the

range of 5 to 100 mm, preferably 10 to 30 mm.

Additional constituents of the present invention



163 bag can be made snaller than the thickness of grain bags of
conventi onal _pol,ysthyl . The filmproduced by air- cooling inflation
of the copol$n§#§?A$¥o§8§he conposition (A), (A") or (A"") and having
(i) a Young's 5 nodulus in tension of not |ess than 4,000 kg/cn? and

(i1) a dart inpact strength of not less than 55 kg/cmis sui tably
used for the grain bag. Fledher, the filmfor the grain bag
preferably having a gl oss of not |ess than 50 % and a thickness of 10

30 to 200 [err]m ) The éiln1has such excel | ent I0£Ftenperature
properties (e.g., TP6WIFEIBePa? (7 D PHP S GIRT15eS FRBperty) that it
can be satisfactorily used as the grain bag even in the cold district
havi ng bel oweSSEHL1a% CPBAPLFARRF S MENEHARARG FROVEdeOMEadE BRYfi | m t hi ckness
IS feasi bl e, and hi gh-speed nmolding of the filmis . feasible.

In the use offUr&edr SPRPBAGESoFRe hEC} IRmig Gfiditieonal cogssitngnBPovi ded at
one end of the grain bag is opened, 20 and the grain in an appropriate

anount is introduced into the bag through the opening. Then, the
ext ended edge part is wound appropriate tines toward the opening
end side ®f #H&@other film and finally both ends of the tying string

is tied to close the opening. Thus, the 25 way of use of the grain bag is
identical with th3heofgrain bag of the invention may be provided with

a flap extending from the string seal part to the
opening end side and having a given width so as to cover
the opening. It is preferable to provide the flap

10 because the flap can hold the contents present in the
vicinity of the opening, whereby the grain hardly comes
out of the bag even when the bag is laid on its side.

The width of the flap is not less than the width of

the gap, and is in the range of 30 to 150 mm, preferably

15 50 to 100 mm.

Fold portion
The bottom of the bag may be provided with a fold

portion having a V-shaped section, which is formed by
20 folding one end of the synthetic resin film inward. It

is preferable to provide the fold portion because the

bottom of the grain bag becomes flat when the grain is

introduced inside the bag and thereby the bag can stably

stand up. In this case, each corner of the bottom of

25 the grain bag is preferably subjected to oblique sealing



164 t he conventional paper grain bags, and there is no change in
wor ki ng of pgotdwegrsrosodeal ers using the conventional paper grain
bags. The grain bag of the invention uses synthetic resin 5
materials, so that the bag can be manufactured at | ower cost as
conpared with the conventi onal pape{62rain bags. The above-nenti oned
constituents can be used in any onbi nati on. 10 Process for
produci ng grai n bag The process for producing the grain bag

; t
COTPL 3, ot AR 00 SRR et g ticlorslag

wherein an exten end of one

fi1m (of | twoyliLiehe! gaftie; uonar APSid 9o JE5eLhe pnea Bg-epgh of the

other film atying strin rough ‘step erernt ying string
is put throu t he.pl ac ven a fromthe

openi ng %gﬁ%EBY Fﬁ %%?ﬁﬁ fln1along Fﬁbe%oggﬁ %?P%ggggn of the
resulting ba a fol.dipg st ext ended ed art. i s fol ded
toward the 088 Rangﬁﬂgs?g Eﬁ# Yéia %fﬁgkihe I 88 ?ﬁﬁ? ﬁ ?§$ng string
is invol ved %p t he fol ded ext ended edge part, and a sealing step

wherein t 49- ext ended edge part: thus folded is sealed in such a state
that the tying string is involved and that the gap is

Air holes

The both sides of the grain bag are preferably

provided with plural air holes because the condition of

10 the grain contained in the resulting bag can be properly
maintained. The plural air holes may be formed along at
least any one of the opening end and the bottom end of
the film. Each of air holes may be arranged in the film
to form a rectangular shape.

15 The air holes may be provided on any one of the two
films or both of them.

The grain bag is required to have excellent impact
resistance and tear resistance, because heavy materials
are introduced into the bag and the bag is frequently

20 moved.

The grain bag of the invention is produced from
films obtained by subjecting the copolymer (A) or the
composition (A'), (A") or (A"') to, for example, an
inflation method, so as to impart a strength appropriate

25 for grain bags. Therefore, the thickness of the grain



165 | eft between the extended edge part and the opening end of
t he ot her fi%gl492/ F-604 1he grain bag conprising superposed two synthetic

resin films whosSe three sides are sealed and having a 5 bottomat one end -

and an opening at the other end may be produced by sealing the three
si des of superposed two indepggg nt films or may be produced by
folding one film in two and s ng two sides. However, if a tubul ar

filmsuch as an inflation filmis used, the production 10 process can be

simplified because two sides are clqgsed romthe beginnin

The above prgégsgaﬂayefxﬂ? %ﬁm%lglrﬁﬁ ic%?na st F&%C%essfgfdgﬂ%;l%t &P Wher ei n
the bottomis _folded inside tao form a_fold.portion hayi,ng a.V-shaped
section. The°§b898ve§§l°%?§c%‘(§)]sy?w;ﬁqq | fr[%\e( %&E‘mcﬁ’ﬁﬁa\lgﬁgabgeﬁ%? ating
step wher ein glurgl ajr hq%e are fqrned ﬁl?ng bo#h si des of t he
ends of -the FPPARRITRBILIABLRR b saplamen (&) Xt GPfher have a second
perforating step wherein plural air holes are forned along at |east
any one of tﬁ'@m92§ltbﬁ€nﬁ‘gb) entPan®h hd bt toN 8ATLE (he 3tFRYMSiSe film
Fluid materi al packaaing pouch The fluid nateria% packagi ng pouch
i s usef uldf omoduluspiBkEERAECR | F Ftatlassalthape 49 000 kgdrm® stch as m | k)

25 for consuners, and is produced froma specific film )
(ii) a dart impact strength of not less than 55 kg/cm is

suitably used for the grain bag.

Further, the film for the grain bag preferably

having a gloss of hot less than 50 % and a thickness of
10 30 to 200 um.

The £ilm has such excellent low-temperature
properties (e.g., low-temperature drop-bag strength
property) that it can be satisfactorily used as the
grain bag even in the cold district having below-zero

15 temperatures. Therefore, decrease of film thickness is
feasible, and high-speed molding of the film is
feasible.

In the use of the grain bag of the invention, the
opening provided at one end of the grain bag is opened,

20 and the grain in an appropriate amount is introduced
into the bag thréugh the opening. Then, the extended
edge part is wound appropriate times toward the opening
end side of the other film, and finally both ends of the
tying string is tied to close the opening. Thus, the

25 way of use of the grain bag is identical with that of



166 structure conprising the ethylene/[err]-olefin copolynmer (A

or the ethyl enggo0patyges conposition (A), (A") or (A"").

The poueh of the invention for packaging fluid 5 materials is produced
by the use of a single-layer film structure (polyner sealing | ayer)
conprising the ethylene/[err]- f%% i n copolyner (A) or the ethyl ene
copol yner conposition (A), (A") or The
ethylene/[err]-olefin copolymer (A) or the et hylene 10 copol yner

compos: 1100 (fle) eohitiehrPbnhf pdpds HEIGI Alddk, and #8RASEA0KY Tor form ng

the filmor a sealing lay ? tructure. However, it is

possi bl e 1o Rhede in wwﬁl shhak egf&glggés Aelddticonoluses (AL of the

et hyl ene conp ot her 15
pol ymer s enplo abI r at-seal.ing |l ayer. The et hyl ene/ a-ol efin
copol ymer (A) %108 % Peﬁeg éréugo]%a y'rrer conposi ti on (A' ), (A") or
(A"") is general Ilyf aysed, ognt}zlirmimt n 10 tsoesloo ¥lc h;mbased on
t he filmstr @t P&atio g Fo-the Cﬂ/r%a f Y Fm ng Re pouch of

t he nventi on, add|t| 0 t he .t echnol ogi sts .of _t art,
such as a%t | SRRFALs ph5§p ?tés %nri’%% SHiRS \f‘@nuf%%tu§93n885 SBe’ﬁEPQ
(trade nanme, avail able from_San tJ - Dbl ockln gent g-agent,

WV st abi | i zer<°55 &?eﬁf’mp%edawaglb %J%%S%?%‘@erh Ipnad, RAPET Haaun

The above-mentioned constituents can be used in any

combination.
10 Process for producing grain bag

The process for producing the grain bag comprises
the following steps: an extended edge part forming step
wherein an extended edge part is formed.by extending an
end of one film (of two films) to the upper position of

15 the opening end of the other film, a tying string put
through step wherein the tying string is put through at
the place having a given space (gap) froﬁ the opening
end of the other film along the width direction of the
resulting bag, a folding step wherein the extended edge

20 part is folded toward the opening end side of the other
film so that the tying string is involved in the folded
extended edge part, and a sealing step wherein the
extended edge part thus folded is sealed in such a state

that the tying string is involved and that the gap is



167 The filmand the filmstructure disclosed in the

pr esent specﬁ-i'zfga%{igy]_g@y be a single-layer structure or a nulti-Ilayer
structure, wth the proviso that the ethylene/[err]-ol efin copol ymer
(A) or the ethylene 5 copolyner conposition (A"), (A") or (A"') is used
for at | east one | ayer, prefer y a sealing layer. The t hi ckness
of the sealing |ayer may be at | eadt®About 0. 1 ml (2.5 [err]),
preferably 0.2 m!| (5 [err]) to 10 m| (254 [err]), nore preferably

0.4 ml| (10 [err] 0 ] (127 (L) 1 The fil.-mstructure for
t he pouch of i#‘u% ]%en%/‘"éen%f E)Erlfl © X% gigdaLégrepPlggF n%ﬁl% %%eoééarlr\lgﬂgs o &

heat - seal i ng t erat.ure. The heat-sealing tenperature of the film
structure caﬁfb%h?ﬁﬁgﬁgrﬁ; 6@ of usually 50 [err]C to 160 [err] C,
preferably 75 [erf,]C to .13 a%err C._.lLt _has been fo(gnd t hat 1§:. t he sealing
| ayer of the inve § A e r%é&PpnﬁuPerpos? n‘b"é‘? atit eraf‘r?ge wi der
than that of_the cpnventi,onal pal yethyl ene fil ns, which are prepared
from ununi f of if{2 éqimstﬂ@ﬂﬁﬁuﬁ??ﬁ@hfﬁgﬁ Bﬁgyﬁﬁ?ée D HAHHGSt the sane
density. dn order to inprove flexibility.,in the 20 heating-sealing
process Por BPBEHRI Ry &P?)cﬁitdn @ty REeRing af; Fhe s Lﬁ’é? may ke

i nportant to wi den the heat.-, seal ing tenperature range of the film
structure. TRECAuced g RA3MMg (tRe Shrese SA8REoSEt FwPeReSed (W9 or (A"')
used for producing the fi|mstructure having the above-. 25 nentioned
heat - seal i nglReAReReRRl ef Filify O MpvhdPepgoduced by folding one film

in two and sealing two sides. However, if a tubular
£film such as an inflation film is used, the production
10 process can be simplified because two sides are closed
from the beginning.
The above process may further comprise a bottom
folding step wherein the bottom is folded inside to form
a fold portion having a V-shaped section. The above
15 process may still further comprise a perforating step
wherein plural air holes are formed along both sides of
the ends of the films. The above process may still
further have a second perforating step wherein plural
air holes are formed along at least any one of the

20 opening end and the bottom end of the other side film.

Fluid material packaging pouch

The fluid material packaging pouch is useful for
packaging fluid materials (e.g., liquid such as milk)

2S5 for consumers, and is produced from a specific film



168 melting point of usually 50 [err]C to 130 [err]C, preferably 55
[err]C to 11p_ igé%}%? 604 The filmstructure for the pouch of the

i nvention ts, as unexpected characteristics, heat-sealing 5
strength at Iom1tenperatures. The filmstructure of the i nvention
attains a hot tack strength, as nequéed by a DTC hot tack strength
net hod, of at |east about 1 Nin (39.4 Nm wthin about 0.3 second at
a sealing bar tenperature of about 110 [err]C, or attains a heat
sealing 10 strength, as neasured by a DTC heat-sealing stren th

net hod, of a?tFB‘ég’tlrElc‘B‘W‘F Fsing 5-he rﬂthmh%er{%%e&%ﬁapo Yme%t (B) seal i ng
bar tenperature of about 110 [err]C ~The film structure of the

i nvention al so tkhi bthylendiotopclchnegr composhiédbnsdal ) ng (At ares ng
tenperature of |ower than about 15 110 [err]C with a strength of at | east
about 1 Nin(A39)4 Nm. It has been found that a seal prepared using
t he sealing layer of the invention exhibits higher heat seal i ng
strength at | ower Thenpeuah us£stias irorgariet \fotth packagingeflujd epared usi ng
t he conventi onal _pol yethyl ene 20 having higher density. In order to

produce |Rakageetiads is ppodicded By teehdld af a edngha-pagkadfilgn machi ne
such as a vertical formfill-sealing machine at a high speed, it

I s inportant skt@uchipaet (Polyfdr asd riseplliai@rgt cengirtisahg the | ow
t enper at ur es. .
ethylene/a-olefin copolymer (A) or the ethylene

copolymer composition (A'), (A") or (A"').
The ethylene/a-olefin copolymer (A) or the ethylene

10 copolymer composition (A'), (A") or (A"') is generally
used singly for forming the film or a sealing layer of
the film structure. However, it is possible to blend
the ethylene/a-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') with other

15 polymers employable for the heat-sealing layer. The
ethylene/a-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') is generally
used in an amount of 10 to 100 % by weight based on the
film structure.

20 To the polymer for forming the pouch of the
invention, additives known by the technologists of this
art, such as antioxidant, phosphites, cling additive,
Standostab PEPQ (trade name, available from Sandoz),
anti-blocking gent, slip agent, UV stabilizer, pigment

25 and processing aid, can be added.



169 When the et hyl ene/a-ol efin copolynmer (A) or the

et hyl ene congyggﬁ gppesition (A), (A") or (A"") is used for the
sealing layer 0o tﬁe frlmstructure of the pouch according to
invention, it is thought that (1) a 5 pouch can be produced by a
formfill-sealing nmachi ne at a.é%gh speed, and (2) a pouch package
al nost free from | eakage is obk ned, unlike the pouches obtained by
t he use of linear |owdensity polyethylene, linear ultra

v denet L pol YRl £05 Aol Sl SuRIGR e kepddoapth LY ere of 2

conbi nation there 0 e inven a pouch

Senine Bl CUELeRY hoat el ing Y 4 LTS LUSLEPELADE op

structure has:
15 (I') at_.least one |ayer conpr.sing ethylene/[err]-olefin
copol ymer (A} BRLEERYFERE %Eﬁﬁ#%ﬁﬁﬁ' :ﬁﬁﬁ 8E%FA??,LﬁaE EBY or (A"") in
an anount of o 1 % by. wei ght,. _and I | east one | ayer
conpri si ng aF%gggEPe2§é°&e¥lnp% %E?m§%|99téﬂfﬁ%ﬁhﬁ%ﬁ@lﬁﬁéup consi sting of
an 20 wupuniformy branched, |inear ethylene/C3-C18 [err]-olefin
copol ynerd  hiCGROpYBSEUFEIPESE BEOR i (A Jpol PehpFerdd " ahdignused for at

et hyl ene/ vinyl acetate_copol yner, in an anount of O to 90 % by wei ght.
The ununi f or HORSEr REhSBYEF neRFe ke Tallohe? ERadiag] dAVEr- 2Bheolef i n
copol ynmer of Ilkngenerall is linear |owdensity

thickness of the sealing layer may be at least about 0.1

mil (2.5 p), preferably 0.2 mil (5 pn) to 10 mil (254 W),
more preferably 0.4 mil (10 B) to 5 mil (127 W).

10 The f£ilm structure for the pouch of the invention
has a surprisingly wide range of heat-sealing
temperature. The heat-sealing temperature of.the film
structure can be in the range of usually 50 °C to 160
°c, preferably 75 °C to 130 °C. It has been found that

15 the sealing layer of the invention have a heat sealing
temperature range wider than that of the conventional
polyethylene films, which are prepared from ununiformly
branched ethylene polymers and have almost the same
density. In order to improve flexibility in the

20 heating-sealing process for producing a pouch from the
film structure, it is important to widen the heat-
sealing temperature range of the film structure. The
copolymer (A) or the composition (A'), (A") or (A"')
used for producing the film structure having the above-

25 mentioned heat-sealing temperature range can have a



170 pol yet hyl ene (e.g., polyethylene prepared by the use of a
Zi egl er cat arys492/SEhasda near | owdensity - polyethylene is often
classified as a subset, and the subset is represented by very

| ow-density polyethylene 5 (VLDPE) or ultra | owdensity polyethyl ene
(ULDPE) . The terns VLDPE and E used herein are exchangeabl e, and
the technol ogists of this art gene} y use themin this way. The

| i near Iomfdensity pol yet hyl ene of (I1) has a density of usually 0.87
g/lcnferr] t &SR T F yo Y ogt/ CRL-8E&Fabh Dy 05915
g/cnerr]. ‘?’rﬂe unum form ﬁf’brugﬁllglggagb c 1&? %e:ig)r gt hg%gne/ CSP{:
[err]-olefin<qpolires-of (11) preferably has a nelt index of 0.1 to
10 g/ 10 mn. The hi gh-pressure | owdensity pol yethylene of (I1)

preferably has a gensiy ﬂncgtr%c%%et %O% 9ReILENERT 6 A Al t 1 ndex of

0.1to 10 ¢g/10 mn. I"'enef vi nyl acetate cop&lyner of (I1)

24 1, and oxRRBPACE 1 (EISNTRY AR SUBEIALiEE Hafisaeating 1 10 ||

anot her qbog g r@gtgfaéhl o gér%t%ugnepowfﬁﬁygem(i\sr@cﬁaﬁueceodff yun a bl end

conpri si eas copo of ~ conposi n (A)

n mni h h / d
&Q% fﬁﬂéf ot RN LR 2 ﬁa.er# 5 Gog Tk re=o38ten & mremed e e
y wei ght,

aB%C hot tack strength method, of at least about 1 N/in
(39.4 N/m) within about 0.3 second at a sealing bar
temperature of about 110 °C, or attains a heat sealing
10 strength, as measured by a DTC heat-sealing strength
method, of at least 11 bf/in (175 N/m) within 0.4 second
at a sealing bar temperature of about 110 °C. The film
structure of the invention also exhibits a hot tack or
heat-sealing starting temperature of lower than about
15 110 °Cc with a strength of at least about 1 N/in (39.4
N/m). It has been found that a seal prepared using the
sealing layer of the invention exhibits higher heat
sealing strength at lower temperatures as compared with
a seal prepared using the conventional polyethylene
20 having higher density. 1In order to produce leakage-free
pouches by operating a common packaging machine such as
a vertical form-fill-sealing machine at a high speed, it
is important to impart a high heat-sealing strength at

low temperatures.



171 (b) at |east one polyner selected fromthe group
consi sting of_ fag%pggug@gn1y branched |i near et hyl ene/ C3- C18
[err]-ol efin copo

et hyl ene/ vinyl acetate (EVA) 5 copolyner, in an amount of 0 to 90 % by

wei ght . The ununiformy b ched linear ethylene/C3-Cl8 [err]-
ol efin copolyner of (b) generally i I near | owdensity pol yet hyl ene
(e.g., polyethylene prepared by the use of a Ziegler catalyst). The

| i near | ow densit 10 pol yethyl ene includes very | ow density polyethyl ene
(VLDPE) or ultra %Pd%h%l$5h¥kﬁ%ﬁﬁqnﬂkﬁién(GEBPEymeﬁs(A) or ¥eRcri bed
above. The linear | owdensity polyethyl ene of (b) has a density of
usual |y 0. 87eghghfeer¢opol ey apmpdsditidlon (A'), gA&) eorbld" D) 8ilsg/cnB to
0.915 g/cnB. The ununiformy 15 branched |inear ethyl ene/ C3-Cl8

[err]-ol efinusefofymethefsealing (lgyeur efferchlel filassaruettre noextiod 0.1 to
10 g/ 10 m n. The hi gh-pressure | ow density pol yet hyl ene of (b)
preferably hgsuahdassotding th Ghtrdrridrd3 ig/ deBtandght thatnel)t andex of
0.1 to 10 g/10 mn. 20 The et hyl ene/vinyl acetate copol yner of (b)

preferably hgpsuah ehhybensroduvydd asetatforaeifghtl -sakilongfmachin@. a1 to
24:1, and exhibits a nelt index of 0.2 to 10 g/ 10 mn. The

filmstructugenefnt 8geaCINAT (3 &y IgRIM RRkade alhbstudesecatyathti -1 ayer
structure or a conposite film
leakage is obtained, unlike the pouches obtained by the
use of linear low-density polyethylene, linear ultra
low-density polyethylene, high-pressure low-density
10 polyethylene or a combination thereof.

In one embodiment of the invention, a pouch is
produced by heat sealing a tubular film structure in the
machine direction to form a closed end.

The film structure has:

15 (I) at least one layer comprising ethylene/o-olefin
copolymer (A) or ethylene copolymer composition (A'),
(A") or (A"') in an amount of 10 to 100 % by weight, and
(IT) at least one layer comprising at least one
polymer selected from the group consisting of an
20 ununiformly branched linear ethylene/C3-C18 a-olefin
copolymer, high-pressure low-density polyethylene and an
ethylene/vinyl acetate copolymer, in an amount of 0 to
90 % by weight.

The ununiformly branched linear ethylene/C3-Cl1l8 o-

25 olefin copolymer of (II) generally is linear low-density

yner, high-pressure | ow density pol yethyl ene and an .



172 structure, and in this case, the polyner sealing |ayer of

the structurg-ngopyefesaly set as an inside |ayer of t he pouch.

As will be understood by the technol ogists of this S art, the multi-layer
filmstructure for the pouch of the invention may includes various

conbi nations of film | ayers, f ar as the sealing layer constitutes a..
part of the final filmstructu Z The nmulti-layer film structure

for the pouch of the invention may be a 10 coextrusion film a coated

i mor a 1aggeeiylLh) (o g, Th01/ddipinkiaihif e eobydeRet o 5521 19

| ayer in conbi hation w

pol yester, nﬁ]%@eg@EPVE§9§i¥é%%J S&%ﬂqgné§¥3 d%n%§n515¥r(EVCH) or

pol yvi nyl i dene di chl ori de ar an ade nane, avail able

from The DO“’GH?EEﬁ?heﬁQ”?@”ﬂéte cl fi %%l %ﬁhggt éﬁ& g&lectlon of

ot her naterlals used I n conbination Séa filmis

Per oi n means oo P Sadt EOErPEfedaR useléfhelo%"%*r‘méﬁy. Rgmﬁtﬁ%"“ ueed
has & sedl | ng B SRRl B AR ARt el fne  (WEBREL opoter (M) or
25" one’ pol y FEFTBuPE ﬁéy?”rié TR e Bt v pethapaeatil, ata | O
the technologists of this art generally use them in this
way. The linear low-density polyethylene of (II) has a
density of usually 0.87 g/cm3 to 0.94 g/cm3, preferably
10 0.87 g/ecm3 to 0.915 g/cm3. The ununiformly branched
linear ethylene/C3-Cl8 a-olefin copolymer of (II)
preferably has a melt index of 0.1 to 10 g/10 min.
The high-pressure low-density polyethylene of (II)
preferably has a density of 0.916 to 0.93 g/cm3 and a
15 melt index of 0.1 to 10 g/10 min.
The ethylene/vinyl acetate copolymer of (II)
preferably has an ethylene:vinyl acetate weight ratio of
2.2:1 to 24:1, and exhibits a melt index of 0.2 to 10
g/10 min.
20 In another embédiment of the invention, a pouch is
produced from a blend comprising:
(a) at least one copolymer (A) or composition (A"),
(A") or (A"') having a density of not more than 0.915
g/cm?® and a melt index of not more than 10.0 g/10 min,

25 in an amount of 10 to 100 % by weight, and



173 . preferably a polyethylene filmlayer, nore preferably a

| ayer of unumiiggmtgrlgaminched |inear pol yet hyl ene that Is referred as
o "linear | owdensity polyethyl ene" (LLDPE), “"l'inear ultra

| ow-density polyethylene” (ULDPE) 5 and/or "very |owdensity polyethylene”
(VLDPE) herein. An exanpl e of bff commercially available LLDPE is
DONLEX (trade nanme) 2045 that is available from The Dow Chem ca
Conmpany. An exanple of the conmercially avai |l abl e ULDPE is ATTANE

(trade name) 4201l(phait ireasto @@E@%%rf seMtdbed Devorhaid Godgppany .
The LLDPE (|nclud|ng bot h of VLDPE and ULDPE) useful herein is

ununi formy g@f@@&é ¥ %mlx@s%a? braneasaaifﬁeéfom ethylene and a
(0} 0}

smal | anmount an a- of 3 18 carbon atons, preferably an

[err]- 0|ef'”e@ﬁyﬂeﬁéVCﬂitﬂé)dlﬁﬂéﬁlnak%@ElQQeg,,higﬁuﬁ§@§5ure low-

4- et hyl - 1- pentene, 1- hexene, 1-octene and 1-decene). The ununiformy

branched LL y cat al yst

(by a et hoc 5@%%%?@%%?%1%%2%%%# RIUEE PInd ared IR G0t

(Anderso LP f [ e S| yer has a density
FS? %%TeFe f%aﬁmggg; EEHB% p%gfér Q%j@?to 0. 93

g{) Cgﬁg / igdmfin”el tTﬁé'dt%ﬂfdﬁHS‘} 'afa%c%eholmegklgtﬁwene/ca -Prefgrably 0.5

olefin copolymer of (b) generally is linear low-density
polyethylene (e.g., polyethylene prepared by the use of
a Ziegler catalyst). The linear low-density
10 polyethylene includes very low-density polyethylene
(VLDPE) or ultra low-density polyethjlene (ULDPE), as
described above. The linear low-density polyethylene of
(b) has a density of usually 0.87 g/cm3 to 0.94 g/cm3,
"preferably 0.87 g/cm® to 0.915 g/cm®. The ununiformly
15 branched linear ethylene/C3-C18 a-olefin copolymer of
(b) preferably has a melt index of 0.1 to 10 g/10 min.
The high-pressure low-density polyethylene of (b)
preferably has a density of 0.916 to 0.93 g/cm3 and a
melt index of 0.1 to 10 g/10 min. |
20 The ethylene/vinyl acetate copolymer of (b)
preferably has an ethylene:vinyl acetate weight ratio of
2.2:1 to 24:1, and exhibits a melt index of 0.2 to 10
g/10 min.
The film structure of the pouch of the invention |

25 includes a multi-layer structure or a composite film



174 The outside | ayer may have any thickness as far as t he

seal i ng | ayeg_hago pgphggkness of at least 0.1 ml (2.5 [err]).

Anot her enbodi ment of the filmstructure for the 5 pouch of the invention
i ncl udes a pol ynmer |ayer i nt er posed between two pol yner sealing

| ayers. A further enbodi of the filmstructure for the

pouch of the invention includes a ner core | ayer bet ween at | east

one pol ynmer outside Iayer and at | east one pol yner sealing |ayer.

Al t hough th'§t98£¥u L, céﬂ%*ln thlé“@és%e % %§}§ﬁ¥frségliﬁ§a LLDPE as

that of the out si ayer, 1t 1Is y a ayer I'f T erent

L5 % e A S, .

that of the outSsi ave any thickrness as
far as the sgﬁl | ngLAI ayer has a t hi ckness of at least 0.1 m!l (2.5
[err]). t||| further enbodi ment of the filmstructure for

| ayel and a fi1m PayE-biow HPEHRoS % gg VEeROPehESFTE ITE SR orred (o

e OSSR e s S PR e (L b e T

and a nelt index of 0.1 to, 10 10 mn The L have any

t hi ckness aslPXFnE%O?HEa%e’aﬂ‘? Sy & ES Eomgpnaf'ﬁ ﬁn%’:ssfdmat | east 0.1

ml (2.5 [errL;erS’ as far as the sealing layer constitutes a part
of the final film structure. The multi-layer £ilm
structure for the pouch of the invention may be a

10 coextrusion film, a coated film or a laminated film.
The film structure includes the sealing layer in
combination with a barrier film, e.g., a film of
polyester, nylon, ethylene/vinyl alcohol copolymer
(EVOH) or polyvinylidene dichloride (PVDC) such as Saran

15 (trade name, available from The Dow Chemical Company)
and a metal coated film. Selection of other materials
used in combination with the sealing-layer film is
greatly influenced by the final use of the pouch. The
pouch used herein means at least sealing layer used as

20 an inside layer.

One embodiment of the film structure for the pouch
of the invention has a sealing 1ayer made of the
-ethylene/0-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') and at least

25 one polymer outside layer. The polymer outside layer is



175 | A still further enbodiment of the film structure f or

t he pouch ofpifgyd ;eendoson may be a structure i ncl uding a sealing

| ayer and an EVA copol yner | ayer havi ng an et hyl ene: vinyl acetate
weight ratio of 2.2:1 5 to 24:1 and a nelt index of 0.2 to 20 g/ 10 mn.
The EVA | ayer may have any thi ygess as far as the sealing |ayer

has a thickness of at least 0.1 nlﬂ 5 err]). The thi ckness of
the filmstructure for use in the production of the pouch of the
invention i [ (254
[err]), pr e?‘%rlé%%ﬁ%f' %g%°1§gth?gggﬁ ferr]§ ex7 n%ﬁ[é %pftf%e%glﬂ}))

Desi gni ng of, t he f| m St r. or_t pouch_ of in ion is

fl exible. Jr e purupéléﬂel o *8p ﬂedzﬁl%e?]ﬂepd% 1}3}1 Y_‘%g%roperty

h dit 15 . LLDPE ff t.h o VLDPE d
ooee” " O R PR oo 5 8%%%.” vl ERS TS cﬁ?lﬁié%éfﬁee?ﬁ Se
BRI AR o o AN Rl Egidégﬁh%ﬁ.eﬁ%{'c §iener (uppB ™! &

pol yet hyl.ene filmstructure for yse in_the production of .the pouch of
the i nverti AP St5ived Wy en51t¥n9°5¥e’éh¥5:|'?ﬂ\?l {}G@P@?t M§LEIR pr ocess and
a cast extrusi gn process which are_well known in this technical

field. The PR && the Gﬁmﬂﬁ6€é§§l¥sa\ﬂ%’s7c?}?]o°e&'mf§3 iish DOWGEXex anpl e,

"Modern Plastics” Md-Cctober, 1989,
(trade name) 2045 that is available from The Dow

Chemical Company. An example of the commercially
available ULDPE is ATTANE (trade name) 4201 that is
10 available from The Dow Chemical Company.
The LLDPE (including both of VLDPE and ULDPE)

useful herein is ununiformly branched linear copolymers

prepared from ethylene and a small amount of an O-olefin
of 3 to 18 carbon atoms, preferably an oO-olefin of 4 to

15 10 carbon atoms (e.g., l-butene, 4-methyl-l-pentene, 1—.
hexene, l-octene and l-decene). The ununiformly
branched LLDPE is generélly prepareé«by the use of a
Ziegler catalyst (by a méthod described in, for example,
U.S. Patent No. 4,076,698 (Anderson et al.).

20 The LLPDE for the outside layer has a density of =
usually not less than 0.87 g/cm3, preferably 0.9 to 0.93
g/cm3, and a melt index of usually 0.1 to 10 g/10 min,

preferably 0.5 to 2 g/10 min.



176 Encycl opedi a | ssue, Vol. 66, Number 11, pp. 264-266. The
cast extrusipm pspessssdss described in, for exanple, “Modern Pl astics”
M d- Cct ober, 1989, Encycl opedi a | ssue, Vol . 66, Nunber 11, pp.
256-257. 5 The pouch of the invention is a sealed container to

be filled with "fluid naterial".'Tﬁ§%grn1"fluid material " nmeans a

mat eri al capable of flow ng by gravit or capabl e of bei ng punped, but
t he neani ng t hereof does not include a gaseous naterial. Exanples of

the fluid 10 mapel i&lésiidéc'1%§&%‘§§5@8”%3§%1@f&&&@59§%s $46h 38

mlk, water, fruit juice and onat beverages, such as soda,

beer and walefe SIM SLONSyWIAAS b8 ciness ChEAR MAANG SOLL g gar i ne,

pastes, such as and peanu preserves, such as jam
pi e stuffing(zlg @nd mar mal ade; jelly; dough; mnced neats, such as neat
for sausages;”p WﬁeTs, such as gel ati-n powder and detergent; granul ar

solids, such as nuts,. sugar d grai n.,and_anal ogous. materials. The
pouch of the K?%Vé?ﬁ iq%rf?o:ag'“ﬁ&tt P&Fﬁﬁ ;lglgec‘f ucf%‘%%af(ﬂ{adi g |iquids

20 (e, mlk). _The fluid materials _also in¢clude oil | i qui ds such
as cooki%% oP?uE%dO%tghﬁ giyention 1nCHUdﬁFt§rp? ?¥I£%¥%#ucture for the
pouch of the, inveg$ion is forned, the filmstructure is cut so as to

have a wi dt hiBESTPRILY RETRETLISVO ROLYRSIMBR2 HEBE haYRFS pr oduci ng machi ne.

Then, the pouch of the invention is ,
A further embodiment of the film structure for the

pouch of the invention includes a polymer core layer
between at least one polymer outside layer and at least

10 one polymér sealing layer. Although this polymer layer
may be a film layer of the same'LLDPE as that of the
outside layer, it is preferably a layer of different
LLDPE, more preferably a layer of LLDPE having a higher
density than that of the outside layer. The core layer

15 may have any thickness as far as the sealing layer has a
thickness of at least 0.1 mil (2.5 u).

A still further embodiment oflﬁhe film structure
for the pouch of the invention may be a structure
including a sealing 1ayer and a film layer of different

20 polyethylene which is referred to as "high-pressure low-
density polyvethylene" (LDPE) hereinafter. The LDPE
layer generally has a density of 0.916 to 0.930 g/cm3
and a melt index of 0.1 to 10 g/10 min. The LDPE layer
may have any thickness as far as the sealing layer has a

25 thickness of at least 0.1 mil (2.5 p).



177 produced using a "formfill-sealing machi ne" well known in

this technichliééyéb_ enbodi nent of the pouch of the invention is a
pouch fornmed froma tubul ar nmenber and having a lap seal in the
machine direction and a 5 seal in the cross direction so as to produce a
pouch in a "pillow shape" aftgﬂ fluid material is filled.

Anot her enbodi nent of the pouch of invention is a pouch which is
formed froma tubular nmenber, which has fin seals along three sides of

the tubular membeg, i. gy e 00, f QRr36aLoRRd s 5 SPRLS dilddhigumehi ne

Q
direction, and as a bottom merrber - a su al'lTy concave
shape or "ba e" s al%g i th_the, tubul ar that the

0

I nb :
bott om beco 8r2 KUt 4 e.épgﬁgﬁésgdmay 2 ﬁgéﬁggﬁénV%rtical section

of the pouch,filled with a_15 _fluid teri IS seen. hi s pouch is an
PEnvi T o Pk 1htLuEEadiet ReRAdRY 1 Airs PBc R R GoRp ftier Taved *UTH TS B0,

produced in accordance wi th the invention 1S preferably pouch

produced by gaVé’F‘i’i %le%%qﬁ inyl acefaLe; WELERE R HELQ \ﬂi’%:§ 'arﬁfféhi ne).
Exanplesfﬁg the 20 comrercially avail abl e VFES machi nes inc¢lude VFFS
machi nes dantiPatt it RPB2 RIS dRidsH Bfefad. Eene0\ELY min. \gdhg F2 are

described in_F.C. Lewis "FormFil]l-Seal", Packagi ng Encycl opedi a, p.
180, 1980. laver may hayeanyrihicknessi a§ fatndd, the strating laver 25

plastic filmstructure described herein is fed to a VFFS
has a thickness of at least 0.1 mil (2.5 u).

The thickness of the film structure for use in the
production of the pouch of the'invention'is in the range

10 of 0.5 mil (12.7 M) to 10 mil (254 w), preferably 1 mil
(25.4 M) to 5 mil (127 u).

Designing of the film structure for the pouch of
the invention is_flexible. For the purpose of
optimizing the specific film property such as rigidity,

15 ©L1ILDPE different from each other (e.g., VLDPE and ULDPE)
can be used for the outside layer and the core layer.
Thus, the film can be made optimum for the specific use,
for exambleL use in a vertical form-fill-sealing
machine.

20 The polyethylene film structure for use in the
production of the pouch of the invention is prepared by
any of a blown tube extrusion process and a cast
extrusion process which are well known in this technical
field. The blown tube extrusion process is described

25 in, for example, "Modern Plastics" Mid-October, 1989,



178 nmachi ne, and'the sheet is formed into a continuous tube in a

t ube-f orm ngpsegdd 9Yod he machine. In detail, t he | ongi tudi nal edges
of the filmare sealed, that is, the plastic filmis folded and

subj ected to 5 inside/outside sealing, or the plastic filmis subjected
to inside/outside sealing to perfonyéirlsealing, wher eby the tubul ar
menber i s produced. Then, the tube 1 Is transversely sealed at a

position of one end thereof by a sealing bar so as to forma bottom of
the resultin 1 ch.._Jher tep .t chyi il 1 th a filling
mat eri al suc %@ﬁ#ﬁ#%?aﬁﬁ%ﬁfl’hgééﬁpég’engmggytg%'3%%béé%j2@QE;sealed by a
sealing bar,_and the plasti.c filmis wher eby

) b d of f t off
the fini shedTRBUEHFT SXtrusion process, is dBRtrbed in, for! exgmple ™" ©
duci 1 i FFS hj i d i b i U. S.
ot s o, ieBeE IEFadtl Ak MG NERRRTRC " B8 0) el ST oReiia To5i2i e pouch

of the invention can be changed. The_pouch can contain a fluid
material in %Al 65'eyﬁﬂhﬁr(ﬂ1'u§ﬁhlP§652§7rliliters to 10 liters,
preferably 20 10 mlliliters to 8 liters, nore preferably 1 liter to 5
liters. o - ThePPich 1f fbg iRyenkyer 6F fneclted|EAEeE] 561 ef i n

copol ynmer (A) or the_ethyl ene copol yner conposition (A), (A") or
(A") in twoPrafélled whiee'd mazsrigdaxt r GTREoHEFP | Thatd cl es nakes it

possi bl e to produce . ) )
material" means a material capable of flowing by gravity

or capable of being pumped, but the meaning thereof does
not include a gaseous material. Examples of the fluid
10 materials include non-carbonated beverages, such as
milk, water, fruit juice and wine; carbonated beverages,
such as soda, beer and water; emulsions, such as ice
cream mix and soft margarine; pastes, such as meat paste
and peanut butter; preserves, such as jam, pie stuffing
15 and mérmalade; jelly; dough; minced meats, such as meat
for sausages; powders, such as gelatin powder and
detergent; granular solids, such as‘huts, sugar and
grain; and analogous materials. -The pouch of the
invention is particularly useful for packaging liquids
20 (e.g., milk). The fluid materials also include oily
liquids such as cooking 0il and motor oil.
After the film structure for the pouch of the
invention is formed, the film structure is cut so as to
have a width desired for the use in a common pouch

25 producing machine. Then, the pouch of the invention is |



179 pouches by the VFFS nachine at a hi gher speed and to obtain
filmstructugessgapapleopf formng pouches free from | eakage.

It is possible to make printing on the pouch of the 5 invention using
techni que known in the art, and prior to printing, the pouch can be
subj ected to a corona treatneq# When t he pouch of the

I nvention is subjected to a %@t (1.52 m drop test (defined in the
present 10 specification), it has excellent results. The per cent

failure of {Ro RANER 9514DG, | a1 BRaTRAR RSO o werd eet (1.52
e LEas haey! 7

m drop test, IS prefera not nore nore pre |y not
more than Zotné" thig tQé}Rﬁidé‘iaf{'éid‘Ot A@re%agﬂeﬁg J% e 2ouch Jge pouch
of the invenfi'on i's noré a ageousl used for pac glng of |iquids
for consumer e. dwth h the d contai ners
such as glasz-’h{e 1gv%8€%?%slsﬁﬁﬁ%‘“%ﬁagp 56°ﬂ|ah ?f)”?ﬁh Sfet hyl ene
jugs. For prodgpgng the_hjthert use%'conta ners Iar? 20 . anmounts of
natural reso 189¢dn ?Frﬁ%fa he maching firgn Jr?/nlﬁf%@ space is

required for du y | ar ce i,S require for st or age,
and GReBIaitothe CERRR IEF e P Fhohs: LPobEBHTDI S ot

25 t
articles because; 00 on Bhapt A Sl B WU Bac8kibeso2Psa £ON1 A e S

Another embodiment of the pouch of the invention is
a pouch which is formed from a tubular member, which has
fin seals along three sides of the tubular member, i.e.,

10 top seal and side seals in the machine direction, and
which has a bottom member in a substantialiy concave
shape or "ball shape" sealed with the tubular member so
that the bottom becomes semicircular or "arc-shaped”
when the vertical section of the pouch filled with a

15 fluid material is seen. This pouch is an "Enviro-Pak"
pouch known in this technical field.

The pouch produced in accordance with the invention
is preferably a pouch produced by a vertical form-fill-
sealing machine (VFFS machine). Examples of the

20 commercially available VFFS machines include VFFS
machines manufactured by Hayssen or Prepac. The VFFS
machines are described in F.C. Lewig "Form-Fill-Seal",
Packaging Encyclopedia, p. 180, 1980.

In the VEFS packaging method, a shéet of the

25 ©plastic film structure described herein is fed to a VFFS
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When the pouch of the invention produced froma

thin

ripiod replighdackagi ng, a greater number of advantages are
conpared with the hitherto used containers. The pouch of
the invention has the 5 follow ng advantages: (1) consunption of natural

small; (2) the space ired for dunping is smal
feasible; (4) processilﬁgkI

I, (3)

IS easily carried out; (5) the

ed for storage is small; (6) energy consumed for storage

is small duey,, Can % at}f‘d;‘ttﬁef@ﬁ% et iR ?B%Eiae%%@ 4 NSk A

l'y carried ou

5415, SOBL LB R Ao creBRSEL 0 8 DAl

Zer: an genéra purpose St or'age

elabk
reusi ng (S possrble

€. g.
bag 15

kﬁstr@rﬁ@r«r 7 e ttﬁgggf FRREL LB, g, oo
LA ke, Sl ST 1100 concatni g

Il et,.or fl ui

éerate/%%%é’  RSAliST B kB abTebFhe Lo e S

rial .Jjntroduced to protect
T s St ag

nts) can

a mxture for oduci_.ng a 25 ertaLp article. For exanpl e,
e formt

Lagin e/out51 sealing to perfo in sealing,
whereby the tubular member is produced. Then, the tube
is transversely sealed at a position of one end thereof
by a sealing bar so as to form a bottom of the resulting
pouch. Thereafter, the pouch is filled with a filling
material such as milk. Then, the upper end of the pouch
is sealed by a sealing bar, and the plastic film is
burned off or cut off, whereby the finished pouch is
separated from the tube. The process for producing
pouches using the VFFS machine is described in U.S.
Patents No. 4,503,102 and No. 4,521,437.

The volume of the pouch of the invention can be

changed. The pouch can contain a fluid material in an

amount of usually 5 milliliters to 10 liters, preferably

10 milliliters to 8 liters, more preferably 1 liter to 5
liters. |

Use of the sealing layer of the ethylene/qa-olefin
copolymer (A) or the ethylene copolymer composition
(A'), (A") or (A"') in two-layer or three-layer

coextrusion film articles makes it possible to produce



181 : contents included therein can be fed to an extruder or a

m xer at thepsaagaiERes04 The ethylene/[err]-olefin copolyner (A)
or the ethylene copol ymer conposition (A), (A") or (A"") is
preferably 5 wused as only one polyner conponent for producing the
filmfor the batch inclusion packagF% However, together with the
ethylene/[err]-olefin copolyner (A ? t he et hyl ene copol yner
conposition (A ), (A") or (A""), other pol ymers nay be subjected to
bl endi ng, wgb}mhaxes hdeHioR arda ongﬂ%&'sﬁ §'ad@nidnating, to
i npart n1proc ssa Ity, m har dness arrier

proper ties, Liluyat kong g'?r&ééﬂ%?'éap%ﬁ:ﬁ%e%tf' 83:lfly poyctdrdlesi red (i1 m

properties. usi on ro e use of a blend of

t he et hyl ene/, I copolymer (A) or the ethyl ene copol yner
conposi tion £28 E%é??gé(A") or (A"') - and ot her polyner conponents woul d

mai ntain i rrprovedggroger;t?ééasblech §(ef r%ﬁ:lflene I 83 }%Sc%? a(fh hte {qaponent s

of the polyner bl &fid™ T n V|ny e copo yner

EVA byl gnel | cohal | , but !
(PE) 1| mear lﬁ‘."&ﬁ 8ﬁ2ﬁf¥%ﬁ%ﬁ%§’ﬁ\§%%ﬁ“h&% R B ) o

0.941 to 0. 965 d lin nsi.t et hyl ene (LLDPE) :
having a den§FE§t6F90 B RO Afan e &% yé?ﬁ]tﬁh cﬁg¥§n repared by the

use of a conventional 25 Ziegler catalyst. The ethylene/[err]-olefin
C0p0| ymer (A)treatment.

When the pouch of the invention is subjected to a
5-feet (1.52 m) drop test (defined in the present

10 specification), it has excellent results. The per cent
failure of the pouch of the invention, as measured by
the 5-feet (1.52 m) drop test, is preferably not more
than 40 %, more preferably not more than 20 %,
particularly not more than 10 %.

15 The pouch of the invention is more advantageously
used for packaging of liquids for consumers (e.g., milk)
as compared with hitherto used containers such as glass
bottles, paper cartons and high-density polyethylene
jugs. For producing the hitherto used containers, large

20 emounts of natural resources are eonsumed, and a
significantly large space is required for dumping.
Moreover, a large space is required for storage, and
high energy is required for temperature control of the
articles because of heat transfer properties of the

25 containers.



182 or the ethyl ene copol yner conmposition (A"), "( A') or (A"")

conpri ses pr?iggg@ygF5g04east about 50 % nore preferably at |east
about 80 % of the blend conposition. It is particularly preferable
that the inside layer is 5 substantially conposed of at |east one
ethylene/[err]-olefin copol ymalr A) or ethyl ene copol yner conposition
(A), (A") or (A""). the et hyl ene/ a-ol efin copol yner (A
or the et hyl ene copol ymer conposition (A), (A'") or (A"), 10 other

addi ti ves can be ﬁﬂgﬁdtﬂ&@&gawto% Ei’%ngf‘é’%hﬁ%%ﬁ“‘ace‘i _Ofxtcﬂr?_af uncti ons of

t he batch inclusion packa such additives include

| asti ci o SRS , | . ddi Li
Ctani 1 zer. Frohe SERhLR SR edt TR packol gl 8 b g Wifar,
b h f i d, T i Lot : 622
i nderod am SE FLERICAESE; T SIUIARE oF RUbRred rich (I HIHIRACTD
pi gnment (e.dq. ta i oxi de m. car bonat

s . orp, -
P eesi o Jusel! LBateRors. MO B EHUTASLREIM Sl AO" P 5CK)

fl uoroel gsto , waxes), flane retardant (e.q., Apgard (trade nane)
CPC 102 3§ic%gﬁi°§1?$a. VA fing ¢ a§§358&pt9°h °gﬁ%§iﬂﬁﬁ%s and is
manuf actured by Al bright and W1 sqn Aneri cas), .l ubricant, (e.g.,
waxes, stear SEESUIGPRets small; @%I )t,heslsip&cgggﬁgu%é.eﬁ.gm’er%ﬁﬁ?ﬁ%,
ol eam de), anti- 25 bl ocking agent, (e.g.,_talc, silicon djoxide),

is small; (3) recycling is feasible; (4) processing is

easily carried out; (5) the space required for storage
is small; (6) energy consumed for storage is small due
10 to heat transfer properties of the package; (7)
incineration can be safely carried out; and (8) reusing
is possible, for example, the emptied pouch can be
applied to other uses, e.g., uses as freezer bag,
sandwich bag and general-purpose storage bag.
15
Batch inclusion package
The batch inclusion package is produced from the
ethylene/o-olefin copolymer (A) or ﬁhe ethylene
copolymer composition (a'), (A") or (A"') or a
20 composition containing any one of ﬁhem. This package is
formed from a f£ilm, and into the package, a powder,
pellet or fluid material is intrdduced to protect the
material. Then, the whole package (film and the
éontents) can be added to a mixture for producing a

25 certain article. For example, the package and the



183 crosslinking agent (e.g., peroxides such as Booster (trade

name) manuf agiyred 4wy dg4Pont), anti-foggi ng agent (e.g., Atner (trade
nane) 100 sorbltan ester manuf actured by ICl), inpact nodifier (e.g.,
Paxon- 5 (trade nane) Pax. Plus mhich is a rubber nodified film resin
and is manufactured by Allied Corp.),, antistatic agent (e.g., Arnostat
410 which is an ethoxyl ated éﬁykary am ne and i s manufactured by Akzo
Chem cal , Inc.), and filler (e g., talc, calciumcarbonate, clay, 10
fumed silic j i \% onl v. exauples,, and they
do not |nclﬁg Ep?aggﬂ?ﬁgggﬁggeggﬁﬁ QQH a?%%té%cﬁnt th nvgﬁfgoﬁ.

The fllnlanqm{£§}fll Qggggkyre Q@Vlng novel properties descri bed
herei n can be pro uce u5|ng ordinary techni ques for producing hot

blown filns or qgﬁi?f rt entation
nmet hod !such as a tent er 1% m metdh1 lglr Bgﬁgh%g gﬁ};bﬁ%ﬁé @Erl;é}lﬁ%(?'_

nmbi nation with the ordinary .tec e ordlnar bl own film
method i 5 deSEP? BAEFT oSSt RSl N P EET I NEXE o’psecﬁ e o

Technol ogy™ Kirt-CQ hmer, Third edltlon ohn W & Sons, New York,
1981, Vol 185 S B PR RP LYY fgmpsﬁen'ig% S5 garoaud: Shovel film
and the filmstructure described in this speC|f|cat|on can_be al so

produced by FhEULFQKiH patsh igGlusien PREFRYR od HOWRY SHet Hogethey. |

doubl e bubble;, v ethylene/da-olefin copolymer (A) or the ethylene

copolymer composition (A'), (A") or (A"'), other
polymers may be subjected to blending, multi-layer

10 coextrusion and/or multi-layer lamiﬁating, to impart
film processability, film hardness, film barrier
properties, film strength, film melt properties and
other desired film properties. The batch inclusion film
produced by the use of a blend of the ethylene/d-olefin

15 copolymer (A) or the ethylene copolymer composition
('), (A") or (A"') and other polymer components would
maintain improved properties. Some useful examples of
the components of the polymer blend include an
ethylene/vinyl acetate copolymer (EVA), an.

20 ethylene/vinyl alcohol copolymer (EVOH), polybutylene
(PB), linear high-density polyethylene (HDPE) having a
density of 0.941 to 0.965 g/cm3, and linear low-density
polyvethylene (LLDPE) having a density of 0.87 to 0.94

g/cm3 which is prepared by the use of a conventional

25 Ziegler catalyst. The ethylene/da-olefin copolymer (A)



184 met hod described in U S. Patent No. 3,456, 044 (Pahl ke) and

ot her net hodg_ &Pedjn U S Patent No. 4,865, 920 - (olike et al.),
U. S. Patent ﬁbggigé%gﬁgfg (Muel l er), U. S. Patent No. 4,820,557
(Warren), U.S. - patent No. 5 4,927,708 (Herran at al.), U'S. Patent No.
4,963, 419 (Lustig et al .)_andk S. Patent No. 4,952,451 (Muieller).

It is also possible to produce the 84mand the film structure in
accordance with tenter filmtechnique such as techni que used for the-

orientation Of. 'XQuS eﬁ%“%nﬁﬁgiqer CO o%@gggg R&e figﬁ?”%x:be a

si ngl e-1 ayer fithvo ayer

t hyl / f h ti
Ca) oo el Lecc'aer,S?ssCaﬁ?aeyr%% ;( SR A S
t t h ht int
iogggcgr\?\n t hpFﬁgrﬁg}PiY?%'l ne%:e about @&nt af’% Bk?ng%fﬁ%dp%?%‘%%t rﬂ%;gl nnlep °
| ayer may be coextr with oth s% qfted ont o aot her
| ayer(s) is Fﬁe1§é8%ﬁﬁ%ﬁéggéi¥zﬂﬁqﬁ?r ed§ éFlB g b?Sl e layer ighrenk and
CR F f B 0 _ _Pack "
Pl asti s EngPHRELERHLAERY eorioui] ffiar, deastoRha0uli1 Qe pSttin ) g

As descri bed by K. R Gsborn and WA. Jenkins in "Plastic Fil nms,
Technol ogy aﬁeppémaal My 7| §teatlienes copo lymeT e ERTROH B1 P biA 'Ini ng Co.
Inc. (1992)), is feasible 25 to produce a single-Ilayer fllmusmga

t ubul ar fllnﬂA“) or (A"').

To the ethyvlene/0-clefin copolymer (A) or_the
ethylene copolymer composition (A'), (A") or (A"'),

10 other additives can be added in amounts not detrimental
to the functions of the batch inclusion package.
Examples of such additiveé include plasticizer,
antioxidant, phosphites, cling additives, heat
stabilizer, light stabilizer (e.g., Cyasorb (trade name)

15 UV 531 benzophenone manufactured by Cyanamid, Tinubin
(trade name) 622 hindered amine 1ightlstabilizer
manufactured by Ciba deigy Corp, piément (e.g., titanium
dioxide, calcium carbonate, carbon black), processing
aid (e.g., polyethylene glydol,'fluoropolymers,

20 fluoroelastomers, waxes), flame retardant (e.g., Amgard
(trade name) CPC 102 which is a flame retardant based on
phosphorus and is manufactured by Albright and Wilson
Americas), lubricant (e.g., waxes, stearates, mineral
0il), slip agent (e.g.; erucamide, oleamide), anti-~

25 ©blocking agent (e.g., talc, silicon dioxide),



185 (i.e., blown filmtechnique) or a flat die (i.e., cast

film, and tBiLssds)epI@ys be optionally subjected to an addi ti onal
post - extrusi on process for formng a multi- | ayer structure, such as
adhesi on or extrusion 5 lam nating of the filmto other |ayers of the
packagi ng material. Even if tgle%%i Imis a coextruded filmof two

or nore |ayers (described by GCsbor d Jenkins), the filmmay be

| am nated to other additional |ayers of the packagi ng materi al
according to_other.physical .10 _requiyr nts far ihe_ fi ckaging film
The " conBarr S bR AR hel TSt PR R R oPRR TR Ry | o

consi dered al,so_i-n D. nbl eton ."Lam nat L.ons . . extrusion”
(Gonverti g NEGESF nameh it 3 tRBbaly., aor i RS IAd g o
coextruded film.can_pe furthe 15 .suyhj.ected.to _anot her post-extrusion
process such (§s9- AQ‘B?EX{%\’Ta%‘? TS ﬁ?r? $751+8n"08 fibt her technique to

produce a nulti-|ayer kage ., material,.i.s extrusion_coating. Simlarly
to the cast manuf#F‘r‘r’F%?&@é%bc,I)t'hé"“B?tcrtugﬁoﬁir’rfc}Sﬁt (fig9pr REL uti lizes 20
flat die technology. A filmlayer in_the for f a ...SLngle layer or a
coextrudat e d&ﬁaﬁg BABE b Ey Rils whichy s, g 5%@’8&?‘9615%‘?% Hd® subst r at e.
For a polyner blend and/or a nulti-Ilayer film structure, the
et hyl ene/ [ er FES&PefPfl 19 MHERC e oY Rd1isd CerRy) endtbtpitifer
conposition (A"), ?A") or (A"") is _ .

' agent (e.g., Armostat 410 which is an ethoxylated

tertiary amine and is manufactured by Akzo Chemical,
Inc.)/ and filler (e.g., talc, calcium carbonate, clay,

10 fumed silica). The additives listed above are only
examples, and they do not include all additives or do
not restrict the invention.

The film and the film structure having novel

properties described herein can be produced using

15 ordinary techniques for producing hot blown films or
cast films. It is possible to use a biaxial orientation
method such as a tenter film method or a double bubble
method in combination with the ordinary techniques. . The
ordinary hot blown film method is described iﬁ, for

20 example, "The encyclopedia bf Chemical Technology",
Kirt-Othmer, Third edition, John Wiley & Sons, New York,
1981, vol. 16, pp. 416-417 and Vol. 18, pp. 191-192.
The novel f£ilm and the film structure described in this
specification can be aléo produced by the biaxially

25 oriented film-producing method, e.g., "double bubble"



186 preferably used to conprise at |east one |ayer, preferably
the inner |aye{sobxaimdgs of other layers of the multi-layer structure
i ncl ude barrler ?ayers and/ or tie layers and/or structural |ayers,

wi thout limting 5 thereto. Various materials are enployable for such

| ayers, with sone of them being us%gs S two or nore | ayers in the sane
filmstructure. Exanples of the terials include ethyl ene/vinyl

al cohol (EVOH) copol ynmers, polyvinylidene chloride (PVDO),

o nLrt oY 2 e o ASRULARALS, (F1ST) paBERENE] $OLYEIORY! RASAD). D On

density pol ye Rylrenérv Vi nyl opolyners

(ENAY) ”5233{%% QBibe s soqitt e ﬁnsref)?ﬂgﬁ‘ﬁ/e@?tv? Fe 2 yrer s
i Ui 1 ayer SOPREROIES gohierallyF cRpPrEeNsy §o39 A8 jugmdaer. - The
fTPienfts??f‘.'c%u Srs 5??59??3“%2%?23?'5%50 %ﬁ?'&im@r% PR er 1) 1o 15
ImnI nggl ?1]e2’27p§§%e@%§%§’fl€r¥ ﬁrlorcﬂésy fz’ éﬁ{iF”]lﬁ%ye% S%ég'r }gz E)rez)(r:]e)ss),

t he inside Ia¥ r|S|ng the substantially li

et hyl ene/ [ er f u%’f—%? © Rt ymand U- r?ﬁdé’attﬁnﬁab% a t%?%kﬁ%]ss(%%eller) .

187
It is also possible to produce the film and the film

structure in accordance with tenter film technique such
as technique used for the orientation of polypropylene.
10 ' Although the film may be a single-layer film or a
multi-layer film, at least one ethylene/tt-olefin
copolymer (A) or ethylene copolymer composition (A'},
(A") or (A"') is used as at least one layer of the film
structure, preferably an inner layer. The inner layer
15 is brought into contact with the material to be
contained in the package. The inner layer may be
coextruded with other layer(s) or laminated onto aother
layer(s) is the secondary operation, as described by
W.J. Schrenk and C.R. Finch in *Coextrusion for Barrier
20 Ppackaging" of "Society of Plastics'Engineers PETEC
Proceedings", Jun. 15-17, 1981, pp. 211-229. As
described by K.R. Osborn and W.A. Jenkins in "Plastic
Films, Technology and Packaging Applications™
(Technnomic Publishing Co., Inc. (1992)), it is feasible

25 to produce a single-layer film using a tubular film



typically 0.2 ml (5 [err]) fo 15 m!| (381 [err]), preferably 1 m |

(25.4 [err])t Al AL127 [err]). The filmor the filmstructure
pr oduced frd%1f4§?/gé éé%:hylene/a-olefin copolymer (A) or the ethyl ene 5
copol ymer conposition (A'), (A") or (A") is fornmed into a bag, a :
i ner or a packaging material according to the final use requirenents.
By the use of, for exanple, a | iner, various nmaterials can be
successi vely bl ended. In detail, the contents and a liner are 10

transferred ;ron1o tub d.nto, ,an tger éub agdf équfd . mk}htpther
conponents, foifo ?ﬂ?(ﬁﬁ;ﬁoﬁgF HE&di R YHESI B o SAF 5 nt ensi ve
m xer. O herw se, addjtives _, for,use [ n the rubher rgg ction may be
Packaged | n ROV . i, R1E £ L ma P o SBhLOPALHI G SRSt ot Gl s e added
15 to a certaipn step of the rubber productiog Pr cess wi t,hout openi ng
the bag. Used93HH R RASORREEFAGPoFYOcess BPT ¢ &R Metsi on bag are
well known in the industry_of thiis art, as descriped in U S. Patent
‘No. 4, 3yey Ftpaguns,: SHchngs §ARSF19R70T LT W QIht No. 20
4,248,34%, Eur opean_ Pat ent Lai d- Open Publication No, 0270902 and
Canadi anPat &¥RLA@ting 053 s film to othegpiavere of M RITEF Dl ef i n
copolynmer (A) or the et hyl ene copol yner conposition (A), (A") or
(A"") is mateeink or BYRED Bt GHS Adliisisnabagearuded igily mfvalo of 25
advant ages are obtai ned. The ethyl ene/a-olefin _
188 or more layers (described by Osborn and Jenkins), the
film may be laminated to other additional layvers of the
padkaging material according to other physical
10 requirements for the final packaging film. The
comparison between the coextrusion and the laminating is
considered also in D. Dumbleton "Laminations Vs.
Coextrusion* (Converting Magazine, Sept. 1992). The
single-layer film or the coextruded film can be further
15 subjected to another post-extrusion process such as
biaxial orientation.
Another technique to produce a hmlti—layer package
material is extrusion coating. Similarly to the cast
film process, the extrusion coating process utilizes
20 flat die technology. A film layer in the form of a
single layer or a coextrudate can be subjected to
extrusion coating onto the substrate.
For a polymer blend and/or a multi-layer film

structure, the ethylene/d-olefin copolymer (A) or the

25 ethylene copolymer composition (A'), (A") or (A"') is



copol ymer (A) or the ethylene copol yner conposition (A), (A") or

(A"") exhi bII!; fé &t processability in t he production of bl own
films and has nel't'ing poi nt and softeni ng ranges | ower than those of
pol yethylene 5 prepared by the use of a conventional Ziegler catalyst.
Since the ethylene/[err]-olefin copqgl yner (A or the et hyl ene

copol yner conposition (A), (A") or "') is conposed of carbon and
hydrogen atons, the copol yner (A or the composition (A), (A") or

(A"") is co ith various e oner additives particularly
useful for ’%??‘?gﬂr é\g Ftl‘?dﬁ?f“?ﬁlsﬁnago#ﬁ?% 5 tO%F t ¥ rch i ncl usi on
films and bags pr ced.fram et hyl ene/acrylic, acid

et hyl ene/ netﬁg‘l‘é %ﬂ Y AhE dOR6Ey taysr (asﬁx D leR F | YA ﬁ‘ L?}/C(?pé? n pat ent
Lai d- Open Publ i catl on No. 15 02709021)_l g n]@ onparison with filnms and
bags produceth® MLl Avesh FrEHEFWF Ry g ‘é‘?l%‘\t ylr?é’refs( 298¢y i bed in

U S. Patent No. 5,120,787 and U.S. Patent No. 248 348)..

The mat eri al §1¢ ol3&4$H AGHOF |S|’°Frflﬁ§u5§9-cﬁal’ﬁ7€$us‘f’b‘ih°% iding: packagi ng
mat eri al , coatl ng material or |iner) may be those_ exhibiting free flow
(that isp thejerelqq y Various gwteyiphe §€¢feml@¥ﬁbl¢1 Lo sl of
gravitation) or t hose exhibiting no free flow (that is, they do not

fl ow bylayerse|witieisgme of themsbgiagorsgdads tee o) mopge 25

material s include various -ones, but typically are those

189 layers in the same film structure. Examples of the

materials include ethylene/vinyl alcohol (EVOH)
copolymers, polyvinylidéne chloride (PVDC), polyethylene

10 terephthalate (PET), oriented polypropylene (OPP), high-
density polyethylene (HDPE), ethylene/vinyl acetate
(EVA) copélymers, ethylene/acrylic acid (EAA)_
copolymers, ethylene/methacrylic acid (EMAA) copolymers,
LLDPE, HDPE, LDPE, nylon, adhesive graft polymers {(e.g.,

15 ‘polyethylene grafted with maleic anhydride) and paper.
The multi-layer structure generally comprises 2 to 7
layers.

The (total) thickness of the single-layer film or

the multi-layer film structure is in the range of

20 typically 0.2 mil (5 W) to 15 mil (381 W), preferably 1
mil (25.4 u) to 5 mil (127 M). In case of the
coextrusion process (or multi-layer extrusion process),

the inside layer comprising the substantially linear

ethylene/0-olefin polymer is made to have a thickness of



exhibiting no free fl ow such as unvul cani zed rubbers, uncr ossl i nked
elastoners apdligg ' Typi cal exanples of the materials exhibiting
fre f|OMIInC|Ude % ay, silicic acid salt, calcium carbonate, 5
cadnlun1d|ethyldlthlocarbanate tetramet hyl t hi uram di sul fide,
benzot hi azyl disulfide, substituted t hi oesters and am ne anti oxi dants,
aniline anti-ozone derlvatlve§-.6|an1nes t hi our ea hardeners sel ected
from sul fur, conpounds inparting sulfur and peroxi des, 10

ul traviol et ents el ed fram substitute enzotr

bl co BERECHERTEFUn BT 2 Srinth Lo BT 00,
car bon g E§924H@ 3%? enﬁﬁd(ﬂég Bed silicon conpounds, 15 '

P ocess ol o diriﬁéé‘.ﬁwé'ér'ct i forersBtie bratised Ababomound
Chi or | nat ed BOPYEFRET Brel 1 Coh Py ?Ze B Fiperrariengy o he

effectlvgty |ncluded in the package of the i nvention |nclude not only
liquids But SPRBL¥BEY qiomposition (A'Y tHé P uBBel Al nius® riLTREd i anount
(e.g., 0.5 to 10 % by weight) of a rubber process oil is typically
used, and thé Pagbe? %*%%ﬁr(ﬂ packagiipngomaterial peaerding tofdie
conpoundlng material. The materials capable of

190 final ‘use requirements. By the use of, for example, a

tub liner, various materials can be successively
blended. 1In detail, the contents and a liner are

10 transferred from one tub into another tub and blended
with other components, followed by optionally feeding
the blend to an intensive mixer. Otherwise, additives
for use in the rubber production may be packaged in the
bag, and the whole bag including the contents is added

15 to a certain step of the rubber production process
without opening the bag. Uses aﬁd production technology
of the batch inclusion bag are well known in the
industry of this art, as described in U.S. Patent No.
4,394,473, U.S. Patent No. 5,120,787, U.S. Patent No.

20 4,248,348, European Patent Laid-Open Publication No.
0270902 and Canadian Pafent No. 2,053,051.

When the ethylene/0-olefin copolymer (A) or the

ethylene copolymer composition (A'); (A") or (A"') is
used for the batch inclusion bag and film, a number of

25 advantages are obtained. The ethylene/o-olefin



bei ng packaged in the novel package of the invention are not i ncl uded
in the aboverliggedromea or not |limted t her et o. The package
of the invention relates to the 5 conpounding naterials introduced into or
covered with the bag, and also relates to m xtures of the conpounding
materials and additives such as Hﬂﬂ§§ process oil. In case of the
unvul cani zed rubber, the filmis fitted ~around the rubber. Especially
in covering, the rubber 10 is firmy covered with the filmunder tension,

and then SdBmidd Mia)s hegheserhgdeha eaﬁ%g Sercaﬂwsqrﬂaloﬁte a

package. In ?%e production of the package, al i ng of the filmis

desirably copgduct egyab ei(%x"“(?t eZh¥BYEs exceff&?ésgﬁfd'cess]a%ilit ihhe

article produced fromt at ch 1 nclusion package varies dependi ng on

the t f l,al 1 l |0 t S I
of the - SRl B plonT FIRLEER nds RELOR Falnecgi Sxamp oo

le, inth K f ' in_t Q facturing,
1t an um di SRR HE e vRtoqnih’ Enble 0F AERMA At o fre i Te
ti facturi t h i fi terials. ti d -ab
i ntroducd PEOPTIRG hENa bR PhorusPBReRERRiRE AORIRF GReIRG.
Exanl es of QL0SS Bld | SRR dHIolde L] QUBLTYRDE Ba) FGE cfe  example. a
rubber or a rubber conpoundi'ng a Itive |

191 ethylene copolymer composition (A'), (A") or (A"') is

composed of carbon and hydrogen atoms, the copolymer (A)
or the composition (A'), (A") or (A"') is compatible

10 with various elastomer additives particularly useful for
the rubber industry, in contrast with batch inclusion
films and bags produced from ethylene/acrylic acid
copolymers or.ethylene/methacrylic acid copolymers (as
described in European patent Laid-Open Publication No.

15 0270902) or in comparison with films and bags produced
from ethylene/vinyl acetate copolymers (as described in
U.S. Patent No. 5,120,787 and U.S. Patent No.
4,248,348).

The materials to be included in the batch inclusion

20 Dbag (or packaging material, coating material or liner)
may be those exhibiting free flow (that is, they easily
flow by the self weight in a state of gravitation) or
those exhibiting no free flow (that is, they do not flow
by the self weight in the state of gravitation). The

25 nmaterials include various ones, but typically are those



packaged with the batch inclusion filmdescribed in the pr esent

speci ficatiop.q By ki Ng a waste substance (e.g., heavy tar

ef fl uent or waste plastic) and by i ntroduci ng the whol e package into
an incinerator, 5 energy can be yielded. If waste plastic and ot her
substances are packaged and reused, her usef ul articles such as
gar bage bags and benches for the péﬁ% can be produced. 10

Baa-i n-box interior container The bag-in-box interior container

is formed f N A i sj he_et hyl - ol ef | | A
or "t he SERPURIRL S TGRBRrP BF (Y FOpA g e YT ()
The thickness of the filmfor form he_bag-in- 15 box interi
contalner | SMUHLL PHIE ORSRSHAPy 30 EBTSY 1,000 [orr]m preferably 50

to 700 [err]m though it varies ccordin 0 the .contents or the
producti on procesgyPical examp'?ﬁeo%aFﬁeoFa ﬁﬁgﬁiﬁ-?$h¥RﬁF%4ﬁ it cont ai ner
of the Lpvention preferably_has the,follown roperties: 20

(i) the bIoctrﬁﬁ yr ?sf%qgéssﬁﬁéﬁlf.Gcbﬁcﬁ?ft' Satciim ?qg%oqﬁ5§'nunber of
pi nhol es produced in_an area of, 20.5 cm X 28.0 cm after the nunber of
twi stinging3dmivm dieidhrlct By o aEbPBE Py ek HEIRRINY HARHES™, 000 is 2 or

smal ler, and_, - . . . ) 192 (i) the
nunber of fI@%??&E&d%ﬁ;hﬁﬁ%ﬂﬁh&?zﬂﬂ disulfide, substituted

thiocesters and amine antioxidants, aniline anti-ozone
derivatives, diamines, thiourea hardeners selected from
sulfur, compounds imparting sﬁlfur and perokides,

10 ultraviolet agents selected from substituted
benzotriazole and substituted benzophenones, color
pigments selected from iron oxide, titanium dioxide and
organic dyes, reinforcing pigments selected from carbon
black, zinc oxide and hydrated silicon compounds,

15 processing aids such as silicon dioxide, pumice,
stearate and rubber process oils, crosslinked.
elastomers, unvulcanized rubber comﬁound materials,
ground tires, herbicides, germicides, fungicides, and
chlorinated polyethylene (CPE). The free-flow materials

20 to be effectively included in the package of the
invention include not only liquids buﬁ also solids.

In the rubber industry, a small amount (e.g., 0.5
to 10 % by weight) of a rubber process oil ié typically
used, and the rubber procéss 0il is mixed with at least

25 one compounding material. The materials capable of



accordance with JI'S P-8115, is not |ess than 90, 000. A filmwhose
neck-in int 4g§/§ﬁuﬁdgrocess i's not more than 20 cmon one side is
nore prefera Ie The bag-in-box interior container nay be forned
froma single-layer f| | m conprising the ethyl ene/a- ol efin copol yner
(A) or the ethyl ene copol yner atzm)osition (A), (A") or (A""), or may
be formed froma mJIti-Iayer f1 wherein a filmof the

ethylene/a ol efin copolymer (A) or the ethyl ene copol yner conposition

(f\hill eﬁl's/' Vi ny?£r§ ?%%%ggp]; y%rgf n@@?i\?ﬁéc]&g&é ﬂoﬁ etl-Pe 1hnven(tév%9 adhesi ve
I h
resin) are qaggftg%gﬂgget ?ﬁe above- 115%%390$@§ %xg<fﬂ%ﬁglor cont ai ner

isin the fdf e as™a S top 1S provided wth
a cap. At the position corresponding to the perlphery gi ven when
the cube is ObFT Ty cut, a heat-seal ed portion having a large

t hi ckness is pres I or container is fornmed so
that one hal f of erﬁ) a[qq@g(’eoghfalt}}gr 1P¥e?g+‘a% eiﬁlt?%sre? tt}& into the ot her
hal f to overl ap, each oth

bag-i n- box
cont ai neP | SCPTRPHRERG I‘l“aaFerlalsl FE}EFBd‘dFe@h%an‘gr cf%ve?eéin alg i n a hard

exterior cont ai ner_such as_a corrugated fiberboard box, and 25
stored or trERJAIepnd 'ﬂ4é°e|¥ﬁtl?t€6nf-8| BirtREes oPEidhs Fompounding
193 such a manner that one half of the container is inserted

materials and additives such as rubber process oil. 1In
case of the unvulcanized rubber, the film is fitted
around the rubber. Especially in covering, the rubber

10 is firmly covered with the film under tension, and then
the film is heat sealed to the rubber to complete a
package. In the production of the package, heat sealing
of the film is desirably conducted, but is not always
necessary.

15 The article produced from the batch inclusion
package varies depending on the type of the materiai to
be inclpded in the package. Some.eiamples of the
articles include asphalt, animal .feed and wires. For
example, in the packaging of ground tire in the asphalt

20 manufacturing, titanium dioxide in the animal feed
manufacturing and CPE in the wire coating manufacturing,
the specific materials mentioned above are introduced .
into the batch inclusion péckage of the invention.
Examples of other articles includé various rubbers. For

25 example, a rubber or a rubber compounding additive is



into the other half to overlap each other, and then . stored or
transported. o 492 /SF- godhen the bag-in-box interior. container is folded,

5 or expanded o nake a cube shape, or filled with a liquid to
transport it as described above, various forces are applied to the
corners of the bag-in-box Intﬁﬁéﬁr container, so that the container is
exposed to severer stress tha e case of ordinary flat bags, and 10
t her ef ore pi nhol es are easily produced. For this reason the interior

refore pi nnol e :
"o stance, - Pranessd i S parc, GRS Ro 06 SBRRu T B - box
'Tﬂtee[)iagr.E°Bt8%%%‘%{rg‘r’$%%“§fon‘ré‘%§%°Qa§ra%>'st% Ganeen %asteb%,u”é G ampl o, 1 he

foll owi ng processes

nol ten resin extryded into two
Sheets by | e RmankoBry Ttk &ETIN o HEEFS ai%aﬁi;%h %&ﬁﬁ%\w o S th 20

each other, and vacuunlfornlng i s conducted using,a pol havi ng such a
shape that péPFpREFFERI oFR %uﬂﬂﬁ%q(PQQ§ﬁ9$ into gp %ﬂ%l?%E%ﬁ?¥ng cont ai ner
can be jOénted (% A nmolten resin is extruded froma circular
di e ( p§PFP%8Y e%rlasuml slgi & ¥aEfFe RARFESF 2Be e thew

194 vacuum formng is conducted using the same nold as descri bed
above. substances are packaged and reused, other useful

‘articles such as garbage bags and benches for the park

can be produced.

10 Bag-in-box interior container
The bag-in-box interior container is formed from a
film comprising the ethylene/0-olefin copoiymer (A) or
the ethylene copolymer composition (A'), (A") or (A"').
The thickness of the film for forming the bag—in—
15 box interior container is in the range of usually 30 to
1,000 pm, preferably 50 to 700 um, though it varies
according to the contents or the prdduction process.
The wall of the bag-in-box interior container of
the invention preferably.has the following properties:
20 (i) the blockiﬁg force is less than 1.0 g/cm,
(ii) the number of pinholes produced in an area of
20.5 cm X 28.0 cm after the number of twisting times
measured by a Gerbo flex tester reaches 2,000 is 2 or

smaller, and



(tii) Two or nore resin filns are superposed one upon anot her, and.the
f our sides aﬁgﬁi§§y~ﬁg§§4pd to form 5 a bag. In this case, each of the
films may be a single- | ayer filmconprising the copolynmer (A) or the
conposition (A ), (A") or (A"") or a multi-layer film wherein a film
of the copolynmer (A) or the corrpositd'ezton (A"), (A") or (A") and a film
of another resin (e.g., 10 nylon} hyl ene/ vi nyl al cohol copol yner,

pol yvi nyl al cohol (EVOH), adhesive resin) are |am nated together.

The bag-in-box i nf ofy OrCOM e pas) SHEELLeNLe meaeliSBt gl ADIITLY,

bl ocki ng resistan pi hol'e resi stance a ex resi'Stance and is

econom cal | y_advant ageou 5 at .iit_can be w.dely, u as a

cont ai ner fo?c?/%lf‘?%cge with I%& u%&glggchlisn?ﬁq{u%?ss%}%ﬂrhegé)d?)?)%phot ogr aphi c
devel opi ng sol ution,, bl eachi ng agent and_germ cide | i qui d. 20

Medi cal cont ai ner® £1lm W%osel'%?c%é&%é? Egﬁt’ﬁ‘i’f@rnq PrIFS B PCE, a bag
for med fromag nulti-layer film, a bag fornmed from.a single- | ayer
filmor a sifgFe-Faarerlbsf o ore ?éé?tlﬁn@°¥%y%ﬁegerégkﬁ'the'nulti-layer

film the single-layer filmand the ,25 single-layer bottle are each nade
of the eghy|ene/éihe bag-in-box interior container may bediprmed | efin

copol yrer (AL gf £he; tiWliene SO Whrs o140 TREL AL (A1) O
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"'), or may be formed from a
multi-layer film wherein a film of the ethylene/d-olefin

10 copolymer (A) or the ethylene copolymer composition
('), {(A*) or (A"') and a film of another resin (e.g.,
nylon, ethylene/vinyl alcohol copolymer, polyvinyl
alcohol (EVOH), adhesive resin) are laminated together.

The bag-in-box interior container is in the form of

15 almost cube as a whole, and its top is provided with a
cap. At the position corresponding to the periphery
given when the cube is obliquely cuf; a heat-sealed
portion having a large thickness is present. The bag-
in-box interior container is formed so that one half of

20 the container is folded and inserted into the other half
to overlap each other.

The bag-in-box interior container is filled with a
ligquid or the like, then encased in a hard exterior
container such as a.corrugated fiberboard box, and

25 stored or transported. The empty container is folded in



The medi cal contai ner can be produced by ice- cooling or air-cooling
inflation, T;dj 1( dry 5 lam nation, extrusion |amnation, blow
nol di ng or t%gaébivgﬂwﬁgﬁ As the nol ding nethod for the nedical bag, an

i nflation method and a coextrusion T-die nmethod are preferable from

t he vi ewpoi nts of hygienic qualities _and econom cal advantages. As the
nol ding nmethod for the 10 nedicaﬂaﬁntle, bl ow nol ding is preferable.

The thickness of the nedical container is in the range of usually 0.05

to 1.00 nm preferably 0.1.to0 0.7 nore preferahly.0.15 tq 0.3 mm
1 the thi CkREGR Hmadner Hhat Ghe,PALE P5 ot TR 11eh 16 JBStethe
contai ner 15 exngitilgp d_inpact resistance and has roblemin
practical ustRto the otherrhalf ko.overlappaeh ¢ nét™ It r anspar ency,

shows excellent heat resistance and is free from occurrence of winkle
or def or mat i BROTRYRF | Fra@POrE6d-cont-ai ner is subjected to sterilization.
Heat - resi st ant cont ai ner . The heat-resistant container_is, for
exampl e, a bag WheR JrhfePAG-dRROFULRESY 49Er COREFANSY by Tde8d froma 25
single-layer film a_nulti-layer bottle or a sing|e- ,
196 | agEreweAnded W Makese gibe| ghapPeof o hel isd iwitdy & film
the single-layer film at |east one |layer of the

liquid to transport it as described above, various

forces are applied to the corners of the bag-in-box
interior container, so that the container is exposed to
severer stress than the case of ordinary flat bags, and
10 therefore pinholes are easily produced. For this
reason, the interior container is required to have
properties such as high pinhole resistance, flex
resistance and blocking resistance. The bag-in-box
interior container of the invention satisfies the above
15 requirements.
The bag—in—box'interior container can be produced
by, for example, the following procésses.
(i) A molten resin is extruded into two sheets by
means of T-dies longitudinally érranged in parallel with
20 .each other, and vacuum forming is conducted using a mold
having such a shape that peripheries of oppoéite faces
of the resulting container can be jointed.
(1i) A molten resin is extruded from a circular die

(parison extrusion) to give a cylindrical form, and



mul ti-layer bottle and the single-layer bottle are each made of the

et hyl ene/ a- oL efj Spdymer (A or the 5 ethyl ene copol yner conposition
(A), (A") o? %éﬁ?§§¥“ﬁd@ For the | ayers other than the | ayer of the

copolyner (A) or the conposition (A), (A") or (A") in t he
mul ti-layer heat-resistant contai ng: any materials may be used
W t hout specific limtation, and f 9410 exanpl e, pol ypropyl ene, nyl on,

pol yester and pol yvi nyl al cohol may be used. The

heat - resi st ant _cont ai ner_ can, be_pr ed Lce- | 4 or air-cooling
i nflation, Tyﬁ?lé%f%%%ll,n 4y con%u%g%(angf ?}éﬂ, tlé?(téra&lgel gﬁoq]darﬁ%nat i on, bl ow

nol di ng or tge 1§?|%k%ﬁé When the heat-resistant container is a
bag, an PRFT HYFO ™t %0d and a coextrusion T-die nethod are

preferable fromthe, vi g,]\ﬁ)oi nts of lt}y%i.eni o ﬁual ities and economi cal
advant ages. Wien {hethel¥Q Qs margn£e=3f oS 2EF TPV €2% ow nol di ng
I's preferable. The. t hi ckness of. the heat-resistant container is
in t he FRABARPLRATaIARA Fhs5 foyT1 SaeinRrHrRedl 3188 Fa gorm 0.7

mm nore preferably 0.15 to 0.3 mm |f the ..thickness of the container
is not | S phgﬁgg_ogprﬁﬁlqrﬂgse, each of_the films may be a single- 197
cont ai ner exhi bits _good i npact, resistance_and has no problemin
practical uséaver £ilm compyelsiggt thesicopgavmesntdl ¥ Bt he i nvention has

a
composition (A'), (A") or (A"') or a multi-layer film

wherein a f£ilm of‘the copolymer (A) or the composition
(A'), (A") or (A"') and a film of another resin (e.g.,
10 nylon, ethylene/vinyl alcohol copolymer, polyvinyl
alcohol (EVOH), adhesive resin) are laminated together.
The bag-in-box interior container has excellent
heat stability, blocking resistance, pinhole resistance
and flex resistance and is economically advantageous, so
15 that it can be widely used as a container for various
liquids such as liquors, vinegar, photographic
developing solution, bleaching agenE~and germicide

liquid.

20 Medical container
The medical container is, for example, a bag formed
from a multi-layer film, a bag formed from a single-
layer film or a single-layer bottle. At least one layer

of the multi-layer film, the single-layer film and the

25 single-layer bottle are each made of the ethylene/a-



haze (ASTM D- 1003- 61), as neasured after heat 5 sterilization, of not
nore than 30_% raply 0 to 20 The heat defornmation
starting teﬁ%éi%é%ﬁgéaﬁga:he heat -resi stant container is not |ower than

115 [err] C, and the thickness of the retort food container is in the
10 range of wusually 0.05 to 1.00 nm The heat defornmation
starting tenperature is deterdi9%%ed as fol l ows. A sanple of a bag or a
bottl e formed froma nolded filmis subjected to hot water

sterilization of, sterilijzation.tenperature 30 minutes 15 in a snal
heat-resistaﬂ}e%ﬁ%ﬂﬁﬁﬂ e‘§9e8§1§@§r???¥€?ne COP%%yWﬂﬁl4016 nodel

manuf actured by Al ps, Co. The sanple . Laken out of the sterilizer is

vi sual |y obsepiReSlon (RA'dya|{@ar eOFt 2cChhnge. The sterilization is started
at a sterilization_tenperature of 110 [err]C, and the 20
sterilization terfRg aeicals coptadnepycan| be (PeORRIRRY 1ce- each
sterilization is conpleted. This operation is . repeated, and when

def or mat i on 89P0t e 1weddnguintlatiegn, { hedkse areihoser 4y observed for

the first time, the sterilization tenperature is neasured. The
measuredd lamination, extrusion lamination, blgg molding @mpéhgture is

taken as the deformation starting t enperat ure. The
heat - r esi st ahikeontas ridre riaddimgametbodafest the medicglodwdomrai ner, does
not | ose transparency and shows

inflation method and a coextrusion T-die method are

preferable from the viewpoints of hygienic qualities and
economical advantages. As the molding method for the
10 medical bottle, blow molding is preferable.
The thickness of the medical container is in the
range of usually 0.05 to 1.00 mm, preferably 0.1 to 0.7
mm, more preferably 0.15 to 0.3 mm. If the thickness of
the container is not less than 0.05 mm, the container
15 exhibits good impact resistance and has no problem in
practical use. |
The medical container does not‘lose transparency,
shows excellent heat resistance and is free from
occurrence of wrinkle or deformation, even if the

20 container is subjected to sterilization.

Heat-resistant container
The heat-resistant container is, for example, a bag
formed from a multi-layer film, a bag formed from a

25 single-layer film, a multi-layer bottle or a single-



5 excellent heat resistance, even if the container is - subj ected to

sterilizatiop. - El astic fiber The el astic fiber

exhi bits an gT]a%%zl/(:SF}_eGCooilvery of 10 at least 50 %at a distortion of 100
% and conpri ses the ethylene/[err]-olefin copolyner (A) or the

et hyl ene copol ymer conposition (A), (A") or (A""). The
fiber is typically classified accorl(ﬂﬁlg to its di aneter. The
nonofilament fiber is generally defined 15 as a fiber having a dianeter

of -about not_I| ess t deni ers, ,usual | bout .nat .l ess than 30

han 15 )
deni ers, bast@er bOtot{}LeUne M5 1538 OPPhi2Y Phe® B ™ Bert ¥ gener al | y
applied to a_{fiber having a dianeter,_of |ess than about 15 deniers
based on oneftiPantht . SHHESn @rdgﬁ#@r aEOfea??tﬁReﬁEﬂﬁﬁhéﬁthﬁ defined as

a fiber having_a, dianeter of_less than about 100 [err]. The_fiber can
be al so mel bhsiay e Refddadiang £her RADPI8paR¥eT P Prist &8 spsh

exanple, the fiber_is classified as of i | anent cont.i nuous wound
fine filamenP@dgabl %re@'ﬁ@ﬁne&ﬂ'o 10 FBEn,Eylgﬁﬁn(%bn%r ;‘?}lfer or nelt

bl own fi ber. o 199 - The nelt

i ndex of X heeth¥yereczqretymey composdfaryndh') . (A"Y QT of®'t'He et hyl ene
copol yner conposition (A), (A") or (A"") used for preparing the

el astic fiber desEet ek i¥ryers othex pghaseghespayeriehtihsh is in the range
of 0.01 g/10

copolymer (A) or the composition (A'), (A") or (A"') in
the multi-layer heat—résistant container, any materials
may be used without specific limitation, and for

10 example, polypropylene, nylon, polyester and polyvinyl
alcohol may be used.

The heat—resistant_container can be produced by
ice~-cooling or air-cooling inflation, T-die method, dry
lamination, extrusion lamination, blow molding or the

15 1like.

When the heat-resistant container is a bag, an
inflation method and a coextrusion T=die method are
preferable from the viewpoints of hygienic qualities and
economical advantageé. When the heat-resistant

20 container is a bottle, blow molding is preferable.

The thickness of the heat-resistant container is in
the range of usually 0.05 to 1.00 mm, preferably 0.1 to
0.7 mm, more preferably 0.15 to 0.3 mm. If the

thickness of the container is not less than 0.05 mu, the



5 mnto 1,000 g/10 mn, preferably 0.1 g/10 min to 5 g/10 mn, in

case of the i | (fiber usually having not |ess than 15
denier/fiIang%?§§éé§%F%§§i n the range of preferably 5 g/10 mn to 250
g/10 min in case of the fine denier fiber (fiber usually having not
nore than 15 10 denier/filanment). To the ethylene/a-olefin
copol yner (A) or the 'ethyleneiﬁﬁﬁolyner conposition (A ), (A") or
(A"") for use in the preparation of the elastic fiber, additives,
such as antioxi dapt, phasphites, c i.?‘% agdi tive, anti- 5 bl ocki ng agent
and pi gment , SRBYRHRSH e dmpget resighepseedidilas A%he i nproved
properties of the fiper and, the fabric found by the present

appl i cants. Problem in@raqfdGals Use-the ethyl ene/[err]-ol efin copol yner (A)
or the ethyl ene copolynmer conposition (A,), (A.) or ,20 (A''), various
honofi |l fibers cahP®lPRlepRTEtantheontainggngfi Fhe | Hayen JePs havi ng
nonodonai ns but havin no other different polynmer domains such as
domai ns of hazet \f\bsrﬂgr%&ﬁqﬁ‘@y)swt & F‘ieﬁéf‘%?dTﬂgt%nl%‘F?tF fibers include
staple fibers, spun bond fibers or nelt blown fibers 25 (éarepared usi ng
systens d scesssdlimation, exfamste mayesthan 30 %, preferably 0 to 20

200 Pat ent No. 4,340,563 (Appel et al.), U S. Patent No.
4,663,220 (Wssneski et al.), U 'S. Patent No. 4,668, 566 (Braun) or U. S.
Pat ent No. 4, 322,027 (Reba)) and gel spun fibers (prepared using a

syst em di scl osed Thelisat deformation starting temperature of the
heat-resistant container is not lower than 115 °C, and
the thickness of the retort food container is in the
10 range of usually 0.05 to 1.00 mm.

The heat deformation starting temperature is
determined as follows. A sample of a bag or a bottle
formed from a molded film is subjected to hot water
sterilization of sterilization temperature X 30 minutes

15 in a small heat-resistant high-pressure steam sterilizer
of RK-4016 model manufactured by Alps Co. The sample
taken out of the sterilizer is visuélly observed to
evaluate its change. The sterilization is started at a
sterilization temperature of 110 °C, and the

20 sterilization temperature is raised by 1 °C whenever
each sterilization is completed. This operation is
repeated, and when deformation of the sample taken out
of the sterilizer is observed for the first time, the

sterilization temperature is measured. The measured



5 Patent No. 4,413,110 (Kavesh et al.)). The staple fibers are nelt
spi nnabl e, tpai49§75§rg§¥aflbers can be made to have final fiber

di aneter by direct extrusion wi t hout perform ng additional draw ng, or
the staple fibers can be made to have desired dianeter by 10
performng nelt spinning to prepar | bers having | arge di aneter and
then subjecting themto hot dramﬁna- cold drawi ng usi ng common fi ber
orientation technique. The novel elastic staple fibers disclosed in

this sp e}';& a ibe in the 15
i nvention, ﬁ&m{% &%‘EIO‘? %)rés Qggea%gg%%%ih?gvgéé%rﬁ% mel ti ng point
| ower than t hat of mat ri x flbers surrounding them In a typical use of

the bond fi bePE<* atur¥he bond fibers are bl ended with other matrix fibers,
and a heat is app to the str cture reb O _the.,bond fibers
are melted to bonrhh‘?ﬂ% T W&aﬁ’% gont SHBPF 1 x ??b%’f%"‘f 10fe TETE rer .

Typi cal exanpl es of the matrix fibers benefited b he use of the
novel e|ast?E°°3 co??ikﬁ%rﬂﬁ%ﬁﬁﬂ@oﬁoﬁﬁégtE§?€ﬁ8a¥%?%%ﬁ¥ﬁg q@F fibers,
cotton fibers | on fi bers, JD,O| opyl ene flbe s, other unumforrriy
br anched Yol ?ﬁ?ﬁiﬁ-%‘i’i‘é ReFere Jasr%‘ efven if the oSitkine’ s

201 pol yet hyl ene honopol ynmer fibers, without limting t hereto.
The d|aneterSBPJ?%%§¢mﬁ?|§@§q%%%2@9&ﬁnbe changed according to the final
use application. The elastic recovery exhibited by the nmelt spun

Elastic fiber
The elastic fiber exhibits an elastic recovery of
10 at least 50 % at a distortion of 100 %, and comprises
the ethylene/o-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"').
The fiber is typically classified according to its
diameter. The monofilament fiber is generally defined
15 as a fiber having a diameter of about not less than 15
deniers, usually about not less than 30 deniers, based
on one filament. The fine denier fiber is generally
applied to a fiber having a.diameter of less than about
15 deniers based on one filament. The micro denier
20 fiber is generally defined as a fiber having a diameter
of less than about 100 UW. The fiber can be also
classified according to the preparation procesé. For
example, the fiber is classified as monofilament,
continuous wound fine filament, staple or short cut

25 fiber, spun bond fiber, or melt blown fiber.



5 fibers produced fromthe ethylene/[err]-olefin copolynmer (A or the
et hyl ene copQL¥E§%/%§L ?ition (A), (A") or (A"") is surprisingly

al nost equal "to at” o i bers whi ch are produced by perform ng nelt
spinning to prepare fibers whose dianeters are 2 or 3 tines as nuch
10 as the nelt spun fibers and theq¥iubjecting themto cold dr awi ng
to make their dianeters identical w t hose of the nelt spun fibers.
The elasticity referred to herein is not such a result of orientation
as becones i neffective by heat treatnment. Therefore, articles 15
capabl e of mai nt aFRf e 4T 1QF &hen exbvdenefgyoipEin copQlli®itted to
heat exposure can be obtai ned. In case of the novel elastic fiber
di scl osed i n(A) ortthe sgmclidne atdpod,ymere combosihdenx &'t helAthyrene/ a-

ol efin copolyner (A) or the ethylene copolyner 20 conposition (A), (A")
or (A"') can(he'thaseddfaweraeparing whee elasgéc fibéar edescridgpdurpri si ngly
smal | i nfluence on the elasticity of the fiber, and thereby strength
and shr thkageefat € espdcifiecdtilver iandnt hef abnge B0 ¥ g/10 changed

i ndependent of the elasticity. Therefore, it 25 becones feasible to nore
flexibly SYesimgin tbelfadoig/Bndnin, preferably 0.1 g/10 min to 5 g/10 202
the final product. For exanple, the shrinkage force of the fiber can
be changed byishangi 88sé hef NEHd ndidPdi1@ment (fiberpabyaEly netvibig the

di ameter of the fiber. (If the melt index is |owered, the shrinkage
force is not less than 15 denier/filament), and is in the range
of preferably 5 ¢g/10 min to 250 g/10 min in case of the
fine denier fiber (fiber usually having not more than 15
10 denier/filament).

To the.ethylene/a—olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (a"') for
use in the preparation of the elastic fiber, additives,
such as antioxidant, phosphites, cling additive, anti-

15 Dblocking agent and pigment, may be added in amounts not
detrimental to the improved properties of the fiber and
the fabric found by the present appiicants.

By the use of the ethylene/a-olefin copolymer (A)
or the ethylene copolymer compoéition (A'), (A") or

20 (A"'), various homofil fibers can be prepared. The
homofil fiBers are fibers having monodomains but having
no other different polymer domains suéh as domains of
two-component system fibers. The homofil fibers include

staple fibers, spun bond fibers or melt blown fibers

25 (prepared using systems disclosed in, for example, U.S.



5 increased.) Accordingly, It becones feasible that optim zation of
touch (i. .,Fffﬁg%jgp the fabric is nore favorably carried out with
mai nt ai ni ng Iast|C|ty/strength properties required for the fabric.

It is also possible to prepare a two-conponent 10 systemfiber by the use
of the ethylene/a-olefin copolymer (A) or the ethyl ene copol yner
conposition (A), (A") or (A" 00 The et hyl ene/ a-ol efin copolyner

(A) or the ethyl ene copol ynmer conposition (A') (A") or (A"") is used

t |east t of t Fu le, |
case of a tuBAtoR &ﬁ%ntf%io“%sﬁy% | 67 3bt T i tirqw@’f 2 whi ch the
trjcal @ v Lh L he. she L,

cthy! enel [ erft]é’%#“if#‘qﬁ@@%m%wf”"“ 't Hebar et P ene o 4 e

conposition (A ), (A") (A"") can be allo 0 be present in any of
the shell an ¥%@nbdﬁ¥au 's. PQ§GP¢eﬁEht4P§BBSOEEIé%?%%)k %ﬂé
ethylene/[err]-olefin copolynmers (A) and the ethylene copol yner

conposi ti onsspun fibens (orepagied uging ar SYPREBpekeerRIsA uded <or the
shell and the core, and in this case, deS|gn|n? is 25 preferably nmade in
such a mdnnePatémt Noe HA¥S, 110 (Kavesh et al.)). The staple 203

conponents show el asticity and that the nelting point of t he shel
conponent i sfibers abarmelMatspinned egotbat is, cohpemefibemhecqy dsent
i nvention includes a two- conponent system fiber of another type, such

as a side- made to have final fiber diameter by direct extrusion

without performing additional drawing, or the staple
fibers can be made to have desired diameter by

10 performing melt spinning to prepare fibers having large
diameter and then subjecting them to hot drawing or cold
drawing using common fiber orientation technique. The.
novel elastic staple fibers disclosed in this
specification are employable as bond fibers, and in the

15 invention, the novel elastic fibers are made to have a
melting point lower than that of matrix fibers
surrounding them. In a typical use of the bond fibers,
the bond fibers are blended with -other matrix Ffibers,
and a.heat is applied to the whele structure, whereby

20 the bond fibers are melted to bond the surrounding
matrix fibers to oﬁe another. Typical examples of the
matrix fibers benefited by the use of the noVel elastic
fibers include poly(ethylene terephthalate) fibers,
cotton fibers, nylon fibers, polypropylene fibers, other

25 ununiformly branched polyethylene fibers, and linear



5 by-side fiber. The side-by-side fiber is, for exanple, a fiber
havi ng pol yner, doppins. di fferent from each ot her, and the
ethylene/[er?]l izgé}qgfpolyner (A) or the et hyl ene copol yner
conposition (A ), (A") or (A"") is used for at |least a part of the
surface of the fiber. 10 The shape of the fiber is not specifically
limted. For exanple, the fibd0Oypically has a sectional shape

of a circle, but the fiber nay have another sectional shape such as a
trilobal shape or a flat shape_(i.e.,, ri bbon-|ike shape). The elastic
fiber di sol GRRHYEEYIgnE homo i E3PPBR - i C1RBPUL sty by the fiber
shape. The di aneter of the fiber cap be, neasured and

reported in VRPTIRR- walRe Giempdser 8F, thRe™aFaitt B1P¥F can b e fiber is
measured in "denier" per fiber. The | "denier"_ is a termrelating to
fabrics, whi ehengedaaserkfing toadhe ferght uegr aRPLEFatider per 9,000 mof a
fiber | ength. The nonofilanent is generally applied to an

extruded strand ofheglasisic tm?V%YdéﬁgébéFeGsﬁ‘él the qeglt spun ess than 30
deniers, per filanment._The_fine denier fiber is generally applied to a
fiber of Sabofitbars geroduceqd dxomidhes eShyleRe/ Hirel88eni €PPIIBT (¥Hown as

204 m crofiber) is generally applied to a fiber having a
di anet er of oot therethyhenealmpolyder] eompesithopask’ bf tA® or novel
el astic fiber disclosed in this specification, the di aneter can be

wi del y changéa" W ths heuxihni sshoglyi @dmost equal to that of fibers
which are produced by performing melt spinning to
prepare fibers whose diameters are 2 or 3 ;imes as much
10 as the melt spun fibers and then subjecting them to cold
drawing to make their diameters identical with those of
" the melt spun fibers. The elasticity referred to herein
is not such a result of orientation as becomes
ineffective by heat treatment. Therefore, articles
15 cépable of maintaining elasticity even after they are
subjected to heat exposure can be obtained.

In case of the novel elastic fiber disclosed in
this specification, the melt index of the ethylene/oa-
olefin copolymer (A) or the ethylene copolymer

20 composition (A'), (A") or (a"') can be changed over a
wide range, with exerting surprisingly small influencé
on the elasticity of the fiber, and thereby strength and
shrinkage force of the fiber and ﬁhe fabric can be
changed indepeﬁdent of the elasticity. Therefore, it

25 becomes feasible to more flexibly design the fabric and



5 influence on the elasticity of the fiber. The denier of t he fi ber

can be contrgl K 0 suit the functions of the finished product,
and it wll eiﬁérjzeﬁ‘séekrlgﬁiethat the nelt blown fiber has 0.5 to 30
deniers/filanment, the spun bond fiber has 1 to 30 deniers/fil anent,

and the 10 continuous fil anent h&z(p% to 2,000 denier/filanent.
The fabrics made fromthe above no fibers i ncl ude both of woven
fabric and nonwoven fabric. The nonwoven fabric including spunlaced

fabric (or faprig. tw ned by hydraulic p r). as disclosed in U S.
patent 15 R3¢ élﬁ%%gﬁf%g an%o%ﬁa‘aUP%?’Pgﬁen%hﬁbpkqﬁ%S% ot
(Radwanski et al can be produced vari ous_net hods . su as a
met hod of naE]ﬁ?nGL?‘Fﬂé h ee%aé)é;enf%ybghangg,ng the ekt , indsieGod of
spunbondi ng a contjinuous fibker in ong cgontj nugus operation, and a
met hod of meFRepPRWTRF Fo2FLY ithe ABELtsRed b's?h‘c’:a e | ng[é H:g"er esul ting
web or by thermal Iy bondi ng  the web. ,These various techni ques for
produci ng nofifblehndes it slanaraikl IthenSREiBragRetoree 12chnol ogists of this
art, and the disclosure of the invention is not restricted by any
met hod. @ heincpsasedylictAgeardimsdiced tf PerPrRe ABdvtbhenthathed fiber are
205 al so included in the scope of the present invention, and
exanpl es t heppbinizeticre of Bl ofl the Aepeing)bef bhag fabrigrdt her fi ber
such as pol y(et hyl ene terephthal ate) (PET) or cotton.

more favorably carried out with maintaining

elasticity/strength properties required for the fabric.

It is also possible to prepare a two-component

10 system fiber by the use of the ethylene/o-oclefin

copolymer (A) or the ethylene copolymer composition
(A'), (A") or (A"'). The ethylene/0-olefin copolymer
(A) or the ethylene copolymer composition (A'), (A") or
(A"') is used as at least a part of the two-component
15 system fiber. For example, in case of a two-component
system fiber of shell/core type in which the core .is
concentrically surrounded with the éhell, the
ethylene/0-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') can be allowed
20 to be present in any of the shell and the core.
Different types selected from the ethylene/a-olefin
copolymers (A) and the ethylene copolymer compositions
(A'), (A") and (A"') are independently uéed for the
shell and the core, and in this case, designing is

25 preferably made in such a manner that the both



5 By the term"conprising” as used in the clains in this
specificatiop j t at the ethylene/[err]-olefin copol yner (A) or
t he ethylenegﬁ%%%gﬁﬂgﬁu%gnposition (A), (A") or (A"") for use in the
production of the fiber and the fabric can contain additional :
materials 10 which exert no substantial influence on the elasticity

of the fiber or the fabric. Such ugfddl nonrestrictive addi tive

mat eri al s i nclude pignment, anti oxidant, stabilizer and surface active
agent (as disclosed in, t ent

f } le. US, P No. 4, 486,5
(Ni emann), F@wPpoRgntp gha %&@%rt&,ecé%g},)aﬁﬂ Faaby Ehe gpeliing &01@.6%.0 Pat ent

No. 4,835,194 (Bright et al,.). The articles which can be
produced by Hhe %%%i%ﬁCé%ponqﬂﬁe1ﬁ%&8We§IQQFPCt??Be?£aERFfQHﬁQ<: di scl osed in
t he present specification inclyde conposite fabric articles 20
desired to hEOEPRRRE| c ThE RE S 18YeBLapRr inclygdes fa two- djapers, the
elasticity is desired for a west band part to prevent slip-down of

di aper and acPuepeReMy sgten Fiber ofr apefherebikage, SYCh RS A P& n U. S.
Pat ent No. 4,381,781 (Sciaraffa). The parts which exhibit 25

el asticity fPegsidel fikeryve The isksiecowy-shdpefiberi by, for example,

206 and/ or shape-fixing systemso as to well conbine

conf ort abl enasfibed havinghipakynerpgomedngsdifferaat frommeaadt el astic fiber
and fabric disclosed in this speci_fication, structures having a

conbi nati on 8fher, and the ethylene/da-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"') is
used for at least a part of the surface of the fiber.

10 The shape of the fiber is not specifically limited.
For example, the fiber typically has a sectional shape
of a circle, but the fiber may have another sectional
shape such as a trilobal shape or a flat shape (i.e.,
ribbon-like shape). The elastic fiber disclosed in this

15 specification is not restricted by the fiber shape.

The diameter of the fiber can be measured and
reported in various ways. In generél, the diameter of
the fiber is measured in "denier" per fiber. The
"denier" is a term relating to fabrics, which is defined

20 as a weight (gram) of fiber per 9,000 m of a fiber
length. The monofilament is generally applied to an
extruded strand of not less than 15 deniers, usually not
less than 30 deniers, per filament. The fine denier
fiber is generélly applied to a fiber of about 15 or

25 less deniers. The microdenier fiber (known as



5 elasticity and air perneability can be manufact ured. The novel
el astic fibes_pyh iy di sclosed in this specification are al so

enpl oyabl e ?%r vafgéﬁﬂ?da structures as described in U S. Patent No.
2,957,512 (Wade). For exanple, the layer 50 (i.e., conmponent 10 which
exhibits elasticity) of the struct lil’oe4 described in the U. S. Patent No.
'512 can be replaced wth the novel elastic fiber and fabric. In this
U S Patent, a material exhibiting no elasticity is flattened,

gat hered . an e r FuGct ure_exhl bt sticity. 15
The novel elr%;s%(gfﬁ%&r qastn%/eglre%ggg% %pég%gée%i?t%#% H’aR)gil'fE’Ja%ot her fi ber,
fabric or structure exhibiti n St hgI thro I ndi ng or
by the use o B 1 Oé;dﬁoets#“\r}%e %?af‘hgbﬁlslg %?ﬂé%' n(t;hg/nel%%e eggbtflt(t:: I ber

and/ or fabrjc_and .anqt.her cQ nent, exhppiting no.elasticity, 20 an
el astic strd%?ﬁﬁ% ?J%%%kﬁéﬁﬁgg; %ﬁggﬁpfﬁénéncgﬁl%es eleﬁﬁékﬁﬁ?édﬁ£e
Specifically,.the conponent exhi.biting n . elasticity (.such as the
conponent de@%?W?ﬁﬁF{g%31 > Wi elypgb@ﬁgeabwltgiaﬁrﬁig@ﬁﬁ%%ﬁ%gg and t he
conmponen , .exhibiting elasticity is previous]y extended hefore

207 1 infleRse o Gichens By Ehg Eradt s o hF e of

shrunk after fittj.ng. : It _iis _al so possible tﬁggéfduce a nove
structure bythe Tikemican kg aRErRIVER §PadFi EOf Fkl Ysedan$ this 5

specification_to a nethod of spunlacing (or twining by
of the finished product, and it will be préferable that

the melt blown fiber has 0.5 to 30 deniers/filament, the
spun bond fiber has 1 to 30 deniers/filament, and the
10 continuous filament has 1 to 2,000 denier/filament.

The fabrics made from the above novel fibers
inc;ude both of woven fabric and nonwoven fabric. The
nonwoven fabric including spunlaced fabric (or fabric
twined by hydraulic power) as disclosed in U.S. patent

15 ©No. 3,485,706 (Evans) and U.S. Patent No. 4,939,016
(Radwanski et al.) can.be produced by various methods,
such as a method of napping the staﬁle fiber to bond by

~ heat, a method of spunbonding a continuous fiber in one
continuous operation, and a method of melt blowing a

20 | fiber, followed by calendering the resulting web or by
thermally bonding the web. These various techniques for
producing nonwoven fabrics are well known by the
technologists of thié art, and the disclosure of the
inveﬁtion is not restricted by any method. Other

25 structures produced from the above-mentioned fiber are



hydraul i c power).
U. S. Patent . A82 (Goggans) can be produced using the novel
el astic fibeﬁ%i%ézé§%%§§ cri bed in this specification. 10 The

For exanple, the elastic sheet (12) di sclosed in

continuous filanment exhibiting elasticity as described in this
al so enpl oyabl e for woven stuff for which high inpact

specification is

resilience is desired.

novel el astic fiber and fabric disclosed in this speC|f|cat|on 15

control | able,_ and if necessar fl exi bl esignin ,___relatin 0 change
of shrlnkagea¥§ﬁc%?q¥Pqﬁﬂa¥§a e scopg| g th béE%ﬁéth%ﬁﬁﬁ %?P'ag Ndescri bed

in US. Patent

5,196, 000 (C ear

TROX oughness and shrinkage force of the

ar e

In U.S. Patent

No. 5,037, 41%3§WQ4%§1§§e§ﬁ°§ 1ncé@d§d9ahiﬁﬁés°5fg%9é*%ﬁﬁ;fﬁ%hﬁrhﬁn@op sheet

br ought about by

the use of a ribbon exhibiting elasticity are

described another fihesesurhy 8 Body (phh¥henfotereppihalpie@)ndFar)
elastic fiber can be used in the formof a fabric capabl e of exerti
the functi onCBHRFEBY- t he menber. 19

of the U _S. Patent No. '416 or capable of exhibiting the desired

el asti ci

et hyl ene copol ymer havi ng extrenel y high nmolecular 5 weight, advantages

By thentsym i compasiisésot eaashagd| imelhe pplaigshyinene or

can be obt ai Hes psPetid i ion tigemeant £hak| tbﬁa@%b}él@%/é% Qfefdtbsed in
this specification.
copolymer (A) or the ethylene copolymer composition

(a"),

(A") or (A"') for use in the production of the

fiber and the fabric can contain additional materials

10 which exert no substantial influence on the elasticity

of the fiber or the fabric. Such useful nonrestrictive

additive materials include pigment, antioxidant,

stabilizer and surface active agent (as disclosed in,

for example, U.S. Patent No. 4,486,552 (Niemann), U.S,

15 pPatent No. 4,578,414 (Sawyer et al.) or U.S. Patent No.

4,835,194 (Bright et al.).

The articles which can be proddced by the use of

the novel elastic fiber and fabric disclosed in the

present specification include composite fabric articles

20 desired to have elastic'parts, such as diapers. 1In the

diapers, the elasticity is desired for a west band part

to prevent slip-down of diaper and a leg band part to

prevent leakage, as described in U.S. Patent No.

4,381,781.(Sciaraffa). The parts which exhibit

25 elasticity frequently serve to improve shape-fitting

ng
208



For exanple, the novel elastic fiber has a | ow nelting point (there is
essentially ﬁ_i,i@fpéFIﬁj@t i on bet ween the nmelting point and the
density of this polymer). 10 Therefore, in case of a blend of this novel
el astic fi ber and a pol yethyl ene fiber having an extrenmely high

nol ecul ar wei ght (e.g., Spectrra (t e nane) fi ber, avail able from
Al'lied Chem cal) as described in U4 Pat ent No. 4,584,347 (Harpell et
al.), this elastic 15 fiber of low nelting point serves to bond the

I hv| . : : . el ti it
\Rﬁe)rlgt)yyhfgﬁ%é?g%g%a%%h%ﬁ%efﬂﬁﬁg% %W‘%i %%I?b]frlg%eﬁl ggdl Lni ted
body are ;gtgéﬁed¥t§E%F%ﬁﬁ§j?I()ééfiabﬁ%&% E h@y ?h28&3g4g#(€ﬁ£Wﬂan), the

el astic rms a composite’ elastic naieri al

including a reversiply necked mateyi can .be replaced ... wth the novel
el astic fi be?o‘éﬁ%/%fagtalo i{ﬁo s & Sg%&zlr&c dlsc{tﬁg?gsb%c?lﬁscat i on.
The novel elastic_fiber may be C&gled as an elastic. .25 conggnent of a nelt

bl own pr ocesEPeGhFEFRT O nfitcdiGitsf raving a combination

209 a reference nunber, 6 of the .dqrawing in U.S. Patent .
2,879, 170 ( REIRBRERESY S s oo apiiid Ran BemiuEc ey i ng
mat eri al s gener al I% exhibiting elasticity and . their preparation
process are descrThedrovel elasticrfdbes, andefalric A1Hetosel ¥ hbric

di sclosed in the ,P,rese_nt specification can_be _used to produce an
el astic this specification are also employable for various

structures as described in U.S. Patent No. 2,957,512
(Wade) . For example, the layer 50 (i.e., component

10 which exhibits elasticity) of the structure described in
the U.S. Patent No. '512 can be replaced with the novel
elastic fiber and fabfié. In this U.S. Patent, a
material exhibiting no elasticity is flattened, gathered
and creped to produce a structure exhibiting elasticity.

15 The novel elastic fiber and/or fabric can be fitted to
another fiber, fabric or structure exhibiting no
elasticity through melt bonding or by the ﬁse of an
adhesive. By the use of the novel elastic fiber and/or
fabric and another component exhibiting no elasticity,

20 an elastic structure with gathers or shirring can be
produced. Specifically, the component exhibiting no
elasticity (such as the component described in U.S.
Patent No. '512) is gathered, and the component

exhibiting elasticity is previously extended before



panel . This panel is enployable as nenbers 18, 20, 14 and/ or 26 of

U S. Patent No, .4 0,464 (Van Gonpel). It Is al so possible to use

t he novel elg§?#82?$%éé@ nd 10 fabric disclosed in the present
specification as an el astic conponent (e.g., layer 86 of U S. Patent
No. '464) of a conposite side:ﬁgnel. Expansi on nol ded
product 15 The expansi on mol4@d product can be made to have

vari ous shapes such as rod, tube, tape and sheet, and is used as a
substrate of cgushioning material, heat . . .insulating, material, poultice
material or ERELEPEeOr the compongnt §?§ﬁﬁ§¢&ﬁgp?6855%gigybP%&HEﬂH by ni Xi ng
the 20 ethylene/[err]-olefin copolynmer (A or the ethyl ene copol yner
conposi tion EREYRK(ALLeH LEInTwith a bl ow ng agent and then heating
the m xture or placing it under vacuumto gasify the bl owi ng agent or
generate a dEEoiPoalse Pl da mEcsFepronavel babBrGEUT Bhe 25
resin nol ded product. ) . _ _ 210

Exanpl es of ptbiestisgf bhe protici Hgsbisarfdiey descrpbgdutt sthil ude t he
fol | ow ng_processes. (1) Extrusion expansion process

The et hyl®nespesiéfcatiopotymemethodod rpunlrgioge (05 twbpbhy riey
conposition (A), (A") or (A"") is introduced i nto a hopper of an

ext ruder. Waydrbueliespowes) . For example, the elastic sheet (12)
disclosed in U.S. Patent No. 4,801,482 (Goggans) can be
produced using the novel elastic fiber/fabric described
in this specification. |

10 The continuous filament exhibiting elasticity as
described in this specification is also emplovyable for
woven stuff for which high iﬁpact resilience is desired.

The toughness and shrinkage force of the novel
elastic fiber and fabric disclosed in this specification

15 are controllable, and if necessary, flexiblé designing
relating to change of shrinkage force in the same
clothes becomes feasible,  as described in U.S. Patent
No. 5,196,000 (Clear et al.).

In U.S. Patent No. 5,037,416 (Allen et al.),

20 advantages of a shape-fitting top sheet brought about by
the use of a ribbon exhibiting elasticity are described
(cf. member 19 of U.S. Patent No. '416). The novel
elastic fiber can bé used in the form of a fabric

capable of exerting the function shown by the member 19



extruded at a tenperature near the nelting point of the resin, a

physi cal bl o i njected through an i njection hole provided
m dway in thélI g%?%grwgnd the 10 resin is extruded from a nout hpi ece of

a desired shape to continuously obtain an expanded product. Exanples

of t he physical blow ng agents include volatile bl ow ng agents,

such as freon, butane, pentane hexX{h® and cycl ohexane; and inorganic
gas blomﬁng agents, such as nitrogen, air, mater and carbonic acid

gas. In the extrusion ex ansi on, a nuclea I such as cal ci um
carbonate, tafctheIByS orFahsgite 3th1&}| anﬁ§PﬁB cé§hlbltln i*h

physi cal blomﬁng agent is added i n an anount of usually 5 to 60 parts
by wei ght, pResEFe®IslagFis®b 20 parts by wei ght, based on 100 parts by
wei ght of the copol ymer (A) or the conposition (A), (A") or (A"").

| f the anpunt of ke phys @mmmsa«}a%glsa@snﬂ-laaaeom%ye%vle e Qg |,
expandability of the product is lowered. If the anount thereof is too
| arge, the seEbwjene ForMamers hagting, xGrpredchivh relrywkpr

211 (2) The ethylene/[err]-olefin copolyner ( 2 or the

et hyl ene Topwejabt. cadiputiadesn qan oe ERtpised( Ry’ yhealhse of thg ganic

t her mal - deconposabl e bl owi ng agent such as azodi car bonam de; and if
desi red, othepva@de1¢stﬁpeﬁﬂberEﬂMSQQQ$§§Ia§tFblSespﬁCBikcaﬁﬂQn4<neaded by a

kneading devi ce such as a single-screw extruder, a tw n-screw
For example, the novel elastic fiber has a low melting

point (there is essentially a linear relation between
the melting point and the density of this polymer).

10 Therefofe, in case of a blend of this novel elastic
fiber and a polyethylene fiber having an extremely high
molecular weight (e.g., Spectrra {trade name) fiber,
available from Allied Chemical) as described in U.S.
Patent No. 4,584,347 (Harpell et al.), this elastic

15 fiber of low melting point serves to bond the
polyethylene fiber of high molecular weight without
melting_it, whereby high strength of - the high-molecular
weight fiber and united body are -retained.

In U.S. Patent No. 4,981,747 (Norman), the elastic

20 sheet 122 which forms a composite elastic material
including a reversibly necked material can be replaced
with the novel elastic fiber and/or fabric disclosed in
this specification.

The novel elastic fiber may be used as an elastic

25 component of a melt blown process, which is indicated by



extruder, a Banbury m xer, a kneader m xer or a roll at a tenperature
| ower than t?g 2§£2§P9§6£i0n t enperat ure of the thernmal -deconposabl e
bl owi ng agen %o prepare an 10 expandabl e resin conposition. The
conposition is generally nolded into a sheet, and the sheet is heated
at a tenperature not |ower than the(%sconposition tenperature of the
bl ow ng agent to performexpanding,2 wher eby an expanded product is
obtai ned. 15 The organi c thermal -deconposabl e bl owi ng agent is

added in an anmoupt of wusual.l t ts.by weight, referably 4 to
25 parts by ﬂeFﬁﬁ?Feﬁﬁﬁéangﬁ¥ié%‘%%§$§P%&an ﬁﬁigh%'o?a?%%géﬁﬁblyner (A
or the conpositjgn ' A') ar (A I f_the unt, t he organic
t her mal - 204'53§oﬁ%€;L%WQW?ﬂ%gﬁ%g éﬁb&?uﬁ%géﬁ’igap88gs tl,fqo’
expandability of _the product is lowered. |If_ the anbun . .thereof is too
| arge, the sFP?ﬁéghngfm?ﬁ%r%ﬁkﬁuﬁﬁﬁfréily ﬁ?@&E&Fng ?iﬁﬁF%ﬂ?ty and (3)
Expansi on process in pressure vessel )

212 thetgePEERGT BRI RFQCRTL[/LE C6FGFFREF - (A) or the ethyl ene
copol ynmer_conposi tion (A'l, (A") or (A") is nplded _into .a sheet or a
bl ock” by Jreans of Thepreesl oplagtisifiikeay and fabgig ghechoseddi®rideRict is
introduced into an pressure 5 vessel. After a physical blow ng agent is

suf fi ci ent | ypresengeppedificakion «fm bg meesy Eospreduessen ekasyHeuated to

obtain an expanded product. It is also possible that
panel. This panel is employable as members 18, 20, 14

and/or 26 of U.S. Patent No. 4,940,464 (Van Gompel). It
is also possible to use the novel elastic fiber and

10 fabric disclosed in the present specification as an
elastic component (e.g., layer 86 of U.S. Patent No.

'464) of a composite side panel.

E&Qéggigg_mgldgé_ngéugs
15 The expansion molded product can be made to have
various Shapes such as rod, tube, tape and sheet, and is
used as a substrate of cushioning méterial, heat
insulating material, poultice material or the like.
The expansion product is produced by mixing the
20 ethylene/a-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') with a blowing
agent and then heating thé nmixture or placing it under
vacuum to gasify the blowing agent or generéte a
decompositioh gas and thereby produce bubbles in the

25 resin molded product.



t he pressure vessel to which the nol ded product has been i ntroduced is

filled wwth gh L C bl owi ng agent at 10 roomtenperature, then the
vessel is pr ‘§6$$§§%r§§&1 evacuat ed, and thereafter the nol ded product

is taken out and heated in an oil bath, an oven or the like to

per f or m expandi ng. If the ethylene/[err]-olefin copolynmer (A) or
the 15 ethylene copol yner conposﬂ&l@n (A), (A") or (A") is

previ ously crosslinked, a crosslinked expanded product can be

obt ai ned. of crosslinkin t hods include a nethod
wherein a perOX|d§X?%Bf%£F> éﬁ%?ﬁ?%ﬁeﬁnﬁ?EdP%Pgﬁc%ﬂ% SHMPRET™h is thermally
deconposed to crosslipk the resin nmet hod of crosslinking by

i rradiation RFPﬁuFBﬁlim?&Pde th?%ﬁﬂ%%ﬂﬂ&ﬁg RXRECARBBSof crosslinking by
irradiation with ionizing radiation in the presence of a

pol yfuncti onal (1)n%ﬁ%ﬁ%ﬁlo%uﬂ¥293§HQEn@r8F8§§I|nk|ng met hod.

213 To_obt | ed ded duct
net hods, the copgwﬁﬁeglg e%ﬁ SS I%g;ﬁ) n 2 Q%? %%"FQX e£5¥§é?§w.), an

organi c t hernal - deconposabl e b] owi ng agent, ?olyfunctlonal nononer
as a crosl i FRPAYYRES| compRs HnkPn @*dtlhe(lA"eldQFft |(’6\és at® mtrodyradied at a
t enperat ure | ower than the deconposition tenperature of the thernal-
deconposablelbtgmﬂnbong%ntOEuﬂnrﬂﬁ&ﬁnﬁarhtoW@eyhébe rgpen is  resulting

expandabl e resin conposition sheet is
extruded at a temperature near the melting p01nt of the

resin, a physical blowing agent is injected through an
injection hole provided midway in the extruder, and the

10 resin is extruded from a mouthpiece of a desired shape
to continuously obtain an expanded product. Examples of
the physical blowing agents include volatile blowing
agents, such as freon, butane, pentane, hexane and
cyclohexane; and inorganic gas blowing agents, such as

15 nitrogen, air, water and carbonic acid gas. In the
extrusion expansion, a nucleating agent such as calcium
carbonate, talc, clay or magnesium oxide may be added.

The physical biowing agent is added in an amount of

usually 5 to 60 parts by weight, preferably 10 to 50

20 . parts by weight, based on 100 parts by weight of the
copolymer (A) or the composition (A'), (A") or (A"').
If the amount of the physical blowing agent added is too
small, expandability of the product is lowered. If the
amount thereof is too large, the strength of the

25 expanded product is lowered.



irradiated with ionizing radiation at a given dose to 10 «crosslink the
copol yner (A)pOfaddiespcgrosi tion (A), (A") or (A'""). Then, .the
crosslinked sheet I's heated to a tenperature not | ower than the
~deconposition tenperature of the blow ng agent to expand the sheet.
As the ionizing radiation, a rays, &arr] rays, [err] rays, 15 electron
rays and the |i ke are enpl oyable.  ead of the irradiation
crosslinking with the ionizing radi ati on, peroxide crosslinking or
si tane crosslinkin carried_out. In the present

can pe
i nvention, to the 8@p5¥§h§$h?ifn8/a‘2éef%ﬂeC%ER&XﬁﬁRiﬁﬁﬁ O Fhe(A') or
(A""), additives, such as weat hering stablllzerz heat stablllzgr,
anti-slip agesithylene camoilymesckpmpoagehen htli-f@ddi my d@end, bobricant,
pi gnent, dye, nucleating agent, plasticizer, anti-aging ~agent,
hydr ochl ori ¢ exdahizbdbermail-dedomposakl ddrtowitgy ag2mt lsechptisonal |y added
in anounts not detrinental to the _ 214
obj ects of thezedhebHomaniBert aad, ibt desipad y nertserc aidditiveBeahiended in
smal | amounts, w thout departing fromthe spirit of the present
i nventionS thermoplaEtdcexpatdedrpradlet kiesieax st lemnebexiybility and 5
t oughness. Foam structure The foam structure
conpri ses thedetind eawelnasl af siingle-screw extruder, a twin-screw
extruder, a Banbury mixer, a kneader mixer or a roll at
a temperature lower than the decomposition temperature
of the thermal-decomposable blowing agent to prepare an
10 expandable resin compositionf The composition is
generally molded into a sheet, and the sheet is heated
at a temperature not lower than the decomposition
temperature of the blowing agent to perform expanding,
whereby an expanded product is obtained.
15 The organic thermal-decomposable blowing agent is
added in an amount of usually 1 to 50 parts by weight,
preferably 4 to 25 parts by weight, based on 100 parts
by weight of the copolymer (A) or the composition (A'),
(A") or (A"'). If the amount 6f the organic thermal-~
20 decomposable blowing agént added is too small,
expandability of the product is lowered. If the amount
thereof is too large, the strength of the expanded

product is lowered.

(3) Expansion process in pressure vessel



copolynmer (A) or the ethyl ene copol yner conposition 10 (A), (A") or
(A""). of the ethylene/a ol efin copolynmer (A or t he
et hyl ene copgr}ﬂ%$7§%H%@%|tlon (A), (A") or (A"") and anot her

sui tabl e et hyl ene pol yner or anot her nat ur al or synthetic polynmer can
be enpl oyed. Exanples of the 15 other suitable ethyl ene polyners include
| ow- density pol yet hyl ene (LDPE12nedi um density pol yet hyl ene ( MDPE),

hi gh-density pol yet hyl ene (HDPE) (prepared by the use of Zi egl er

catal yst as described in, for exanple, U S Pat ent No. 4,076, 698),

et hyl ene/ vi nyl ac®hat etbphaigferqlefZh copodyyeer $Adf ort tlye extthylehe

unsat urated carboxylic acids, and hono and copol yners of

[err]-ol efi n&opsnbﬁérswﬁ\p@éﬁmn (209l,ymarg brclnde) pd yied e eidtdancl udi ng
i npact - resi st ant pol ystyrene), styrene/butadi ene bl ock copol yner,

pol yi sopr eneagtegthgf & UbPEFIS by rtle@iRd oF0RLt BirBEBJoR arSextAsddy,0f hi gh
nmelting point in a major proportion is

215 Pr ahar elkemoT863 GORMUEE i< &ht&bdﬁbéd@ﬁ’@@%ﬁ'ﬁfbéﬁﬁe (A")

or (A"") or a blend containing the copolyner (A t he conposition

(A'), (A3 OkebBel) |Ref&fef N di0AS ABwing ag@hEYh§”§uEE&dﬁEﬂtI§ater'a'"
The et hyl ene pol yner 'naterial contains ethylene nonomer units

0 amunt el EReEALLHe kel Eo SR Mure voliBY 181 hleudiid f of crably

not less than 70 % ependent of 1ts conposition. The
ethyl ene obtain an expanded product. It is also possible that

the pressure vessel to which the molded product has been
introduced is filled with the physicél blowing agent at
10 room temperature, then the vessel is pressurized and
evacuated, and thereafter the molded product is taken
out and heated in an oil bath, an oven or the like to
perform expanding.
If the ethylene/ca-olefin copolymer (A) or the
15 ethylene copolymer composition (A'), (A") or (A"') is
previously crosslinked, a crosslinked expanded product
can be obtained.
Examples of crosslinking methods include a method
wherein a peroxide radical gene?ator mixed with the
20 resin is thermally decomposed to crosslink the resin, a
method of crosslinking by irradiation with ionizing
radiation, a method of crosslinking by irradiation with
ionizing radiation in the presence of a polyfunctional

monomer, and a silane crosslinking method.



pol ymer material may consist of

copol yrer (A5 S EHE R ene
(A"") and anot her ordi nary

et hyl ene/ acrylic acid copol yner
ethylene/[err]-ol efin copol yner

et hyl ene nononer units 10 conpletely or

conpri ses

the ethylene/[err]-olefin

copol ymer conposition (A), (A") or
et hyl ene polyner, e.g., LDPE, HDPE,

( EAA
(A2

or LLDPE.
t he

15 To the
et hyl ene copol yner

conposition (A ), (A") or (A""), additives, such as antioxidant (e.g.,
hi nder ed phenol s | rganox (tr.ad ane) 1Q1Q) osphi t e.g.,

| r gaf os (trad@ ?@61%3 1%@r°%ﬁ&l&%ﬁeﬁ#’a8§ﬁgb%r§%&é‘§% ts 20
not detrinental_ tq the i nproved properties_found by,the ,, present
appl i cant. methods, theg QQ%ﬁquéé@ﬁiﬁﬁ Ghetﬁ@mB?%%E%@pf(ﬁ')prdah ing the
foam structure or the nmethod for processing the foam .structure is

found in "HaRELEBK' bf 0| YFEAR I SR

Kl empner and K. C. Frisch,

~ds5ompREARLE dyev AR by D.

216
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9.
produced by ather addihvives cie medtr iiegmedx

The

f oam structure can be

phnai beMpRrRgike Frwest ruct ure

5 can be generally produced by a process conprising the st eps of
heati ng t he &hapl the fetympes ey itarpegagure af the phemdlsi zed or nol ten

pol ymer material, introducing a

bl owi ng agent into the pol yner

mat eri al to flecpmposable blowing agent and molded into a sheet. The

resulting expandable resin composition sheet is

irradiated with ionizing radiation at a given dose to

10 crosslink the copolymer (A) or the composition (A'),

(A"} or (A"'). Then,

the crosslinked sheet is heated to

a temperature not lower than the decomposition

temperature of the blowing agent to expand the sheet.

As the ionizing radiation, o rays, B rays, Y rays,

15 electron rays and the like are employable. Instead of

the irradiation crosslinking with the ionizing

radiation, peroxide crosslinking or silane crosslinking

can be carried out.

In the present invention, to the copolymer (A) or

20 the composition (A'),

(A") or (A"'), additives, such as

weathering stabilizer, heat stabilizer, anti-slip agent,

anti—blocking agent, anti-fogging agent, lubricant,

pigment, dye, nucleating agent, plasticizer, anti-aging

agent, hydrochloric acid absorbent and antioxidant, may

25 ©be optionally added in amounts not detrimental to the



f oamabl e gel and extruding the gel through a die to 10 obtain a foam

pr oduct . 0&452 ?geggang with the bl owi ng agent, the polyner

mat eri al |s eate , tenperature not | ower than the gl ass
transition tenperature or the nelting point of the polyner

material. Introduction of the bl ow U£? agent into the 15 polynmer materi al
and bl ending them can be carried o any conventional neans such as
an extruder, a ﬁlXIng machi ne or a bl ender. The bl owi ng agent is

bl ended wi t h ten er'al pressure high enough

f or |nh|b|t|ﬁ§3§ﬁﬁ§tﬁﬁt % é%ﬁeéfQﬁ ﬁHSFf gﬁSF i &%%erial and
for substanti al geneous di spersin t.he bl ow n e

necessary, akﬁb%ﬁéagga lﬁgﬁﬂ?iﬁn. cints, égﬁ#@H&egeRFFhl?%egﬂﬂ? @% polyner
or may be dry hl ende d with the ¥ner material prior to

pl astici zati owigit of the| PFaenenys ‘e gel is generally cooled to a
25 |ower tenperature to optinize_properties of th

217 resul ti A§ef 6¥RRR ?@d@%ﬂ@PCWHEF%éFFﬁﬂlePﬁef&@FlpélltY angt ruded

into a zope of | ower pressure through a die of desired shape to

pr oduce a>f odAughngsture, or is transported. The pressure in the |ower
pressure zone is 5 lower than the pressure which is maintained before the
foamabl e gel is extruded through the die. This pressure may be hi gher
t han at nospheric pressure or |ower than that (vacuum, but preferably
is on the | evel wEeam structure

The foam structure comprises the ethylene/d-olefin
copolymer (A) or the ethylene copolymer composition
10 (a"), (a") or (a"').
A blend of the ethylene/o-oclefin copolymer (A) or
the ethylene copolymer composition (A'}), (A*) or (A"')
and another suitable ethylene polymer or another natural
or synthetic polymer .can be employed. Examples of the
15 other suitable ethylene polymers include low-density
polvethylene (LDPE), medium-density polvethylene (MDPE),
high-density polyethylene (HDPE) (pieparéd by the use of
Ziegler catalyst as deécribed in, for example, U.S.
Patent No. 4,076,698), ethylene/vinyl acetate copolymer,
20 | copolymers of ethylene and unsaturated carboxylic acids,
and homo and copolymers of a-olefins. Other suitable
polyﬁers include polystyrene (including impact-resistant
lpolystyrene), styrene/butadiene block copolymer,
polyisoprene and other rubbers. A blend containing a

25 resin of high melting point in a major proportion is



at nospheric pressure. 10 This structure may be processed in the form

of - agyrgg %@Q éﬁréﬁfb by extrusion of the ethylene pol yner

material through a multi-orifice die. The orifices are arranged in
such a manner that contact between the adj oining streans of the nolten
extrudate takes place 15 during t course of foam ng and that the

cont act surfaces have adhesio gh enough for adhering to one

another and for formng a united foam structure. The streans of the

I d f h d h d
orof e, andbPeCPEaRiRi it SRt vigs (hlog Pt r Sair ot (08050 "ane
bonded t t ted. { t t d
the . orof P LeoSniRl O 5 .%%%@f&‘é%t&?ngﬁﬁﬁﬁ%&g%ao s%ea@r@as = hat

t he strands e not se arate 2@ stre ven %i a foamis
produced, shk Edcaﬂaoﬁ dce aﬁd ahSaB%E?%E sapl""’dlducmg a
foam structure jn the form - of
aggregat ed st PERYSHE P iW?qﬁqéalPatents No. 3,573, 152 and No.
4,824,72 The foam structure nmay be produced hy a cunul ative
ext rusi o processTAS SHEWFIH RYIgMeF MaferRgl 205‘2%115%8“]’1351%‘? this
process, the Iomfden3|tg f oam structure havi ng | ar ge si de sectiona
area i s prodBeBeMeR WRLES ot ts of FEﬁ*ﬁéFab}X) not gk#sHfthate 3 hyl ene
pol ynmer material and t he bl ow ng _agent is forned under pressure. The
% by weight, more preferably not less than 70 % by

weight, independent of its composition. The ethylene
polymer material may consist of ethylene monomer units

10 completely or as a whole. A preferable blend comprises
the ethylene/0-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') and another
ordinary ethylene polymer, e.g., LDPE, HDPE,
ethylene/acrylic acid copolymer (EAA) or LLDPE.

15 © To the ethylene/o-olefin copolymer (A) or the
ethylene copolymer composition (A'), (A") or (A"'),
additives, such as antioxidant (e.gf; hindered phenols
{Irganox ftrade name) 1010), phosphites (e.g., Irgafos
(trade name) 168) and pigment, can be added in amounts

20 not detrimental to the improVed properties found by the
present applicant.

Excellent teaching on the process for producing the
foam structure or the method for processing the foam
structure is found in "Handbook of Polymer Foams and

25 Technology" (edited by D. Klempner and K.C. Frisch,



formation of the gel is carried out at such a 10 tenperature that the gel

has a vi scoskt h r hol ding the bl owi ng agent during the
f oam ng. (2)lFTf!%§Q?§ﬂ %@ is extruded to a hol ding zone whose pressure and
tenperature are mai ntained so that the gel is not foamed. The hol di ng

zone has an outlet die surroundi nga%ié an orifice to feed the gel to a
zone of | ower pressure for fo g of the gel, and has a gate which
cl oses the die orifice and can be opened. (3) The gate is

peri odi cal | y_.opened nechani.cal .essure.i | o the gel
substanti al | ya‘gf‘efhguég%%ﬁﬁsn’eq@i/m% W&?&%s%’oyegl 3r{ro[)]\'ﬁ/]é'ibIa]?(i:aplkéa%r}a‘-’lnd t he gel
I s di scharge the hol.di, zone t.0 a zone of |o pressure

t hrough die qlgggg}i?Fc%ngh a‘E}T src}%eilryé) eé:lnggloalms g??%%l\é\%(mt at arate

hi gher than the rate at which substantial foam ng.takes pl ace in the
die orifice and | %rg??ﬂns?ﬁ%cqﬁ% &» %?Spr\f\ﬁuggds ¥stantial irregularity
in the sectional area o# . . 219 t he
shape is pro8QE¥ENtigRaF exHEYSIAT GFRRATEI s TesarEd  The SFrydare

restrict igg to one-directional foam nSFi to produce, a, foam structure.
The foam<3tr G8FPuPE g8RehRlPY RERAKPL] Mo @ PIQRERSsSPIRKEH 1D rHDeads

sui tabl e for producin article. In grder to produce foam beads, the

an, . .
resin p&tepe| e g@ﬁ’é&%@ dehe rerhpirRe RlyEer BaERrdal to gi¥R (3 cul ate -

resin pellets, are suspended in a liquid ) ) .
plasticized or molten polymer material, introducing a

blowing agent into the polymer material to form a
foamable gel, and extruding the gel through a die to

10 obtain a foam product. Prior to blending with the
blowing agent, the polymer material is heated to a
temperature not lower than the glass transition
temperature or the melting point of the polymer
material. Introduction of the blowing agent into the

15 polymer material and blending them can be carried out by
any conventional means such as an extruder, a mixing
machine or a blender. The blowing agent is blended with
the molten polymer material under pressure high enough
for inhibiting substantial foaming of the molten polymer

20 material and for substantially homogeneously dispersing
the blowing agent. If necessary, a nucleating agent may
be blended with the molten polymer or may be dry blended
with the polymer material prior to plasticization or
melting. The foamable gel is generally cooled to a

25 lower temperature to optimize properties of the



mediumin which the resin is substantially insoluble, 10 such as water.
Then, a bl oWFn{229EePE-8Q4 i ntroduced into the liquid nmediumin an

aut ocl ave or anot her pressure vessel at high tenperature and high
pressure to i npregnate the resin particles with the bl ow ng agent,
and the resin particles are rapidlygyscharged into the 15 air or a
vacuum zone to produce foam beads. The process Is sufficiently taught -
in US. Patents No. 4,379,859 and No. 4, 464, 484. - 1In a
process deri vesultimgyt fieamboumiginomsess Therieafter, the gebrisgnation with the
bl owi ng agent, the suspended 20 pellets nmay be inpregnated with a styrene
nononer so aextruded oimptodchcsorse griaflioweapolrgssnreogetdegh va tdid ef et hyl ene
pol ymer material. The pol yethyl ene/ pol ystyrene copol ymer beads are

cool ed and dasshae@eshipeontd roduce e floamnecructhpal oeitg substantially
f oanmed. The beads 25 are then foaned and nolded in accordance with a

220 CORY8AkbOREEd PI OTIeS pridisuree ipr e@tucllbRaroprésailite zondalg/styrene.
The process for the production of pol yet hyl ene/ pol yst yrene copol yner

beads is glesgbiwBedthéin the pressiBH QMHidN0isAmib8t8%8ed Before tHd1e foam
beads may be nol ded by any ‘means known in this technical field. For

exanpl e, thefEQﬁHbPéagéla{§ extruddd Itef-cugnathRl diand ihes Headfd-av th
steamor the lik to aggregate and nelt them so as to produce an
article. may be higher than atmospheric pressure or lower than
that (vacuum), but preferably is on the level with
atmospheric pressure.

10 This structure may be processed in the form of
aggregated strands by extrusion of the ethylehe polymer
material through a multi-orifice die. The orifices are
arranged in such a manner that contact between the
adjoining streams of the molten extrudaté takes place

15 during the course of foaming and that the contact
surfaces have adhesion high enough for adhering to one
another and for forming a united foam structure. The
streams of the molten extrudate from the die are each in
the form of strand or profile, and it is desirable that

20 they are foamed, aggregated and bonded to one another to
form a united one structure. The strands or the
profiles should be in the form of a united one body so
that the strands are not separated by the stress given

when a foam is produced, shaped and used. A process and

25 an apparatus for producing a foam structure in the form



I f necessary, the be

ads may be inpregnated with air or 10 another bl ow ng

agent at hi gh_{ggmedmigye and hi gh pressure before they are filled in

t he nmol d. Further,

t he nmol d. Then,
shaped article by an
Sonme of the nethods

No. 3, 953, 558.

t he beads can be heated before they are filled in
t he foam beads can be formed into a bl ock or a
appropriatem?1 d known in 15 this technical field.:
are descri bed in US Patents No. 3,504,068 and
Excel l ent teaching on the above process and the form ng

met hod can becf ' [ mcati gng by Park, p. 191,
pp. 197-198 gﬁdg%%ge%#ﬁ%&f&%s@r% %&?’%kei g#‘o@m’%g Pa%%%? tf\'Tsoe'f ul for the
production o m St rguGt i ncl ude inorganic bl owi ng agents,
organic g%?%vﬁzg %Iglgéen S’ éldélég‘él‘}%%'

Sui t abl e exanpl es

conposabl e chenmi cal agents.

f the i ic bl ow incl b
di oxi de, nitr ogen?ﬁ%r%%?e{?lﬁ%%?l‘r% ﬂao%gpﬁlgﬁg%égnb%n%l %‘%ﬁqlﬂa%ei&%aggl es

of the organic, blo

i ncl ude ali pﬁﬁFF‘és%\%@]?%E%‘F%%ﬁnsa%aﬁhoﬁﬁl % §-§- Pateph oy %\‘t%’rz'f%’,s%‘sa"t ty

to

agent s

| cohol ing 1,to 3 carbon at .and | etel tiall
hal ogenaibd &R pRst  RoSsbe ikt Wb drnsiay: 09T pErieturb ot e

Exanpl es of _5 the,

| i phatj ¢ hydr ocar,bons inclade net%aggilethane,

propane, n- bdPEAE, STIBLEREAMEPNAL FeiRcarts ProgHERtanB B Se¥hent ane.
Exanpl es of the fatty al cohols include met hanol , et hanol nlfropanol

and isopropaﬁGPPeExanﬁlbsA gel of the ethylene polymer material an

the blowing agent is formed under pressure. The

formation of the gel is carried out at such a

10 temperature that the gel has a viscosity enough for

holding the blowing agent during the foaming. (2) The

gel is extruded to a holding zone whose pressure and

temperature are maintained so that the gel is not

foamed.

The holding zone has an outlet die surrounding

15 an orifice to feed the gel to a zone of lower pressure

for foaming of the gel, and has a gate which closes the

die orif

ice and can be opened. (3) The gate is

periodically opened. {4) A mechanical pressure is

applied

20 means of

to the gel substantially at the same time by

a movable ram, and the gel is discharged from

the holding zone to a zone of lower pressﬁre through die

orifice.

The discharge of gel is carried out at a rate

higher than the rate at which substantial foaming takes

place in the die orifice and lower than the rate at

25 which substantial irregularity in the sectional area or



of the conmpletely or partially hal ogenated aliphatic 10 hydrocarbons
i nclude fl uogagabbogs.-sehl orocar bons and chl or of | uorocar bons. Exanpl es
of the fluorocarbons i nclude nmethyl fluoride, perfluoronethane, ethyl
fluoride, 1,1-difluoroethane (HFC 152a), 1,1, 1- trifluoroethane
(HFC- 143a), 1,1,1,2-tetraf|uoroethﬁgf 15 2, 2-difl uoropropane,
1,1,1-trifluoropropane, perfl gpropane, di chl or opr opane,
di f | uor opr opane, per fl uor obut ane and perfl uorocycl obut ane. Exanpl es of
the partiall a at ed ar bans : UeLo s for

| nd2,008021 €00 L0508 neﬁ?ylﬁ'gﬂlgel 198 EhU9E OF Ly

use in the inventionh incl oride, nethylene chloride,
ethyl chloride frichloroet . 1~di -1:f1 uor oet hane
(HCFC- 141b) , “LXERPS 6?%%?%?{”1[’%o?‘i’aeﬁ%n%%%&é’ﬁ%}zt%%,m“%& e

1, 1-dichloro-2 2-trif|uoro§th ne (HCFC-123) and 1-

chi oro- 1, 2, 2P3CFEFRAP A3t HaRe " FIFC- 124) . Exanples 25 of the

222 i ol ude T ERPBY SHBHGFFEBr SR RS o
oo e 20 b ESag A oy % Goiifg e (P11,
di chl orot etrafl yoroet hane (CFC-114), hIoroheEtaf uorogtopane and

di chl or ohexa@4FddSropdReorder tepmpfuce foamhd i & P6wng agent s

i ncl ude azodi car bonam de, _azodii sobutyraqgnitrile
particles separated from one another, such as

particulate resin pellets, are suspended in a liquid
medium in which the resin is substantially insoluble,

10 such as water. Then, a blowing agent.is introduced into
the liquid medium in an autoclave or another pressure
vessel at high temperature and high pressure to
impregnate the resin particles with the blowing agent,
and the resin particles are rapidly discharged into the

15 air or a vacuum zone to produce foam beads. The process
is sufficiently taught in U.S. Patents No. 4,379,859 and
No. 4,464,484.

In a process derived from the above process, prior
to impregnation with the blowing agent, the suspended

20 pellets may be impregnated with a styrene monomer so as
to produce a graft copolymer together with the ethylene
polymer material. The polyethylene/polystyrene
copolymer beads are cooled and discharged from the
container without being substantially foamed. The beads

25 are then foamed and molded in accordance with a



benzenesul f onhydrazi de, 4,4- 10 oxybenzenesul f onyl sem car bazi de, p-
toIuenesulfoq&hgg&vggr@ggrde barium azodi car boxyl at e,

N, N - di net hyl - di ni trosot er epht hal am de and tri hydrazi notri azi ne.
Preferabl e bl owi ng agents i ncl ude I sobut ane, HFC-152a and m xtures
t hereof. 15 The anmount of th?@EJOMAng agent introduced into the
nol ten polynmer nmaterial to produce foam form ng gel Is in the
range of 0.2 to 5.0 g[err]nol/kg-polynmner, preferably 0.5to 3.0

g[err]nol /kg- @%Jé?&&on’égoirB gggr @BLythe dc]tg céfbrg

glerr]nmol/kg-p Various a I ves, such as stability

cont 101119 poryfd8le NUGHEALEACA0RL, LAOTIAMG LI p PI gTon

ant i oxi dant, cavernger raV|oIe SoF fla

retardant, pfoqf;%hﬁe%re%% LU B0,8 e s 1 PRSI Ahed 1110

the foam str RS

stability contr e ded to the foam structure to

i mprove d|neﬁgﬁgné?qg¥§%$flt9PX6g 3§greferred stability controlling agents
i ncl ude agrdes gg a%ﬁof Clg %a ty acids. Such stability 5
control |iRg agent sToft 938 pay, bpapef; / any Meand A~ afd No.
4,214, 054. Most preferred stagbility controllrng agents jnclude stearyl
st ear ani de, gFgtRrichnical,figdtear EPE, eﬁ?@@%?ol h%ﬁ%% &F& sorbit ol

nonost ear at e. The stabilit controlllng agent | S
filled in a mdld and then heafed with steam or the like

to aggregate and melt them so as to produce an article.
If necessary, the beads may be impregnated with air or

10 another blowing agent at high temperature and high
pressure before they are filled in the mold. Further,
the beads can be heated before they are filled in the
mold. Then, the foam beads can be formed into a block
or a shaped article by an appropriate method known in

15 this technical field. Some of the methods are described
in U.S. Patents No. 3,504,068 and No. 3,953,558.
Excellent teaching on the above process and the forming
method can be found in the aforesaid publication by C.P.
Park, p. 191, pp. 197-198 and pp. 227-229.

20 The blowing agents useful for the production of the
foam structure include inorganic blowing agents, organic
blowing agents and decomposable chemical agents.-
Suitable examples of the inorganic blowing agents
include carbon dioxide, nitrogen, argon,.wa;er, air,

25 nitrogen and helium. Examples of the organic blowing



10 generally used in an anount of about 0.1 to 10 parts based on 100
parts of the ghgg? The foam structure exhibits excellent

di mensi onal S |ty The preferred foamhas a recovery of up to

80 % or nore based on the initial volunme. The initial 15 wvolume is

measured in 30 seconds after foan1n2 The volume i s neasured by an
appropriate nethod such as Zlvolune di spl acenent. The
nucl eating agent nmay be added to control bubble size in the foam

cal of um car bowatse tartoe oL fnaCEe Rarodibi BaPLE nkE 600
| fate, to f t d d
b1 car bonat e. “PRECENBUATS0r ERE/ L rERT g e wde > Car %f?%?aséﬁfh“?he

g?n?ﬁeogoﬁsg;$10ég%ﬁ %tel ag%spg ifg“haf§§e§§¥¥31511p atj arts by wei ght

The foam structure is substantlall uncrossl i nked noncr ssl i nked.
The al kenyl aRSHRRGEEOEBSYRBVING L FRtbriarb QRNﬂQﬂWﬁﬂjlﬂﬁapﬁéeﬁoa structure
I S not crosslinked substantially. The foam structure contalns 5 a
gel of nod ndthe AHdphetdenbdEPearbyns hinehidpdiethsme, ethasgey D 2765- 84.
Sonme degree of crosslinking which spont aneously occurs w thout using

any crosslini@yepane, Ighasengy iagPataen. | B-RRIGYANS Hisopentane and The foam

structure has a density of |ess than 250
neopentane. Examples of the fatty alcohols include

methanol, ethanol, n-propanol and isopropanocl. Examples
of the completely or partially halogenated aliphatic
10 hydrocarbons include fluorocarbons, chlorocarbons and
chlorofluorocarbons. Examples of the fluorocarbons
include methyl fluoride, perfluoromethane, ethyl
fluoride, 1,1-difluoroethane (HFC-152a), 1,1,1-
trifluoroethane (HFC-143a), 1,1,1,2-tetrafluoroethane,
15 2,2-difluoropropane, 1,1,l-trifluoropropane,
perfluoropropane, dichloropropane, difluoropropane,
perfluorobutane and perfluorocyclobutane. Examples of
the partially halogenated chlorocarbons and
chlorofluorocarbons for use in the invention include
20 methyl chloride, methylene chloride, ethyl chloride,
1,1,1-trichlorocethane, 1,1-dichloro-l-fluoroethane
(HCFC-141b), 1l-chloro-1,l-difluoroethane (HCFC-142b),
1,1-dichloro-2,2,2~triflucroethane (HCFC-123) and 1-
chloro-1,2,2,2-tetrafluoroethane (HCFC-124). Examples

25 of the completely halogenated chlorofluorocarbons



10 kg/cnferr], nore preferably | ess than 100 kg/cnB, nost preferably

10 to less thamqd, ol . The foam has an aver age bubbl e size, as
measured by ASTM 55576 of 0.05 to 5. 0 nm nore preferably 0.2 to 2.0
nm nost preferably 0.3 to 1.8 mm The foam structure nmay be
i n any physical shape known |&i£| S art such as extruded sheet, rod,
board and profile. The foams ture nmay be produced by nol di ng
t he foamabl e beads into any of the above shapes or other shapes. 20

The foa”]Strgﬁéiﬁé?r§§&éﬁié}éﬁo %gghegﬁggéré%chiiycture or an open-cel |

f oam structure ruc ure ntains closed cells in
anount s of ot Le than @6 sured by ASTM D2856- A.
4% Hers (hER-Tgh

225 dichlgro SR hore tough and nore

elastic is v ef ul or S od LX | ei sure tinme
anusenent , ﬁﬁxﬁﬁi?ﬁ?ﬁﬁtéﬁﬁﬁgéﬁﬁﬁﬁﬁ} Q%%g—%lg? z, %anded structure
The expanded st% cture conprises the eth%bﬁne/[err ol efin copol yner
(A) or the th} N3P penta PFon (A' (A") or (A"'), and
has toug el as %%fl&{ ahd Iom1deni|§ ) The structure of
the inve |o ifaloRetEtsR sqgrhane (GFGReL4Y han that of EVA expanded
structure, and

chloroheptafluoropropane and dichlorohexafluoropropane.

Examples of the chemical blowing agents include

azodicarbonamide, azodiisobutyronitrile,

benzenesulfonhydrazide, 4,4-

10 oxybenzenesulfonylsemicarbazide, p-
toluenesulfonylsemicarbazide, barium azodicarboxylate,
N,N'-dimethyl-dinitrosoterephthalamide and
trihydrazinotriazine. Preferable blowing agents include
isobutane, HFC-152a and mixtures thereof.

15 The amount of the blowing agent introduced into the
molten polymer material to produce the foam-forming gel
is in the range of 0.2 to 5.0 g-mol/kg-polymer,
preferably 0.5 to 3.0 g-mol/kg—polymet, more preferably
1.0 to 2.50 g-mol/kg-polymer.

20 Various additives, such as stability controlling
agent, nucleating agent, inorganic filler, pigment,
antioxidant, acid scavenger, ultraviolet light absorber,

flame retardant, processing aid and extrusion aid, may

be incorporated into the foam structure.



generates no of fensive odor during the expansion process, production
process and Hseg92 &e-gdHss!l i nked expanded structure having softness
and toughness is 15 wuseful for sporting goods, nedical devices and
cushi oni ng goods. For producing the expanded structure, a blend
of the ethylene/[err]-olefin g?lyner (A) or the ethylene

copol yner conposition (A), (A")(Nié)"') and a 20 suitable, different
et hyl ene pol ynmer or anot her natural or synthetic polynmer can be

enpl oyed. Exaﬁple§%8f8£ ili?&é%#g enggfﬁgbé%gégggye%gyg&@%ﬂ99;mﬁg;s

i ncl ude | ow ensrty po ol yet hyl ene prepared
by hi gh- : ical, i [ 5 j :
gégi um dﬁﬁgfiééﬁof%%lﬁﬁ@aﬁ%%:e @?wﬂ%%( : ﬁ%ﬁﬂ%“s%nf ts;éff*—“ﬂs?‘ye) L
ensi ol.ye e +d. ol yetk n repare

the use of s Eﬁ%ér%‘ééféé%c];{%\f ﬁqntf?lg'é‘glgr F%gaxﬁanCEug%P@Pcﬁ%ﬁ ent No. d
4,076, 698), ethyl /| est - : . t hy| [ Vi . t at :
copolyner? ce g¥$§£§§g§?gé?ﬁ@%§%%qgéﬁahﬁcééﬁg|e Pg Fﬁgé%%£%€ﬁ$a?eg

b i i ds, d h I I f__a-et hyl eni
Ciorapees, Sottcol ] no carenor ooh RR S B0 BT Ene neT Lt g
hi gh-i npact %olyst rene) . styrene/but adi ene bl ock cogolynpr,
pol yi sopr ene 3af440LR8r 2Raler 4 A4kt MostcBreirrrag acaRElHE%f high

melting point in a_mgjor proportion is preferable. The ethyl ene
pol ymer mat eceRftrolling agents include stearyl stearamide, glycerol

monostearate, glycerol moncbehenate and sorbitol
monostearate. The stability controlling agent is
10 generally used in an amount of about 0.1 to 10 parts
based on 100 parts of the polymer.
The foam structure exhibits excellent dimensional
stability. The preferred foam has a recovery of up to
80 % or more based on the initial volume. The initial
15 volume is measured in 30 seconds after foaming. The
volume is measured by an appropriate method such as
water volume displacement.
The nucleating agent may be added to control bubble
size in the foam. Preferred nucleating agents include
20 inorganic materials, such as calcium carbonate, talc,
clay, titanium dioxide, silica, barium Sulfate,
diatomaceous earth, a mixture of citric acid and sodium
bicarbonate. The amount of the nucleating agent used
may be in the range of about 0.0l to 5 parts by weight

25 based on 100 parts by weight of the polymer'resin.



contai ns ethylene nonomer units in anounts of preferably not | ess than

50 % by wei ght gs8py8rpggierably not |ess than 70 % by wei ght,

i ndependent of its conposition. 15 The ethylene polyner nmaterial nmay 2
consi st of ethylenic nmonomer units conpletely. A preferable blend is a

bl end of the ethylenela- olefl §Polyner (A) or the ethylene

copol yner conposition (A), (A") or g "') and anot her ordi nary

et hyl ene polyner, e.g., LDPE, HDPE, et hyl ene/ acrylic acid copol ynmer

(EAA) or LLDPE. The foam. F@mﬁé@%gexanp éﬁ% %ﬁ%lq§yuh@§8s§f¥nﬁgﬂs'Cal form

known in this tec structure can be in

the form of a,S g§§Er°§SE£§£%?g alk%ﬁyf' 1ccggﬁg?%§eful expanded

structures are expan § Shmabtte par abl e expandabl e
221 1y o TR PSR, Ol SR Capgg o oo
DrocesS, 107 PLAUGLAShG oron EXARNTCT L YL S0 %ﬁassoﬁogﬁamw
E‘JE‘FFSﬁzsze%E%?L;;ﬁ%%vpéﬁﬂ@é%%e\%’ﬁ%ra'% RdaEsel v e T5E9 BrOE p. - Par k
ol vol ol Coae] OogpteR, coo cdh e e sipwnded glsycture of
bl endi ng spontaneously occurs without using any crosslinking
agent or radiation is permissible.
The foam structure has a density of less than 250
10 kg/cm3, more preferably less than 100 kg/cm3, most
preferably 10 to less than 70 kg/cm3®. The foam has an
average bubble size, as measured by ASTM D3576, of 0.05
to 5.0 mm, more preferably 0.2 to 2.0 mm, most
preferably 0.3 to 1.8 mm.
15 The foam structure may be in any physical shape
known in this art, such as extruded sheet, rod, board
and profile. The foam structure may be produced by
molding the foamable beads into any of the above shapes
or other shapes.
20 The foam structure may be a closed-cell foam
structure or an open-cell foam structure. The foam

structure preferably contains closed cells in amounts of

not less than 80 % when measured by ASTM D2856-A.



the ethylene/[err]-olefin copolyner (A or the ethylene copol ymer
conposition FA1p92¢AF)s0a (A"') with a deconposabl e chem cal bl ow ng
agent, heating themto 15 prepare a plasticized or nolten expandable

pol yrner material, extruding the expandabl e nolten pol yner

mat eri al which contains a crossli nk'iﬂs agent, and exposi ng the pol yner .
material to tenperature rise to el ease the bl owi ng agent and t hereby
produce an 20 expanded structure. The polyner nmaterial and the

chemi cal bl ow ng @H@”Eo&ﬁ”s@fu@%&fgiéﬂgkrﬁg1md¥é9Q%%%PgéagrmoF%eneans Known

in the art, such as an extruder, a m xer or a chem cal

bl ow ng agent.qi efer r I | t e | terial
beforeghegtitﬁ%a%Fm:Z%g ?ﬁgyp%fiﬁ%ﬁi%%#l§§§§¥¥ﬁ?|#§°?grt§8 égegﬂgablomﬁng

agent : . 228 . an.be added when the
pol ymer mat erlieétL s Fﬁmg 0 ?eenrllent’ andphcé“és&loﬂ%élgcpggz@gﬁﬁgng can be
i nduced by addition of a crosslinking agent or irradiation with
radi ati on. The i nducenent of the crosslinking and the exposure to 5

temperatuge rise.f aﬁéggngl__ ey efoam' ng can be carried out

si mul t aneously or :'E'S‘S‘i‘ve%.—%‘ren t he crosslinking agent is used,
it is added to th o] i | I Ly to.the chem cal bl ow ng
agent. Wen %Pﬁeg%ggég??n ??é?ggﬁﬁﬁgﬁé?éﬁéﬁ§-ﬁﬁﬁeeééxgﬁaszgé nolten 10

pol ymer materi.al..i s heated or exposed to t.enperature of preferably
| ower than 150SF&Pr f&p?gylﬁ?’évé%{ Yed c?s‘i?"t

Ylgie copolymerne crosslinking
agent or the bl ow ng.agent ?nd to
composition (A'), (A") or (A"'), and has toughness,

elasticity and low density.

10 The structure of the invention has heat stability
higher than that of EVA expanded structure, and
generates no offensive odor during the expansion
process, production process and uses. The crosslinked
expanded structure having softness and toughness is

15 useful for sporting goods, medical devices and
cushioning goods.

For producing the expanded structure, a blend of
the ethylene/o-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') and a

20 suitable, different ethylene polymer or another natural
or synthetic polymer can be employed. Examples of the
suitable, different ethylene polymers include low-
density polyethylene (LDPE, e.g., polyethylene prepared
by high-pressure, free radical polymerization

25 technique), medium-density polyethylene (MDPE), high-



inhibit too early crosslinking. In case of the radi ation

crossl i nki ngg-14e2 pemaguipbl e polymer material 15 is heated or exposed to
"a tenperature of preferably | ower than 160 [err]C to prevent
deconposition of the bl owi ng agent. The expandabl e nolten pol yner

mat eri al I s extruded through:é?gie of desired shape to prepare an
expandabl e structure. The expandabl tructure is then 20 crosslinked at
a high tenperature (typically 150 to 250 [err]C) such as a tenperature

in an oven t@eit?ﬁg@ﬂ?dp$ﬂ?ethyler§at r@SIPE, € e 4N, CRSEyRERYDENE aﬁk}ﬁa{ﬂh

crosslinki ng, expandabl e structure’is itradiated W radiation to

crosslink thﬁ};g%éé e ¢ d.h8p ae%%@tq%g‘ %&t&'ﬂ?sebggedesgéibé@nfﬂOned

tenperature rrse. e structure _
tzﬁlgn pl at el B{;??F\gﬂggéﬁgfﬁghig’g@%'ﬁ%%ggg%p%gﬁﬁg?)%ggekn%:gp%]F SS é|’nki ng g;eﬁt'
O a2 O e il e R SRR Bl e TR GRY Do 10
LSt Sue SR 7 o NG BSUREOR2 58010 TS
are mxed | paleSALUHREL oL ettt (o MRSk uptigBalink he
mxture is passed thiough the oo o 4.8 laProduce an expanded, structure.
high-impact polystyrene), styrene/butadiene block
copolymer, polyisoprene and other rubbers. A blend
10 containing a resin of high melting point in a major
proportion is preferable. The ethylene polymer material
contains ethylene monomer units in amounts of preferably
not less than 50 % by weight, more preferably not less
than 70 % by weight, independent of its composition.
15 The ethylene polymer material may consist of ethylenic
monomer units completely. A preferable blend is a blend
of the ethylene/0-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') and another
ordinary ethylene polymer, e.g., LDPE, HDPE,
20 ethyléne/acrylic acid copolymer (EAA) or LLDPE.
The eXpanded structure may take any physical form
known in this technical field. For example, the
structure can be in the form of a sheet, a plank or a

burn stock. Other useful expanded structures are

25 expandable or foamable particles, moldable expandable



bet ween the expanded structure and the die is carried out by the use

of an appropglpisy)jshrggant. 15 The expanded structure of the

i nvention can be in the form of crosslinked expanded beads suitable
for produci ng an article. The expanded beads can be prepared in
the foll owi ng manner. The resin parfjicles separated from one anot her,
such as particulate resin 20 pell , are suspended in a liquid in which
the resin - pellets are substantially insoluble, such as water.

o e e PephftRe e, MREHNAE DR BEBARELE DD doxpona BiFN] 2N 2

bl owi ng agen N~ an autoclave ressture vessel™ at high

tenperature and,high gssure ._and .t resip.particles are rapidly
di schar ged i AP /?ﬁgboﬁﬁlng and wé%%ln of Qﬁe £3L3sF 530 air or a

vacuum zone to prQduce. expanded .beads. . The olLyper_beads ar

i npregnated with gﬁ%ﬁfﬁ%ﬁéﬁleﬁéhﬁﬂﬁ on Eﬁetﬁgﬁcgsglgéf %ﬁ?éyﬁﬁ%ﬂxﬁ%?cwnthe
cont ai ner and_expanded by heatin si.ng steam In rocess induced
from 5 theeﬁBﬁg‘ge‘gr%E]é%%t}uﬁ%eo%%feﬁﬁg‘&oéeﬁ’gt ?rﬂﬁﬁsﬁjengat € i npr egnat ed
w th a styrene npponger so as to, produce.a raft copol yner together
with the th?FBﬁﬁgﬁaF§F€FCture H%t ngj ?nThgaPégPﬂ pgflg?L%T%Fthegsuspended

state or non- aqueous state may be ing&egnated wth a blowing 10
agent. The EQBRAJIABHeTPeRRIME" ¢t teodPd Byempner n2ififd-wi th steam
and nol ded i nto expanded pol ystyrene beads .in accordance with a

_ConventionalFE#SE@ssﬁanser Publishers, Munich, Vienna, New York,
Barcelona (1991)) of C.P. Park "Polyolefin Foam" Chapter
9.

10 " The expanded structure of the invention can be
produced by a process comprising the steps of blending
the ethylene/o-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') with a
decomposable chemical blowing agent, heating them to

15 ©prepare a plasticized or molten expandable polymer
material, extruding the expandable molten polymer
material which contains a crosslinking agent, and
exposing the polymer material to temperature rise to
release the blowing agent and thereby produce an

20 expanded structure. The polymer material and the
chemical blowing agent can be mixed and melt blended by
a means known in the art, such as an extruder, a mixer
or a blender. The chemical blowing agent is prefefably
dry blended with the polymer material before heating of

25 the polymer material to melt it, but the blowing agent



The expanded beads nay be nol ded by any neans known in the art. For
exanpl e, the expanget-geads are filled 15 in a nold, conpressed by
conpressi on nol ding, and then heated with steamor the like to
aggregate and wel d them so as to produce an article. The beads may be
optionally preheated with air or ang? er bl ow ng agent before they are .
filled in the nold. Excellent teach 20 on the above process and the
nol di ng nmet hod can be found in the aforesaid publication by C P. Park,

- _ S+ R t , 59, 189,
IlOJIOS 2I23<Z1t gﬁ? ’ I\cl:oa.rl é]f’,eggg:d??gghg%g E}% Sggﬁg%%q&t&f%bd‘%ggl aN%Ol%ﬁ%e expanded
beads can be ];ﬁ'la%% pr qg'é;%gogéélgﬁﬁﬂ%l 88h e 2:.5ndunc1:e)§'1t ""Dgre a%tii‘i:rj].ggg(%lfyge r, a

crosslinki ng fagent” an

deconposabl e ] nt an_appropriate mxin . . .device, or an
extr trjrger, theérgflorr\t%lglgl r]fg hgg%\yl)%t aFegfjﬁ?“glatlon ﬁ%?‘?%lﬁgat i ﬁBeL he
There i s anot her

ellets to cr.asslink _and_.expand .them 5

Brocess f or plrnocgllfcﬁn}? %c gsgP‘Fn Ea,SS]'lnkuég(p%fl ?ﬂiet&"%eeé‘@’é’_ Slélﬁﬁt 5B Ietfgr |
duci rticle. The, et hyl ene, polyner material |[s nelted_an

Mixed w OR a CSMPEEREOTE. 2iSh) EQF nRRRET SthyS G e PRy GAEFLEY

prepare substantially continuous expanded, strands. The. 10 expanded
strands are druandit &aBF°B§EVe?Fz%ﬂc?%FiﬁY@;Y' "hekpdh@ed beads. The
expanded beads arq:tmsn crossl i nked by irradiation with radiation. The
crossl i nked, crosslinking agent 1s used, it is added to the polymer

material similarly to the chemical blowing agent. When
the crosslinking agent is used, the expandable molten
10 polymer material is heated or exposed to a temperature
of preferably lower than 150 °C to prevent decomposition
of the crosslinking agent or the blowing agent and to
inhibit too early crosslinking. In case of the
radiation crosslinking, the expandable polymer material
15 is heated or exposed to a temperature of preferably
lower than 160 °C to prevent decomposition of the
blowing agent. The expandable molten polymer material
is extruded through a die of desired shape to prepare an
expandable structure. The expandable structure is then
20 crosslinked at a high temperature (typically 150 to 250
°C) such as a temperature in an oven to expand the
structure. 1In case of the rédiation crosslinking, the
expandable structure is irradiated with radiation to
crosslink the polymer and then expanded by the above-

25  mentioned temperature rise. The structure of the



expanded beads are then bonded and nol ded i nto vari ous articles as
previously dest49beskFvddd respect to other 15 nethods. Additional
teachi ng can be found in U S. Pat ent No. 3,616,365 and the aforesaid
publication by C. P. Park, pp. 224-228. The expanded
structure of the invention can be produced in the formof a burn stock
by different two 20 processes. é%g)process uses a crosslinking agent,
and t he other process uses radiation. The expanded structure

of the invenjoBncedh R be M%&a@ohewhgrge&g&@é Fntird gHepak by a

process conprising mxing the éthylene/[err]-olefin copolynmer (A) or

25 the ethY£ﬁn§ £Rp0! e GRS Lis@n %Aah &fnihgraﬁé$')mentloned

232 cross |ng agent an em cal bl ow ng agent to

prepare a sl xture to crosslink the
E Uadli ‘ElEEh
ar

pol ymer materi cross |nk|ng agent and to deconpose the

bl ow ng agent, anghée%)gg%k pro# %bpcree SULR fg_g%ﬁpf ﬁr‘D(l:& HO, g-eg_,pand t he

sl ab. The burn e refedse o pressure nay be

[ | .f furth
8?2§§P?n ed g@ g% eé? %éﬁ?j OQ%%E§£6ES£%aégaB§é§n %%|%¥|ng a polyner
sheet with hlgg ener y beam or 10 heag % Z R ¥ner sheet containing a
chem cal F‘dﬁi? n@lf?l%esasgéjrﬁ ﬁé‘c@r 8s IOP ke go Wre’?' sheet is cut

into a dGSirggsggagedaﬂg égENE%gugéTl E Egogrocess, the
polymer, the crosslinking agent and the blowing agent
are mixed in an extruder, the mixture is heated to

10 crosslink the polymer and to foam the blowing agent in
the long land die, and the mixture is passed through the
die to produce an expanded structure. The contact
between the expanded structure and the die is carried
out by the use of an appropriate lubricant.

15 The expanded structure of the invention can be in
the form of crosslinked expanded beads suitable for
producing an article. The expanded beads can be
prepared in the foilowing manner. The resin particles
separated from one another, such as particulate resin

20 pellets, are suspended in a liquid in which the resin
pellets are substantially insoluble, such as water.
Then, the pellets are impregnated with a crosslinking
agent and a blowing agent in an autoclave or another
pressure vessel at high temperature and high pressure,

25 and the resin particles are rapidly discharged into the



of high pressure at a tenperature of not |ower than the sof t eni ng
poi nt of therppdy2rsE-60%n, the pressure is 15 released to formnuclei of

bubbles in the sheet and to perform some degree of expandi ng. The
sheet is heated again at | ow pressure and a tenperature not |ower than
t he softening point of the polyner. @en, t he pressure Is released to -
expand the sheet and thereby produ&g n 20 expanded product.

The bl owi ng agent useful for producing the expanded structure of the
invention isy;if o exXapRlfim &one tolproAResabkeardsd K&daP! oWy agent. The
chem cal bl owi ng agent is deconposed at a high tenperature to 25

generate gaspé?i;gﬁ%z?%@a@gafé‘%fia%gm% ROLYPE' th blowing agent,
233 expanded to produce an expanged product. The chenica I
bl owi : e : :
dry bl ended vt TRELELT Hiecbrt POl ChepBRLLEnEP I8 cxngrdbd? cast 1y
bl oW : odi : s iirile,

rencealt oh POSHIEE o 0l SAIIATLAC, Braisoan brdle

benzenesul fo oxybenzenes onyT sem car

t ol uenesy fopyl sem car | de riumazodi gar t

NN i it ny PR RO PRAt o i AP £ G, PRUNPES gy be
di ni trosopent anet hyl enet et.rram n 4 4-

oxybi s( benzeﬁ%@ﬁf O?ﬁ%l? y"&r%iaﬂes)%ygr?&e monof“?Fh%r%?i Fl%t?]f%(%f%ee.a Preferabl e
'S aZOdlcarbggggkdgbpolymer together with the ethylene polymer

material. The resin pellets in the suspended state or
non-agueous state may be impregnated with a blowing

10. agent. The expandable beads are then expanded by
heating with steam and molded into expanded polystyrene
beads in accordance with a conventional process.

The expanded beads may be molded by any means known

in the art. For example, the expanded beads are filled

15 in a mold, compressed by compression molding, and then
heated with steam or the like to aggregate and weld them
so as to produce an article. The beads may be
optionally preheated with air or another blowing agent
before they are filled in the mold. Excellent teaching

20 on the above process and the molding method can be found
in the aforesaid publication by C.P. Park, pp. 227-233,
U.S. Patent No. 3,886,100, U.S. Patent No. 3,959,189,
U.S. Patent No. 4,168,353 and U.S. Patent No. 4,429,059.
The expanded beads can be also produced by preparing a

2S5 mixture of the polymer, a crosslinking agent and a



Addi tional teaching on the chem cal bl ow ng agents is found in the
af oresai d pupLiggﬁ{éfLﬂpp. 205-208) by C.P. 15 Park, "Polyol efin Foanl by
nd

F. A, Shutob, an ook of Pol ynmer Foans and Technol ogy" (by D.

Kl enmpner and K. C. Fri sch, Hanser Publishers, Minich, Vienna, New York,
Barcel ona (1991)). In thezﬁiendi ng with the polyner material, the'.
20 chem cal blow ng agent is used an anount enough for generati ng

gas or steamof 0.2 to 5.0 nol, preferably 0.5 to 3.0 nol, nost
preferably 1.2 to 2. rosslinkin seful for the

, 0. I . he ¢ ' en
product i on o?ecompo?%glggé%ﬁWhﬁg:ﬁ%%ﬂgtgwéagfg%ﬁgopﬁ%%g??%ﬁx%%§a per oxi de.
25 Exanples _of ,the peroxides include 1,1-di-t-butyl peroxy-.
234 398VAEE PRer Ry PR e BAGPE P RRREIEY tnto
di met hyl -2, 5-di (t - but yl. per oxy) hexane, _1-butyl cunyl _. roxi de
[err]-di(but ?Fbiﬁ&iy?%ﬁ%s%ﬁ%%%ﬁ t%f?zé%?el,]le&is- fo C%SﬂbﬂFyT‘R‘ge‘?’@%‘é and
2,5-dinmethyl-2,5-di-(t- 5 butyl peroxy) hexane. Preferable is dicunyl
per oxi de. themaqdi t i onal t eachi ng on the organic peroxide crosslinking
agents is_found in the aforesaid publication (p 204) by C. P

p.. 198- .
Park. THET®r 53 TRy RHIPShd HadrafieAngafrpestifedd 10
out by the use of _any of _conventional radiatians. .Exanpl es of usefu
radi ati ons i f¥Paaded] BeadonShHreaklg &iqy producingyan pEEifleaysTh& rays and
neutron. In the radiation
ethylene polymer material is melted and mixed with a

physical blowing agent by an ordinary extruder to
prepare substantially continuous expanded strands. The
10 expanded strands are granulated or pelletized to give
expanded beads. The expanded beads are then crosslinked
by irradiation with radiation. The crosslinked,
expanded beads are then bonded and molded into various
articles as previously described with respect to other
15 methods. Additional teaching can be found in U.S.
Patent No. 3,616,365 and the aforesaid publication by
C.P. Park, pp. 224-228.
The expanded structure of the invention can be
produced in the form of a burn stock by different two
20 processes. One process uses a crosslinking agent, and
the other process uses radiation.
The expanded structure of the invention can be
produced in the form of a burn stock by a process
comprising mixing the ethylene/o-olefin copolymer (A) or

25 the ethylene copolymer composition (A'}, (A") or (A"')



crosslinking, it is believed that polymer groups are produced by
i rradiati on 149z asB-ad00n and the groups 15 are crosslinked to one

anot her. Additional teaching on the radiation crosslinking is found
in the aforesaid publication (pp. 198-204) by C P. Park.

In some processes for producing exggﬂged structures of the invention,-
physi cal bl ow ng agents can be 20 “"enployed. The physical blow ng agents

i ncl ude organic bl owi ng agents and i norgani c bl owi ng agents. Preferred
exanpl es of {feni A0 B L1 DN %éﬁeaha anehaﬁlgcaarbpawm% aghrxi de,

ni trogen, argon, water, air and helium Exanpl es of the organic

bl'owi ng agents bpﬁﬁ#gs A4 PR ifeatrdng YA giabbeestﬁévmmt&ré o carbon

atons, fatty alco havi ng

1to 3 car bogﬁgggﬁngnéhg%;@lﬁeeg heler1d' 1Y bl crosBPPRRRIEfens |

hydr ocar bons ving at ons. es o

hydr ocar bons ackgdg egggee the F%Oelrﬁg;é%gn%gfm:opgﬂg fg%%%%gfﬁlﬁéobut ane,

n- pent ane, |sopen and neo anmpl es o

Bxamples i PRECERRBI byt RO el F%%%”%haa@?ab S S

Exanpl es “of par Iogenate tic
hydr ocar bons _i_nc | or ocar bans

chlorpfluoroEEPSkngrOdﬁﬁedéégﬁ%%ggyg@ IﬁgFSEEFSOm%YWRCIude met hy
(1horide, " oosBSnt o GreLbrer St L inch e, Al LLygs o hane
A crosslinked polymer sheet can be produced by
irradiating a polymer sheet with high-energy beam or by
10 heating a polymer sheet containing a chemical
crosslinking agent. The crosslinked polymer sheet is
cut into a desired shape and impregnated with nitrogen
éf high pressure at a temperature of not lower than the
softening point of the polymer. Then, the pressure is
15 released to form nuclei of bubbles in the sheet and to
perform some degree of expanding. The sheet is heated
again at low pressure and a temperature not lower than
the softening point of the polymer. Then, the pressure
is released to expand the sheet and thereby produce an
20 expanded product.
The blowing agent useful for producing the expanded
structure of the invention is, for example, a
decomposabie chemical blowing agent. The chemical
blowing agent is decomposed at a high.temperature to

25 generate gas or steam, and thereby the polymer is



tetrafl uoroet hane (HFC-134a), pentafl uoroethane, di f | uor onet hane,

per fl uor oet hanggoZ, e dedd uoropropane, 15 1,1,1-trifluoropropane,

per f 1 uor opr opane, - di chl oropropane, difl uoropropane, perfl uorobutane
and per fl uorocycl obut ane. Exanples of the partially hal ogenat ed
chl orocar bons and chlorofluorocarbqg$ for use in the invention include:.
nmet hyl chl ori de, nethyl ene hl $ et hyl chlori de,

1,1, 1-trichl oroethane, 1, 1- dlchloro 1-fl uor oet hane (HCFC- 141b),

22 1 1-ai chrBradet S kAR, R ko g P ceAIELAne (HEFC
1-chloro-1, 2 ib%l}l 5%&41%? %%&u era(EﬁS:in%ﬂié' fo@ﬁagglgssofﬁd ég 5§1e

conpl etely ha ogen oroca

236 I
dlchlorod|;P§ E%%e ngy %ﬁg?ﬁg%ﬁ&gg r|c % ?hé%lu%FdE Fiahe (CFC- 113),

1,1, 1- fl fI h
dichlorotetrgfcI gé?ﬁg enta l4})q'rc3(‘)”(31"[1'1(9{;%%F{)lﬁgpf‘ﬁﬂ'ﬁ‘?ﬁ‘?opropane and

o the ol ozods Qﬁ%ﬁ%‘%ﬁ+ﬂ%tw%lao§»%ff§%§%a Sthe. expandanl o pol yrer
he pandabl e pol yner
30 ol Kg- pOPRERSSHOF S pFEREIdb - 4= 1.0'To 2.50 mol ko pol yier
The expanded stiuct il eliie JVEILLON S 8
toluenesulfonylsemicarbazide, barium azodicarboxylate,
N,N'-dimethyl-N,N'-dinitrosoterephthalamide, N,N'-
10 dinitrosopentamethylenetetramine, 4,4-
oxybis (benzenesulfonylhydrazide) and
trihydrazinotriazine. Preferable is azodicarbonamide.
Additional teaching on the chemical blowing agents is
found in the aforesaid publication (pp. 205-208) by C.P.
15 park, "Polyolefin Foam" by F.A. Shutob, and "Handbook of
Polymer Foams and Technology® (by D. Klempner and X.C.
Frisch, Hanser Publishers, Munich, Vienna, New York,
Barcelona (1991})).
In the blending with the polymer material, the
20 chemical blowing agent is used in an amount enough for
generating gas or steam of 0.2 to 5.0 mol, preferably
0.5 to 3.0 mol, most preferably 1.2 to 2.50 mol.
The crdsslinking agent useful for the production of

the expanded structure of the invention is a peroxide.

25 Examples of the peroxides include 1,1-di-t-butylperoxy-



crosslink density, as neasured by the method A of ASTM D 2765-84, of 5
to 90 % norer-preheraableys30 to 70 % 15 The expanded structure of
the invention has a density of less than 500 kg/nferr], nore
preferably |ess than 250 kg/nferr], nost preferably less than 150
kg/merr]. The expanded S”“nggf has an average pore dianeter, as
nmeasured by ASTM D3576, of 0.05 to 5°0"m, nore 20 preferably 1.0 to 2.0
m, nost preferably 0.2 to 1.0 m . The expanded structure of the

II t t
| uenti on can be ot erinectlASGH BEL AL USLLER P g coll. Structure
closed cells dﬂn&ffﬂ}imzs 50%1WrﬁuE9fBe§gxﬁM@?%ﬁmang ylcu.mylil.by ASTM D

2856- A. nto the
ded ] n .be
?)riggppgratstecrj Exarrp estdc:? It hquhlt%ggaox?”aﬁébﬁywéé\%ér%e;nrﬁ ftPI | er,

anti oxi dant acﬁ S Bekanio: S8Te: orlerefh fg%fbga%sowﬁi'r‘“m (T ame
The. gacked CORITHEE PHA PERAyPoncPEEERERPHE i dwwﬁar%;kﬁér the
i | ?3€o?°p 34'%%?2"" Brth BEaP bt oA e P A SO RARGES
agents is found in the aforesald_publication (pp. 198-
204) by C.P. Park.
The crosslinking with the radiation can be carried
10 out by the use of any of conventional radiations.

Examples of useful radiations include electron beam, B
rays, Y rays, X rays and neutron. In the radiation
crosslinking, it is believed that polymer groups are
produced by irradiation with radiation and the groups

15 are crosslinked to one another. Additional teaching on
the radiation crosslinking is found in the aforesaid
publication (pp. 198-204) by C.P. Park.

In some processes for producing expanded structures

of the invention, physical blowing agents can be

20 employed. The physical blowing agents include organic
blowing agents and inorganic blowing agents. Preferred
examples of the inorganic blowing agents include carbon
dioxide, nitrbgen, argon, water, air and helium.
Examples of the organic blowing agents include aliphatic

25 hydrocarbons having 1 to 9 carbon atoms, fatty alcohols



contam nating the contents. The novel gasket materi al di sclosed in
this specifigaihop,/&s8-9f4abenefit 15 particularly to containers for

| i qui ds. Some gaskets need to resist tenperatures higher

than roomtenperature (about 25 [err]C), though for a short period of
time, especially when they are useqéis "hot fill". For exanmple, if an
article is required to be subj ed to sterilization, a gasket having
a nelting ~ point of not Iomer than 100 [err]C nust be fit to the

article. Thehstf%g 1at80£ YERIoSY d@lE SR JRP14sR1y or BRPE{&BIyON can be

sel ected by selecling a density appropriate for the enV|ronnent wher e

t he gasket § b 1 to 4 toms 38
The gasket cgﬁlééeggo Uce dESF%%nﬁﬁﬁuﬁiiquher ° carF?ﬁe?som%th a useful

amount of -t hg, EgES”Sé[EﬁQ]%fJJEﬂ%%ﬁ ha[d.r?o%% ey 1£1A2Lu8é ﬁéﬁgﬁgy' ene

copol ymer conpos accor |ng to f nal use

G e el - prites abretde Sy R il ns bR RRERE i nc Do
b anched ?Fﬁ@s%vemsngﬁa?ﬂ%%é%‘%c%ﬁe%%ﬁaﬁ% CRE TRy PN acetate
COPOLYTETS 0 oY heTRLASH RS BElSh SIS S, orcpnnea oflhoUSN, e
ethyl ene COp%g%gggpanol. Examples of the completely or partially
halogenated aliphatic hydrocarbons include
fluorocarbons, chlorocarbons and chlorofluorocarbons.

10 Examples oé the fluorocarbons include methyl fluoride,
perfluoromethane, ethyl fluoride, 1,1-difluoroethane
(HFC-152a), 1,1,1-trifluoroethane (HFC-143a), 1,1,1,2-
tetrafluoroethane (HFC-134a), pentafluorocethane,
difluoromethane, perfluoroethane, 2,2-difluoropropane,

15 1,1,1-trifluoropropane, perfluoropropane,
dichloropropane, difluoropropane, perfluorobutane and
perfluorocyclobutane. Examples of the partially
halogenated chlorocarbons and chlorofluorocarbons for
use in the invention include methyl chloride, methylene.

20 chloride, ethyl chloride, 1,1,1l-trichloroethane, 1,1-
dichloro-l1-fluoroethane (HCFC-141b), 1l-chloro-1,1-
difluoroethane (HCFC-142b), chlorodifluoromethane {HCFC-
22), 1,1-dichloro-2,2,2~trifluoroethane (HCFC-123) and
l-chloro-1,2,2,2-tetrafluoroethane (HCFC-124). Examples

25 of the completely halogenated chlorofluorocarbons



conposition (A ), (A") or (A"") nust have hardness high enough for
resisting co i,Qn, A} must have softness 15 high enough for form ng an
appropri ate ggg§§§4§PFg¢%re, if the polyner is made to have hardness
suitable for the use, various gaskets can be produced. In the present
specification, the hardness is nmeasured as "Shore A har dness" or
"Shore D hardness" (neasured in accddflance 20 with ASTM D-2240). The
Shore A harness of the et hyl ene/ a-ol efin copol yner (A) or the ethyl ene

copol ymer conposition (A), (e%g r (A"'") for producing t he gasket is
in the rangelBFl?éetBriébl°€9% %ﬁiﬁ? mgthanﬁbﬂF%Fﬁgﬁ?oil, which is
general |y added_for the_purpose 239
of |owering chehigradésiusronpehane G ifr and t he resul ti ng gasket,
is not used. ' To the ethyl ene/ a-ol efin _copolyner (A) or the
et hyl ene copdirjgblorerpbsivrepetne (GFG-193)(AL L. 1-5 additives, such as
anti oxi dant, phosphites, cling additives (e.g., PIB), slip agent
(e.g., erucarmrddjluoroethane; - pewekfprapiiamngmd pignent, can be added in
anount s not detrinmental to the inproved properties found by the
present appl iddahtlorotedrafluorgeehape kIR dyd)be in various shapes
i ncl udi ng "o- ring" and flat seal (e.g., "filmlike" gasket having a
t hi ckness suidtdpireheptafheoiropropane s} .dichlorohexaflappbpsopénsui t abl e
final uses include cap |iner
The amount of the blowing agent added to the molten
polymer material for preparing the expandable polymer
gel is in the rangé of 0.2 to 5.0 mol/kg-polymer,
10 preferably 0.5 to 3.0 mol/kg-polymer, more preferably
1.0 to 2.50 mol/kg-polymer.
The expanded structure of the invention has a
crosslink density, as measured by the method A of ASTM
D-2765-84, of 5 to 90 %, more preferably 30 to 70 %.
15 The expanded structure of the invention has a
density of less than 500 kg/m3, more preferably less
than 250 kg/m3, most preferably less than 150 kg/m3. The
expanded structure has an average pore diameter, as
measured by ASTM D3576, of 0.05 to 5.0 ml, more
20 preferably 1.0 to 2.0 ml, most preferably 0.2 to 1.0 ml.
The expanded structure of the invention can be a
closed~cell structure or an open-cell structure. The
expanded structure of the invention preferably contains

closed cells in amounts of more than 90 % when measured

25 by ASTM D 2856-A.
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lefin 10 copolynmer (A), or the ethyl ene ¢opol yner conposition
fleme yeRagdanhunBePCets Ll MithGES exXtrusdeBedidt |y when it is

ds. For exanpl e, there can be nentioned the fol
taste

Gasket

The gasket comprises the ethylene/ca-olefin
copolymer (A) or the ethylene copolymer composition
(A'), (A") or (A"'). The gasket has an ability of
compression sealing of various containers without
contaminating the contents. The novel gasket material
disclosed in this specification is of benefit
particularly to containers for liquids.

Some gaskets need to resist temperatures higher
than room temperature (about 25 °C), though for a short
period of time, especially when they are used for "hot
£ill". For example, if an article is required to be
subjected to sterilization, a gasket having a melting
point of not lower than 100 °C must be fit to the
article. Therefore, a polymer suitable for the use
application can be selected by selecting a density
appropriate for the environment where the gasket is

used.

oW ng



and odor are nore inproved as conpared with the case of 15 polyner

gasket s geneFahhgzyggdggg present, such as gaskets of ethyl ene/vinyl
acet at e copol yners; adhesion to pol ar substrates such as pol yet hyl ene
terepht hal ate and glass is low, and this is effective for |owering

torque to renove the cap fromthe szgged container; the 20 anount of the -
extrudate is small, and this is eff ive for foods fromthe
vi ewpoi nt of observance of rules; adhesi on to non-pol ar substrates

such as pol ypropytrgglegﬁgléet éggpxg%.,%g@%é ?byp@ox@mxhgnstﬁs

g.,
pol yet hyl ene r “hono Pn&ar GRURFf or ned hi gh-density

25 polyethylenehelrs Geefl aPRELEST RRORL ldL%HL HXERRe/a-0lefin
241 catpbo (?l oxli

e and water are satisfactory; the nelting poi nt

is high d with th | | .at t,
gﬁchlgse;tﬁjfgﬁg s I%%ie?ﬁtghgoegggg%ﬁgsﬁg%g: rgggpggg &8Pe§{§fggce is

good; chemical = 5 resistance [s_good;.and hardness can be changed, and
this is effectiVe f(éﬁsBEh 5 ciis%g?%‘iini%et%aﬁl{ﬁ%agf US€  the gasket
needs to ge rai sed qr | owered dependi ng upon the torque required for
sealing of tRFEEFICSereghdreRe The ¢HRET RALYHEESSEEE of the contai ner.
10 Various techni ques for producing the gaskets i ncl ude those

di scl osed i n WpesmopiesficNgolymens thre., meluRENGeSiSPEdGe et al.), U.S.

Pat ent No. 4.085, 186 (Rainer), U S. Patent. No. 4,619, 848 (Ki nght et
al.), polymers), and examples thereof include polymers such as

highly branched low-density polyethylene, ununiformly
branched linear low-density polyethylene, ethyiene vinyl

10 acetate copolymers and ethylene/acrylic acid copolymers.

Although the gasket produced from the ethylene/a-

olefin copolymer (A) or the ethylene copolymer
composition {(A'), (A") or (A"') must have hardness high
enough for resisting compression, it must have softness

15 high enough for forming an appropriate seal. Therefore,
if the polymer is made to have hardness suitable for the
use, various gaskets can be produced. In the present
specification, the hardness is measured as "Shore A
hardness" or "Shore D hardness" (measured in accordance

20 with ASTM D-2240). The Shore A harness of the
ethylene/d-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') for producing
the gasket is in the range of 70 to 100, even when a

petroleum oil, which is generally added for the purpose



U S. Patent No. 5,104,710 (Kinght), U S. Patent No. 15 4,981, 231

(Kinght), U @-1RBabept-bloa 4,717,034 (Munford), U.S. Patent No.
3,786,954 (Shull), U S. Patent No. 3,779,965 (Lefforge et al.), U S.
Pat ent No. 3,493, 453 (Ceresa et al.), U S Patent No. 3,183,144
(Caviglia), U. S. Patent No. 3,%8@,072 (Caviglia), US. Patent No. 20"
4,984, 703 (Burzynski), U.S. Patent 7 3,414,938 (Caviglia), US.

Pat ent No. 4,939, 859 (Bayer), U S. Pat ent No. 5,137,164 (Bayer) and

U.S. Patent N&'lQﬁerin51Qﬁ@1ﬁ82dﬁé§%g§%jthe used polliterdasketnel aimed in

the present specificatron can 25 so produced by pouching or cutting

an extruded : : 242 sheet or film

t t, t d. . : :
(e.g., blownﬁﬁﬁu%!lggé?afkﬁn1aﬁ3 %atr%g?on ~coated film using ordinary
techni que. A nultird @%@ ethylehb)@-81EECh UESpd ByrdiS O(Uidralhe for produci ng
t he gasket di scl osed herein, and the ethylene/[err]-ol efin copol yner

o hed | B SHEeRERDRLIEL GO0 B0 A (8D ey (A 1S

cont ai ned in at™-leas yer a ayer to be

b ht i@t tact with th . i cl f t.h | t s t t .
 Coom by | AR AVeg! Wk g5 antiofladdl Sold it AL iskgyer blrusture

COPOIVIET 0l (5, % AT PRICLIIEL ROPOIARRS) () oF,
anti-blocking agent and pigment, can be added in amounts
not detrimental to the improved properties found by the
present applicants.

10 The gaskets may be in various shapes including "o-
ring" and flat seal {(e.g., "film-like" gasket having a
thickness suitable for the intended use).

Examples of suitable final uses include cap liner
for beverage, cap liner for hot £ill juice,

15 polypropylene cap liner, metal cap liner, high-density
polyethylene cap liner, gasket for window glass, sealed
container, sealing cap, gasket for medical device,
filter element, gasket for pressure exhaust, hot melt
gasket, easy twist off cap, gasket for electrochemical

20 Dbattery, gasket for refrigerator, gasket of galvanic
cell, gasket for leakproof cell, water-proof sheet,
reusable gasket, synthetic cork-like material, thin cell
electronic membrane separator, magnetic rubber material,
disc gasket for alcohol beverage bottle cap, freeze-

25 resistant seal ring, gasket for plastic molding,



The extruded articles include extrusion coated 15 articles, articles in

the form of extr, p ile and extrusion cast filnms, and they
conpri se theﬁéﬁﬁggggg/ggi ol efin copolynmer (A) or the ethyl ene
copol yrner conposition (A ), (A") or (A""). It is possible

to blend the ethylene/[err]-olefin &8 copolymer (A) or the ethylene
copol yner conposition (A), (1\ or (A"") with other polymer
materials. By the use of the blend, a single-layer or nmulti-I|ayer
article can be produced. ,Further, a structure (.e.Qg. | ant), an
adhesi ve | ay&P6PS3°F 4°18 erwﬁgﬁrb%FogﬁiC?ﬁﬁ%ﬁﬁfﬁlrfgﬁSFﬁgtpﬁiégse of
nodi fyi ng processability, ) ) . . . 243 '
film strengt HOMREat SOEL| PAGRBFLDRIFELOr Ridfe iRt sealy, JBERFFRL, the
ethylene/[err]-olefin copolynmer_(A),or the et hyl ene copol yner
conposi tion C”ﬁa)t}'leEA'I?séFtﬁﬂt'§l%%%lc cap,beeltﬂqg,:fagd{};meﬁ %f'ﬁg?' pol yners. 5
The ethylene/[err]-olefin_caopolyner (A).or the ethylene copol yner
conposi tion ERIpSLig Fagrd( Aoameld Rrifcirediar ringt &CLEnEASESFry and/ or
physically nodified. The ~ nodi fication can be achieved by any known
techniqueg f glass sealanfralingnbieeT ZERY FRURRF SXAAlsi BFFFIFE 10
modi fi cati on. In the present specification, the term"drawdown"
i s defined t@mma&%ahﬁﬁggrhgtsth@CW%eQﬁ stk cap angystgadte (web or
filament) is drawn or stretched in the

large-sized seasoning bottle liner, metal cap for apple

sauce or salsa jar, jar for home use can, and crown cap.
The gasket produced from the ethylene/d-olefin

10 copolymer (A) or the ethylene copolymer composition
(A'), (A") or (A"') has a number of advantages
especially when it is used for foods. For example,
there can be mentioned the following advantages: taste
and odor are more improved as compared with the case of

15 polymer gaskets generally used at present, such as
gaskets of ethylene/vinyl acetate copolymers; adhesion
to polar substrates such as polyethylene terephthalate
and glass is low, and this is effective for lowering
torque to remove the cap from the sealed container; the

20 amount of the extrudate is small, and this is effective
for foods from the viewpoint of observance of rules;
adhesion to non-polar substrates such as polypropylene
and high-density polyethylene (e.g., polyethylene
(linear homopolymer) or linear ununiformed high-density

25 polyethylene) is good; barrier properties to oxygen,



machi ne direction or sonetines in the transverse 15 direction (at the

sane tine, w | evel). In the present specification
the term™ ne%ﬁgﬁng%F 652 defined as a difference between the die width

and the wi dth of the extrudate at the take-off position or the

final wwdth of the article. The neck-in is influenced 20 by the expansion:.
of the extruded article and the sur£4de tensi on thereof, though the

i nfluence of the surface tension is small. It is well known that the

neasur ed neck-in val.ue t constant outpu iS con ant ven if
Tha®ur andown G Slokingsabl wRofhe ﬁ%a@?#ﬁéﬁ?&y ‘s hesMeLEAD e vt h

i ncrease of the drawdown_rate, and tha
244 ne@INT V& 3@9 T ﬁ‘é‘i‘?aﬁ?‘%. Hhit RRIpDeTS &&H@FSPW
i ncreased as the nol ecul ar weight is Iovver ed and/ or as t he nol ecul ar

wei ght di st ri¥ifRd &F ip§eﬁ§F1Fow§HCh as ethyleng/ iy @GRS [err]-ol ef i n
copol ymer (A) or the 5 ethylene copolyner conposition (A"), (é") or
ca

(A""), FRRQALYMErs is§EReES SRRFBXT aaht tanfR sithidaes
additives_(e.g., PIB), Standostab PEPC%;;rade nane, avail abl e from
Sandoz), Pi gri%ﬁﬂlSt@é#C@ st 9end; f anflchardness can the Ahwegeth amdunts not

detrinental to the high 10 drawdown and the substantially | owered neck-in
f ound by thie iw effiectippl EounsschRareaze | thatitlie dardoessprdve

anti-bl ocking properties and friction coefficient - characteristics can
be added to tihe adsledneyesds| &bi he raised or lowered depending upon

the torque required for sealing of the container and the
internal pressure of the éontainer.

10 Various techniques for producing the gaskets
include those disclosed in U.S. Patent No. 5,215,587
(McConnellogue et al.), U.S. Patent No. 4.085,186
(Rainer), U.S. Patent No. 4,619,848 (Kinght et al.}),
U.S. Patent No. 5,104,710 (Kinght), U.S. Patent No.

15 4,981,231 (KRinght), U.S. Patent No. 4,717,034 (Mumford),
U.S. Patent No. 3,786,954 (Shull), U.S. Patent No.
3,779,965 (Lefforge et al.), U.S. Patent No. 3,493,453
(Ceresa et al.), U.S. Patent No. 3,183,144 (Caviglia),
U.S. Patent No. 3,300,072 (Caviglia), U.S. Patent No.

20 4,984,703 (Burzynski), U.S. Patent No. 3,414,938
(Caviglia), U.S. Patent No. 4,939,859 (Bayer), U.S.
Patent No. 5,137,164 (BRayer) and U.S. Patent No.
5,000,992 (Kelch).

The gasket claimed in the present specification can

25 ©be also produced by pouching or cutting an extruded



copolyner (A) or the ethyl ene copol ymer conposition 15 (A), (A") or
(A""). u addi tives include untreated or treated
silicon dIOX 5339?5§§ g@%

secondary or substltuted fatty acid am des, without limting thereto.
It is also possible to add rel ease agents for coollng 20 rolls and
silicone coating agents. Furthernmo242 ot her additives to inprove

anti - f oggi ng properties of transparent cast filnms can be al so added,

as descri bed or exanple,  Niemgnn in U.S._  Patent No. 4,486, 552.

Mbr eover , otﬁ@@eédHFt?9é§ {8ch- a PR driddhy SAFroridM 208 eXBRRSLeRs, which
i nprove antlstatlc properties of the 245
| ayer, profilceaged il ofsing e¥dammbresimiemee | & multipda¥ehle to
package articles sensitive to electrons or to produce them can be
added si ngl y fddm steoabiunat isnalso swmqabkﬁ|ﬁﬂrem@x§@ﬂyngctbeuga%h?@o

copol yners or_other 5 functional poly The multi-I| ayer

structure cofi&cHRs§S herein, %@%y?@?mﬁ?ﬁ%#ﬂn§ﬂQﬂq%?ﬂ%BpSP?ﬁéVmﬁﬁ) or the
et hyl ene copol yner conposition (A), (A') or (A') may be
produced by amy knoWheneahyleuehceapkymenmnqmposxniomaﬁhhat|mg“andra
conbi nation thereof. The ethyl ene/ a- ol efin copolyner (A) or the
et hyl ene copda/rer is contenpedi in omt (I3dst (e layerA'(pyreiferahplyoyabl e al so
in a coextrusion process, and in this case, a materi al exhi biting
hi gher drawddmsiide dklyewedot beshibstghnt i &ty contact with the

article) of the multi-layer structure. A foam multi-

layer gasket containing the ethylene/0-olefin copolymer

10 {A) or the ethylene copolymer composition (A'), (A") or

(A"') is also useful in the present invention.

Extruded article
The extruded articles include extrusion coated
15 articles, articles in the form of extruded profile and
extrusion cast films, and they comprise the ethylene/o-
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"').
It is possible to blend the ethylene/o-olefin
20 copolymer (A) or the ethylene copolymer composition
(A'), (A") or (A"') with other polymer materials. By
the use of the blend, a single-layer or multi-layer
article can.be produced. Further, a structure (e.g., a
sealant), an adhesive layer or a tie layer can be

25 formed. For the purpose of modifying processability,

| ci um carbonate and clay, as well as primary, .:



15 "support” one or nore materials exhibiting | ower dr awdown.

The ethylene@LqM@b arekion copolyner (A) or the ethylene copol yner
conposition (A") (A" or (A"') can be used for the production of
extruded fil s, extruded profiles 20 and extrusion cast filns independent
of the single-layer structure %é the nulti-layer structure. Wen the -
et hyl ene/ a-ol efin copolyner (A or g et hyl ene copol yner conposition
(A"), (A") or (A"") is used for t he coating purpose or the purpose of

formng & mildin, R3daxs BLAUCLULPind NerabhNIAL & 0Tackiaad oi ning | ayer

246 ar non- t he substrates
i ncl ude paper,py (ﬁé@‘lﬁ rE%teaE% yigﬁé?bcéleﬁiﬁséopdﬁﬁh&us(m or R®YNErS

(partlcularly, fferent pol yolefins conbi nati ons t hereof,
wWthout limti t hereto. .The extr ded of il ,,can "prOC sed into
vari ous il °°§ﬁ’&Y55?§nﬁP’a§8°8% foe BEOL ol BT e f or

LSIQL?SPFS?%% e wil 858ee, S3bvRerd) ° mhoﬁ?afinmgiitnéb?'hé‘ieto The
oS or 1 SRRl opligatt LOP o s 1
(A7) are ol gyatle Tor Lood wrabmrg g o (RSP UELALSLLEE"
wWr appi ng.

after chemically and/or physically modified. The

modification can be achieved by any known technique, for

example, ionomerizétion and extrusion graft

10 modification.

In the present specification, the term "drawdown"
is defined to have a meaning that the molten polymer
extrudate (web or filament) is drawn or stretched in the
machine direction or sometimes in the transverse

15 direction (at the same time, though at a low level).

In the present specification, the term "neck-in" is
defined as a difference between the die width and the
width of the extrudate at the take-off position or the
final width of the article. The neck-in is influenced

20 Dby the expansion of the extruded article and the surface
tension thereof, though the influence of the surface
tension is small. It is well known that the measured
neck-in value (at constant output) is constant even if
the drawdown rate is increased or the neck-in value is

25 lowered with increase of the drawdown rate, and that the



15 Pi pe The pi pe conprises a silane-nodified product of the

et hyl ene/ [ er wl-1abelsn-gopol ynmer (A) or the ethyl ene copol yner
conposition (A ), (A") or (A""). The sil ane-nodifi ed product can
be prepared by 20 adding a radical generator and a silane conpound to the
ethylene/[err]-olefin copolyner (A ol the conposition (A), (A") or
(A""), mxing them by an appropriat% 1 Xi hg machi ne such as Henschel

m xer, and kneadi ng the m xture under heating at about 140 to 250

[err]C to pe%kﬁ&ﬁ&hhgéﬂﬁé 085 r @A+ Whhylene polymers is generally
247 The radi cal generator” for "'use 1 the sil ane

nodi fication.i I r afl , o= €l | -2 B-Dbi.qf tq- eLr,oxy) hexane,
2, 5-di net hyl l?%§%3|§%t8 a8 thb‘ﬁ?%%?r%y"f y‘ﬁel-%é 1owergs P.HEZBP a8 The
si l ane compouynd f Ln th [ . . nodi fi i is preferably a

si |l ane conpo&ﬁ& %@Fﬁéﬁar Wg%§%§n¢€g%%%ﬁﬁﬁg%ﬁniaIé?ﬂ%p grng hydr ol yzed,

such as a e B8k LERY) HEAD0ROEI AL AR Dozl he sl ane

conpound is particularly prefera vi nyl t ri met hoxysi | ane,

vinyl triethoxysil,ane or the like. - The pipe is R%a'ned by
crossl i nk?ng e&&dc‘)potﬂy[ﬂ%dﬁ%‘f‘p%‘fl‘ﬁ%n si% Qrte-%gi Plrecd) rh)duct of the
copol yner A), or the conposition, (A), (A") .ar (A""). To the

mol ded pr odu@SLEFeSan§HCRofteRRELPS %%1%“%Hﬁgqqfte ' calng

additives (e.g., PIB), Standostab PEPQ (trade name,
available from Sandoz), pigmgnt, colorant and filler,
can be added in amounts not detrimental to the high

10 drawdown and the substaﬁtially lowered neck-in found by
the present applicants. Further, additives to improve
anti-blocking properties and friction coefficient
characteristics can be added to the ethylene/a-olefin
copolymer (A) or the ethylene copolymer composition

15 (a'), (A") or (A"'). Examples of such additives include
untreated or treated silicon dioxide, talc, calcium
carbonate and clay, as well as primary, secondary or
substituted fatty acid amides, without limiting thereto.
It is also possible to add release agents for cooling

20 rolls and silicone coating agents. Furthermore, other
additives to improve anti-fogging properties of
transparent cast films can be also added, as described
by, for example, Niemann in U.S. Patent No. 4,486,552.
Moreover, other additives such as quaternary ammonium

25 compounds, ‘which improve antistatic properties of the



15 added, and the nol ded product is fornmed into a pipe general |y using
a pi pe form pg1a8glicres04 As the silanol condensation catal yst, a
conventional conpound generally used as a catal yst for accel erating
dehydrati on condensati on between silanol 20 groups is enployable. It is
possi bl e that the sil anol congggsation catal yst and an unnodi fied

| i near pol yet hyl ene are used To prepare a master batch, then

the master batch is dry blended with a silane-nodified | i near

p0|yethy|en?jﬂ&&é%,”@&B@glgaﬁﬁanfiﬁﬂcgfa@hé*ﬁﬁﬁéﬁﬂion and make it
248 m xer or V-type blender, and the blend is nolded into a

pi pe. possibl® RPBaRkaGHCEHL AS1 8D Wehd & ARN &I Al EcREOHENbr into

contact with noisture in water, water vapor or an 5 at nosphere of high

Pum Ly & S0 e LSBRCTBLA ol Gec aick) B! WECcLRratbal M nULe
I L L
vealheri g stabllagy Didiacbboric | actd absorbent lubricant
piorent, - carhon black,,(Lane L laldenen el gipthg agent and

ethylene/d-olefin copolymer (A) or the ethylene
. copolymer composition (A'), (A") or (A"') may be
produced by any known means such as extrusion,

10 laminating and a combination thereof. The ethylene/o-
olefin copolymer (A) or the ethylene copolymer
composition (A'), (A") or (A"') is employable also in a
coextrusion process, and in this case, a material
exhibiting higher drawdown is allowed to substantially

15 r“support" one or more materials exhibiting lower
drawdown .

The ethylene/d-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') can be used
for the production of extruded films, extruded profiles

20 and extrusion cast films independent of the single-layer
structure or the multi-layer structure. When the
ethylene/o~olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"') is used for
the coating purpose or the purpose of forming a multi-

25 layer structure, the substrate or the adjoining layer



I nj ecti on nol ded product The injection nolded product is
obt ai ned by r-1492i/gFeé0idon nol ding the ethylene/[err]-olefin copolynmer (A

or t he et hyl ene copol yner conposition (A), (A") or (A""). 20 The

i nj ection nol ded product can be produced by the use of a conventi onal

i njection nolding machine. As the 540 molding conditions, those hitherto
known are adopt abl e. The I'njecti on nol ded product is excellent in
heat resi stance and resistance to environnmental stress 25 rupture.
249 v Yd eRlEC oW h8nSPEBAR. Examples U t@leCGlubserytes sheath is
a sheath (sheath of outernost |ayer) to protect wire or cable. 5

The el ectric Ml Eheal r' ﬁr@&ﬁ@ﬂgedméiﬂ% [ NeoramicLt @Zﬂa%ge/ @ra?k@ﬁ’sn

copol ymer (A) or the et hyl ene copol yner conposition (A), (A") or

(A""), and ifoo1ym ef%EQ%%§%&¥u13£19€r&E{iﬁ?%ﬁhfﬁ?&&dﬂé¥1n§ﬁcgna$ heat

stabilizer, weat hering stabilizer] car ment, flane
Lot iR aGEber ioagy, IR LS HiED D 1o @
10U, 150 B A e AR B BB AP Wt (o5t (U1 K
more than 10 rgkléyg%,a%nhzggamples of the articles include gasket

for refrigerator, jacket for wire and cable, wire

coating, tubular material for medical use and water

pipe, without limiting thereto. The extrusion cast

10 films produced by the use of the ethylene/o-olefin
copolymer (A) or the ethylene copolymer composition

(A'), (A") or (A"') are employable for food wrapping and

industrial stretch wrapping.

15 Pipe
The pipe comprises a silane-modified product of the
ethylene/0-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"').
The silane-modified product can be prepared by
20 adding a radical generator and a silane compound to the
ethylene(a—olefin copolymer (A) or the composition (A'),
(a") ér (A"'), mixing them by an appropriate mixing
machine such as Henschel mixer, and kneading the mixture

under heating at about 140 to 250 °C to perform thermal

25 grafting.



I mpact strength (ASTM D 256, notched, neasured at -40 [err]C) of not

| ess t han 4£’f”f§§%9%bh604 The electric wre sheath can be produced
by a conventi onal extrusion coating process using the 20

et hyl ene/ a-ol efin copol yner (A) or the ethyl ene copol ymer conposition
(A), (A") or (A""). The %l gctric wi re sheath has stress crack
resi stance, abrasion resistance and ﬂ'mftenperature | npact resistance.
250 The ethylene/[err]-olefin copolyner (A or the ethylene

copol ymer conposi tion ) ..-(A) or (A'-) _can b ed Jj. t he
bel ow descri bed hit'Il ¥ (fgagvj\ﬁ%\}\'ngg(l{e%ﬁ |an%?):’focsc’a‘?ss]'.'en the glrianeThe hi gh

dr awd t | . ' ' 5 [ t et hyl [ a-ol efi
copol ymor ( ATSHTHACLER 5y RrBERESBTgof AT RS 2 DR IEA T, (A1) or
A, R Lni th I A th

Combsi 11 on (Y IRERYHeAne)  PebTBIRRETE o P 1o as

coat i ng on o BHPERRRRGTeadt OF FAP 1ReaktT usi on. The process
conprises _the steps of:, gi%oiegdingna t her nopl astic conposition
to at |east Jte Sdilamge compoun 22 30 e $4187% t he
t hernopl astic conposition to 15 format |east one polyner flow, and
(iii) extrudihedihicaiiared sperpkeraplynat il bagh gompound having
organic groups capable of being hydrolyzed, such as a
terminal vinyl group and an alkoxy group, and the silane
compound is particﬁlarly preferably
10 vinyltrimethoxysilane, vinyltriethoxysilane or the like.
The pipe 1s obtained by crosslinking a molded
product of the silane-modified product of the copolymer
(A) or the composition (A'), (A") or (A"'). To the
molded product, a silanol condensation catalyst is
15 added, and the molded product is formed into a pipe
generally using a pipe forming machine.
As the silanol condensation catalyst, a
conventional compound generally used as a catalyst for
accelerating dehydration condensation between silanol
20 groups is employable. It is possible that the silanol
condensation catalyst and an unmodified linear
polyethylene are used to prepare a master batch, then

the master batch is dry blended with a silane-modified

linear polyethylene by a mixing machine such as Henschel



die to produce a major web. The i nprovenents of the above process
reside in g_ 14gjy§F 6020 (i) the extruder is operated at a |ine
rate of not | ess than 152 mm n, whereby (a) the web is drawn down

on the substrate to coat the substrate with at | east one | ayer of the
t her nopl astic composition, or (b) §h%;meb is cooled and drawn down on .
a take-off device to forntat 251

| east one Iayer of the thernoplastic conposition and t her eby produce

he fil th h
E:ogt e:j cr?r ?he )feliml t?&ns%%lrgdggbr putgﬁ%ekeiﬁ%é oelée%%'tﬁr;%t eﬁet ugz of

t he present %ﬁ%gntlon, | ower neck-in, hi gher drawdown and hi gher
resi stance t aw resonance (phenonenon of unstable nelt flow) than

t hose obt ai ned . the u e of, et hy] ene ners epar ed using
conventional Zi el Rige |Pf§ uggﬁl BE %%?E?n eri%raﬂy IC]"’?Oﬁlgthr’fe present
speC|f|cat|on the t.er IS deflned to have a neani ng that

the molten poH§er ntac 3Qﬁ$u389§tﬁﬁﬁblBrW?F?ﬁnéﬁ?Se?§”HF&Wﬁernstretched

i h hi t the t di t
(3t the §ane”t?xs‘f herin ‘kné%ﬁa%mﬁr ; Eﬁv'egﬁsaéc%st Toom jemRerETHEEsEM
speC|f|cat| <%§ ternk neck-ip" defined as a difference between
the die wi dt £RE outV\%bmHl‘él‘%‘h %R % realak sherrebyosidlaBa. The neck-in

s crosslinking reaction proceeds owing to the silanol
catalyst, and a crosslinked pipe is obtained.
To the pipe, additives, such as heat stabilizer,
10 anti-aging agent, weathering stabilizer, hydrochloric
acid absorbent, lubricant including internal and
external lubricants, organic or inorganic pigment,
carbon black, flame retardant, antistatic agent and
filler, can be added.
15

Injection molded product

The injection molded product is obtained by
injection molding the ethylene/¢-olefin copolymer (A) or
the ethylene copolymer composition (A'), (A") or (arr).

20 The injection molded product can be produced by the use

of a conventional injection molding machine. As the
molding conditions, those hitherto known are adoptable.

The injection molded product is excellent in heat

resistance and resistance to environmental stress

25 rupture.



i nfluenced by the expansion of the extrudate and the surface tension

thereof, theughobherigbhuence of the 20 surface tensionis small. It is
wel | known that the nmeasured neck-in value (at constant output) is
const ant even if the drawdown rate is increased or the neck-in

value is lowered with increase of ﬁgg drawdown rate, and t hat the
neck-in value of ordinary ethyl ene lymers is

252 generally increased as the nol ecular weight is | owered

and/ or as the nolecular weight distribution is narrowed. In the
present invention, to the copolyner (A) or t he conmposition (A), (A")
or (A""), additi h | oxi dant, phosphites, cling additives
(e.g., PIB), Elzoriic wige rade nane, avail able from Sandoz),

pi gment, colorant,and.filler, can he added. Further ddi.tives to
Pimrove’ anti - bl ofkenG 5F5EEF: MEEe el 5 o sttt dspereRoRt
characteristics can bi incgrgorated 10 ,into the extrusion coated | ayer or
the film t lavery LQCRTALSFE WS 9kl Sintreated or treated
silicon di oxide, _talc, calcium carbopate and CI%%_as wel | as

pri mary, 2secondaryPeotlSGhEErt HEEE PR8N obF PERAMRSS Trom thE ease agents
for cooling rqll.s _and si.li.cone coatin agents, w-thout limting
t her et o. Fuﬁ"'tq'ﬁéﬁneo/dﬁfé’rlefgn cggaiﬂ“@gs(%g ?]Frgtfel?) RIS ggi ng properti es

of transparent cast filnms can be al so added, as descr.i bed by, for
exanpl e, Ni <FRRH-YMETUCSIMPPSLEAPTINGA' Y, 488" b5 (A"'), and if

necessary, hitherto known additives such as heat
stabilizer, weathering stabilizer, carbon black,
10 pigment, flame retardant and anti-aging agent.

The electric wire sheath has a 50 % crack
initiation time (F59, ASTM D 1698) of not less than 600
hours, an abrasion wear, as measured by a Taber abrasion
test (JIS K 7204, load of 1 kg, truck wheel of CS-17, 60

15 rpm, 1,000 times), of not more than 10 mg, and an Izod
impact strength (ASTM D 256, notched, measured at -40
°C) of not less than 40 J/m?.

The electric wire sheath can be produced by a

conventional extrusion coating process using the
20 ethylene/o-olefin copolymer (A) or the ethylene
copolymer composition (A'), (A") or (A"').

The electric wire sheath has stress crack

resistance, abrasion resistance and low-temperature

impact resistance.



Furthernore, other additives such as quaternary amonium 20 conpounds,
whi ch i nprove j38bi/gkakpe properties of the coated layer and the film
of the invention thereby to make it possible to package articles
sensitive to el ectrons, can be added singly or in conbination with
et hyl ene/ acrylic acid (EAA) copol yﬁrg s or other 25 functional polyners.
253 The ethylene/[err]<eMefin copolyner (A) or the ethyl ene
copol ymer conposition (A), (A") or (A"') used for preparing the
conposition or the article of the _, i nvention.is bl ndag— e.with |inear
et hyl ene pol yner $he StHH4PBR/ M GhehiR SRR By | e%oltg‘ﬁeﬁ 4P
enpl oyabl e as only one resinous polymer conponent, independent of a
si ngl e- | ayercastolymegr coppogifiibni {Abyer (At at ulRe 'df caRebe usedy &8yl ti ng
filmor the resulting coated | ayer. By bl endi ng the copol yner (A) or
t he conposi ttilen Hedow-deatribeé@ hbgh (d¢awdawn rextomspicy PEosess-wi t h
honmopol yners and ot her polyners, processability, filmstrength, heat
seal i ng properti @eohigtthdshwdopnogettusson Prdxess is 4 pproesd. in
Sonme suitable exanples of the materials which may 15 be blended with the
copol ymeb (Ayhish tihe edhydenei/eonolefin ¢apglyner ) (r quathe i ncl ude
| ow-density ethyl ene pol ynmers such as hi gh-pressure | owdensity
et hyl ene ethyiemp dopodymekDeEpo el biiben& Vi ny{Atgcetrat(@"copobynar s
composition containing the copolymer (A) or the
composition (A'), (A") or (A"') (sometimes referred to
as "thermoplastic composition" hereinafter) is subjected
10 to extrusion coating on a substrate or to cast film
extrusion. The process comprises the steps of:
(i) feeding a thermoplastic composition to at least
one extruder,
(ii) melt mixing the thermoplastic composition to
15 form at least one polymer flow, and
(iii) extruding the molten polymer flow through a
die to produce a major web.
The improvements of the above process reside in
that:
20 (i) the extruder is operated at a line rate of not
less than 152 m/min, whereby (a) the web is drawn down
on the substrate to coat the substrate with at least one

layer of the thermoplastic composition, or (b) the web

is cooled and drawn down on a take-off device to form at



(EVA), ethyl ene/carboxylic acid copolyners, 20 ethylene/acrylate

copol yners, FQ] 9Qgsgogﬁgers pr epar ed at low to nedi um pressure, such
as pol ybutylene (PB) and ethylene/[err]-olefin polymers (including
hi gh-density polyethylene, medi um densi ty pol yet hyl ene,

pol ypr opyl ene, ethyIene/propyleneméggolyners, linear 25 |lowdensity
pol yet hyl ene (LLDPE) and ultra lo nsity
254 polyethylene) as well as graft nodified polynmers, and

conbi nati ons | tgsgtol 9 aver of cnSUlASHE T ATPIERHI copyLgge copol yrers

i ncl ude & yners prepare by “copdal ymeri zi ng ene and at

| east-one | | ene un ed co noner (e.g acrylic acrd,
nethacrylrcf%ﬂér % uFeagg ?é? described by Mkinney in U S.

Patent No. 4,599, 3 h t abl h
cgpgryners ddﬁn 8h§P§ & s%%ﬁ%%?ﬁeﬂ§1Qj%%é£¥%ﬁ§#%%h§hﬁ¥segs 0.1to

10 55 % by we , ferabl 1 to 35 % by mer nost

pref erably 2Cq E%lewgrlg?h isTh a‘Pr?%‘Prr‘b‘?%s%rHé‘lt geé-Pﬁgﬂ ene copol yners
may be those havrng been subj ect ed to, chem cal and/or physical
modi fi caPi on suctP¥ashe user8§oﬁ§?rEEF?%PFcﬁn¥9H?%Rﬁ«J WXt PeRBaiPy cat i on.
15 In a preferred polyner_ blend, at,|east one ethyl ene copol yner

(A) or et hyrfér@%ﬁaqawemceﬁﬁoewheﬁ {%e}stance ’i%%raar r@ﬁon?npe
cont ai ned, and t he copolyner QA% conposi tion ") or
(A"') conpri &enanenamgify ugstable melt flow) than those o talned

by the use of ethylene polymers prepared using
conventional Ziegler catalyst can be obtained.

10 In the present specification, the term "drawdown"
is defined to have a meaning that the molten polymer
extrudate (web or filament) is drawn or stretched in the
machine direction or sometimes in the transverse
direction (at the same time, though at a low level).

15 In the present specification, the term "neck-in" is
defined as a difference between the die width and the
web width at the take-off position. The neck-in is
influenced by the expansion of the extrudate and the
surface tension thereof, though the influence of the

20 surface tension is small. It is well known that the
measured neck-in value (at constant output) is constant
even if the drawdown rate is increased or the neck-in
value is lowered with increase of the drawdown rate, and

that the neck-in value of ordinary ethylene polymers is



| east about 5 % nDre preferably at |east about 10 % of 20 the polyner

bl end. 492 EFtQS mul ti-layer coating or filmof the I nventi on,
at | east oné copo( %Ao or conposition (A"), (A") or (A") nmay be
contained in any Iayer or in | ayers of any nunber. In the nulti-Iayer
filmor film 25 structure, however, it is preferable that the copol yner
255 (A) or the conposition 252), (A") or (A'"") is contained I n
the outside |ayer (sonetines referred to as "skin | ayer" or "surface

| ayer™ in the art and t he seal ant

| a
conposi ti on R LYniBRFPARSE a7 behe m°1eﬁﬁi§§éPEHQP§ éﬁylgﬂ?Fﬁéle nmeans

known in the art, and exanpl es of su ns .i ncl,ude tunbl

bl endi ng, n@AA/oT as FhenEPhECBYAE JFRliHd §§£§W5+°8r1§| @rﬁ?W?gxtru5|on
mul ti pl e- reactoréﬁﬁl nmeri zation and conblnatlons therzo

mul ti-layer strudfut8SoPrefgnt niRrerbirearto € elﬁ? DOLyBGEe byoﬁny known

means, and exanpl es of such means i ncl ude coextrusion, |am nating and
a conbi nat | die compogdtden. (Fhb. chhbbsPX i BN of @Akitdvesyi sHChsagnpl oyabl e
also in g coextrusion process wherein a material 15 exhibiting higher

dr awdowndi s antienidans  spbesphifes| ycling addifyyss "(cofe - oPTRdre material s
exhi biting | ower dr awdown. Various pol ar and non-pol ar
substrates &hansiostab PESQt édraflename, ierdaluimpdyiont andezi he non- bl end

pigment, colorant and filler, can be added. Further,
additives to improve anti-blocking properties and
friction coefficient characteristics can be incorporated

10 into the extrusion coated layer or the film. Examples
of such additives include untreated or treated silicon
dioxide, talc, calcium carbonate and clay as well as
primary, secondary or substituted fatty acid amides,
release agents for cooling rolls and silicone coating

15 agents, without limiting thereto. Further, other
additives to improve anti-fogging properties of
transparent cast films can be.also added, as described
by, for example, Niemann in U.S. Patent No. 4,486,552.
Furthermore, other additives such as guaternary ammonium

20 compounds, which improve antistatic properties of the
coated layer and the film of the invention thereby to
make it possible to package articles sensitive to
electrons, can be added singly or in combination with
ethylene/acrylic acid (EAA) copolymers or other

25 functional polymers.



20 conposition of the invention independent of the single- | ayer

structure orF+hR2vgR-i60d4ayer structure. Exanples of the substrates
i ncl ude paper products, netals, ceram cs, glass, various polyners
(particularly, di fferent pol yol efins) and conbi nati ons thereof,
without 25 I|limting thereto. 256
What is clained is: 1. £ nol ded product conprising an

et hyl ene/ a- ol efin copolymer (A) which is a copolyner of ethylene

oroperti s, e Sl BeR e ORI ARG TS o gt | 1 ne

mel t flowr MFR) sati,sfy the foILomAng rel ation
9.0xl\/FR[err]c‘Bp‘R@f“$é2°&‘gQ9§[ A'), (a") ox AlRTY) tyredhdmat i on energy
((Ea)x10[err] J/no] K flow determned froma_ shift factor of

ti me-t enper &TFRATIN %§hﬁ§W§G§FFFSH 8F ERe 2rbiFtardde thehe carbon at om
nunber (C) of the a-olefin in the_copolyner and the [err]-olefin
content (x nBFefRtIPR He &KFsscakde E‘J&Fhsﬁ-ynﬁ% ehyisnagolymers el ation 15
(0.039LNn(C- 2) +0. 0096)xx+2 87 < EaXlogerr
(0. 039LnPC- 230/ B dBhgiregrure ethydgppe polymers ox A jempldvetaze of a

fil mhaving a thickness of 30 [err] m produced by inflation nolding of
t he copol yne®s only one resinous polymer component, independent of a

single-layer structure or a multi-layer structure of the
resulting film or the resulting coated layer. By
blending the copolymer (A) or the composition (A'), (A™)

10 or (A"') with homopolymers or with homopolymefs and
other polymers, processability, film strength, heat
sealing properties or adhesion properties can be
improved.

Some suitable examples of the materials which may

15 be blended with the copolymer (A) or the composition
(A'), (A") or (A"') include low-density ethylene
polymers such as high-pressure low-density ethylene
homopolymer (LDPE), ethylene/vinyl acetate copolymers
(EVA), ethylene/carboxylic acid copolymers,

20 ethylene/acrylate copolymers, olefin polymers prepared
at low to medium pressure, such as polybutylene (PB) and
ethylene/a-olefin polymers (including high-density
polyethylene, medium-density polyethylene,
polypropylene, ethylene/propylene copolymers, linear

25 low-density polyethylene (LLDPE) and ultra low-density



20 satisfies the follow ng conditions, when the flow index (Fl)
defined by arpshesy,dmtepat whi ch a shear stress at 190 [err] C reaches
2.4x10[err] dyne/cnierr] and the nelt flowrate (MFR) satisfy the
relation FI [err] 100XMFR, _ 257
in the case of the carbon atom nun‘g&r< (C of the [err] ol efin being
6, Haze < 0.45/(1- +og(3xNW[err])x(C—3)[err] .

in the case of the carbon atom nunber (C) of the a- 5 olefin being 7 or

8, CRXMILEEL LY pd when
the flow i nd%x %{QJ ]ls%)esgbgrgage&{g{i Bl p\/\%ﬂ‘(‘:%rs sahear stress
at 190 [err] ] dyne/cnferr] and the nelt flowrate
(MFR) satisféb*ﬁ atlo éﬂ?’ 10 100xMFR, in the case of the

ﬁgggoz 8?82}?Tn3$k$£g%§ﬁ%ffggr%gkf%u§f[gthfg coBgiyﬂb§E %?Fh%%se of the

f b
Cave s o 20 PHBEHmeEd Shendied oy Sdpolimerlz iR drhvitnd and at ¢ dens ty
(g/cnierrg) apdsMone o —eth&flre%fér ?ﬁfs%tt%r%?:leh £eR8hORet9e . g.., 20

The nol déd product ~as Uie

acrylic acid, methacrylic acid or vinyl acetate), as
described by Mckinney in U.S. Patent No. 4,599,392. 1In
the suitable high-pressure ethylene copolymers,
comonomers are contained in the total amounts of 0.1 to

10 55 % by weight, more preferably 1 to 35 % by weight,
most preferably 2 to 28 % by weight. The high-pressure
ethylene copolymers may be those having been subjected
to chemical and/or physical modification such as
ionomerization or extrusion graft modification.

15 In a preferred polymer blend, at least one ethylene
copolymer (A) or ethylene copolymer composition (A'),
(A") or (A"') is contained, and the copolymer (A) or the
composition (A'), (A") or (A"') comprises preferably at
least about 5 %, more preferably at least about 10 % of

20 the polymer blend.

In the multi~layer coating or film of the
invention, at least one copolymer (A) or composition
(a'), (A") or (A"') may be contained in any layer or in
layers of any number. In the multi-layer film or film

25 structure, however, it is preferable that the copolymer



wherein the ethylene/a-olefin copolyner (A) is obtained by

copol yneri zimgilgddpdrmrendand an [err]-olefin of 6 to 8 carbon atons in
the presence of an olefin polynerization catal yst conprising: 25

(a) an organoal um num oxy- conmpound,

258 (b-1) at |east one tesansition nmetal compound sel ected
fromtransition nmetal conpounds re&?fsented by the follow ng fornula
(r): M[err] f(l)hieS 5 mhareln m is a
transition | o2t nfdsqd 16RO OURA » 4,08 | abl e;
Ll[err] is anﬁ)ga?\% %%gor%g nat egltggl rmeg'tquzfa\' %r%ﬁsf%i o)tn rre%gd at 51% at

| east tuo 1 gandss YaidladGyer (sABR1ALS WhskLipLed oual aagniadi enyl aroup

havi ng at east one groudp selec rom ocarbon groups of 3 to 10

| .
10 carbon at%%g?r.an& t.lgqnlfa%%;gra%%gr"r %ﬁowgra%?gz%ﬁ%?tkie tsoea?l%\%sct ituted

cycl opent adi group 1S a rb car bon atons,

an al koxy grf)%p £ an aryl oxy group, a trialkylsilyl group, a halogen
at om or %y'drogen atom and x is a valence of the transition 15

d _ - | | t | t one transition
rrrre; g: gz)rr{)noh/lnd The bsleefnétrg:@&lppﬁﬁ“ﬁ'??aﬁgi(ﬁ‘%nlwz?%tff%grﬁ%h%s r epr esent ed

?¥|) thgbéégééggrgbfégyngditgkig:meggs known Qﬁiéﬁé]art, and

examples of such means include tumble dry blending, melt
blending by compound extrusion or side arm extrusion,
multiple-reactor polymerization and combinations

10 thereof. The multi-layer structure of the invention can
be produced by any known means, and examples of such
means include coextrusion, laminating and a combination
thereof. The composition of the invention is employable
also in a coextrusion process wherein a material

15 exhibiting higher drawdown is allowed to substantially
"support" one or more materials exhibiting lower
drawdown .

Various polar and non-polar substrates can be

coated with the blend composition or the non-blend

20 composition of the invention independent of the single-
layer structure or the multi-layer structure. Examples
of the substrates include paper products, metals,
ceramics, glass, various polymers (particularly,

different polyolefins) and combinations thereof, without

25 limiting thereto.



wherein Mis a transition netal atom sel ected fromGoup . .. 4 of the

periodi c talp-e4922sFs6a4l i gand coordi nated to |t|on net al
atomM at least two |igands L2 are each a ﬂi’(” gi@ ﬂﬂ"enyl
group or an 25 ethylcycl opentadi enyl group, and

259 t han t he nethylcyclopen§§Q;enyl group or the

et hyl cycl opent adi enyl group is a hydrocarbon group of 1 to 12 carbon
atons, an al koxy group, an aryl oxy group, a trialkylsilyl group, a
halogen at ot awd=aaen ggonl 5 and x is a valence of the transition
metal atom M : The nol ded product as clainmed in claim1 or
2, - Wwhereinihe e E’wl@.@ﬁ/ bebalicel ebinpr toned yarerethldre /abt ai ned

by copol yneri zing ethylene and an a-olefin of 6 to 8 10 <carbon atons in

the presence,fsan g%flgzﬁeg'o((}&?e&hﬁéﬁ' P8 a copoldl Yo 1@nkhe

organoalun1nun1oxy c transition net conpound (b-1)

and the traﬂéﬁ&'éﬂ‘dﬁﬁfﬂfln of GCQGPQUBQrBQn|é&oﬁ%ﬁhﬁaﬂHHHtﬂﬁé on a carrier
(c). 15 ed product conprising an ethylene

copol yneg c fﬁ9§4 §% h conprises an ethylene/[err]-olefin
copol ynmer ( a ene err] ol efin copol yner (O,

wherein the et hy' 6)[ ld Tm%&%f 't%g&?BRLgﬂEf 4B)146 2 288 cHEPRLYPEr oOf

et hyl ene and an a-0
flow rate (MFR) satisfy the following relation

9.0XMFR-0-55 > MT > 2.2XMFR-0-84,
(A-ii) the activation energy ((Ea)xX10-% J/molK) of
10 flow determined from a shift factor of time-temperature
superposition of the flow curve, the carbon atom number
(C) of the o-olefin in the copolymer and the O-olefin
content (x mol%) in the copolymer satisfy the following

relation

15 (0.039Ln(C~-2)+0.0096)Xx+2.87 < Eaxl04 <
(0.039Ln(C-2)+0.1660)xXx+2.87,
and
(A-iii) the haze of a film having a thickness of 30
lm produced by inflation molding of the copolymer
20 satisfies the following conditions,
when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches 2.4x106 dyne/cm?

and the melt flow rate (MFR) satisfy the relation FI 2

100XMFR,



atons and has the follow ng properties: - (B-1) the density is in
the range of g01 888,41 &h P70 g/cnerr], B—||) the nmelt flow
rate (MFR) - at 190 [err]C under a 25 | oad of ”H'MMW range of
0.02 to 200 g/10 mn, M‘ﬂ

(B-iii) the decane-sol ubl e corrponer} _}ractl on (W- rciom* errper ature
and the density (d) satisfy the 5 ol | owi ng relation in the
case of MFR [err] 10 g/10 mn 5 W < 80xexp( 100(d-0.88))+0. 1,

in the case of MFR > 10 g/ 10 nmin
80x(MFR-9) [err] xek‘b(t}ﬁ)cﬂ%ﬁ% HB)bhe0 carbon atom nUI“PBL’l §) 1o thaerature

(Tm at the maxi num peak position in an endotherm c curve of the

copol yner, aslefitnneaing el by a differential scanning cal orineter (DSC),
and the density (d) satisfy the follow ng relation Tm <

400xd- 248, (B39 < He 45! (L -Kemdrgh3XWIN) - “2x (@98) {-&rr] C and the nelt
flowrate (MFR) satisfy the following relation 15 9. 0XMFR[ err] > MI
> 2.2XMFR[err], in the casq Bf/ithe kmarbbowatoni natben ¢Oerafy tHEaXx10[ err]
J/ mol K) determ ned froma shift factor of tinme-tenperature

super posid i oolefin HsefdPpW @iy \&g, the carbon at om nunber (© of the
[err]-olefin in the copolynmer and the [err]-olefin 20 content (x nol% in
t he copol yner sati sfy Hdwme f0ld.®0/NG-d)xlog (3xMTL-4), and

when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches_2.4><106 dyne/cm?

and the melt flow rate (MFR) satisfy the relation FI <

10 100xFR,
in the case of the carbon atom number (C) of the a-
olefin being 6,
Haze < 0.25/(1-d)Xlog(3xMTL1-4)x(C-3)0-1,
in the case of the carbon atom number (C) of the o-
15 olefin being 7 or 8,

Haze < 0.50/(1-d)xlog(3xMTL-4),

wherein d represents density (g/cm3) and MT

represents melt tension (g).

20 2. The molded product as claimed in claim 1,
wherein the ethylene/0-olefin copolymer (A) is obtained
by copolymerizing ethylene and an o-olefin of 6 to 8
carbon atoms in the presence of an olefin polymerization
catalyst comprising:

25 (a) an organocaluminum oxy-compound,



relation (0. 039Ln( G 2) +0. 0096) xx+2. 87 < EaXlO[err]
oy 2 BN The a0 (i) of e A,

nol ecul ar weight (Md) to the nunber-average nol ecul ar ¢ ), as
determ ned by GPC, satisfies the foll owi ng condition 5 .2 <
Mv WMn < 3.5; t he ethylen%??err] ol efin copolyner (O is a

copol ymer of ethylene and an [err]-olefin of 6 to 8 carbon atons and
has the f0||0“‘npr&8p§Et1§§st one tran51ﬂf5ﬂlm£ﬂﬂ.@%ﬁﬁbhﬁd‘s in the range
of 0.880 to 0.970 10 g/cnferr Cii) the nelt flowrate (MR

at 190 [err]dGiuden %zrom. .tr%ﬂ. ﬂt?cgré Zmé@afgsdrrbdd}lcié"%eb%ﬁgéngédonZ to 200

g/ 10 mn, cane-sol ubl e conponent fraction (W

?; {ﬁgﬂ;ége E&&gfg?r t?grﬂﬁ¥%l y)(d) satisfy the &?<follomnng relation
80xexp( - 100(d 0. %ﬁ%%+0 1, in the case OffNFR > 10 g/10 mn

W< 80x(MR-9)[err]Xexp(-100(d-0. 88))+0 1, 20 (Giv) the
tenperatgre (T t n 0 i C curve
of the c%polvéhrrerp el% Mt 15 ga%rgreg}s{glggg% metacll féféedrn‘e % %ftse?arﬁ?%gbgg{lgri met er
(DSO) ,

4 of the periodic table; L! is a ligand coordinated to
the transition metal atom M, at least two ligands Ll are
each a substituted cycldpentadienyl group having at
least one group selected from hydrocarbon groups of 3 to’
10 10 carbon atoms, and the ligand L! other than the
substituted cyclopentadienyl group is a hydrocarbon
group of 1 to 12 carbon atoms, an alkoxy group, an
aryloxy group, a trialkylsilyl group, a halogen atom or
a hydrogen atom; and x is a valence of the transition
15 metal atom M;
and
(b-II) at least one transition metal compound
selected from transition metal compounds represented by
the following formula (II):
20 M2, (IT)
wherein M is a transition metal atom selected from Group
4 of the periodic table; L? is a ligand coordinated to
the transition metal atom M, at least two ligands 12 are
each a methylcyclopentadienyl group or an

25 ethylcyclopentadienyl group, and the ligand L2 other



and the density (d) satisfy the follow ng rel atlon

T O e e o R

satisfy the follow ng relation Ml [err] 2. 2% MF

and 5 the ratio of the nelt %#Qw rate (MFR(C)) of the ~ copol yner .
(C tothe nelt flowrate (MFR(B)) t he copolyner (B) satisfies the
foll owi ng condition . 1< (NFEifD)/(FR(B)) [err]_20ih gg ene

5.  The nol dgdnPeREUsLtIRsL é&dﬁ%ﬁﬂ&&i 1 rein the ethy

copol yner COITpOISlI tion (Aﬁ? %S ?] mIg propert | es:

the ethyl eneééhﬂé{zbi‘o;?&?@é&’{@{%(g@ou%mh(% h?gﬁgﬁar tél{Olﬂ%l

et hyl ene/ 1- hexehe copol ymer s :kNW (9))

the follomnng
o 0 I Can s ot s B, harn e
' 1 eterm rom a
Lﬂfle?2;?8£E¥?5%E2E§ff§g :&%ggr g%gygkﬁeF58§|PFoﬁK%¥ f?ﬂfql?) ®iurve, the
car bon &ogl ( Z)‘ hex e in_the coggiymars B) and
X rm

(C) and the conten tllﬁﬁ metal abgBi¥mers (B) and
(C) satisfy the foll ow ng relatlon

3. The molded product as claimed in claim 1 or 2,

wherein the ethylene/a-olefin copolymer (A) is obtained

by copolymerizing ethylene and an o-olefin of 6 to 8

10 carbon atoms in the presence of an olefin polymerization
catalyst where the organoaluminum oxy-compound (a), the
transition metal compound (b-I) and the transition metal

compound (b-II) are supported on a carrier (c).

15 4. A molded product comprising an ethylene
copolymer composition (A') which comprises an
ethylene/d-olefin copolymer (B) and an ethylene/o~olefin
copolymer (C),

wherein the ethylene/0-olefin copolymer (B) is a

20 copolymer of ethylene and an o-olefin of 6 to 8 carbon
atoms and has the following properties:

(B-i) the density is in the range of 0.880 to 0.970
g/cm3,
(B-ii) the melt flow rate (MFR) at 190 °C under a

25 load of 2.16 kg is in the range of 0.02 to 200 g/10 min,



(0. 039Ln( C 2) +0. 0096) xx+2. 87 < Eax10[err]

263 F-1492/SF-604 (0.039Ln(C2) + 1

and (A -iii) the haze of a film havi ng a I m "l“l 30
[err] mproduced by inflation nolding of the copol ynmer* 5¢conpasi i on
satisfies the follow ng conditions when t he row i ndex (FI)
defined by a shear rate at 299 a shear stress at 190 [err] C reaches

2.4x10[ err] dyne/cr‘r{err] and the nelt flowrate (MFR) satisfy the

relation FI [err]ig 0 t8kSorfent fract
0. 45/ (1- d) x| og( 3xXMI[e rr]%ﬁ%gﬁg"f‘é& oluble ment fracttor 1 ow i ndex

Fl) def t h 190 C
Fcaches '2”2%1%%‘—'5%;15 hperaad P th%%*%ﬁtef oGP HGRatE(WPR) “satisty
the relati one Haze <
0. 25/ (1- dl) Xl og](]sp"f\}rﬁger re]]l)%%?%ﬁS) [er r] whefei n drepresents (g/cnferr]),

Ml represents rrelt t si on d e resents the carbon atom
nunber of 1- é: ﬁaﬁ%l Eﬁ"g < 10 %@6 i The nol ded product

laimed in cl ai 5, h opol t
(A) furbher mhasw < goxgaBILene (4 ?hié’&‘r’%%g?tfg?o(ﬁ? SN

the follow ng prope )16hn§lr§at|o (Mwv Wn) of the

wei ght - aver age éﬁg case of MFR gAiO

W < 80X(MFR-9)90-26xexp(-100(d-0.88))+0.1,
(B-iv) the temperature (Tm) at the maximum peak
position in an endothermic curve of the copolymer, as
10 measured by a differential scanning calorimeter (DSC),
and the density (d) satisfy the following relation
Tm < 400xd-248,
(B-v) the melt tension (MT) at 190 °C and the melt

flow rate (MFR) satisfy the following relation

15 9.0XMFR-0-65 > MT > 2.2XMFR-0-84,
(B-vi) the flow activation energy ((Ea)x10-% J/molK)

determined from a shift factor of time-temperature

superposition of the flow curve, the carbon atom number

(C) of the O-olefin in the copolymer and the a-olefin
20 content (x mol%) in the copolymer satisfy the following

relation

(0.039Ln(C-2)+0.0096)xx+2.87 < Eax10™4¢ £
(0.039Ln(C-2)+0.1660)xx+2.87,

and
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264 i_glbo(Ne)-s0as determ ned by GPC, sati sfi Il ow ng
condi tion "ei-dab20 2.0 [err] MM M1 [err] 2.5. 5 e’#”"ﬂ”’”"’”\mwped
product conprising an ethyl ene copol ymer conpositiof (A")n

conpri ses: (A) the et hyh%qe/[err] -olefin copolyner.as clainmed in:.
any one of clains 1 to 3, and - (D) an ethylene/[err]-olefin
copolymer which is 10 obtained by copol ynmeri zi ng et hyl ene and an

-ol efi f oot 0 ' : | efi
e et ot Mon! dpavid) " B80rARIBOMANRIP df' Lile REMRST0R0RT, 0 of i 1

pol ymeri zation catalyst conpris or ganoalum num

Oxy-COHpounquygéul WF%ng gﬁ%élég.éhérﬁqﬁﬂéé{?béygi gm%REBBEQQ of a Group

4 of 15 the periaodic ontarni Ag a 1 gand havi

| opent adi_enyl t whi ch f ol .Quis ties:
(b1 che- adiay 1@ 1 BheBPARER-6r PP o THoR LS they ohe™and 20

(D-ii) the intrinsic viscosity ([err]), as measured in decalin at 135
[err] C, isiﬁ%%ﬁﬂ¥¥F§h§8n§F%6°é to 8 dl/g, with the proviso that
the ethylLene/[err]-ol ef]j opolymer (A) is not identical with the

et hyl enePa- J'(%I &t MWO@Bpél §rr§r (D).

the ethylene/da-olefin copolymer (C) is a copolymer

of ethylene and an ¢¢-olefin of 6 to 8 carbon atoms and

has the following properties:
(C-1i) the density is in the range of 0.880 to 0.970
10 g/cm3,
(C-ii) the melt flow rate (MFR) at 190 °C under a
load of 2.16 kg is in the range of 0.02 to 200 g/10 min,
(C-1iii) the decane-soluble component fraction (W)
at room temperature and the density (d) satisfy the
1S following relation
in the case of MFR £ 10 ¢g/10 min
W < 80xexp(-100(d-0.88))+0.1,
in the case of MFR > 10 g¢g/10 min
W < 80X (MFR-9)9-26xexp(-100(d-0.88))+0.1,
20 (C-iv) the temperature {(Tm) at the maximum peak
position of an endothermic curve of the copolymer, as
measured by a differential scanning calorimeter (DSC),

" and the density (d) satisfy the following relation

T™Tm < 400xd-248, and



25 265 8. A nolded product-
)
[

e S eme O A
|

claims 4 to 6, and 5 (D) an ethylene/[err]-olefin copolyne

IS obt ai ned by copolynerizingzﬁ?hylene and an a-olefin of 3 to 20
carbon atons in the presence of an efin pol yneri zati on catal yst
conpri si ng (a) an organoal um num oxy-conmpound and 10

(b-111) a transi yhog, ehal ncoRPAUKL AL An AP 1800%c ana e serd odi ¢ Labl e

containing a |igand havin opent adi enyl skeleton, and which has

the follow °&é§at§29§f%%%§§%&EFY the folﬁg%ﬂgg %%&agggﬁity Is in the range

of 0.850 to the I'ntrinsic viscosity
([err]), as neaswed pNoxvrr-od@cal in at 135 [err]C, is in the range of 0.4
to 8 dl/g, wth the proviso that each of the ethylene/a-olefin
copol yners (B) aggd(CD Is not identical wwth the 20 ethylene/[err]-olefin
copol ymer (D). 9. The nol ded product as clainmed in any one

of §| al ns 1t:th% ?:at‘f’g' 8? {:’rsle amg tng%lecgvlr a}ya%re f(lbf&@(%r) )Sg%eg:he
copolymer (C) to the melt flow rate (MFR(B)) of the

copolymer (B) satisfies the following condition

1l < (MFR(C))/(FR(B)) < 20.

10 5. The molded product as claimed in claim 4,
wherein the ethylene copolymer composition (A') has the
following properties:

the ethylene/0a-olefin copolymers (B) and (C) are
both ethylene/l-hexene copolymers,

15 (A'-i) the melt tension (MT (g)) at 190 °C and the

melt flow rate (MFR) satisfy the following relation

9.0XMFR™0-65 > MT > 2.2XMFR-0-84,
(A'-ii) the flow activation energy ((Ea)x10-4
J/molK) determined from a shift factor of time-
20 temperature superposition of the flow curve, the carbon
atom number (C) of l-hexene in the copolymers (B) and
(C) and the content (x mol%) of l-hexene in the

copolymers (B) and (C) satisfy the following relation

(0.039Ln(C-2)+0.0096)Xx+2.87 < Eax10-¢4 £



266 10. The nol ded product as clainmed in any one of clains 1

to 8, which g5 @oapgriisohayer fil mor sheet. - 11. The nol ded
product as claimed in any one of 5 clainse 1 to 8 which is an injection
nol ded product. 12. The nol ded product as clainmed in any one of
claine 1 to 8 which is an extrusizg3polded product. 10 13. The
nol ded product as clainmed in any o clains 1 to 8 which is a

fiber. ~ 14, The nol ded product as clained in any one of
L L L0,% o, xRSt on b IS RO e et ™
electric wire sheath.
and :
(A'-1iii) the haze of a film having a thickness of
30 um produced by inflation molding of the copolymer
5 compogition satisfies the following conditions,
when the flow index (FI) defined by a shear rate at
which a shear stress at 190 °C reaches 2.4x10¢ dyne/cm?
and the melt flow rate (MFR) satisfy the relation FI 2
100XMFR, |
10 Haze < 0.45/(1-d)Xlog (3>xMTl-4)x(C-3)0-1, and
when the flow index (FI) defined by a shear rate at

which a shear stress at 190 °C reaches 2.4x106 dyne/cm?
and the melt flow rate (MFR) satisfy the relation FI <
100XMER,

15 Haze < 0.25/(1-d)xlog (3xMT1-4)x(C-3)0-1
wherein d represents (g/cm3),_MT represents melt tension

(g), and C represents the carbon atom number of 1-

hexene, namely, 6.

20 6. The molded product as claimed in claim 5,
wherein the ethylene copolymer composition (A') further
has, in addition to the properties (A'-i) to (A'-iii),
the following property: |
(A'-iv) the ratio (Mw/Mn) of the weight-average

25 molecular weight (Mw) to the number-average molecular
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weight (Mn), as determined by GPC, satisfies the
following condition

2.0 £ Mw/Mn £ 2.5.

7. A molded product comprising an ethylene
copolymer composition (A") which comprises:

(A) the ethylene/o-olefin copolymer as claimed in
any one of claims 1 to 3, and

(D) an ethylene/0-oclefin copolymer which is
obtained by copolymerizing ethylene and an 0-olefin of 3
to 20 carbon atoms in the presence of an olefin
polymerization catalyst comprising

{a) an organcaluminum oxy-compound and

(b-III) a transition metal compound of a Group 4 of
the periodic table containing a ligand having a
cyclopentadienyl skeleton, and which has the following
properties:

(D-i) the density is in the range of 0.850 to 0.980
g/cm?, and .

(D-ii) the intrinsic viscosity (n), as measured in
decalin at 135 °C, is in the range of 0.4 to 8 dl/g,

with the proviso that the ethylene/a-olefin
copolymer (A) is not identical with the ethylene/o-

olefin copolymer (D).
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8. A molded product comprising an ethylene
copolymer composition (A'") which comprises:

(A*) the ethylene copolymer composition as claimed
in any one of claims 4 to 6, and

(D) an ethylene/o-olefin copolymer which is
obtained by copolymerizing ethylene and an o-olefin of 3
to 20 carbon atqms in the presence of an olefin
polymerization catalyst comprising

(a) an organocaluminum oxy-compound and

{b-III) a transition‘metal compound of a Group 4 of
the periodic table containing a ligand having a
cyclopentadienyl skeleton, and which has the following
properties:

(D-1) the density is in the range of 0.850 to 0.980
g/cm?, and

(D-ii) the intrinsic viscosity (1), as measured in
decalin at 135 °C, is in the range of 0.4 to 8 dl/g,

with the proviso that each of the ethylene/oa-olefin

copolymers (B) and (C) is not identical with the

ethylene/0-olefin copolymer (D).

9. The molded product as claimed in any one of

claims 1 to 8, which is a single-layer f£ilm or sheet.
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10. The molded product as claimgd in any one of

claims 1 to 8, which is a multi-layer film or sheet.

11. The molded product as claimed in any one of

S claims 1 to 8, which is an injection molded product.

12. The molded product as claimed in any one of

claims 1 to 8, which is an extrusion molded product.

10 13. The molded product as claimed in any one of

claims 1 to 8, which is a fiber.

14. The molded product as claimed in any one of
claims 1 to 8, which is an expansion molded product.
15
15. The molded-product as claimed in any one of

claims 1 to 8, which is an electric wire sheath.



