F- 1493/ SF- 605 ' 1

TI TLE T COPOLYMER COWMPCOSI TI ON AND USES THEREOF

FIELD OF THE'T X 5 The present invention relates to an

et hyl ene copol yner conposition and uses thereof. The invention
further relates to uses of the ethyl ene copol yner conposi tion. 10
BACKGROUND OF THE | NVENTI ON 1Et hyl ene copol yners are nol ded by
vari ous nol di ng nmet hods and used in nmany fields. The properties
required for the ethylene copolyners differ fromeach - ot her according

to the nol ding methods and the uses oflIBE the copol yners. For exanple, in
nol ding of an inflation ' eed, an ethélene copol yner

filmat a high-s
having high | EREYLENEnSOSRLYMER; COMROS EE LIS, AN GRS

REGE sel ect ed
in order to stably perform high-speed nolding free from occurrence of
bubbl e swi ng or bubble break. The simlar 20 properties are required to
prevent sag or break in a bl ow nol di ng nethod or to | ower reduction of
width to the mini mum i n BLELDYQEF FHELIAVENTIION I n Japanese
Pat ent Lai d- Open Publication No. 90810/ 1981 or No. 106806/1985, a

nmet hod o i ncr easThe) PrSsend tinvendiion gelarek| teaghoethykemawel | ratio) of
copolymer composition and uses thereof. The invention
further relates to uses of the ethylene copolymer

composition.

10 BACKGROUND OF 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
15 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
occurrence of bubble swing or bubble break. The similar
20 properties are required to prevent sag or break in a
blow molding method or to lower reduction of width to
the minimum in a T-die molding method.
In Japanese Patent Laid-Open Publication No.
90810/1981 or No. 106806/1985, a method of increasing

2S5 melt tension or swell ratio (die swell ratio) of



F- 1493/ SF- 605 ' 2 et hyl ene pol yners
obt ai ned by gt hgq4$8r0EgZi gl er catal ysts, particularly titanium

catal ysts, to inprove nol dability of the polynmers is reported. In
general , the ethyl ene polyners obtained by the use of the 5 titanium
catal ysts, particularly |lowdensity ighylene copol yners, however, have

a W de conposition di stribution
t acki ness when the polyners are used as nol ded products

nd contai n conponents which cause

such as fil ms.

Ther ef or e, e.decrease of th 10 onpanents c j.ng .t acki ness has been
denanded. Sehy1ehe a“’imsrgt ﬁ@F%h’ée%g%n@#% ‘tﬁ%ﬁ %fhe use of

Zi egl tal _.th bt ai by. t he, f i
nave. rel ati CEIRINEGH: nBRECLEILPERY Bhtai LR rAcalys

stability has_heen_denan

catal ysts

hrom um ,
TR (RFTalysts 5o HIRERVE n the heat

great nupber_of ethyl ene

ed, 15 A
copol yners SOLEeREGLEY s theppoldrer? 1 FERP TS e it §EP6%E 2dat al yst s

cont ai ni ng transition_netal netall ocene conpounds have high nelt

tensi on and tEfc SHPYALIReRPL¥REER| PPYR1IRSA (hatthedipeyof th

€ expected as

copol ynmers satisfying the above denands. In _ 20 _the ethyl ene copol yners
obt ai ned® by tiffendym grtah¥sts. pagtirirehe kewwlsngisy KEhedene the nel t
tension (M) is general ly proportional to the flow activation energy
(Ea). copolpmeyfer BOWEVRRg PRV aeWide Fommasifded excel lent 25

nol dability because they have excellent bubble stability

distribution and contain components which cause

tackiness when the polymers are used as molded products

such as films. Therefore, more decrease of the

10 components causing tackiness has been demanded.

Of the ethylene polymers produced by the use of

Ziegler catalysts, those obtained by the use of chromium

catalysts have relatively high melt tension, but further

improvement in the heat stability has been demanded.

15 A great number of ethylene copolymers obtained by

the use of oclefin polymerization catalysts containing

. transition metal metallocene compounds have high melt

tension and excellent heat stability, so that

they are

expected as copolymers satisfying the above demands. In

20 the ethylene copolymers obtained by the use of the

metallocene catalysts, however, the melt tension (MT) is

generally proportional to the flow activation energy

(Ea) .

Polymers having high melt tension have excellent

25 rmoldability because they have excellent bubble stability



F- 1493/ SF- 605 ' 3 as nentioned above.
They, home%e&Aggqg% _Ripgh flow activation energy (Ea), and this neans

t hat the nol conditions thereof have great dependence on the

t enper at ur e. Therefore if the nolding conditions are 5 not controlled
very strictly and uniformy, the resul ting nol ded products suffer
unevenness. For exanpl e, films may have | ow transparency.

When t he flow1activation energy (Ea) is |ow, occurrence of unevenness
in the nol ded duct n be g |nh bi ted, but because of |ow nelt
tension, ufst one BBSIe r8¥r o ﬂY%ﬁeﬁndh?ﬁﬁmHQQRHﬁkﬂﬂl ity is

| ower ed resent invention has been nade under such
C|rcunstanéeg%g?q&Qgcﬁpﬁggya6§9e and FPl$sm%@P%ﬁﬁQ§§ e moldinghe

i nvention to pr.ovide an eth¥lene copolg 15 conposition having excell ent
mol dabi | i t FORNEtdQpEnlc8esroT havp, guae réeperdenememdinged products of
excel | ent transparency and nechani cal strength. It is another
obj ect of tQﬁEHQ¥@§HFﬁon Tbepréorde Lfethefmekdinetdpridindons areopol yner
conposi tion. DI SCLOSURE OF THE | NVENTI ON
The et Ieﬂ@thﬁﬁmyﬂéﬁeéoﬁp§Y|Stnncthy and omati forrlyy, the the invention
conpri ses (A) an ethylene/[err]-olefin copolyner and (E) high-
25 pressuresuddiiogl mpldedsprbductensuffepolyestintiene, For
_ example, films may have low transparency.
When the flow activation energy (Ea) is low,
occurrence of unevenness in the molded products can be
10 inhibited, but because of low melt tension, unstable
bubble is produced and hence moldability is lowered.
The present invention has been made under such
circumstances as described above, and it is an object of
the invention to provide an ethylene copolymer
15 composition having excellent moldability and capable of
producing films and molded products of excellent
- transparency and mechanical strength. It is another

- object of the invention to provide uses of this ethylene
copolymer composition.
20
DISCLOSURE QF THE INVENTION

The ethylene copolymer composition (A) according to
the invention comprises

(A) an ethylene/ca-olefin copolymer and (E) high-

25 pressure radical process low-density polyethylene,



F- 1493/ SF- 605 ' 4 wherein the
ethyl ene/[err].-al ef] polymer (A) is a copol yner of ethylene and an
[err]-ol ef %1"%9%6/9%1:’6%59%2& bon atons and has the follow ng properties:
(A-i) the nelt tension (M) at 190 [err]C and the nelt 5 flowrate (MR).
satisfy the follow ng relation 9. 0XMFR-0. 65 > MI > 2. 2XMFR- 0. 84,
(A-ii) the activation energy ((Ea)Xl‘b[err] J/ nol K) of fl ow det erm ned
froma shift factor of time-tenperature superposition of the flow
curve, the carbon atom nunber 10 (C) of the [err]-olefin in the copolyner
and the a-ol ef i wherein cdwe ethylenedio¥pliefinheopoppingrefAbai$sdy the

fol | owi ng rel ation (0.039Ln( G 2) +0.0096) X x+2.87 <

EaxX10[ err] ¢epolymer of ethylene and an a-olefin of(g_ggg n?@¥9?40.1660)x
x+2.87, 15 and (A-iii) the haze of a filmhaving a thickness
of 30 afems |andriehidde SoliloWiag properdiag: of the copol yner

satisfies the following rel ation, n the flow index (Fl),

whe
whi ch is defined(fyila th mefifedrensios {MTWnRENLIPR" GRS e @edtat 190
[err] C reaches 2.4X10[err]_dyne/cnfierr], and_.the nelt flowrate (MR)
satisfyd flowneate| BfFRh satisdhy ]thfoéo}iWLiFg relation . the case of

the carbon atom ut?gg&r 0G5 Qf \teh e sy -0 .84 olefin being 6, 25
Haze < 0.45/(1-d§]3< og(%XMT[grr )i(%igﬂ%}r], ! in the case of the
carbon atom numbex {0 Ofe (& {Ridon energy ((Ea)x10-4 J/molK) of

flow determined from a shift.factor of time-temperature
superposition of the flow curve, the carbon atom number
.10 (C) of the o-olefin in the copolymer and the a-olefin

content (x mol%) in the copolymer satisfy the following

relation

(0.039Ln(C-2)+0.0096)xx+2.87 < Eax107% <
(0.039Ln(C-2)+0.1660)xx+2.87,

15 and
(A-iii) the haze of a film having a thickness of 30
um produced by inflation molding of the copolymer
. satisfies the following reiation,
when the flow index (FI), which is defined by a

20 shear rate at which the shear stress at 190 °C reaches

2.4x106 dyne/cm?, and the melt flow rate (MFR) satisfy
the relation FI 2 100XMFR,
in the case of the carbon atom number (C) of the -
olefin being 6,
25 Haze < 0.45/(1-d)xlog (3xMTL-4)x(C-3)0-1,

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

olefin being 7 or 8,



ol efin being 7 or 8, F- 1493/ SF- 605

5 F-1493/%8z&0%x 0.50/(1-d)xl og(3XMr[err]), and when t he
flow index (FI) defined by a shear rate at whi ch the shear stress at
190 [err] C reaches 2.4x106 dyne/cnierr] and the nelt flowrate (MR)
satisfy the relation FI < 5 100xMFRg in the case of the carbon
at om nunber (C) of the a- ol efin being 6, Haze <

0.25/ (1-d)xl og(3xMr[err])x(C3)[err], in the case of the carbon
atom nunber (C) of th B i i fi.a8, ‘ Haze <
0. 50/ (1-d) x| og( 3XMT][ erel—rI%e-;3 é%'%mﬁ{eir 5)2@_ %gg;%ygseﬁt'sagddensi ty (g/cnferr])

and M represent sWh%llil e B & L E08L n(E'(]qu/’definegoWefah%ﬂgarl?% e at Lhe

hi gh- pressure radi € process | ow densi ene has t he

fol I owi ng prgReehi €8¢ shear stresd B )1dohecnebachbove [ £416 Qamar ed at
190 [err]C under a load of 2.16 kg, is in the range of 0.1 to 50

g/10 nin, angna2Phe melt £Fowidatdenm)eaak ryeicght Al skrbhuFE0R (MY M,
Mv.  wei ght - average nol ecul ar wei ght, M. nunber - aver age nmol ecul ar

wei ght), Sas easMFRd by gel perneation chr omat ogr aphy, and the nelt
flowrate (MFR) satisfy the following relation 25
7.5x1 og( MFR) - 1. 2 fmrthe Misa P&rtle Tabwy@eR) aupber (C) of the a-
olefin being 6,
- Haze < 0.25/(1-d)xlog(3xMTl-4)x(C-3)9-1,
in the case of the carbon atom number (C) of the -
10 olefin being 7 or 8,
Haze < 0.50/(1-d)xlog (3xMT1-4);
wherein d represents a density (g/cm3) and MT represents
a melt tension (g).,
and
15 the high-pressure radical process low-density
polyethylene (E) has the following properties:
(E-1) the melt flow rate, as measured at 190 °C
under a load of 2.16 kg, is in the range cof 0.1 to 50
g/10 min, and
20 (E~ii) the molecular weight distribution (Mw/Mn,
Mw: weight-average molecular weight, Mn: number-average
molecular weight), as measured by gel permeation

chromatography, and the melt flow rate (MFR) satisfy the

following relation

25 7.5X1og(MFR)~-1.2 £ Mw/Mn < 7.5X1og(MFR)+12.5.
The ethylene/d-~olefin copolymer (A) is obtained by

copolymerizing ethylene and an a-olefin of 6 to 8 carbon



The ethylene/[err]-olefin copolynmer (A) is obtained by - copol yneri zi ng

et hyl ene ang¢-aaggvekekipg of 6 to 8 carbon F- 1493/ SF- 605

6 atons in the presence of, for exanple, an olefin

pol ymeri zati on catal yst conpri sing: (a) an organoal um num

oxy- conpound, (b-1) at least one transition netal conpound 5
selected fromtransition netal conpounhds represented by the follow ng
formula (1): M[err] () wherein

Mis a transjitjiQn: I ected o t he periodic
table; L[err tol&r% ége%ggnggg%ég%nggédf%% égf?‘%’e atnré)r%f?'%on metal atom M

at | east t“gxh%ﬁ%QQ§akﬁghrLa€5§yst com§f$ggﬁbsubstituted cycl opent adi enyl
ng a

group havi east one group selected from hydrocarbon groups of 3

to 10 carbqp)atensrgdtdobNemih@a &ridoidier than the
substituted cycl opentadi enyl group is a hydrocarbon 15 group of 1 to 12

carbon atons, an (@-koxutgledBr 8fe transf ¥drOXdetHOWomoduhk al kyl silyl

group, a hal ogen at om or a hydrogen atom and x is a val ence of the
transiti®n selectest &lroat arahkition metal @dmboutls represebtkd) bgt | east
one transition netal conpound selected fromtransition netal
conpounds r eggheefoiflegribg formulahéIfol lowing fornmula (I1):

M[err] : (rn) wherein Mis a transition
metal at om sel ec®®dxfrom G oup (1)

wherein M is a transition metal atom selected from Group
4 of the periodic table; L! is a ligand coordinated to
10 the transition metal atom M, at least two ligands L! are
each a substituted cyclopentadienyl group having at
least one group selected from hydrocarbon groups of 3 to
10 carbon atoms and the ligand L! other than the
substituted cyclopentadienyl group is a hydrocarbon
15 group of 1 to 12 carbon atoms, an alkoxy group, an
aryloxy group, a trialkylsilyl group, a2 halogen atom or
a hydrogen atom; and x is a valence of the transition
metal atom M,
and
20 (b-II) at least one transition metal compound
selected from transition metal compounds represented by
the following formula (IIf:
ML2, _ (I1)
wherein M is a transition metal atom selected from Group
25 4 of the periodic table; L2 is a ligand coordinated to
the transition metal atom M, at least two ligands L2 are

each a methylcyclopentadienyl group or an



25 4 of the periodic table; L2 is a ligand coordinated to t he

et hyl cycl oBSHERATERP G oup or an o F 1408) SF-605

7 et hyl cycl opent adi enyl group and the ligand L2 ot her than t he
met hyl cycl opent adi enyl group or the et hyl cycl opent adi enyl group is a
hydr ocar bon group of 1 to 12 carbon atoms, an al koxy group, an aryl oxy
group, a 5 trialkylsilyl group, a halogen atomor a hydrogen atom

and x is a valence of the transition netal atom M 5 In the olefin
pol yner i zat B6RYESYSLgRENCRARENYL gXouR Rud i urhdeRd E5nBBlRA F392 the
transition t al compound éb-l) and the transition netal conpound
(b-17) 10 BFeTSEBYLFXBIOPSHEAMIPRel GFF PR s I (). Anot her
enbodi ment qf nt _1 ntion i s an et hyl ene copo
conpositioneff&?%¥§%§§§§%ﬁ8§¥§¥ia%rous l%ﬂ%ﬂ/%ﬁ%? erﬁﬁ-gFganggﬁgolyner,

(© an ethylenegha: LN CQPO. ) i ah=[r adical
brocess. | owt 18 cdenery gtanty ceRyr gk Wbl 4 BaleRs Ur8ub?tha

et hyl en%[ert&]iaqk?&is@%wpgiégﬁsr 4Blaisgéh atom WY y@%&ogén_ehmsh?ne and an

[err]-olefin of 6°to 8 carbon atonms and has the fol Fl'ow ng properti es:
(B-i) the demd kyikSal falBficeapgerioé ©Orfddi i) ntdl dRomomcnierr],
(B-ii) the melt flowrate (MFR) at 190 [err] C under a | oad of 2.16 kg

is in the range ah @he2olef2A0pglijerifation catalyst, the
i organocaluminum oxy-compound (a), the transition metal
compound {b-I) and the transition metal compound (b-II)
10 are preferably supported on a carrier (c).

Another embodiment of the present invention is an
ethylene copolymer composition (A') comprising (B) an
ethylene/d-olefin copolymer, (C) an ethylene/c-olefin
copolymer and (E) high-pressure radical process low-

15 density polyethylene,

wherein the ethylene/o-olefin copolymer (B) is a

copolymer of ethylene and an a-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
20 g/cmd,
(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/10 min,
(B-iii) the decane-soluble component fraction (W)
at room temperature and the density (d) satisfy the
25 following relation

in the case of MFR £ 10 g/10 min
W < 80xexp(-100(d4-0.88))+0.1,



(B-iii) the decane-sol ubl e conponent fraction (W at room tenperature
and t he depsj isfy the 25 follow ng relation in the
case of -%%%{9%65@ 10 min W < 80xexp(-100(d- 0. 88)) +0. 1,
F- 1493/ SF- 605 8 in the case of
MFR > 10 g/ 10 nmin W < 80X(MFR-9) 0. 26xexp(-100(d-0.88)) +0. 1,
(B-iv) the tenperature (Tm) at the &axi mum peak position in an

endot herm ¢ curve of the copol ynmer, as 5 nmeasured by a differenti al
scanni ng cal ori rret er (DSO) , and the density (d) satisfy the follow ng
rel ation therrase i dFRg, 10 g/10 min (B v) the melt tension (M)

t 190 C d t | t R) f he foll
Selatton 10 o W@Mﬁﬁﬁﬁwa SyalEdrargyipidd e Toll R o
tivati E XlO fl determ ned froma
S(r:\i :‘Yaf ;gtnoreng][ Tlnsé)- [%h%]eﬁ)’ (Ergh éFpSE?tW“&‘F‘g\tNH’%a Ieovn\: curve, the
b t | t | dth
LA AT e el
relatig %3S%F %g%g f%ﬁ%&gg %Qgé%ﬁn§+%a§3rfmg€ggoEﬁéé;,[err]

(0. 039Ln(C—
and the denSLty (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
10 9.0XMFR-%-65 > MT > 2.2XMFR-0-84,

(B-vi) the activation energy ((Ea)X10-4 J/molK) of

flow determined from a shift factor of time-temperature

superposition of the flow curve, the carbon atom number

(C) of the *-clefin in the copolymer and the a-olefin
15 content (x mol%) in the copolymer satisfy the following

relation

(0.039Ln(C-2)+0.0096)xx+2.87 < Eax10-¢ <

(0.039Ln(C-2)+0.1660)xx+2.87,

20 (B-vii) the ratio (Mw/Mn) of the weight-average
molecular weight (Mw) determined by GPC to the number-
average molecular weight (Mn) determined by GPC is a
number satisfying the following condition

2.2 < Mw/Mn < 3.5;
25 the ethylene/o-olefin copolymer (C) is a copolymer

of ethylene and an ¢-olefin of 6 to 8 carbon atoms and

has the following properties:



20 (B-vii) the ratio (Mwv M) of the weight-average mol ecul ar

wei ght (M) g gE%F?j@ngb§y GPC to the nunber- aver age nol ecul ar wei ght
(M) determ ne y GPCis a nunber satisfying the follow ng condition
2.2 < MWM < 3.5; 25 the ethyl ene/a-ol efin copolyner (C is a
copol yner of ethylene and an a-Qlefin of 6 to 8 carbon atons and

has the foll ow ng properties: F- 1493/ SF- 605

9 (CGi) the density is in the range of 0.880 to 0.970
g/cnerr], t. fl I (NER 1 e C under a
| oad of 2.16 kg |% J‘)n érhe #%%éﬂ% o2 tt%\g f%%%ge/% %géo gg 6 Mé (CGiili)
t he decane | e conponent fractlon (W at roomtenperature and the
density (d) i'sfy the followi ng relation in the case of

MR [err] 109/1N&§191) the melt flow e &Qﬁ§§p€t|996d°é)ﬁﬁaéfH§ 1, 10

in the case of R>10g¢g
BOX(MFR- 9) [ es5kX6KPS - ﬂ@%@ QSSEﬂ)tHé kange of 0.02 6;6 bud &heotgoperature

(Tm at the ﬁHXIﬁUﬁ]peak position in an endot hernic curve of the
copol yn®, as (c-DEhputied decandghiddirian ickhpsaenki Agacsioni eyer (DSC),
15 and the density (d) satisfy the followi ng relation Tm <

400xd- 248, ahdroom temperafre)arndeneldensdinyi dd)( bRiiafyl€Be[err] C and the
el following relation
in the case of MFR £ 10°'g/10 min
W < 80Xexp(-100(4-0.88))+0.1,
10 in the case of MFR > 10 g/10 min
W < 80X(MFR-9)0-26xexp (-100(d-0.88))+0.1,
(C-iv) the temperature (Tm) at the maximum peak
position in an endothermic curve of the copolymer, as
measured by a differential scanning calorimeter (DSC),
15 and the density (d) satisfy the following relation
Tm < 400xd-248, and
(C-v) the melt tension (MT) at 190 °C and the melt
flow rate (MFR) satisfy the following relation
| < 2.2xMFR-0-84;
20 the high-pressure radical process low-density
polvethylene (E) has the following properties:
(E-i) the melt flow rate, as measured at 190 °C
under a load of 2.16 kg, is in the range of 0.1 to 50
g/10 min, and
25 (E-ii) the molecular weight distribution (Mw/Mn,
Mw: weight-average molecular weight, Mn: number-average

molecular weight), as measured by gel permeation



flowrate

2. 2XVFR] er
pol yet hyl e
flow rate,

t he range

wei ght dis
nunber - ave
F- 1493/ SF-
the nelt f
7. 5xl og( MF
the ratio

melt flow

condi tion

conpri si ng
et hyl ene/ a-
and corgpon
(A)

copol yner

10

(MFR) satisfy the follow ng relation Ml [err]

ne
as neasured at 190 [err]C under a load of 2.16 kg
of 0.1 to 50 g/10 mn, and 25
tribution (Mwv MWh, wei ght - aver age nol ecul ar wei
rage nol ecul ar wei ght), as neasured by gel per neat

ggﬁP?ﬁF8gfﬁ?Ey saPAsFhe prlit flowf?ﬂq%m&MQE)réﬁéﬂﬁgﬁ

M M 7. 5xI og( MER) +12.
Eb1ledingl Fpab o?a'E?”VFR( ) A

kel € t he high-pressure radical process |owdensity
l%% Qﬁgs ? e follow ng properties: (E-i) the nelt

, 1sin

ght,

i on

and

(E-ii) the nol ecul ar

Vh:

ronatography,

5

and

copol ymer (C) to the

¢ | feées the foll ow ng
e G AR A Fe g s AR Ia P 1 osi T on

the ghfylene/[err]-olefin 10 copolyner (B) and the
ol efin copol yner (O

has substantially the same conponents

ent the r&8ibOofASthbasel Ofridhe ﬁ@'(@ﬁ*ﬁ/(@?'}fbfokﬁé' n EOPO' yner

and has substantially the sanme useful ness as that of

edbolythér (C) tol Bhéheert lwne@PqMERRE) 08BOShEI On (A'),

copolymer (B) satisfies the following condition

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

A composition comprising the ethylene/o-olefin
copolymer (B) and the ethylene/a-olefin copolymer (C)
has substantially the same components and component
ratio as those of the ethylene/o-olefin copolymer (A)
and has substahtially the same usefulness as that of the
copolymer (A).

In the ethylene copolymer composition (A'), it is

preferable that the ethylene/o-olefin copolymers (B) and

(C) are each an ethylene/l-hexene copolymer and that a

composition comprising the ethylene/d-olefin copolymers

20

25

{B) and (C)'has the following properties:
(A'-i) the melt tension (MT) 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 activation energy ((E,)x10-% J/molK) of
flow determined from a shift factor of time-temperature
superposition of the flow curve, the carbon atom number

(C} of l-hexene in the copolymers (B) and (C) and the 1-

It

S



preferable that the ethylene/[err]-olefin copolynmers (B) and (C are

each an et ne copolyner and that a conposi tion conpri sing
t he ethyle%yﬂggéféflﬁégopolyners (B) and (C) has the follow ng
properties: (A" -i) the nelt tension (Ml at 190 [err]C and the
mel t fIOMIrate (MFR) satisfy the followi ng relation

9. 0XMFR[ err] > MI > 2. 2XMFR[err], 11 (A" -ii) the activation energy
((Ea) X10[ err] J/nDIK) of flow determ ned froma shift factor of
time-tenperature su erp05|t|on of the flow curve,- the carbon atom
nunber hexene GPnfeﬁ‘é'-xéﬁemPﬁ { heR coipR| SRR Lymiasys A% eaf dfd the 1-

F- 1493/ SF- 605 11 hexene content (x

mol % in t FREE&HS e SOLBPWARG Fejation satisfy the fol lowing relation

0.039Ln(C 2) +0. @ + -
EO 039L2EC— g+0(16%g)xx1§ g; 5_§g§%P%§I£lgiQ£rﬁaxlgA? s'i the haze of a
filmhaving a thickness of 30(5e@jgﬂgf&;&ﬂgﬁﬂ&g@by%yuza%hon nnls%ng of

sai d conposition satisfies the followng relation
the flog index (FI), which is defined as a 10 shear rate at which the
shear stress of said conposition at 190 [err]C reaches 2.4x10[err]

dyne/cnferr], and:theifekhel have of a £al® KMARG SAlirSikndie bl ation Fl
[err] 100XMFR, Haze < 0. 45/(I-d)x|og(SXNW[err])X(C-S)[err] and
when the fl3owumgexdukles, byhiablasicefheBdimd f said composition

satisfies the following relation.

When the flow index (FI), which is defined as a

10 shear rate at which the shear stress of said composition

at 190 °C reaches 2.4x10%5 dyne/cm?, and the melt flow
rate (MFR) satisfy the relation FI 2 100XMFR,
Haze < 0.45/(1-d)xlog(3xMT1-4)%x(C-3)0-1, and
when the flow index (FI), which is defined as a

15 shear rate at which the shear stress of said composition

at 190 °C reaches 2.4x108 dyne/cm2, and the melt flow
rate (MFR) satisfy the relation FI < 100XMFR,
Haze < 0.25/(1-d)xlog(3xMT!-4)x(C-3)0-1
wherein d represents a density (g/cm3), MT represents a
20 melt tension (g) and C is the carbon atom number of 1-
hexene, namely, 6.
In the ethylene copolymer composition (A'), the
composition comprising the ethylene/a-olefin copolymers
(B) and (C) preferably further has, in addition to the
25 properties (A'-i) to (A'-iii), the following property:
(A'-iv) the ratio (Mw/Mn) of the weight-average

molecular weight (Mw) determined by GPC to the number-



15 shear rate at which the shear stress of said conposition ~at 190 C

reaches 2. 4x]1( rj] /cnerr], and the nelt flow rate (MFR)
satisfy theﬁﬂgképﬂgﬁqﬁpg< 100XMFR, Haze < -

0.25/ (1-d)xl og(3XMI[err])X(C3)[err] wherein d represents a density
(g/cnB), MI represents a 20 nelt tension (g) and Cis the carbon atom
nunmber of 1- hexene, nanely, 6.1 In the ethyl ene copol yner
conposition (A), the conposition conprising the ethylene/a-olefin

copol yners (B) and ) pref erabl urt her has, .in addition to the 25
properties (WYQ4394<?4%§C&&FF§W6BH tfé%?&m?ﬁﬁeﬁ?%ﬁﬁﬁt§¥ GEC (A -iv)
the ratio (Mv Nh)_..of the iLght -~average.. . nol ecul ar wei ght (Mw)

det er mi ned RACRCTS (HE homlewing"coddicion Th95 5 505

12 " aver age (o wei ght (M) determ ned by GPC satisfies the
fol |l ow ng conditi%gﬁ X Wi g2.50 [err] MM Mh [err] 2.5. To the

et hyl ene copoly qggpgﬁﬁ%j ( e( 00
conposition (A‘?ﬁ%ﬁn e a é%%e éprithE f%ﬁ?gﬁbg%ﬁﬁlgﬁéﬁﬁéﬁ$?%olefin
copol ymes Wiy ighe copdiRirN@dmysteRBhY (RF | 2Ead 164 adene: and an

[err]-olefin of 3 to 20 carbon atonms in the presence of an olefin
pol ynmeri zati on catml st eshyirens/ogoléfin copolimer awhiclyaimal un num
oxy- conpound and (b-111) a conmpound of a transition netal of

G oup 4 ohffairesd dur iasgiod vivetyli@ iogn eshwi age aand gamd el fign 0f 3
- to 20 carbon atoms in the presence of an olefin
polymerization catalyst comprising
10 (a) an organoaluminum oxy-compound and
(b-III) a compound of a transition metal of Group 4
of the periodic table containing a ligand having a
cyclopentadienyl skeleton and having the following
properties:
15 (D-i) the density is in the range of 0.850 to 0.980
g/cm3, 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,
| to prepare a composition (ethylene copolymer
20 composition (A")) comprising the composition (A) of the
ethylene/o-olefin copolymer (A) and the high-pressure
radical process low-density polyethylene (E) and the
ethylene/d-olefin copolymer (D) or composition (ethylene
copolymer composition (A'") comprising the ethylene

25 copolymer composition (A') and the ethylene/0~olefin

copolymer (D).



cycl opent adi enyl skel eton and having the foll ow ng properties: 15

(D-1) the densi L.S-hB the range of 0.850 to 0.980 g/cnferr], and
(D-ii) the%fg?’rbﬁzghs\g?scosity ([err]), as neasured in decalin at 135
[err]C, is in the range of 0.4 to 8 dl/g, to prepare a
conposition (ethylene copolynmer 20 _conposition (A")) conprising the
conposition (A) of the et hyl dde/ a- ol efi n copol yner (A) and the

hi gh- pressure radi cal process |owdensity polyethylene (E) and the

ethylene/[err]-olefin copolynmer (D) or conposition (ethylene

copol ymer conpodht kbe ghove compesitihons hchawemgrnahe 2thydeoley/oer
conposition (A') and the ethylene/[err]-olefin copol yner (D).

F- 1493/ SF- #1&fin copolymer (A) is not identicall3vith the I n the above
conposi ti ons, however, _the ethyl ne/[errl- ol efin_copolyner (A) is

not identi CXRYRERR/Prelefin copalymear/ (Bl and Sah QHpdherer (D), and each
of the

hyl / .]-ol efi I ' d (O i t 5
dont cal ACEWLERET B RYFERB) FEPPEYBFER] LRy YRS | The

nol ded @roduct .a r di. t he, i nvention uch as si ngl e-l ayer
(11 m orS shadencSean FLbf.b8e' PErkl ) b 21efi dropaymel BT on ol ded
product, an ext &‘g‘gl 0 ct, a fiber, an_expansi opn nol ded

n l.ded r od .
product or an @P%g%ii Braﬂ?gtsﬂ‘gﬁ?’ﬁ#n?gs $ s VEREARY of UCRe above-
ment i oned %Eh¥|E@ﬁg58995¥g§rff9ﬁp8§|éﬂé£§; a multi-layer film or
) sheet, an injection molded pfoduct, an extrusion molded
product, a fiber, an expansion molded product or an

10 electric wire sheath, is formed from any of the above-

mentioned ethylene copolymer compositions.

BEST MODE FOR CARRYING OUT THE INVENTION
The ethylene copolymer composition according to the
15 invention and uses thereof are described hereinafter.
The meaning of the term "polymerization" used
herein is not limited to "homopolymerization" but may
~comprehend "copolymerization". Also, the meaning of the
term "polymer" used herein is not limited to

20 rhomopolymer" but may comprehend "copolymer".
First, the ethylene/a-olefin copolymer (A), the

ethylene/c-olefin copolymer (B), the ethylene/c-olefin
copolymer (C) and the high-pressure radical process low-
density polyethylene (E) for forming the ethylene

25 copolymer composition (A) of the invention are

described.



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The et hyl ene copol yner
conposition acegsdigp-g@sthe 15 invention and uses thereof are described

her ei nafter. The neaning of the term "polynerization" used
herein is not limted to "honopol ynerization" but may conpr ehend
"copol ynmeri zation". Al so, the neaning_of the term "pol yner" used
herein is not limted to 20 "hono 6Iyner" but may conprehend

"copol yner". First, the ethyl ene/a-olefin copolyner (A), the
ethylene/[err]-olefin copolynmer (B), the ethylene/[err]-olefin
copolynmer (C) and the high-pressure radical process |ow density

| yet hyl E) f f ' t I I iti A) of
PoLYeLyL ene (B) o for g i A608 cBa1onRel Ygpr composition (A) o
14 hyl epe/legr]-olefin copalyner (A Th
ethylene/[err]-ol E]fl?neslag%?%ﬁz&-?;?f}i caoljroallr?ﬁ%erﬁ p&)y lfoﬁgFéﬁngof et hyl eﬁe

and an [err]-ole

[ f to, 8 b 5 at . EX f th
[err]-olefin§°8?E%HFg %gcﬁggg%ggéd%@i an &%éigkﬁ41i¥2g ?%pglﬁﬁﬁsPEation with

et hyl ene i ncl ude straight-chain a-olefins ving no branch, such as 1-
hexeno, 1 hePEems - anB*amBLPanet the heetef it @i 1 © Cazoph ALeRfar| y
preferably enployed. 10 The ethylene/[err]-olefin copolyner (A) has

t he used in the copolymerization with ethylene include
straight-chain o-olefins having no branch, such as 1-
hexene, l-heptene and l-octeﬁe. Of these, l-hexene is
particularly preferably employed.
10 The ethylene/a-olefin copolymer (A) has the
following properties (A-1i) to (A-iii).
(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 > 2.2XMFR-0.84,

15 preferably 9.0XMFR-65 > MT > 2.3XMFR-0-84,

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

The ethylene/c-olefin copolymer having the above
property has ﬁigh melt tension, so that it has excellent
moldability.

20 The MFR is measured under the conditions of a
temperature of 190 °C and a load of 2.16 kg in
accordance with the method of ASTM D1238-65T.

The melt tension (MT) is determined by measuring a
stress given when a molten polymer is stretched at a

25 constant rate. That is, the produced polymer powder was



followi ng properties (Ai) . to (Aiii). (A-i) The nmelt tension
(Mr (g)) and the nelt flow rate (MFR (g/10 mn)) satisfy the follow ng
rel ation: F-1493/S§-6%RFR[err] > MI > 2. 2XMFR[err], 15 preferably
9.0XMFR[ err] > MI > 2. 3XMFR[ err], nore pref erabl y 8. 5XMFR err] >
MI > 2. 5XMFR[ err] . The ethylene/[err]-olefin copolynmer having the
above property has high nelt tengiSon, so that it has excell ent

nol dability. 20 The MFR i s nmeasured under the conditions of a
tenperature of 190 [err]C and a |oad of 2.16 kg in accordance with
the nmet hod of m&STEMdDa2g8p@dTetized in a cdtreempldnale meinmer MP) dive a
determ ned by neasuring a stress given when a nolten polyner .is
stretched at meaZurimgnsbapiler abad thHbatelfts, tédnei qur cuflddek malngprher waswder
was F- 1493/ SF- 605 mel t ed
and pel | eti zethdaudeddh byerl MINmeasaRiRg hacklve rﬁanufacumhyng'oy@rrpl e,
and the nelt tension of the sanple was nmeasured by a MI neasuri ng

machi ne manuf adikiedeiyakEgbo K.K.Seh#ér Sehé akssdin o amderresia
conditions of a resin 5 tenperature of 190 [err]C, an extrusion rate of

15 M n, 5a temperaltendd ofati®oofc 1l dG-ydiB) rateNQEZLE RInAEAS! 20f

2.09 nn{err] and a nozzle length of 8 Mqmm Prior to pell etizing, the
et hyl ene/ a- ol gf —%E;O@a)t@lbf“@@ Bbepged/min, #MAdzF DA hfdeapeigght of
tri(2,4-di-t- butyI enyl) 10 phosphate as a secondary antioxidant, 0.1 %

by wei ght ?f 2.09 mm@ and a nozzle length of 8 mm. Prior to
pelletizing, ﬁhe ethylene/a-olefin copolymer was blended
with 0.05 % by weight of tri(2,4-di-t-butylphenyl)

10 phosphate as a secondary antioxidant, 0.1 % by weight of
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)

15 determined from a shift factor of time-temperature
superposition of the flow curve, the carbon atom number

~(C) of the a-olefin in the copolymer and the a-olefin
- content (x moi%) in the copolymer satisfy the following

relation

20 (0.039Ln(C-2)+0.0096)Xx+2.87 < E,x10-4 <

(0.039Ln{(C-2)+0.1660)xx+2.87,

preferably

(0.039Ln(C-2)+0.0096)Xx+2.87 < E,x10-4 <
(0.039Ln(C-2)+0.1500)xx+2.87,

25 more preferably



n- oct adecyl - 3- (4' - hydroxy-3',5 -di-t-butyl phenyl) propi onate as a heat
stabilizer apdi@g82sftbyswei ght of cal cium stearate as a hydrochloric
aci d absor ber. (A-ii) The flow activation energy ((Ea)Xl0[err]
J/mol K) 15 determned froma shift factor of time-tenperature
superposition of the flow curve, the_carbon atom nunber (O of the
[err]-olefin in the copol yner and thé%[err] olefin content (x nol %
in the copolyner satisfy the follow ng relation 20
(0.039LNn( C 2) +0. 0096) xx+2. 87 < E[err]X10 err] %r E} 4

(0. 039Ln( C- 2) +0. 1660) % ~QBLFAC ?->+° 095 Xt & @axm <
(0.039Ln( C- 2) +0. 0096) x x+2. 87 < rr]xlO errl [err]

(0. 039Ln( C-2) +0. 1500) xx+2. @70 9;}51“3 ~2) + Pa iSP‘éTzetsabl y

F- 1493/ SF- 605

(0.039Ln( C 2) +0. 0OFa6pxde?. 83 impfeve]|KiLDf emcﬂ]dql'arlr:}ty, the melt
(0.039LNn( C 2) +0. 1300) xx+2. 87. In order to inprove film

nol dabi lity, tehsiwal heeds totbasimproesdls dred b iinprowed chandella i mprove
the nelt 5 tension, introduction of |ong-chain branch is known as an
effectived rretdmc%ioﬁ[,e&nl:roautlmoﬁtdaﬁlBasm_i;-[cﬁrai]n Mrefrich is knewpokgner havi ng
no | ong-chain branch is expressed by the equation: Ea x 10[err] =

(0. 039LNn( G 2an) cFdecrixve2m8thod. EWmh thee dthwydenkedicrobeéiinh is present,
the value of Ea 10 increases, so that in the case of E[err] x 10[err] >

(0.039Ln(§- copolymer having no long-chain branch is expressed by
the equation: Ey x 104 = (0.039Ln(C-2)+0.0096)xx+2.87.
When the long-chain branch is present, the value of E,
10 increases, so that in the case of E, x 1074 > (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 E; x 104 > (0.039Ln(C-
2)+0.1660)Xx+2.87, though the moldability is good, film
15 strength and film transparency are lowered, so that such
a case is unfavorable.
Measurement of the flow activation energy (E;) is
- described in, for example, "Polymer Experimental
Science, Vol. 9, Thermodynamic Properties I" (edited by
20 Polymer Experimental Science Editorial Committee of
Polymer Society, Kyoritsu Publishing K.K., pp. 25-28),
and the flow activation energy (E;) is determined from a
shift factor of time-temperature superposition of the
flow curve by measuring dependence of viscoelasticity on

25 frequency. A graph showing a relation between storage



2) +0. 0096) xx+2. 87, a long-chain branch is presuned to be present, and

the film nol Lokt hmaRd <t he transparency are inproved. In the case
of E[err] x %aﬁg93{%Fa?g$039Ln(C- 2) +0. 1660) xx+2. 87, though the

nol dability is good, film 15 strength and filmtransparency are | owered,
so that such a case is unfavorabl e. Measur enment of the
flow activation energy (E[err]) is 17 described in, for exanpl e, "Pol yner
Experi nment al Sci ence, Vol. 9, Thernodynami c Properties |I" (edited by
20 Pol ymer r.i mental Scien e Editorial Co ttee of. Pol ymer

: A y

Soci ety, Kyofd lﬁuB‘Pfiél Pﬁg(Rr inapg) r velggdtihe 1 ow
activation eng¢gy % é% IS deternlned froma shift factor of
ti me-t enper at'@OFLFFE pBSPELSR oFttﬁecertalan%ﬁ@(ﬁﬁﬂﬂ?qﬁfuﬁ@a§§rlng
dependence of_viscoelasticity on 25 frequenc A graph showi ng a
rel ati on bet #&edst ofBge, data measured o/ srdipiprent measuring
17 el astic nodul us (ordinate) and angular velocity (absci ssa)
measured at FE@STACHrEasEet ayedaitrearallel witth vuw abfserissdat andeasur ed
at a different neasuring tenperature are noved in parallel with the
absci ssa,dan@s a5rgsudtr §belt ovhrapvehe afatdeohiminabtaa tée dasehe base
tenperature (thermal rheological sinplicity). The shift Log(aT), by
whi ch t he dattempieraitnse dthenmmabezseclogical sinpenipeirtatiur e Theeshdftt he dat a
obtai ned at the base tenperature, is plotted against a reciprocal
number 1/ T I0g(eT)thbynwhdchi hhet daparaivtainddbsn|tite reamperiabure) to

temperature overlap the data obtained at the base

temperature, is plotted against a reciprocal number 1/T

10 of the measuring temperature (absolute temperature) to

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.

15 Specifically, E, is measured in the following

manner.

Dispersion of the storage elastic modulus (G’

_ (dyne/cm?)) at the angular velocity (® (rad/sec)) was
measured with a Rheometer RDS-II manufactured by
20 Rheometrix Co. A parallel plate having a diameter of 25
mm@ was used as a sample holder. The thickness of the
sample was about 2 mm. The measuring temperatures were
130, 170, 200 and 230°C, and at each temperature, G' was

measured in the range of 0.04<w<400. For example, in

25 the measurement at 130°C, the sample was heated to 150°C



obtain linear incline. The linear incline is nmultiplied by 2.303R (R

gas constant) b he activation energy is obtained as a
tenperatureET}ﬁégzgéhghé constant. 15 Specifically, Ea is
measured in the foll ow ng manner . Di spersion of the storage
el astic nmodulus (G (dyne/cnR)) at the angul ar
velocity[[err](rad/sec)) was h8asured with a Rheoneter RDS-1 |

manuf actured by 20 Rheonetrix Co. A parallel plate having a dianeter of
25 merr] was used as a sanple holder. The thickness of the

sanpl e was B®oterRleRelyrirelieddhis 9y stadseeadutisnnwepeled to130, 170, 200
and 230[err]C, and at each tenperature, G was neasured in the range
of 0.04[ err}30%. FGheesimplin, wias przoprerhy sehecredefromithiesofanad C, t he
sanple was heated to 150[err]C F- 1493/ SF- 605

18 t oofo2ptet 2} y* ned tthate threy Stcadcieamast Hettecbabdd im the 130[err]C
The strain was properly selected fromthe range of 2 to 25 % so that

t he torque massdeimgtrdrhge iand d not hemome tgor angb. anAfted viaé becone
too much. After the 5 neasurenent, flow curves obtained under the four

t enper atlur emeasdrémets, WElew stpsrgx st diglddngndid® Erer F&uAas t he base
tenperature, and fromthe Arrhenius type plot of the shift factor,

E[err] val ueempsraehcs| edmmdl t dtes were suletoaicdotakifigpesd otaress usi ng
anal ytical software 10 RHIOS attached to RDS-11.

the base temperature, and from the Arrhenius type plot

of the shift factor, E, value was calculated. The
calculation was performed using analytical software
10 RHIOS attached to RDS-II.

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

pm 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

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

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

 100XMFR,

- in the case of the carbon atom number {(C) of the «-

olefin being 6,
20 Haze < 0.45/(1-d)xlog(3xMTl-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(3xMT1-4),

and



(A-iii) The haze of a filmhaving a thickness of 30 pm produced from
the ethylene/[err]-al efli pol ynmer by inflation nolding satisfies
the foll ow ng ‘riﬂﬁ %/51?5"%0%0 when the flow index (FI) defined by a
shear rate at 15 which a shear stress at 190 [err] C reaches 2.4x10[err]

dyne/cnferr] and the nelt flowrate (MFR) satisfy the relation FI
[err] 100 X MFR, in thcase of the carbon atom nunber (C
of the a- olefin being 6, 20 Haze <

0.45/ (1-d)xl og(3XMI[err])X(C3)[err] in the case of the carbon
atom nunmber (C) of tWheq é?l’#éj £low lnd@%f<ﬁﬁ>bé?ﬁgn¢dobysa shear rate gfgze <
0.50/ (I -d)xl og(3XMr[err]) F- 1493/ SF-605 |

19 W tthSHew STRRSE G )198e?¢ NERRBRS SHfEd’r drBesFm

whi ch a shear stress at 190 [err] C reaches 2.4x10[err] dyne/cnerr]
and the nelt flavd rehie falER)Elsat irsfte t(MER)ebatisfiyFthe relati@) BX MR, 5

in the case of the carbon atom nunber (C) of the [err]- ol efin being
6, He@@QMEFR), 25/ (| -d) xl og(3XMI[err])X(C-3)[err], in
t he case of the carbon atom nunber (C) of the [err]- ol efin being 7

or 8, 10 5 Hazien <le 56ig¢ -af) xtheg @xPheatpp numbenhéCki of dchepresent s
density (g/cnB) and MI represents

olefin being 6,

Haze < 0.25/(1-d)xlog (3xMT1-4)x(C-3)0-1,
in the case of the carbén atom number (C) of the o-
olefin being 7 or 8,
10 Haze < 0.50/(1-d)xlog (3xMTl-4)
wherein d represents density (g/cm?) and MT represents
melt tension (g).
The ethylene/oa-olefin copolymer satisfying the
above conditions has excellent moldability and can
15 produce films having excellent transparency.
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, using the same sample as in the
20 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

5x10¢ to 3x106 dyme/cm2.



melt tension (Q). The ethylene/[err]-olefin copolynmer satisfying
t he §b9¥§3p$@ﬂ5@§ons has excellent noldability and can 15 produce
films having excellent transparency. The flow index (FI) is
determ ned by extruding a resin through a capillary with varying a
shear rate and finding a she rate corresponding to the prescribed.
stress. That is, using the sane safiple as in the 20 neasurenent of MI, the
flow index is neasured by a capillary flom/property tester
manuf act ured by gnder he conditions of a
r

Sei ki Se|§9k
resin n% r%? %ﬁs?fﬁﬂ lgné tngg of “aBout from
5x10 t 3X 0 1 SF- 605
26 Lerrl O % L félﬂéggdgg%g%iianﬁ?(ﬁ@%ﬁﬁf (Qé% o?}Pg sthe  varied

as foll ows accordl to the R (g/10 mn) of the resin to be

measur ed. ¥*eSin ﬁﬁ$§§%“ 5 nm 5 20[err] MFR>3: 1.0 mm

3[err] MFR>0. 8: 0.8[err]MFR 3.0 mm The density
(d) is neasuredM$ﬁ>?%e ¢ of 1T ng manner. Strands obtained in the
measur nt of nelt 10 flom1rate (MFR) at 190 [err]C under a |load of 2.16
kg are heat B&ER>A20F F MM for 1 hour, then slowy cooled to room

tenperature over_ a period of 1 hour, and the density of
32MFR>0.8: 2.0 mm

0.82MFR: 3.0 mm
The density (d) is measﬁred in the following
manner. Strands obtained in the measurement of melt
10 flow rate (MFR) at 190 °C under a load of 2.16 kg are
heated at 120°C for 1 hour, then slowly cooled to room
temperature over a period of 1 hour, and the density of
the strands was measured by a density gradient tube.
The ethylene/d-olefin copolymer (&), further,
15 preferably has the following properties in addition to
the above-mentioned properties.
In the ethylene/0-olefin copolymer (A), the
_ constituent units derived from ethylene are present in
amounts of 50 to 100 % by weight, preferably 55 to 99 %
20 Dby 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



the strands was neasured by a density gradi ent tube. The

et hyl ene/[err] - ql ef) olymer (A), further, 15 preferably has the

fol |l ow ng pr&%@%ﬁ§é§%r%8§ddition to t he above-nenti oned properties.
In the ethylene/[err]-olefin copolyner (A, the constituent units
derived fromethylene are present in amounts of 50 to 100 % by wei ght,
preferably 55 to 99 % 20 by weight, 2dore preferably 65 to 98 % by wei ght,
nost preferably 70 to 96 % by wei ght, and the constituent units
derived fromthe a-olefin of 6 to 8 carbon atons are present in
anounts of 0 % EYsWekIhfE wBpghicularly ppeeferdrly 14 th 49 &% BY wei ght, nore
preferably 2 to 35 F- 1493/ SF- 605

21 % bywedeihght , particularly preferably 4 to 30 % by wei ght .
The conposition of an ethyl ene/ a-ol efi'n copol ynmer . is generally
deterni ned in t he T8 [SORPRS§ LrdRRePL ABofthviene - edeiin (IRPTIFaT ner is
honogeneously dissolved in 1 m of hexachl orobut adi ene in a sanple

t ube havi ng ds genediadint dletefrmifedninr thet foblepne mamsmrpl e Abeoudt a

13C NWR spectrum of the sanple is neasured under the measuring
conditi onS of2( mepsft ithe teppéyatur bsoho@@émer <]y adigk®dlveasimr iing
frequency of 25.05 MHz, a spectral w dth of 1,500 Hz, a pulse
repetition tinie of exacddorabdtadpeheein a sambpIik hcudde thaveing] sec.

The ethylene/[err]-olefin copolyner (A has a density

diameter of 10 mm@ to prepare a sample, and a 13C-NMR

spectrum of the sample is measured under the measurihg
conditions of a measuring temperature of 120°C, a

10 measuring frequency of 25.05 MHz, a spectral width of
1,500 Hz, a pulse repetition time of 4.2 sec and a pulse
width of 6 usec.

The ethylene/a-olefin copolymer (A) has a density
(d) of 0.880 to 0.970 g/cm?®, preferably 0.880 to 0.960

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

The ethylene/o-olefin copolymer (A) has a melt flow
- 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.

20 It is desirable that the n-decane-soluble component
fraction (W wt%) in the ethylene/0a-olefin copolymer (A)
at 23 °C and the density (d g/cm3) satisfy the following
relation:

in the case of MFR < 10 g/10min,

25 W < 80xexp(-100(d-0.88))+0.1,



(d) of 0.880 to 0.970 g/cnB, preferably 0.880 to 0.960 15 g/cnferr], nore
preferably O. g/ cnB, nost preferably 0.905 to 0.930
g/cnerr]. §9Q459/QF ﬁésethylene/a-olefin copolymer (A) has a nelt flow
rate (MFR) of 0.02 to 200 g/10 mn, preferably 0.05 to 50 g/ 10 mn,
nore preferably 0.1 to 10 g/10 min. 20 It is desirable that the

n- decane- sol ubl e conponent fracZﬂon (WW% in the ethylene/a-olefin
copol ynmer (A) at 23 [err]C and the density (d g/cnferr]) satisfy the
fol |l ow ng rel ation: in the case of MFR [err] 10 g/l 0m n,
25 preferably, W< 80xeWp¢- Q@m:dpo-mgdi-m 88))+0.1,

F- 1493/ SF- 605 preferably, W
< 60xexp(-| 00(mpre. BBEfedably, WDFe4@X@EEfam@/(d—O 88)9+0.1,
40xexp(-100(d-0.88))+0. 1, in the case of MFR > 10 g/10m n,

W < 80X(MFR-9) [ errlixexpe t88edo@. #8R) +014.g/16min, The n-decane-sol ubl e
conponent fraction (W in an ethylene/[err]-olefin copolyner is
nmeasured in the fokl ewsdg (MFR-9rBthesx {+0Capal \88N Had .a narr ower
conposition di stribution according as it has a | ower sol uble

conponent §racti onjn,cARQKECAng - QBlhﬂﬁeC@&%dﬂ@x{t'ﬁac]&orﬁq%d t0a$50 m of

n- decane, dissolved therein at 145[err] and cooled to 23[err]C Then,

the n-decane- idtsRilebled a~olefBar Eb@BlyﬁefeﬂQVﬁélaMrédHtr{ alHeDEo 1Al itnke
n- decane- sol uble portion is recovered fromthe filtrate.

manner (the copolymer has a narrower composition
distribution according as it has a lower soluble
component fraction). About 3 g of the copolyﬁer is
10 added to 450 ml of n-decane, dissolved therein at 145°C
and cooled to 23°C. Then, the n—decane-insoluble
portion is removed by filtration, and the n-decane-
soluble portion is recovered from the filtrate.
The temperature (Tm, (°C)) at the maximum peak
15 position of an endothermic curve of the ethylene/o-
olefin copolymer (A) as measured by a differential
scanning calorimeter (DSC) and the density (4 (g/cm3))

- preferably satisfy the following relation:

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

The temperature (Tm) at the maximum peak position

of an endothermic curve of the ethylene/ta-olefin

25 copolymer as measured by a differential scanning



The tenperature (Tm ([err]C)) at the maxi mum peak 15 position of an
ethylene/[err]- ol efin copolyner (A) as

endot herm c curve of t

measur ed by aF'd]'r‘]f%:*e/rS@'rﬁ%%aﬁ scanning cal orinmeter (DSC) and the density
(d (g/cnB)) preferably satisfy the follow ng rel ation:

Tm < 400xd-248, 20 preferably Tm < 450xd- 296, nor e
preferably Tm < 500xd-343, 23 particularly preferably Tm<
550xd- 392. The tenperature (Tm at the maxi num peak position

of an endotherm c curve of the ethylene/[err]-olefin 25. copolynmer as
measur ed by acaidtisretny alD¥Pankd fpund from anFendoBhemmppscurve

23 calorineter (DSC) is found from an endotherm c curve which is
obt ai ned by hésid¢ngis atigpinedbwheatiBang gprple of calGOf ¥ rjC up a rate
of 10[err]C/mn in an al um num pan, mai nt ai ni ng the sanpl e at

200[ err] C fortd 20074t e, acwakiengf 16°CAmiro itnem edupdénatupenat a rate of
10[err]C mn and heati ng it at arate of 10[err]C mn. The neasurenent
is carried maimtdindrid thre aEpaylat e A0OBSGEr b delnumessyf aciolied by

Per ki n- El mer Co. The et hyl ene/ a-ol efin copol ynmer having the
above- 10 deit nesl ¥edmttiempdaitveen athe rarpeodt L0 (miY) aaid Hkating

maxi mum peak position of an endotherm c curve as nmeasured by a
differential Scaahiangraosd arf MEI’eymlRSC) The mesifrdrientdensidagx(idd and havi ng
t he above-defi ned

out with an apparatus of DSC-7 model manufactured by

Perkin-Elmer Co.
The ethylene/0-olefin copolymer having the above-
10 defined relation between the temperature (Tm) at the
maximum peak position of an endothermic curve as
measured by a differential scanning calorimeter (DSC)
and the density (d) and having the above-defined
relation between the n-decane-soluble component fraction
15 (W) and the density (d) has a narrow composition
distribution.
The ethylene/0-olefin copolymers (A) mentioned
- above may be used in combination of two or more kinds.
The ethylene/a-olefin copolymer (A) is obtained by
20 copolymerizing ethylene and an a-olefin of 6 to 8 carbon
atoms in the presence of an olefin polymerization
catalyst (Cat-1l) which comprises:

(a) an organocaluminum oxy-compound,



rel ati on between the n-decane-sol uble conponent fraction 15 (W and the

density (d agheW conposi tion di stribution. The
ethylene/akoﬁa??%sgopo yners (A) nentioned above may be used in
conbi nation of two or nore Kkinds. The ethylene/[err]-olefin

copolymer (A) is obtained by 20 iopolynerizing et hyl ene and an a-olefin
of 6 to 8 carbon atons in the esence of an olefin polynerization
catal yst (Cat-1) which conprises: (a) an organoal um num

oxy- conmpound, _ 1493/ SF- 605 24
(b-1) at |east ORe™ r%ﬁs?%?% %%?aﬁr?ﬂﬁﬁﬁﬁﬂﬁimetal SOFREFES fromtransition
nmet al conpou ds. represented b fo rmu (b-11)
at | east ofi€ FFEﬁé FFBW ?%fXEHﬁb ‘EE%%&EPFSﬁFPFﬁﬂsP¥|on met a

conmpounds repr%sent ¥ t he fornula (rry. The ol efin

pol yner i zatP8nteERRf-3s{ Lhay@R4dr t her conprise (c) a carrier on which
(a) the organoal um num oxy-conpound, (b-1) at |east one transition
netal 10 conpo&PdI§éléEtEﬂa¥Fdﬂ$?r%ﬁﬁﬂ%%Q%?qnﬂﬁﬂalcGﬁﬂ&@ﬁ&

represented by the formula (1), and (b-1) at |east one transition
metal cbnpEERECEEReSren EFaRslEieRinSEH mammounds repFssenasdr Bpr esent ed by
the formula (11) are supported. - Such a supported catalyst is sonetines
referred t §hgsforpulac4itIP: hereinafter.

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

10 compound selected from transition metal compounds

represented by the formula (I), and (b-II) at least one
transition metal compound selected from transition metal
compounds represented by the formula (II) are supported.
Such a supported catalyst is sometimes referred to as

15 r"Cat-2" hereinafter.

The components for forming the olefin
polymerization catalysts (Cat-1) and (Cat-2) are
- described below.
a rganoaluminum oxy-compound

20 The organcaluminum oxy-compound (a) (sometimes
referred to as "component (a)" hereinafter) may be a
benzene-soluble aluminoxane hitherto known or a benzene-
insoluble organcaluminum oxy-compound as disclosed in

Japanese Patent Laid-Open Publication No.276807/1990.



The conponents for formng the olefin pol yneri zation catal ysts (Cat-1)
and (Cat-2) a'q493/g5rdescri bed bel ow. (a) Organoal um num
oxy-conmpound 20 The or ganoal um num oxy-conpound (a) (sonetines
referred to as "conponent (a)" hereinafter) may be a benzene-sol ubl e
al um noxane hitherto known or a benz - I nsol ubl e organoal um num
oxy-conpound as di sclosed in Jaggﬁese Pat ent Lai d- OQpen Publication
No. 276807/ 1990. F- 1493/ SF- 605 , 25
The al um noxane c¢ b by, for ex = t he fol.l ow ng
processes, and isqgﬁhgﬁgﬁﬁ§%%§9§i§%8 §§ Srgggr??gmﬁyd?ﬁié?ﬁﬁﬁﬂfﬁlution

(1) A process.of I ng_an_organgal um nym conpoun 5.such
trialkylalunﬁ?ﬁﬁnﬁaiig grgfggﬁgﬁeﬁéd?ﬁ#1ls 5gh?5é§ﬁ¥uﬂ§%?%ﬂé%;a@bnpound
cont ai ni ng adsorption water or . a salt containing water of
crystallizati ,@%ﬁﬁpFar on SP&YR&8Fam chi ori de hydrate, copper sul fate

hydr at e, al um num sul fate hydrate, nickel sulfate hydrate or. 10
cerous chloride hﬁgbaﬁePraﬁ&S§|Pngﬂ 129 FRIITIRFHUMinUM compoung) A

process o%]allomﬁn wat,er. |c§ or water vapor to directly act on an
or ganoal uti ndoRFodkdadifatuminum £o 2 dhydrosarhomMediU® medi um such as
benzene, toluene, et hyl ether or tetrahydrofuran. 15 (3 A

process of alSUSReR§IgR &fganGPMROBR{JECRERNING adgormtiorhyiatier &% de or
di butyltin oxide to react with

a salt containing water of crystallization, e.g.,

magnesium chloride hydrate, éopper sulfate hydrate,

aluminum sulfate hydrate, nickel sulfate hydrate or
10 cerous chloride hydrate, and allowing to react them.

(2) A process of allowing water, ice or water vapor
to directly act on an organocaluminum compound such as
trialkylaluminum in a medium such as benzene, toluene,
ethyl ether or tetrahydrofuran.

15 (3) A process of allowing an organotin oxide such
as dimethyltin oxide or dibutyltin oxide 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

20 organometallic component. The solvent or the unreacted
organcaluminum 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

25 preparing the aluminoxane include:



an organoal um num conpound such as trial kylalumnumin a medi um such

as decane, beq¢g¥¥§§%ﬁgjgdgane. The al um noxane may contain a
smal | amount of "an organonetal lic conponent. The solvent or the
unr eact ed or ganoal um num conpound is renoved fromthe recovered
solution of an alum noxane by distillation and the remai nder is
redi ssolved in a solvent. | es of the organoal um num

conpounds used for 25. preparing the alum noxane incl ude:

F- 1493/ SF- 605 . . 26, -

trial kyl al umi nuns, SUCHHY OIS SHERuAF Erimethylal AR num
tripropylalumnum trjisopro alum nym tri-n;butyl al um num

I
triisobutyl al uffHeRYiaiu {ndt, LIRIORYY PAMEAPHEm CERESORFRBYL yI al umi num

tripentyl 5 alumnum trihexylalumnum trioctylalum num and )
tridecyl al uni ihyminum, tri-n{pitkl@lgaigima) GhiheRRUEElRHwpknum, tri-
tricycl ohexyl al um num and tricyclooctyl al um nuny . dial kyl al um num
hal i des, such $&CThWE AWMUk itderéhbotydaluginuny | Bripemu chl ori de,
di et hyl al um num brom de and dii sobutyl al um num chl ori de;

di al kyl al udi nuaduRARUme st T ihasy lad uilaumy | Sraachykeluninumyand de and

di i sobutyl al um num hydri de; di al kyl al um num al koxi des, such as

di net hyl al umi ntmidedy Imstumivivde and di et hyl al umi num et hoxi de; and
di al kyl al um num aryl oxi des, such as diethyl al um num
tricycloalkylaluminums, such as

tricyclohexylaluminum and tricyclooctylaluminum;
dialkylaluminum halides, such as dimethylaluminum
10 chloride, diethylaluminum chloride, diethylaluminum
bromide and diisobutylaluminum chloride;
dialkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride;
dialkylaluminum alkoxides, such as dimethylaluminum
15 methoxide and diethylaluminum ethoxide; and
dialkylaluminum aryloxides, such as diethylaluminum
phenoxide.
_ Of these, trialkylaluminums and tricycloalkyl
aluminums are particularly preferable.
20 Also employable as the organocaluminum compound is
isoprenylaluminum represented by the following formula:
(1-C4Hy) xALy (CsHig) 2
wherein x, y, z are each a positive number, and z22x.
The organocaluminum compounds mentioned above are

25 used singly or in combination.



phenoxi de. O these, trialkylalumnuns and tricycl oal kyl

al um nuns are_particu ly preferable. 20 Al so enpl oyabl e as the
organoalunin&ﬁﬂgﬁﬁﬂéﬁ%%%ﬁs i soprenyl al um num represented by the

foll owi ng formul a: (i-Cerr]JHerr])[err]Aly((err]Herr])[err]
wherein x, y, z are each a positive nunber, and z[err]2x. The

or ganoal um num conpounds nentioned al@e are 25 used singly or in

conbi nati on. F- 1493/ SF- 605 _ 27
Exanpl es of the solvents used for preparing the al um noxane i ncl ude:
aromat i ¢ hydr ocar Fxesplesclefashsesedments onsedefor prepgnisise theunene and
cynene; 5 al i phatic hydrocarbons, such as pentane, hexane,

hept ane, oct aamidexane igededene, hexadecane and oct adecane;
alicyclic hydrocarbons, such as cycl opent ane, cycl ohexane, cycl ooct ane
and net hyl cycl opertmmeticl diydrocarpensol suohfaschemmene suniiwnegasol i ne,

ker osi ne and gas oil; and hal ogenat ed products of these
aromatic, al ixpHadrie;, cumensndnd icgyehe¢ hydrocar bons, such as chlorinated or
brom nat ed products thereof. Also enployable are 15 ethers, such as ethyl
et her and5t et r ahy dtldfpltaanric hgkdrbkerbons, SSLYRNAS, paittdrnd | thdiadiencar bons are

particul arly
heptane, octane, decane, dodecane, hexadecane and
octadecane;
alicyclic hydrocarbons, such as cyclopentane,
cyclohekane, cyclooctane and methylcyclopentane;
10 petroleum fractions, such as gasoline, kerosine and
gas oil; and
halogenated products of these aromatic, aliphatic
and alicyclic hydrocarbons, such as chlorinated or
brominated products thereof. Also employable are
15 ethers, such as ethyl ether and tetrahydrofuran. Of the
solvents, aromatic hydrocarbons are particularly
preferable.
- The benzene-insoluble organcaluminum oxy-compound
contains an Al component soluble in benzene at 60°C in
20 an amount of not more than 10 %, preferably not more
than 5 %, particularly preferably not more than 2 %, in
terms of Al atom, and is insoluble or slightly soluble
in benzene.
The solubility of the organocaluminum oxy-compound

25 in benzene is determined in the following manner. The



preferable. The benzene-insol ubl e organoal um num oxy- conpound
contains an Al o) ol uble in benzene at 60[err]Cin 20 an anount
of not nore tr?aﬁ%%g/%;%rlgro%erabl y not nore than 5 % particularly
preferably not nmore than 2 % in terms of Al atom and is insoluble or
slightly sol uble i n benzene. The solubility of the :
or ganoal um num oxy-conpound 25 in b&fene is deternmined in the follow ng
manner. The F- 1493/ SF- 605 28

or ganoal um num oxy- conpqund in an anount. correspondi ng . to 100 ng.atom

of Al is suspEFEERIWIEEUR oY -FERPEHED 1N an ;3MeWMe\COHREIRSAHTA t h
stirring at 60[err]C for 6 hours. . Then, the m xture is _subjected to
hot filtratiorFatldopgraten of AdsifgsuspaeRedetn G &0 gilaef henzane.and t he
solid separated on the filter is washed four tines with 50 ni of
benzene at 60[and |thenp aatst aiired Wikhr stérrimg awrpe@iC Ger 6 homisl) of Al
atom present in the whole filtrate is measured to determ ne the
sol ubility (x Bien, the mixturgpis) sWodrsktedononbotal £Ebpatuiah @td 60°C
(b-11) transition netal conpound * The transition netal conpound
(b-1) is aStransirtg @en jacketmgt &-Scgipsandil epresand echdysaliad f ol | owi ng
formula (1), and the transition netal conpound (b-11) is a transition
15 netal conmmperatsd esendhed iy tielre ikowhshedgfdur ntimes with (30 ml
of benzene at 60°C to obtain a filtrate. The amount (x
mmol) of Al atom present in the whole filtrate is
measured to determine the solubility (x %).
10 (b~I) Transition metal compound and
(b~IT) transition metal compound
The transition metal compound (b-I) is a transition
metal compound represented by the following formula (I},
and the transition metal compound (b-II) is a transition
15 metal compound represented by the following formula
(IT).
ML, (I)
- wherein M is a transition metal atom selected from Group
4 of the periodic table; L! is a ligand coordinated to
20 the transition metal atom M, at least two ligands L! are
each a substituted cyclopentadienyl group having at
least one group selected from hydrocarbon groups of 3 to
10 carbon atoms, and the ligand L! other than the
substituted cyclopentadienyl group is a hydrocarbon

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



M[err] (1) wherein Mis a transition

metal atom sej ¢ “om-G oup 4 of the periodic table; L[err] is a
| i gand coord%ngééqs%I%@E the transition netal atomM at |east two

ligands L[err] are each a substituted cycl opentadi enyl group having at
| east one group sel ected from hydrocarbon groups of 3 to 10 carbon
atons, and the ligand L[err] other tRth the substit ut ed :
cycl opent adi enyl group is a hydrocarbon 25 group of 1 to 12 carbon atons,
an al koxy group,. an F-.1493/ SF- 605 :
29 ar ylaéwc’@%’o@;io‘-’@'t A §P‘12-§‘I15VI1§F1§F0%911%' h%l%]é?g%& &hagr or
hydrogen; and x_is a valence of the_transition netal A = atom M
M[err] hydrogen; and x is a valepep ofsthpereamsMion aratadnsition
nmetal atom sel ected from G oup 4 of the periodic table; L2 is a ligand
coordi nated t&Fom M. the transition netal atomM at |least two |igands L2
are each a net hyl cycl opent adi enyl group or an
et hyl cycl opent adi @k group, and the ligand L2 other(IZ0 than the
met hyl cycl opent adi enyl group or the et hyl cycl opent adi enyl group is a
hydr ocar bdn gitexeisf M is a twensitdenbmatal oatomasebddied Ty Graanp aryl oxy
group, a trial kylsilyl group, a hal ogen atom or hydrogen; and X
is a val ence dfoft Hhe pendiodion tmbflal; afobhs M likfand coorBieattednsbt i on net al
conpound represented by the formula (1) or (Il) is described belowin
nore detail. the transition metal atom M, at least two ligands 12 are
each a methylcyclopentadienyl group or an
ethylcyclopentadienyl group, and the ligand L? other
10 than the methylcyclopentadienyl group or the
ethylcyclopentadienyl group is a hydrocarbon group of 1
to 12 carbon atoms, an alkoxy group, an aryloxy group, a
trialkylsilyl group, a halogen atom or hydrogen; and x
is a valence of the transition metal atom M.
15 The transition metal compound represented by the
formula (I) or (II) is described below in more detail.
In the formula (I), M is a transition metal atom
- selected from Group 4 of the periodic table,
specifically zirconium, titanium or hafnium, preferably
20 zirconium.
Ll is a ligand coordinated to the transition metal
atom M, and at least two ligands L! are each a
substituted cyclopentadienyl group having at least one

group selected from hydrocarbon groups of 3 to 10 carbon

25 atoms. These ligands L! may be the same or different.



In the fornmula (1), Mis a transition netal atom selected from G oup 4

of the periodi_ ) specifically zirconium titanium or hafnium
preferably gbi45§?%§n605 L[err] is a ligand coordinated to the
transition netal atomM and at least two |ligands L[err] are each a
substituted cycl opent adi enyl group having at | east one group sel ected
from hydrocarbon groups of 3 to 10 cd8on 25 atons. These | i gands L[err]
may be the sane or different. F- 1493/ SF- 605

30 The substjtuted cycl opent adi e e two or
nore substituents?T Enau%ﬁE@FHEe ?Hﬁﬁé?%4éin oub K& EWE same or

different. Wen the substi tuted cl opent adi enyl group has two or nore
substltuents°raﬂor35SPP§§%tHﬁEt§ub§%¢t ttWQ;Q$'WFHFb@§P§GHt§PBGE of 3 to
10 carbon atoms, and the residual substituent is_methyl, et hyl or
a hydr ocar bomayr bepthe samg op different ongihen the subskismseds of the

hydr ocarbon group of 3 to 10 carbon atons include al kyl groups,

cycl oal kyl grvedopeatpdienyl groupshamdtwe kymong ARstitgeasisti atexanpl es
may i ncl ude al kyl groups, such as n-propyl, isopropyl, n- butyl,
isobutyl,Ssedfbatybpetsbbsyﬁpupantys,ahbw®tqcarbon(gnqﬂp OZ-éthylhéxyl and
decyl ; cycl oal kyl groups, such as cycl opentyl and cycl ohexyl; aryl
groups, such caxbobbatphsnyhndndheotgsidenl sulkeddidduartolss mettblylas benzyl
and neophyl .

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

Examples of the hydrocarbon group of 3 to 10 carbon
atoms include alkyl groups, cycloalkyl groups, arvl
10 groups and aralkyl groups. Specific examples may
include alkyl groups, such as n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl,
octyl, 2-ethylhexyl and decyl; cycloalkyl groups, such
as cyclopentyl and cyclohexyl; aryl groups, such as
15 phenyl and toiyl; and aralkyl groups such as benzyl and
neophyl.
Of these, preferable are alkyl groups, and
- particularly preferable are n-propyl and n-butyl. The
substituted cyclopentadienyl group coordinated to the
20 transition metal is preferably a di-substituted
cyclopentadienyl group and is particularly preferably a
1,3-substituted cyclopentadienyl group.
In the formula (I), the ligand L! other than the
substituted cyclopentadienyl group coordinated to the

25 transition metal atom M is a hydrocarbon group of 1 to



O these, preferable are al kyl groups, and particularly preferable are
n- propyl andg - substituted cycl opent adi enyl group

coor di nat ed Fblgggyggogbﬁransition nmetal is preferably a di-substituted
cycl opent adi enyl group and is particularly preferably a

1, 3-substituted cycl opentadi enyl group. In the formula (1), the

| igand L[err] other than the suBdtit ut ed cycl opent adi enyl group
coordinated to the 25 transition netal atomMis a hydrocarbon group of 1
to F-149é/SF-605 - 31 , 12
carbon at ons 12af2EPRBx FEGPEup RSP FEPHR o fiF 3YLOXY GrPHPKkyPsi | vl

group, a hal ogen_atom, or _hydrogen. Exaqples of the hydrocarbon
groups of 1 ttﬁlfékylﬂl%’érgﬁﬂugt ORI RIS A AKAT GWEFRTE eyl oal Kyl

groups, 5 aryl groups and _aral kyl _groups. Specific exanples may

i ncl ude al kyl gr oB¥8TPIgENCEstRRt RyRroA R grpmspwt 1 to 1Rsopropyl ,
n-butyl, isobutyl, sec-butyl, t-but%l, pentyl, hex%L, octyl,

2- et hyl hexy| caagopeafPrmscBréufryrlkyl grpuRmps c¥ier ¥y lcgerypentyl and
cycl ohexyl; aryl groups, 10 such as phenyl and tolyl; and aral kyl groups,
such as S5 agodzgroups aedpayelkyl groups. p&usslidscofexemplgskBry gr oups

i ncl ude net hoxy, et hoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec- butisxyude- plkykygrpens oxyuchexoethul ottt ntdropyl, Exanpl es
of the aryl oxy groups include phenoxy. Exanpl es of the

trial kylsi|ylisgpoopylinorbdsyl, isobutyl, sec-butyl, t-butyl,
pentyl, hexyl, octyl, 2-ethylhexyl and decyl; cycloalkyl
groups, such as cyclopentyl and cyclohexyl; aryl groups,
10 such as phenyl and tolyl; and aralkyl groups, such as
benzyl and neophyl.

Examples of the alkoxy groups include methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-
butoxy, t-butoxy, pentoxy, hexoxy and octoxy.

15 Examples of the aryloxy groups include phenoxy.

Examples of the trialkylsilyl groups include

. trimethylsilyl, triethylsilyl and triphenylsilyl.

- The halogen atom is fluorine, chlorine, bromine or
iodine.
20 Examples of the transition metal compounds

represented by the formula (I) include:
bis (n-propylcyclopentadienyl)zirconium dichloride,
bis(n-butylcyclopentadienyl) zirconium dichloride,
bis(n-hexylcyclopentadienyl)zirconium dichloride,

25 bis(methyl-n~propylcyclopentadienyl)zirconium dichloride,



trinmethylsilyl, triethylsilyl and triphenylsilyl. The hal ogen
atomis fluorgn rkRe, brom ne or I odi ne. 20 Exanpl es of
t he transitioﬁ %%?g?égoﬁggunds represented by the fornmula (1) include:
bi s(n- propyl cycl opent adi enyl ) zi r coni um di chl ori de,

bi s(n-butyl cycl opent adi enyl ) zi rconi um_di chl ori de,
bis(n-hexylcyclopentadienyl)zirconiunsaichloride, 25

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

F- 1493/ SF- 605, . . . e .

bi s( met hyl - n- B&FWS{}BYBB%P%Y%%W}%P‘F’&%ﬁﬁ%ﬁﬂl’i%&ﬁr&qnd@}“ dichloride,

bi s(di met hyl - n- but.yl c clopentadienxgﬁgirconLun1dichIoride, ) )

bi s(n- but yi cySEEPSATGEREATR YRR EREAY SHIRE i L) z1rconium dichloride,

bi s(n-butyl cycl opent adi enyl ) zi rconi um net hoxychl oride, 5

bi s( n- but yl cybné;sénbaayéﬁyFigpeJeW{mﬂ Hob&RINiom ddbromide,

bi s(n-butylcycl opentadi enyl ) zi rconi um but oxychl ori de, i

bi s( n- but yl cy@ééénb&@YéﬁYFiipﬁ’é’é@@mﬂ Jed Hosqrdam methoxychloride,
bis(n-butylcyclopentadienyl)zirconiun1nethy|ch|oride,

bi s(n- but \& cyblisganbutivdayt)ebensbadieny rattgdnium @thoxychloride,

bi s(n-butyl cycl opent adi enyl ) zi r coni um benzyl chl ori de,

bi s(n- but yl cybisgenbativéayt]ebenvadienyll beigdnium butoxychloride,

bi s(n-butyl cycl opent adi enyl ) zi rconi um phenyl chl ori de and

bi s( n-but yl cybisfgenbatiyéayt).epenoadlenl)ds it mchimdigthoxide, In the
above exanpl es, the di-substituted 15 cyclopentadienyl rings include 1, 2-
and 1, 3- subst bist(edbutylcypytbppenidiemsny) z irouysiuramethiyd chilbrddest i t ut ed

bis {(n-butylcyclopentadienyl) zirconium dimethyl,
10 Dbis(n-butylcyclopentadienyl)zirconium benzylchloride,
bis(n-butylcyclopentadienyl) zirconium dibenzyl,
bis (n-butylcyclopentadienyl)zirconium phenylchloride and
bis(n-butylcyclopentadienyl)zirconium hydride chloride.
In the above examples, the di-substituted
15 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-
- substituted cyclopentadienyl rings.
Also employable in the invention are transition
20 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 represented by
the formula (I), particularly preferable are bis(n-

25 propylcyclopentadienyl)zirconium dichloride, bis(n-



cycl opent adi enyl rings include 1,2,3- and 1, 2, 4- substituted

cycl opent adi eByL4B8BAGE-605 Al so enpl oyable in the invention are
transition 20 netal conpounds obtainable by replacing a zirconium
metal wth a titaniumnetal or a hafniumnetal in the above- nenti oned
zi rconi um conpounds. O theggransition metal conpounds
represent ed by the formula (1), particularly preferable are bis(n-
25 propyl cycl opent adi enyl ) zi rconi um di chl ori de, bi s(n-

F- 1493/ SF- 605putylecyclopentadienyl) zirconium $chloride, bis(1-

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

met hyl - 3-n- pr gaxhey chopeptagy, eyl 2hes ORl R CAH Aidilm dichaRdide

bi s(I - et hyl - 3-n-but yl cycl opent adi enyl ) zi rconi um dichloride. 5

In the for”“'%gﬁ!b&s(thétﬁyitgnﬁLE?eyl Popdt 481 eny1)58@&8%n " OM G oup

4 of the periodic table, specifically Zirconium titaniumor hafnium
preferably ai ﬁrgggggnl L2 is a ligand coordinated to the
transition metal T atomM and at |least two ligands L2 are each a

met hyl cycl gpent adi oy df URyAR 2231 ) NI CYS! SRUAREIM meral Qe@HP. These

i gands L2  may be fhe Same or dif ormula (I1), the

ligand L[err] oather th h h Y, { adienyl group or the ethyl
15 cycl opent férleer?ﬁedg%%l?%)n ?gogpﬁg?%cg#%oééng%%c?ﬁa%%%o 12 car bon

atons, an alk%§éé¥fg%%11§nz§r E%%XmQVQEQanfhm or hafnium, preferably

zirconium.
L2 is a ligand coordinated to the transition metal
10 atom M, and at least two ligands L2 are each a
methylcyclopentadienyl group or an ethylcyclopentadienyl
group. These ligands L2 may be the same or different.
In the formula (II), the ligand L2 other than the
methylcyclopentadienyl group or the ethyl
15 cyclopentadienyl group is a hydrocarbon group of 1 to 12
carbon atoms, an alkoxy group, an aryloxy group, a
_Erialkylsilyl group, a halogen atom or hydrogen, each of
which is the same group or atom as indicated by L! in
the formula (I).
20 Examples of the transition metal compounds
represented by the formula (II) include
bis (methylcyclopentadienyl)zirconium dichloride,
bis (ethylcyclopentadienyl) zirconium dichloride,
bis (methylcyclopentadienyl) zirconium dibromide,

25 Dbis(ethylcyclopentadienyl) zirconium dibromide,



trialkylsilyl group, a hal ogen atom or hydrogen, each of which is the

same group orpatgym aFigul cated by L[err] in the formula (1). 20
Exanpl es of the transition netal conpounds represented by the fornula
(1) include bi s( et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(et hyl cycl opent adi enyl ) zi rconi um dj ghl ori de,
bi s(met hyl cycl opent adi enyl ') zi rconi um*di"brom de, 25
bi s( et hyl cycl opent adi enyl ) zi r coni um di br om de, F- 1493/ SF- 605

34 bi s (y7pL h{%%inw&?éﬂ&%[}we}&ﬂ) %‘i%uﬂlimﬁ_t Hgmsﬁ&&&iéiﬂde,

bi s(et hyl cycl open zirconl um ret hoxychl ori de,

bi s( met hy! cy%ggﬁ%%ﬁ%%i}é#ﬁ%éﬂ?ﬁ%%%ﬁ?gﬂ g%gho%cychloride,

Eisgethﬁlfyclope rconium et hoxyc
I s(met hyl cyc] opent adienyl.) zi r coni.um. diet; ' :
g::Eﬁ;?%;fg;nggﬁF?gﬁéﬁ§gégﬁ.%éﬁ%%ﬁ%qgﬁggﬁggéégﬁm.ethOXYChlorlde'
nt.adj en zi rconi um . chl ori .

bis(ethylcycl%bgﬁ?gﬁggﬁ§ %%??Qﬁﬁé%ﬁﬁy fﬁfﬁeﬁﬁgpi8ggbxyChlorlde’
T LS T s oo

i s(ethyl cyc | : ’
bi s(met hyl cyc] opent adj eny] ) zi rconj um_henzyl chl ori d .
bi s( et hyl cycl BheAERAY ERYFI WA hfie! o Ifi‘é,g"'—hm‘lde'
b!s(nethylcyclgpentadlenyI%2|rconlun1d|benz l . .
bi s( et hyl cycl BpefraErehGYs ?P%?ﬁ%ﬂrﬁlaﬁla&fﬁéfuu&‘smethlehl°rldef

bi s( et hyl cycl opent adi enyl ) zi r conj um phenyl chl ori de )
bi s et hyl cycl Bpehesay LAY IoperEriiAmPHEIFICORIYF Bethylchloride,

bis (methylcyclopentadienyl)zirconium dimethyl,

10 bis(ethylcyclopentadienyl)zirconium dimethyl,
bis (methylcyclopentadienyl) zirconium benzylchloride,
bis(ethylcyclopentadienyl)zirconium benzylchloride,
bis (methylcyclopentadienyl)zirconium dibenzyl,
bis (ethylcyclopentadienyl) zirconium dibenzyl,

15 Dbis(methylcyclopentadienyl)zirconium phenylchloride,
bis (ethylcyclopentadienyl)zirconium phenylchloride,

_bis(methylcyclopentadienyl)zirconium hydride chloride
and bis(ethylcyclopentadienyl)zirconium hydride
chloride.

20 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
above-mentioned zirconium compounds.

Of the transition metal compounds represented by

25 the formula (II), particularly preferable are



bi s(met hyl cycl opent adi enyl ) zi rconi um hydri de chl ori de and

bi s(et hyl cyclzongggadi-eryk) zi r coni um hydri de chloride. 20 Al so
enpl oyabl e in the invention are transition nmet al conpounds obt ai nabl e
by replacing a zirconium nmetal with a titaniumnetal or a hafnium
metal in the above- nentioned zirconi um conpounds. O the
transition netal conpounds representé by 25 the formula (I11),
particularly preferable are F- 1493/ SF- 605

35 bi t hyl | t adi e dic

bi s( et hyl clyil H (H%%&X’g %;Lg)?%ggﬁgﬁﬁ%ﬁngfgﬁl;#%qemh 11 % r?ntdhe present
[ ti , ti d | ected f th
ansi t1on mALR (I IGEOGRES RO PEXRNE TR R IR ) and at | east

one transition netal ound sel ected . fromthe tranS|t|on net al
conpounds represeﬁFe& n%FﬁéePGrﬁﬂVﬁnthn'(??)l%ﬁ§§tﬁﬂﬁiqq?ﬂﬁiﬂﬁcﬁat|on as
the transition netal ound.. It is preferable to nake a conbi nation
of the 10 tﬂ%ﬁﬁﬁ%|98ﬁ¥ﬁ%¥¥ﬂ s@ ﬁﬁ&&ﬁd§rgﬂcﬁh?h%fa4§&F¥Qﬁ|W?§ﬂ= t he MFR
(MFR(1)) of an olefin polymer obtained by the use a catal yst
conponent dcorfamauRgso Fepresentedn byt Fba fomu%tbn Bp@Amd et he formul a
(I') as the transition nmet al conmpound conponent to the MFR (MFR(11)) of

an 15 ol ef iangdivpmed tdonamesa Lhygorpeundeseteatedtomithe conponent

containing only the transition netal conpound
transition metal compounds represented by the formula

(IT) are used in combination as the transition metal
compound. It is preferable to make a combination of the
10 transition metal compounds such that the ratio of the
MFR (MFR(I)) of an olefin polymer obtained by the use of
a catalyst component containing only the transition
metal compound of the formula (I) as the transition
metal compound component to the MFR (MFR(II)) of an
15 olefin polymer obtained by the use of a catalyst
component containing only the transition metal compound
_ef 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 = 20.

Examples of the combinations include a combination
of bis(1,3-n-butylmethylcyclopentadienyl)zirconium
dichloride and bis(methylcyclopentadienyl)zirconium
dichloride, a combination of bis(l,3-n-propylmethyl

25 cyclopentadienyl)zirconium dichloride and bis(methyl



of the formula (Il1) as the transition netal conpound conponent under

the same polp+RI93aEF-@uscondi tions (MFR(1)/MFR(I1)) satisfies the
formula of MFR(I)/MFR(I1) 20 TJ[err] 20. Exanpl es of the
conbi nati ons include a conbination of
bis(1,3-n-butylnethylcyclopentadienﬁi zi rconi um di chl ori de and

bi s(met hyl cycl opent adi enyl ) zi rconi u di chl oride, a conbination of

bi s(1, 3-n-propyl nethyl 25 cycl opent adi enyl) zi rconi um di chl ori de and

bi s(met hyl cyel penté_ai%g%i@gﬁigg dichloride, and a .combinat}ior?’G

cycl opent adi enyl )'zi rconi i chlori and a combi nati on 0

D1 S(merhy] oy G S T B SR Bael k1 & rger af ‘aichloride and | oot gne
compounds oS AR ekt ey FRL R h LR e CTon et a
Forbata () o RS o eSS b ERT oo R © 1
45755, ot o BTG 5FoR the GG E4oBoREEaL ieToRiRlb Y 15 (o
Sontai i ng_ TN o LR el Rl SRR peERL P e

formula (1) and at | east_qone transition nmetal 15 , conpounds (b-11) of the

formula (J1)C9PBBHet(ndst) selectedr £xam bhastraRsbolFht™IAL hereinafter.

compounds of the formula (II) are preferably used in
such amounts that the (b-I)/(b-II) molar ratio is from

10 99/1 to 40/60, prefe;ably 95/5 to 45/55, more preferably
90/10 to 50/50, most preferably 85/15 to 55/45.

The transition metal compound catalyst component
containing at least one transition metal compounds (b~I)
of the formula (I) and at least one transition metal

15 compounds (b-II) of the formula (II) is sometimes
referred to as "component (b)" hereinafter.

The olefin polymerization catalyst (Cat-1)

- comprises the organcaluminum oxy-compound (a), the
transition metal compound (b-I) and the transition metal
20 compound (b-II) and further a catalyst (Cat-2) in which
the organocaluminum oxy-compound (a), the transition
metal compound (b-I) and the transition metal compound
(b-II) are supported on the carrier (c), as described

below, may be used.

25 (c) Carrier



The ol efin polynerization catalyst (Cat-1) conprises the

or ganoal umpumamasrc@geound (a), the transition netal conmpound (b-1)
and the transition netal 20 conpound (b-11) and further a catal yst
(Cat-2) in which t he organoal um num oxy-conmpound (a), the transition
metal compound (b-1) and the tran5|.7on met al conpound (b-11) are
supported on the carrier (c), as deScribed bel ow, nmay be used. 25

(c) Carrier F- 1493/ SF- 605 37

Th d conpound
oo am o o) AR OBLCE 55 oERLBRAL00" GBS e, thior SREALIE OIS

aneter of 10 to
300
O Lo r bl Mol Wi B e %%agg‘a@?hét?ﬁ% a.”h@ﬁfﬁ”'er e,
AL b i, i, L3k SIS 40
S A V| 0
S gerr- %ﬂ%{ e ReTGRetE, Fre ?é%]e;?p%%riﬁlysapoée”]diﬁ;;]e
pref eragl S %%EI %qy n%h%&eo%aiﬁcluge §{E%f) é§1§%§g an

Alf[err] er . nenf;oned
i i nt onate, sulfate
Inlnt?; g'?gl ;n c)%l ‘de CQ[B n%g‘ﬁ)énggo rsrgéh a,go %ﬂ%% B%%PFF Klerr]Cerr],

Basclor ]| %%ﬁ%eﬂ]s%&%a[éﬁﬁpq»?%&% Aéh%c% FoPe NI O Kierr]o

32?y 15 L\;% §102—0r¢o3 and Sf%zj%l S éh? properties of the carrier (c)

Of these, preferable are those containing at least
10 one of Si0, and Al,0; as their major component.

The above-mentioned inorganic oxides may contain
small amounts of carbonate, sulfate, nitrate and oxide
components, such as Na,CO;, K,CO;, CaCO;, MgCO;, Na,SO,,
Al,(S04) 3, BaSO,, KNO;, Mg(NO;),, AL(NO;);, Na,0, K,0 and

15 1Li,o.
Although the properties of the carrier (c) vary
. depending upon the type and the preparation process, the
- carrier desirably has a specific surface area of
preferably from 50 to 1,000 m2/g, more preferably 100 to
20 700 m2/g, and a pore volume of preferably 0.3 to 2.5
cm3/g. The carrier may be used after calcined at a
temperature of 106 to 1,000 °C, pfeferably 150 to 700
°C, if necessary.
The quantity of adsorption water in the carrier (c¢)

25 is preferably less than 1.0 % by weight, more preferably



dependi ng upon the type and the preparation process, the carrier
desirably hags-paspesrfdos surface area of preferably from50 to 1,000
n2/ g, nore preferably 100 to 20 700 n2/ g, and a pore vol une of
preferably 0.3 to 2.5 cnferr]/g. The carrier nmay be used after
calcined at a t enper ature of g to 1,000 C, preferably 150 to 700
[err]C if necessary. The¥quantity of adsorption water in the
carrier (c) 25 is preferably less than 1.0 % by wei ght, nore preferably

F- 1493/ SF- 60 . | §8SsiPpN-0- 5 % by
wei ght, and ?%%s tha%'QBPcﬁ QXu%%iggt’ andh§ §§ 6%8 pgﬁhereln ?s
preferably less,than 1.0 % ._ . | ; e y. to 4.0 %
'tIJ'K wei ght : t (fir%}?lf |%1;cf%Pr Itgn?ree e(r)laﬁ%f :e%%;])_yggég%%gé Eﬁgrllﬁ t l(z 5:5 f

e quanti y of a orp i on wa 0 | n e _quantity o
surface hydr yVetﬁ T,f?npﬁégiﬁﬁ%lqum% e 4d§tg RYn%ﬁlgﬂtthe fol | owi ng

manner f ads | Percentage of loss in
wei ght of a E‘%H {%‘ff rpre_L rpaé? t°260 [érP]{Cf”?bg Y- hours at

at mospherJ ¢ pressyure in a an1of nitro o, t he mel bef ore
drying ot R R AT s BRSer o buY aretShY) &t ty of

surface hydroxyl group The wei ght, of a carrjer obtained by drying
at 200[err]Cﬁh§5qu4%ﬁl§WTRﬁn%P¥§a%ﬁlﬁﬁﬂﬂﬂﬁylcgEPégs&?eanW%?%¥?ba$¥?ﬁ

nitrogen is taken as X (g) .and the weight of a cal cined
determined 1n the follow1ng manner.

uantit f . tion water
Percentage of loss in weight of a carrier after
10 drying at 200 °C for 4 hours at atmospheric pressure in
a stream of nitrogen to the weight before drying is
taken as the quantity of adsorption water.
Quantity of surface hydroxyl group
The weight of a carrier obtained by drying at 200°C
15 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 calcining the carrier at 1000°C for
- 20 hours to remove the surface hydroxyl group is taken
as Y {(g), and the quantity of the surface hydroxyl group
20 is calculated from the following formula.
Quantity of surface hydroxyl group (wt%) = {(X-Y)/X}X100
Also employable as the carrier (c) in the invention
is an organic compound of a granular or particulate
solid having a particle diameter of 10 to 300 um.

25 Examples of the organic compounds include (co)polymers



carrier obtained by calcining the carrier at 1000[err]C for 20 hours
to renove the BtI4¥ASENAEDNDXYl group is taken as Y (g), and the
gquantity of the surface hydroxyl group 20 1is calculated fromthe

foll owi ng formula. Quantity of surface hydroxyl group (W% =

{(X-Y)/ X} x100 Al so enployablggas the carrier (c) in the invention
is an organi c conpound of a granular or”particul ate solid having a
particle diameter of 10 to 300 [err]m 25 Exanples of the organic

conpounds i nCL@PE&d&&Q& ROL ¥, ré&} eq.-olefrlnzF f14b9 SEéﬁQQrbgn atorltjts such

39 using an carbon—a as

et hyl ene, propglene - but ene or 4- met hyl - pent

conponent, and T coY ?%%T§piﬂ ¥W§ene °rvﬁn?F59¥to%é&%ﬁ%§%ﬁ styrene
as a mai n conponent. An organoalunlnuntconpound d) as descri bed
bel ow may2Hed dmt%rféengprtﬁ,réa B (CNPOAYRETE OPL PERAPRAGES Heg

ol efin polynerization catalysts (Cat-1) and (Cat-2). (d)

Or ganoal um nunvéeydeymkPhepgane or stygeamegafoal BalRURPERARSERd (d)
(sonetines referred to as "conponent (d)" hereinafter) optionally used
in t h® i nvent i ¢rganerluianm compeundydddabantinaaribed bebpwund
represented by the following formula (i): Rl err]Al X err]

(i) 15 wher ehay Reieotidnalkly ardnsh agr eugopponens forclepwing theatons, X
is a hal ogen atomor hydrogen, and nis 1 to 3. In the fornul a
(i), Rl is a hgtlebtarpolyrgeoigaiofor] catalysts (Cat-1) and (Cat-2).

rganocaluminum compo
10 The organoaluminum compound (d) (sometimes referred
to as "component (d)" hereinafter) optionally used in
the invention is, for example, an organoaluminum
compound represented by the following formula (i):
RMAlX3.q (1)
15 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
group or an aryl group. Examples of such groups include
20 methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl,
hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl.
Examples of the organcaluminum compounds (d) may
include: trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylaluminum, triisobutyl

25 aluminum, trioctylaluminum and tri-2-ethylhexylaluminum;



to 12 carbon atons, e.g., an al kyl group, a cycl oal kyl group or an
aryl group. E§§f¥§fﬁgﬁﬁ6§ych groups include 20 nethyl, ethyl, n-propyl,
i sopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl,
phenyl and tolyl. Exanpl es of the organoal um num conpounds (d)
may i nclude: trialkyl al um nuns, ch as trimethylal um num
triethylalumnum triisopropylalumn triisobutyl 25 alum num
trioctylalum numand tri-2-ethyl hexyl al um num F- 1493/ SF- 605

40 al kenyl al um huns, such_as i_sSopr I ' ]

di al kyl al umi num ha#]a%@,’f%ﬁ‘é‘hl%‘&“sdi ety 1241 t}r%%%r%%wgi%}%%?l de,

di et hyl al um num chl orj de i isopr l.al um nu chloride .

di i sobut yl al uni nun®t® %¥}%gmﬁHHB“§ﬁ%di 'hfwg%hﬁfn&ﬁ?ﬁ?gﬁgaa?mlnum

al kyl al um num sesqui_hal i des, such as nethyl al um nym sesqui chl ori de,
Gt byl al um nunFBoREE Nl S48y Ta T ARG R RE O LE APBE R,

but yl al um num _sesqui chl oride and ethyl al um num sesqui brom de; 10
al kyl al uni nunchlagidgesdissebutslasminm Fhlexsde andgi chl ori de,

ethylaluninun1QichIoride,_isopropyjalunin0n1 di chl ori de and
et hyl al unidhunddinpebyl dbumimgn bromide; 3| kyl al umi num hydri des, such as

di et hyl al um num hydri de and dii sobutyl al um num hydride. 15 Al so

enpl oyabl e as the ailuhaidiminwunsesmpidaididas, such assmgthyhpoduRnum
represented by the following formula (ii): Rerr]A Y[err]
(1) sesquichloride, ethylaluminum sesquichloride,

isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide;

10 alkylaluminum dihalides, such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and

alkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride.

15 Also employable as the organcaluminum compound (d)
is a compound represented by the following formula (ii):

R,AlY3., (ii)
- wherein R! is the same as above; Y is -OR2 group, -OSiR3;
group, -OAlR%, group, -NR5, group, -SiR®; group or

20 -N(R7)AlR®, group; n is 1 to 2; R?, R3, R* and R?® are each
methyl, ethyl, isopropyl, iscbutyl, cyclohexyl, phenyl
or the like; RS is hydrogen, methyl, ethyl, isopropyl,
phenyl or trimethylsilyl; and R® and R7 are each methyl
or ethyl.

25 . Examples of such organocaluminum compounds include:



wherein RL is the sane as above; Y is -OR[err] group, -OSiRerr]
group, - QAIER1493)/SE-6Gp, -NR[err] group, -SiRerr] group or 20
-N(Rlerr])AIRerr] group; nis 1to 2; R2, R3, R4 and R8 are each

met hyl , ethyl, isopropyl, isobutyl, cyclohexyl, phenyl or the Ilike;
Rlerr] is hydrogen, nethyl, ethyl, Agsopropyl phenyl or
trimethylsilyl; and R6 and R7 are each nethyl or ethyl. 25 -
Exanpl es of such organoal um num conpounds i ncl ude: F- 1493/ SF- 605
41 (101 xomponadeds fothé heotmiTa et R eorIA (ORLesr]) [err], e.g.,

di met hyl al umi num et hoxi de, di et hyl al um num et hoxi de and

di but yl d h rmul a
R er 1A {CRTer Lo e g ey R i Bl

(iso-Bu)| erdﬂl@&@%?ﬁﬁ%&hhgaﬂ tﬁbfg??bbd R er Bu)[err] AL(CSiEt[err]);

(3) conmpounds of t T or mul err r])[err], e.qg.,

(4 d
Et 2AI OAl Et 2 and ((Zl)sgoﬁé),[lﬁRFerﬂf errf&nﬁyﬁieﬂ %yoﬁ/ﬁ‘é‘r)f’]%l ﬁEtg[ ) conpounds

of the formula R err] Al( éerr],

E N 2 so-
BL% [ecra;]r?‘AI N( SI AllyFerr %[er Fgo ﬁd ﬁ&%§%39%&? corrpounds of the formula

Al (S Bu) 2AI Si Me3; and
(R[G;ar E:!)np(()ulnB?s o?'](%%gé{:%)r'rml a R[ err] A ((NI( SRE)(er rl])AlR[err])[err], 15 eo; gi ]
Et 2AI N(Me) Al Et 2 ,gRd r Et .50 e
or ganogl uan num c(gr)rpo&%\né L[ﬁk ‘l'or nu % RSL“AP%‘{‘%I%T’H )& Sref erable are

conpounds ‘Etz}xESAiQEz Cieroy Hs%r—réu)zAIOAl(lso -Bu);

(4) compounds of the formula RL,Al (NRS5;)3.,, e.g.,
10 MepAINEt;, EtpAlNHMe, Me,AINHEt, Et,AIN(SiMe;), and (iso-
Bu),AIN(SiMe;),; and

(5) compounds of the formula R Al (SiR63)3_,, e.qg.,
(iso-Bu),AlSiMe;; and

(6) compounds of the formula R,Al (N(R7)ALR8;)3_p,

15 e.g., Et;AIN(Me)AlEt; and (iso-Bu),AIN(Et)Al(iso-Bu),

Of the organocaluminum compounds of the formulas (i)
and (ii), preferable are compounds of the formulas R1;Al,
RI,A1(OR?)3_, and R1,Al (OAlR%4;)3.5, and particularly
preferable are compounds of the formulas in which Rl is

20 an isoalkyl group and n is 2.

The olefin polymerization catalyst (Cat-1)
cémprises the component (a), the component (b), and if
necessary, the component (d); and the olefin
polymerization catalyst (Cat-2) (solid catalyst (Cat-2})

25 comprises a solid catalyst (component) obtainable by



Rlerr]Al(ORerr])[err] and Rlerr]Al (CAIR[err])[err], and particularly
preferable arg- g@gppgpd@opf the formulas in which R[err] is 20 an

i soal kyl group and n is 2. The ol efin polynerization catal yst
(Cat-1) conprises the conponent (a), the conponent (b), and if
necessary, the component (d); and the Qlefin pol ymeri zati on cat al yst
(Cat-2) (solid catalyst (Cat-2)) 25 conprises a solid catal yst

(conponent) obtai nabl e by F- 1493/ SF- 605

42 d th
carrier (ifppg %bagt%ggegsary Ig&?%nggnéﬁ?f(g; E%heﬁ? (%Ze oleflne
I t t act
Phe cat al yst oE eERkERe i) -%—%ailafchnoﬁ%r o sPgbRgng taro Acting
I i zat i .. The Lal db
brevi ous|y maki Léa?ﬁére%ﬁ% el @%atiyca (G=kbonEnt . and t hen
m xi ng and contactln ent ag&ggng and contacti ng

t he conponent Barega?yaﬂﬁxf%% %Qﬁnﬁﬁégﬁékﬁﬁgt %(ﬁ%ﬁ lid catal yst, and
th ddi th | i d_cat t t
Thgno?ef:ggpoFgﬁégPéﬁFggﬂg t%?§§t°qﬁﬁg I¥’5%h%%él%tSIdFoFﬁé3 gg]nixing and

contacting the i ngonent é t he EPonent and if_ necessary, the

conponent (d) PPhYBRrizati ﬁe??a%QﬂﬁocéWEb QQﬂQMﬁﬂ:alyﬁés@aXapﬁlyst

conponent s may he contacted jn any order, but when the congonent
prepared by previously maklng the component (a)

solid component, and then mixing and contacting with the
component (b), or mixing and contacting the component
10 (a) and the component (b) to form a solid catalyst, and
then adding the solid catalyst to the polymerization
system.
The olefin polymerization catalyst (Cat-1l) can be
formed by mixing and contacting the component (a), the
15 component (b), and if necessary, the component (d) in an
inert hydrocarbon solvent. These catalyst components
. 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) to a suspension of
20 the component (a). 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.
Examples of the inert hydrocarbon solvents used for

25 preparing the olefin polymerization catalyst (Cat-1)



(a) is contacted with the conponent (b), it is preferable to add the
conponent (b)F+b4% ABEHsi on of 20 the conponent (a). The conponent (b)

is preferably formed in advance by mxing two or nore transition netal
conpounds (conponents (b-1) and (b-11)), and then m xi ng and
contacting wth other conponents. 43 Exanpl es of the inert

hydr ocar bon sol vents used for 25 preparing the olefin polynerization
catal yst (Cat-1) F- 1493/ SF- 605 43

i ncl ude al i phahéTudy HDOOFHDONS hydldtaabopisopaneh Bt ph6pane, byediane,
hexane, heptane, octane, decane, dodecane and kerosine; alicyclic

hydr ocar bons, pst€dnds Kaedpeaitine, octeyel, odexane, adddecane and
met hyl cycl opent ane; aromati c 5 hydrocarbons such as benzene, tol uene

and xyl ene; keroffh®Jesps st I RAARIHonEYCRuaH agha&@mpé@i&&é de,

chl orobenzene and di chl oronet hane; and m xtures of these hydrocarbons
| n the m i ndcpafaORAAC g Med %ﬁ%%@he(agromwl&he conponent (b),
and i f necessary, e conponent the concentration of the

component g a) g&érbgaéﬁ‘&lé afh as b%f AUt Q11eh8 BnBD Jréﬁgf sol vent

preferably O. t%er -sol vent', in terns of umnumin the

comonent  w{ dhen J0es AL LA Oftu@&@sng@m%gﬁghm gemonent | 15

(a) to tran5| Ion e conporen |on netal) is

|1 Lhe range o usuBLldD dos g1 chr UL AHLY20cL0e200 dhgetom o

rati o of alumnum corponen tiona y used to
hydrocarbons.

In the mixing and contacting of the component (a),
10 the component (b), and if necessary, the component (d),
the concentration of the component (a) is in the range
of about 0.1 to 5 mol/liter-solvent, preferably 0.3 to 3
mol/liter-solvent, in terms of aluminum in the component
(2). The atomic ratio of aluminum (Al) in the component
i5 (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 (Al-d) in the component (d) optionally used to
aluminum atom (Al-a) in the component (a) (Al-d/Al-a) is
20 in the range of usually 0.02 to 3, preferably 0.05 to
1.5. In the mixing and contacting of the component (a),
the component (b), and if necessary, the component (d4),
the mixing temperature is in the range of usually -50 to

150 °C, preferably -20 to 120 °C, and the contact time



al um numatom (Al -a) in the cdrrponent (a) (Al-d/Al-a) is 20 in the range
of usual | yL0 < referably 0.05 to 1.5. In the mxing and
contactingFo}Q%%égzgﬁﬁgnent (a), t he conponent (b), and if necessary,
t he conponent (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
F- 1493/ SF- 605 44 44 is in the range of
usually 1 mnute to 50 hours, preferably 10 m nutes to 25 hours.

In the olefin, polynerization catal.ys Cat-1) repared as above, the
conponent J('%)l’?st%%s’f%? fé] ?Mai[lné‘dfmﬁﬁséa af %"@P%f the catalyst, in
an anount of 5x10[ err] to 5x1Q[etr] nol, preferably 10[err] to

ox10[ err] PRopferaply 10 i ttorgLﬁ-’s%‘ﬂl“Gﬁ'net al atom and the conponent
(a) and the caonponent, (d) .are desirably contai ned, based on lg
of the catal yst],:niﬂ'ln%fél? | PUVBGTL 26 109- 52F81vss (S28xib[err] nol,
preferably 1.5x10[err] to 2x1Q[err] nol, in_terns . of alum num at om
The solid BaeR} FTARWe c Al cPPopersd (By is degiradhlYig the carrier (c)
to support thereon_the conponent (a), the conponent (b), and if
necessay, CPReaingd, doagrhean ¥ @ of the catalystnodgha® memewrporlent (a),

t he conponent &p), t he 4 carrier. (¢ and_%he conggpent (d) nmay be m xed
and cont@ct &8 rrldny MldePredeprEpYr d0Thd S P ~c Al vy (Cat-2),
it is preferable that the conmponent (a) is

terms of transition metal atom; and the component (a)

-

and the component (d) are desirably contained, based on
1 g of the catalyst, in the total amount of 10-2 to

10 2.5x10-2 mol, preferably 1.5x10-2 to 2X10-2 mol, in terms
of aluminum atom.

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

15 component (d).

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

.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 component (a) is
20 contacted with the carrier (c), then with the component

(b), and then, if necessary, with the component (d).
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

25 contacting with other components.



20 contacted with the carrier (c), then wth the conponent (b), and
then, if neerssBISE-693 h t he conponent (d). The conponent (b) is
preferably fornmed in advance by m xing two or nore transition netal
conpounds (conponents (b-1) and.(b-11)) and then m xing and 25
contacting wth other conponents. F- 1493/ SF- 605

45 The contact between t%e conponent (a), the conponent
(b), the carrier (c) and conponent (d) may be conducted in an inert

hydr ocar bon sol ¥gat cotd €XseBl&sn the d@%ﬁb%%nEnQEb hygegocar bon sol vents
used for preparing the ' 5 catalyst are the same as those used for

brepar i N9 £BRponent OFS] | 0| M AN £ L¥BlonklRt 1d) REEVHOUS! Y

descri bed. he m xi ng and contacting o onent (a),

the componggiatbleal Be £4" LAEE: (far Ahich U816838Y apalBeahfogomponent

(d), the conponent I S used, (c), in an

amount of sfueﬁéyu? [ﬁ%cﬁ.}oéé)rb?n sl nxlseqvlfbfph]%ga%?ﬁ dflerr] to

2x10[ err] nol ran5|t|on net a
IS, 1.0 the range. of out 10[err] to

ta at h t
owrofert ] CoEaBiat Fre oros FURA Y pHtl sl e TopeR r%%glg%?%rr]
[ /10t Th t (] | th
Corponent PAFEE ??iébﬁgﬁjr%%@h%ﬁﬁ”éﬁ%&a B doRE STy ' (A Er ansi ti on
metal) is in th nge of usually 10 to 500, preferably 20 to 200. The
atom ¢ rat 76 SFE}B?%M num _

In the mixing and contacting of the component (a),
the component (b), the carrier (c), and if necessary,

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

g of the carrier (c¢), in an amount of usually 5x10-¢ to
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 10-4 to 2x10-2

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

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

20 atom (Al-d) in the component (d) optionally used to

aluminum atom (Al-a) in the component (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),
the component (b), the carrier (c¢), and if necessary,

25 the component (d), the mixing temperature is in the



20 atom (Al -d) in the conponent (d) optionally used to al um num at om

(Al-a) in t@elg E?e@bs(a) (Al-d/Al-a) is in the range of usually
0.02 to 3, prefera 1.5. In the mxing and contacting of the
conponent (a), the conponent (b), the carrier (c), and if necessary,
25 the conponent (d), the m xing tggperature is in the

F- 1493/ SF- 605 46 range of usually -50
to 150 [err]C, preferably -20 to 120 [err]C and the contact tinme is

in the range. of UsY n urs er abl 0O mnutes to
25 hours. ﬁaiﬁg sé?n%°§25%| Stp E?Ig %g g g%&above 5
the conponegy, ( desi rabl arted, based _on of ,the carrier
(c), in an %b ﬁ%dOSh %IEHﬁQbeF@rF%ewﬁﬁnge of B?%?%}%b}y 10[err] to
2x10[err] nol,, in ter f tranS|t tal atom t he conponent

(a) and them& FHEEnER g@dgours BFe ?Pé%l?]rléb]r‘ge &Q, %3 EOHTSn 1 g of the
carrier g in the_total amount of 10[err] to 5x10[err] nol,
preferably 2x10[ €Fr FheoSokib eRrFRLY®F , (GRETr REFRTE @Snakeve,  at om

The olefﬁn pol ymeri zation catalyst (Cat-2) may be a prepolynerlzed

cat al yst2i n Wi €RVRANERES i(R) hAS @@%hralqu iﬁwfﬁer ibasgd on The
prepol yneri zed catal yst can be re ared b rodu an olefln into
an inert hy@®o&&fns ¥§6FFeﬁF? Qﬁkw%% fé?%%hpﬂﬁ ent (a),

h h f
e Component oSSR (6§ LR 2o o

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

are desirably supported, based on 1 g of the carrier

10 (¢), in the total amount of 10-3 to 5x10-2 mol,

preferably 2X10-3 to 2x10-2 mol, in terms of aluminum

atom.
The olefin polymerization catalyst (Cat-2) may be a
prepolymerized catalyst in which an olefin has been
15 prepolymerized.
The prepolymerized catalyst can be prepared by
. introducing an olefin into an inert hydrocarbon solvent
- in the presence of the component (a), the component (b)
and the carrier (c) to perform prepolymerization. It is
20 preferable that the solid catalyst compoﬁent (Cat-2) is
formed from the component (a), the component (b) and the
carrier (¢). The solid catalyst component (Cat-2) may
be further blended with the component (a) and/or the

component (d).



20 preferable that the solid catal yst conponent (Cat-2) is f ormed
fromthe cofpddé®dt/SFapl5t he conponent (b) and the carrier (c). The
solid catal yst conponent (Cat-2) may be further blended with the
conponent (a) and/or the conponent (d). F- 1493/ SF- 605

47 For preparing the prepgtynerized catal yst, an ol efin may
be added to a suspension containing the produced solid catal yst
(Cat-2) (solid catalyst conponent), or the solid catalyst (Cat-2) may

be 5 separat ed HoromprapsspgnghenpeepbaineffzédeccadOdpuned an  solid
catalyst (Cat-2), then the solid catalyst (Cat-2) may be resuspended

in an inert JiHiQL#aRObe AddedNto a sbBEh8isMYcherRudat tthd he resul ting
suspensi on. In the preparation of the prepol ynerized catal yst,

10 the conpaRepic iU [ n u a 46 to
2x10[ err] nDI/Iité%?§§13énﬁgggggfgrégﬁ§ gilg%%yg%a%o%%%%gfr]

nDI/Iiter-sxgaﬁggneﬂe]’t%g hgfsbﬁgasﬁékggygﬁtﬁé%fgéwn' b t he conponent

(b); and the conmponent I'S use ase g the carrier (c),

1 an amgunte Gle, S0 9k 10 kerY3l EEhLallog POl Ghablicaplerr] (o

2x10[ er , Interms Ol ransition neta e conponent
(D) T2 20 Wit et A9 LMD ) b Tud N R ) 12
glsﬂfn! :,]ﬁ n{;gg?%ly? Ki[e? d:%%?iﬂspfe%ge%r ?.lroll ¥n29nte9t 2R39<3.roc%‘:(l)rbcgrrt1 ’e a%[d) rgnc ratio of

olefin may be added to the résulting suspension.

In the preparation of the prepolymerized catalyst,
10 the component (b) is used in an amount of usually 10-6 to

2x10-2 mol/liter-solvent, preferably 5x10-5 to 10-2

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

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

on 1 g of the carrier (c¢), in an amount of 5x10-% to

15 5x10-%4 mol, preferably 10-5 to 2x10-%4 mol, in terms of

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

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



conponent (d) optionally used to alum numatom (Al -a) in t he conponent

(a) (Al -d/ AF-34934SEseRPly from0.02 to 3, preferably 0.05 to 1.5.
The solid catal yst conponent is used in an anmount 25 of usually 10-6 to
2x10-2 nol/liter-solvent, preferably F- 1493/ SF- 605

48 5x10-5 to 10-2 nol/liter-gglvent, in terns of transition

nmetal in the transition netal conpound. The prepol yneri zation
tenperature is usually from -20 to 80 [err]C, preferably 0 to 60

[err] C, andskhe-5s +3 1BFERM YIEM | e ;.S I - 0.5 to 100
hour s, preferably I to/ﬁ'glo eﬁrca)‘ttfpg&eht' ih tgml%xé%p&e%%’ftjt ol efins
used in the nerization i ude ethylene; and [err]-ol efins of

. pr.epol a ncl
3 to aﬁt%%rﬁgﬁﬁg &#ﬁ”?ﬁéﬁ‘ﬁb“E%EQyFSHBPUT- utene, 1- 10 pentene,
4- et hyl - 1- pentepe, 1-hexene, l1-octene, 1- gecene, _ 1- dodecene and
1-t et r adecene. 3&’% r%%%?gfmérl%qncL?I%%PEFeﬁébPﬁu?@Bétﬁ;@%ne or a
conbi nati on t hyl ene a the a-olefin used in the polynerization
The prepol yr éi?%oa%aog:al %ﬁer%i%a%@pgr%a 69, °G.orand £heaxanpl e, the fol | owi ng
process. The carrier,is |, ., suspended in an inert hydrocarbon to give a
suspensison.prep° YHRE A FRE QB g 6% usheldvgiresl OrP nten DX -kowmpound

(conponent Iga%%ei s added, and they are reacted for a gi ven period of
time. Then, PTReSERREF natehto] ibpwk$-is 20 renoved, and the resulting solid

i's resuspended in an
Examples of the olefins used in the

prepolymerization include ethylene; and a-olefins of 3
to 20 carbon atoms such as propylene, l-butene, 1-

10 pentene, 4-methyl-l-pentene, l-hexene, l-octene, 1-
decene, l-dodecene and l-tetradecene. Of these,
particularly preferable is ethylene or a combination of
ethylene and the a-olefin used in the polymerization.

The prepolymerized catalyst is prepared by, for

15 example, the following process. The carrier is

suspended in an inert hydrocarbon to give a suspension.
.To the suspension, the organocaluminum oxy-compound

- (component (a)) is added, and they are reacted for a
given period of time. Then, the supernatant liquid is

20 removed, and the resulting solid is resuspended in an
inert hydrocarbon. To the system, the transition metal
compound (component (b)) is added, and they are reacted
for a givén period of time. Then, the supernatant
liquid is removed to obtain a solid catalyst component.

25 Subsequently, to an inert hydrocarbon containing the



i nert hydrocarbon. To the system the transition netal conpound

(conponent (tp)14§%fgyy§bs and they are reacted for a given period of
time. Then, thé 'supernatant liquid is renoved to obtain a solid
catal yst conmponent. 25 Subsequently, to an inert hydrocarbon contai ning
t he F- 1493/ SF- 605 49

or ganoal um num conpound (conponent (dﬁ), the solid cat al yst conponent
is added and an olefin is further i ntroduced. Thus, a prepol ynerized

catalyst is repar.ed. 5 In the pre nmer.ization, an olefin
ol yiar i s OSBRI, coaRERES: (RIS o) 0. B¢ FUI o
preferably 0.2 tqo 300 g, nore preferably 0.5 to 2og, . based on 1 g of
the carrier (fQtalyst component igeagfigdoppdedh 24 %ga&§w§9r9hﬁ§'conponent
(b) 10 is desirably supported, based on 1 g of the carrjer (c), in
an anount of ¥M&RAYGes 5 0Ser B PEGPOXYORELERAneRtalyst Ifeferably 10[err] .
to 2x10[err] nol, in ternms of transition netal atom and the conponent
(a) and the comrarad- (d) are desirably supported in such anmounts that
the nolar 15 ratio of alumnumatom (A) in the conponents (a) and

(d) to tr&nsition Jrettdle smenqlvmerizakdoponponehefid)polymer (i /M) becones
5 to 200, preferably 10 to 150. The prepol yneri zati on may be
carried out bjesimalfy produsrmdclin se andusbnofnbolistpratesses, and may be
carried 20 out under reduced pressure, at atnospheric pressure or
preferably 0.2 to 300 g, more preferably 0.5 to 200 g,

based on 1 g of the carrier (c).
In the prepolymerized catalyst, the component (b)

10 is desirably supported, based on 1 g of the carrier (c),

in an amount of about from 5x10-6 to 5x10-4 mol,

preferably 105 to 2x10-% mol, in terms of transition

metal atom; and the component (a) and the component (d)
are desirably supported in such amounts that the molar
15 ratio of aluminum atom (Al) in the components (a) and
{d) to transition metal atom (M) in the component (b)
. {(Al/M) becomes 5 to 200, preferably 10 to 150.
- The prepolymerization may be carried out by any of
batchwise and continuous processes, and may be carried
20 out under reduced pressure, at atmospheric pressure or
under pressure. In the prepolymerization, hydrogen is
desirably allowed to be present in the system to produce
a prepolymer having an intrinsic viscosity (1), as
measured in decalin at 135 °C, of 0.2 to 7 dl/g,

25 preferably 0.5 to 5 dl/g.



under pressu

re. In the prepol ynerization, hydrogen is desi r abl

y

all owed to be-pae3esF-60sthe systemto produce a prepol yner having an

intrinsic vi
0.2 to 7 dl/
50

carried out
pol yreri zat i
preferably i
hydr ocar bon
used as

scosity ([err]), as nmeasured in decalin at 135 [er
g, 25 preferably 0.5 to 5 dl/g. F- 1493/ SF- 60
The copol yneri zati on o% ethylene and an [err]-olefin
in the presence of the a gve nentioned olefin
on catalyst in a gas phase or l'iquid phase of s
the s zation

r]C, of
5
IS

urry,

iy %@ﬁepwpaégaeaézwe%oﬁ 4**!%%% TR A8 bRdnelin 2500

t he sol vent . anpl es of the inert hydrocarb

sol vents usefafFgied othénsFﬁ?r?/r?}‘éﬁ%rquéth%@hQY@l“ﬂ‘Gé‘t&PPﬁﬁat| c

hydr ocar bons,

such as_propane, butane, isobutane, pent ane, hex

octane, decaméefdpdpeinEer haxhiee FrRtalyst dnd dogRsddbase; oal acyclic

hydr ocar bons,
and cyc
and xyl ene;

such as cycl opent ane, nethyl cycl opentane, cyclo
Léquidnphageonfit stunhyyir erefrnablys deh aagalsephage. 18
and petrol eum fractions, such as gasol i ne, kerosin

on
10
ane,

hexane
t ol uene
e and

gas oil. ¥ the sherry polyhedineaidron avlinemts hydrecarkbhemayebel i phat i c

hydr ocar bons,

alicyclic hydrocarbons and petroleum - fractions.

20

When t he copabgdeaszheoaolsentr roecchmitolmfisi dtsel £ maypbkyusedzasi on or
gas phase pol yneri zation, the catal yst

10

15

the solvent.

Examples of the inert hydrocarbon solvents used in
the slﬁrry polymerization include aliphatic
hydrocarbons, such as propane, butane, iscbutane,
pentane, hexane, octane, decane, dodecane, hexadecane
and octadecane; alicyclic hydrocarbons, such as
cyclopentane, methyl cyclopentane, cyclohexane and
cyclooctane; aromatic hydrocarbons, such as benzene,
toluene and xylene; and petroleum fractions, such as

gasoline, kerosine and gas oil. Of the inert

-hydrocarbon solvents, preferable are aliphatic

20

25

hydrocarbons, alicyclic hydrocarbons and petroleum
fractions.

When the copolymerization is carried out by slurry
polymerization or gas phase polymerization, the catalyst
is desirably used in an amount of usually 10-8 to 10-3
mol/liter, preferably 10-7 to 10-4 mol/liter, in terms of
a concentration of transition metal atom in the

polymerization reaction system.



I's desirably used in an anmount of usually 10[err] to 10[err]

mol /1iter, pgeigsapsty-d@ferr] to 10[err] nol/liter, in ternms of a
concentration of transition nmetal atomin the 25 polynerization reaction
system F- 1493/ SF- 605 51

In the olefin polynerization catalysélforned from t he conponent (a),

t he conponent (b) and optionally the conponent (d), the atomc ratio

of alum numatom (Al) in t he conponent (d) to transition netal atom
inth 51 e ' len f
510 300, pref er ably 0 P5e0b SEERRLdctor eyt EB-hag FR6RC ©

In the poly I zation using the.olefin pel.yneri zati.on talyst fornmed
from the contBReaProaySat 1fT | vk Sashensme B AR BRFH PRR TR MR
optionally the conponent (d), .an organogl uni num oxy-co d.which is
not supporte8°ﬁﬁ°PﬁEtcg$}ieghﬁﬁﬁgéﬁ9QJ i% © &g@F&HuPo tomnPgﬁg in

or ganoal um num oxy- conpound_( conponent, (,a)) which is supported on the
carrier. In FEFSC%EEBSQFEe %&cﬁﬁ(ﬁrﬁﬁ?lq%%gSmﬁ?ﬁaPGﬁWnGW?aPB RPRI) in the
organoalgﬂinunloxy-, conmpound whjich is not suppqrted on the carrier to
transitioh nEFERSAESAT (NFLRA FPRPIWRSIR) flfdblalts 1n tR§ FBUEE PB) (A/M
Is in the range of 5 to 300, referably 10 to 200, nore preferably 15
to 150. The5 80 3@6np6ﬁ%ﬁ?r%%ﬁycﬁéﬁ?ﬂuﬂqu|ﬂ9§f pEPBEabi¥psPt B8 on t he
carrier (c),lgg may be added during the polynerization.

In the polymerization using the olefin

polymerization catalyst formed from the component (a),

10 the component (b), the carrier (c) and optionally the
component (d), an organcaluminum oxy-compound which is
not supported on the carrier may be used in addition to
the organocaluminum oxy-compound (component (a)) which is
supported on the carrier. 1In this case, the atomic

15 ratio of aluminum atom (Al) in the organcaluminum oxy-
compound which is not supported on the carrier to

. 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 preferably 15 to 150. The

20 component (d) optionally used may be supported on the
carrier (c), or may be added during the polymerization.
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

25 and the component (d) to be added during the



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

may be adde®t-IHAI ABF+6G05 pol ynmeri zati on. The conponent (d) having been

supported on the carrier 25 and the conponent (d) to be added during the
F- 1493/ SF- 605 52 pol ymeri zation may
be the sane or different. The atom ratio of alum numatom (Al) in

t he conponent (d) optionally UsSed to transition netal atom (M in the
transition nmetal conpound (b) (AI/M is in the range of 5 5 to 300,

preferabl y ddllyner it 8 sy Pechalel }éaﬂné be dlfferéég The atomic Wen the
slurry polymerization is-carried out, pol ynmeri zation tenperature

is in the range &£ WEHAMilm atom -(iQ)thlgﬁe[eea&qB&le&Ee rably 0 to 90
[err]C. Wen the gas 10 phase polynerization is carried out, the

ol yneri zat t, f I t n f 0 to 120
I[oer)r/] C, éﬁp%neaf‘leﬁyaglgﬁﬁ gr%ggitggn %@téi\ ol (M)S#%L ? yneri zation

| S AEiey 0.-kg/ ¢
B;:fszlrjggl IyStZ to S‘JOIXDI?;;l er(ra"-]r '?H'gd fgprgi?%ngr% onh%a'ﬁar}ggrgafrrl ed out
by any gf hatchwege, fera%agluctﬁogk' EH@“SmS‘P kol épéboffépigf&esﬁﬁza

The pol ynerization ¢ n e con Wo or _ _
different r tion conditions. The olefin pol ymeri zation catal yst may
further confaln other 20 conponents useful for olefin polynerization in
addi ti on 1W%éﬂ“%ﬁ§“§f%r%%ngoEgﬂgglzatlon is carried out, the

polymerization temperature is in the range of usually
-50 to 100 °C, preferably 0 to 90 °C. When the gas
10 phase polymerization is carried out, the polymerization
temperature is in the range of usually 0 to 120 °C,
preferably 20 to 100 °C.
The polymerization pressure is usually atmospheric
pressure to 100 kg/cm?, preferably 2 to 50 kg/cm2. The
15 polymerization can be carried out by any of batchwise,
semi-continuous and continuous processes.
The polymerization can be conducted in two or more
_ stages under different reaction conditions. The olefin
polymerization catalyst may further contain other
20" components useful for olefin polymerization in addition
to the above components.
Examples of the olefins which can be polymerized by
the use of the olefin polymerization catalyst include

ethylene; a-olefins of 6 to 8 carbon atoms; other o-

25 olefins, such as propylene, l-butene, l-pentene, 4-



Exanpl es of the ol efins which can be pol ynerized by the use of the

ol efi n pol yaozasrFedosat al yst i ncl ude ethylene; [err]-olefins of 6
to 8 carbon atons; other a- 25 olefins, such as propyl ene, 1-butene,

1- pentene, 4- F- 1493/ SF- 605 53
met hyl -1 - pentene, 1-decene, 1-dode e, l-tetradecene, 1- hexadecene
and 1-octadecene and 1-eicosene; a cycl o- olefins of 3 to 20 carbon
atons, such as cycl opent ene, cycl ohept ene, norbornene,

5oLy 2R Bencend, ASHEAGYE) UOUBRENENS vocradonone. 1l one

Al so enplo,a,l, are ssty vinyl cyel hexane and dienes.

In the ethyl lglr?gclag‘-eglegﬁ %ﬁgo%opggé?e% ?éi an%‘% yorieened angil ]?VFPrO .

ore presenc eb B SE d 5p" 86 Fb0R i v s GHE LopREtERRDly 55 Lo 99
% by wei ght e referably 65 to 98 % by wei ght, nost preferably 70
to QEY%qg’g}eﬁéfaaﬁf , ggﬁ Ofﬂgn%On f‘ﬂ?%'%‘ﬁ{i@q}@ﬁr\%d from t he
[err]-aotefin carbon atops are fresent in_ 15 anpbunts of 0 to 50

i 8 ,
% by me'ghFFt%F§25ﬁ§9P9efeP8 a8dog pethyl-1. i jyfi-dimetdapest erably 2 to 35

% by wei ght,, st preferably 4 to 30 % by wei ght. . The
ethylene/aﬁo gsrﬁ'éépék9né?'?ﬁ5§h¥ﬁE%H¢RRFhﬁ%§ne- Aﬂﬁﬁeeﬂpé9§ﬁblés (Ai) to
(A-iii), so that it has 20  excellent noldability and can produce filns of

excel | ent are styrene, vinylcyclohexang and dienes.
In the ethylene/c-olefin copolymer obtained by the
olefin polymerization process, the constituent units
10 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 a-olefin of 6 to 8 carbon atoms are present in
15 amounts of 0 to 50 % by weight, preferably 1 to 45 % by
weight, more preferably 2 to 35 % by weight, most
preferably 4 to 30 % by weight.
- The ethylene/0-olefin copolymer thus obtained has
the properties (A-i) to (A-iii), so that it has
20 excellent moldability and can produce films of excellent

transparericy and mechanical strength.

Ethylene/g-olefin copolymer (B)

The ethylene/a-olefin copolymer (B) is a random

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



transparency and nechani cal strength.

Et hyl ene/ [ er rg--1@loaf/igr -g@gol ynmer ( B) The et hyl ene/a-olefin
copolymer (B) is a random 25 copolynmer of ethylene and an a-olefin of 6
to 8 carbon F- 1493/ SF- 605 54
atons. Exanples of the [err]-olefins 6 to 8 carbon atons i ncl ude
the sane ol efins as previously described. In the ethyl ene/
[err]-ol efin copolynmer (B), the constituent units derived from

hyl ' 5 f 50 100 % [ f bly 55
Co 90 9 - o oA o ran9 85100 98 B by Sardron fieEe

preferably 70 to 96 % by weight, and the constituent . units derived
fromthe a-oligiqlndss the sagec glodangt afsPrevioys by ples@nibedy anounts of 0

to 50 % by weight, 10 preferably 1 to 45 % by_weight, nore preferably 2 to
35 % by wei gl 5 SEWIERey 05PdeELRLEGPAIYBEE0(B) pythe  yej ght .

The ethylene/[err]-olefin copolyner (B) preferably has the foll ow ng
properties (Rdnsticuedtyiunitsnderivegafronuenyene edee girtesdrds irhe
foll owi ng properties (B- i) to (B-viii). (B-i) The density
(d) is inStheamangs off G.088® 160 % byOw8ifhy/ coBeferatbly &iH ytd).988& to 0. 960
g/ cnB, nore preferably 0.890 to 0.935 g/cnB, nost preferably 0.905 20

to 0.930 g/ crerwdight, 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,
10 preferably 1 to 45 % by weight, more preferably 2 to 35
% by weight, particularly preferably 4 to 30 % by
weight.
The ethylene/d-olefin copolymer (B) preferably has
the following properties (B-i) to (B-vii) and
15 particularly preferably has the following properties (B-
i) to (B-wviii).
(B-i) The density (d) is in the range of 0.880 to
- 0.970 g/cm3, preferably 0.880 to 0.960 g/cm®, more
preferably 0.890 to 0.935 g/cm?®, most preferably 0.905
20 to 0.930 g/cm3.
(B-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 0.1 to 10 g/10 min.



(B-ii) The nelt flowrate (MFR) is in the range of 0.02 to 200 g/10

mn, prefergblyPidp.dws 50 g/ 10 min, nore preferably 0.1 to 10 g/ 10
m n. F- 1493/ SF- 605 55

(B-iii) The n-decane-sol ubl e conponent fraction (W (W% ) at 23
[err]C and the density (d (g/an))n§5?1t|sfy t he follow ng rel ation:
in the case of MFR [err] 10 g/l Om W <
80xexp(-100(d-0.88))+0. 1, preferably W<

60 -100(d-0. ) +0,
40§g§BE-IOOEd 0. %1%9]The n—decane—sol 1£DE8m ﬁ%ﬁkFE#Xc¥% /f%n1n

{empor at ur CPTH | [%w- ) drc pae ﬁéé%ﬁhmf <d1?% (oY, B,

endot herm c c ve, of t cvoonrrer as neasured by a differential

scanni ng caF% XS ¥ and the densit_y (d (g/cmerr])) satisfy the
fol |l ow ng rel ation: xd- 248, preferably Tm
< 450xd- 296, in the ¢33 ?fré@é? éoT;? M3Boxd- 343,

particularly prefera ) 2. The et hyl ene/a-ol efin
copol ym.sr'j1 (B) havi ngby‘fl Qé@oﬁgiongg),)épa}i on between the tenperature

(T 2 by o T REE ol PO 19000 N BLONEER) ch! Ve 25
more preferably W < 40Xexp(-100(d-0.88))+0.1,

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

W < 80X(MFR-9)0-26xexp(-100(4-0.88))+0.1.

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

relation:

15 Tm < 400xd-248,
preferably Tm < 450xd-296,
more preferably Tm < 500xd-343,
- particularly preferably Tm < 550xd-392.
The ethylene/0-olefin copolymer (B) having the
20 above-defined relation between the temperature (Tm) at
the maximum peak position of an endothermic curve as
measured by a differential scanning calorimeter (DSC)
and the density (d) and having the above-defined

relation between the n-decane-soluble component fraction



and the density (d) and having the above-defined rel ati on between the

n- decane- solplbl S rospagent fraction F- 1493/ SF- 605
56 (W and the density (d) has a narrow conposition
di stribution. (B-v) The nmelt tension (MI (g)) and the nmelt flow

rate (MFR (g/ 10 min)) satisfy the fcgéowi ng relation: 5
9.0xMFR[ err] > MI > 2. 2XMFR[ err], preferably 9. 0XMFR[err] > Ml >
2. 3xMFR[ err], nore preferably 8 5XMFR[err] > MI > 2. 5xMFR[ err].

Th t hyl i I ‘s ty h hi gh
rolt tonst on TS Sat KT Pt Brr Rty iontpigfr oPertY TAS IO
(B-vi) The fég&&cﬁ%yﬁdpn energy ((E[err])X10[err] J/nol K)

[

determ ned froma's factor of time-tenperature super posi tion of
the flow curve, the carhon at.gm nunher ) _of the rlzplefin in the
copol ymer and the@e"fr]ﬂ%ﬁ é‘fellrciC CRESESR: N ((?S ﬁo?‘%l {ﬂﬁet %i opot Y nmer
satisfy the foll ow r.el

(0.039Ln(C 253%S0 ng,./j:%-fnlgl)éf é%?:llifg[ the) Eptipying relation:

(0. 039LNnEC 2) +0. 3.7 5 [rably,

(0.039Ln§g- 2) +0. 0D9B) Hxr2. 87 <EaX1Br & H ~[err] 20

0. 039Ln( C- 2) +0. 1500 87 f

Eo. OSQLRE C 2§ +0. @5%%%%%?'9’%?&??%%[@ T o Btk [err]

(0. 039L0(C2)+0. 130010032 811, g aqrmes 68 T, JBkREHAR" el o

The ethylene/ct-olefin copolymer having the above

property has high melt tension (MT), so that it has
10 excellent moldability.

(B-vi) The flow activation energy ((E,)%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 o-olefin

15 content (x mol%) in the copolymer satisfy the following
relation:
(0.039Ln(C~2)+0.0096)Xx+2.87 < EgX104 <
(0.039Ln(C-2)+0.1660)Xx+2.87,
preferably, (0.039Ln{C-2)+0.0096)Xx+2.87 < EgX10-% £
20 (0.039Ln(C-2)+0.1500)x x+2.87,
more preferably, (0.039Ln(C~2)+0.0096)Xx+2.87 < Egx10-4

< (0.039Ln(C~-2)+0.1300)xx+2.87.

(B-vii) The molecular weight distribution (Mw/Mn,

Mw: weight-average molecular weight, Mn: number-average



My wei ght - aver age nol ecul ar wei ght, M: nunber-average

F- 1493/ SF- 6054 _ - 57 nol ecul ar wei ght), as
det erm ned byFG%%§3§%¥ig ?es t he foll owi ng condition: 2.2 <
Mv Mh < 3.5, preferably 2.4 < MWW < 3.0. 5 The nol ecul ar
wei ght distribution (Mv M) was gsasur ed by the follow ng manner using
GPC- 150C ~manufactured by MIiporeéfCo. A colum of TSK- GNH HT
having a di aneter of 72 nm and a length of 600 mm was used, and the
colum 10 tenperature was, 140 [err]C._ JIn e =200 .01.C iters

of a sanple (EBHEEH ?5t7"8?‘|9h%). 1 %’/os b@é‘ﬁ%ﬂ]ﬁﬁé i s%rﬁo#g% atigglt%i %gg

o-dichloroben%eggg(avaiIable from Wako Junyaku Kogyo K K. ) as a nobile
phase and 0. 0381¢P¥ydefgREIEEON:  BHT (avail abl e from Takeda Cheni cal

I ndustries, Ltd.) as_ 15 an antjoxidant. As a detector, a differential
refractometer was dséd< ¥¢/¥Rafddr o pol ystyrene, pol ystyrenes of

Mw<1, 000 and Mav>4X10[err]_ avail able from TOHSO K. K. and pol ystyrene of
1, 000[ er r] MM er r ] ARXRERFPLAV AR} AbF MW/ M0 € il Pressure Chenical Co. were
used. 20 (B-vi iié The nunber_ of _unsaturated bonds present in

the nol eci? es of t RBECHPSRGHRAT| Yehght BiEEE P (Mw/M)pwasd on 1, 000
carbon atoms and is | ess than 1 based on one nol ecul e of the

copol ymer.  measured Pyethgafiellaving HREARSHi YE¥IDFESH-1ORE unsat ur at ed

manufactured by Milipore Co.
A column of TSK-GNH-HT having a diameter of 72 mm
and a length of 600 mm was used, and the column
10 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
Kogyo K.K.) as a mobile phase and 0.025 % by weight of
BHT (available from Takeda Chemical Industries, Ltd.) as
15 an antioxidant. As a detector, a differential

refractometer was used. As standard polystyrene,

polystyrenes of Mw<1l,000 and Mw>4%x106 available from
- TOHSO K.K. and polystyrene of 1,000<Mw<4x10% available
from Pressure Chemical Co. were used.
20 (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
one molecule of the copolymer.
The quantitative determination of the unsaturated

25 Dbonds is made by finding an area intensity of signals



25 bonds is made by finding an area intensity of signals

F- 1493/ SF-&( - 58 not assigned to
doubl e boﬁgg?a%%égé igﬁgnals within the range of 10 to 50 ppm and an
area intensity of signals assigned to double bonds, i.e., signals

wi thin the range of 105 to 1%? ppm fromthe integration curve using
[err] G 5 NMR and calculating a $tio between the intensities.

The et hyl ene/ a-ol efin copolyner (B) is obtained by copol yneri zi ng

ethylene and an [err]zqlefjn._af ta 8 carbon_. atons _in the presence of
an ol efin rb%? ﬁﬁé‘iﬁ%%c} g:r? doubciceagglnéft’ wFeh 56%??‘§e‘§ﬂ1§6’rne fpl e, (a) an
10 organoal um num _oxy-c ound an b-11) a,transition . tal conpound
of the forﬁﬁﬂ%ﬁ(qﬁg¥d(to(gH)ppm”Tﬁg %&aﬁE Fuﬁ?ﬁﬁﬂ?b%&-%% Sa) and the
transition netal conpound (b-11) are the sane as those previously .
descri bed #¥°IHE rrgw}:)é%‘%ltﬁ ar ilnG't'h@lQEB?SeYhW%eVIE%rIFﬁQQﬁ efin
copolynmer (A). Simlarly to the above case, the caryieﬁ3éc) and the
or ganoal un?hukiT drfbokift PPm.  frpm FRe BBLSPEatLAP| SYEl Whing °C-

prepol ynmeri zati on may be conducted. The anmounts of the conponents,

pr epol Yreri&t3%sh k3omg andafdry Retwesni BRe PRtersiEies ons are the
sane as those fqr preparing the . ethylene/[err]-olefip copolymer (A).
EthyIene/a-olefT@Fcﬁﬁﬁ%%ﬁﬁﬁ/%T3lefln C°P°{Y?ﬁ§ th%%n@?%@%ﬁ%ﬂiﬁycopolyner

(© is a random . )
copolymerizing ethylene and an ¢-clefin of 6 to 8 carbon

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

10 organcaluminum oxy-compound and (b-II) a transition
metal compound of the formula (II).

The organcaluminum oxy-compound (a) and the
transition metal compound (b-II) are the same as those
previously described in the process for preparing the

15 ethylene/o-olefin copolymer (A). Similarly td the above
case, the carrier (c¢) and the organcaluminum compound
(d) may be also employed, and prepolymerization may be
- conducted. The amounts of the components,
prepolymerization conditions and polymerization

20 conditions are the same as those for preparing the

ethylene/o~olefin copolymer (A).

Ethvlene/a-olefin copolvmer (C)
The ethylene/a-olefin copolymer (C) is a random

25 copolymer of ethylene and an 0-olefin of 6 to 8 carbon



25 copol yner of ethylene and an a-olefin of 6 to 8 carbon

F- 1493/ SF- 605 59 atons. Exanpl es of
1493 /SF-605 - : mp:

the [err]- oIef?ns of 6 to 8 carbon atons i nclude the sane ol efins as

descri bed above. In the ethylene/[err]-olefin copolyner (C), the

constituent units derived fromethyleng are present in 5 anpbunts of 50 to
100 % by wei ght, preferably 55 to 99 ¢ 9 by weight, nore preferably 65
to 98 % by wei ght, nopst preferably 70 to 96 % by wei ght, and the
consti tuent units derived fromthe a-olefin of 6 to 8 carbon atons

are present in2kg®ant sExamples GO thywwdigfims ofp 6 foefecabbgniatemas 9% by
wei ght, nore preferably 2 to 35 % by weight, particularly preferably 4
to 30 % by invkuddtthe same olefiw = ligdsendbeer mpbookef i n copol yner (O
preferably has the foll ow ng properties (CGi) to (Cv) and
particularly 15 pEefehabéyhhbenee-dlefionianpolivoeser tiCés €Bei) to (Cvi).
(C-i) The density (d) is in the range of 0.880 to 0.970 g/cnferr],

preferably 0.8868nt0ifu860 @ALHE edddive®from ethyilletfctabl pr8s880 i 0. 935
g/cnferr], nost preferably 0.905 to 0.930 g/cnB8. 20 (CGii)

The nelt fISDW sRbentdFRE 56 td 10® ¥ BPwdlght, preQeQabu 890tg/ 49 g1 n,
preferably 0.05 to 50 g/ 10 m n, nor e preferably to 10 g/ 10 mn.

(Giii) The n-gdocqaegse! %ﬁem I3 P 8( W WEY) hodt 23
[orr]C and the Bonsriertd (ol cng)) sat]iy;fy e o ¥ ettt 1 hod

- 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 to 30 % by
weight.

The ethylene/a-olefin copolymer (C) preferably has
the following properties (C-1) to (C-v) and particularly

15 preferably has the following properties (C-i) to (C-vi).

(C-1i) The density (d) is in the range of 0.880 to
"0.970 g/cm3, preferably 0.880 to 0.960 g/cm?, more
- preferably 0.890 to 0.935 g/cm3, most preferably 0.905
to 0.930 g/cm3.

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 0.1 to 10 g/10 min.

{C-iii) The n-decane-soluble component fraction (W
(wt%)) at 23 °C and the density (d (g/cm?®)) satisfy the

25 following relation:



25 followi ng relation: F- 1493/ SF- 605

60 F-1493ydegosase of MFR [err] 10 g/10m n, W <
80xexp(-100(d-0.88))+0. 1, preferably W<
60xexp(-100(d-0.88))+0. 1, nore preferably W<
40xexp(-100(d-0.88))+0. 1, 5 {n the case of MFR > 10 ¢g/10m n,

W < 80x(NFR-9)[err]xexp(-I00(d-0.8é¥%+0.1. (CGiv) The
tenperature (Tm ([err]C)) at the maxi num peak position of an

endot herm c Cur%ﬁ%QEK%E§E§pQ%%%¥ﬁL§ %%egg%%5| sured by ‘a differenti al

scanni ng cal ori et er
fol |l ow ng
Tm < 450xd- 296, nore pre

a Yy (d (g/crjerr])) satisfy the

rel at ippn. - < - 248, preferably
Wi 80xexp loof‘éggb?épgmgkgmom-343, 15

above-defined rel ation

particularly prefer a?%f‘grgag%gf%?% gﬁgs,lc%é_]t_%%(d_o 480 +0.1

ethylene/[err]-olefi

copoly

bet ween the tenperat 'Ho%e( Bpef%tfabéybgl"t g.eégfgé%ggﬁaﬁ)g “cp.chsé jt)i+c81 lof an

endot herm ¢ curve as measure scanni'ng cdl ori met er
(DSC) 0 and the density (d)_ and havin? t he above-defined relation
bet ween>t he n- dédartdisSadn O ¥FiBorent ¢ LE&FHB3n (W and the density

(d) has a narrow co Sit

tension (MI (Q)) and

10

20

25

3 sirggﬁ']ymﬁ-g\;vg-iﬁ}é:icg?ﬂé’@(d—o.88))+o.1_.( Gv) The nelt
(C-iv) The temperature (Tm (°C)) at the maximum

peak position of an endothermic curxrve of the copolymer

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,

more preferably Tm < 500xd-343,
particularly preferably Tm < 550xd-392.

The ethylene/a-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)
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

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



25 rate (MFR (g/10 mn)) satisfy the followi ng relation

F- 1493/ SF- 605r-1493/SF-605 61 MT

[err] 2. 2XMFR[ err] . (C-vi) The nunmber of unsaturated bonds present
in t he nol ecul es of the copolymer is not nore than 0.5 based on
1,000 carbon atons and is less than 1 g?sed on 5 one nol ecul e of the
copol yner. The ethylene/a-op I n copolyner (C) is obtained by
copol ynmeri zing ethylene and an [err]-olefin of 6 to 8 carbon atons in
t he presence of angglg;i L gy i zation catal yst which conprises, for
exanple, (a) an 1U" ©fg um nmum oxy- conpound and (b-1) a transition

nmet al conpound of the formula (I%. The or ganoal um num oxy-

conpound (a) and tHE-VEanThei BHMBEY oL comgRR e Ibongdse presenthdnsane as

t hose previously described in the process - for preparing the
et hyl ene/ [ err thel abilrcudps| plierhé AropoliBrersi i Ingt ynaxe tthenallo®e case, the
carrier (c) and the or ganoal um num conpound (d) may be enpl oyed, and
prepol ymer i zatdesedreyp bel66ndacbed. afitms camdinis Ifss Hthan 1 basedopent s,
prepol yneri zati on conditions and pol ymeri zati on conditions are the
sane as thbse oher mo2@cupeepér thg tbpokyhertene/[err]-ol efin copol yner (A).
(E) High-pressure radical process |owdensity _ )
pol yet hyl ene The ethyrlehghcppiefinecopelvmer pt@cass diimideds by
. copolymerizing ethylene and an a-olefin of 6 to 8 carbon
atoms in the presence of an olefin polymerization
catalyst which comprises, for example, (a) an
10 organocaluminum oxy-compound and (b-I) a transition metal
compound of the formula (I). The organcaluminum 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
organoaluminum compound (d) may be employed, and
"prepolymerization may be conducted. The amounts of the
- components, prepolymerization conditions and

polymerization conditions are the same as those for

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

(E) High-pressure radical process low-density
polvethviene
The high-pressure radical process low-density

25 polyethylene is a so-called polyethylene prepared by



25 polyethylene is a so-called pol yethyl ene prepared by

F- 1493/ SF- 60%-1493/8SF-605 62 "hi gh-pressure

radi cal polynerization"” and havi ng nany branches including | ong chain
branches. It is desirable that this polyethylene has MFR, as neasured
at 190 [err]C under a |oad of 2. kg in accordance with ASTM D1238-
5 65T, of 0.1 to 50 g/10 mn, preferably 0.2 to 10 g/ 10 mn, nore
preferably 0.2 to 8 g/ 10 m n. The index of the nol ecul ar wei ght

di stribution wpiyo MMy, MVradicaht parghagezael egul aid wedwilig niday number -
average nol ecul ar wei ght) of the high-pressure radical 10 process

| owdensity potarpidad arsl@S ndeasugedhlyngBranches pereats atescihrainist ogr aphy
(GPC), and the nelt flow rate (MFR) of the polyethylene satisfy the
foll owi ng relgddt®®rchis polyethylenx hg6VMRR; lag heasyrddvah X I°T

7. 5x1 og( MFR) +12. 5, preferably 15 7.5x1 og(MFR)-0.5 [err]
MV Mh [err] Rubddwg( NFRRGLE @.16 kg in acccmdenpee\ffbt]ab?bw D1238-
7.5xIog(MER) [err] Mw Mh [err] 7.5xl og( MFR) +12 The nol ecul ar
wei ght di 5t ri @%i ovE of. % He Hilylg/10 min, pP§§§aFébl§d@ el EPrt e/sLq ow densi ty
pol yethylene is 20 neasured_ in the sane manner ,as previously described.

The density dﬁlrt-hémﬁ%;ﬂprpﬁféé‘s"\hlé’ Qadi £81 8pE4ilsBin. I ovv- density
pol yet hyl ene is de5|rabl ran 930 g/ cnB.
The density is det?h?n érﬁi q@ﬁPﬁarnﬂﬁﬁggt Pstfibucith

- (Mw/Mn, Mw: welght-average molecular weight, Mn: number-
average molecular weight) of the high-pressure radical
10 process low-density polyethylene, as measured by gel
permeation chromatography (GPC), and the melt flow rate
(MFR) of the polyethylene satisfy the following relation

7.5xlog (MFR)-1.2 £ Mw/Mn £ 7.5Xlog(MFR)+12.5,

preferably
15 7.5xlog (MFR)-0.5 £ Mw/Mn £ 7.5Xlog(MFR)+12.0,

more preferably
7.5%X1log (MFR) < Mw/Mn £ 7.5Xlog{(MFR)+12.0.
The molecular weight distribution of the high-
‘pressure radical process low-density polyethylene is
20 measured in the same manner as previously described.
The density of the high-pressure radical process
low-density polyethylene is desirably in the range of
0.910 to 0.930 g/cm3.
The density is determined in the following manner.
25 A strand obtained in the measurement of melt flow rate
under the conditions of a temperature of 190 °C and a

load of 2.16 kg is subjected to heat treatment at 120 °C



25 A strand obtained in the neasurenment of nelt flow rate under the

condi tions Speipture of 190 [err] C and a | oad of 2.16 kg is
subj ect ed I':gi%l?a{ trea?mant at 120 C F- 1493/ SF- 605

63 for 1 hour andslowly cooled to roomtenperature over a _
period of 1 hour. Then, the density_ is neasured by a density gradient
t ube. The swell ratio d?3the hi gh- pressure radi cal 5 process

| ow- density pol yet hyl ene, which indicates the degree of |ong chain

b hes, | ' I | h 1.3, Th || ratiois aratio
( D/ (E)) “of £5% df%‘%?a%le{gérl?‘@s SP1% PRy EPIRSER b %V?f'ézaz } 61(() i nner
di L t h: .extrusion 10 eed o mn
ulsfiggt :r cfa%lfjf(g{%Somové&[;{%'per?g/e%'m&eathgggégi&t %gzrﬁe?ﬁﬂlé?d(??%rﬁat er (D) of
the nozzl egensity gradidist thigpdli gh-pressure radical process |owdensity

pol yet hyl ene, a “copol yner t ereof with a pol ynerizabl e nononer such
as anot her [errhdlRidin 24u0d ACehat ﬁigh-sgesééré%a(a &afster 1Is
enpl oyable within [imts not prejudicral to the objects of the present

i nvent Son.process low-density poliielthily@BaeCORRE¥HEInEDEROSE L _
The ethyl ene copol yner conposition (A) according to 20 the invention
conpri ses dégredove-Iey idreth draylchers/, [ ¢sr fesirablylebt nenpol yner (A) and
t he hi gh-pressure radical process | owdensity polyethylene (E).
than 1.3. The swell ratio is a ratio (Ds/D) of a
diameter (Ds) of a strand extruded from a nozzle (inner
diameter (D): 2.0 mm, length: 15 mm) at an extrusion
10 speed of 10 mm/min using a capillary flow property
tester to an inner diameter (D) of the nozzle.
As the high-pressure radical process low-density
polyethylene, a copolymer thereof with a polymerizable
monomer such as another a-olefin, vinyl acetate or an

15 acrylic ester is employable within limits not

prejudicial to the objects of the present invention.

Ethvlene copolvmer composition
The ethylene copolymer composition (A) according to
20 the invention comprisés the above-mentioned ethylene/o-
olefin copolymer (A) and the high-pressure radical
process low-density polyethylene (E).
In the ethylene copolymer composition (A)
comprising the ethylene/c-olefin copolymer (A) and the
25 high-pressure radical process low-density polyethylene

(E), the component ratio is not specifically limited,

but it is desirable that the ethylene/da-olefin copolymer



In the ethyl ene copol yner conposition (A) conprising the
et hyl ene/ a- aref49n coppadqerer (A) and the 25 high-pressure radi cal process

| ow density pol yet hyl ene (E), the conponent ratio is not specifically
limted, but it is desirable that the ethylene/[err]-olefin copolyner
F- 1493/ SF- 605 64 64 (A) is contained in
an anount of usually 60 to 99 % by wei ght, preferably 80 to 99 % by
wei ght, nore preferably 90 to 99 % by weight, and the high- pressure
radi cal hyle | 80 CONT G4 n an
anount of usual I y 1t éé)%ﬁé‘)d/fg?\ﬂ% Oﬁﬁgréfgepg %ﬁif go el g’é@%}} by wei ght

more preferapdyy ﬂtto%é&e@mwog% 99 % by wem&ﬂ% eﬁBi‘éeﬁfeE&%WE

conposition (A)” can prepared hitherto known processes, for exanpl e,

the fol $oe P Prosssesightl0and the biphApPeasess fddi@ehani cally
bel ndi ng the et hyl ene/ a-ol efin copol yner (A), the high-pressure

radi cal procgssceésyTansddnsipgt yRilpdetgdenk) (Endist 86ntained coipanent s
optionally added using an extruder, a kneader or the like. 15

(2) A prbcesamainti o oksuaidlyt He tet MYl &ndy] eeiphol epraferablyopotgyner (A),
t he hi gh-pressure radical process | ow density polyethylene (E) and
ot her conpondhts ptwaeight y more pagfegabdyad &ppil8pki By ewgfoaizk sol vent
(e.g., hydrocarbon sol vents, such as hexane, heptane, decane,

cycl ohexane, 20 TherpEnelens|qansdvasd SPRBRE)tighd (AEned® et he sol vent

prepared hitherto known processes, for example, the
following processes.

10 (1) A process of mechanically belnding the
ethylene/0-olefin copolymer (A), the high-pressure
radical process low-density polyethylene (E) and other
components optionally added using an extruder, a kneader
or the like.

15 (2) A process of dissolving the ethylene/a-olefin
copolymer (&), the high-pressure radical process low-
density polyethylene (E) and other components optionally
added in an appropriate good solvent (e.g., hydrocarbon
solvents, such as hexane, heptane, decane, cyclohexane,

20 Dbenzene, toluene and xylene), and removing the solvent
from the solution.

(3) A process of individually dissolving the
ethylene/a-olefin copolymer (A), the high-pressure
radical process low-density polyethylene (E) and other

25 components optionally added in an appropriate good
solvent to prepare solutions, mixing the solutions, and

removing the solvents from the mixture.



fromthe sol ution. (3) A process of individually dissolving the

et hyl ene/ [ er re=10 o Ag¥-@@ol yner (A), the high-pressure radi cal process
| ow- density polyethylene (E) and other 25 conponents optionally added in
an appropriate good solvent to prepare solutions, mxing the

sol utions, and renovi ng the sol ‘@ts fromthe m xture.

F- 1493/ SF- 605 65 (4) A process
of properly conbining the processes (1) to (3). The

et hyl ene copol ynmer, 50 Iddey (A e gl Agmbinind 0r@HQ &hhodi nent  of
the invention corrp(rllﬁscrags)(ijtyhe S%e%)ﬁspene?[err }rcl)llrgi n cg%o yerrer (B), the
et hyl ene/ a- ol gfy neo ﬁ3) copolyner (C) and the high-pressure radical process

| ow density pol yethyl ene (E). In the ethyl ene copol yner

conposition (A') The &Nyl R@pohgmethybpesarbef (A' copedowrding B), the
10 ethylene/a-olefin copolymer (C) and the high-pressure radi cal
process | ow demsarotipnt edbdodieeat( BE, theeinventionpooeptised ithe S not
specifically limted, but it is desirabl e that the .

et hyl ene/ Per rethyksney s firecenBymerd (B) . the) eshylepaldradafin t he
total anmount of usually 60 to 15 99 % by weight, preferably 80 to 99 % by
wei ght, nor e copolymradr ef@bland Fheo hdghoplesaurghradaedl tpreoersth-Ivessur e
radi cal process | ow density pol yet %};I ene (E) is cont ai ned in an anount
of usually 1 @?}“%WAWW@EHG (E) .

In the ethylene copolymer composition (A')

comprising the ethylene/a-olefin copolymer (B), the
10 ethylene/a-olefin copolymer (C) and the high-pressure
radical process low-density polyethylene (E), the
component ratio is not specifically limited, but it is
desirable that the ethylene/a-olefin copolymers (B) and
(C) are contained in the total amount of usually 60 to
15 99 % by weight, preferably 80 to 99 % by weight, more
preferably 90 to 99 % by weight, and the high-pressure
radical process low-density polyethylene (E) is
contained in an amount of usually 1 to 40 % by weight,
.preferably 1 to 20 % by weight, more preferably 1 to 10
20 % by weight.
It is desirable that the ethylene/0-olefin
copolymer (B) is contained in an amount of 1 to 90 % by

weight, preferably 2 to 80 % by weight, based on 100 %
by weight of the total of the ethylene/0-olefin

25 copolymers (B) and (C), and the ethylene/c-olefin
copolymer (C) is contained in an amount of 10 to 99 % by

weight, preferably 20 to 98 % by weight, based on 100 %



preferably 1 to 20 % by weight, nore preferably 1 to 10 20 % by wei ght.

It is desigapies tdiatggdre ethylene/[err]-olefin copolynmer (B) is
contained In an amount of 1 to 90 % by wei ght, preferably 2 to 80 % by
wei ght, based on 100 @6 by wei ght of the total of the
ethylene/[err]-olefin copoly s (B) and (C), and the

et hyl ene/ a-ol efin copolyner ?%§ Is contained in an anmount of 10 to 99
% by wei ght, preferably 20 to 98 % by meight based on 100 %

F- 1493/ SF- 605 by wei ght of the
total of tkeé weightere] e |ttakiqf the e&é’b’&ﬁ?ﬁé%"&%ﬁ P (0.

The et hyl ene copol yner conp05|t|on (A") can be prepared hitherto known
processesfc¢@¢ﬁﬁﬂ%m%:€5 taRd &) f ol | owi ng processes (1) A
process of nec anlca Iy bl endi ng t he olefin copolyners (B
and (C), the higme s%fiﬁog% Eé’lmpﬁF&EéS ﬁéw? d‘éﬁ%.‘?? pol ygt hyl ege)
(B and ot he onent tional |y added u5| eéﬁéuder 10 a
kneader orPYERAF¢¢ILLhErto knovprtﬁ K6 s s 5t e%fl 5 VI Ag-t he

et hyl e pol ymer s (B) and (O, the hi gh- pressure

/er
radicalré:e EOi%?%%%%ép¥%ﬁfﬂ%nS|ty pol yet hyl ene (E) and ot her conponent s
optional ly adde 15nAigyégﬁgéﬂ%fEHéEHHH¥$aI¥§ pieh¥eRl tHed., hydrocarbon

sol vents, such hept ane, deCane, cyc ohexane, benzene,
t ol uene anéthylene/a-olefln copolymers (B) and (C), the high-

pressure radical process low-density polyethylene (E)
and other components optionally added using an extruder,

10 a kneader or the like. |

(2) A process of dissolving the ethylene/a-olefin
copolymers (B) and (C), the high-pressure radical
process low-density polyethylene (E) and other
components optionally added in an appropriate good

15 solvent (e.g., hydrocarbon solvents, such as hexane,
heptane, decane, cyclohexane, benzene, toluene and
xylene), and removing the solvent from the solution.

_ (3) A process of individually dissolving the
ethylene/o-olefin copolymers (B) and (C), the high-

20 pressure radical process low-density polyethylene (E)
and other components optionally added in 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

25 (1) to (3).

In the present invention, it is possible that a

composition (F) is first prepared from the ethylene/o-



xyl ene), and renoving the solvent fromthe sol ution. (3) A
process of F+MBVigR80Y di ssol ving the et hyl ene/ a-ol efin copol yners
(B) and (C), the high- 20 pressure radical process |owdensity

pol yet hyl ene (E) and ot her conponents optionally added in an
appropriate good solvent to gyepare solutions, mxing the solutions,
and renoving the solvents fromthe m xture. (4) A process of
properly conbi ning the processes 25 (1) to (3). . In the
present i nyeatiRNcopdlymeOSE blard haf) and thenC@RROSthyDENF) is first
prepared fromthe ethyl ene/a- F- 1493/ SF- 605

67 otep o hymep otommrsi fiBn afrd )( Qs prepkired €hemethygl ene copol yner
conposition (A) is prepared fromthe conposition (F) and the

hi gh- pr esscompositiitat (Flocesd the hilghwptessure pebyjethybroeeg¢d) by the
above- nenti oned 5 known processes. . In the conposition (F)
conpri si nglovWedensitymeekivethylens &fi)n byosbley aboveBrenhiioned
ethylene/[err]-ol efin copol ymer (€, the ratio of the nmelt flow rate
( MFR(B)P) ofne¥e processesi ene/[err]-ol efin copolymer (B) to the melt flow

10 (MR t the ethyl -l et | fer abl
Catistios the 15 BOF BRI YIoh (1) cotorlsiB0 b tpneag-Torr ' 20, ”
sat | s i ng Condrt et
el nyl eno/ [ SEPTE 01 S7P e Vbt ARl RIS R, fopRLver
ethyl ene/ 11 8pxepge COROLY "B - tnd ket £184° Satt"SMFR (B)) of the

ethylene/o-olefin copolymer (B) to the melt flow rate

10 (MFR(C)) of the ethylene/o0-olefin copolymer (C)
preferably satisfies the following condition
1 < MFR(C)}/MFR(B) < 20.
In the present invention, it is desirable that the

ethylene/a-olefin copolymers (B) and (C) are each an

15 ethylene/l-hexene copolymer. In this case, the

composition (F) comprising the ethylene/c-olefin

copolymers (B) and (C) preferably has substantially the

same properties as those of the ethylene/a-olefin

copolymer (A), as described below, and is expected to

20 have the same usefulness as 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 > 2.2XMFR-0-84,
preferably 9.0xXMFR™0-65 > MT > 2.3>xMFR-0-84,

25 more preferably 8.5XMFR-0-65 > MT > 2.5XMFR-0-84,



conposition (F%\h?:orrpri sing the ethylene/[err]-olefin copolynmers (B)

and (C) prefk4 SF+RR5 substantially the sane properties as those of
the ethylene/[err]-olefin copolymer (A), as described below, and is
expected to 20 have the same useful ness as that of the copolymer (A).
(A'-i) The nelt tension (MI (g)) agg the nmelt flow rate (MFR (g/ 10
mn)) satisfy the follow ng rel ation: 9.0xMFR[ err] > MI >

2. 2XMFR[ err], preferably 9.0XMFR[ err] > MI > 2. 3XM-R[err], 25
nore pref erabl yrige R @fd |copdWimar2 coXiyEBieibh. (F) having tnd493/ SF- 605
68 The et hyl-ene copol yner conposition (F) having the

above propsbdve hewoduty MRld Higpsmenc( MEhsisa (@) ,iso that f1as excel | ent
nol dabi lity. (A" -ii) The flow activation energy

((E err]))ﬁ@éeégdelleﬁq_@/magbiqgt?{m ned froma shift factor of tine-
tenperature superposition of the flow curve, the carbon at om nunber

(©) of 1-hexeneAniie MapHNMELTt(BRtaBH energy( €. 303¢-4he total content
(x nol %9 of 1-hexene in the copol yners (%3/ anda(C) satisfy the

f ol I o ON3 - 3 _2) #0, 0096) xx+2. 87 <
(E[ e?\rNis)n gl%&ﬁ%)o{aeﬁ%med from a shifl %Q%g‘ égﬁ% -‘23 10, 1660) xx+2. 87,

preferably : X+ 2. < ) err err
(0. 039Ln(ct592r§‘£eoé.%§léfo% %x%e%%%%é °§or§§ep?fe§§r§%%?' tnd Eddoon
(0. 039Ln( Gt XXHK2. 87 < rrk)x err 15 [err]
(0. 039Ln(%‘§‘§ﬁ8’.“%@%’8’§ 5 o TrReRe Q‘ theCtbbo1ters (3) and
(C), and the total content (x mol%) of l-hexene in the

copolymers (B) and (C) satisfy the following relation:

10 (0.039Ln(C-2)+0.0096)Xx+2.87 < (E)X10-4 <
(0.039Ln(C-2)+0.1660)xx+2.87,
preferably, (0.039Ln(C-2)+0.0096)Xx+2.87 < (E,)X10-¢ <
(0.039Ln(C-2)+0.1500)%xx+2.87,
more preferably, (0.039Ln(C-2)+0.0096)xx+2.87 < (E;)x10-4

15 < (0.039Ln(C-2)+0.1300)xx+2.87.

(A'-iii) The haze of a film having a thickness of
30 pm produced from the ethylene copolymer composition
(F) by inflation molding satisfies the following
conditions:

20 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,

Haze < 0.45/(1-d)xlog (3xXMT1-4)x(C-3)0.1,

25 and



(A -ii1) The haze of a film having a thickness of 30 [err] m produced

fromthe ethylFenldS3dpsB-%$08r conposition (F) by inflation nolding
satisfies the follow ng conditions: 20 when the fl ow i ndex
(FI') defined by a shear rate at whi ch a shear stress at 190 C reaches
2.4x10[err] dyne/cnfierr] and thggwelt flowrate (MFR) satisfy the
relation FlI [err] 100xMFR, Haze <

0.45/ (1-d)xl og(3xMr[err])x(C3)[err], 25 and F- 1493/ SF- 605
69 whenyhle thawelBRexnaék) (Hef | deeh Ava o heathdaat ¢attle at

whi ch a shear stress at 190-C reaches 2.4x10[err] dyne/cnferr] and the
melt flow rat vhiMhRh shkksf grkBesr &taldon Flreaches 21Q8XBFRiyne focm? Haze
< 0.25/(1-d)xl og(3xMr[err])X(C3)[err] wherein d represents density

(g/cnB), M repifseRt ﬁﬁﬁ%' Elow rat:?n%f«g@) (Hei A Gid %_rl%'sa%%&h% car bon

at om nunber of exene, nane he conposition (F)
conpri sing the ehdgrene/ a- 10 olefin copol yners (B) and (C) and
satisfying the above conditions has excellent noldability and can

produce g5 fil sl ep&cglbgpqltagg§ggigﬁmmm4 x(Cc-3)0.1 The conposition
(F) conprising the ethylene/ err]- ol efln copolynmers (B) and (C) of

Ve OB O SRS UG Behal) 1Pl 9 DEcRLSBRELVDe

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

l-hexene, namely, 6.

The composition (F) comprising the ethylene/o-

10 olefin copolymers (B) and (C) and satisfying the above
conditions has excellent moldability and can produce
films of excellent transparency.

The composition (F) comprising the ethylene/0-
olefin copolymers (B) and (C) of the invention

15 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
molecular weight), as determined by GPC, satisfies the

20 following condition:

2.0 £ Mw/Mn £ 2.5,

preferably 2.0 £ Mw/Mn < 2.4.

In the composition (F), the constituent units
derived from ethylene are present in amounts of 50 to

25 100 % by weight, preferably 55 to 99 % by weight, more



(A -iv) The nol ecul ar weight distribution (Mwv M, My wei ght - aver age
nol ecul ar weight493MsF-ra0ier - aver age nol ecul ar wei ght), as determ ned
by GPC, satisfies the 20 foll owi ng condition: 2.0 [err] Msm M
[err] 2.5, preferably 2.0 [err] MV M1 [err] 2.4. I'n

t he conposition (F), the constituent its derived fromethylene are
present in anmounts of 50 to 25 100" % by wei ght, preferably 55 to 99 % by
wei ght, nore F- 1493/ SF- 605 70

preferably 65,t0r@8.150PVsyeigys B WRIiGHRY, a&b}éagrteeerably%o %by weight,
and the constituent units derlved from [err]-olefin of 6 to 8

carbon at oms, opr gfisy Apligre, and &%%sﬂ%ﬁeﬁ@%ﬁ%s' Bed tgr&a 0 to 50
% by wei ght, 5 prefera y 1 to 45 % by weight, nore preferab to 35

% by weight, pRethcolefiy Of &f bl YedbHp %Qo%sby ]prefer‘éﬁﬂ.ghﬁ.-
The conposition (F) de5|rably has a density ( 0.880 to 0.970

0. 535 ol the, TEATER: (e dergrens  GuBEtd, 061833‘3r Qb dLdl; OO0 00
o716 mi pre?%?ges' g1y b o Wugv% raterewsrsf%ﬁ%m%§7éo3.5'-'1t?02?8
O b e e SO SRR TR, st 4 (40
weight.
The composition (F) desirably has a density (d) of
0.880 to 0.970 g/cm®, preferably 0.880 to 0.960 g/cm3,
10 more preferably 0.890 to 0.935 g/cm®, most preferably
0.905 to 0.930 g/cm3.
The composition (F) desirably has a melt flow rate
(MFR) of 0.05 to 200 g/10 min, preferably 0.08 to 50
g/10 min, more preferably 0.1 to 10 g/1l0 min.
15 The n-decane-soluble component fraction (W (wt%))
of the composition (F) at 23 °C and the density (d

(g/cm’)) thereof satisfy the following relation:

in the case of MFR £ 10 g/10min,

W < 80Xexp(-100(d-0.88))+0.1,

20 preferably W < 60xexp(-100{d-0.88))+0.1,
more preferably W < 40xexp(—100(d—0.88))+O.i,
in the case of MFR > 10 g/10min,

W < 80X(MFR-9)9-26xaxp(-100(d-0.88))+0.1.
The temperature (Tm (°C)) at the maximum peak

25 position of an endothermic curve of the composition (F)



(g/cnmB)) thereof satisfy the follow ng relation: in the case of

MFR [err] 10_g) L, W < 80xexp(-100(d-0.88))+0.1, 20
preferably 24%§Z%€p?9?00(d-0.88))+0.1, nore preferably W<
) :

40xexp(-100(d-0.88))+0. 1, in the case of MFR > 10 g/10m n,

W < 80X(NFR—9)[err]xexp(-lOO(d-O.88%£+0.1. The tenperature (Tm
([err]C)) at the maxi num peak 25 sition of an endotherm c curve of the
conposition (F) F- 1493/ SF- 605 71
as neasured by a differential.scanning calorineter (DSC) and t he
Gonstty (d P8 BRRSvFe) B s ESR S e Re” FaL PR eF of BEE b

Tm < 400xd-$§8, 5 . preferabLy Tm < 45Q0xd- 296 nor e

pref erably <thgodgnsiny (d (g/cm®))ptherepfappryistys BRabl y Tm <

550xd- 392. , The conposition (F) having the above-defined

rel ati on befRbeAWiRg ¥ehpet@@ure (Tn) at the naxi mum 10 peak position of
an endotherm c curve as neasured by a differential scanning

cal ori neter (DSC?maﬁd49ﬂ§dﬂ%$§ity (d) and having the above-defi ned
rel ati on. between the n- decane-sol ubl e conponent fraction (W and the
density (d) PRase52REY r T ot 13%h distribution. 15 The

conposition (F) which conprises the ethyl ene/ a- ol efin copol yner (B)
and the ethyl enePPEfr Proferaply ol §miixd-343,

particularly preferably Tm < 550xd-392.

The composition (F) having the above-defined
relation between the temperature (Tm) at the maximum
10 peak position of an endothermic curve as 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 composition (F) which comprises the ethylene/o.-

olefin copolymer (B) and the ethylene/0-olefin copolymer

(C) can be prepared by conventional processes, for
- example, the following processes.

(1) A process of mechanically blending or melt

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

kneader.

(2) A process of dissolving the ethylene/c-clefin

2S copolymer (B), the ethylene/c-olefin copolymer (C) and



(C can be prepared by conventional processes, for exanpl e, the

fol | oW ng pFOCESSARS-605 (1) A process of nechanically blending or
melt 20 mxing the ethylene/[err]-olefin copolyner (B), the

et hyl ene/ a-ol efin copolyner (C) and ot her conponents optionally added
using a tunbler, an extruder or a kneader . (2) A process
of dissolving the ethylene/a-ol efi w225 copolyner (B), the

et hyl ene/ a-ol efin copol yner (C) and F- 1493/ SF- 605

72 o onent.s ti.ona added in an approprjate good

sol vent (e.%&?éﬂy i cc;}lér o $ t\}éjﬁ*f’lyéuéagg‘g ﬁ%x%ﬂe?ggr" rlqreept%%i, decane,
cycl ohexane, -henzen tol ye and xyl ene), and renoving the sol vent
fromthe soﬁou]t“?eéﬁc. <eé'§" %Y%O("’?fbﬂnpf%‘éé’gtﬁf ;ﬁlﬁﬁi%ﬁ%ﬁ%ﬁ'di ssol ving the
et hyl ene/ a-.0l ef i n copol yner (B),  the ethylene/a-olefin - _copolyner (O
and ot her Jﬁé@ﬁ‘ﬁnt geé:ﬁ)t‘/'ﬁedné’lg’l%bgﬁﬁéﬁe'r ngenzeneant%b‘b?%rMe good sol vent
to prepare sg#gtions,<f1xing, the_sol utions, and renoving the solvents
fromthe P& ur&nd removing the) salyenkeEEoBf the c3RkUSArbnbi ni ng t he

processeges 1) to (3). . .. ..The ethylene/[err]-olefin copolymer
(A) and>t he (3ethpraseseopdl Freividnpblyt dbsselvingithere i nvention, as
15 descri be aq%}\ﬁa, bot h have ex;el | .ent _nol dability_and can _ produce
films of exteM: e&q— IﬁSPO ¥ekedBani ERe eth¥lene/a-olefin

copolymer (C) and other components optionally added in
an appropriate good solvent to prepare solutions, mixing
the solutions, and removing the solvents from the
10 mixture.
(4) A process of properly combining the processes
(1) to (3).
The ethylene/a-olefin copolymer (A) and the
ethylene copolymer composition (A') of the invention, as
15 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
- combination with other polymers, preferably an

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

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

ethylene/o-olefin copolymer (A) and another ethylene/o-
olefin copolymer, and an ethylene copolymer composition
(A"') of the ethylene/a-olefin copolymer (A') and
another ethylene/a-olefin copolymer. As such an

25 ethylene/a-olefin copolymer, the ethylene/t0-olefin



strength, as they are. Furthernore, they can be used in conbi nati on

Wi th ot her porynges/spred®rably an ethylene/[err]-olefin copol yner.
For exanple, they can be 20 wused as an ethyl ene copol ymer conposition
(A") of the ethylene/[err]-olefin copolynmer (A) and anot her
ethylene/[err]- olefin copolyner7 and an et hyl ene copol yner
conposition (A"") of the ethylene%a olefin copolyner (A") and

anot her ethyl ene/ a-ol efin copol yner. As such an et hyl ene/ a-ol efin
copol ymer, t heoghihenelsy 0b&lifined b 9358051 orotaren

73 copol ?/lrgrejr?%D) éleyscrl bed bee ov?llog par? i cul a}l Iy pye?g?af Ly

enpl oyed. edne ethylene/[err]-olefin copolymer (D) used for the
invention is a ?an%on1copolyner of ethylene and an a- 5 olefin of 3 to
20 carbon atons. @Ké”@kﬁ?léﬁeﬁ&wabfln copd18/dis (@) aska £8zcapbon atonms
may i ncl ude propyl ene, u ene, 1l-penténe, 1-hexe

d-methyl - | -penhebeidn is a P %pﬁ%%’le’ofl ecéa%%ﬁeeana Litgadecene, 1-
hexadecene, 1- octa ecene an 1 el cos

et hyl ene/ [grr I NeCQPPL YHERT t i tu i s derived
from et hylsgnel)%trggg%rgge%t & ﬁl@ Cé%or%u 3 o ?8‘%?“8’1?8‘0%@ l%%/lgv\gl ght,
preferably 55 t0_99 % nDre preferabl 65 to 98 % by weight,
nmost pre?i?gb{lﬁ 98 ?ot‘QGdequr MSa ¥t H‘E‘c&éﬂ?[ PEOBKteN85 units
derived fromthe [err] -olefln of to 20 carbon at ons are present in
amounts of 0 £aP8 e@@by m@gﬁﬁgne, -hexene, 4-methyl-l-pentene, 1-

octene, l-decene, l-dodecene, 1l-tetradecene, 1-
hexadecene, l-octadecene and l-eicosene.

10 In the ethylene/0-olefin copolymer (D), 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 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
% by weight, most preferably 4 to 30 % by weight.

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

20 the following properties (D-i) to (D-ii) and
particularly preferably has the following properties (D-
i) to (D-iv). |

(D-i) The density (d) is in the range of 0.850 to

0.980 g/cm3, preferably 0.910 to 0.960 g/cm3, more



preferably 1 to 45 % by weight, nore preferably 2 to 35 % by wei ght,

nmost pref erabkyq dof psPlsg4 by wei ght. The ethylene/[err]-olefin
copolymer (D) preferably has 20 the follow ng properties (D-i) to (Dii)

and particularly preferably has the foll owi ng properties (D i)
to (Div). (D-1) The densi (d) is in the range of 0.850 to
0.980 g/cnB, preferably 0.910 to 0.960%g/cnB, nore F- 1493/ SF- 605
74 preferably 0.915 to 0.955 g/cnB, nost preferably 0.920 to

?regggrg{jclrr[ner rl'efﬁlé%:%}Yn a?léi?%é [ erﬁl‘é I |ntsr :‘ 2@%&#%%?8;‘:&%(1%@@[0 8 dI /g,

5 preferably_0O fdl /g, nore preferably05t0123 dl/g.
(D-iii) The tE %ré\ﬁu %;?“Tm([err]C)) at the maxi mum peak position of

an endot herm c curgs_% C?E %/nr%ec v Scoaég_t (3§‘?w ed b 9 Lgerential

scanni ng cal ori net ensity g/an 7 Sfy the
fol |l ow ng rela Tm < 400xd- 250 pref erably
Tm < 450xd- 29§1ecalln at 135 nre igr éFelhB ya’Fﬁf—‘é’gO@xﬁ %9148 dli@

particularly preferably Tm < 550xd- 391.
n- decane- soi uBFe @%‘)ﬁ%&e%‘lffﬁ%c}uzﬁ die m°re(\EF‘%)fFr8-P1Y08ﬂ5tE‘Prp%r%3 ure and
the density ((cillsg/c[err]))

g.

(D-iii) 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-250,

preferably Tm < 450xd-297,

more preferably Tm < 500xd-344,

15 particularly preferably Tm < 550xd-391.

(D-iv) The n-~decane-soluble component fraction (W
(wt%)) at room temperature and the density (& (g/cm3))
-~ satisfy the following relation:

in the case of MFR £ 10 g/10min,

20 W < 80xexp(~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,

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

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



satisfy the follow ng rel ation: in the case of MFR [err] 10
g/10mn, 20F-1493/SF-605W < 80xexp(-100(d-0.88))+0.1,

preferably W< 60xexp(-100(d-0.88))+0. 1, nore preferably W
< 40xexp(-100(d-0.88))+0.1, [ n the case of MFR > 10 g/10m n,

W< 80x(MFR-9)[err] xexp(-100(d-0. 88) F- 1493/ SF- 605

75 The ethylene/[err]-ol efi n copolyner (D) bhaving the
above-defined relati on between the tenperature (Tm at t he maxi num

peak position of en erm.c c eas measuy by aﬁg_{fferentlal
scanni ng cal or i rre& %%&?eneéaaﬂ SR 9RRRTYSSY d?bl)a

above- defi ned rel ati on between the n-decane-sol ubl e conponent fraction
(W and the Mﬁrgﬂe@a}leﬁageéaﬁa@aohﬁfé%%svm orerperatying r(Thlt _én.
The et hyl ene/ a-ol efin copol A) is not 10 identical with the
et hyl ene/ [ er itheo reKimumopek: nﬁﬁs plonaef an endediemiiq parve as
ethyl ene/[err]-olefin copolyners (B) and (Q) is not identical with the
et hyl ene/ a- olmeismredpblyy aedifBprential Speaqing| ¢ad o ime terh \(DSTY/ a- ol ef i n
copolynmer (D) can be di stingui shed fromthe ethylene/[err]-olefin
copol yners (And the tlengfCryi Mdh hendlchawivaotipe cgerte-eefined That is,
the ethylene/[err]-olefin copolyner (D) does not satisfy at |east one
of properti exellatipnt beffeehi the n-deeaneésolilole tdmmmaenity felactApn
- (W) and the density (d) has a narrow composition
distribution.
The ethylene/d-olefin copolymer (A) is not
10 identical with the ethylene/a-olefin copolymer (D); and
each of the ethylene/o-olefin copolymers (B) and (C) is
not identical with the ethylene/0-olefin copolymer (D).
Specifically, the ethylene/o-olefin copolymer (D) can be
distinguished from the ethylene/c-olefin copolymers (A)
15 to (C) in the following properties.
That is, the ethylene/d-olefin copolymer (D) does
‘not satisfy at least one of properties (A-i) to (A-iii)
- required for the copolymer (a).
The ethylene/a-olefin copolymer (D) further does
20 not satisfy at least one of (B-iii) to (B-vii) for the
copolymer (B).
The ethylene/a-olefin copolymer (D) furthermore

does not satisfy at least one of (C-iii) to (C-v)

required for the copolymer (C).



The ethylene/[err]-olefin copolynmer (D) further does 20 not satisfy at

| east one off(1B93i/isFt6@5(B-vii) for the copol yner (B). The
et hyl ene/ a-ol efin copol ymer (D) furthernore does not satisfy at |east
one of (Giii) to (Cv) required for the copolyner (C).

F- 1493/ SF- 605 76 76 The

et hyl ene/ a-ol efin copolyner (D) desirably has a | ower intrinsic
viscosity ([err]), as nmeasured in decalin at 135[err] C and a | ower

d ity th th f . th t [-a- | efi |- A) . 5
censity {10 ho%h £l dla L 8GR copor, AAEI |5 CORSINEE, (A o
nirinsic viscost L L) via eaouigd 10 dcalin gl qocoisterr)C an:

and (C). o he et hyl ene/ a;ol efin cqpolyner (D) i repared by 10
copol(yireri zilp &t ﬁ?ﬁeﬁe% T afSRF LY nthan Stq'F%s%(?éaF&’c%ﬁt%ﬁen%t/&’?s i% t he

presence of an olefin polynerization cat al yst which conprises, for
exanpl e, (a)okgfin copedymedal(@ii-num oxy- conpound and (b-111) the transition
met al coppound represented by the fornula (111) as 15 described later. The
or ganoal 8ni num oX\RE SRR/ Q-clefin coprivmgFe (BE Epsirapwibamk|y
described in the process for . preparing the ethyl ene/ a-ol efin copol ymer
(A). SikAWeR |\ pREnSHE ABEFesds¥e (M heas areaenred)immipaddn at

or ganoal um num conpound (d) may be enpl oyed, and
135°C and a lower density than those of the ethylene/o-

olefin copolymers (B) and (C).
The ethylene/a-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
organoaluminum 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/0-olefin copolymer (A).

- Similarly to the above case, the carrier (¢) and the

organocaluminum compound {(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/a-olefin copolymer (a).



20 prepol ynerization may be conducted. The anounts of the

conponent s,

prepol ymer i gat 498, €oOrghg i ons and pol ynmeri zation conditions for
preparing the ethyl ene/ a- ol efin copolyner (D) are the same as those
for preparing t he et hyl ene/a-ol efin copolyner (A).

F- 1493/ SF- 605 77 The transition
metal conmpound (b-I111) is described bel ow. (b-111)
Transition netal conpound 5 The transition netal conpound of a

G oup 4

| i gand

i e el .
havi ng a cycl o:)e adi eny%@%!rf q{eorfﬂ(elg'g#:o)%ac (Ba?gg)l g &‘gé(?% erred to as

"conponent
et hyl ene/ a-

?- L1)" herei nafter) used for preparlng t he
ore

a conpound of a Group 4 transition nmetal of the periodic
a ligand having a cyclopentadienyl , skel eton. The transition
nmetal conpound (b-| % quther, ;S %refe£ bly a conpound represented

cont ai ni ng

by the 15
(111)

selecteé fr
titani um or

10

20

25

f ol | O%r [err]

nthe fornula (11 M S % transition nmetal atom
of a GpadPifcal ly zirconium

on1C?3G% EFQHS%W&PﬂNﬂGQi%<F
haf nfjum preferably 20 Z|rcon|um
transition metal of "the periodic table including a

ligand having a cyclopentadignyl skeleton (b-III)
(sometimes referred to as "component (b-III)"
hereinafter) used for preparing the ethylene/a-olefin
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
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
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 of the ligands

having a cyclopentadienyl skeleton include:

I'h 10 copolynmer (D) is not particularly limted as |ong as
tabl e '



x 1s a valence of the transition netal. L[err] is a ligand

coor di nat ed t%_QQSBtggnﬁ'gion nmet al atomM and at |east one |igand
Llerr] is a lig hEET 8 a cycl opent adi enyl skel eton. Exanpl es of the
ligands 25 having a cycl opentadi enyl skeleton include:

F- 1493/ SF- 605 78 a
cycl opent adi enyl group; al kY8 substituted cycl opent adi enyl
groups, such as a met hyl cycl opent adi enyl group, a di nethyl

cycl opent adi enyl group, _.a trinmethyl_cycl opentadienyl 5 group, a
tetranet hyl cycl op@nFyGLeRERLaRdERYLadTouP  pent anet hyl cycl opent adi enyl
group, an ethyl cycl opent adi enyl group, a_nethyl et hyl cycl opent adi enyl
group, a propylcycEéb@ﬁr§ﬂg§ﬁ}Fu§?6u§¥c%Ppenta FPRSey EVGFeAfadi enyl
group, a 10 butyl cycl opentadi enyl group, a )

met hyl but yl cy@ oesivddvedpbegtadpennd grour. addmeSlopent adi enyl group;
an i ndenyl group; a 4,5,6, 7-tetrahydroi ndenyl group; and a fl uorenyl
group. Trysd openipsiieny lbgroubst &t trtmetiiyh ¢wd pantaddesyl 15

trial kylsilyl groups and the |iKke. O the ligands having a

cycl opent alli emggdouskeleett@tramethypacyctapentydiemflergiuwr arce

al kyl -substituted "cycl opent adi enyl. groups. When t he conpound
of the fornul pentamettgrlt ayedopentadenyl ngreup i gandsthiavi ng a

cycl opent adi enyl skeleton, two
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—tetrahydroiﬁdenyl group; and a fluofenyl 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



of then1nay be bonded through an al kyl ene group, such as et hyl ene or

propyl ene, Pu9§§gy§fegoglkylene group, such as isopropylidene or

di phenyl net hyl ene 'yl ene group, or a substituted silylene group,
such as F- 1493/ SF- 605

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

In the formula (111), L3 other than th | i gand havi ng a

cycl opent adi enyl skeleton is a hydrocarbon 5 group of 1 to 12 carbon

hal ogen at ﬁh]kax%eg%%%}g%ﬁn%f sty bR, e kbpdt o bon or oup

of 1 g ibon atons which may have a substltuent such as
hal ogen), eacﬁ Y-®hfch is the sane group or aton1as 10 indi cated by

L[err] in the fornula of the r nted by
s err]R include alp- Fé EﬂﬁggfgoﬁﬁE IE °§P86pF gn dﬁﬁa E% onat o group

and a trifl uoromet hane sul fopato gro The transition
metal compoun82YriShe FXF%P%n%?‘?JrﬁnYll?]?ﬂWncHst l’i‘eh\YQ‘F@ﬁéé B8R t he
transition netal is, for le, 4, is nore specifically represented
by the f gFPERI A§ LoFfuta fqurbor) .atoms, an alkRpyr SFREBrr#R[ err] R err] M
(reet) wherein Mis the sane transition netal atom as described 20
above; R2 is arylewy grPyandd weiaHoylksidptl grovpadigeipllogen a5l et on; R3,
R4 and R[err] are each a group havi ng a

hydrogen or a SO3R group (R 1s 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'):

- R R3; R4 R5 M (III"')

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 SO3;R group, a



cycl opent adi enyl skel eton, an al kyl group, a cycl oal kyl group, an aryl
group, an prai&y)s@reosw, an al koxy group, an aryl oxy group, a
trialkylsilyl group, a SJerr]R group, a F- 1493/ SF- 605

80 hal ogen atom or hydrogen; k is an integer of 1 or nore; and
K+l +mtn = 4. In the presgat i nvention, a netall ocene conpound
wherein one of R3, R4 and R err] is“a group (ligand) having a 5

cycl opent adi enyl skeleton, e.g., a netall ocene conpound wherein R2 and

R3 are eacﬁaﬂ.o
pr ef er abl y enpf o

be bonded

a substitu?%%

oups having a c OpEen I eny

ene group such as isopropylidene or

GE0U0 b1 PT)ahD0 12 10 an RBEETLRT ayl pakl ot on, i

Skel et on may
%fgﬁﬁH9h=q£-alkylene group such as ethylene or propylene, 10

di phenyl et hyl epe, iyl . ' d i Lyl
Such as. i et hyFS) 1o eSS BRIt B RARRT4 oS RorapPaRER) oi 1y ene.

In thi , _oth | d .g., R4 d R5). . h
L e e B Rt deny A HoRntorT s h S (Liderd oBrrard o

an aryl

gr
trial kyl si
Exanpl es of the tr

i ncl ude:
di br om de,

10

15

20

25

havi ng
group,

ou an aral kyl_group, an al koxy group an aryl oxy group, a
PYFLgpeRtatiet FFS FbuS - S+ @ MehALIGERNS( SAFBFURGHr ogen

whergil (Rhduny i

cyclopentadienyl skeleton, is preferably employed. The
groups having a cyclopentadiéﬁyl skeleton may be bonded
through an alkylene group such as ethylene or propvlene,
a substituted alkylene éroup 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 R5) 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

halogen atom or hydrogen.

Examples of the transition metal compounds of the
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,

bis(fluorenyl)zirconium dichloride,

qpsitioq metal conpounds of_the _2Q0 formula (I11)
R zBFoRPGH @i SRPWP | Hetgand) havdmdi@enyl ) zi r coni um



bi s(i ndenyl ) zirconi um bi s(p-tol uenesul f onat o),

bi s(4,5, 6, 7-t etLabydsP+&0®NY| ) zi rconi um di chl ori de, 25

bi s(fl uorenyl)zirconium di chl ori de, F- 1493/ SF- 605
81 et hyl enebi s(i ndenyl ) zi rconi um di chl ori de,
ethylenebls(lndenyl)2|rconlun1d|bron1§f

et hyl enebi s(i ndenyl ) di met hyl zi r coni um

et hyl enebi s(i ndenyl ) di phenyl zi rconi um 5

et hyl enebi s(i aéﬁw&aﬁiéﬂﬁaé&%ﬂ 20 AOaGh Qe r i de,

et hyl enebi s(i ndenyl ) zi rconi.um bi s( net hanesul f onat o),

et hyl enebi s(i Qgﬁgi{egxébig@ﬂh&& 1?%&&%1%@%‘3?09{1%0)

et hyl enebi s(in zirconium trifluoronethane- sul fonato), 10

eLhyt enebl (gt ?%%%%%%%S%%‘%%?{f?ﬁ?ﬁ%%%lﬁbﬁ%%%mm drentortde e
|$opropyl|denggﬁ¥ggﬁgggg? $Q¥% p@&éﬁgéggéfy%gg enyl) 15 zirconium

di chl ori de, gpent adi ényl)2|rcon|um _
i chl ori d®  SEYAPREPRY '@1 r R S AR o FRRTAGTERST ) 21 T coni um
di chlori de, ey LB Y SLEYL 0D LA PR %%Lna%ee@mg%g L) i rconi um
ethylenebis (indenyl) zirconium bis(p~toluenesulfonato),
ethylenebis(indenyl)zirconiuﬁ bis (trifluoromethane-
sulfonato),
10 ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,
isopropylidene (cyclopentadienyl-fluorenyl) zirconium
dichloride,
isopropylidene (cyclopentadienyl-methylcyclopentadienyl)
15 zirconium dichloride,
dimethylsilylenebis (cyclopentadienyl) zirconium
dichloride,
dimethylsilylenebis (methylcyclopentadienyl) zirconium
dichloride,
20 dimethylsilylenebis(dimethylcyclopentadienyl)zirconium
dichloride,
dimethylsilylenebis (trimethylcyclopentadienyl) zirconium

dichloride,
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dinethylsily#gfgégféé_ yl ) zi rconi um di chl ori de,
enebis{i n

di methylsily enyl ) zirconi unbi s(trifl uoro- met hanesul f onat 0) ,
di met hyl si |l yl enebi s(4,5, 6, 7-tetrahydroi ndenyl ) zirconium 5 dichloride,
di met hyl si |l yl ene(cycl opent adi enyl -fl uorenyl ) zirconi um . dichloride,

di phenyl si | yl enebi s(i ndenyl ) zi rconi UdZdi chl ori de,
met hyl phenyl si | yl enebi s(i ndenyl ) zi rconium di chl oride, 10
bis(cyclopentadienyl%zirconiun1djch|oride

bi s( cycl opentHAPERYS LY LIRARAF it ldg lrconium dichloride,

bi s(cycl opent adi enyl ) net hyl zi r coni um nonqchl or.i de,, )

bi s( cycl opentaBeERYT S RINIAER LDhRARIIA FdRcoRiy@bLs (trifluoro-

bi s(cycl opent adi enyl ) cycl ohexyl zi r coni um nonochl ori de, 15

bi s( cycl openPatieRg$Y ) 1 coni um monochl ori de,

bi s(cycl opent adi enyl ) benzyl zi rconi um nonochl ori de, . .

bi s( cycl opendéaeehylsilykenshis orodhlTotiedeahydshyaderarl) zirconium

bi s(cycl opent adi enyl ) met hyl zi r coni um nonohydri de,

bi s( cycl ependadhbeyideli net hyl zi rconi um 20

bi s(cycl opent adi enyl ) di phenyl zi rconi um

bi s(cycl opendanecnyl$tlpkers  oyeclapenmadienyl -ifilsprenydpritacniuy! ) zi rconi um

met hoxychl ori de, bi s(cycl opent adi enyl ) zi rconi um et hoxychl ori de,

bi s(cycl openfladhkoyidej r coni um bi s( et hanesul fonato), 25

bi s(cycl opent adi enyl ) zi rconi um bi s( p-tol uenesul f onat 0) ,
diphenylsilylenebis (indenyl) zirconium dichloride,
methylphenyisilylenebis(indenyl)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),
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bi s(cycl operfah BRBE-A%GToni um bi s(trifl uor onet hane- sul fonat o),

bi s(met hyl cycl opéent adi enyl ) zi r coni um di chl ori de,

bi s(di met hyl cycl opent adi enyl ) zi r coni um di chl ori de, 5

bi s(di et hyl cycl opent adi enyl ) zircorgzim et hoxychl ori de,

bi s(di met hyl cycl opent adi enyl ) zi r coni um

bi s(trifluoromethane-sul fonat o), bi s( et hyl cycl opent adi enyl ) zi r coni um
di chl ori de, bis (cidkdpeditadiginylieaiccoptainaBi eyl flusoomethahehl ori de, 10
bi s( propyl cycl opent adi enyl.) zi r coni um di chl ori de,

bi s( et hyl pr ogytsyyetopent adi enyl ) zi rconi um di chl ori de,

bi s(butyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(met hyl bubys cxet19PEAF IRt AdhiengQ) 24 Fe8he ihoBE €B1oride,

bi s(met hyl butyl cycl opent adi enyl ) zi r coni um bi s(net hane- 15 sul fonato),
bi s(trimet hybey el Ol AR e HaeRINgY 94 ¢BbAE Lfledichloride,

bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( pent gnet Byl cyshopan .fﬂﬁ@&ﬁgdf%¥%%9g&@kgg&ﬁg%%Ehaﬁychloride,

bi s( hexyl cycl opent adi enyl”) zi rconi um hl or

bis(trineth i { YAl Is Lchl oride. In th
otur et ke gackonel g epupsaniomducgl o 0 1

above exanpl es, cycl opentadi enyl rings include 1, 2-

and 1, 3-subs{ i #Hg; i l.yrings, and the tri-substituted
cyclopentadi%%%r£€?%5%°¥?éﬁgﬁea 1%%?%?%5%8)1,2,4- 25 substituted

CyC'Opentadiﬁfgke{ﬂ§@@§¢1&5§héﬂéﬁény35qugonium dichloride,

bis (methylethylcyclopentadienyl)zixrconium dichloridé,
10 Dbis{propylcyclopentadienyl)zirconium dichloride,
bis{methylpropylcyclopentadienyl)zirconium dichloride,
bis (butylcyclopentadienyl) zirconium dichloride,
bis (methylbutylcyclopentadienyl)zirconium dichloride,
bis (methylbutylcyclopentadienyl) zirconium bis (methane-
15 sulfonato),
bis (trimethylcyclopentadienyl)zirconium dichloride,
bis(tetramethylcyclopentadienyl)zirconium dichloride,
bis (pentamethylcyclopentadienyl) zirconium 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,



F- 1493/ SF- 605 84 such as propyl and
butyl i nclEeb4IZBBERF&]S such as n-, |- sec- and tert-al kyl groups.

Al so enpl oyabl e are conpounds obt ai nabl e by replacing zirconiumwth
titaniumor hafniumin the 5 above-exenplified zirconi um conpounds.

The transition netal conmpounds re gsented by the formula (111)

I nclude the transition netal conpounds (b- ) represented by the
formula (1) and the transition metal conpounds (b-11) represented by
the fornmulgudhlds pAdbyl and HiAat HAGELa1abrbE, CopohYARn(D);is prepared
by copol yneri zi ng -ethyl ené and an [err]-olefin of 3 to 20

carbon at ofsgddl {4183 F&SHENLAAl JhRipabove- nenti oned olefin
pol ymeri zation catalyst in such™a way that the resul ti ng copol yner

Q?Ey?egglnzi- E)?/e%{]héc?:%@D%ﬁ%ﬁqﬁ{%%ggé%flﬁggﬁgtg%é%]r‘r%ukrjﬁ’ of pre}-‘rgreabl y 99
on 100" par 22t el ot o R TR o BB EBrBRS, tion (A or
corpr i Ses. TRTETSRRRIERL SRR LSRRER (1) and ei ther the ethyl ene
(R) 2an be pr GRS H LTS BIRberh ORGP BroC ESSEameREa eS| y

descrlbed'form.ula (ITI) 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 a-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 copolymer composition (A) or

20 the ethylene copolymer composition (A').

A composition which comprises the ethylene/ca-olefin
copolymer (D) and either the ethylene copolymer
composition (A) or the ethylene copolymer composition
(A') can be prepared by the conventional processes

25 previously described.



F- 1493/ SF- 605 85 The nol ded

products accorBi¥PIREHROT nvention are forned fromthe ethyl ene

copol ymer conposition (A, (A), (A") or (A"). Exanpl es of
t he nol ded products include single- 5 layer films, multi-layer filns,

I nj ection nol ded products, extrusgg®n nol ded products, fibers, foam
products and electric wire sheaths. Mrre specifically, there can be
mentioned agricultural filns (single-Iayer, mul ti-layer), water
barrier sheets, nulThe Imylated igmsiuctk0 apaokdgnggtbi the {mwéntidmyaerefil ns,
stretch fil s, heavy-duty packaging filnms), nulti-layer barrier fil ns,
seal ants for |&edmed ofiram |the atdwilenducpppdyieyi agmposition ndA) grai n bags,
fluid packagi ng pouches, batch i ncl usi on packages, bag-in-box interior
contai ners, 15nkdi &A1) Wht@'ndrs, heat-resistant containers, fibers,
expansi on nol ded products, gaskets, extrusion nol ded products, pipes,

various injection rigrareRles cfudihe medded prefduetsi éngivde shieg ke
The nol ded products fornmed fromthe ethylene 20 copolynmer conposition (A,
(A), (A") Sor lavey Hilms, mulddscaviesd fhidmew injsotéodenalded
Agricultural film(single-Ilayer) The agricultural filmconprises
t he ethyl ene pPSodepos ynertomiesindlded Aroduaty, EMAbersr fom), and if
products and electric wire sheaths. More specifically,
there can be mentioned agricuitural films (single-layer,
multi-layer), water barrier sheets, multi-layer films,

10 packaging films (multi-layer films, stretch films,
heavy-duty packaging films), multi-layer barrier films,
sealants for laminated films, heavy-duty packaging
films, grain bags, fluid packaging pouches, batch
inclusion packages, bag-in-box interior containers,

15 medical containers, heat-resistant containers, fibers,
expansion molded products, gaskets, extrusion molded
products, pipes, various injection molded products and
electric wire sheaths.

The molded products formed from the ethylene

20 copolymer composition (A), (A'), (A") or (A'") are

described below in more detail.

Agricultural film (single-laver)
The agricultural film comprises the ethylene

25 copolymer composition (A), (A'), (A") or (A"'), and if
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hitherto WYy 3 Ay s antioxi dant, ultraviolet |Iight absorber,

| ubricant, slip agent, anti- bIocklng agent, anti-stick agent,

antistatic agent, col orant, carbon bl ack, nmediumdensity

pol yet hyl ene, 5 ethylene/vinyl acetate copolyner and et hyl ene/a-olefin

copol yner rubber. The icultural filmof the invention has a

t hi ckness of 3 to 30 [err]m preferably 7 to 20 [err]m The

agricul tur I fil g Rrepare Int 10 nnldln of the ethylene

copol ymer €Bigo t| %% /s %i 82 ?WF) Brch pas éhEﬁ Snflation

nethod or T-di.e il mpolding usin the |nflat|on nmet hod can
égﬁﬁﬁ% h%@gﬁuégﬁﬁrgﬁé cOMPRLTRRbN $RAIP ggent, ERHi- or

(A'") thr%ygh 8 sI|t die and inflating the extrudate 15 with a given air

st eam Locking agenty, PEHirSEARKs pERREs axkebstakic jageantri ous

properties such as weathering stability, tensile properties, tear

proper t i eSOlQRFRG- IQ§§b§Paﬁ€é55ndmedlumrdgﬂaitv pelyeiiylend.n adhesion to

soil, k.e., 0 f|eXIbI|I so that _it can be effectively used for

open-f$eh§9§¥ TS/ VGV eﬁ&tﬁncspaéymertﬁﬁ%e?thx%@ﬁe/a-oleﬁxnc.ng gr owi ng

i n greenhouse, non-support grow ng for processi ng, early digging

cul turi ng,camcdymeyr mubbexf.i | ms which are mainly required to exert soi

tenperature rise 25 effects.
The agricultural film of the invention has a

thickness of 3 to 30 um, preferably 7 to 20 um.
The agricultural film can be prepared by film
10 molding of the ethylene copolymer composition (A), (A'),
(A") or (A'") using an inflation method or a T-die
method. Film molding using the inflation method can be
conducted by extruding the composition (A), (A'), (A")
or (A'") through a slit die and inflating the extrudate
15 with a given air steam.
The agricultural film is excellent in various
properties such as weathering stability, tensile
- properties, tear properties, impact resistance and
rigidity as well as in adhesion to soil, i.e.,
20 flexibility, so that it can be effectively used for
open-field culturing, growing in plastic tunnel, semi-
forcing growing in greenhouse, non-support growing for

processing, early digging culturing, etc. as mulch films

which are mainly required to exert soil temperature rise

25 effects.
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mul ti-| ayef-¥4934SF-605 The agricultural nulti-layer filmaccording to
t he invention is a three-layer lam nated filmconsisting of 5 an
outer layer, an internediate |ayer and an inner | ayer. Qut er

| ayer The outer layer fggzconstituting the agricultural 10
multi-layer filmof the invention is fornmed froma conposition
conprising the ethyl ene copol yner conposition (A, (A), (A") or
(A""), an inorganic conmpound, and if desired, a weathering stabilizer
and an anti-fogging agent. 15 The outer |ayer conprising the
conmposi tion (AAgricultyrd]) mulAi}lawefAfilmhas an extrenely smal| decrease
of light transmttance with time. Therefore, the agricul tural
mul ti-layer filtadagmidEUsiaautRiitia¥8yer £ilmCaBcbLaityaSpigad state for
a long period of tine. 20 When the conposition (A), (A), (A") or
(A") is inveMssh 1d& CﬁﬂféeJl%Xz%F: 9bmt Rg A ﬂmaa@ﬁsf &t A Ay be
thinned, so that the nulti-layer filmcan be nade |g tWwel ght . 25

I norgagi ¢ LOMROUW 1ayer, an intermediate layer and an inner

layer.

Quter laver
The outer layer for constituting the agricultural

10 multi-layer film of the invention is formed from a
composition comprising the ethylene copolymer
composition (A), (A'), (A") or (A"'), an inorganic
compound, and if desired, a weathering stabilizer and an
anti—fogging agent.

15 The outer layer comprising the composition (A),
(A'), (A") or (A'") has an extremely small decrease of
light transmittance with time. Therefore, the
agricultural multi-layer film having such outer layer
can be in a spread state for a long period of time.

20 When the composition (A), (A'), (A") or (A'") is
used, the outer layer of the multi-layer £ilm can be
thinned, so that the multi-layer film can be made

lightweight.

25 Inorganic compound
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t he i norgani F-aay3esrds 0enpl oyabl e for form ng the outer |ayer of the
mul ti-layer filminclude i norgani ¢ oxi des, inorganic hydroxi des and
hydrotal cites all of which contain at |east one atom sel ected from
My, 5 Ca, Al and Si, and are effectg'gle as t herno-keepi ng agents.
More specifically, there can be nentioned inorganic oxi des, such as
Sigerr], Allerr]Jerr], MO and CaQ inorganic hydr oxi des, such as

Al (O3, M(OH) 2 3RnfAE@ e t8R0indlganydr Sbab&ulds aisIbadhldFani ¢

conpl ex conpounds represented by the formula

Merr] A [err]zfo%‘)i[ﬁ ][tlr{ﬁgb‘ﬁ re]rLFL‘égr%]lf gF[eg{lielz&lti-laﬂ@efﬂﬂ' Maryde i s a

;
L (w
divalent netal 1on°o , Ca IS an anli on such as

c1 . Br-,, oo NOLerr] , 1, .S ,
HPOLert] . MBS e | pUpEhLY, Ak des i hararatgt SCIEN 1,

of CKx<0.é, a m d a nunbher__satisfyin diti of
Sl mert] P Be W M TR AR 58 LA one aldif SRIEUdE e My | hoce,

pref erabl g are hydrat j.tes d particul arl r.ef erable are
cal ci ned Pro tégbf”} i, 7and FﬁgrSiﬁ?ggﬁgﬁp?%xg%%%ﬁoJﬁﬁ?”fgbresented by
t he above 20 fq{nula. The i norgani ¢ conpounds nenti oned above
can be used 29°RS5ingly of in combination of two or nore kinds.

The i norgani c compound desi,rably _has_an average . particle diameter of
not more than 10 [ e By ﬁgﬁr?Z%aﬂg?% T?Eﬁﬁé%ﬁéﬂ%ﬁQﬁQQHin

r ef er abl not npre than 3 Ll m . .
P y oxides, such as[%& 2, Al;03, Mg0O and CaQ; inorganic

hydroxides, such as Al(OH)i, Mg(OH),; and Ca(OH),; and
10 hydrotalcites such as inorganic complex compounds
represented by the formula M2+;_, Al (OH) 3 (AM") y/n-mH0
(wherein M2* is a divalent metal ion of Mg, Ca or Zn, AR
is an anion such as Cl-, Br-, I-, NO32-, CIO%-, S042-, CO52-,
Si03%~, HPQO42-, HBO32- or P04%-, x is a number satisfying
15 the condition of 0<x<0.5, and m is a number satisfying
the condition of 0sm<2), and the calcined products of
the compounds. Of these, preferable are hydrotalcites,
and particularly preferable are calcined products of the
inorganic complex compounds represented by the above
20 formula.
The inorganic compounds mentioned above can be used
singly of in combination of two or more kinds.
The inorganic compound desirably has an average
particle diameter of not more than 10 um, preferably not

25 more than 5 pm, more preferably not more than 3 um.
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particle di anet+&A93¥SFré0bBnor gani c conpound is in the above range, a
mul ti-layer film havi ng good transparency can be obtai ned.

In the present invention, the inorganic conpound is 5 used in an anount
of 1 to 20 parts by weight, preferablﬁ 1 to 18 parts by weight, nore
preferably 2 to 15 parts by wei ght, based on 100 parts by wei ght of

t he conposition (A), (A), (A") or (A"). When t he inorganic
conpound is used Imbhetﬁeoaeerage BaPtid1d ideedar e itte ahozgaguter

| ayer of a nmulti- layer film a nmulti-layer filmhaving excellent

t her mo- %%%BbﬁﬁdDEQPthtﬁé £8OvOer Sl NeGhulti-layePe&ihari ng
stabilizer Al't hough the weathering stabilizefs optionally used

f ! | | br oadl
or formng tpﬁgvgﬂbegfbayﬁ?aﬁgpgbg%& ddn 15 Cthdlr{ch‘l “hi sta roadly

divided into ultravi ol et t~ st izers an bilizers, the

i ght stabi lizers ape JBr gresent CLLoGhLYS  Alnd mr{bxa%g;al%u'cwg,@hnﬁ' gs and

exert higher ects erlng sta
l'ight stabgli z i the o] bIe
Above allb5h|n ere ﬁatrahgn(%3"{“8“15‘2%Qleiﬁt ta%qlzers (Iﬁ% pre érggly

employed. 1 oo gFYaURLER, &ewﬁth'mxewreaéa&?bu Pt s 25

i nclude the f oW ng conpo
by weight, based on 100 parts by weight of the

composition (A), (A'), (A") or (A'").
When the inorganic compound is used in the above
10 amount in the formation of an outer layer of a multi-
layer film, a multi-layer film having excellent thermo-

keeping properties can be obtained.

Weathering stabilizer
15 Although the weathering stabilizers optionally used
for forming the outer layer of the multi-layer film are
‘broadly divided into ultravidlet light stabilizers and
light stabilizers, the light stabilizers are more
effective for thin agricultural films and exert higher
20 effects in the weathering stability.

As the light stabilizers, hitherto known light
stabilizers are employable. Above all, hindered amine
light stabilizers (HALS) are preferably employed.

Examples of the hindered amine light stabilizers

25 include the following compounds.
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Bi s(2, 2, 6,16-1493/8rid08 - 4- pi peri dyl) sebacate, (2) D nethyl
succi nat e- 1- ( 2- hydr oxyet hyl ) - 4- hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne
pol ycondensat e, (3) Tetrakis(2,2,6,6-tetramnethyl-4-piperidyl)-

5 1,2,3,4-butanetetracarboxyl at e, (4)
2,2,6, 6-Tetranet hyl - 4- pi peri di nyl 9D%nzoat e, (5)
Bis-(1, 2,6, 6-tetranet hyl -4-pi peridinyl)-2-(3,5-

di -t-butyl - 4- hydro ) Q
Bi s(N- et hyl - 2 g1)6>%1bfg§a§eﬁ]-3&§sﬁk Sg??'dlﬂn%ﬁf STl %]%%éa?e’

7) 1,1'-(1, 2- . |
ESg (Mxe((j 2, 2e§3ﬂ6 tetra thy cj-ngté- -1-(2- hy&?&ﬁ?&?ﬁlbﬂpli_peram none)

pi per | OV ipdiagya o, & b ek b ARG 5368 AORY! BbFycodfensars, () (M xed

1,2,2,6,6
plperldyl/trldﬁg¥%§ﬁ§9ﬁéif%(gHag%g%gEr%%g&ggﬁyiaa—plperldyl)— (10) M xed

(2,2,6,6-tetra
pi peri gyl / r],Jerr rr]',[etr]' -tetranmethyl-3,9-][2, 4,8, 10-
tetraogaspi’re%(%'%%}h%dé{:%?e‘% &J@FW; %? *3,4- 20 butanetetracarboxyl at e,
(11) M xed (1,2( 2r]6 Féqt’amet

er

4- s
pi peridyl/[err]} 1 et[ré‘}/'ﬂthylt'éf%ﬂﬁf h9ingBl gegmzerte 1 -

[ 1,2 4- |
Lot a0xasp o5 Yileoas) 4, Y ek Y4-piper PHLANST ST B o ate

di—t—butyl—4—hydroxybenzyl)—2—n—butyl malonate,
(6) Bis(N-methyl-2,2,6,6-tetramethyl-4-piperidinyl)
10 sebacate,
(7) 1L,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,
15 (9) (Mixed 1,2,2,6,6-pentamethyl-4-
piperidyl/tridecyl-1, 2,3, 4-butanetetracarboxylate,
(10) Mixed {2,2,6,6-tetramethyl-4-
piperidyl/B,.B,B',B'-tetramethyl-3,9-[2,4,8,10-
tetraoxaspiro(5,5)undecaneldiethyl}-1,2,3, 4~
20 butanetetracarboxylate,
(11) Mixed {(1,2,2,6,6-pentamethyl-4-
piperidyl/B,B.B'.B' ~tetramethyl-3,9-(2,4,8,10-
tetraoxaspiro(S, 5)undecane]diethyl}-1,2,3, 4~

butanetetracarboxylate,



91 (12) N, N -bi s(3-am nopropyl ) et hyl enedi am ne- 2, 4-
bi s[ N-but yl - l\%_(#%/?sﬁ,a%goent anet hyl - 4- pi peri dyl ) am no] -
, B-TT

6-chloro-1, 3 I'azl ne condensat e, (13) Condensate of

N, N -bis(2,2,6,6-tetranethyl -4- 5 pi peridyl ) hexanet hyl enedi am ne and
1, 2- di br onoet hane, and (14)
[N-(2,2,6,6-tetranethy|-4-piperidyl)-%ﬂnﬁthyl-

2-(2,2,6,6-tetranet hyl -4-pi peridyl )i m no] propi onani de. These

hi ndered amine light_ stabilizers can be use 10 _singly or in conbination
of two or nore kintfe2! NN Tbls(3ﬂﬁ?HWQQﬁPP¥&éSFPV%@Fe8§X%§%%‘?ﬁgén amount
of 0.005 to 5 parts by wejght referably 0.005,to 2_parts, by

wei ght, nore Prefbrapryt dv ot 't?or%l' Gpégpeﬁﬁ;%lt Kt -4pREBETLYL) Fpin@- part s
by wei ght of the conposition (A, (A), _ 15 (A") or (A").

Exanmpl es of tfeCeFat of et~ 4HifRiINg SOPF8F§ate,” | ncl ude;

salicylic acid type ultraviolet |ight absorbers, such as phenyl
salicylate, p-tert(bik dpHiangatalqicN. ' eb1isd2, dnf. p-beEyIpREhy} -4-
salicyl ate; benzophenone type ultraviolet |ight absorbers, such
as 2, 4- di Bydr pkyeeidvbtexanetivlemdiapine and lpdtHitkypueetptrecne,
2- hydr oxy- 4- oct oxybenzophenone, 2- hydr oxy- 4- dodecyl oxybenzophenone,

2,2' -di hydroxgmd- 25 nethoxybenzophenone, 2,2'-di hydroxy-4,4'-
F- 1493/ SF- 605
(14) [N-(2,2,6,6-tetramethyl-4-piperidyl)-2-methyl-

2-(2,2,6,6-tetramethyl-4-piperidyl) imino]propicnamide.
These hindered amine light stabilizers can be used
10 singly or in combination of two or more kinds.

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 0.01 to 1 part by weight, based
on 100 parts by weight of the composition (A), (A'},

15 (@a") or (Aa'™).

Examples of the ultraviolet light absorbers
“include;

- salicylic acid type ultraviolet light absorbers,
.such as phenyl salicylate, p-tert-butylphenyl salicylate
20 and p-octylphenyl salicylate;

benzophenone type ultraviolet light absorbers, such
as 2,4-dihydroxybenzophenone, 2-hydroxy-4-
methoxybenzdphenone, 2-hydroxy-4-octoxybenzophenone, 2-
hydroxy-4-dodecyloxybenzophenone, 2,2'-dihydroxy-4-

25 methoxybenzophenone, 2,2'-dihydroxy-4,4'-



92 di met hoxybenzophenone and 2-hydr oxy- 4- met hoxy- 5-

sul f obenz opheHIKSF-605 benzotri azol e type absorbers, such as 2-(2'-
hydr oxy-5' - net hyl phenyl ) benzotri azol e, 2-(2'-hydroxy-5"- 5

tert-butyl phenyl)benzotriazole, 2-(2'-hydroxy-3",5 -di-

tert-butyl phenyl)benzotriazole, 2-g2'-hydroxy-3'-tert-

butyl -5' - met hyl phenyl ) - 5- chl or obenzotri azole, 2-(2'-

hydr oxy-3',5" -di -tert-butyl phenyl)-5-chl orobenzotri azol e and

2- (2" - hydr ditye thodybetizdgtdnonel @ndam:hpiesyl ) bengehokpzel e; and

cyano acryl ate type ultraviol et absorbers, such as

2- ethylhexgﬁlébgéﬁgupﬁgﬁiném phenyl acrylate, ethyl-

cyano- 3, 3' -di phenyl acryl ate. The ultraviolet |ight absorber is

used in an andWdnzdSei Lo1® Q(_J&,et Qb2okBkts, bguy_xﬁl ghta_pseferably 0.005 to 2
parts by weight, nore preferably 0.01 to 1 part melght based on

100 parts ByadEals - Mol b1 nescOERESEbL 8D éé\% Robftd o (A7),

20 O her conponen he conp05|t|on A or (A™M),
hi t her o QQ%Q @gg;r, s&&% h=f 0gQi Bg_ anti static agent
and heat st I z€ f’c&%’lb) (fq%ﬁr%le' 9ar(rgunﬁg %%Yd%t’rl CiJt al to the
obj ects OftégﬁLﬂué§¥gﬁen§¥3béﬂk kggle, 2-(2" —hyd£6é§9§/§ggﬁg§

butyl-5'-methylphenyl)-5-chlorobenzotriazole, 2-(2'-
hydroxy—3',5'-di—tert-butylpﬁenyl)—5—chlorobenzotriazole
and 2-(2'-hydroxy-3',5'-di-tert-
10 amylphenyl)benzotriazole; and
cyano acrylate type ultraviolet absorbers, such as
2-ethylhexyl-2-cyano-3,3'-diphenyl acrylate, ethyl-2-
cyano-3,3'-diphenyl acrylate.
The ultraviolet light absorber is used in an amount
15 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 the

composition (A), (A'), (A") or (A'").

20 Other components
To the composition (A), (A'), (A") or (A'"},
hitherto known additives, such as anti-fogging agent,
antistatic agent and heat stabilizer, can be added in
amounts not detrimental to the objects of the present

25 invention.



93 The anti-fogging agent preferably used is an anti-

foggi ng agent1 ooy)tgdgowy as a nain ingredient a partially esterified
product conprising a pol yhydric al cohol and a higher fatty acid of 12
to 24 carbon atons 5 (including hydroxy fatty acid). I nt er nedi at e
| ayer The internedi ate | gyer for constituting the

agricultural nmulti-layer filmof t i nvention is formed 10 froma
conposition conprising an ethyl ene/vinyl acetate copolyner an

copolymer (~]) e A e B oretapeBly WS AT S 1 zer

and an anti en IV|nyI acet ate copol yner
The ethylenéﬁ@%%ﬁgéﬂ? qgn%86899ﬁe?sf8rmﬁ§% ?%g 2 jnvention has a
vi nyl acetate [oX0) tent Q to 30_% yeight, preferably 3.0 to 25
% by wei ght®? éﬁéﬁgbpﬁoguﬁttSOQEr@§i@g vieiRkvhydric Wen t he
I nt er medi at r |s forne y the use ' he et hyl ene/vinyl acetate
copol yner, ai‘?ﬁ?i E‘ﬁ’F fattyhé%ﬁg°§x%%l ‘F%rﬁ‘l tGRGRRR led@Pisng
properties can _be obtalned The, term "therno-keepi ng properties” used

25  her®i n HEKIEGIng dvdroxy: §agb¥oreidhdi ation rel eased in
F- 1493/ SF- 605

Intermediate laver

The intermediate layer for constituting the
agricultural multi-layer film of the invention is formed
10 from a composition comprising an ethylene/vinyl acetate
copolymer, an inorganic compound, and if desired, an
ethylene/o-~-olefin copolymer (A-1l) as described herein
below, a weathering stabilizer and an anti-fogging

agent.

Ethvlene/vinyl acetate copolvmer

The ethylene/vinyl acetate copolymer for use in the
_ invention has a vinyl acetate content of 2.0 to 30 % by
weight, preferably 3.0 to 25 % by weight, more
20 preferably 5.0 to 20 % by weight.

When the intermediate layer is formed by the use of
the ethylene/vinyl acetate copolymer, a multi-layer film
having excellent thermo-keeping properties can be
obtained. The term "thermo-keeping properties" used

25  Therein means properties to absorb radiation released in



94 the night fromthe ground whose tenperature has been rai sed
by absorption Eo—fl4t9@97$%“—%|0isght during the daytine and to reflect the
radi ation so as to rmaintain the tenperature (atnospheric tenperature
and soil 5 tenperature) inside the greenhouse or the tunnel.

| nor gani ¢ conpound The inor%%ni ¢ conpound used for formng the
I nternmedi ate | ayer of the nmulti-I|ayer Imis identical 10 wth the

i norgani ¢ conmpound used for form ng the af oresai d outer |ayer.

The i norgani c conmpaund i s used in _an gnount of 1 to 20 parts by

wei ght, pref erali 8RS %@“b&g’?sgﬁﬁuﬂgi ﬁﬁ?,se LeMPATR EHIR st glﬂe;’/" 2 to 15
parts by weight, based on 100 .15 parts by weight of,the total of the

et hyl ene/ vi nylFaised Qy.ahserpsiony fEr LBRISHRELIRE AUFRG iR dasttifieene/ a-
ol efin copolyner_ (A-1). The conponent (A-1l) is a . conponent optionally
used, so that aitk Bhdiafiladtetdst radiatpgy pecavet® pairtain Mdigght. 20
When the inorganic conpound is used in the above amount in the
formati on of AFMRATGTEE dEEmogpReras femperapyreiandyeeikilm a
multi-layer film having nore excel | ent therno-keepi ng properties can
be obtained. tempRragurnslereysidsl shengrtepohguse ¢n-the tunnel.

F- 1493/ SF- 605 .

_ Inorganic compound
The inorganic compound used for forming the
intermediate layer of the multi-layer film is identical
10 with the inorganic compound used for forming the
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
15 parts by weight of the total of the ethylene/vinyl
acetate copolymer and the later-described ethylene/o-
.0lefin copolymer (A-1l). The component (A-1l) is a
- component optionally used, so that the amount thereof
may become 0 part by weight.
20 When the inorganic compound is used in the above
amount in the formation of an intermediate layer of a

multi-layer £ilm, a multi-layer film having more

excellent thermo-keeping properties can be obtained.

25 Ethvlene/g-olefin copolvmer (A-i



95 The ethylene/[err]-olefin copolynmer (A-1) which is
optional | ywyged /fset_gggr M ng the internedi ate | ayer of the multi-|ayer
filmhas a density of not nore than 0.925 g/cnerr], preferably 0.880
to 0.920 g/cnB, which is 5 one of the ethylene/[err]-olefin copolyner

(A). In the present inﬁegjtion, the weight ratio of the
ethylene/[err]-olefin copolyner (A“l) to the ethyl ene/vinyl acetate
copolymer (O ((A-1)/(C) is in the range of 99/1 to 1/99, preferably
90/ 10 to 10/90, nore_ preferabl 10 80/20 to 20/80. - When t he

et hyl ene/[err] -Téqeeﬁitﬁwé@a@l/mﬁe@AnlyOP@lm%a (A-1) vwhiglhdsabove wei ght
ratio to the ethylene/vinyl acetate copolynmer in the formation of the
i nt er nedi @pgiloapdlyotised fort flormihgi thayintdimedidte liaviear Edi ate | ayer
can be 15 thinned. Weat hering stabilizer Exanpl es of

t he weat hathengudtcabilbyeer £idmt hasakl density us®héth ridie fediammt i on of the

I nternmedi ate |l ayer of the 20 nmulti-layer filminclude the sane

ul travi ol é&.92i5gkt/cm?®, padSerdleld GUEBJ itghto .SRabid/icke| SwRSclRIayi ousl y

descri bed in the formation of the outer |ayer. The |ight

st abi | § zeronies ofs ¢thel ethylamednt-odefOn066polymet o(X) parts by wei ght,
preferably 0.005 to 2 parts by 25 weight, nore preferably 0.01 to 1 part

by weight, basg#é the presehtl483&9Fi&8D the weight ratio of the
ethylene/0-olefin copolymer (A—l) 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
10 80/20 to 20/80.

When the ethylene/c-olefin copolymer (A-1l) is used
in the above weight ratio to the ethylene/vinyl acetate
copolymer in the formation of the intermediate layer of
the multi-layer film, the intermediate layer can be

15 thinned.

‘Weathering stabilizer

Examples of the weathering stabilizers optionally
used in the formation of the intermediate layer of the

20 multi-layer film include the éame ultraviolet light

absorbers and light stabilizers as previously described
in the formation of the outer layer.

The light stabilizer is used in an amount of 0.005
to 5 parts by weight, preferably 0.005 to 2 parts by

25 weight, more preferably 0.01 to 1 part by weight, based



96 on 100 parts by weight of the total of the ethylene/[err]-

ol efin copol yret4pd/sF-a08 t he et hyl ene/ vinyl acetate copol yner. The
conmponent (A-1) is a conponent optionally used, so that the anount

t hereof nmay becone 0 5 part by weight. The ultraviolet Iight
absorber is used in an anount of g 005 to 5 parts by weight,
preferably 0.005 to 2 parts by wei'ght, nore preferably 0.01 to 1 part
by wei ght, based on 100 parts by weight of the total of the 10
ethylene/[err | o] 1 t V] acetate
copol yner. Th]g C(I%'%fo 8%?’2( %Nﬁeléﬁt %%?rgp%%en&ﬁ hé/é e&}fl orﬁ%gllen ged so t hat
t he anmount thereof may 15 CIher

conponent s olefin C‘PBOP-H@eEt i‘&l’%he?’%ﬁ n’illT'e a%é%élteé*ifd’ﬂ'& Q‘m@FeltéFef orm ng
the internmedi ate | ayer, hitherto known additives, such

anti - foggi ng &9ERLYTSHi n'Ee SEERENCRRt (ATh) S fy&Amponent and heat
stabilizer, can be added in anobunts not 20 detrinental to the objects of

the present i oPsAPnaAly used, so ghet ahie -angytthFheyaat peet desbmg dsed is

an anti - foggi ng agent containing as a main ingredient a

partial |y ®st @eicti &8 pedgbict conprising a pol yhydric al cohol and a
hi gher fatty acid of 12 to 24 carbon atons 25 (i ncluding hydroxy fatty
aci d). FTh4¢0g8l8Eag@blet light absorber is used in an amount

of 0.005 to 5 parts by weigh;, 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
10 ethylene/o-olefin copolymer (A-1l) and the ethylene/vinyl
acetate copolymer. The component (A-1l) is a component
optionally used, so that the amount thereof may become 0

part by weight.

15 oOther components
To the ethylene/vinyl acetate copolymer for forming
‘the intermediate layer, hitherto known additives, such
- as anti-fogging agent, antimist agent, antistatic agent
and heat stabilizer, can be added in amounts not
20 detrimental to the objects of the present invention.
The anti-fogging agent preferably used is 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

25 (including hydroxy fatty acid).



97 | The anti-fogging agent is used in an anount of 0.05 to 5

parts by weight, . .pr. bly 0.1 to 4 parts by wei ght, nore preferably
0.5to 3 paﬁ%gA@¢4ﬂg¥§qg, based on 100 parts by weight of the total of
the ethylene/[err]- 5 olefin copolymer (A-1) and the ethyl ene/vinyl
acetate copol ynmer. The conponent (A-1) is a conponent optionally
used, so that the anount thereof maPhbecome 0 part by wei ght. 10

| nner | ayer The inner l|ayer for constituting the agricultura

multi-layer filmof the invention is fornmed fromthe onpaosi tion (A,

- C
(A), (A") or (AThe apdit#e99ing agRpbsifi BRed D i guoyntr ot 0.0 ') an
inorganic 15 conpound, a weathering stabilizer and an anti-fogging
agent can be&add@arts by WEIQ'htlrnPFﬁgeﬁﬁb%lénQ-1n9‘én‘%i2ﬁ?§t~°¢ R® i nor gani ¢
conmpound i s used in an amount of 1 to 3 parts by wei ght based on 100
parts by weiwgitghsf, mexemyedsrabdy (AP, Lo A3 )parips )byrweight, (hased
Wien the inorganic conpound (B) is used in the above anobunt in the
formation oformartdthmarysaysr weight of thgl eptaiyef Fhensthyigne/tayer film
havi ng excel | ent t her no- keepi ng properties can be obtained. 25
F- 1493/ SB- 608lefin copolymer (A-1) and the ethylene/vinyl acetate
copolymer. The component (A-l) is a component
optionally used, so that the amount thereof may become 0

part by weight.

10 Imper laver
The inner layer for constituting the agricultural
multi-layer film of the invention is formed from the
composition (A), (A'), (A") or (A"'). To the
composition (A), {(A'), (A") or (A"'), an inorganic
15 compound, a weathering stabilizer and an anti-fogging
agent can be added.
In the present invention, the inorganic compound is
- used in an amount of 1 to 3 parts by weight based on 100
parts by weight of the composition (A}, (A'), (A") or
20 (a'm).
When the inorganic compound (B) is used in the
above amount in the formation of an inner laver of a
multi~layer £ilm, a multi-layer film having excellent

thermo-keeping properties can be obtained.

25



98 Weat hering stabilizer Exanpl es of the weathering

st abi | i zergs 19033 Qraldas used in the formation of the inner |ayer of the
mul ti - | ayer filminclude the same ultraviolet |ight absorbers 5 and
i ght stabilizers as previously described. The light stabilizer
I's used in an anount of 0.005 o 5 parts by weight, preferably 0.005
to 2 parts by wei ght, nore pr&ferably 0.01 to 1 part by weight, based

on 100 parts by weight of the conposition (A, (A), 10 (A"') or (A").

The ul traviol.et l.ight absqrber is used in an anount ' of 0.005to 5
parts by v%%%g—lﬁ%e%%&ﬂ-r%‘z%% to 2 parts by weight, nore

preferably 0.01,to part_b Il ght, based, on 100 parts by wei ght of
the copol ymer H&mPlER) of %ﬁewééﬁ%g§gflgoﬁtﬁl}}z?@ )OR}r1qne kLY
O her conponents To the composition (A), (A), (A") or (A") used
for form MFYhen ihe fospation ehethal invenybaver|of the mHitdrerto known
addi tives,_ such as anti-foggi ng agent, _antistatic agent and heat
st abi | i zerlavesh Pedmdaed yde the samgunlsraviobiet rliaht absarhens obj ects of
t he present . invention. ‘The anti-foggi;g agent preferably
used i3 arrnshtliightstahiddizersagsnprevhoas by ndescribedi n i ngredient a
F- 1493/ SF- 605 :
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 0.01 to 1 part by weight, based
on 100 parts by weight of the composition (A), (A'),
10 (a") oxr (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 0.01 to 1 part by
welght, based on 100 parts by weight of the copolymer

15 (A) or the composition (A'), (A") or (A'").

Other components
- To the composition (A), (A'), (A") or (A'") used
for forming the inner layer of the multi-layer film,

20 hitherto known additives, such as anti-fogging agent,
antistatic agent and heat stabilizer, can be added in
amounts not detrimental to the objects of the present
invention.

The anti-fogging agent preferably used is an anti-

25 fogging agent containing as a main ingredient a



99 part lally esterified product conprising a polyhydric al cohol

and a hig 49§ %%_%%Id of 12 to 24 carbon atons (i ncludi ng hydroxy
fatty acid). The anti-fogging agent is used in an anmount of 0.05
5to 5 parts by weight, preferably 0.1 to 3 parts by wei ght, nore
preferably 0.5 to 2 parts by weight, based on 100 parts by weight of
the composition (A, (A), (A9 or (A"). 10 Mul ti-layer film

In the agricultural nulti-layer filmof the i nvention consisting of

t he outer |ayer, intermedi ate | ayer and the Ji-nner |ayer, the

t hi ckness R?frtlallyt l?ét@tﬁtlélleﬁ@@d%tlﬁo‘f‘%lsr%@ doldysiiF 3 to 100
[err]m 15 preferably 10 to 80 [err]m nore preferabl&)ZO to 70 pm the
t hi ckness adicahid iamceenddiohes Fapby agidnof k2 rehget gfarbon atpmst o 150
[err]m preferably 20 to 120 [err]m nore preferably 30 to 100
[err]m t hendiuskimes hvelromdye frlEracdger is in the range of 3 to 100
[err]m preferably 10 to 80 pm nore 20 preferably 20 to 70 [err]m and
the total thicKimessangfi-tfeggéng agentayergsed im ameananye off 0305t o 200

[err]m preferably 50 to 180 [err]m nore preferably 70 to 150 pm
The agbi culd i gamd thy Weightf,i preférabbyi dvente ch parts Hyas the fol | owi ng
physi cal properties and 25 characteristics. F- 1493/ SF- 605

weight, more preferably 0.5 to 2 parts by weight, based
on 100 parts by weight of the composition (&), (A'),

(A") or (A' n) .

10 Multi-laver film
In the agricultural multi-layer film of the
invention consisting of the outer layer, the
intermediate layer and the inner layer, the thickness of
the outer layer is in the range of usually 3 to 100 um,
15 preferably 10 to 80 um, more preferably 20 to 70 um; the
thickness of the intermediate layer is in the range of
.10 to 150 um, preferably 20 to 120 um, more preferably
- 30 to 100 pm; the thickness of the inner layer is in the
range of 3 to 100 um, preferably 10 to 80 um, more
20 preferably 20 to 70 um; 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.
The agricultural multi-layer film of the invention
has the following physical properties and

25 characteristics.



100 (i) The Elnendorf tear strength is not |ess than 90

kg/ cm prefenakly lkess than 100 kg/cm in MD, and is not |ess than
90 kg/cm ﬁe]']gleé?a/g?ysr?gt | ess than 100 kg/cm in TD. 5 (i)
The dart inpact strength in the thickness of 100 [err]mis not |ess
than 900 g, preferably not |ess tllig)z)s 1, 000 g. (ti1) The
tensile strength at break is not than 350 kg/cnR, preferably not

| ess than 370 kg/cnferr], in 10 MD, and is not |ess than 350 kg/cnferr],
preferably not |ess

t han 370 _kg/c i n_.TD. - i V)., N case of
a film having a ‘i gﬁﬁe§§m§f'ﬁf6g tedr n%jl’“??%’fhth% 7% thess Itlhl%’ﬁll 5o
transmittance is not Jess_than 9 % ferably not | ess than 92 %
and the |i3‘ﬁt’°‘%5p f%ltyt EﬁEeQﬁFfth%%tﬁé) rk%?x%suﬁrbl@' 26 d&ys is not
| ess than 85 %_preferably not |ess than 87 % The El mendorf tear
strength i £Fetl&SH r’f@&r‘b?}é kg/cpar PERGERRLY FPenstie ed@®h test in MD
and TD in accordance wth JIS Z 1702. The dart inpact strength is 20
det er m ned %%/ ®ar Ay F&-out an i npact test in accordance with JIS Z
1707 (dart tip dianmeter: 38 mm. The tensile strength at break is
det ermi ded i n acdddrddiee dairth iopack strengyigiimythershjidigesst of tensile
test of a multi-I|ayer filmin MD and TD using a tensile tester of

constant 280 ¢gimodshewd desedthapedQbnaiufpreferably natstless Chan

F- 1493/ SF- 605
1,000 g.

(iii) The tensile strenéth at break is not less
than 350 kg/cm?, preferably not less than 370 kg/cm?, in
10 ™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
um, the initial light transmittance is not less than 90
%, preferably not less than 92 %, and the light
15 transmittance after outdoor exposure of 120 days is not
less than 85 %, preferably not less than 87 %.
The Elmendorf tear strength is determined by
_ carrying out a tensile strength test in MD and TD in
| accordance with JIS Z 1702. The dart impact strength is
20 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
6781 by carrying out a tensile test of a multi-layer

film in MD and TD using a tensile tester of constant

25 crosshead speed type (manufactured by Instron Co.).



101 The agricultural nulti-layer filmof the invention

havi ng a thi cikessy drHhd err]m has a gl oss of usually not | ess t han
60 % and a haze of usually not nore than 15 % The gl oss of the
filmwas neasured at an incident 5 angle of 60 [err] in accordance with
ASTM D 523. The haze of the film was nmeasured in accordance with ASTM
D 1003- 61. Prepar at i f multi-layer film 10 The
agricultural multi-layer filmof the invention can be prepared by a

process conpri si ngmyd XAg[Lincﬁﬂetur EQEY?H}X#GE%H&GS# dﬁ‘p%@ resaid

additives for each ayer rfi néadi ng each

fo & coext ruston it st snisdst sp e hag”gc%%’ fuet otﬁsaa]ﬁr%%%eamhéé“{ o
| am nate the uter i_nt rnedi e layer and .the jnner |ayer
t oget her . Pes thaﬁ\: G icdt t%?’ﬁz t}‘ls}lﬁgi}( rfl?\\'/rﬁl?\’é% %I%%n@%'

t her no- keepi ng pr rtles t f,_properties an 20 toughness, so that
it can be used for é’:f&gl % 1R @ St PR2SYHT C%Ft%ﬁllrfg:%ﬁer’tfseful
crops by preadn&g t e to rma Hﬁﬁltural and'ho%%!cultura

facilitie gFE‘eﬁﬁSﬂE 2OET B barrier
sheet E- 1ﬁ?3 SF- 605 . .

of t i was measured in accordance with ASTM D 1003-

61.

Preparation of multi-laver film

10 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
layer of the multi-layer film, melt kneading each
mixture by a Banbury mixer or a roll mill and subjecting

15 the mixtures to a coextrusion inflation method or a
coextrusion T-die method to laminate the outer layer,
the intermediate layer and the inner layer together.

_ The agricultural multi-layer film has excellent
thermo-keeping properties, dustproof properties and

20 toughness, so that it 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

greenhouse and tunnel.

25 Water barrier sheet



102 The water barrier sheet is forned fromthe ethyl ene

copol ymer eaR@esiy&Fogo6A), (A), (A") or (A""), and if desi red, known
addi tives such as carbon bl ack, heat stabilizer, weathering
stabilizer, pignment, filler 5 (except carbon bl ack), lubricant,
antistatic agent, flame ret am nt and bl ow ng agent. The water barrier
sheet may be a nulti-Ilayer sheet ein the outer |ayer or the inner
| ayer made of the conposition (A, (A), (A") or (A"") is conbined

wi th ot her subs t 1 L.nf .00 ' ' [
mt r ol s 1h8' Garer Rark il OhLena IR Grldd el Llibe i hR0e
ol l owi n ro ti s f h hayy , « b hi f 1.5
the of bnoaleaRixmeFosrBeRatiol o *"tEN (RATY & L L DEETE Do s
not | ess than ,80 %

15 | f h havi hi ck f 1.
t he el dEFfionkﬁ‘PwBehgfﬁgfs'?% ?@cﬁo??selt‘é%%\’lgfrhng‘?f%é%ﬂ%etn ZS ° 1pgelnm

strength (JI S K_§328, rate, 50 nmimn). at the heat- ...Seal ed portion of
sheet s havisr'fﬁb&ééﬁeﬁeaf”eéégﬁéénﬁnﬁ@bh?‘ze]fhepjcﬁfﬁ%ﬁ“"t'i i 1§ a preset
tenperature of 500 [err]C and_a 20 sealing raie of, 5 mmn using a field
heat seél erlepgepst caxbony placky nlyBrigidl AREISTAtiC ageRta water barrier
sheet is sonetinmes brought into . contact with uneve% subst ances,
parti cul ar 15lag6 xes@rdant and; RLevERg si¥ttncete R TP ongat i on at
tear or F- 1493/ SF- 605 . 103

sheet may be a multi-layer sheet wherein the outer layer

or the inner layer made of the composition (A), (A'),

(A") or (A"') is combined with other substrates,

10 reinforcing materials or other drainage materials.

The water barrier sheet preferably has the
following properties: in case of a sheet having a
thickness of 1.5 mm, the elongation at tear (JIS A 6008,
Crepe method, rate: 200 mm/min) is not less than 80 %;

15 in case of a sheet having a thickness of 1.5 mm, the
elongation at penetration is not less than 5 mm; the
.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
20 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 el ongation,at penetration are inportant factors of mai nt ai ni ng

qualities of r rrier sheet. As the heat sealer for
field use, aE%gg9§9$§§ﬁ§§t seal er 10E nodel manufactured by Leister
Co. is 5 enpl oyed. The peel test was carried out as follows: two
sheets were heat-seal ed using a hot air sheet sealer 10E nodel
manuf act ured by Leister Co. under tR83conditions of a preset
tenperature of 500 [err]C and a rate of 5 m mn, t hen conditioned at

23 [err]C for .48 hours or nore, and 10 subjected to a peel strength test
at a rate of B§ RICREALION, aEPEREEFASHER T MR 3 IR®TFeSLure a peel
strength, which was taken as an indication of heat-, seal i ng
roperties. T LAgt ABAlisdeswas ERRryaker barmipr £h9efi- ows: a water
PTop: . ; . .
barrier sheet was fixed to a 15 fixture having a diameter of 5 cm then a
needl e having Asp thieahepipsaadehgiar df dedd etsef @ ptmalvasheatet r at ed
into the sheet at a rate of 50 mMmimn to neasure a breaki ng strength,
and thereby ®eederol8E podeki mgnufactyredngy Hieirtar tQd.cksess (kg/ nmm) and
an elongation at 20 break were determ ned. The water barrier
sheet of dhe ampleyesidon The peelekestnedy dawoied|out rasprindilicos: wse because
It can be easily heat sealed with high strength by a heat sealer
practical |y westsnweireuheat-sealed &sid@3d SheotChir sheet sealer 10E
104
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
10 subjected to a peel strength test at a rate of 50 mm/min
in accordance with JIS K 6328 to measure a peel
strength, which was taken as an indication of heat-
sealing properties. The penetration test was carried
out as follows: a water barrier sheet was fixed to a
15 fixture having a diameter of 5 cm, then a needle having
a flat tip having a diameter of 0.7 mm was penetrated
into the sheet at a rate of 50 mm/min to measure a
- breaking strength, and thereby a ratio of breaking
strength/sheet thickness (kg/mm) and an elongation at
20 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

tensil e stgengildys-eas strength, el ongation at tear, penetration
strength and el ongati on at penetration, and has excellent flexibility
and heat- 5 sealing properties. Mul ti-layer film The
multi-layer filmconprises a SUbﬁkﬁﬁte film | ayer and a | ayer
conprising the ethylene copol yne conposition (A, (A), (A") or

(A""). There is no specific limtation on the material of _

the substrate ffﬂéﬂ é%%ir%%z%ie&hghggEeﬁbagxgéf}éﬂt in égﬂéﬂf 1of formng a
film and for exanﬁﬁ er Gm num' T and cel | ophane
are enpl oy a h rs I i n polynmers, such
as hi gh- de%% ?Iilg po’I y E>i'lylrégsng%n% %urgntg é??y %!ragf #\fgger?&&{'densi ty

Ef'gifélﬂé} K %%ef: Wb e Brebapmpn screfd ﬁﬁ'y%r?%ghﬁr?%atilpoay | -but ene
4- -] - I
o oL e e 2 R e g U B S R A s

pol yacrylonitrjle; polyani de polyners, such as nylon 6, nyl on 66,

nyl on 50 ${AorP QJPéERg/ 2, nylon 610 and pol ynet axyl eneadi pani de;
pol yester polyners, such as 25 polyethylene terephthal ate, polyethylene
F- 1493/ SF- 605 105

Multi-laver film

The multi-layer film comprises a substrate film
layer and a layer comprising the ethylene copolymer

10 composition (A), (A'), (A") or (A"').

There is no specific limitation on the material of
the substrate film, as far as the material has an
ability of forming a film, and for example, polymers,
paper, aluminum foil and cellophane are employable.

15 Examples of the polymers include olefin polymers, such
as high-density polyethylene, medium-density or low-
-density polyethylene, an ethylene/vinyl acetate

_ copolymer, an ethylene/acrylate copolymer, an ionomer,
polypropylene, poly-l-butene and poly-4-methyl-1-

20 pentene; vinyl polymers, such as polyvinyl chloride,
polyvinylidene chloride, polystyrene, polyacrylate and
polyvacrylonitrile; polyamide polymers, such as nylon 6,
nylon 66, nylon 10, nylon 11, nylon 12, nylon 610 and
polymetaxyleneadipamide; polyester polymers, such as

25 polyethylene terephthalate, polyethylene



t erepht hal at e/ i sopht hal ate and pol ybutyl ene t erepht hal ate; pol yvi nyl
al cohol ; eth L al cohol copol yners; and pol ycar bonat e

pol ymers. F ¥h§9?§¥ 6&%n the substrate filmis made of a polymer, the 5
polymer filmmay be a non-stretched filmor nmay be a nonoaxi al |y
stretched or biaxially oriented fibgl The substrate can be
appropriately sel ected accor 4 g to the use application of the

mul ti-Iayer film For exanple, in case of a packagi ng conposite 10

film the subst e.can be ropriately selecte “according to a
subst ance Fsrsaﬁg‘t&e&aaéé#?%ﬁ@%iﬁ%? ea,nél po‘i‘%ﬁ%ﬁqﬁ%& subst ance to be
packaged is a perishable food,, esi ns hayi excel |l ent ;transparency,
rigidity aﬁ&r68§thalatﬁérH@g¥YHﬂY¥é%#%ﬁ %Lé£§ﬁ§$ﬁﬁfvﬂBV aﬁ%ﬁgg?i 15

pol yvi nyl i dene _chl ori de, _et hyl ene/vi nyl al cohol copol yners, polyvinyl
al cohol ~ angopeilyBsrsr sandr polycarkepatsy A &™SHfen t he substance to be
packaged i s cookie or when fiber packaging is nade, pol ypropyl ene
havi ng excWheanther gabparereyfilm gigingdsmf \ﬁatpé’rlYH@Fneéglaon 20
resistance is preferably enpl oyed. ' In the formation of a |ayer
of the 2t hpodgmer filmcupyl pres Bepusirstrhed)filmor mex' Peo@ (A"') on the
substrate by extrusion coating, the.conposition (A), . (A), (A") or
(A"') may bensabiiedfiydstoetghedstoroi@siakbatdmigentiakedip-onto the
substrate, or in order to F- 1493/ SF- 605

106 The substrate can be appropriately selected

according to the use application of the multi-layer
film. For example, in case of a packaging composite

10 film, the substrate can be appropriately selected
according to a substance to be packaged. For example,
when the substance to be packaged is a perishable food,
resins having excellent transparency, rigidity and gas
permeation resistance, such as polyamides,

15 polyvinylidene chloride, ethylene/vinyl alcohol
copolymers, polyviﬁyl alcohol and polyesters, are
.employable. When the substance to be packagéd is cookie

- or when fiber packaging is made, polypropylene having
excellent transparency, rigidity and water permeation

20 resistance is preferably employed.

In the formation of a layer of the ethylene
copolymer omposition (A), (A'), (A") or (A"') on the
substrate by extrusion coating, the composition (A),
(A'), (A") or (A"') may be subjected to extrusion

25 coating directly onto the substrate, or in order to



i nprove adhesi on between the substrate and the conmposition (A, (A),

(A") or (/V'ﬁJl%dyys%qgﬁﬁgate i's prelimnarily coated with an anchor
coating agent o organic titaniumtype, polyethylene imne type or 5

i socyanate type by a known nethod, or is provided with an undercoati ng
resin |layer of adherent polyolefin_or hi gh- pressure pol yet hyl ene, and
then the conposition (A, (A )]-,OQA") or (A"'") may be subjected to
extrusion coating. 10 In order to ensure adhesi on properties
bet ween the | subsyrat.e and the resin to be prought_into contact with
Che Subst r at T LTI REsHRes CRRoSLBRECERF S thE (a) (&), (A
or (A"")), it is possible to blqw ozane ,Lo the extruded no]Jten resin
filmto for IMBPHERL A 5 (B'He darfalE &f"{ he ERppFubstrate 1s qpe
multi-layer filmis favorably used for various .packagi ng bags, e.g.,
packagi ng bREePMIRRELY Gofsesuatth an gachograatsn®, 29PR&I¥S and konnj ak
spaghetti, packagjng . . bags of paste foods such as m so and jam

packagi ng baREIaiy ftasunetyraucRodyeshyarnef LBiRe @i %A fl our, and
packagi ng bags of nedical tablets or granules. In these uses, the

mul ti-| ager isoowaslals wReoky & knoysamghhod, or| dgeprovided with

Packagi ng nmulti-layer film F- 1493/ SF- 605
107 an undercoating resin layer of adherent polyolefin or

high-pressure polyethylene, and then the compoéition
(A), (A'), (A") or (A"') may be subjected to extrusion
coating.

10 In order to ensure adhesion properties between the
substrate and the resin to be brought into contact with
the substrate (undercoating resin or the composition
(a), (A'), (A") or (A"')), it is possible to blow ozone
to the extruded molten resin film to forcedly oxidize

15 the surface of the film.

The multi-layer film is favorably used for wvarious
‘packaging bags, e.g., packaging bags of moist foods such
- as liquid soup, pickles and konnjak spaghetti, packaging
bags of paste foods such as miso and jam, packaging bags

20 of powders such a§ sugar, flour and fish flour, and
packaging bags of medical tablets or granules. In these
uses, the multi-layer fiim plays a roll of a sealant

layer.

25 Packaging multi-laver film



The packaging nmulti-layer filmhas a structure of at least three
| ayers consgsiidg, -4 outer |ayer, one or nore internediate |ayers
and an inner layer. The resin for formng the outer |ayer and the

i nner | ayer
different in

(A), (A")
formng the

for formng the 1

5 and the resin for formng the internediate | ayer are

t heir conposition. v The outer |ayer and the inner
| ayer are each forned fronlgﬁ% et hyl ene copol yner conposition (A,
or (A""). The conposition (A, (A), (A") or (A") for

e 1o Blithd JEITBAR b bhag' s dprvegpng,dt) O (4

sane or ent.

10

The internediate layer is arbitraril elected_fro resi n_conpositions
used as rmatar ?%‘T’ass%f% 3 af regssaica’n%g%l?gb? rgfleomﬂeﬁ\ lam, i M2r nedi at e

I ' f bly. .| '
cg)r/rg{)s: f i gagre{"gre Z%?%?%@i—%ﬁén?@cﬁp&%ﬁﬁr iﬁﬁﬁrif HRired an
ethylene/progélen /1-

(co) pol yner¥

r formed from.a resin or a resin

ut ene random copol yner. . The 1-butene
10, HO% Bt b ridiso QKRS gééeroﬁné ERBULRRRY ptBSA ene

copol yner having a 1-butene content of 75 to 85 % by nol and a

propyl ee c¥nterpe ofesin fory fyminghe dptermediate layde argut ene

(co)polymer has an MFR of 0.1 to 5 =~ g/10 min, preferably 0.5 to 2 g/10

nmn, and a @d&fSe¥snbfin Aheim @yposdtdon2s g/cnferr], preferably 0.895 to
rr]. F- 1493/ SF- 605

0.920 g/cn e

The outer layer and the inner layer are each formed

from the ethylene copolymer composition (A), (A'), (A")

or (A"'). The composition (A), (A'), (A") or (A"') for

10 forming the outer layer and the composition (&), (A'),

(A") or (A"') for forming the inner layer may be the

same or different.

The intermediate layer is arbitrarily selected from

resin compositions used as materials of the aforesaid

15 substrate film. The intermediate layer is preferably a

layer formed from a resin or a resin composition

.comprising a l-butene (co)polymer and if desired an

- ethylene/propylene/l-butene random copolymer.

The l-butene (co)polymer is a l-butene homopolymer

20 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.

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

25 0.890 to 0.925 g/cm?, preferably 0.895 to 0.920 g/cm3.

108



The 1-butene (co)pol yner can be prepared by the use of an ordinary

Zi egl er - Nat 113 989t %9l In the present invention, the 1-butene
(co) pol yrer is used in an amount of 40 to 100 % by weight, 5
preferably 50 to 90 % by weight, nore preferably 55 to 95 % by wei ght,
based on 100 % by wei ght of the t@ﬁl of t he 1-butene (co)pol yner and
t he et hyl ene/ propyl ene/ 1- b e random copol yner. The

et hyl ene/ pr opyl ene/ 1- but ene random copol yner 10 desirably has a propyl ene

content of .50.to 98 % I efer t %, :
The et hyl eTﬁéel plr %ﬁ%eenr?e/b(%pgg’togxgefaﬁg%mggo%%% ar‘r%%d &%heas@éen%lt\gFR of 0.1 to

100 g/ 10 mn, .ef erah).y to 10.mn, and a density of 0.890 to
0. 918 g/ crig* o%nary @lﬂgé‘egt'ﬁ%ggﬁefﬁif%ggtehe/ 1- but ene random copol yner

can be prepared by .the use of .an ordinary, Ziegler-Natta cat al yst.

In the present TR BHES el&vﬁ?ﬁéﬂ%/ p&&ﬁyf’gkﬁ‘étfi@e {°°’H?J1Yé’ﬁef random
copolynmer s used ,in an anpunt Qqf to %% bé/. ight, preferably 10 to
50 % by wetgHtse an amoynks a68yt8 ?&4% % by bﬁ"b’ht, based on 100 % by
wei ght of the total of the_ 1-butene (co)pol r dt

et hyl efe/ RO -Htteh % a%nH’éi’nWEbSBFyn’E?%g pgggera%qu%ﬁ %he amounts of
the 1-butene (co)polynmer and 25 the et'hyl ene/propylene/l-butene random
copol yner 95 & by weight,rbpsgd) gp. 4668 % Dy weight O6f the total of 109

the l-butene (co)polymer and_the ethylene/propylene/1-
butene random copolymer.
The ethylene/propylene/l-butene random copolymer
10 desirably has a propylene content of 50 to 98 % by mol,
preferably 70 to 97 % by mol.
The ethylene/propylene/l-butene random copolymer
has an MFR of 0.1 to 100 g/10 min, preferably 1 to 30
g/10 min, and a density of 0.890 to 0.910 g/cmi.
15 The ethylene/propylene/l-butene random copolymer
can be prepared by the use of an ordinary Ziegler-Natta
- catalyst.
- In the present invention, the ethylene/propylene/l-
butene random copolymer is used in an amount of 0 to 60
20 % 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
ethylene/propylene/l-butene random copolymer.
When the amounts of the l-butene (co)polymer and

25 the ethylene/propylene/l-butene random copolymer are



wi thin the above ranges, a nulti-layer film capable of bei ng wel | cut
wi th an aut om@til4984S8Ka§iPhg nachi ne can be obt ai ned. I n
the present invention, in addition to the 1- 5 butene (co)polynmer and the
et hyl ene/ propyl ene/ 1- but ene random copol ynmer, various additives such
as stabilizer, conmpoundi ng agefppoand filler may be added to the resin
or the resin conp05|t|on for form ng the I nternedi ate | ayer in
anounts not detrinmental to the objects of the 10 invention, simlarly to

the resin or twehiesithe aboveC28R§8&] | & MmbDfifdpamcer ke c%.fgﬁ!kﬂ%ab@ outer
and i nner | ayers. In particular, an anti-fogging agent or an

antistatic agerfingawehe addeditn @hdghcdhmatid f‘;ﬁh@é&(}fﬁ@ fachine k@gk better,
or an ultraviolet inhibitor may be added in order to protect the

contents. An 3 ioBxadagly and a | ubricant may be also added.
The internediate | ayer may conprise one or nore | ayers in which the

1-butene (co)pol ymey aBd Lhesent 1n@%ﬂ¥iéﬁmﬂfﬂ(§ﬁdf%¥gﬂ tRULRRe, Landom

copolymer are 20 contained Iin the above anounts hé packagi ng

1 B R B A R
e OU er
o051 20 10 Natein copekheknonisohd Lo LA L0200 SRE 91 L

| ayer and 25 t e I nne a ave a

F- 1493/ SF- 605com.poundlng agent and filler mayzge added to the resin

or the resin composition for forming the intermediate
layer in amounts not detrimental to the objects of the

10 invention, similarly to the resin or the resin
composition for forming the aforesaid outer and inner
layers. 1In particular, an anti-fogging agent or an
antistatic agent may be added in order that the contents
look better, or an ultraviolet inhibitor may be added in

15 order to protect the contents. An antioxidant and a
lubricant may be also added.

The intermediate layer may comprise one or more
layers in which the l-butene (co)polymer and the
ethylene/propylene/l-butene random copolymer are

20 contained in the above amounts.

The packaging multi-layer f£ilm of the invention is
produced to have a thickness of usually 10 to 20 um.

The intermediate layer of the film is adjusted to have a
thickness of 1 to 5 um, and each of the outer layer and

25 the inner layer is adjusted to have a thickness of 2 to



8 [err]m Depending on the use application, it is possible to form

ot her resFr1Kag#EE-605t he outer side of the i nner |ayer and/or the
outer |ayer. The packaging multi-layer filmis produced by 5

m xi ng the conponents for form ng each | ayer using vari ous bl enders
and then performng an ordi nary 9 di ng met hod, nanely, a nethod of
feeding the mxtures to an intlation filmnolding machine that is an
ext ruder equi pped with plural die lips or a T-die nolding 10 nachine.
I n the pagkggi,Ngpepbhdih@dyéh £hé Nisd hpglaldaridn,alit is pbsegpdarf tear
strength in the cross direction to an El nendor f "t ear strength in the

machi ne digheg¢bkRNctRELSSesin leré@é?térP"t{HEi%HﬁE‘r dilRClHORKel S desirably not
nmore than 15 9.1, and such a filmcan be used as an excell ent

packagi ng ;i l§§Q§Chﬁ?/¥rmEﬁQ Shgat #§9é§ applied to an autonatic

packagi ng nac t he mis cut wt knife running in the cross

d f f b
eval uat od by el Bhadtes gl olale etk 00 kRSN Che cross
di rectgon g?it@,e%hgeggfasa{l%seg 5 SN AR 4y NG s g Ol Tection. I

t he El'nendo ar strei ratiro is t han the cutting of
the film tic C ne val uated_as good.
E 1493/ SFnggo%Q BYLRARELCang tndd 5@9&&%@% i B mogtﬁ ng. ckagi ng

mul ti-layer, tilmof L 5,'2V6”Eh83 ggsfeeding the mixtures to an

inflation film molding machine that is an extruder
equipped with plural die lips or a T-die molding
10 machine.

In the packaging multi-layer film, the ratio of an
Elmendorf tear strength in the cross direction to an
Elmendorf tear strength in the machine direction (cross
direction/machine direction) is desirably not more than

15 9.1, and such a film can be used as an excellent
packaging f£ilm. Especially when the film is applied to
.an automatic packaging machine, the film is cut with a
knife running in the cross direction of the film, so
that the cutting of the film can be evaluated by the

20 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
more than 9.1, the cutting of the film with an automatic

packaging machine is evaluated as good.



the El nendorf tear strength ratio of not nore than 9.1 and can be
easily cut w teh-1a93¢Fe®@isi ¢ packaging -  machine. Besides, by the use of
this film high-speed 5 continuous packaging is feasible. The El nmendorf

t ear strength is neasured in accordance with the method of JI'S
Z-1702. The packagi ng nultij]ayer filmof the invention has
excel l ent transparency and has a haz& gf usually not 10 nore than 2.0%
Further, the packaging rmulti-layer filmof the i nvention has excel |l ent

finger-press recoveij éaackaﬁrlﬂﬁefnh'lﬁ§ 1§9Qr heS1RNof NHd alnyeRRAVEN ‘ha%f not
| ess than 70 Wban a pernanent set of not nore than 5.5 mm

Furthermore, the, gy rGE‘éIaEJ slt§¥ﬁ§t1fx L of 6P%ot %as% on has

excel | ent Iomftenperature S roperties, a seallng

h of | d 90
Cer e O Nend T WA asélxg%%? %@?4@’%%3 adidigly Sealod
h | .h d. | t
ebielhes L?S%%r d 22‘3’%2 s é&?gﬁgzé‘%?gcgfft%%ﬁﬁw &Jﬁ%ﬁ%ﬂh ECEn
wh 1 1 t 1 1 1 1 t toi
T abl o 18 COMIAR SedBing 4f0 a%%”’rél%ece@é%%aﬁé%&d"%sf Wt 1t

F- 1493/ SF- 605 tretc
packagi ng fil iitrength is weasured ip ﬁﬁﬁ?ﬁﬁ?ﬂﬁefw+?ﬁ the dfP m t he

JIS zZ-1702.

The packaging multi-layer film of the invention has
excellent transparency and has a haze of usually not

10 more than 2.0%.

Further, the packaging multi-layer film of the
invention has excellent finger-press recovery
properties, and has an initial recovery of not less than
70 % and a permanent set of not more than 5.5 mm.

15 Furthermore, the packaging multi-layer film of the
invention has excellent low-temperature sealing
.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 film is excellent in

20 mechanical strength properties, transparency and low-
temperature heat-sealing properties and has excellent
recovery properties even when it is pressed toward the
contents after packaging, so that it is suitable for

packaging foods and daily necessaries.

25



et hyl ene copl yner composition (A, (A), (A") or (A""), and if

desired, otMer4IxSm-admponents, e.g., an 5 et hyl ene/ propyl ene random
copol ymer having a density of 0.880 to 0.895 g/cnB, an ethyl ene/ but ene
random copol ymer having a density of 0.880 to 0.895 g/cnB8 and a

hi gh-pressure ethyl ene/ vinyl acetatgyrandom copol yner havi ng a density
of 0.910 to 0.924 g/cnB8. 10 e other resin conponents are used in
anounts of 0 to 40 parts by wei ght based on 100 parts by wei ght of

t he conposition $ﬁ£§t4HX§acgg§5Fgggigﬁf'). In the present
invention, to the conposition (A), ~ (A), (A") or (A"), or the
conposi tion conppsi fig-ddis, ﬁ%}kﬁﬂ&%@o%Eﬁhp@s(é%rméégrro Apeor (A") and

ot her resin conmponents, sl p~agent, an anti-bl ocki ng agent, an

anti-foggin @@f i.stati , (and her " ryous, additi ves
to protect ?% d%%?en ?ﬁ%ﬁigﬁ%&ﬁgﬁ%ﬁ%h (%Pfrg%igfeéAi%h¥ i!%r,)ban be
added in a tsen . i t ! Lects_of e invention.
Exagples ﬁgg#ﬁefg!é%ﬁﬁég%igﬁ?%% eraq%ykg%gpg§§ggé g'gl'_hc%ﬁd_edhigher fatty
I%Enl 433/5 gﬁ_ 6%§h191eeﬁec/gz%py ens e;%r:{d%m copoi%e%lggvigé'ug' &er?sr'}é;égﬁ es of the

ant i - bl ocki pg ents.p er abl.y | oyed include inorganic substances
such as sil c%ggnﬁo O‘éégeﬁé;“@' an etﬁg?ﬁ&% ?E%n%frﬁqé?%uﬂj static agents
preferably

copolymer having a density of 0.880 to 0.895 g/cm3 and a
high-pressure ethylene/vinyl écetate random copolymer
having a density of 0.910 to 0.924 g/cm3.

10 The other resin components are used in amounts of 0
to 40 parts by weight based on 100 parts by weight of
the composition (A), (A'), (A") or (A"').
In the present invention, to the composition (A),
(A'), (A") or (A"'), or the composition comprising the
15 composition (A), (A'), (A") or (A"') and other resin
components, a slip agent, an anti-blocking agent, an
‘anti~fogging agent, an antistatic agent, and other
various additives to protect the contents, such as an
ultraviolet inhibitor, can be added in amounts not
20 detrimental to the objects of the invention.
Examples of the slip agents preferably employed
include higher fatty amids such as oleic amide, stearic

amide and erucic amide.



5 enpl oyed include glycerol fatty esters and sorbitol fatty esters.
The film conBri4ISE+HROTonposition (A, (A), (A") or (A"') has
desired noderate tackiness. If the film needs nore tackiness, |iquid
pol ybut adi ene, 10 polyisobutylene or the like is added to the |inear |ow
density pol yethylene in an amount ofigbout 2 to 10 % by wei ght .

The stretch packaging filmof the invention includes a film
conprising the conposition (A, (A), 15 (A") or (A""). The
stretch packagi ngetahpled ohechaeaidi-®lodeking agentst prekagss1ef usually 10
to 50 [err]m The stretch packagi ng filmmay have a single-I|ayer

structure oregpltféd-imyRlide inordHridCisibR@tand@s such ABes$li&sCangackagi ng
filmof a single-Iayer structure can be produced by an ordinary film

nmol di ng cgeghod such as an inflation nmethod or a T-di e nethod.
The stretch packaging filmof a nmulti-I|ayer structure can be produced

by a hitherto knopp,np] & Ngr @ JRLIRGLie Ygents"BBEM sing an
inflation film L (55 JRGiaci® SoentsTBLRREAY 114

mol di ng @Chhﬂgliﬁg&% iécﬁi&@%i&&?@olrhe : dowatl Qb&rl %Jé‘b%t?l dielips or

a T-die nold etch packag m preferably
has the fa£9§lgytgggpropertles the tensile stress at break (JIS

The film comprising the composition (A), (A'), (A")
or (A"') has desired moderaté tackiness. If the film
needs more tackiness, liquid polybutadiene,

10 polyisobutylene 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 composition (A), (A'),

15 (a") or (ar").

The stretch packaging f£ilm of the invention has a
~thickness of usually 10 to 50 um. The stretch packaging
film may have a single-layer structure or a multi-layer
structure.

20 The stretch packaging film of a single-layer

structure can be produced by an ordinary film 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

25 method, e.g., a method of using an inflation film



5 Z1702) in the machine direction is not |ess than 400 “kg/cnferr];
the tensile elford@3/&F-&05reak (JI'S Z1702) in t he machi ne direction
is not |less than 500 % the inpact strength (ASTM D3420) is not |ess
than 2,500 kg.cm cm the tear strength (JI'S Z1720) in the machine
direction 10 is not |less than 50 kghgm the tackiness (20 kg, 50[err] C x
one day) is in the range of 3 to 25 g/cm the strength after a | apse
of 1 hour in a stretch ratio of 300 %is in the range of 150 to 300
g/ 15 mm and tieddimg mahine thhinis ah ekteiddr | squippd®sd thalu3dd % 15
The stretch packaging filmof the invention has hi gher tensile

el ongation at direddpshar & TwEief moldingCaavmeniéonal |owdensity .
pol yet hyl ene or et hyl ene/ vi nyl acetate copolyner, and stretching in a

ratio of 300 to  The @R%e¥chSpheraybhs. £50mipadrd eIy IHRO e i nvention
Is 20 suitable for high stretch packagi ng or stretch packagi ng of

speci al shapesdit¢wik &b@e%&EQrStﬁéVt&%ﬁiéf&f‘éﬁs at bre%'ika RESk:

Further, the stretch packaging fil m of I nventi on has snall er

stress app§i eqiafogr PALEA0LAEnIRe 3§re&9{'&@rf§’ it Ty ddd M0 4p3nventi onal
| ow densi ty 493/ SF- 605 115

pol yethyl ene gy /%&rhfqu €H§/ veaylia ﬁi&igea&%%g'mm Xlg1s z1hB8 el e Lhe

packaged matter ardly de or e reover he stretc packaglng

filmof the i RYNPRine qiRa8chbgN;L! Agﬁsféégmgﬂhfﬁédal%pa%%?glm a3pd

exhibits -
strength (ASTM D3420) is not less than 2,500 kg-cm/cm;

the tear strength (JIS 21720) in the machine direction

10 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
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 %.

15 The stretch packaging film of the invention has
higher tensile elongation at break than films of
.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

20 suitable for high stretch packaging or stretch packaging
of special shapes (two or more matters having different
shapes) .

Further, the stretch packaging film of the
invention has smaller stress applied after packaging as

25 compared with films of conventional low-density



5 favorable filmappearance. The stretch packaging filmof the
i nvention mayghesg3/gsraggsngl e-1ayer filmconprising the conposition (A,

(A), (A") or (A""), or may be a filmof a multi-Ilayer structure
conprising a layer of the conposition (A, 10 (A), (A") or (A") and
one or nore other |ayers. ﬂgs stretch packaging filmof a

mul ti-|ayer structure, ti-layer filmwherein a stretch
packagi ng fil m is made to have a non- tacky surface and a t acky
surface, can egﬂ#g_ggel Byt QFh%Qéﬂgm e opocymere auyface of a
filmlayer of ositi (A'), (A") or ( "') serving as an

|nterrred|atel f t
pol yethyl ene * )érefh’ae fge P%Ek%%&ﬁ%% el%al}fut ?gr{%\gés“tg’?gﬁl(% (A),

(A") or (A" f d

tEI ctness of)ﬂ?%fogjreg% Itg‘? Ft ggﬁggkéﬁféaboaﬁﬁo&?o ?Egrv\;g?te the
t hi ckness of e t h fil h
surface, a f|| Iflé‘g'g‘r Sﬁﬁﬁﬁgg]%‘ %%ﬂ%%ﬁfa%ﬁ I drr: glgr%g&'lta%em o
conpositi A’ d 2t 10 % b h f 25
li quid polgl scﬁ&Yﬂﬂ(ﬁ?ﬁé (félﬁhﬁ %F%ﬁ%adi )engnor the Iike Y werght o

F- 1493/ SF- 605 rmed _as,a tacky

layer in such a mafRe strgtchhpackaging, EJKJrfEs%f ofng I"ﬁrév%tllﬁlnl B3t PBecones

about 5 to 30 % of t he whol e thickness of the resulting_stretch
packagi ng _ a f§ingle-layer film comprlslng the composition 9 %,

(A'), (A") or (A"'), or may be a film of a multi-layer
structure comprising a layer of the composition (A),
10 (a'), (A") or (A"') and one or more other layers.

The stretch packaging film of a multi-layer
strﬁcture, 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.

15 oOn one surface of a film layer of the composition (A),
(A'), (A") or (A"') serving as an intermediate layer, a
film layer made of linear low-density polyethylene
having a higher density than the compostion (&), (A'},
(A") or (A"') is formed as a non-tacky layer in such a

20 manner that the 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 made of a composition comprising the composition
(A), (A'), (A") or (A"') and 2 to 10 % by weight of

25 liquid polyisobutylene, liquid polybutadiene or the like



5 The stretch packaging filmhas high stretchability and
noder at e tacki ne9s,, s@RBbses no excess stress to the packaged matter
after packaging, has high strength and good appearance after
packaging, is free from excess tackiness, and is excellent in
productivity, packaging 10 proper& and handling properties.
Packaging film The packaglﬂgﬁflln1is an i nproved packagi ng or
wrapping film and nore speC|f|caIIy, it is a shrink 15 filn1 a skin

fil tretch I hot t th
i Irrp;novgdstig g I ] %t oagﬁﬁeg(g fllabg}:aggt r u5| on pr ocess%aaqol ty ;nn\é\n
di at I ki f I
| yer of ar G G srdenraRo 1 aoss bresten shdTe 5% Ao THY °(hr)
20 (A"") Th fil be _bi N t I
and/ 8; const r’i]’&ﬁ é‘@" I s rraas eIfo:Bg)fg’lt ?ggé{lg{ﬁgensgge%é?ﬂ%ageﬂ%ﬂ ggr

copol yner cong85|t|on (A) (A), (A") or (A"'), additives, such as
ant i oxi dant ( hi nder ed phenol type such as |rganox (trade nane)
1010 25 avallable fromCiba Ceig hosphi tes

F- 1493/ SF5605 The stretch Packaglng "Biln g&%" Rign s?é%ta%&b’(]ﬁ%e nane)
168 avail able from Ci ba Geigy . Corp.), cling additives (e.g.

pol yi sobut y| exrd (mdprate ta%&aﬂssﬁtré&@lﬁﬁﬁenﬁfgﬁﬁﬂﬁ%z ?fﬁﬁé Eé%tthuﬂr
mai n material is thought to be bi phenyl ghosghonlte iﬁgnent

col orant and packaged gn e dfser @aéﬂﬁégﬁﬂg nBgs high strength

good appearance after packaging, is free from excess
tackiness, and is excellent in productivity, packaging

10 properties and handling properties.

Packaging film
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 copolymer composition (A), (A'), (A")
20 or (A"'). These films may be biaxially oriented multi-
layer and/or constructed with barrier properties.
To the ethylene copolymer composition (&), (A'),
(A") or (A"'), additives, such as antioxidant (e.g.,
hindered phenol type such as Irganox (trade name) 1010

25 available from Ciba Geigy Corp.)., phosphites (e.g.,



detrinmental to the inproved filmproperties found by the pr esent

appl i cant £-1R@3/I88-606he fil m may al so contain addi tives to enhance
its anti-blocking and friction coefficient characteristics. Exanples
of such additives 10 include untreated or treated silicon dioxide, talc,
cal ci um carbonate and clay, as wgljly as primary or secondary fatty

am des and silicone coatings, w thout limting thereto. As described
in, for exanple, U.S. Pat ent No. 4, 486,552 (Ni emann), other additives

to 15 enhapmod herade nheeyi 1g8Pa0RETAbES Bfoh heid Iqaiy al so be
added. Still, other addi‘tives, such as quaternary anmoni um conpounds

singly or ddi£anbicdiatkioaadithvEAA(8lg., poli{Esodtiidreonargiol yners may
al so be added to enhance the antistatic properties of the film and

allow 20p KadiaR@ obnel 8%t shaabkycRenstdiye @diLlgsin The
et hyl ene copol ynmer conposition (A), (A7), (A" or (A"') for use in the

d t . . . . : . .f . f t h . t .
< ol oy ETE aes T AR o e R A5 {1 m i ndependent - of
25 I Ngl e- . | £1=1 f
2|25 53 M AR RROk: BB Lha DY g BLA S Yl bR

Com B0eC R U SR e s mprr o8 L FRSEGPOLVIEL OB (o (1) (A1),

(A") or ( I nmpT Ove m pr 0Ces g heat
seal [ng prancidlies on adnes! oncRLARSL!| BRs Il may PAUPUNRLANT 1w apPing
additives to enhance its anti-blocking and friction
coefficient characteristics. Examples of such additives
10 include untreated or treated silicon dioxide, talc,
calcium carbonate and clay, as well as primary or
secondary fatty amides and silicone coatings, without
limiting thereto. As described in, for example, U.S.
Patent No. 4,486,552 (Niemann), other additives to
15 enhance the anti-fogging properties of the film may also
be added. Still, other additives, such as qQquaternary
‘ammonium compounds singly or in combination with EAA or
other functional polymers may also be added to enhance
the.antistatic properties of the film and allow
20 packaging of electircally sensitive articles.
The ethylene copolymer composition (A), (A'), (A")
or (A"') for use in the production of the packaging or
wrapping olefin £ilm of the invention is employable as
the only polymer component of the film independent of a

25 single-layer structure or a multi-layer structure of the



bl endi ng the ethyl ene copol yner conposition (A, (A), (A") or (A"")

w th ot her 0143639 nents nai ntains enhanced performance, and in a
speci al case, np/rove conbi nati ons of properties are provided.

Exanpl es of 10 sui t abl e pol ymars for blending with the ethyl ene

copol ynmer conposition (A, (A) (1A" or (A"") include hi gh- pressure

| ow- density pol yet hyl ene (LDPE) et hyl ene/ vi nyl acetate copol yner

(EVA) , et hyI ene/ car boxyl ic acid copolynmers and their iononers, 15

pol ybut yl en rrj efi-n poly h- densi

Dol Yot hyl ore o Qe R o ﬁeﬁhgﬁﬁﬁeﬁe glengeﬁgy e,

et hyl ene/ pr%%/l ene copol yrrers ensity, poI yet hyl ene (LLDPE)
and ul tra |MRHSRS (GPPO Yme&ol"?é‘?ﬁ’y”'l’%ﬁ@? (ﬁ§ vvéN ) as BrafE nidd) i ed

polyners, and 20 blends thereof, without |limting to these exanpl es.
Such pol yne‘?% IR FH& PrpsessebeAdtyn £héMdsREFRgER, heauap and/ or
conbi nati on of conononers, for exanple, pol yners disclosed in U S
Patent No. SRUBGIEEIBEIiash or adheshPBhPrePREESEPor ATl herein by
reference). The 25 ethylene copolynmer conposition (A), (A), (A") or
(A"") S packagding ggiSEaaeping £ilms produced by approprla@g(

conprises at least 50 % preferably at |least 80 % of t he bl end
conposi ti orkleddiny ghefartatllene copphgmaul compositiomyek) fi{AM)st ruct ure,
however, the outside filmlayer (also referred to as "skin layer" or

" surface | agZet) om (A'S' )t hel@r to)tmdpbﬂlgmeeat:ampoha:ym raoiTsiesitrss essential |y
° enhanced performance, and in a special case, improved
combinations of properties are provided. Examples of
10 suitable polymers for blending with the ethylene
copolymer composition (A), (A'), (A") or (A"') include
high-pressure low-density polyethylene (LDPE},
ethylene/vinyl acetate copolymer (EVA),
ethylene/carboxylic acid copolymers and their ionomers,
15 polybutylene (PB), 0-olefin polymers (e.g., high-density
polyethylene, medium-density polyethylene,
.polypropylene, ethylene/propylene copolymers, linear
- low-density polyethylene (LLDPE) and ultra low-density
polyethylene), as well as graft modified polymers, and
20 blends thereof, without limiting to these examples.
Such polymers include their variations in the density,
MWD and/or combination of comonomers, for example,
polymers disclosed in U.S. Patent No. 5,032,463 by Smith
(which is incorporated herein by reference). The

25 ethylene copolymer composition (A), (A'), (A") or (A"')



t he et hyl ene copol yner composition (A, (A), (A") or (A"")

The orientedgandognerigpted fil mstructures of the i nvention can be
produced using conventional sinple hot 10 blown bubble method, cast
extrusion or extrusion coating techni ques. Especially in case of the
oriented film the filmcan belﬁgpduced usi ng nore el aborate

t echni ques, such as "tenter fram ng“;"”"doubl e bubbl e" or "trapped
bubbl e" nethod. 15 The terns "stretched" and "oriented" are used in
the art and L3 .nterc abhy Lant at | ' : actuyal ly the
consequence %?E\g’lr?'isle% %%i Eggg?rg{)cﬁ’eg‘é%ig&%ﬁeaatggég%t fsct))r %éxgaor%pl e,

nernal 2 LRI BURLRSCORn bl R ALl SL NS gt ul 1o

on the edges © Sinple bl

thod i described in, f le, "Ih : i a of Cheni cal
Technol ogy” , JRHAE. GERRePCEHFHAC e oPBHe{ 0 WG Tiim 4aYEE Now vor k)

1981, Vol. 16, .pp. 416-417 and Vo|. 18, 25  pp. 191-192. = The mpre

el aborate met'Rdd 5F%6F5390Fﬂgas skin la3'f_e_r_|_4g§7 SHE ce layer” in

120 biaxially oriented film e.g., the "doubl e bubble" nmet hod,

i s descrided i B7S) pafehPengeaiantelaver consigih qasentéatdy Rét hods

appropriate for producing the biaxially stretched or oriented filmare

descri bed inthe sthylepe RRPalyes Comesttign WMgesd2 ((&5)i RE et al .),
(Au 1 ) .

The oriented and unorieﬁted film structures of the
invention can be produced using conventiocnal simple hot

10 blown bubble method, cast extrusion or extrusion coating
techniques. Especially in case of the oriented film,
the film can be produced using more elaborate
techniques, such as "tenter framing", "double bubble" or
"trapped bubble" method.

15 The terms "stretched" and "oriented" are used in
the art and herein interchangeably, but orientation is
~actually the consequeﬁce of a f£ilm being stretched by

- means of, for example, intermal air pressure pushing on
the tube or by a tenter frame pulling on the edges of

20 the film.

The simple hot blown bubble film method is
described in, for example, "The encyclopedia of Chemical
Technology", Kirt-Othmer, Third edition (John Wiley &
Sons, New York) 1981, Vvol. 16, pp. 416-417 and Vol. 18,

25 pp. 191-192. The more elaborate method for producing



U S. Patent No. 4,352,849 (Mieller), U S. Patent No. 4,820, 557

(Warren), U Sp_pateptrNegs4, 927,708 (Herran et al.), U S Patent No.

4,963,419 (Lustig et al.) and U. S Pat ent No. 4,952,451 (Mueller). 10
As described by Pahlke in U S. Patent No. 3,456, 044 and in conparison
to the sinple bubble nethod, "double bubbl e" or "trapped bubble"” film

process can significantly incre%gg a films orientation in both the
machi ne and transverse directions. The increased 15 orientation gives

hi gher free shrink val.u ter,the filmds. hea As di scl osed by
Poilve 1 noy, SBipREg8fy 8r18§5833§h35%,, f ‘a(nathl?usthé‘bgF N e

No. 5,059,481 | it J I d.ult I d it

ponethyIene,mFEgBQCtgggagggtkﬁ? ?%xg%%¥ g%%%ﬁ% N%O 53#3%2?#ﬁes inGRZLhyne
dt dj [ wh duced by t i npl t hod, f

xanpl o 1 hey BRELES) . T GEBRF oper ROt SRR R hIRgo FEACG PH BBEh

di ti . b t 3 %_ The ethy] I ition (A,

(A (A or BEapTEy BRESFeR voroT HRkarbrL ) ot CSSCTRbg: gt 11 cant |y

i mproved aﬂgink properties_in both the F- 1493/ SF- 605
121 chPRec%REPLRandver sB2 R e T orfy &Arei? Uthdfoldkesetised-) . in
the sinple bubble nmethod, in contrast to the conventional film

materials, paPtScuPaEpptiNocoht 323184 (Muellieid .f U-MA-nERELREl ¥odi scl osed by

Lustig et al. in U S 5 Patent No. 5,059,481, U S. Patent No. 4,976, 898
and U. S. 4,820,557 (Warren), U.S. patent No. 4,927,708 (Herran et

al.), U.S. Patent No. 4,963,419 (Lustig et al.) and U.S.
Patent No. 4,952,451 (Mneller).'

10 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
significantly increase a film's orientation in both the
machine and transverse directions. The increased

15 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.

_ 5,059,481, low-density polyethylene and ultra low-
density polyethylene, respectively, exhibit poor shrink

20 properties in machine and transverse directions when
produced by the simple method, for example, they are
inferior in the free shrinkage ratio in both directions
by about 3 %. The ethylene copolymer composition (A),
(A'), (A") or (A"') of the invention, however, exhibits

25 significantly improved shrink properties in both the



Patent No. 4,863,769, as well as in contrast to the film mat eri al

di scl osed by-5193 sF+6d3 S. Patent No. 5,032,463. Further, when the

et hyl ene copol yner conposition (A, (A), (A") or (A"") is produced by
the 10 sinple bubble nethod at hi gh bl owup ratios, e.g., 2.5:1 or

hi gher, or nore preferably, by th? floubl e bubbl e" met hod di scl osed by
Pahl ke in U S. Patent No. 3,456,0 z? and Lustig et al. in U S Patent
No. 4,976,898, it is possible to achieve favorable shrink properties
inthe 15 gRofige a0 LARGIRE direeelibArs Bkl ek e obl Alaed film
suitable for shrink wr ap packi ng pur poses. he bl owup ratio
(abbrevi ate | §H§ r fol |l ow ng

equati on: e £E§§3? %QﬁéﬁthQF bbFBﬂEgglgng ﬂ%f die. 20

The ol efi n pgCkagL 10, o1 fgzﬁrpa}a@%xffah@ OpabRecurari YENLOLIBY be

single-layer Yructure is a

I I struct ur si_ngl co rls | east one
ZLR?I:neazg%o?yfllmé%%%%gi |onﬁf ros %‘%y ?ﬁ?%lgr gj " an anmount of
t | 1 ' , ra
322 - I gIt]é/ Q/% g:’)érra?aé"(?ﬁﬁr I'\Ige at 9%@ é Rb.s. et hyl ene
I S|t|on A" AL in an nDu t. of 100 %
by wei ght Coa 3nt NG #rﬁg%%l(ﬁ%nég Sl RS T RABLTRFbrEs ARS Y (A1)

or (A7) usgl Lofa] L% 4 By e 12VE s9°BERER o

] 5,032,463. Further, when thé ethylene copolymer
composition (A), (A'), (A") or (A"') is produced by the

10 simple bubble method at high blow-up ratios, e.g., 2.5:1
or higher, or more preferably, by 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

15 machine and transverse directions making the obtained
film suitable for shrink wrap packing purposes.

The blow-up ratic (abbreviated herein as "BUR") is
calculated from the following equation:
BUR = diameter of bubble + diameter of die.

20 The olefin packaging or wrapping film of the
invention may be a single-layer f£film or a multi-layer
film. When the film structure is a single-layer
structure, this single layer may comprise at least one
ethylene copolymer composition (A), (A'), (A") or (A"')

25 in an amount of at least 10 % by weight, preferably at



the properties desired in the film Wen two or nore ki nds o
et hyl ene cppohyypsrcompositions (A, (A), (A") and (A"") ar
the single-layer film structure, the -polyners are selected p
based on 10 their conpatibility with each other with respect to
processi ng and use conditions. Si 'iarly, when a bl end of at
et hyl ene copol yner conposition (A% (A), (A") or (A") and
one conventi onal et hyl ene polynmer (e.g., conventional unifor
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A, (A"% or (A"') exhibits surprisingly excellent 5
ypds of the ethyvléne copolymer compositions (A}, (A'),

(A") and (A"') are used in the single-layer f£ilm
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 copolymer composition (A),

(A'), (A") or (A"') and at least one conventional
ethylene polymer (e.g., conventional uniformly branched

linear ethylene/o-~-olefin copolymers prepared as

described in U.S. Patent No. 3,645,992, conventional

_ununiformly branched ethylene/da-olefin copolymers

20

25

prepared by Ziegler method as described in U.S. Patent
No. 4,076,698) are used, the ethylene polymers are
selected partly based on their compatibility with the
ethylene copolymer composition (A), (A'), (A") or (A"').
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

oxygen



Oxygen permeation is particularly useful in the stretch wrappi ng of

i ndi vi dual cutss1gh3reg- gg?t (t hat is, in-store waped neat where the
grocer/but cher actually cuts the primary neat into smaller cuts for
10 individual sale), where the oxygen perneation all ows fresh red neat
to "bloont to the desired bright red color. The filmeffective in
packagi ng i ndivi dual cuts of redZdeat will usuall y exhibits m ni mal
shri nkage and good stretchability. This filmpreferably exhibits 15
oxygen perneability and has o%{g el astic reco enabl %Ithe

consuners to &XaMMECPAEY tHokiec agm%é?%%%‘?ﬁ y AeSYES he film

and naking it

t di,ng U S.. Patent | i cat
fiedin | 4R EReo8crasss By Paraup D S Ve TSI T aar. 20

Whi teman under the title of "Method, of Packagl ng Food ., , Products”

di scl oses net B3 u&degEk’H‘g' R§ PEBYLPRSdTRLYMEr GORRQRH TP S UG +i ndi vi dual
portions of red rreat wever, even if shrjnk properties are not
utilized for ) 1t Hé ﬁr@§er(t’\ a0t SXRRRIES | FHrRIEILIFLIY £HGRJ 4R ndi vi dual
F- 1493/ SF- 605 . - 124 portions of red neat
can be produc&XYEEna peaEmeabilityhrinkable film The singl e-1ayer
filmstructure suitably used for the stretch overwapping is

particul arly prefePxygenrpgsmeatign isppaneieotlaney atsgfuendedds yrer
conposition (A, (A), (A") or (A'") and any of an

ethylene/[err]sqngﬁqh.wrapplng of individual cuts of red meat (that
is, in-store wraped meat where the grocer/butcher
actually cuts the primary meat into smaller cuts for

10 individual sale), where the oxygen permeation allows
fresh red meat to "bloom" to the desired bright red
color. The film effective in packaging individual cuts
of red meat will usually exhibits minimal shrinkage andl
good stretchability. This film preferably exhibits

15 oxygen permeability and has good elastic recovery, to
enable the consumers to examine the meat without
permanently deforming the film and making it non-

- attractive. Co-pending U.S. Patent Application filed in
April 28, 1993 by Pak-Wing Steve Chum and Nicole F.

20 whiteman under the title of "Method of Packaging Food
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



unsat urated carbonyl copolyner (e.g., EVA, EAA), an

et hyl ene/ met hacr,yhi,c-aghd (EMAA) copol yner, al kali netal salts

t her eof (ion%ﬁ%ﬁé /%gsgggs t hereof and other 10 derivatives thereof.

For the coextruded or lam anted nmulti-layer film structure (e.qg.,
three-layer and five-layer film structures), the ethyl ene copol yner
conposition (A, (A), (A" orlgﬁ” ) can be used for a core |layer, an
15 outer surface layer, an internediate |ayer and/or an i nner seal ant
| ayer of the strycture. Esgecial%, for thg hot tack filmof the

i nvention, aPIrEAORSoRE red meRhyFeRePe FPTHETS @i dition (A), (A), (A")
or (A"") I's used as at | east one heat-seal able outer |ayer of the 20
film structurs®rinkg®leefil¥eal abl e outer |ayer may be coextruded with
other |ayer(s) or nmay be | am nated onto anot her | ayer(s)_in the
secondary operati e shagle-laygsxfilli shruetwerl Dritaly asesatiory net hod
can be carried out as described in "Packaging Foods Wth 25

Pl astics" w ithestyetel pryerArappiitnss apair Yiewbarly preferablyrmagdgs/ SF- 605
125 Harrington (1991), or "Coextrusion For Barrier Packagi ng"
(witten by W a BdlenénlefatiieCeRhykenehfopdlymer c@massitniost (Mastics

Engi neers RETEC Proceedi ngs", Jun. 15-17, (1981), pp, 211-229. 5

For the multi® dyer(3)| mrstidicdupred geKerhl 7y, ethwlene/adityl ene copol yner
conmposition (A, (A), (A") or (A"")

unsaturated carbonyl copolymer (e.g., EVA, EaA), an

ethylene/methacrylic acid (EMAA) copolymer, alkali metal
salts thereof (ionomers), esters thereof and other
10 derivatives thereof.

For the coextruded or lamianted multi-layer film
structure (e.g., three-layer and five-layer film
structures), the ethylene copolymer composition (A),
(A'), (A") or (A"') can be used for a core layer, an

15 outer surface layer, an intermediate layer and/or an
inner sealant layer of the structure. Especially, for
‘the hot tack film of the invention, at least one

- ethylene copolymer composition (A), (A'), (A") or (A"')

is used as at least one heat-sealable outer layer of the

20 film structure. The heat-sealable outer layer may be
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

25 Plastics" written by Wilmer A. Jenkins and James P.



conprises at least 10 %of the total multi-layer film structure. O her

| ayers of th | by er structure I ncl ude barrier layers and/or tie
| ayers, anﬁfgéggfg% E?%uctural | ayers, without limting thereto. Various
materials for these |ayers are enpl oyable for these | ayers, with sone
of those materials being used as two or nore layers in the sane film
structure. Sone exanpl es of 1R8 materials include foil, nyl on, 15

et hyl ene/ vi nyl al cohol (EVOH) copol yners, polyvinylidene chl ori de
(PVDC), polyethylene terephthal ate (PET),. ori ent.ed pol ypropyl ene
(OPP), eth ﬁéPﬁFﬁ?I(égggéteor Coéfﬁﬁés%Rﬁxﬁ%ﬁn§4£r¥§thIene/acrylic acd
(EAA) copol yners,, et hyl ene/ net hacrylic acid %EN%A)_cogglygers, ULDPE,
20 LLDPE, HaorpgipgnE (WEREPED PHPE: Ji ofoed it Brodiificdd °f  polyners

(e.g., maleic anhydride-grafted polyethyl ene and paper. The
nul ti -1 ayer" Sadigtat pfcPdretiyefieEagigeers REWiprirraeedings/ | dydrs.
I n one enbodi nent disclosed herein, a nulti-layer 25 filmstructure
conpri ses dt5-418ast{198layepy-(@1§-22%n F- 1493/ SF- 605
126 A/ Bl A structure), wherein each outer |ayer conprises_ at
| east obe et hyl &oe ciygompisi-dawposfilonstryctyye,) ggnerally, the (A"'), and
at | east one core |layer or hidden |ayer conpri ses high-pressure
| ow densi t yetiptleeteh Wopod yileBPEpmpos St it (Al £ i (A ‘dy.er (¥') mxst(BUcbur e
exhibits surprisingly excel l ent optical properties wi th maintaining
excel l ent 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
10 structural layers, without limiting thereto. Various
materials for these layers are employable for these
layers, with some of those materials being used as two
or more layers in the same film structure. Some
examples of the materials include foil, nylon,
15 ethylene/vinyl alcohol (EVOH) copolymers, polyvinylidene
chloride (PVDC), polyethylene terephthalate (PET),
_oriented polypropylene (OPP), ethylene/vinyl acetate
- (EVA) copolymers, ethylene/acrylic acd (EAA) copolymers,
ethylene/methacrylic acid (EMAA) copolymers, ULDPE,
20 LLDPE, HDPE, MDPE, LMDPE, LDPE, ionomers, graft modified
polymers (e.g., maleic anhydride-grafted polyethylene)
and paper. The multi-layer film structure generally
comprises 2 to 7 layers.

In one embodiment disclosed herein, a multi-layer

25 film structure comprises at least 3 layers (e.g., an



overal filmstrength properties. CGenerally, the ratio of film
structure | ayensgql ughethat the core | ayer dom nates the film
structure in¥fé§%§§§? ??g percentage 10 of the entire structure. The
core layer nust be at | east 33 % of the whole structure. For exanple,
in a three-layer filmstructure,_ each outer |ayer (A conpri ses
at |l east 33 % by weight of the mholézﬁ I m structure, while the core
LDPE | ayer (layer (B)) 15 conprises 33 % by weight of the whole film
structure. In the three-layer filmstructure, the core LDPE | ayer
preferably cOfBPsESTHCEIERIr YHSURHR M PIUIRF f1AYRT COMDILSESt Gfe.
Addi ti onal hidden |layer may be included into .  the filmstructure, as
far as the opiSeE&l opPoFERYi-eBeaFero e RFORRAT it @, (Bor -exdipl e, a
tie layer or an internmedi ate | ayer made of an ethyl ene/vinyl acetate
copol ynmer, a®Xet(®y|'dnepnér pki deastdorepedyerekaxrr or higidepdrliegergr af t
nodi fi ed pol yethyl ene i s enpl oyabl e, or a barrier |ayer nmade of a

vi nyl i dene cldappirdsesi moh-pEesghrer Loe-depdil tammo lare thy lemiey | (BREEV . ny |

al cohol F- 1493/ SF- 605 ' 127

copol yrmerSi s Theproytabil-dayer fidmr stpuetere eskhibicess surprisisgdy fil m
structure, each outer |ayer (A conprises at | east one et hyl ene
copol ynmer corpesililientt EArictA' propéfiies witlhmgidtginimarxaaidentof 15 %
by wei ght of the whole 5 filmstructure, and the core layer (B) conprises
LDPE i n ov@raimfiii stréfgthbpropeghieonf tGenededle . fidh@a shrtdet ure.

of film structure layers is such that the core layer
dominates the film structure in terms of its percentage

10 of the entire structure. The core layer must be at
least 33 % of the whole structure. For example, in a
three-layer film structure, each outer laver (A)
comprises at least 33 % by weight of the whole film
structure, while the core LDPE layer (layer (B})

15 comprises 33 % by weight of the whole film structure.
In the three-layer film structure, the core LDPE layer
preferably comprises at least 70 % of the whole £f£ilm

- structure. Additional hidden layer may be included into

the f£ilm structure, as far as the optical properties are

20 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

25 chloride copolymer or an ethylene/vinyl alcohol



The multi-layer filmstructure can be orientated and/or i rradi at ed

(in any orderaa3y ge-egisde a nulti-| ayer shrink filmstructure or a
mul ti-layer skin package with 10 <controlled |inear tearability. The LDPE
sui table for the multi-layer filmstructure disclosed herein having

i nproved optical transparency usu iiy has a density of 0. 915
g/cnferr] to 0.935 g/cnferr], a 17" i ndex of 0.1 g/10 mn to 10 g/ 10

mn and a nelt tension of at least 1 g. For 15 Ierr0VI ng optical

transpar en%g,gl%eg g %lggggh_grrer In a ?8:?% r#ft L e(_A' (A") or

(A"") ensity of - usual |y 0. 8 g/cn{err]

5232?[ibbyzloaﬁfg’m‘?gt]mtc%reioea??cgg%g%f”f‘ (B2 R R )2 O
per moabl o AT B EHGTR. 8Pﬁéw'ﬁiy§é%%‘%"s%s$ﬁ“ﬁ“re%pﬁg. e (. oe

A (A" ') f d AL th d bed fil

gt rzjct ure)s) O%rlﬁ(%g rl%ﬁlerarﬁ% 5,: ﬁ‘%l P'IEA%O]BYVW?}'Ig X %W- %ﬁglma:bl eI flml m
| F- 1493/ SF- 605

L P o L AR P Ehey sofﬁv%slf%ﬁdm compri s e AR o | ¢

acid (EAA). Particul ar interestin ilmstructures include film
struct ures It FK é(ﬁ) y wegig] gFVEBP@?A")’h%ﬁ FAPPEYAGIYISPE.  These
film 5 structures are repl.acenents for conventiopal filmpms such as
PVC film &P I Suiltalie HioR SEFEFERTBVERIM BppPtprtated and/or

irradiated (in any order) to provide a multi-layer
shrink film structure or a multi-layer skin package with

10 controlled linear tearability. The LDPE suitable for
the multi-layer film structure disclosed herein having
improved optical transparency usually has a density of
0.915 g/cm3 to 0.935 g/cm?®, a melt index of 0.1 g/10 min
to 10 g/10 min and a melt tension of at least 1 g. For

15 improving optical transparency, the ethylene copolymer
composition {(A), (A'), (A") or (A"') has a density of
usually 0.85 g/cm® to 0.96 g/cm?®, preferably 0.9 g/cm? to

- 0.92 g/cm?, and a 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

20 min.

The multi-layer film structure can also be oxygen
permeable either by using the ethylene copolymer
composition (A), (A'), (A") or (A"'} (referred to as "A"
in the below-described film structures) singly or in

25 combination with other oxygen permeable film layers such



various fresh foods (e.g., retail-cht red neat, fish,

veget abl es,
di spl ay and
appropriate

poul try,

fruit d eese, and ot her foods destined for retai
BrbdssdReene

from 10 access to environnmental oxygen or need
respiration. These filns are preferably produced as

non-shrink filns (e.g., wthout biaxial orientation I nduced from
doubl e bubbl e nethod) with excel |l enfl2dygen perneability,
stretchability, elastic recovery and heat- 15 sealing properties, whereby
a whol esaler or a retailer can use the filmin any .ordinary form

e.g., stock 2as lavegis of gidvdgpedvinvheacetaron(BE@vand/eral packagi ng

devi ce.

I n anot her aspect, these nulti-layer film 20

struct ures n@thydeme/scradioxpgéd BWBAR) er Parpidelarly interSARAMG(trade

is a filmproduced froma pol yvi nyl i dene chl ori de pol yner,
avai |l abl e frdmlBowtructulesniivalud@enpaby) stEvturesios (A)r/&M/Made) that is
an et hyl ene/ vi nyl al cohol copol yner available from Eval 25 Conpany
(al20i WMIEBRY (@f) EndaLAPPE) (AWELLDPE. These fillm 1493/ SF- 605

name) t hat

of Anerica
129 I
barrier pbo
packagi ng t

nc., a whole owned subsidiary of Kuraray Ltd.)). The
pertrmetu\des ianeorepltcenchtsnBor conwvepticadll EiSnEluchs
he primal cuts of neat (that is, large cuts of neat

oxygen

whi ch

are transportad BV fiinspeeiabret suesabbe for tdefetdt tdwgdraipdifg specific

consuner co

10

20

25

nsunption). As described by Davis et al. in
various fresh foods (e.g., retail-cut red meat, fish,

poultry, vegetables, fruits and cheese, and other foods
destined for retail display and which benefit from
access to environmental oxygen or need appropriate
respiration. These films are preferably produced as
non-shrink films (e.g., without biaxial orientation
induced from double bubble method) with excellent oxygen
permeability, stretchability, elastic recovery and heat-
sealing properties, whereby a wholesaler or a retailer
can use the film in any ordinary form, e.g., stock
‘rolls, and can use the film on conventional packaging
device.

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
ethylene/vinyl alcochol copolymer available from Eval

Company of America (a division of Kuraray of America,



U S. Patent No 4, 886, 690 t he oxygen barrier |ayer also can be

desi gned as 1%; }gn © allow renobval once the packaged primal cut
arrives at t e/grocer The 10 peelable structure or design is
particularly useful for "case-ready" vacuum ski n packages of

I ndi vi dual portions, elimnate he need for repackagi ng to oxygen

per meabl e package for bl oom ng to BdYht red. The film structure
produced fromthe et hyI ene copol ymer conposition (A) (A), (A") or

(A"") may al so pre or n kno nmet hod 0., extrustion
t her nof or ni nP%cc Gt df “fnr‘r‘ge§ é‘g&%HYCS HF?r%?' It"ﬁ% R ficle to be
packaged. The advant age, of usi ng the pre- med fjl mstructure wll
be to conpl eFEfIeDPARHIRYe Prﬁ?erdﬁl\?énaﬁéck’QBPﬁﬁaBEe?%tg’cﬂ‘f‘és such as increase
of stretchability, decrease of filmthjckness for given stretch
r equi r enent SPRHLEGRRRARRS FHGh -Af PacHeg)Efethpnprimal cuts offeathi ckness of
the single-layer or multi-layer filmstructure may vary. The thickness
of the singl éfhabpsis) daggammtfulof meagewhirhnaser beausRersed %owever, in
F- 1493/ SE- 605 ' 130 t he range of
typical | p 0.d9pediaX xtoxes oy furtb@rnichtiing7for the[spedific preferably
0.4 ml (10 [err]m to 15 m | (381 [err]m, particularly 0.6 ml| (15
[err]m to 4comsunieXdmsuriphion). As descThbefli by Bavistet elpr gduced from
t he et hyl ene 5 copolynmer conposition (A, (A), (A") or (A"") described
herei n sur pr¥s$ nghatexio\ido ok 88,6190, ethei pxggeat banrier layer also
can be designed as "peelable" to allow removal once the
packaged primal cut arrives at the butche/grocer. The
10 peelable structure or design is particularly useful for
"case-ready" vacuum skin packages of individual
portions, eliminate the need for repackaging to oxygen
permeable package for blooming to bright red.
The film structure produced from the ethylene
15 copolymer composition (A), (A'), (A") or (A"') may also
be preformed by any known method, e.g., extrustion
thermoforming according to the shape and contours of the
- article to be packaged. The advantage of using the pre-
formed film structure will be to complement or avoide
20 given packaging operations such as increase of
stretchability, decrease of f£ilm thickness for given
stretch requirements and reduced heat-up and cycle time.
The thickness of the single-layer or multi-layer
film structure may vary. The thickness of the single-~

25 layer and multi-layer film structures is, however, in



crosslinking as conpared to a conparative conventi onal Zi egl er

pol yneri zed | i Y e/[err]-olefin polyners. As one aspect of
the inventi on?ng'%bﬁzé?ngegse of this 10 nerit of the irradiation
crosslinking efficiency of t hese uni que polyners, a filmstructure
havi ng a di stinctively or selectively crosslinked filmlayer can

be produced. For the purpose of maki ﬁéQJse of further merit of this

di scovery, specific filmlayer materials 15 containing the ethyl ene

copol ymer conposition (A, (A.), (A A'') carn be .nrepar

together with rpnge of tg.@é&ﬁi"%? %:b.ﬁ“lirF%i%ﬂ%y%&rogf@qasﬁdéggri bed
by Warren in US Patent No. . 4,957,790 and/or with crosslinking :
i nhi bitors (aMoxPISEEERPLY. §-4 BilyfhP o) 6P IR oyt Alude ras descri bed
by Evert in U S. Patent No. . 5,055, 328. i I rradiation
crosslinki ng RREFEMIRrAVS§ -Foril (15 wRkreRst it hel&hiHki ng t enper at ur e
range and the heat _.sealing range for the filmstructure. For exanple,
U.S. 25 Patent NFhesfodm sgrugkcyrpopeeduced| from ke gthyhene

F- 1493/ SF- 605 131 structure conpri sing
at |east ode lesmolymsiralsiompogision (A)}aykt) antAht drath" 'Onslesomibedyer

whi ch have good irradiation crosslinking properties. O the

irradi ati on heredmossirpmiisiggflgchhoveghese &ffibcientadimtadmtdyprel ectron

5 beam sources and gamma irradiation by a radioactive el enent such as
cobalt 60 are drvssinskingmmsncoephoddoto a comparative conventional

Ziegler polymerized linear eﬁhylene/a—olefin polymers.
As one aspect of the invention, by making use of this
10 merit of the irradiation crosslinking efficiency of
these unique polymers, a film structure having a
distinctively or selectively crosslinked film layer can
be produced. For the purpose of making use of further
merit of this discovery, specific film layer materials
15 containing the ethylene copolymer composition (A), (A'),
(A") or (A"') can 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
20 hydroxytoluene as described by Evert in U.S. Patent No.
5,055,328.
Irradiation crosslinking is useful also for
increasing the shrinking-temperature range and the heat
sealing range for the film structure. For example, U.S.

25 pPatent No. 5,089,321 discloses a multi-layer film
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10 film
ganmma) at
materi al s.

and ski n packagi ng,

before or

irradiation crosslinking is induced before the final

ng filmmaterials. The irradiation crosslinking is
carried ouf_ _ |l ows. A thernoplastic filmis produced by
%tﬁ%&/ SFefd

en exposed to an irradiation source

a bl own
(beta or

an irradi ati on dose of up to 20 M ad to crosslink the film
Whenever an oriented filmis desired, such as for shrink

15 after final filmorientation, however, preferably

the irrladl ati on crosslinking can be induced

orientation. Wen

a heat - shr¥FHIES (JIRBTLsingk it LeastpgRRabBPARFER ML RWtRiced by

i rradiation of pellets or filmbefore the final filmorientation, the
resul ting 130rr fandnatodassh IR fREBi L3YRF gNBECBhRRYR 8824 ensi on and

will tend to give higher package warpage and board curl. To t he
contrary, Wweadidilan icarasaliloking pyepecdieat Of thefirmadiatiam adi ation,
the resulting filmw Il exhibit | ow shrinkage tension. Differently
fromthe stwroskligegkiRp teadmsilogieshebkreeishadhibgen pryppekedtesomf t he

et hyl ene F- 1493/ SF- 605 ‘ 132

copol yfer bemposiurass (2)d dehAime, iAafiiatieA"by af radiboactive nvention are

not substantially influenced by whet her

irradiation i s conducted

before or efdément heudh reed dddabt 60 a@ei ehkamhbst. comthon methddhef rradi ati on

t echni ques advant ageously used for

i ncl ude t ectossidicing film materials.

10

The irradiation crosslinking is carried out as
follows. A thermoplastic film is produced by a blown
film method, and then exposed to an irradiation source
(beta or gamma) at an irradiation dose of up to 20 Mrad
to crosslink the film materials. Whenever an oriented
film is desired, such as for shrink and skin packaging,
the irradiation crosslinking can be induced before or
after final film orientation, however, preferably

irradiation crosslinking is induced before the final

.orientation. When a heat-shrinkable film or a skin

20

25

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.

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

the filmstructure descri bed herein



known to those skilled in the art. It is preferable to effect the

irradiati onpUsh8g,; s gheCt ron beam (bet a) irradiation device at a
dosage level of 0.5 Mad to 20 10 Mad. The shrink filmstructure
produced fromthe et hyl ene copol yner composition (A, (A), (A") or
(A"") described herein is als 2xpect ed to exhibit inproved

physi cal properties due to a | ow ee of chain sci ssion ocurring as
a consequence of the irradiation 15 treatnent. The hot tack

{1 mof thechRXPOLLONBR0L EILRIAT, (a) AL CBLGasi nobe-Laer or

mul ti-layer "Str ure’s sefulness in'a -1 n-box an

formfill-seal . __operations. anpl f, f .the fil of the 20
i nvention i ARV SFREPT ¥§é%?t(ﬁﬁ§%1?4§%§i}(31 gé@Tl ed Wheg%?ﬁlner A Jd.

Jenki d,J . Harri " Packagi F W.th Plastics”, pp.
32,53 (1001 FoRRRANEE Lartdeieced A o A Ao bihy VBrL BhiRor |

hori zontal foamfill- seal packaging or thernmoformfill-sea

packagi ng, 25+€852t4@Rcribed in C. G Davis of Packagi ng Machi nery

F- 1493/ SF- 605 . L . 133 Manuf acturers

I nstitut® "PackagPRgineRfiaeton Grimti®iRs advantpgeoysly pfedi FPr Sseal ing, A
Sel f-1nstructional Course" (1982, April); M _Bakker (editor) "The

Wl ey ERey EL bPedrEuEUrR R i ete RS iGg P ne Ly CoFFeiIReSons 5
(1986) (p. 334, pp. 364-369);_ and S. Sacharow and A. L. Br ody
"Packagiqg:kAﬁWPnEPOHG@§FO 1lled dourthepagde It is preferable to

effect the irradiation using an electron beam (beta)
irradiation device at a dosage level of 0.5 Mrad to 20

10 Mrad. The shrink film structure produced from the
ethylene copolymer composition (&), (A'), (A") or (A"')
described herein is also expected to exhibit improved
physical properties due to a low degree of chain
scission ocurring as a consequence of the irradiation

15 treatment.

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

20 invention in form-fill-seal operations are described in
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

25 described in C.G. Davis of Packaging Machinery



Javanovi ch Publications. Inc. (1987) (pp. 332-326). A verti cal

formfill-seal f yssen U tima Super CMB. is a particularly
useful nachi ne ?Bfg%%?sfo?ﬁgflll- 10 seal operation. By the use of this
machi ne, packagi ng of typical articles such as foods, drugs and
hardware is carried out. OQther manufacturers of pouch thernoform ng
and evacuati ng device include Cryovac b%3 Koch. 15 Heavy-duty
packagi ng film The heavy- duty packaging filn1conprises t he

et hyl ene copol yner conposition %éA2 A" N%é”

heavy- duty pack’&@% faFrrReRSsinst t'r‘iLﬁeth n&f hinery %?Faﬁbeﬁ% 1.25

ml (31 [err]) and f|In1denS|t¥ of 0.923 20 to 0.95 g/cnB (g/cc{ and
e

shows a tear stN@ng@h EpgmaRill-sealiment %nﬁ%%ﬁmﬁ?ﬂ%ﬁ$%§ﬂ05?1a€°PE§§ 30 %
t han t hose of olyethylene filns typically used in the industries at
present. This leﬂﬁgs énp#gyadﬂe Bajekareaedidpry “The padk¥gi ng,
transportation and hot-fill packaging. F- 1493/ SF- 605

134 EheycbopediadofinPackading Tesdndiewmi'n Johar Wihgyt ® Sons t he
novel filmneans a calculated filmdensity of 0.923 to 0.95 g/cc. The
term "cal culdat ed18B6in densBd4, msed64-36%er @nd Boafechakbivnaddndi Ly
cal cul ated fromthe known 5 weights of the polyners (conponents) or the
| ayers and Btrhéydensckyggieas vkre dlreftegtucarined] i Bgrcourt BraceThe term
"thick” used herein referring to the novel

Javanovich Publications. Inc. (1987) (pp. 332-326). A

vertical form-fill-seal machine of Hayssen Ultima Super

CMB. is a particularly useful machine for the form-fill-
10 seal operation. By the use of this machine, packaging

of typical articles such as foods, drugs and hardware is

carried out. Other manufacturers of pouch thermoforming

and evacuating device include Cryovac and Koch.

15 Heavy-duty packaging £ilm
" The heavy-duty packaging film comprises the
ethylene copolymer composition (A), (A'), (A") or (aA"').
- The heavy-duty packaging film has a £ilm thickness of at
least about 1.25 mil (31 p) and a film density of 0.923
20 to 0.95 g/cm3 (g/cc), and shows a tear strength and an
impact strenéth 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.



filmmeans a filmthickness of not |ess than about 1.25 ml (31
[err]). 10 - S "vari abl e-stal k bl owmn extrusion" used

her ei n neans t§m14%|%§FL§Pth of the annular die for films and the
stalk, i.e., distance between the expanded poi nts of a bubble, can
vary over the range of 0 inch (O cm to 144 inches (366 cm during
bl own film production. 15 This ter md%hcl udes both of the well known
pocket bl own filmand stalk blown filmextrusions. The term "high

stal k extrusion" used herein_in.a general sense.neans. - _that the

di stance between arﬁtﬁ  tas | e’?‘legl"“f“i ® quﬁ apred hergin refemyng bos (76
cm or nore. 20 The term "hot-f(Il" used_herein neans operation
of packagi ng o¥$ iH9¥&y AsELsaf EﬁiSPg?Eﬁg £iin ‘%%‘Fﬁfe‘?%tﬁg) '(%%3not

|l ower than 45 [err] C. The term "heavy- duty" used_herei n means
packagi ng of arP ihdRRtF/cA- i &R term (6adrpjahadi hplRednsiy" used

si ngl e- packaged weji ght of not 25 _ less than 10 | b_(4.5 kg{.
F- 1493/ SE- 605 herein means a film density calggibated from therdgiqwayr

resi stance_of the filmof the present " invention is measured in

accor dancedwi tweixdteg oD theype lymersy d gomperenns fyr of thimelawssurantent  of
the tear resistance is carried out in both of the machine 5

di rection (MD)thendlernssity oxastinedcifter( €drealingt he pr esent
specification, the term"tear strength" is used to indicate an average
of the MD tear resiBtanmemidhilgk" used herein referring to the novel

film means a film thickness‘of not less than about 1.25
mil (31 u).

10 The term "variable-stalk blown extrusion” used
herein means that the height of the annular die for
films and the stalk, i.e., distance between the expanded
points of a bubble, can vary over the range of 0 inch (0
cm) to 144 inches (366 cm) during blown film production.

15 This term includes both of the well known pocket blown
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.

20 The term "hot-fill" used herein means an operation
of packaging or filling articles at an article
temperature 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

25 less than 10 1lb (4.5 kg).



CD tear resistance, and the tear strength is al so reported in gram
The inpact regishangerogoshe filmof 10 the invention is neasured in
accordance with ASTM D1709. Where the property val ues are increased
Wi th increase of the thickness, the results of tear and inpact are

i ncreased or decreased in proportionf to the film t hi ckness ([err]m
practically measured, whereby the fi 15 thickness is accurately
normalized to 3 ml. However, the nornalization calculation is

perfornmed and repogég?ﬁg?rirég%%Fgggg13gm%?gﬂgi | Y% Qhetp%e%gégkness i S not

nor e t han 10 S, e measured thickness 1's range

of 2.7 to 3.3.ml.. - . i ng%! il khyenti.on has a
calcul ated fi Il%{rgiénﬁ%lg yl(s)fmf)a.‘%‘gge%r?%%% : Lé:337 f(‘:"}cltlﬂ %%mgg%??gu aéril y 0.926
g{ gzgg;)sg; 2ggr%,/pg%tego E.rel 8@5&1' Cq‘.{‘l'?er lr&’easuremoef%B' 3 ogﬁj Ct%et %eg'rg.ld'.ﬁ eg]{ |Cfm

t hi ckness is usualg not ,l ess_than about articularly in the

1.25.m |,
range of 1.5 RFPLFG2BCY5LS Carpied Qif é-fbé?fﬁftlﬂéﬁl'{g F“Fi‘c?‘ﬁﬁer ange of 2 nil

to 8 ml. . .The tear strength or the inpact strength of the 5
novel filmis%FERELOBy (MP) | 3Rdithy) FFqsmiy on (CDdxhi Bit EBSpby a
conpar abl e conventi onal polyethylene film havi ng al npst .the sane film

density, neltPrREERtaAREFLfRTation & feaan "tear strengfB"ndSelSed| m can

be conveniently forned into bags ,
to indicate an average of the MD tear resistance and the

— CD tear resistance, and the tear strength is also
reported in gram. The impact resistance of the film of

10 the invention is measured in accordance with ASTM D1709.
Where the property values are increased with increase of
the thickness, the results of tear and impact are
increased or decreased in proportional to the film
thickness (um) practically measured, whereby the film

15 thickness is accurately normalized to 3 mil. However,
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 teo 3.3 mil.

20 The medium-modulus f£ilm of the invention has a
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.



10 and is useful for heavy-duty packagi ng, transportation and

hot-fill packadgf+ies3 f8B16805 uses, there are desired films of excellent
property bal ance, i.e., filns having excel l ent tear strength, inpact
strength and di nensi onal stability, having high strength and

exhi biting nodulus 15 of nediun1|evq: This novel filmcan be
produced by the vari abl e- stal k bl'own extrusion. Production of filns
by bl own filmextrusion is well known. For exanple, U S. Patent

No. 4,632,801 of Dovfhé Nfim cthidkngdisCaks RBkawniii hot 20ssextdniddutdr ocess
is described is referred to. 1In this typi cal process, a polyner is

i ntroduced lnt0182§qa§w part@&41des inehkeedahher genyagdnputed o Wy d in

t he extruder under pressure. The nolten polyner is extruded through
an annul ar die f l;t.e u h rqis;fed into
t he annul ar dléi?% ﬁ#%a?téégéﬁjdmé%l {ERnk QSEQ%4gg/SF % &8 Iati 1.

137 h b " : Th
air is kep: ?Lgiéep[ﬁﬁgnnﬁé% §%¥EH ans o thgmggétrggﬁg+§£§g§%t§ﬁa nip ©
bubbl ¢ i & pressadres T HF HE M S 33aF, 96 Wrenhoenapy Lhen (he,
the ~ filmig.adiys dﬁgcggl?}g s Sl ) 90,k %%ong&)b' Si9LIRtSLe tfellmand

nip rate, which are a varla €s sucC S CTE
haul -off rate and._t Xtrusj r iLs_inc se
wi th const ant I ahiv ﬂ?‘?‘n&{)% buagﬁ %Ei&l a% lEXndmg‘r{:té Jg%l&.e é1 ‘{Jﬁla 2" fi nal

film thickness.

The novel film can be conveniently formed into bags
10 and is useful for heavy-duty packaging, transportation
and hot-fill packaging. In such uses, there are desired
films of excellent property balance, i.e., films having
excellent tear strength, impact strength and dimensional
stability, having high strength and exhibiting modulus
15 of medium level.

This novel film can be produced by the variable-
stalk blown extrusion. Production of films by blown
film extrusion is well known. For example, U.S. Patent
No. 4,632,801 of Dowd in which a typical blown f£ilm

20 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
under pressure. The molten polymer is extruded through
an annular die for films to form a molten tube. Then,

25 air is fed into the annular die to blow the tube and



t hi ckness becones | arger. The typical blown extrusion can be
general ly F-1ab393F-608 as "stal k" extrusion or "pocket" extrusion.
For the stal k extrusion, blow ng and expansion of a 15 bubble take place

at the considerably higher position above the annul ar die, and the
adj ustment thereof is made. An 3br streamis fed outside the tube in
paral | el with the nachine direé i'on by an air ring (usually

having a single-lip structure) until the nolten tube is 20 blown at the

nei gt Of al iAoy pirBRlies. 612odubih: AhiYEng o addirdlibldiecdse, SO tha

the tube di aneter s nmintai ned al nost The sane as ‘the film

I di e. PRSI | : ' i i bilit f th
oIkl S 910 06 i 15 SRUERRSREOLO IR 1Y bl mamb 11y of i

bubbl e durin I I'm produc can

F- 1493/ SF- 60 . , .13 e | . Likew se,
ool o staRTmdar Gie 2nd nip rpllers pogitithed on gie PR-RTral

It is k that, if th tal k i i d,. I I I ti
[ 1 koo ok 4 st Sl B0. SlSEl 4 proER o el ocal o
d d, b | I -hal d fi ti b bt ai ned. Wth
educed, St G- AB-CRER. | TR GRS Legean be g ned, |
t, th ti, inth di ti |1
par ke DSBS e Phoshdl (SR AT, cocd BoSte wmAly

a blown filmis r oduc from a hi gh-no] ecul ar ight pol yet hyl ene
and nip Q%te, W QCh are adjgstable by vag¥;éies %uc asy

screw rate, haul-cff rate and take-up speed. If the
extrusion rate is increased with constantly keeping the

10 bubble diameter and the nip rate, the final film
thickness becomes larger.

The typical blown extrusion can be generally

classified as "stalk" extrusion or "pocket" extrusion.
For the stalk extrusion, blowing and expansion of a

15 ©bubble take place at the considerably higher position
above the annular die, and the adjustment thereof is
made. An air stream is fed outside the tube in parallel
with the machine direction by an air ring (usually
having a single-lip structure) until the molten tube is

20 Dblown 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

the purpose of ensuring the optimum stability of the

bubble during film production, the bubble interior can



conposition, e.g., high-nolecular weight high-density pol yet hyl ene
(HMWWV HDPE) Brl4pSEef@xul ar wei ght | ow density pol yet hyl ene

(HMWM LDPE) (they have nelt strength 15 enough for ensuring sufficiently
bubbl e stability), the stal k extrusion, particularly high stalk
extrusion, is very useful . 138 In case of the pocket extrusion,
air is fed by means of an air ring positioned right adjacent to the
20 annular die so that the bubble extruded fromthe die is

i medi at el yodl evelLedd expanided. albebdle staBilszationty@ataldan dpgloubl e-1ip
type to ensure the bubbie stability after feeding of air. The pocket

extrusi on i8sed indide midahippized than the stal k extrusion, and generally
25 is suitable for polyethylene conpositions having | ower

F-1493/ SF-605 1t is known that, if the stalk38xtrusiofiPi§cidsd, wei ght and
| ower nmelt strength, e.g., linear | ow- density pol yethyl ene (LLDPE) and

ultra | ow degsedyiar ref&%?ﬁ% HQPQH%HBDEE)and a tenden$¥h@oSta|k and

pocket extrusions can produce both o si ngl e-l'ayer | ms and

mul ti-| @’ere;:%é%i??f&EMJ | li'H one digecitg}S?L?%%O?rﬁﬁ?l ?(?’e &%{Eﬁl e-1ayer

structure or ayer structur ayer m can be

producet ueya B Bcl KA SN QUCS LGB nadd GO3KIT T o

| am nating and a C on ereof "are rnclu Ch techni ques.
The preferr st LBlek PUMMIBIN LS. cne BRLYRINY 8N° ALLBLOTo4 g nvention
expanded part, the properties in the cross direction
(CD) are generally improved, and thereby the average
10 film properties are improved. When a blown film is
produced from a high-molecular weight polyethylene
composition, e.g., high-molecular weight high-density
polyethylene (HMW-HDPE) or high-molecular weight low-
density polyvethylene (HMW-LDPE) (they have melt strength
15 enocugh for ensuring sufficiently bubble stability), the
stalk extrusion, particularly high stalk extrusion, is
very useful.
In case of the pocket extrusion, air is fed by
means of an air ring positioned right adjacent to the
20 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
more widely used than the stalk extrusion, and generally

25 is suitable for polyethylene compositions having lower



To the ethyl ene copol ynmer conposition (A, (A), (A") or (A"") for
use in the pr@ildid3di$Fo606he filmof 15 the invention, additives, such as
ant i oxi dant, phosphites, cling agents, Standostab PEPQ (trade nane,
avai |l abl e from Sandoz), pignment, colorant and filler, can be added in
anobunts not detrinmental to the inproygd tear resistance and inpact
resi stance. Further, 20 additives to enhance anti-blocking properties and
friction coefficient characteristics, such as release . agents,
silicone coat inQl GRS wellBit 688 Déwer melt NSEF@OEEH £k It 0 LikRaki | m of
the invention, though they are general ly unnecessary. Exanples of the
addi tives 25 1dWiQdi tyNtboadbetyPent eBLEPE S dh& O DX AE-adrdiGy

F- 1493/ SF- 605 140 cal ci um car bonat e,

clay, and pri ByiyeIfARLANYLABE) . substituted fatty am des, w thout
limting theréeto. In order to enhance the filmantistatic properties

and al | ow hegiy: ditay 1PackaghofeOf e £LEGLI 68! Lah SIS Both of
articles, additives such as quaternary ammoni um conmpounds singly or
i n conbi naki on, . _ hacryljzc - Fggo §B¥9Iy aqr Qt.her
:‘uncti olnalS:ool%yl_rvgr!glrs?a é&%%}ébiﬁlﬁg %gdrgﬁ].'tl 14 £ he ar%vgt!hefi M has
advant ageous! .4 MRAYR] o Wty 40 oSLESROL 2000 LOSLELGLE o B gedichion 1o

the recycling ~ i and scra _ ral’s;” porymers
can be r‘ﬂa>§%‘%’: \gttrrl].zc%(.zr%d d e‘ilhte Om{[li' g i f ial.lgé:g Oﬁ@ﬂ% : ctc-lmo ri_)eu Sper%dcu%red

by any of known techniques in the art, and coextrusion,

laminating and a combination thereof are included in

10 such techniques. The preferred thick medium-modulus
polyethylene film of the invention is a single-layer
film structure.

To the ethylene copolymer composition (A), (A'),
(A") or (A"') for use in the production of the film of

15 the invention, additives, such as antioxidant,
phosphites, cling agents, Standostab PEPQ (trade name,
available from Sandoz), pigment, colorant and filler,
can be added in amounts not detrimental to the improved
tear resistance and impact resistance. Further,

20 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

25 include untreated or treated silicon dioxide, talc,



produci ng the novel film in amounts |arger than the anount s
typical Iy pos#l-il4®3wisenre60Be conventional 15 polyethylene film .
conpositions are used. The novel film can have or retain quality

characteristics desired when
heavy- duty packagi ng

the filmis successfully used for
or transpgrkptlon Exanpl es of the suitable

materi al s for dilution include elastoners rubbers, anhydride- 20
nodi fied polyethyl enes (e.g., polybutylene, LLDPE and HDPE gr afted
with mal ei c ardaudnidearbbdlrBl €§38%E and ;|> S%CE;E%A

| ow- densi ty pol yet hyl ene ¢LDPE), et hy ene/acry I C acl )

copol yners,

elidupsenenieny aE8b 8l G Y
ethylene/nethacrylate (ENAatt¥5 &l %Fmé%%E%%Fereto

copol yners,

I ons thergof
Stretch

adhesive filrn © enhaﬁce tFtl- %§e%n?l? 4#c e %ﬁf dconprlses at

I I C st.ant i adherent,
S i tabl o 1 ol LouoBRAOYLHALS, BackiL bl Se SRR AN sendiedVRCL O

mul ti-Iay

fil rface | a nade of at | east one
et hyl ene é‘%po: r@l%?'rerg“ ggalglgggts% (935 SquLtabFejm Iﬁty)anﬂ}c’n(lﬂm ) and having a

density of at

and

g/ cc,

about /cc or .a density .of about 0. 90
front surface Iag nadglgglgt e%%tcomblnaQﬁﬁPfWHqﬁfﬁﬁA% ﬁ&eéﬁéFVﬁlﬁolrrer
NEaRFVEB80ymers ofCOSLY fﬁné¥¥gﬁaf) gq&%é&% cggd getionally

conposition a

at

| east one

10

15

20

added.
The novel film has advantageously improved film

strength, and therefore, in addition to the recycling

materials and scrap materials, polymers for dilution can

be mixed with or added to the film composition used for

producing the novel film, in amounts larger than the

amounts typically possible when the conventional

polyethylene film compositions are used. The novel film

can have or retain quality characteristics desired when

the film is successfully used for heavy-duty packaging
or tramnsportation. 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),
ethylene/acrylic acid (EAA) copolymers, ethylene/vinyl
acetate (EVA) copolymers, ethylene/methacrylate (EMA)

copolymers, and combinations thereof.

a



core or structural Ia%er made of at |east one high- strength ethyl ene
pol ymer conﬁbéﬁ?ﬁ The front surface |ayer exhibits adhesion

properties conspicuously |lower than that of the back surface | ayer.
The core or the structural |ayer may vary to neet the specific film
strength requirenents. 141t he present invention, the fil m having
adhesion 20 properties on its one surface is particularly useful in
stretch wapping, stretch bundling and tension w ndi ng to wap or hold
a small article or a big article. The one-surfacé-adhesive filmof the
invention is provided - wi t hout necessity of additives for adhesion or
25 functional p8Sktyeechk. adhesive £#imM 493/ SF-605

142 As advant ages of the present invention, there can be
mentioned decr eagBeOfuteastapér NEATH NEE Ahe invéfﬁwlc%}nkfggsg% Lesin at the
die Iip and mgration of | ow nol ecul ar subst ances herefore, cleaning

and ret @ebk@ncivbMal8rsNeohé | SUPFQMISH Qi RAM W %BB'sEQntl?l%gr 0CESSES

can be reduced. Furt her, problens relating to hesion © e filmto

the adj @ ni anakkhe! eandl is suiPAKAGRS, ELAT r%@cﬁ“gaasbggy on of

dust or fragnents on the fi n1surface can be ecreas
anot her aspggte@f 5t he TH ENLioLy o &Eg a_singl e-si ded
adhesi ve flln1ﬁadg of yners gf%ﬂﬁ% ggﬁoglca ack

CharaCter'SEhE%a@legyggnﬁéde of at least one ethylene copolymer
composition (A), (A'), (A")-or (A"') and having a
density of at least about 0.90 g/cc or a density of

10 about 0.90 g/cc, a front surface layer made of at least
one film-forming olefin polymer composition and having a
density of about 0.90 g/cc, and optionally at least one
core or structural layer made of at least one high-
strength ethylene polymer composition.

15 The front surface layer exhibits adhesion
properties conspicuously lower than that of the back
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

20 properties on its one surface is particularly useful in
stretch wrapping, stretch bundling and tension winding
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

25 functional polymers.



chem cal characteristics, to thereby easily attain i nproved nelt
viscosities gimddsarsges@Each other in 15 coextrudi ng and excel |l ent pol yner
conpatibility with each other for recycling. In a further
aspect of the invention, there is provi ded a singl e-sided adhesive
fil m having conspi cuous stretﬁe dhesi on and non-stretch adhesi on

w t hout 20 decreasing its high ad on property under the stretched
condi tion. It has been found that the adhesi on degree closely

rel ates to densi tAgsa&jaﬁg%agé%olm@é %geggﬁgd§?(,gﬁt-on élgétr}t;ge % he back

surface and front surface lfayers of t 25 filmand that esion is

| mproved as g@ﬁ'{\%}%?é? de ecrease F'rl%%%/sglzbﬁpﬁeggin 0

143 dens ack surface Tayeris crgaded. When t he

density of the back surface |ayer .is .not .nore.than . . 0.90 g/cc,
PLEf erably ﬁ?ﬁ%u ?31% oer: ocff:(fse'éﬁ\éngggclt?lg 83§9E;p ina/%icg,r%??n 3?% ﬁr ably in
e range o . € Cc o 0. g/ c ac urface | ayer shows
subst ant i al ]a%ég?g%c&ar t{?s?':ﬁéxcreisom &%ng8ﬁera§ FPAOARR HEhsity of the
front surface, | ayer of, the invention.is _not |ess than, 0.90 g/ cc,
pr of er abPy 1 FETHE IRGER 16} GPGAGA™ BEOYE PR WERRARS br e erablly i n
Tore. prof er dBTSCSRART (GAC bE TAGHGEdy BUBSOBFocBPEObEES K R Ibuies 4
si ngl e- si ded ,adhesive fil.m having stretch adhesjon and non-stretch
adhesi on whi RFPSFEOR R ERY fdddh ter ffEE, adjoining articles or

packages, contamination and retention of dust or
fragments on the film surface can be decreased.

10 In another aspect of the invention, there is
provided a single-sided adhesive film made of polymers
having similar rheological characteristics and monomer
chemical characteristics, to thereby easily attain
improved melt viscosities similar to each other in

15 coextruding and excellent polymer compatibility with
each other for recycling.

In a further aspect of the invention, there is
provided a single-sided adhesive film having conspicuous
stretch adhesion and non-stretch adhesion without

20 decreasing its high adhesion property under the
stretched condition.

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

25 film and that the adhesion is improved as the polymer



The density of core layer or the structural layer 15 in the nulti-Ilayer
filmof thefFTHARMIBrEtRy vary so as to neet the specific film
strength requirenents of the final use application. Exanpl es
of the ethylene polynmers for formng the back surface | ayer and having
a density of 0.90 g/cc or 20 a depg3ty of |less than 0.90 g/cc include very
| ow density pol yethylene (VLDPE), the conposition (A, (A),

(A") or (A""), and blends conbinations thereof. The back surface

| ayer is préémasattyyofratdm dadheuwdfapesilbyer is deCAkaséd.) wHeéd) or (A"').
F- 1493/ SF- 605 144 Exanpl es of the

filmform nghel @hei pplyfrethe back eupdaicki dayetod sf A6 MEré hehdrd ont surface
| ayer of the i nvention and having a density of nore than 0.90 g/cc

i ncl ude pol §neo sgodc prvwytergland peheneasagel oft bybeng/c& to (®. 5 |
pol ypr opyl ene, an et hyl ene/ propyl ene copol yner, | ow densi ty

pol yet hyl eng, & PRigst nBek £eRLAERG ity the rapgkyskhyl epeg fa@P@ oldgh-density
pol yet hyl ene (HDPE)), t he conposi-tion (A, (A), (A") or (A""),

uni formsy of/cc, tn@URAdRrAlyrdiANGRRE: Khagar shB‘é’tgﬁE§éiYa&9éé(fc§rbyl ene 10
(LLDPE), uniformy or ununiformy branched very | ow density

pol yet hyl eneo(M:QPE:} erg%flbéaeew 1%9@21 natmgnaensmytafre&é gdd: front

surface | ayer Is pr y made of pol ypr opyl ene, e.qg. E and HDPE
or MDPE al 0ggr-fllce 1ay&PTHF NAld %n)@ntc*ioﬁo i %PHBRYhEBE tﬂgﬁaé‘.sé?o stretch

adhesi an
g/cc, preferably in the range of 0.91 g/cc to 0.96 g/cc,

more preferably in the range of 0.93 g/cc to 0.95 g/cc.
10 The front surface layer having a more preferable density
range of 0.93 g/cc to 0.95 g/cc provides a single-sided
adhesive film having stretch adhesion and non-stretch
adhesion which are equal to each other.
The density of core layer or the structural layer
15 in the multi-layer film of the invention may vary so as
to meet the specific f£ilm strength requirements of the
final use application.
Examples of the ethylene polymers for forming the
back surface layer and having a density of 0.90 g/cc or
20 a density of less than 0.90 g/cc include very low-
density polyethylene (VLDPE), the composition (A), (A'},
(A") or (A"'), and blends combinations thereof. The
back surface layer is preferably made of the composition

(a), (A'), (A") or (A"').



15 and non-stretch adhesion equal to each other can be i npart ed.

Exanpl es of st-hasayigyl-e06 pol ymers for forming the core or the
structural layer of the invention include | ow- density pol yet hyl ene
(LDPE), nediumdensity 20 polyethylene (MDPE), high-density polyethyl ene
( HDPE) , the conposition (A, 1@9‘_ ), (A") or (A""), uniformy or

ununi formy branched linear |owdensity polyethylene (LLDPE), and
uniformy or ununiformy branched very | ow density pol yet hyl ene

( VLDPE) . Exahipha2308rth@5fi im-forming olefin polymer 145

The ununiformy branched VLDPE and LLDPE are known by the skilled in

the linear polyotivieps @Gl ngﬁXnSrEhe froRf CRGFBEL OV &/A0I0H thiai t a

sol ution pol y i zation, urty polynerization or gas phase

T e B
;renr;?i ﬁgu nggﬁ?ggilr?e §\7’elolnﬁ rgég?. rt'1 ]ﬁ}grgarse onfot séﬁst antially

(cr ygt al (e ‘-:b‘dl ﬁf’é‘r &ptyl(?ﬁge A §h¥g?9ed$$$§g€ﬂ£rrtlgto pr g’m ge%gsiatn)d/

B tensi 1y ol FEAATIRY BTG enemmﬁsﬁta%gééi%?t%%rﬁﬁ% EZEZ' Sahesion

roperties and easil coal
prop polyethyfgne (MDPES,eEEShgggggggy polyethylene (HDPE)),

the composition (A), (A'), (A") or (A"'), uniformly or
ununiformly branched linear low-density polyethylene

10 (LLDPE), uniformly or ununiformly branched very low-
density polyethylene (VLDPE), and blend combinations
thereof. The front surface layer is preferably made of
polypropylene, e.g., MDPE and HDPE or MDPE alone in
combination with polypropylene, because stretch adhesion

15 and non-stretch adhesion equal to each other can be
imparted.

Examples of the ethylene polymers for forming the
core or the structural layer of the invention include
low-density polyethylene (LDPE), medium-density

20 polyethylene (MDPE), high-density polyethylene (HDPE),
the composition (&), (A'), (A") or (A"'), uniformly or
ununiformly branched linear low-density polyethylene
(LLDPE), and uniformly or ununiformly branched very low-

density polyethylene (VLDPE).



Al'so, the uniformy branched VLDPE and LLDPE are known by the skilled
in the |inearFpbdy2/8y+ede art. For exanple, the disclosure of U S.

Pat ent No. 3, 645, 992 of Elunston is referred to. They are prepared by
20 solution polynerization, slurry polynerization or gas phase

pol ymeri zation using any of zirconiumpgnd vanadi um catal ysts. The
process for preparing a secondary class l'inear polyethylene by the use
of netall ocene catal ysts s stated by Eiwen et al. in U S. Patent No.

4,937,299. 25 Thwﬁesm@mﬂmmw aSarldHERB VI [DEEY @indy LEDPEI ara knbdmr My
F- 1493/SF 605 146 branched pol ymer, but

has | ow nelt pgnshensrillédriy e linedrh@odhRghglehgparynunrheynaye
branched | i near pol yet hyl ene. Such polyners are on the market under

the tr adﬁr@?ﬁ?e&‘c %Tﬁé@ﬁrh\)’aﬂ\ﬂé %Blt@l@ﬂ %'l%nnek"i%at@ﬂﬁ 5 under

the trade nane o by” Exon Chem ca he ethylene pol ymer

conposi tion fgg,the {3 f%m?rlzai%r;%eglﬁ'.y‘ifhasteh?aflbjm@igée%aﬂ Qkehyn

pol ymer conmposi or t ront™ surface yer e high-

strength efhyl.gag po ngalﬁgérw&uﬁ%&gl féHtal@e.stC%red%rscrlgedsﬁﬁuﬁtgral | ayer

conprise €thylene pol'ymers prepare pol'ymerization of et hyl ene

I
Addi ) ved, SuEhcE ;ﬁgtﬁék. 3E & %ﬁ%@aa‘{e%ﬁ@ W%ﬁ%ﬁﬂi&%%g‘gﬂ?m

ant i - bl ocki n9.gg géﬁggygéiy&rﬁylenes 8 G 1658, PBEDALALS UERs 25

have low melt tension. These polymers have low density
and are not substantially amorphous because they

10 inherently have substantial high-density (crystal)
polymer portions. It is very difficult to prepare and
pelletize these polymers using a common Ziegler-Natta
catalyst to have a density of less than 0.90 g/cc,
because the pellets have adhesion properties and easily

15 coalesce together.

Also, the uniformly branched VLDPE and LLDPE are

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

20 solution polymerization, slurry polymerization or gas
phase polymerization using any of zirconium and vanadium
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.

25 This secondary class linear polyethylene is a uniformly



1076 avail able from C ba CGeigy Corp.), phosphites (e.g., | rgaf os 168
avai l abl e fregmi@dazy geeiegys Corp.), Standostab PEPQ (avail abl e from
Sandoz), pignent, colorant, filler and processing aid, can be

i ncorporated into the stretch 20 wapping materials disclosed herein,

t hough they are not necessary f 6entaJn|ng the desired results of t he
present invention. The additives sho d be added in a manner or
amounts not detrinmental to the substanti al adhesi on and non-adhesi on

properties faund ded Eﬁ)ly@nrér,' 'E)\ﬁ.%nhhgnlow melt tefsﬂ&??éﬁﬁﬁﬁ to

147 The mul'ti-layer filmof the invention can pr oduced

fromtuo or e Jidddaxees, m&am‘ébeﬂlgﬁr&qéhed lﬁéﬂc Structures by

nmeans of fil amn xtrusion technique and bl own or
PR T nffE/V Suh §RTMeE] 205, B e PR Bl o T
Tethod 1's’ deadhd °§%“ﬂf"“fﬁm"q§w&twn ﬁncyﬁopéff.{z"o% heni cal
oo oS gy K'”t%f%n%zkffd GRS LA e,
f|In1extru5|on net escrib ern Plastics",

\Ys)
m d- Cct ober 1989, %6’83?5‘%§8’8P°%F1°%6§g’%o&i?a . 256- 257.
15 Preferred coextrusion te%pnkqgm_ nd re U|£ggents

surface layer, Ormin in po ymer
composition for the front surface layer and the high-
strength ethylene polymer composition for the core or

10 structural layer comprise ethylene polymers prepared by
homopolymerization of ethylene or copolymerization of
ethylene and small amounts of various monomers.

Additives, such as tackifier, cling agent (e.g.,

PIB), slip agent, anti-blocking agent, antioxidant

15 (e.g., hindered phenols such as Irganox 1010 or Irganox
1076 available from Ciba Geigy Corp.)., phosphites (e.g.,
Irgafos 168 available from Ciba Geigy Corp.). Standostab
PEPQ {available from Sandoz), pigment, colorant, filler
and processing aid, can be incorporated into the stretch

20 wrapping materials disclosed herein, though they are not
necessary for attaining the desired results of the
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

25 invention.



described in Tom|. Buttler "Film Extrusi on Manual : Pr ocess,

Materials, FBropPddt/iSEs608oext rusi on" Ch. 4, pp. 31-80, TAPPI Press
(Atlanta, Ga, 1992). The nelt index of each polyner |ayer of the
multi- 20 layer filmof the inventionis in the range of 0.4 to 20

g/10 mn, preferably 0.5 to 12 g/1Q4%¥in, nore preferably 0.8 to 6
g/ 10 mn. The total filmthickness of the nulti-layer film of

the invention is in the range of 0.4 to 20 m| (10 [err] to

F- 1493/ SF- 605 The multi-layer film of the izgention cypdqgerr]),
preferably 0.6 to 10 m!l. (15 [err] to 254 [err]), nore preferably 0.8
to 5 ml (2hfeiuded Ertdv thver o) more film laydhe imgkeding ifo'Bfandhe A/ B

mul ti-layer filmof the invention is larger than 2:98 (A layer: B

| ayer), and AsB/C Streftenrsd by mebhe vanfelnf 1amdbat ng5Gd,omor e
preferably 10:90 to 25:75. The layer ratio of the mul ti-layer film

havi ng two ofodbbud idtertedimismeh aad blowhabkocabat file étimiciess of the
back surface | ayer and the thickness of the front surface |ayer of the

filmares 103edeesafionds 92Gheobhel. antet peepeppedt sOrudfutdieiLa e or
the structural layer is in the range of 60 to 98 % by wei ght,

preferably 6§t£193@§¢e/0$)§’ A/}%/Qﬂﬂtproﬁﬁli:%dp ?f gbakt¥usion tdéhigf), % by

wei ght . Mul ti-layer barrier The nmul ti -l ayer
barrier f"ﬂ&é?e%ﬂré%@%&ﬂly cast coextrusion technique.

A preferred blown film—method is described in, for
example, "The Encyclopedia of Chemical Technology",

10 Rirt-Othmer, Third edition (John Wiley & Sons, New York)
1981, Vol. 16, pp. 416-417 and Vol. 18, pp. 191-192. A
preferred cast film extrusion method is described in,
for example, "Modern Plastics", mid-October 1989,
Encyclopedia Issue, Vol. 66, No. 11, pp. 256-257.

1S5 Preferred coextrusion technique and requirements are
described in Tom I. Buttler "Film Extrusion Manual:
Process, Materials, Properties, Coextrusion" Ch. 4, pp.
31-80, TAPPI Press (Atlanta, Ga, 1992).

The melt index of each polymer layer of the multi-

20 layer film of the invention is in the range of 0.4 to 20

g/10 min, preferably 0.5 to 12 g/10 min, more preferably

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 U to



i npermeabl e, water-inpernmeable nmulti-layer barrier film and exanpl es
of its uses NGl S| bags, | am nated articles to percutaneously
suppl y drugsEgﬁéggﬁfﬁikﬁgy 20 produced fromthe nmulti-layer barrier film
such as heat - seal abl e bags. Accordi ng to one enbodi nent of
the invention, there i s provided an oxygen-i nperneabl e,

wat er - i nper neabl e nulti-layerlﬁﬁ}rier fil mhaving a heat-sealing
strength 25 of at least 1.0 | b, preferably nore than 1.5 | b, based

F- 1493/ SF- 60 on 1 .inch of the film

wi dth. The t%’% My §EeLerably fepnEqpnt §i vyt 16@%& He&? 47¢ Hdan®OFRat t he

filmhas an oX qgg permeabi lity of not npre than 90 cc/nR/ H atom
The term "vvatEE?EflEﬁ?ﬁé’r o tPy® Bidd(RRrii Fonkahstihat 5 the filmhas a
wat er vapor perneability of not nore than 5 gm n2/ H. I n one

enbodi ment, the filha deieE §asia pAr EherA/B mulbielayerifigm o0& &&¢ at | east

one heat-seal abl e skin | ayer. The barrier |ayer conprises an arbitrary
proper 10 baysndriorayisr lagoeri shanh?ch8i §Achayari BB carar t lsead is
heat - seal abl e skin |ayer (single layer or plural |ayers) and provi des
desired oXygarefieraltein wper renbel pEy5:25 to 3prefemae barrier materi al
is a copolyner of vinylidene chloride and vinyl chloride or a
copol yner of prefidraddiye 10250 ¢hl @b @B . anthertiayér nsthiarrofl atbe When the
barrier | ayer contains a copolyner of vinylidene chloride and
multi-layer film having two or more layers is such a
ratio that the thickness of the back surface layer and
the thickness of the front surféce layer of the film are
10 the same as each other and the proportion of the core or

the structural layer is in the range of 60 to 98 % by

weight, preferably 65 to 95 % by weight, more preferably

70 to 90 % by weight.

15 Multi-laver barrier film
The multi-layer barrier film is an oxygen-
impermeable, water-impermeable multi-layer barrier £ilm,
- and examples of its uses include ostomy bags, laminated
articles to percutaneously supply drugs and articles
20 produced from the multi-layer barrier film, such as
heat-sealable bags.
According to one embcocdiment of the invention, there
is provided an oxygen-impermeable, water-impermeable
multi-layer barrier f£ilm having a heat-sealing strength

25 of at least 1.0 1lb, preferably more than 1.5 1lb, based



vinyl chloride or a copolynmer of vinylidene chloride and met hyl

nmet hacryl ate
et hyl ene andFvﬁggﬁp

% wei ght, nore

i nvention, the barr
heat - seal abl e skin

heat- 25 seal able
F- 1493/ SF- 605

arLies | ayer may optionally contain a copol yner of

acetate as a 20 processing aid in an anount of O to 6
preferably 4 to 6 % I n one enbodi nent of the
I er | ayer i oextruded with at |east one

| ayer. To p I de the desired flexibility, the
skin layer has a 2 % secant nodul us of |ess
han 15,000 psi in

both of the ﬁﬁcﬁlﬁgc&ngcFF8nf%kf»Width' E%zn?féﬁ?rerse direction (TD).

The heat - sealable
conposi tion

film the skin Ia e
copol ymer o fogyﬁﬁ%e

ﬂ}olla—iv) upgdThefs fﬁssaer?%étr%asfitt?i’ TR e s

n Iayer or pIuraI e contain a
H&rélﬁag?rih AL AR & thaIY chy ;ﬁ‘c{é‘éééﬁ AG°%Bid in an

anmount of 0 to 10 % by weight, nore Freferably 0.5to 5 %by weight.

Further, the 73§ ferm "WaFSVeFmﬁﬁym%%?+%hﬁY

10 antl-blocklng

Jseshthguein Neagsa§BAt and/ or an

ent is desirabl e that an adhesive tie |layer

made of a cofdtey rfég-moflaét ﬁyWéﬁ@raYi@PQlF rgermeabiligaptaft @ots megexthated

between the skin | a
t her ebet ween5 gm/m?
15 barrier |ayer is

yer and t he barrier layer to inprove adhesion
/H. In a preferred enbodi nent of the invention, the
coextruded between two heat-seal abl e skin | ayers.

In this case, theIpr oper eiibaddhenhe ke nfilm comprises a barrier

layer having thereon at least one heat-sealable skin

layer.

The barrier layer comprises an arbitrary proper

10 Dbarrier layer material which is compatible with the

15

20

25

heat-sealable skin layer (single layer or plural layers)
and provides desired oxygen and water impermeability. A
preferred barrier material is a copolymer of vinylidene
chloride and vinyl chloride or a copolymer of vinylidene
chloride and methyl methacrylate. When the barrier
layer contains a copolymer of vinylidene chloride and
vinyl chloride or a copolymer of vinylidene chloride and
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
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



| ayer is 70 % by volune (thickness) of the film and the proportion
of the barrgei4§§¥§g_g§530 % by vol une (thickness) of the film By
the use of this structure, 20 reusable ostomnmy bags or pouches can be
manuf actured. It is al so possible that the barrier |layer and the skin
| ayer (single layer or plural Iayersb are separately made and t hen
they are | am nated together using B sui t abl e adhesi ve polyner, liquid
adhesive or hot-nmelt 25 adhesive. The nulti-layer barrier filmof the

i nvention - 1493( SF- 605 , . ) 151
has a noi seBf% éésoﬁ)ﬁaﬂs%?r&lﬁ’?ﬁérﬂ tthes meghing ddgection fMBle of 65 and
0.45 Hz, preferaply a noise of |ess . than 83 dB when it is bent at an

angl e of 6538HgtResEransversg dirprticn (Flf-er Iy herkrsrasablaoci se of |ess
than 81 5 dB when it is bent at an angle of 65[err] and 0.45 Hz.

I n anot her SKBBAILRERY SPTRRESehHViER iBhylene Copedlymer compggitiomre added
to the barrier layer to forma system to percutaneously supply drugs.
This system{Pt ef éhabt y(A") or cOhph)i sedf'ca assdisitnpricgpesing ofietharrier film
which 10 functions as a gateway to the drug system The adhesive

cont ai nishg &hlmet the ekim laver efsimalley laveac bed plorehelayers) suaface of

the film The adhesive is adjacent to a rel ease control nenbrane
suited for thrtasntactopplymeheof ethylpme emd viskilnaaataterashe rel ease of
the drug under 15 control. In anot her form of this enbodi nent,

t he backi ngprocessing aid in an amount of 0 to 10 % by weight, more
preferably 0.5 to 5 % by weight. Further, the skin-
layer may optionally contain a slip agent and/or an

10 anti-blocking agent. It is desirable that an adhesive
tie layer made of a copolymer of ethylene and vinyl
acetate is coextruded between the skin layer and the
barrier layer to improve adhesion therebetween.

In a preferred embodiment of the invention, the

15  Dbarrier layer is coextruded between two heat-sealable
skin layers. In this case, the proportion of the skin
layer is 70 % by volume (thickness) of the film, and the

- proportion of the barrier layer is 30 % by volume
(thickness) of the film. By the use of this structure,

20 reusable ostomy bags or pouches can be manufactured. It
is also possible that the barrier layer and the skin
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

25 adhesive. The multi-layer barrier film of the invention



| ayer can be provided with a reservoir containing an active drug and
havi ng a remeagg3qg@L5gs menbr ane for controlling diffusion of the
drug into the patient's 20 skin and for hiding the opening of the
reservoir. The per cut aneousl y supply system can adhere to the
pateint's skin with the peripﬂgr or whol e adhesive. It is
preferable that the adhesive and t nenbrane are covered with a
rel easable liner to protect the structure 25 prior to use.

Accordi ngly, the

F- 1493/ SF- 6 £ 1 than 85
feature of t gr gs?érs\te aneﬁtslson an dBto %r?gjiﬁ P éor?nct)-‘x &eﬁ‘rﬁ nper meabl e,

wat er - i nper o il barri |In1ca abl e bei ng produced

by the%%'e ontﬁg g%%%trd%?%%: 5?18%l¥h8 ﬁFﬁa?? 4SS5 et hod.

Furt her feat ressg Egresgnt ijnvention are r, barrier properties,
w

flexibility SRR | sslf?rll'i" ?thr?rhéngf]e%tclf?és t 28fel ptesent
i nvention i rOVId | abl e surface for use in the

to
production 6¥'b&gs R pBESﬁEg vt 1t§ f ARt sansddilesst thant Ré
i nventi on, %%ey [ti,-1a barrler filmcan be Broduced by the use of

st andar PuéloﬁstBﬁﬁﬁlﬁEea%Lﬁﬁg%% ekl B8R BodRtHasi on,
mul ti-mani fold die coextrusion or a conbination of these ~  two nethods.
The vol une (thi cFRe88PLBET cgRRCHHARYe Rferthe Emvenfdiongapddétionaiol | ed

during the extrusion. Therefore, the total thickness of the
nultl-layerlayers are added to the barrler layer to form a system

to percutaneously supply drugs. This system preferébly
comprises a backing layer of the barrier film, which
10 functions as a gateway to the drug system. The adhesive
containing an active drug is preferably attached to one
surface of the film. The adhesive is adjacent to a
release control membrane suited for the contact with the
patient's skin and for the release of the drug under
15 control.
In another form of this embodiment, the backing
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
20 skin and for hiding the opening of the reservoir. The
percutaneously supply system can adhere to the pateint's
skin with the peripheral or whole adhesive. It is
preferable that the adhesive and the membrane are
covered with a releasable liﬁer to protect the structure

25 prior to use.



structure can be controlled. In another nethod, the I ndependent

can be separ
appropriate

stretched

br ought about
film For exanple, the film produced

| ayers

?dﬁ:s%gi/g% and t hey can be | am nated together with an
| qﬂ e |ayer. The filmis not extended or

intentionally, except for the natural consequence

has sone orientation in both F- 1493/ SF- 605

153

(TD),

of the nmachine direction (M) and the transverse
but the castAg9andinglyt |ghendeastiret ehefhe Presenf YRS Er se
introduced into the:-filmis smaller, the

di rection.
noi se gener alls t® prssgisiee anmeatygemaiiperneghéeqpuvater ajrrereadld fil m of
the invention has a noise of less than 85 dB when it is bent at an
angl e of 65[ emiltiandayrrPariqy didmabhpahlaop§ebeing pfodwsad than 83 dB
nit is bent at an angle of 65[err] and 0.45 Hz, and nost
preferably exthditse ohdilse afextiisibesmethad 8t tBewbamimatimg bent at an

whe

angl e of 65[err] and 0.45 Hz.

As the orientation

To provide the desired

in filmproduction, to protect the | ow noi se of the
a 25 blown process essentially

~direction

f1 exibilifby, méwehdikat -Furthersdaagiresskifnthayprebast aidvéntsamarremodul us of
S than 15,000 psi in both of the machine direction (MD) 15
t he transver seddit ettt icir Pdpertike, 2 fYextbiility andobok usoise an i ndi cation
rigidity or flexibility of a

| es

of

10

15

20

25

Still further feature of the present invention is to
provide a heat-sealable surface for use in the
production of bags and pouches.

In one embodiment of the invention, the multi-layer
barrier film can be produced by the use of standard
extrusion technique such as feedblock coextrusion,
multi-manifold die coextrusion or a combination of these
two methods. The volume (thickness) of each independent
layer can be controlled during the extrusion.

Therefore, the total thickness of the multi-layer
structure can be controlled. In another method, the
independent layers can be separately formed, and they
can be laminated together with an appropriate adhesive
tie layer.

The film is not extended or stretched
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

and



film W have found that, as the value of the 2 % secant nodul us of

t he heat - segl-albg /ski-gobayer is | ower, the resulting filmbecone nore
flexible. It is 20 generally desirable that the 2 % secant nodul us of the
filmis as low as possible and the filmis still processabl e by a

conventional device. The whol e nul;i | ayer filmpreferably has a 2 %
secant nodul us of not nore t gﬁ 30,000 psi. The resulting nulti-Iayer
film 25 has | ow oxygen perneability and | ow steam perneability

F- 1493/ SF- 6 ine di tion (MD) andl®fe transve¥yd al so has odor
barrier progéaf?gg?wfﬁégfbiﬁffg énd | ow noi se which are required for

the 0SLONY. qirection (THNS BUXUEHz 88M:WALEh-LEPSEIPANS Bidudraber

barrier film<onprises a barrier yer can be 5 forned froma

copol ymer of, V% | ﬁ%%ﬁ%géggggﬁirggtggngebéscthelgﬁééﬁgﬁeiéﬂmiViny|idene

chl ori de (86310 Ve 0po vinylidene chloride
o P2 Bl rotyce SR PAERL Y B DBET Vol pd il ettt o)
e ) 5%l SR MR SO el Ly e YRS Lo B e ca
D bcesei ng dME (ARRGHAURESR BOL52008 Dy TeraRt. S WA parigt ably 4 to
SO?OP);”\QI? | ggﬁgﬁp\ que)é%n})algu%d.oef oa}‘f %%Ltéa.r?é e0 .45 HZ, ,t h:Yxleefneer/a\fail?)/la %%?.%%t ©
_ 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
10 less than 81 dB when it is bent at an angle of 65° and

0.45 Hz.

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)
15 and the transverse direction (TD). The 2 % scant

modulus is an indication of rigidity or flexibility of a

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
20 generally desirable that the 2 % secant modulus of the

film is as low as possible and the film is still

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

25 has low oxygen permeability and low steam permeability



copolymer commercially available fromE. | duPont de Nenours & Co.,

I nc. under the4bnade-pape of El vax (El vax: registered trademar k): 20
It is preferable that the barrier layer is coextruded together with
two heat-seal able skin | ayers conprising the ethylene copol ymer
conposition (A, (A), (A") og A''), or it is |lam nated between these
£ Wo | ayers. F- 1493/ 5@ 605 155
The barrier filmcan be used for producing a reusabl e ostony bag or a

pouch by folaganglggehg '%@dearne the s ri da era conpri sing
[ on A f‘ .

t he et hyl ene yner corrp05| The bag

5h t f_less t /Hatom (1.8

cc/ ?80?2[ gﬁgfwggggﬁaﬁ%ﬁ ‘%‘)a?e%nf: %aﬁ e[ ﬁ’es * barri erffl Ihm is 3|5
100 T b . constitutes 30 % of the tota

t(r)u ckne[sgr {)1‘ rr; helilg & r!?%rlm %t?(‘?]?f ?a}:it? Fleﬁécgéé’&Fyo an adhesi ve]c

10 | onstitute ical]ly 70 to 90 %.of the_total t hi ckness o

t he f??/(ranr) BaREier: ﬁ‘& %&F‘PP? & hafriek 1avieh sbiche SRAVERti on may

be produyced m_nation techni que using an _appropriate adhesi ve. For
exalrorpl eLg: £ %mﬁa Sromed FeRotWeeh £ igmyl shloxide 44§ tRe28k¥nbyayer

(single Iayer or | ural Iayers are separately fornmed and then they

are | ani nat ¥819ht) fBYeYHEYL1R¢nR) Anlaninisi (B o P$hed, by wedghtl) adhesi ve or

Oor a copolymer of vinylidene chloride (93 to 94 % by
weight) and methyl methacrylate (6 to 7 % by weight).
Examples of suitable barrier materials include SARAN

10 (registered trademark) 469 and SARAN MA commercially
available from Dow Chemical Company. When the SARAN
barrier layer material is used, the barrier layer can
contain a copolymer of ethylene and vinyl acetate as a
processing aid in an amount of 0 to 6 % by weight, more

15 preferably 4 to 6 % by weight. An example of a suitable
ethylene/vinyl acetate copolymer composition is a
copolymer commercially available from E.I duPont de

- Nemours & Co., Inc. under the trade name of Elvax
(Elvax: registered trademark).

20 It is preferable that the barrier layer is
coextruded together with two heat-sealable skin layers
comprising the ethylene copolymer composition (A), (A'),
(A") or (A"'), or it is laminated between these two

layers.



a hot-nelt adhesive. Exanples of suitable adhesive polyners for tying
the barrierrlayeB/sp-608 skin layer 20 include ethylenically unsaturated
copol ynmers prepared usi ng vinyl acetate, ethyl acrylate, ethyl

met hacryl at e, met hyl acrylic acid, acrylic acid and carbon nonoxi de,

Wi thout Iimting thereto. Al so enpiggable are iononers of ethyl ene and
nmet hyl acrylic acid or acrylic acid and 25 copolyners grafted with
anhydrides. Exanpl es of F- 1493/ SF- 605

156 sui t ablpgel bavi-dedReshVesn e N ed®idr BRRICIRY BNCI ude
t hose based on urethanes, copol yesters and am de/ acryl ate copol yners.

bar 1 or | oy eRge oo RV SR B o P D i ding, che eATHORERE D°° ©
neats " Brageetdhe, the, BRLE e SRR I SRIRE ey
Vayers, | Theormavier PipeSei Al P IR NI (W o Bkl et
o1 21§ ns SeodAFoaE PRVECT REFFFRLEOR NGE PR ORH) e £2 /8 89 1 ot nf y
e OafpPe/aR0gna i SErD - * e Fsell £HERESEB O FBT of ot hyl ene

and vinyl agelalig, £i1m W S8 BNER6E ! NALLANENI A BRLageN the barrier

| ayer

=

constitutes 10 to 30 % of the total thickness of the
film. The skin layer (and if necessary an adhesive

10 1layer) constitutes typically 70 to 90 % of the total
thickness of the film.

The multi-layer barrier film of the invention may
be produced by lamination technique using an appropriate
adhesive. For example, it is possible that the barrier

15 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
a hot-melt adhesive. Examples of suitable adhesive
polymers for tying the barrier layer to the skin layer

20 include ethylenically unsaturated copolymers prepared
using vinyl acetate, ethyl acrylate, ethyl methacrylate,
methylacrylic-acid, acrylic acid and carbon monoxide,
without limiting thereto. Also employable are ionomers
of ethylene and methylacrylic acid or acrylic acid and

25 copolymers grafted with anhydrides. Examples of



and the skin | ayer. In the nost sinple form of another enbodi nent
of the i 1.0 h include the barrier |layer and addi ti onal
Iayers to nakgyiﬁgfgggw%P per cut aneousl y suppl yi ng drugs, the
barrier layer and the skin | ayer of the filmfunction as backing film
which is a barrier to the drug system The barrier filmfurther
conprises an 25 adhesive |ayer whi db&ontains active drug incorporated

F- 1493/ SF- 605 157 into the nmatri x and
adheres to one surface of the film The adhesi ve sel ected shoul d be

conpati bl e wi tftitable ligudd pdbgsiyesnarpBrhcasle adhetisartingdudleug. A
gr eat nunber of active drugs such as estrogen, nitroglycerin, 5
ni cotine and Shasst hases ©Fn WBethanesi sEPRP LSS ReDS t 3l patient in this
manner. Theoretically, alnost all drugs can be admnistrated in this
manner . amideN qatwade comodymensgnbr ane suited for the contact
with the skin of the patient and for the release of the 10 drug under
control is present Porfithe ladeesioxygeayeand water-impeheallenlbaadtiesi ve
| ayer applicable to the periphery or t he whol e surface of the nmenbrane
may be al | Bwedfilom homprisqy aseatrrierf Layehempde cof atieo usaiighyiley syst em
onto the skin of the patient. The adhesive for use in this 15
enbodi nent of Harwerids endderiadhauedibasaymdidscassadhesTive barriedtich as a
silicone adhesive, an acrylic acid adhesive or a vinyl acetate
adhesi ve. | n thiyserenimdrefdiradiie coextruded with two outer heat-
sealable skin layers, with sandwiching an adhesive 1ayer
between the barrier layer and each of the two outer
10 heat-sealable skin layers. The heat-sealable skin
layers in the five-layer embodiment may contain
substantially linear copolymers of ethylene and o-
olefins described in PCT Application No. PCT/US92/08812
or uniformly branched linear polyolefin resins such as
15 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
- and the skin layer.
In the most simple form of another embodiment of
20 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
the film function as backing film which is a barrier to

the drug system. The barrier film further comprises an

25 adhesive layer which contains active drug incorporated



systemis generally sealed in a package or fixed to the second barrier
film and the r e second 20 barrier filmis renoved when the
systemis usedpafxggv%g)séﬁmother form of the percutaneous drug supply

system according to the invention is described bel ow. The barrier
| ayer and the skin |ayer constituting a barrier filmare nolded into a
reservoir for containing an 25 actiMe/drug. The opening of the reservoir
I s hidden F- 1493/ SF- 605 158

with a release control nenbrane._ The adhesive plicable to the
periphery or tHetanehe aktigeanst adheres tongps: §H§fﬁﬁﬁc?fo‘h%et%lMX t he
systemto the pateint's skin. The adhesive sel ected shoul d be
conpati bl e wi tBhe ahepivetgeieqhady sheyldebregbmpatoblaewhehitRedrug. It is
preferable to provide a releasable liner or the like for hi di ng and

prot ecti ng theaatiresideuaahd lpemmealengo the prkdovet druge. A great The
typi cal, reusable ostony bag with an opening 10 forned fromthe

mul ti -l ayer banumeer fof nacaivdelmgsdsueth as eshyofehdi njteocgbgcadid he

mul ti-layer filmand heat - sealing the edges. It is preferable that
the filmi§ nicdoltedmbdcaslethine chat benadheat sseatad| eniski thd ayer
forms the inner surface of the resulting bag or pouch. 15 The barrier film
of the inventipatpenyi estHiexidtindrd.y, Theoretdkanegs, almbet pabDIdASSEs odor

barrier properties and oxygen barrier properties which are desired for
t he . can be administrated in this manner.

A release control membrane suited for the contact

with the skin of the patient and for the release of the

10 drug under control is present on the adhesive layer. An
additional adhesive layer applicable to the periphery or
the whole surface of the membrane may be allowed to be
present to fix the percutaneous supply system onto the
skin of the patient. The adhesive for use in this

15 embodiment of the invention should be a medical adhesive
such as a silicone adhesive, an acrylic acid adhesive or
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

20 Dbarrier film is removed when the system is used.

Another form of the percutanecus drug supply system
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

25 active drug. The opening of the reservoir is hidden



ostony use. As is evaluated by the skilled in the art, the barrier
filmof the igv | C be al so applied to 20 other packaging uses where
barrier propertTes to water and oxygen are required.

Lam nated fil m seal ant F- 1493/ SF- 605

159 The lam nated fil mseal ant can be produced by air-

cooling inflation using the ethylenéli&polyner conposition (A, (A),

(A") or (A""). The lam nated fil msealant of the invention has a

5 dart inpact strength of not |ess than 100 kg/¢cm .preferably not |ess
t han 150 kg/ c‘fﬂ-tlTh?snFJr??ﬁ-%é%mH:rosl me{'%’ﬁﬁlné‘?e Eg‘ﬁl FﬂBeFéﬁ%erature of not
hi gher than 130 [err]C, preferably 110 to 130 _[err]C. The
| ami nated fi| #PBehFARLE JFO t1HE BRFERITY REs t8e YHOBRoERFARCRtPENERD of
usual ly not nore than 1.5 kg/cm and_, a Young's nodulus in tension of
usual |y not |®Be8b¥aae functipmpEfiehihe system toThBet RRERHESESS of t he
| am nated fil mseal ant of the I nvention is in the range of 10 to 150
[err]m prefeflibhy 1The 1&thesiwd Jadaqued should be Thuppbibhat@dti |l mis
obtained by |am nating the above-nentioned | am nated fil m seal ant of
t he i nventd onthe acbiwve drumbemid qeymeable to thasarhéveudsugat eftaig hin
filmpmade of any nateri al

preferable to provide a releasable liner or the like for

hiding and protecting the adhesive and the membrane
prior to use.
The typical, reusable ostomy bag with an opening
10 formed from the multi-layer barrier film can be produced
by folding edges of the multi-layer film and heat-
sealing the edges. It is preferable that the film is
folded and sealed so that one heat-sealable skin layer
forms the inner surface of the resulting bag or pouch.
15 The barrier film of the invention provides flexibility,
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 film of the invention can be also applied to
20 other packaging uses where barrier properties to water

and oxygen are required.

Laminated film sealant



20 capable of formng a filmis enpl oyabl e. Exanpl es of such thin
films include polyo®rsf+das, sheets, fabrics, paper, netal foils and
cel | ophane. The lam nated fil msealant is excellent in | ow
tenperature heat-sealing properties, hot tack F- 1493/ SF- 605

160 properties, inpact resista % anti - bl ocki ng properties and
openability. Heavy-duty gfa %agi ng film 5 The heavy-duty
packaging filmhas a Young's nodul us, as neasured in accordance with

JI'S K 6781, of TRt h t%é@%ﬂmp%g&%%”%anab@a?ﬁrohﬁé&tb§t£f£‘9th1 as

neasured i n accordance w e A nethod of ASTM D 1709, of not | ess

than 55 kg/cm cS‘Qf' flﬁﬂ%ﬁﬁﬁ;]}hé%thgﬁ%;ﬂel y‘,oég%gﬁjegoo [err]m

The heavy-duty packa ing roduce ecting the

et hyl ene copol nﬁé ggg};&g: Li)g‘gt &QQ ((é;"))’ﬂ'?e (ﬁ,.(,@") or (A"') to an

inflation nmethoo eavy-duty packaging filmis

| am nated to a filmpof . 15. pol yester or -polyam to_make. a | ti-layer

film Ther e bR okl R PR e ca PR LoR Bas 1A cpant ca

strength, angparency and surface snoot hness, hat the filmis

suitabl e f pa‘g’ﬁﬁg?' ct St’b?nqrgbc?sf, r’(ﬂ‘tfiTi)a Ssﬁg’ﬁf’i é§8 #‘E?ﬁ‘f‘tur e, toys,

electrical 20 parts fnd mechani cal parts. Moreover, %h'is filmcan be
preferably not less th 150 kg/cm. This f£ilm has a

e}

complete sealing temperature of not higher than 130 °C,
preferably 110 to 130 °C.

The laminated film sealant of the invention has a

10 blocking strength of usually not more than 1.5 kg/cm and
a Young's modulus in tension of usually not less than
3,500 kg/cm2.

The thickness of the laminated film sealant of the

invention is in the range of 10 to 150 um, preferably 10
15 to 60 um.

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

20 capable of forming a film is employable. Examples of
such thin films include polymer films, sheets, fabrics,
paper, metal foils and cellophane.

The laminated film sealant is excellent in low-

temperature heat-sealing properties, hot tack



used for heavy-duty packaging bags in cold districts.
The grain bag; 9§ gyention is made of films of 25 the ethyle
copol yrer conpos?%?gn A, (A), (A") or F- 1493/ SF- 605

161 (
other are s
as an openi
ot her end.
one filmin
by sealing

and keeping_the othe

side, it |s
applicabl e

bel ow 15
to wind up
i nvention.

bag so as t

10

20

25

A"'), and three sides of two filns superposed upon each

eal ed. The grain bag e produced in any manner ,

ng is forned at” one end nd a bottomis forned at
For exanple, the 5 grain bag may be a bag obtained by

bot h d b
"Breeerkits le% %H"m)odd&%&&eﬁdhcﬁﬂ@ﬁrﬁsﬁ rER%s;
f For sealing the filnms on
e?BFHﬁ%é 155 to fuse the films together, but any net

Grai n bag
ne

as far
t he
fol di ng
bt ai ned
the |ike
one
hod is

as far as the sealed filnms can contain the contents.
Ext ended edge part The extended edge part is a base where the

descri bed a tgln string is, attached and serves as a
t he sgFﬁ¥§;@%4%H%¥§g¥ﬁ€%bé§4@hg of the grain bag of the

mar gi n

Thi s extended edge part may be fornmed by fitting a
separat@ film at Threheauy ofutYieoapading dillithdasag- YoppgsRaped film or may
be fornmed by overlapping filns to each other in the productio

ovoduiluad as measured in accordance with JIS K 6781, of
not less than 4,000 kg/cm?, a dart impact strength, as
measured in accordance with the A method of ASTM D 1709,
of not less than 55 kg/cm, and a film thickness of
usually 30 to 200 um.

The heavy-duty packaging film can be produced by
subjecting the ethylene copolymer composition (A), (A'),
(A") or (A"') to an inflation method or a T-die method.
The heavy-duty packaging film is laminated to a film of
polyester or polvamide to make a multi-layer film.

The heavy-duty packaging film has excellent
mechanical strength, transparency and surface
smoothness, so that the film is suitable for packaging
of foods, office supplies, furniture, toys, electrical
parts and mechanical parts. Moreover, this film can be

used for heavy-duty packaging bags in cold districts.

Grain bag
The grain bag of the invention is made of £f£ilms of

the ethylene copolymer composition (&), (A'), (A") or

n of the



one film string F- 1493/ SF- 605
162 F- ﬁﬁ%gk§£ TRPString is provided to close the opening of

the grain bag. Al though any nmaterial nay be used for the tying string,
the sane material as that of the film is preferabl e because use of
such material is nore 5 convenientlgdr recycling the grain bag.

String seal part The string seal part is provided to nount the
tying string on the extended edge part. The string seal part 10 is
formed by fol dAng) A sxi t tinfed helded afddadoe fgémsosapdrposedt ipompeadng si de
of the other filmso as toe involve the tying string inside the fol ded
film The tyi aghétrang sealedny e @dalnpliagt haeubk phedtoédein amsy seal ed
ext ended edge portion, or may be sealed together with the folded 15

ext ended edgem@ahér sOa@sfadtad Gard IgRind e £AImad at ofet éed, odnd&aur se,
the inside of the string seal part may be coated with an adhesive to

bond and fix f£Heréni D8 formedtdt Nthd @tHe hd.Ngreeakxiaple, thd0 Gap
A gap is provided between the string seal part and t he openi ng side
end of theg otgesifibay hiyiSe a bag obtained by folding one film in
two and sealing the both sides, or may be a bag obtained
by sealing one end of a tubular film produced by
inflation or the like and keeping the other end open.
For sealing the films on one side, it is preferable

10 to fuse the films together, but any method is applicable

as far as the sealed films can contain the contents.

Extended edge part
The extended edge part is a base where the below-~
15 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-
20 shaped film or may be formed by overlapping films to
each other in the production of the bag so as to extend

one film.

i strin



preferable to provide the gap because the opening can be easi |y opened
in the use of-14683 (F®ta0%ag and the gap 25 serves as a nmargin for wi nding
up the tying string to F- 1493/ SF- 605

163 close the grain bag. The width of the gap is in the range
of 5 to 100 nm preferably 10 to 30 g Addi tional constituents of
the present invention 5 The grain bag of the invention conprises

t he essential constituents nentioned above, but it nmay further
conprise the fol |onéngyadediddongy ieopshviidedt $o close thé&l Peniily The
grain bag of the invention may be provided with a flap extending from
the string sgaltRardrdtn thgy. AltHRRRME ReayendrehrdalandyByi dge@ fh¥en width
so as to cover the opening. It is preferable to provide the flap

because the Eﬁéqu:?ﬂb hol di dde Nt ake3qnl b thar 4B cylCEPihY of the
openi ng, whereby the grain hardly cones out of the bag even when the

f
bag is laid | | T L.dih aeq f Is.not |ess than
the width ofgg bééf%#éﬁ%ﬁufe%ﬁy ?s?ﬁeh%%hgh%3h8§E§%Q§6 %%p%%%enn] preferably

50 to 10% nn%o%3$%+%Pt f@%cké%§éﬂfﬂ§ the grain Egg_bottonlof t he bag may be

provi ded“wi t

tring seal part

The string seal part ié provided to mount the tying
string on the extended edge part. The string seal part
10 is formed by foldihg a part of the extended edge toward

the opening side of the other film so as to involve the

tyving 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
15 extended edge part so as not to freely move. As a
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.

20 gap
A gap is provided between the string seal part and
the opening side end of the other film. It is
preferable to provide the gap because the opening can be
easily opened in the use of the grain bag and the gap

25 serves as a margin for winding up the tying string to



portion having a V-shaped section, which is forned by fol di ng one end
of the syntlyetli®3yes-g06i I minward. It 25 1is preferable to provide the

fold portion because the F- 1493/ SF- 605

164 bottom of the grain bag becones flat when-the grain is

i ntroduced inside the bag and thergﬁgthe bag can stably stand up. In
this case, each corner of the bott of the grain bag is preferably

subj ected to oblique sealing 5 so as to forman isosceles triangle whose

oblique sid +Haa :he me €.\ f ch.fold portion
wher eby the%%'vmotfteh 0 tyﬁgagoﬂagfn b‘ggggn&égdggnés?a%\édégb Ojisng'epg:%(fent of the
vol une of t ai ontakped_jn Air hol es

The both sides 0 o?hg S%aFggbgg’a#ggg?ﬁ e%ggﬁ% tgﬁhgﬁ?%Vided with plura
air hol es because the condition of the grain contained in the
resulting bag can be properly 15 maintained. The plural air holes may be

[ e, 2 0Nl ciona! EBRLCANNCROE OF Lie OPENLN0 SN ANG ] e bottom end of
rect angutar shap . Th ir holes pay be provided on any one of
the two éZO fil rrgfht?r IBBLR BAG: ﬂgnﬁ"e lnventlo%rfép 989489 s required to

have excel | ent i npact .resistance and tear resistance, because heavy
essential constituents mentioned above, but it may

materi al s
further comprise the following additional constituents.
Flap
10 The grain 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
because the flap can hold the contents present in the
15 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
50 to 100 mm.
20
Fold portion
The bottom of the bag may be provided with a fold
portion having a V-shaped section, which is formed by
folding one end of the synthetic resin film inward. It

25 is preferable to provide the fold portion because the



are introduced into the bag and the bag is frequently noved.

F- 1493/ SF- 605 L _ - 165 The grai n bag of
t he invention EI' 514’[)9r3()/é°'l]f'ce6 5f rom filnms obtained by subjecting the
conposition (A, (A), (A") or (A"") to, for exanple, an inflation

met hod, so as to inpart a strenaté}bappropri ate for grain bags. 5
Therefore, the thickness of the grai g can be nade smal | er than the
t hi ckness of grain bags of conventi onal pol yet hyl ene. The film

produced by air-cooli inflation of the_coppositian (A .(A'%,_ (A")
or (A) ) BRRFH ARG FTAoRRY SSROUBFUS LA VRRR| e (RHGt i%ss 10
than 4,000 kg/cn? and (ji) a dart ippact strength of not | ess than 55
kg/cmis suit aHIFEEES drsinle g}ﬁ’% gggaél."é thefe CRe P2 rcan AR Y f or
the grain bag preferably having a gloss of not less than 50 % and a
t hi ckness of standom.o Agp Ghds F@se. 15ach corppe of | @ drokirm aficel | ent
| owt enper at ure properties (e.g., |lowtenperature drop-bag strength
property) thatthe amaimbdagtiissreferabyvusehiastedeto obligug reasddinaven in
the cold district having bel ow zero tenperatures. Therefore, decrease
of filmthBckmesas o Ipeas Hisoscadeshiyhasgbedwhosdi el bfue liddd mi s
f easi bl e. In the use of the grain bag of the invention, the
openi ng provi deavettheneaamd lenatie agr &he wagthsobpeaeld, fold portion,
whereby the width of the bottom becomes constant
independent of the volume of the grain contained in the
bag.
10
Air holes
The both sides of the grain bag are preferably
provided with plural air holes because the condition of
the grain contained in the resulting bag can be properly
15 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.
The air holes may be provided on any one of the two
20 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

moved.



and the grain in an appropriate anmount is introduced 25 into the bag
through the ppeyIyEr-Heen, the extended F- 1493/ SF- 605

166 edge part is wound appropriate tinmes toward the opening end
side of the other film and finally both ends of the tying string is
tied to close the opening. Thus, t way of use of the grain bag is
identical with that of 5 the con i onal paper grain bags, and there is
no change in working of producers or dealers using the

conventi onal Papef, r&laﬂrp%%%erolfaltge 1nv?§9?o§r ak P@@ué’éc})tﬂ%rd nvention

uses synthetic resin can be manufactured at

| over 10 Cf)sfmsaso Ctoar’:r‘_paet y’mshp)]teg%lggngﬁgt &8&8&59@9&5 % 'nﬁ b‘ gs.

a

The above- Ioned cons nts-can used %f t'i on.
Process for ducing grain b 15 cess for duci ng the
grain bag co%p) a9 {4 %%Irl Slste g%?%%%lﬁdﬁ%ﬂg%ﬁ $art forning
step mhereln an extendede%%%%u art is, forng ext%?dlng an end
of one fil m3DFE? viFBIT TS SF 8 8?"085%?{:? CpfIraln JgS -openi ng end of

t he ot he fllm atyln string, put t hrou vvherelnthetylng
string |§ he thqu%§sﬁI8§etH8v9ﬁg B?S p) fromthe
openi ng end of t he ot her fllnlalon% the width dlrectlon of the

resul ting ba¥raklen|thay S fhickress PheJERiBnERYS eRfjeconventional

polyethylene. The film produced by air-cooling

inflation of the composition (A), (A'), (A") or (A"')

and having (i) a Young's modulus in tension of not less

10 than 4,000 kg/cm? and (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 not less than 50 % and a thickness of
30 to 200 um.

15 The film 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
temperatures. Therefore, decrease of film thickness is

20 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,
and the grain in an appropriate amount is introduced

25 into the bag through the opening. Then, the extended



part is folded toward the opening end side of the other 25 filmso that

the tying skLiRg3/§rLpy®l ved in the fol ded F- 1493/ SF- 605

167 ext ended edge part, and a sealing step wherein the ext ended
edge part thus folded is sealed in such a state that the tying string
is involved and that the gap is | eft between the extended edge part
and t he openi ng end 5 of the ot h&POfilm The grai n bag

conpri sing superposed two synthetic resin films whose three sides are
seal ed and h ving a, . bot$0n1ah)one'gn and N opﬁnig at _the other end
may be SORGAHREE By YRET PR PRI e TINRS S Ghé %088811%&8 10

i ndependent fi_l ns _or be produ by folding one film in tw and
seal i ng tmoeggdéédekﬁgzgg?,og?eﬁ.fﬁgﬂlé¥“£ Jllgﬂﬁhg?&bheﬁgsaﬂfiﬁ??ation
filmis used, ,the Eroduction, process .can be sinplified because two
sides are cF¥iBg string, s, thed b)) FifsR).Che prening . ThIhyFeyENBr ocess nmay
further conprise _a bottom folding step.wherein the bottom.is fol ded
inside to f@ri of usg PE| ELPF¥F YR BREiFy WenieadewisBcthah. ©Fhe above
process ymay still further conprise a perforating step wherei n pl ural
air hol es atkef gpREENELORGL bRRPES | Feaiptbagy ansk thede 45 BRe filns. The
above process may still further have a second perforating step wherein
pl ur al changgolaswarkingreederddimpers desgalans yséngf thae openi ng
end and the bottomend of the other side film
conventional paper grain bags.
The grain bag of the invention uses synthetic resin
materials, so that the bag can be manufactured at lower
10 cost as compared with the conventional paper grain bags.
The above-mentioned constituents can be used in any

combination.

Process for producing grain bag

15 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 f£ilm (of two films) to the upper position of
the opening end of the other film, a tying string put

20 through step wherein the tying string is put through at
the place having a given space (gap) from the opening
end of the other film along the width direction of the
resulting bag, a folding step wherein the extended edge
part is folded toward the opening end side of the other

25 film so that the tying string is involved in the folded



25 Fl ui d mat eri al packagi ng pouch F- 1493/ SF- 605

168 mat eri al packagi ng pouch is useful for

packagi ng thl na?erla s (e.g., liquid such as m k) for consuners,
and is produced froma specific film structure conprising the ethyl ene
copol ynmer conposition 5 (A, (A'% (A") or (A""). The pouch of
the invention for packaging fluid 167 materials is produced by the use of
a single-layer film structure (polymner sealing | ayer) conprising the

et hyl ene copol yner osition %“7&%‘ (A'% , A"% A"' 10 The
et hyl ene cofS&i—y g&? dc§ SSP?FBn a (ge3lingy tep Eiﬁ“")l(n' is generally
used singly for formng the a, sealing layer of the film

structure. BXkeRded ppge ParFstBﬁés??ﬁéﬁqc%%ﬂ%ﬁﬂﬂqqu%ne§W§PeﬁeS5éﬁélyner
conposition A, (A), (A") or (A"") with other polyners enployable

15 for thethé& & antyham AYEIDT I elRy ehandpdiamehie gap denposition
(A, (A), (A") or (A"") is generally used I n an anmount of 10 to 100 %
by weight b Setwgenf thm extended rdge art and the ppemfiagpengner for
form ng the pouch of the 20 invention, additives known by the
t echnol oYi stof &het btber filmet, such as antioxidant, phosphites, cling
additive, St andost ab PEPQ (trade nanme, avail able from Sandoz),
anti - bl ocki ng gefMhe grapnabeagt combvt 5% bl | sumerpgEeyhanto synthetic
resin films whose three sides are sealed and having a
bottom at one end and an opening at the other end may be
produced by sealing the three sides of superposed two
10 independent films or may be produced by folding one film

in two and sealing two sides. However, if a tubular

film such as an inflation film is used, the production

process can be simplified because two sides are closed

from the beginning.
15 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

process may still further comprise a perforating step

wherein plural air holes are formed along both sides of
20 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

opening end and the bottom end of the other side film.

25 i i kagi ouch



and processing aid, can be added. F- 1493/ SF- 605

169 F-149hesfiéosand the filmstructure disclosed in the
present specification may be a single-layer structure or a multi-|ayer
structure, with the proviso that the et hyl ene copol ynmer conposition

(A, (A), (A") or (A") 5 1is usggsfor at | east one |ayer, preferably a
seal i ng | ayer. The thickness the sealing |ayer may be at
| east about 0.1 m| (2.5 [err]), preferably 0.2 ml| (5 [err]) to 10

ml (254 [err]), Hﬂ%ﬁ£?§%§QH§Péyiéhzb .ﬂaéi &ﬁﬁf f§3ﬁ§e¥hh for = (127

[err]). 10 m structure tor the pouch of the Invention

has a surpri si Q%é%ﬁ%dflﬁfﬁgﬁgé#ﬁ%'(See.agl.i,ng.i 1d tS ergt ﬁg_gﬁThe

heat - seal i ngp?e Ure' o structure can be In e range of
usually 50 [err]C to 160 [err]C . pre ably 75 [era.]C.to 130 [err]C
It has been %85n8°f‘ﬁ‘é?‘eri5 R Js%aql’]f%%& eéégf;mé? g I’?@%Cﬁvfré' tif&gmhave a heat
seal i ng tenperature range w.der than that of the conventional

SFERfE 209 T F Y

pol yet hyl ene UL GhFEPRF 307 e LSRRGSRy COmMPOSLELoR hed

et hyl ene foly rs arg? h?vg al rm?t“,the sane density. In order to

i nprove A exiBPri€g' In fhe) 95 Beating-sealing process for producing a
pouch fromthe filmstructure, it js inportant to w %en t he heat -
seal i ng t enper at uFBer BAYENP Lt FRe f IFYRRE IR thitte Pagi@ging £ludfnosition (A),

(A), (A") or (A") _used for _produci n% the film_structure having the
above- menti o epdais is produced by the use of a single-layer film

structure (polymer sealing layer) comprising the
ethylene copolymer composition (A), (A'), (A") or (A"').

10 The ethylene copolymer composition (A), (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 copolymer composition
(&), (A'), (A") or (A"') with other polymers employable

15 for the heat-sealing layer. The ethylene copolymer
composition (A), (A'), (A") or (A"') is generally used
in an amount of 10 to 100 % by weight based on the film
structure.

To the polymer for forming the pouch of the

20 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

and processing aid, can be added.



F- 1493/ SF- 605 170 seal ing tenperature

range can haye Lgggspoi nt of usually 50 [err]Cto 130 [err]C,
preferably 5§ ﬁ&9§?%§t§6115 [err] C The filmstructure for the
pouch of the invention exhi bits, as unexpected characteristics,

heat - seal i ng 5 strength at Iom1te£88ratures The filmstructure of the
invention attains a hot tack streng as neasured by a DTC hot tack
strength method, of at |east about 1 Nin (39.4 Nm wthin about 0.3

recond 2t ool By ang' BERSERLA e “qso%e”hc reﬁéi n e

met hod, of at least 11 bflLi 175 N m q_ a seal ing
bar tenperatQFESSPtaBBSFlfiﬁa%é??]%?y1?ﬁ3?l?*ﬁg e IQ¥FFU§F6P§tBFetﬁE

i nvention al so exhlblts a hot tack or heat - seal ing starting
tenperature & MudhérlE¥ER SbBUEtUEs MBER e‘?l?'? ORI efg€h of at | east
about 1 Nin (39.4 Nm. It has been found that a seal prepared using
t he sealfthylEBFeFOBPLYRET| AOBPRT HR-AX hifi 1 s(Ailghd®"Re&E (A" ')seal i ng
strength at |ower tenperatures as conpared wth a seal prepared using
the convehti dfaMspdl ferhgteheaspoorvianehi @referatdiv » sealdnger to
produce | eakage-free pouches by operating a conmon packagi ng nachi ne
such as lavesrti The thigkhess-geathesemchindaermmavgbespéed, it

is inmportant to inpart a high heat-sealing strength at | ow
t enper at uresleast about 0.1 mil (2.5 M), preferably 0.2 mil (5 W) to

10 mil (254 M), more preferably 0.4 mil (10 i) to 5 mil
(127 ).

10 The film 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 f£ilms, 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
composition (A), (A'), (A") or (A"') used for producing

the f£ilm structure having the above-mentioned heat-



F- 1493/ SF- 605 171 When t he

et hyl ene copokyteg3gorpesstion (A, (A), (A") or (A"') is used for
the sealing layer of the film structure of the pouch according to

i nvention, it is t hought that (1) a pouch can be produced by a
formfill- 5 seal ing machi ne at adffah speed, and (2) a pouch package
al nost free from| eakage i s obtained; dnlike the pouches obt ai ned by
the use of linear |owdensity polyethyl ene, linear ultra |owdensity

pol yet hyl ene, bl gl pr ES8YELacure ag@gggh%&olaya%ﬁxaﬁgegeing genbi nati on

thereof. 10 € I nvention

produced by heat §§|$8gk? gglascf|$ggéé£%$éy”§%| ok E 115 OCmachlne

direction to rorm dsed h m-strutttr € has

(1) at | east one I r.c risi th | ene 15 conposi tion
(A, (A), (A) or%%(i\"f} nSEpacture SO 1’6}&8“318 e%svew%ﬁ and
(1) at least ope |ayer risin t | east one elected from
t he group con?Fg%Pﬁﬁ ofaﬁn expe i FTASF S Ed Bﬁﬁéaﬁeﬁ ¥ ene/ C3- C18

[err]- olga g % hi gh- pressure | ow densit polyethylene and an
et hyl ene/ nyFtée%gﬁ ob@Fyﬁ%Wpe?%Fﬁﬁ?ﬁanDGW@ dtlm sgructurgpd, Hye wei ght .
The ununiform y branched |inear ethyl ene/ C3-Cl18 a- ol efin copol yner of
(11) general | }0VERELABARLFRIRY MY tak SiaIepgithy| égemeasyred oy vt hyl ene

prepared by the use of
DTC 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 °C 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. In 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.



F- 1493/ SF- 605 172 a Ziegler catalyst).
The linear |pw gdensstysos pol yethylene is often classified as a subset,
and the subset is represented by very | ow density polyethyl ene

(VLDPE) or ultra | owdensity pol yet hyI ene (ULDPE) . The 5 terns VLDPE and
ULDPE used herein are exchangeabl e t he technol ogists of this art
generally use themin this The | i near | ow density pol yethyl ene
of (I1) has a density of usually 0.87 g/cnferr] to 0.94 g/cr‘r{err],

f bl hed 10
Firﬁeg; aet Kyl ene/ C@h%&&é ;@?ﬁ%%ﬁgj&é}gﬁ%ne ﬂ!lp%%li 2 In"ybré e égl y has a
| t d f 11 /10 Th h- d t

ol yet yl one 1) (7 A7 7' 47 o3t iy ke se&l&a% S dea s Aty

and a melt index o lto /10 The et hyl ene/ vi nyl
acetate copoF's?ﬁ’é?I:tBFé(?iL')ghe po jl’éf%‘cﬁﬁcgfnrga§ &WFWF@H_{% %Fn# acet \altlt ey

wei ght ratio of c1.to 24:1, and exhibits dex 2 to 10
g/ 10 mi n. thought tlfl‘?‘ltaﬁjo)c HerP¥Hb Fate e @frc’tqﬁ’é:eldnngé'nﬁl %gch i s
produced from a_bl end conpri si ng: (a) at | east one corrp03| ti on
(A), (AP (Regldpg machiperal §dhighy Sé’etfé’na dR)nét PREFE PAGKEGSO15

g/ cnB8 and a nelt index of not nore than 10.0 g/ 10 min, in an

anount of 102{Bo$b0fyeeyfyen gheakagrl is obtained, unlike the pouches

obtained by the use of lineer low-density polyethylene,

linear ultra low-density polyethylene, high-pressure

low-density polyethylene or a combination thereof.

10 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
(I) at least one'layer comprising the ethylene

15 copolymer composition (A), (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
ununiformly branched linear ethylene/C3-Cl8 ¢-olefin

20 copolymer, high-pressure low-density polyethylene and an

ethylene/vinyl acetate copolymer, in an amount of 0 to

%0 % by weight.

The ununiformly branched linear ethylene/C3-C1l8 «o-
olefin copolymer of (II) generally is linear low-density

25 polyethylene (e.g., polyethylene prepared by the use of



F- 1493/ SF- 605 173 (b) at | east
one pol yner .sel,ggt,/ed_ m t he group consisting of an ununiformy
branched Iiﬁzgégg/gg E?ﬁylene/C3-C18 [err]-ol efin copol ymer, high-pressure
| ow density pol yethyl ene and an et hyl ene/vinyl acetate (EVA) 5
copolynmer, in an anount of O to 90 % by wei ght. The ununiformy
branched |inear ethyl ene/ C3-C18 a-172" ol efin copol yner of (b) generally
is linear |lowdensity pol yet hyl ene (e.g., polyethylene prepared by the

use of a_Zieqgler catal ). The Linear owdensity 10 polyethylene
"ol udes veRy ZGaLaEnSPLs TEOEy ot RS AL hear IQUEBILS ui tra | ow densi 1y
pol yet hyl ene ULDPE&, as, descri bed, above. The linear_|owdensity
pol yet hyl en@dFrethylenepysygitenqelassitv?d R34 ISHRFafr §entheo 0. 94
g/cnerr], preferably 0.87 g/cnferr] to QQ;Sg/mﬂeHh:1he
ununi f or m y SubsethigngrpgeFrRESE BY hYfBYiels-darss 1er melaiedhivd e86pol yner of
(b) preferably has a nelt index of 0.1 to 10 %410 m n. The
hi gh- pr essur( derslgrpolgerasnehey apokygthyleng r GLHPR|-y Fhe a density
of 0.916_to 0.93 g/cnB and a melt index of 0.1 to 10 g/10 mn. 20
The et hy? end/erimsy VLBSE: and UbPBEywsedotexdin are enaifanasigilehasndn
et hyl ene: vinyl acetate weight ratio of 2.2:1 to 24:1, and exhibits a
mel t index d¢he) t2chpologists gf1bhhs mart generallyThesd ithemstinuchdse of the
pouch of the invention 25 includes a multi-layer structure or a conposite
film™ way. The linear low-density polyethylene of (II) has a
density of usually 0.87 g/cm® to 0.94 g/cm3, preferably
0.87 g/cm® to 0.915 g/cmd3. The ununiformly branched
10 1linear ethylene/C3-C18 0-~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/cm® and a
melt index of 0.1 to 10 g/10 min.
15 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.
In another embodiment of the invention, a pouch is
20 produced from a blend comprising:
(a) at least one composition (&), (A'), (A") or
(A"') having a density of not more than 0.915 g/cm3 and

a melt index of not more than 10.0 g/10 min, in an

amount of 10 to 100 % by weight, and



F- 1493/ SF- 605 174 structure, and in
this case, the-jialoprsr-g@aling |ayer of the structure is preferably
set as an inside |ayer of t he pouch. As wi |l be understood
by the technol ogists of this 5 art, the nulti-layer filmstructure for
t he pouch of the I nventi on may igf# udes various conbinations of film
| ayers, as far as the sealing | ayer é Sstitutes a part of the final
filmstructure. The multi-layer film structure for the pouch of the

i nvention may be a b];oatCQ%éfthU%hQ”pBl&ﬁlaraséﬁéééédfficSHIOéh@ drjighat ed
film The fil mstructure I ncludes™ the sealing layer In

conbi nati on wd a.cxﬁ?%da & %b!Ghuﬁlgor?%%(k#ghgﬂed lin yester nyl on,

et hyl ene/ vi nyl copol or ponV|ny i dene di chl ori de

(PVDC) such aseéé%i aéhe/t@ cit w@qe@aﬁeco%@y{n@@ ehiaﬂn%if@@swﬁa@m cal

Conpany) a netal coat ed film Selection of”ot materi al s

d i nmbi t | a d
by the t1oar (st ety 18k B8l aﬁe% bl 8he rinyy, e (Rimnces®

| | 2Q nbodi t of th
fsleflmI thrug ﬁiecuc?pc?g'ytn}?& pd‘t’fl‘caﬁLrlll | nSI“'B'E ?ﬁ i FoeR?| %nb%a"%e’age%tgal |On|gmla2ye? madg

ngt 21? Ieastef)ggl So yﬁg@%oryult s%g‘g?;lrggélr“ﬁ%ﬁeié%?yneréh% A" u@%f‘(oiga yer is
preferably a po@@?ﬂ“ﬁéggi;gégﬂo%a%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 polyethylene (ULDPE), as
described above. The linear low-density polyethylene of
{(b) has a density of usually 0.87 g/cm® to 0.94 g/cm3,
preferably 0.87 g/cm? to 0.915 g/cm?®. The ununiformly
15 branched linear ethylene/C3-Cl8 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/cm?® and a
melt iﬁdex 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



F- 1493/ SF- 605 . 175 nore preferably a

| ayer of ununifag3vsrdgosnched |inear pol yethylene that is referred as
o "linear |owdensity pol yet hyl ene" (LLDPE), "linear ultra

| ow densi ty pol yet hyl ene" (ULDPE) and/or "very | owdensity 5

pol yet hyl ene” (VLDPE) herein. An eﬁﬁﬂPle of the comercially avail abl e
LLDPE is DOAEX (trade nane) 2045 that is avail able from The Dow

Chem cal Conpany. An exanpl e of the commercially available ULDPE i

ATTANE ééf@c@&ﬁ}%”‘%’t %%16’:1*1@ §e§V€hEaBE$yﬁé9r%J§fl Vﬂﬁ_;%} Chem Ca'

Conpany. |ncIu I ng both™of” VLDPE an
ful h d f
GeeT T ber g 5 arumlan o g Ly gt COBOLITELZi e 3 agtegEed 11O

at ons, preferabl a a- olefin of 4 to 15 10 carbon atons (e.g., 1- butene,
4- nethyl %ﬁﬁ hexene, 1-octene and 1-decene). The ununiformy

b hed LLDPE | d.b f . Zi gql.el I
(by a et hod de's?}%@iléra d L@ﬁ%%&%ﬁfie?yt W nploginenet £, o0n |

(Anderso et al LLPDE for the utS|de | a has a densi t
Gouedty Moo YAy 5%&5\/ Er‘?é'“CBPEFe?aBl’y? 8. BPIch Plogt !
g/an and a, nelt jndex of, usua]l .l to 10mgé%gtgggs of flfreferably

to 2 g/ 10 m:hnventlon nay Fll’_KL: FV@.G‘S.OU.S CQl 176

layers, as far as the sealiqg layer constitutes a part
of the final film structufe. The multi-layer f£ilm
structure for the pouch of the invention may be a

10 coextrusion film, a coated film or a laminated f£ilm.
The film structure includes the sealing layer in
combination with a barrier film, e.g., a film of
polyester, nylon, ethylene/vinyl alcohel 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 layer made of the
ethylene copolymer composition (A), (&'}, (A") or (A"')
and at least one polymer outside layer. The polymer

25 outside layer is preferably a polyethylene film layer,



The outside | ayer may have any thickness as far as the sealing | ayer
has a thickn?§§4gg gb-kggst 0.1 m | (2.5 [err]). Anot her
enbodi ment of the |In1structure for the 5 pouch of the invention

i ncl udes a polymer |ayer i nt erposed between two pol yner sealing

| ayers. A further enbodige t of the filmstructure for the
pouch of the invention includes a pél ner core | ayer bet ween at | east
one pol ynmer outside Iayer and at | east one pol ymer sealing | ayer.

Al t hough thi s pol be a
that of the ToP® FERrerakTY  potavef ¥ ‘%“%?’e’? %Yaeraﬁfé*retdhﬁ-l%%fg’#ef ot

LLDPE, nore fer of L aV| density than
that of the ¥F&gyhé?8rkﬁ¥ﬁelﬁo¥% ?5§'$ %? FOERPEkRess as
far as the sealln% thlckness of at least 0.1 ml (2.5

|
[err]). polyeth %§PFWI(FBP?EEr ehIRRATER TR Y FSOSh r uct ur e

for the pouch of the_invention may be a structure . including a sealing
| ayer and a POl¥etaydensf dVEPREbmandior. peRmet M RRSH#iYch is referred to
as "high-pressure | ow density pol yethyl ene" (LDPE) hereinafter. The
LDPE | ®pdivegbdear!'y (HEBPR) dedsety- of A @rRle GHIpey/ cnferr]

and a nelt index of 0.1 to 10 g/10 m n. The LDPE | ayer may have any

t hi ckness as coamezxsipfdyseaydpingblayekDPRsis DOWLEX t (finadeeseme) 304FPeast 0.1

ml (2.5 [err]) F- 1493/ SF- 605 177
3 that is available from The Dow Chemical Company. An.

example of the commercially available ULDPE is ATTANE
(trade name) 4201 that is available from The Dow
10 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 ¢0-olefin

of 3 to 18 carbon atoms, preferably an oa-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 generally prepared by the use of a

Ziegler catalyst (by a method 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.



A still further enbodinment of the filmstructure for the pouch of the
i nventi on n&y1483a SF=606t ur e including a sealing layer and an EVA
copol yrmer | ayer havi ng an et hyl ene:vinyl acetate weight ratio of 2.2:1
5to0 24:1 and a nelt index of 0.2 to 20 g/10 m n. The EVA | ayer may

have any thickness as far as the sgg@#ng | ayer has a thickness of at
least 0.1 m!| (2.5 [err]). he thickness of the filmstructure

for use in the production of the pouch of the invention is in the

range 10 of 0. gha butd2aé L8 pé,l.)may ﬁgvénangééléﬁ{e@s) fagoff%fe asb' y 1 ml
(25.4 [err]) to 5 ml (127 [err st gning of the %

structure 7o Banough1afer hastgetﬁmmé@%fsC%'fQQ % 4R the_pur pose

of optim zing the specific filmproperty su as rigi - 15 LLDPE
different frgmseg¢h other (e.g., VLDPE and ULDPE) can be used for the
out si de Iayer and the core Iayer Thus the filmcan be nmade opti num

for the s eC|f|c n vertical_ for f|||-seaI|ng
machi ne. p Aﬂg$ﬁ ?%mgene # s f%iﬂn%kﬁ??%ﬁrehé€ 5k )
poductisr o Ln*c%?g@zg@eanavéﬂgggw@é Sl BT B, 20 2 81
known in thi,s, techni éeld The bl o tub extrusi on process is

descri bed égterﬁosF§a£8§gﬁﬁPe YBfTePISRa YLt ober, 1989,

F- 1493/?F 605 A further embodiment of the éﬁ%m structure for the
pouch of the invention includes a polymer core layer
between at least one polymer outside layer and at least

10 one polymer 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 p).

A still further embodiment of the film structure
for the pouch of the invention may be a structure
including a sealing layer and a film layer of different

20 polyethylene which is referred to as “high—pre§sure low-
density polyethylene" (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).



Encycl opedia | ssue, Vol. 66, Nunber 11, pp. 264-266. The cast
extrusion cribed in, for exanple, "Modern Pl astics”

M d- Cct obe%%@?ﬁsf Ené?%le opedi a | ssue, Vol . 66, Nunber 11, pp.

256- 257. The pouch of the invention is a sealed container to

be filled W|th "fluid material”. The term"fluid material " nmeans a
mat eri al capable of flow ng by gréNWZy or capabl e of bei ng punped, but
t he neani ng t hereof does not include a gaseous material. Exanples of

the fluid 10 nmater| | ude ol carbonte bey such as

mlk, water, fruttS§eh a]cef“arr'fé’ F“ﬁBﬁaf’g ggvg?gﬂ %t TUcturg ch as soda,
beer and mater enuIS|ons such as iC Lean1n1x and soft margarine;
past es, suckomsth Aoy ef the %Gnﬁé&ﬁuf“ab’u BefR; SPFRSEM®s, such as jam

pie stuffing 15 and marmal ade; jelly; dougy m nced neats, such as neat
for sausagetncheding s seahing leelex PR 4Rd Apfgpolymer qla¥®%ent : granul ar

solids, such as nuts, sugar and grain; and anal ogous materials. The
pouch of theaving an retdntliene ivwinydr sicelirsel yeisbburatde phckedyihg | i qui ds
20 (e.g., mlk). The fluid materials also include oily | i qui ds
such asScookon@4ollamdmhrmnkt igidex of 0.2 to 2ffgélliménti | PretERture for
t he pouch of the invention is forned, the filmstructure is cut so as
to haleyar whaly hhakes i argd tfhorcknessuse EnraasonhenSpahtMQ P&yempr oduci ng
machi ne. Then, the pouch of the invention is F- 1493/ SF- 605

179 _ has a thickness of at least 0.1 mil (2.5 W).

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 W) to 10 mil (254 W), preferably 1 mil
(25.4 L) to 5 mil (127 p).

Designing of the f£ilm structure for the pouch of
the invention is flexible. For the purpose of
optimizing the specific film property such as rigidity,

15 ©LIDPE 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 example, 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,



produced using a "formfill-sealing machine" well known in this

t echni cal f§g¥gg3/§§L@@@odinent of the pouch of the invention is a
pouch fornmed froma tubul ar nenber 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" afi?g a fluid material is filled.

Anot her enbodi nent of the pouch of e invention is a pouch which is
formed froma tubular nmenber, which has fin seals along three sides
of the tubular nb

i€, t id als ip.th hi
direction, &AGYC Opgéﬁ?gagﬁﬁ%’éﬂﬁ%tggﬁfne gggﬂaLa%Eﬁgéﬁgﬁ??3r|§ ggﬁcgcg

shape or "ball shape" sealed with the tubular . er. s that the
botton1beco%g§ SBAT cFFEEF AR PER I e crfﬂa&bﬁ?ﬁ %ﬁg $§?FPgSr section
of the pouch filled with,a 15 _fluid nmater] i.s seen. _Thi ouch is an
"Enviro-Pak”MOdernpSEEﬁtkﬁ%mmm+¢rqqﬁébﬁ§&;i#éﬁﬂ ﬁ%9¥c opedia Esgue’The pouch
produced in accordance with the invention is preferably a pouch

produced byValvePfi cHWPe¥ i} |PR- 256-2%%q| i ng machi ne (VFFS machi ne).
Exanpl es,  of the 20 conmnercially, avail able VFFS machjnes include VFFS
machi ne manuf acThreBOBYRHAS s8R HveRtekqe 1orife s@aEsd ContgduRrnES are
described in F.C. Lewis "FormFill-Seal", Packagi ng Encycl opedi a, p.
180, 1980. be filled wathhafWS maed@iahy nditde® SHedidof the 25
plastic filmstructure described herein is fed to a VFFS )

F- 1493/ SF- 60Bterial" means a material capabligpf 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 marmalade; jelly; dough; minced meats, such as meat
for sausages; powders, such as gelatin powder and
. detergent; granular solids, such as nuts, 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 oil 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



machi ne, and the sheet is fornmed into a continuous tube in a

t ube-form ngrpsegtregrogoshe machine. In detail, t he | ongi tudi nal edges
of the filmare sealed, that is, the plastic filmis folded and
subjected to 5 inside/outside sealing, or the plastic filmis subjected

to inside/outside sealing to perforfybin seal i ng, wher eby the tubul ar
menber is produced. Then, the tube Is transversely sealed at a
position of one end thereof by a sealing bar so as to forma bottom of
the resultin oygk he ter,,the pouch is filled.with a filling
mat eri al sucgrgé&r:neﬁkﬂg%%n; tgg‘%ﬁp%lelrl end loJ’I‘ngt ﬁ‘éa%%ﬁﬁl&n well f“é‘og’@al ed by a

sealing bar, ;and,the_plastic.fLlmis urned of f or _cut off, er eby

the fini shed*BoGth®i Eg‘:ﬁmc%%pgi’gi‘id f%rﬁ’i?‘?%’eéllf‘tﬂfbt. °Fﬁ€rh§r Beus P%T

producing 1 pouches.using the VEFS machjne is descgribed in U S
3e8038YB5EAMR 6. From a Gy

Pat ents No. SIYEBCARE KD, 24P8HN fhpEme om a tHAlag) BREREE t he pouch
of the inventign can be chapged. The pouch can contain a fluid
material in 34 BaViBgpantaBs Sedhatt yEhe Maqhing dixecsien ppdeps,
preferab%y 20 10 m|liliters_to 8 |iters, nore preferably 1 liter to 5
liters. seal 1psEh@f CYRES sSREFeFIRET & tch@radwreeaePevpbl fmer
conposition (A, (A), (A") or (A") in two-layer or t hree-1 ayer
coextrusi on fi [RiateVcEBarahkatter PGt eatmgialo isr §dddedpouches by the
VFFS machi ne at a hi gher speed F- 1493/ SF- 605

181 ) 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 substantially 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. Lewis "Form-Fill-Seal",
Packaging Encyclopedia, p. 180, 1980.

In the VFFS packaging method, a sheet of the

25 plastic film structure described herein is fed to a VFFS



and to obtain filmstructures capable of form ng pouches

free from

| eakage. F-1493/8F-E65pP0ssi bl e to make printing on the pouch of the

i nvention using technique known in the art, and prior to
pouch can be subjected to a corona treat ment.
of the invention is subjected to a

5 printing, the
When t he pouch

5-feet (1.52 m drop test (defined

I n the present specification),lgp has excellent results. The per cent

10 failure of the pouch of the invention, as neasured by

not nore tha

the 5-feet

(o220 o ORabBibe, ' 2nB" ERET S0 ML HBeq sncd MARAR OB BuBLOT 2201

trc¢urarTy not nore

pouch of the,lnvegékon IS nore advant%%§§§§% c%? ugafg%pﬁﬁgﬁgiﬁgiﬂgegf

liquids for &Bn8ulBPS-ERTPLRI pFFRy-OR

contai ners such as gl ass. ottles, ,paper, cart hi gh-d it
pol yet hyl enethe IOPSQEPaFB?lp?g i‘h% ?*Fepﬁilt’%éﬁegr%?g%%cohﬁﬁf:ngga ?/arge

anounts of natural resources are_consuned aﬂg_a 0 significantly | arge
et

space is reqbfeeBlestigufipifgls foldeg,

éobpace is required for

storage, and hi gh energy is required for teqﬁeratune control of the

articl es deciusddey oregider AL BRI prFpetie RIHFTTY
F- 1493/ SF- 605 182

dilm is;sHpipRERE.

When t he pouch

of the inventodnsidedeugsifensgaling to perform fin 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

10 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

15 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

20 10 milliliters to 8 liters, more preferably 1 liter to 5

liters.

Use of the sealing layer of the ethylene copolymer

composition (&), (A'), (A") or (A"') in two-layer or

three-layer coextrusion film articles makes it possible

25 to produce pouches by the VFFS machine at a higher speed



thin filmis used for liquid packaging, a greater nunber of advant ages

are obtai neFasATfgEeb with the hitherto used containers. The pouch

of the invention has the 5 foll owi ng advantages: (1) consunption of

nat ur al resources is small; (2) the space required for dunping IS
-small; (3) recycling is feasible; ( 1processing IS easily carried

out; (5) the space required for storage is small; (6) energy consuned

for storage is small due 10 to heat transfer propertles of the package;

(7) i ”Qhﬂ?réﬁ'éﬁhéﬁﬂ1ﬂ%in?@ﬁﬁ%ﬁédﬁ%%%‘%QpQBEe é@df&§%1ﬁ§ bikhes is

possi bl e, for exanple, the enptied pouch can applied to other uses,

e.g., uses ag.fLegzer ¢ t%?k . sandwi ch bag and gener al - pur pose storage

bag. 15 Bat c |luﬁLwion package The batch inclusion

package is producfei 4 gasté}&,le to Fikdl £BenEoRg zsﬂeehgogpgﬁté,@ngg@’ (A)

(A") or (A"") osi t1on containing-an

Kk fo f wd II
paccage = (BRI AL boant ”*%o‘a?i&eie%?ﬁgrﬁm%n?a?lp"%iéd the

whol e pagkage (f|1n1a he cont ent n_-be added to a mxture for
o oy adrintife Mihe poudl S0 b Bl sfBla Eo S eREtR2 and 1 he
F- 1493/ SF- 605 183 contents included
t herei n can 55 3RS an extruder or nlxer at the sane tine.

The et hyl ene cop%m¥nertéénggﬁgﬁ|é¥1ggg)lngen{log subjected to a

5-feet (1.52 m) drop test (defined in the present
specification}), it has excellent results. The per cent

10 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 %.

The bouch of the invention is more advantageously

15 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
amounts of natural resources are consumed, and a

20 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

containers.



or (A"") is preferably used as only one pol yner 5 conmponent for

produci ng t heF+1493 f38-60fe bat ch i ncl usi on package. However, together
wi th the ethyl ene copol yner conposition (A, (A), (A") or (A""),

ot her pol yners may be subjected to blending, multi-layer coextrusion
and/ or nul ti-layer lam nating, {gpinpart filmprocessability, 10
filmhardness, filmbarrier properties, filmstrength, filmnmelt
properties and ot her desired film properties. The batch inclusion

filmproduced by tingepiSEndipdudi &¥ the 1nd@ht&6% ﬁ onheas eoaml ymer
conposition (A), (A), (A") or (A"") and ot pol ymer conponents

woul d mai nt ai gnidSei IO RRLI RS p%?:'i@%g‘ii%f Ula g¥adpLeSn@hniie

conponents of the polymer blend include an hyl ene/ vi nyl acetate
SSFSLﬁg[egEV&1aa@%é3agT| neaérecg% “d(;gdnm ty pg)laf%t p%')éggb? I:E%%_k 55? ng a
[2)8I ygfﬂii te%e i%%Péc%n%aV?en%ég ensﬁ%rdclr% %ng# I qggregkg}ggdﬁggl EI?{T% which is
oo, Sor Bl AR e a%%%¥r%ésTB?e?2?§Lf3€at

| east 25 about 50 0/ nor e ﬂffe(za)bléﬁ | east about % f t he
F- 1493/ SP- 6O5FESOUrees 1S sm € SPaCfBEequlredb 8ﬁd CBRPYEi tion. It

[ ticularl t hat _ ., bstantial |
conposed of att BRI O G HAGAS GRS ABmBEPEFORLER) 1 (A )

(A") or

easily carried ocut; (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.

Batch inclusion package

The batch inclusion package is produced from the
ethylene copolymer composition (A), (A'), (A") or (A"')
or a composition containing any one of them. This

20 package is formed from a film, and into the package, a

powder, pellet or fluid material is introduced to
protect the material. Then, the whole package {(film and
the contents) can be added to a mixture for producing a

certain article. For example, the package and the



(A""). 5 To the ethylene copolymer conposition (A), (A),

(A") or (AF-L498YKREr-688ditives can be added in anounts not

detrinental to the functions of the batch inclusion package. Exanpl es
of such additives include pl astici zer, antioxidant, phosphites, cling
additives, 10 heat stabilizer, higght stabilizer (e.g., Cyasorb (trade
nane) WV 531 benzophenone manufactured by Cyanam d, Ti nubin (trade
nane) 622 hindered am ne light stabilizer manuf actured by G ba Gei gy

Corp, pignennteats. inkiludedufhereindtaxilte, fedl €b wn catdraimire orcar bon
bl ack), processing 15 +aid (e.g., polyethylene glycol, fluoropolyners,

fl uor oel asty@RRILS atWakes samkl @fiRer et ardant (e.g., Angard (trade nane)

CPC 102 which is a flane retardant based on phosphorus and is

manuf act ured bY’I’Nebre't%EHleﬁ@dc%b§9ﬂer compoBLt L&) (a) ubfad gant(ag. 9., waxes,
- stearates, mneral 20 oil), slip agent (e.g., er ucani de, ol eam de), anti -

bl ocki ng aQ&nJA@e)gls b@%@erﬁbh&cﬁge§'§§'9§iy one p&IRRy | nking agent

(e.g., peroxides such as Booster € nane) manufactured by DuPont)
o 2% DRy for G i, (H der sl A el 2
100 PR R RGHARD R e A, T
410 WhiChié%ﬂﬂ%éTngﬁyu%F?d(A'), (A") or (A"'), other polymers may
be subjected to blending, multi-layer coextrusion and/or
multi-layer laminating, to impart film processability,
10 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 copolymer composition (&), (A}), (A") or
(A" ') and other polymer components would maintain
15 improved properties. Some useful examples of the
components of the polymer blend include an
. ethylene/vinyl acetate copolymer (EVA), an
ethylene/vinyl alcohol copolymer (EVOH), polybutylene
(PB}), linear high-density polyethylene (HDPE) having a
20 density of 0.941 to 0.965 g/cm3, and linear low-density
polyethylene (LLDPE) having a density of 0.87 to 0.94
g/cm?® which is prepared by the use of a conventional
Ziegler catalyst. The ethylene copolymer composition
(), (A'), (A") or (A"') comprises preferably at least

25 about 50 %, more preferably at least about 80 % of the



tertiary amne and is manufactured by Akzo Chemcal, 5 Inc.), and filler

(e.g., talc, gagygreagdpnate, clay, funmed silica). The additives
| i sted above are only exanpl es, and they do not include all additives
or do not restrict the invention. The filmand the film

structure having novel 10 properti%g descri bed herein can be produced

usi ng ordi nary techni ques for ﬁh %ucing hot blown filnms or cast

films. It is possible to use a biaxial orientation nmet hod such as a

tenter film b ls . i hi i ith the

ordi nary tecﬁ%&%ﬁgégﬁ¥ﬁ§gﬂ ris'or |né%ypﬁgFlgﬁg%%qViEﬁgﬁé?%%géigg%%gcribed
emical T

in, f | e, ."The E | i f h "

KO her, e e (e B Rl Va1t BefiBood 8 0RO Waasr
16, . 416-417 \lp|l . 18, . 191-192. . . Th fi d the fil
S0 bl ot Sectle Py Trre, o diimel) Eomepsition dAT nekal soldrbde et by the

bi axially oriented filmproducing nethod, e.g., "double bubble"

met hod describ®d in U S. Patent No. 3, 456, 044 (Pahl ke) and ot her

met hods described in U S. Patent No. 4,865,920 . _.(Colike et al.), US.
Patent No> 4, 352, 699 ¥hRiFTeriene sopolygerpserReskEion 83, 56 Y vmarren),

U S. patent No. F- 1493/ SF- 605 . 186
4,927,708 (Heftah @ ")) @therpadditiNngs gavsBeqadded in apeurtsy et al .)
and U. S. Patent No. 4,952,451 (Muieller). It is also possible to

produce the fRPEndglerimengal fo the functions of the batch inclusion

package. Examples of such additives include
plasticizer, antioxidant, phosphites, cling additives,

10 heat stabilizer, light stabilizer (e.g., Cyasorb (trade
name) UV 531 benzophenone manufactured by Cyanamid,
Tinubin (trade name} 622 hindered amine light stabilizer
manufactured by Ciba Geigy Corp, pigment (e.g., titanium
dioxide, calcium carbonate, carbon black), processing

15 aid (e.g., polyethylene glycol, fluoropolymers,
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

20 oil), slip agent (e.g., erucamide, oleamide), anti-
blocking agent (e.g., talc, silicon dioxide},
crosslinking agent (e.g., peroxides such as Booster
(trade name) manufactured by DuPont), anti-fogging agent
(e.g., Atmer (trade name) 100 sorbitan ester

25 manufactured by ICI), impact modifier (e.g., Paxon



structure in accordance with tenter filmtechni que such 5 as techni que
used for the Oihgﬁ]%g%l &f's of pol ypropyl ene. Al t hough the film may
be a single- Fayer T mor multi-layer film at |east one ethyl ene
copol yrner conpositi on (A, (A), (A") or (A"") is used as at |east
one layer of the filmstructure, preferably an inner 10 |ayer. The inner
| ayer is brought into contact with 1 material to be contained in

t he package. The inner | ayer nay be coextruded w th other Iayer(s) or

| am nat ed nt o aot her er(s%: t he secondar erati_o
descri bed by(WQ‘geSEﬂﬁ“% kp?fﬁd%%w Jr%h’*ﬁ i? rfi%%ﬁrrﬂ'éd&% %SE EB‘r Barrier
Packagi ng" of " Soci ety of Plastics Engi neers RETEC Pr,oceedi ngs", Jun.
15-17, 1981, *ging3adodg magufactureld Ky iAdd 9 GoR - ) asBHLtHSEAT N A,
Jenkins in "Plastic Films, Technal oq%/ and Packagl ng Appl i cations”
(Technnoni ¢ PEBRESKERG- CoArmesEat (4D Mhich 115 i @Hiokvdated to produce a
single-layer filmusing a tubular film (i.e., blown filmtechnique)
or a flat digegtiary smine and isimagufagfnned oyt iAkporgepacapti onal |y
subj ected to an addi ti onal post-extrusion process for formng a
milti- S5 Ingyér sndufilbier $ech. astabthesiadiciom sarboviass. 23ayl am nating
of the filmto other layers of the packaging F- 1493/ SF- 605
187 matfemied sikiea) i f The additives imbad wdwyd idna ohlvwo or
nore | ayers (described by Gsborn and Jenkins), the filmmay be
| ami nat ed t o exthwpileaddandobbey| dyerst ofnehede all additives or do
not restrict the invention.
The film and the film structure having novel
10 properties described herein can be produced using
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
15 ordinary hot blown film method is described in, for
example, "The Encyclopedia of 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 film and the film structure described in this
20 specification can be also produced by the biaxially
oriented film-producing method, e.g., "double bubble"
method described in U.S. Patent No. 3,456,044 (Pahlke)
and other methods described in U.S. Patent No. 4,865,920
(Golike et al.), U.S. Patent No. 4,352,849 (Mueller),

25 U.S. Patent No. 4,820,557 (Warren), U.S. patent No.



packagi ng material according to other physical 5 requirements for the

final packagr+pud3SE-60E conparison between the coextrusion and the
lam nating is considered also in D. Dunbl eton "Lam nations Vs. _
Coextrusion” (Converting Magazi ne, Sept. 1992). The single-layer film

or the coextruded filmcan be furtﬁQg subj ected to anot her
post - extrusi on process such as @aX|aI orientation. Anot her
technique to produce a nmulti-Ilayer package material is extrusion

coating. Simlegty dé)¢laf£§§%t al. )flbngprgéégﬁt ﬁ?e gx§éys%ﬁ£ coating

process utilizes " 15 I e techndl ogy ayer in formof a

si ngl e layer(Qﬁst?lé:oéaétiluqata?nof:%ﬁSbePﬁ‘éQh%Ckgd 40952 45 EXhhiisl oy coat ing

onto the substr I"end and Iayer film

structure, %hé’lﬂ] ﬁ%lyrr%r co "@?*%'Fteﬁglf* (fﬁfn% ?ké?/egil%(A") or

(A"") is pre era Iy us o conprl referably

the inner |aye anp £s of oth rs of fi-la er structure
i ncl ude dix %H??%N { §SRRsE Wﬁgk g?ég aﬁa}%rt§$$ﬁb

| ayers, t hout arioys nmaterials are enpl oyabl e for
such Iaysqr %Nltreﬁc fusﬁﬁi%to&el ggégntation o Wﬁﬁ@%‘?@ﬁ%

188 as two or .nor ers.in the sanme filmstructure. Exanpl es
of the materials?® %‘l}‘@ é&%‘ylfé'rjré‘/ TRy PeapcShBgle-laver\kihm @t yners,

ol yvi nyl i dene, chlori de
poly y multi-layer 1lmq gt least one ethylene copolymer

composition (A), (A'), (A") or (A"') is used as at least
one layer of the film structure, preferably an inner

10 layer. The inner layer 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

15 for Barrier Packaging" of "Society of Plastics Engineers
RETEC 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

20 to produce a single-layer film using a tubular film
(i.e., blown film technique) or a flat die (i.e., cast
film), and this film may be optionally subjected to an
additional post-extrusion process for forming a multi-
layer structure, such as adhesion or extrusion

25 laminating of the film to other layers of the packaging



pol yet hyl ene terephthal ate (PET), oriented pol ypropyl ene 5 (OPP),

hi gh-densi ty,p L (HDPE), ethyl ene/vi nyl acetate (EVA

copol yners, %tﬁ%¥§%§?a§Q§|ic acid (EAA copol yners,

et hyl ene/ met hacrylic acid (EMAA) copol yners, LLDPE, HDPE, LDPE, nyl on,
adhesive graft polyners (e.g., gol yet hyl ene grafted with nmaleic
anhydri de) and paper. 10 The mul t1 Vayer structure generally conprises 2
to 7 | ayers. The (total) thickness of the single-Ilayer
filmor the nulti-layer filmstructure is in the range of

typically 0.B2RPFigh-| eW%‘)‘ b GRe nﬁln( 3F1 § SIPSerYUeRs; Ziim) 9E1tWes |
(25.4 [err]) to 5 m] (127 ierr]): I n case of the . coextrusion
process (or AHl PPTEayBYCERt FARFERRAD R Osborn ang Henkissde EB§er
conprising the substantially |inear ethylene/[err]-olefin ﬁol ymer is
made to havefalmhiaknesslapinated §q mthey yaldsfllzwnla dayers] pLt shes5 ni |

(381 [err]), preferably 1 20 ml (25.4 [err]) to 5 ml (127 [err]).
The filmor packégingshateriat grenhdiow faomther physicedhyl ene copol ymer
conposition (A, (A), (A") or (A"") is formed into a bag, a liner or
a packaging meteireinents fomcthe diinpl madkadinmifidse r &gei rements. By the
use of, 25 for exanple, a tub liner, various materials can be
F- 1493/ SF- 60Bomparison between the coextrusick8@nd the damimasiugl ¥sbl ended.
In detail, the contents and a liner are transferred fromone tub into
anot her tub abdsideredl| ehsedimi Dh Dinielre wonp'deeringatibakl Yaed by optionally
Coextrusion" (Converting Magazine, Sept. 1992). The
single-layer film or the coextruded film can be further
10 subjected to another post-extrusion process such as
biaxial orientation.
Another technique to produce a multi-layer package
material is extrusion coating. Similarly to the cast
film process, the extrusion coating process utilizes
15 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 copolymer composition (&), (A'),
20 (A") or (A"') is preferably used to comprise at least
one layer, preferably the inner layer. Examples of
other layers of the multi-layer structure include
barrier layers and/or tie layers and/or structural

layers, without limiting thereto. Various materials are

25 employable for such layers, with some of them being used



feeding the blend to an intensive mxer. O herw se, 5 additives for

use

in the rubber-psio3zucti®es may be packaged in the bag, and the whol e bag
i ncl udi ng the contents is added to a certain step of the rubber
production process w thout opening the bag. Uses and producti on
technol ogy of the batch inclusion Efgﬁare 10 well known in the industry

of this art,
No. 5,120, 787,
Publ i cati on
Wien the eth

obt ai ned.  THEEPRyPana Sh8aBe AL l%col#péésl & 3’3 Pt 2L O

exhi bits

films and ha
pol yet hyl ene
Since the et

conposed
(A") or
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i ndustry,
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as described in

00, 2709020 LRI 0 B PV 1 5erdcREa05, 18

ene_copol yrer conp05|t|on

A" or (A")

.S” Patent No. 4,394,473, U. S. Patent
U S. Patent No. 4,248, 348, European Patent Lai d- Qpen

is
s are
(AIII
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carbon and, h drogfn atons, the coq895|t|on

Y Pokysidpglene (HDPE) pe H@%géﬁ/éééyl

el astoner additives particularly useful fqr the rubber

i n2E6RAESS{EVR hepRe

from et hylene/acrylic acid copol ynmers or

10

20

25

copolymers, ethylene methacryllc acid (EMAA) copolymers,
LLDPE, HDPE, LDPE, nylon, adhesive graft polymers (e.g.,
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
typically 0.2 mil (5 p) to 15 mil (381 U), preferably 1
mil (25.4 4) to 5 mil (127 ). In case of the
coextrusion process (or multi-layer extrusion process),
the inside layer comprising the substantially linear
ethylene/a-olefin polymer is made to have a thickness of
typically 0.2 mil (5 p) to 15 mil (381 ), preferably 1
mil (25.4 M) to 5 mil (127 u).

The film or the film structure produced from the
ethylene copolymer composition (A), (A'), (A") or (A"')
is formed into a bag, a liner or a packaging material
according to the final use requirements. By the use of,

for example, a tub liner, various materials can be

??ﬁﬂlE54¥4qqqlﬁ$§¥%}c acidpE8Ahr oduced



ethylene/nethacrglic acid copolynmers (as described in 5 European patent

Lai d- Open PBbLARA(FBHNSRR. 0270902) or in conparison with films and
bags produced from et hyl ene/ vinyl acetate copolyners (as described in
u. S Patent No. 5,120,787 and U. S. Patent No. 4,248, 348).

The materials to be included in thg8Batch inclusion 10 bag (or packagi ng
material, coating material or |iner) may be those exhibiting free fl ow
(that is, they easily flow by the self weight in a state of

gravit ati onpuoressivelnoskerdédbi timgetmifl.ectfd monenas bad ahey do not

fl ow by the self weight in the state of gravitation). The 15

mat eri al s | ddheteavar toanss baesed bftort e &ty iarte Enosker tubexhdbi ting no
free flow such as unvul cani zed rubbers, uncr ossl i nked el astonmers and
tars. blendégpwith exhap| esmedndritss Mfcilicledl ®yhiobitibngliee flow

include clay, silicic acid salt, calciumcarbonate, 20 cadm um

di et hyl di t hireeaihgmehe, bl ehd apet &y | idd i FiPe mixed . Suldkihdewibenzot hi azyl
di sul fi de, substituted t hi oesters- and anm ne anti oxi dants, aniline

anti-oz@e additlioekVabivese th athdesbldY PHRAUIBIHERALSHael ected from
sul fur, conpounds inparting sulfur and peroxides, 25 wultraviolet agents

sel ected frepr-guBali tHt €He bag, and tud 4RI including the _
191 bénzotri azol e and substituted benzophenones, coflor pi gnent s

sel ect ed frQEFhitéHEsoiEdiﬂddéé‘it@@i&@Q&@&‘ﬂrﬂ%@.ﬁj of theOR3BRLE dyes,

reinforcing prgnments selected from carbon
production process without opening the bag. Uses and

production technology of the batch inclusion bag are
10 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. 4,248,348, European Patent Laid-Open

Publication No. 0270902 and Canadian Patent No.

2,053,051.
15 When the ethylene copolymer composition (A), (A'),
(A") or (A"') is used for the batch inclusion bag and

film, a number of advantages are obtained. The ethylene
copolymer composition (&), (A'), (A") or {(A"') exhibits
excellent processability in the production of blown

20 films and has melting point and softening ranges lower
than those of polyethylene prepared by the use of a
conventional Ziegler catalyst. Since the ethylene
copolymer composition (A), (A'), (A") or (A"') is
composed of carbon and hydrogen atoms, the composition

25 (A), (A'), (A") or (A"') is compatible with various



bl ack, zinc oxide and hydrated silicon conpounds, 5 processing aids such

as S|I|con(¥4¥@g@q659%@gce stearate and rubber process oils,
crosslinked el astonmers, unvul cani zed rubber conpound materi al s,
ground tires, herbicides, gernicides fungi ci des, and chl ori nat ed

pol yet hyl ene (CPE). The free-fIOM/ggferlals 10 to be effectively included
I n the package of the I nventi Q ncl ude not only liquids but also
sol i ds. In the rubber industry, a small anount (e.g., 0.5 to

10 % b i ght f : dth
rubber pr oc Bt R Ve hear i Pebar Ty 1¥SeERL %%ﬁp%d‘? Shateri al
Th terial, bl f b cka th K f th
nventi on arBdiTn ol REFEIRAY HLERGDRGIcLRF LERIPRrEaLR A Iim ted

t her et o. The package of the invention relates to the 20
conpoundi ng ]??ﬁ%rﬂré?délqeﬁ’t FEPc B hEBSORCER Y EF e/CHE t FPPOLYMYLF Fag, and
also relates to m xtures of the conpoundi ng material s and additives
such as rubRhypresaetdigcryilic acidcggpodymers (@vulessriked ridgbber, the
filmis fitted around the rubber. Especially in covering, the rubber
25 is fPrniEuxapsated®akentt LRESFOpenruRYblicahiPBnNo amRTR) or in

F- 1493/ SF- 605 192 the filmis heat
seal ed to tmompgtieron witdnflidms and bagspprkdgesed| frame producti on of the
package, heat sealing of the filmis desirably conducted, but is not
al ways _ etiedlesspiyinyl 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
10 bag (or packaging material, coating material or liher)
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
15 materials include various ones, but typically are those
exhibiting no free flow such as unvulcanized rubbers,
uncrosslinked elastomers and tars.
Typical examples of the materials exhibiting free
flow include clay, silicic acid salt, calcium carbonate,
20 cadmium diethyldithiocarbamate, tetramethylthiuram
disulfide, benzothiazyl disulfide, substituted
thioesters and amine antioxidants, aniline anti-ozone
derivatives, diamines, thiourea hardeners selected from
sulfur, compounds imparting sulfur and peroxides,

25 ultraviolet agents selected from substituted



5 The article produced fromthe batch inclusion package vari es

dependi ng on the1hypesplebhe material to be included in the package.
Sonme exanpl es of the articles include asphalt, aninmal feed and wres..
For exanple, in the packaging of ground tire in the asphalt 10

manuf acturing, titaniumdioxide in thfgininal f eed manuf acturi ng and
CPE in the wire coating manufacturing, the specific materials

menti oned above are introduced into the batch inclusion package of the

nvention. | pclaiBles. oL ohBeL BLliGless Il uds Naridis Jbpers. For 15
reor-ar efr co ng additive Is pac

exanpl e, a rubbe u npoundi aged with

the batch inclusion filmdescribed in.the .. present. specifi.cation. By
packagi ng a vva?f‘gmgﬁggt ﬁﬁggcgeé E‘f%n.lgl.r,orheoéff?iet’art%qql&gﬁ?lSFl\%&sﬁgg

| astic) and b . _Introduci ng_t he, whol e package .i nto i ncinerator, 20
gnergy can be é?"@?ﬂéﬁ. gy??'vxﬁ?i‘ Erainy cp]amger&%%EIeCtedZEEQF‘aﬁéE OBre
packaged and reused, other useful articles such as garhage bags and

benches for th&g&Kk ZinC eXhdgeand Jarrted silficon compoungds. hox i nteri or
cont ai ner F- 1493/ SF- 605 . L i 193

The bag-i n-box PFRCEFFSRIcBAEE] RBFh| S rHkhtrs iHaxide, PUmicR, conprising t he
et hyl ene copol yner conposition (A, : (A), (A") or (A'"). The
t hi ckness of t F&eprR&ef 8RAf BURPAY PFRCHTY-9iLs, crosslinked

elastomers, unvulcanized rubber compound materials,
ground tires, herbicides, germicides, fungicides, and
chlorinated polyethylene {(CPE). The free-flow materials
10 to be effectively included in the package of the
invention include not only liquids but also solids.

In the rubber industry, a small amount (e.g., 0.5
to 10 % by weight) of a rubber process oil is typically
used, and the rubber process oil is mixed with at least

15 one compounding material. The materials capable of
being packaged in the novel package of the invention are
not included in the above-listed ones or not limited
thereto. |

The package of the invention relates to the

20 compounding materials introduced into or covered with
the bag, and also relates to mixtures of the compounding
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

25 is firmly covered with the film under tension, and then



S box interior container is in the range of usually 30 to 1, 000
[err]m prefBrdA3/ 3045 700 [err]m though it varies according to the
contents or the production process. The wal |l of the bag-in-box

i nterior container of the invention preferably has the foll ow ng
properties: 10 (i) the bloglgng force is less than 1.0 g/cm

(i1) the nunber of pinholes produced in an area of 20.5 cmx 28.0 cm
after the nunber of twi sting tines measured by a Gerbo flex tester

reaches 2, 00thé stidmris heatsmsaldled, tandhelbubber to(tbmpldéte funber of
fl exings, as neasured in accordance with JI'S P-8115, is not |less than

90, 000. packageh fildntMogaodeekibh bl the BRER:SS, Qﬁ@&@sscedls.l.r{bo
nore than 20 cmon one side is nore preferable. he bag-i n- box

interior cordfitied fMvn B dg®EAL10conblOrEE, Sbﬂ@'fs'@é(@ra]fv&ak}g COWPH Si ng
t he et hyl ene copol ymer conposition (A, (A), (A") or

be fornmed fromasdgihti-1ayer filmwherein a film of the ethylene
copol ymer conposition (A) (A), (A") or (A"' and a filmof another

resin (esg., nyl Gpe g rée/ \‘:'o@&:ed rg g%%néﬂ%qem ve

194 al cohol copo y po yV|ny _resin)

are | am nat % ]%g hgrles dependln 8 b@ﬂe M%XO¥ n&l’?é Ir%t Co'nag.gg'_n risin

t he form of nost cube"as a IS provi Wtha 5

cap. At the ROSi A 195" rnesc%%”g)%ﬂa% thgoggr Qherfes of the

articles include asphalt, animal feed and wires. For
example, in the packaging of ground tire in the asphalt

10 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 package of the invention.
Examples of other articles include various rubbers. For

15 example, a rubber or a rubber compounding additive is
packaged with the batch inclusion f£ilm described in the
present specification. By packaging a waste substance
(e.g., heavy tar effluent or waste plastic) and by
introducing the whole package into an incinerator,

20 energy can be yielded. If waste plastic and other
substances are packaged and reused, other useful
articles such as garbage bags and benches for the park

can be produced.

25 Bag-in-box interior container



gi ven when the cube is obliquely cut, a heat-seal ed portion having a

| arge thi ckness 493 /3res@s . The bag- in-box interior container is
fornmed so that one half of the container is folded and inserted into
the other half 10 to overlap each other. The bag-in-box interior
container is filled with a | i quigk or the |ike, then encased in a hard
exterior contai ner such as a corrugated fi berboard box, and

stored or transported. The enpty container is folded in 15 such a manner

that one hal f of t'ﬂ?e -"’lrf]-%oﬂ S nitR$ebtedontainkht Ost fermdédiefrdigld to
overl ap each ot her, stored or transported. When t he

bag-i n-box i o) t r X a cube
9 #ﬂ&h éo % f%eﬁ}%ﬁsué:j ltyq@eﬁe copol c®XBaREss £ Lorralee) |

shape, or fi o transpor |t as described above,
vari ous £rces AIe éy) 4&M;t0 the corners of the bag-in-box
interior cont |neT o t at he contai ner is exposed to severer stress

than the case of h%5qq Al é?rihéaQQIm fort?Sgﬁgﬁﬁetﬂéqgﬁ%gﬁ1are easily

produced. For this AS0N, nt €ri or container-is required to have
F- 1493/ SF- 605 . 9 £P h as
hi gh pinhdl e P%§|%?Eﬁﬁ%9rf??ﬁgalnerlf@§ﬁ§t§R%e§gﬁ ebPocE?ﬁgiéggfgfgﬁce The
bag-i n- box |nter|or ner f t en at s 1 he above
requirenents. 1,080 |m, p eﬁéh} G &P qﬁteﬂﬁbrké8ﬁg§|n%r %gn e produced

by, for exanmple, the follo rocesses
y rrpaccordlng to Vﬁ ntents or the production process.

The wall of the bag-in-box interior container of
the invention preferably has the following properties:
10 (i) the blocking 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
15 (iii) the number of flexings, as measured in
accordance with JIS P-8115, is not less than 90,000.
A film whose neck-in in the molding process is not
more than 20 cm on one side is more preferable.
The bag-in-box interior container may be formed
20 from a single-layer film comprising the ethylene
copolymer composition (A), (A'), (A") or (A"'), or may
be formed from a multi-layer film wherein a f£ilm of the
ethylene copolymer composition (A), (A'), (A") or (A"')

and a film of another resin (e.g., nylon, ethylene/vinyl



(i) Armolten resin is extruded into two sheets by means of T-dies

| ongi t udi nal Ty 433K PI n parallel with each other, and vacuum
formng is conducted using a nold 10 having such a shape that peripheries
of opposite faces of the resulting container can be jointed.

(1i) Anolten resin is extruded fra@4 circular die (parison
extrusion) to give a cylindrical form and vacuum formng is
conducted using the same nold as 15 descri bed above. . (ri1) Two
or nore resiald¢ohab erm lympmr pageddvimyl alcolpdn (BRWOHher adhaslivde four
sides are heat sealed to form a bag. In this case, each of the filns
may be a singé€in) are | Bymeindtiddntoomuhiesi.ng the conposition (A), (A), (A")
or 20 (A"") or a multi-layer filmwherein a filmof the conposition

(A, (A), (A") ornéAag-iivbdk fidterdlor contanakhehsr ¢fi théeferm &Fl on,
et hyl ene/ vi nyl al cohol copol yner, pol yvinyl al cohol (EVOH), adhesive

resin) are almo$@ndulsd efk tDGRIJIRY,. and its topFid4836PEdéQ5with a
196 The bag-in-box interior contal ner has excell ent heat

stability, béﬂﬁkiUﬂtréﬁ%?BéHEEiodﬂdafﬁé%pbﬁghﬁbaE%ethe ?er et €X _
resi stance and i s econom cal |l y advant ageous, so hat” it can be wi dely

used as a COPi ARG ERN HATHAUS is Dbililghwigs cB¥Chadfieht WO Seq Vi NEgar
phot ogr aphi c devel opi ng sol ution,” bl éaching agent and germi ci de

l'iquid. portion having a large thickness is present. The bag-
in-box interior.container is formed so that one half of
the container is folded and inserted into the other half
10 to overlap each other.

The bag-in-box interior container is filled with a
liquid or the like, then encased in a hard exterior
container such as a corrugated fiberboard box, and
stored or transported. The empty container is folded in

15 such a manner that one half of the container is inserted
into the other half to overlap each other, and then
stored or transported.

When the bag-in-box interiocr container is folded,
or expanded to make a cube shape, or filled with a

20 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
therefore pinholes are easily produced. For this

25 reason, the interior container is required to have



Medi cal contaiper, ..1 The nedical container is, for exanple, a bag
fégiﬁ%géﬁﬂﬁﬁoﬁlayer film a bag forned

f or med froma single-

| ayer filmor a single-layer bottle. At |east one |ayer of the
multi-layer film the single-layer filmand the singl e-1ayer bottle
are each made of the ethylene 15 cd®8 yner conposition (A, (A), (A") or
(A""). The nedi cal contai ner can be produced by ice-

cooling or air-cooling inflation, T-die nethod, dr . _lam nation
extrusi on | aniBraRest1as GHCRoRE I8 pinaole resw%:@r.m% £¥R% nol di ng et hod
for the nedical bag, an 20 inflation nmethod and a coextrusion T-die

met hod are regirsdfagycsblaads pdeckiagy resperanceof Tygikagcinlaxti es and
econoni cal advantages. As the nol ding nethod for the medi cal bottle,

bl ow nol di ng isgewier atindainer of theThavehti@nesatbéfidme tiesliadaive
container is in the 25 range of usually 0.05 to 1.00 nm preferably 0.1
to 0.7 requE-Yeh@3tSE- 605 197

nm nore preferably 0.15 to 0.3 mm |If the thickness of t he contai ner
is not | esS than 0.M&e ag-titeeentiateetior contaixhébi tan doo prsfasid

resi stance and has no problemin practical use. 5 The nedi cal

cont ai ner doesoOtfdOekanpdRs PakRNEYllowing phovesexsel | ent heat resistance
and is free from occurrence of winkle or deformation, even if the
(1) A molten resin is extruded into two sheets by
means of T-dies longitudin;lly arranged in parallel with
each other, and vacuum forming is conducted using a mold
10 having such a shape that peripheries of opposite faces
of the resulting container can be jointed.
(ii) A molten resin is extruded from a circular die
(parison extrusion) to give a cylindrical form, and
vacuum forming is conducted using the same mold as
15 described above.
(iii) Two or more resin films are superposed one
upon another, and the four sides are heat sealed to form
a bag. In this case, each of the films may be a single-
layer film comprising the composition (A}, (A'), (A") or
20 (A"') or a multi-layer film wherein a film of the
composition (A), (A'), (A") or (A"') and a f£ilm of
another resin (e.g., nylon, ethylene/vinyl alcohol
copolymer, polyvinyl alcohol (EVOH), adhesive resin) are

laminated together.



cont ai ner i S,Supj sterilization. 10 Heat - r esi st ant

cont ai ner F—fgéfyéggﬂgﬁheat-resistant container is, for exanple, a bag
formed froma multi-layer film a bag forned froma si ngl e-l ayer
film a nmulti-layer - -bottle or a single- | ayer bottle. At |east one

| ayer of the nmulti-layer 15 film X% single-layer film at |east one

| ayer of the multi-layer bottle and th? fin?leilayer b?kt;e ar?Aéafh
made of the ethyl ene copolynmer conposition (A), (A), - ") or "),
For the |ayers otTe® RaIgmit1Re¥ dydreripn Fentagnegohpesexeehlény, (A), (A")
or (A"") in the multi-]|ayer Jheat-resistant container, any nmaterials
may be used Reat sialpbhiktepdidaking mesdsitanceanninbelexeeplstance

pol ypropyl ene, nylon, polyester and polyvinyl al cohol may be used.

F- 1493/ SF- 60&nd flex resistance and is economit@8ly advantageoddie so

heat -resi stant contai ner can be produced by i ce-cooling or

air-cool i ng tht att oren balivw.dedthageddag a conthanenafopnvaEdXdugisi on

| am nati on, blow nolding or the I'i ke. 5 When t he

heat - r esSst ahtqeids ssuh dss lddays,avinegar, i phbabgpapmes hod and a
coextrusion T-die nethod are preferable fromthe viewoints of

hygi eni ¢ quadletelbspims soluticenobdeaechlingdugahagasd y¥enidirge heat - resi stant

ligquid.

Medical container
10 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
single-layer bottle are each made of the ethylene
15 copolymer composition (A), (A'), (A") or (A"').

The medical container can be produced by ice-
cooling or air-cooling inflation, T-die method, dry
lamination, extrusion lamination, blow molding or the
like. As the molding method for the medical bag, an

20 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
medical bottle, blow molding is preferable.

The thickness of the medical container is in the

25 range of usually 0.05 to 1.00 mm, preferably 0.1 to 0.7



container is_a tle, ow nmolding is preferable. 10 The t hi ckness
of the heat-Fé§?§§é§€"§€%tainer isin the range of usually 0.05 to
1.00 mm preferably 0.1 to 0.7 mm nore preferably 0.15 to 0.3 nm |If
t he t hi ckness of the container is not less than 0.05 mm the
cont ai ner exhibits good inpact resik®@nce and has no 15 problemin
practical use. The heat-resistant container of the invention has
a haze (ASTM D- 1003-61), as neasured after heat sterilization, of
not nore thafmgaonoge ppedtendidly 0116 2 0.326m. If The hratkdeéersati on
starting tenperature of the heat-resi stant container is not |ower than
115 [err] C, bhe contaimer tis ckneslesy tHam 10e06r tonf, 0QHeCOBhBADEEri S i N the
range of usually 0.05 to 1.00 mMm The heat deformation starting

t enper at ur e eshiBbtslegeodi mohats faaldlmshcolasd@phe ab %rSBgeﬁriﬁ-bOtt|e

F- 1493/ SF- 605 199 ormed from a nol ded

filmis subjpraetdi¢al hade wat er sterilization of sterilization
tenperature x 30 m nutes in a small heat-resistant high-pressure steam

sterilizér of h&RKnddildea TT0sk0 A TR Aladr %@tbioéépﬁrg?spgij%n mple 5

taken out of the sterilizer is visually observed to evaluate its

change. The shews|étaéi Dt hed@dl Rlare and $kCELLLZALLEN tenperature of
110 [err]C, and the sterilization tenperature 1s raised by 1 [err]C

whenever occurrence of wrinkle or deformation, even if the

container is subjected to sterilization.

10 Heat-resistant container

The heat-resistant container is, for example, a bag
formed from a multi-layer film, a bag formed from a
single-layer film, a multi-layer bottle or a single-
layer bottle. At least one layer of the multi-layer
15 film, the single-layer film, at least one layer of the
multi-layer bottle and the single-layer bottle are each
made of the ethylene copolymer composition (A), (A'),
(A") or (A"'). |
For the layers other than the layer of the
20 composition (A), (A'), (A") or (A"') in the multi-layer
heat-resistant container, any materials may be used
without specific limitation, and for example,
polypropylene, nylon, polyester and polyvinyl alcohol

may be used.



each sterilization is conpleted. This operation is 10 repeated, and when
def ormat i on &-1498 /SEMBI0E t aken out of the sterilizer is observed for
the first tinme, the sterilization tenperature is nmeasured. The

measur ed tenperature is taken as the deformation starting

tenperature. 15 The heat-resilgtgamt container, for exanple, a retort
food contai ner, does not |ose transparency and shows excel | ent heat
resistance, even if the container is subj ected to sterilization. 20
El astic fiber The heatheegliashhe ébﬁeamébi@éﬂsb@rbfé&ﬁéoﬁ gecovery of
at least 50 %at a distortion of 100 % and conpri ses t he et hyl ene

copol ymer conRRSIddAAng Abr GAL- ihgO 1 EA 1lai
nghbr GAT)-cobfMhg infla%:oétf‘, T4die methoﬁedﬁyber

F- 1493/ SF- 605 is
typically cl agsiifa®d cRCCREAAGibA LLS; : op di Lhe nmonofi | anment
fiber is gener aIlI ;‘? defi ned * a%&gl?fagjé?nha%f%qgoﬁlanr%to& %%‘re about not

| ess than 151ixe. deniers, usually about not |ess than 30 deniers, based
5 on one filanment. The fine denier fiber is generally applied to a

oS 2,  MELR ohase iR ghe hoined o Sty oo, o one
1RVL19,3 9 Bl son mebhobe 38 oM 100 ASHIL el e 020 e
preferable from the viewpoints of hygienic qualities and
economical advantages. When the heat-resistant
container is a bottle, blow molding is preferable.
10 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 mm, the
container exhibits good impact resistance and has no
15 problem in practical use.
The heat-resistant container of the invention has a
haze (ASTM D-1003-61), as measured after heat
sterilization, of not more than 30 %, preferably 0 to 20
%.
20 The heat 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
range of usually 0.05 to 1.00 mm.
The heat deformation starting temperature is

25 determined as follows. A sample of a bag or a bottle



exanpl e, the sified as nonofil ament, conti nuous wound
fine fllanentg g?%%(iF % hort cut fiber, spun bond fiber, or nelt

bl own fi ber. The nelt index of the ethylene copolynmer 15
conmposition (A), (A), (A") or (A"")_ used for preparing the elastic
fiber described in the present speci }98at i on is in the range of 0.01
g/10 mn to 1,000 g/10 mn, preferably 0.1 g/10 mn to 5 ¢g/10 min, in

case of the monof i | ament (fiber usually having not |ess than 15 20
deni er/ fi| amefPYReGNEr PR ?hm?¥éﬁ4£§&k? [ﬁqﬁﬂEQQﬁd& hot W@FEG nmn to 250
g/10 mn in case géthe fi ne_deni er fi (flber usus havi ng not

nore than 15 Steri ﬁ?EF??l?gniﬁ?ﬁlllzatlon t naters: Ky PAnBiBBhSFy mer

conposition (A), (A) 25 (A") or (A'') for use in the preparation of
the elastic 1in a smarllhggtf;eiggtant high-pressure steam steriliger

fiber, additives, such as antioxidant, phosphites, cling addi tive,
anti - bl ocki ngofigBKt48h8 podermanwiactheradidad Alps Jon affbenssmpbe
detrinmental to the inproved properties of the fiber and the fabric
found by the pakeanbut &faphéistetilizer is visug livhebssevefl the et hyl ene
copol ymer conposition (A, (A), (A") or (A""), various honofi l
fibers can beevaluatpr éparebandde hrimofsterilnerss imre iki beagtbdvanga
nonodomai ns but having no other different polynmer 10 donains such as
domai ns of tweteetiponabiofyséepetitbers.of 110 °C, and the
sterilization temperature is raised by 1 °C whenever
each sterilization is completed. This operation is
10 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
temperature is taken as the deformation starting
temperature.
15 The heat-resistant container, for example, a retort
food container, does not lose transparency and shows

excellent heat resistance, even if the container is

subjected to sterilization.

20 Elastic fiber
The elastic fiber exhibits an elastic recovery of
at least 50 % at a distortion of 100 %, and comprises
the ethylene copolymer composition (A), (A'), (A") or

(Aun)-



The honofil fibers include staple fibers, spun bond fibers or nelt

bl own fi ber sFCprepaPEdSASi ng systens disclosed in, for exanple, U.S.
Pat ent No. 4, 340, 563 (Appel et al.), U S. Patent No. 4,663,220
(Wsneski et 15 al.), US. Patent No. 4,668,566 (Braun) or U S. Patent
No. 4,322,027 (Reba)) and gel spun pQbers (prepared using a system
disclosed in U S. Patent No. 4,413,110 (Kavesh et al.)). The staple
fibers are nelt spinnable, that is, these fibers can be made to have
final fiber 20 @henEiberbysdiympitakt raison filidd adtcopdihar Abngts
additional drawing, or the staple fibers can be nmade to have desired
di aneter by pgémfreteirng Teetmepohilargerdto fiber R rhilng Sciambag | ar ge
di anet er and then subjecting themto hot drawi ng or cold draw ng using

conmon fiber as25 fabeenhaving &edivmérier oflhadiavelotehaski enshapke fibers
F- 1493/ SF- 605 202 disclosed in this

speci fi cati odeaterenplsyable aobonbt less fiHgl S0 @@aigesthsagagention,
the novel elastic fibers are made to have a nelting point [ower than

that of 5 onmBhei ¥ilkkens. surROUAIN BRI ﬂit%ﬁ% ti)ép'b%ﬁkratif of the 5
er matr

bond fibers, the bond fibers are blended with o Yx fibers,

and a heat i%p%@ﬁéaeéota EMSe#@dRing a df%ﬂéﬂéf“a%11@Q§rﬁﬂ¥ntgﬁoggnd fibers

are nelted to bond the surrounding matrix fibers to one anofher.

DI, ARASS Sk LA e Pl LG e o 10 10
cotton fiberg;nayl 08 §LHEES11y defined as a fiber having a diameter
of less than about 100 . The fiber can be also
10 classified according to the preparation process. For
example, the fiber is classified as monofilament,
continuous wound fine filament, staple or short cut
fiber, spun bond fiber, or melt blown fiber.
The melt index of the ethylene copolymer
15 composition (A), (A'), (A") or (A"') used for preparing
the elastic fiber described in the present specification
is in the range of 0.01 g/10 min to 1,000 g/10 min,
preferably 0.1 g/10 min to 5 g/10 min, in case of the
monofilament (fiber usually having not less than 15
20 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 |
denier/filament) .
To the ethylene copolymer composition (A), (A'),

25 (A") or (A"') for use in the preparation of the elastic



pol ypropyl ene fibers, other ununiformy branched pol yet hyl ene fi bers,
and |inear polB€i493/&Fe8&mopol yner fibers, without limting thereto.
The dianmeter of the 15 matrix fiber can be changed according to the final
use appl i cation. The el astic recovery exhibited by the nelt
spun fibers produced fromthe etjyl ene copol ymer conposition

(A, (A), (A") or (A"") is surprisingly alnost equal to 20 that of

fi bers which are produced by perform ng nelt spinning to prepare

fibers whose df gt ersdditdves)r sich as khBB6x28afit¢pRSsiiiec i tc1Sipign
fibers and then subjecting themto cold drawing to nmake their

di ameters addifditeCalantit-b1ldersagohgkhie aﬁatpwm@mf;l heds$ - bel RRIdedD

el asticity referred to herein is not such a resul

F- 1493/ SF- 605 in amounts not detrimental to tﬁ@3 rove@féfﬂﬁéﬁﬂfﬁbiﬁi
becones ineffective by heat treatnent. Therefore, articles capable of

mai ntai ning elggd igf é& afgld gﬁ@a@ag&ggrfggga %getﬁéb*fé%éﬁkt() heat exposure

can be obt al ne I'n case nove astic fiber
di scl osed & pecification, the nelt index of the ethylene
copol yner conp&?ﬂtlon A, (A), (A") or (A"') can be changed over a

\éml ggt rglngs 0¥M : Eeeﬁ{)tﬂ}{y ussg %rfosciht%hg%g %eg?rggé{j}l %ducg A iarl:gj:[e eorce of
the fiber and ,, e fFagic o‘i:a”tAbe),h%QQESuE“HSBSE‘E'f”hQéré NG fhasticity.
prepared. The homofil fibers are fibers having
monodomains but having no other different polymer
10 domains such as domains of two-component system fibers.
The homofil fibers include staple fibers, spun bond
fibers or melt blown fibers (prepared using systems
disclosed in, for example, U.S. Patent No. 4,340,563
(Appel et al.), U.S. Patent No. 4,663,220 (Wisneski et
15 =&al.), U.S. Patent No. 4,668,566 (Braun) or U.S. Patent
No. 4,322,027 (Reba)) and gel spun fibers (prepared
using a system disclosed in U.S. Patent No. 4,413,110
(Kavesh et al.)). The staple fibers are melt spinnable,
that is, these fibers can be made to have final fiber
20 diameter by direct extrusion without performing
additional drawing, or the staple fibers can be made to
have desired diameter by performing melt spinning to
prepare fibers having large diameter and then subjecting
them to hot drawing or cold drawing using common fiber

25  orientation technique. The novel elastic staple fibers



Therefore, it _becones feasible to nore flexibly design the fabric and
the final proﬁﬁ&ﬁ93¢§?'é9§nple, t he shrinkage force of the fiber can
be changed by changing 15 the nelt index of the polyner not but the

di anet er of the fiber. (If the nelt index is |lowered, the shrinkage
force is increased.) Accordingly, it2B@cones feasible t hat

optim zation of touch (i.e., feeling) of the fabric I's nore favorably
carried out with maintaining 20 elasticity/strength properties required
for the fabriédisclosed in thissspéshfpossidi et enmpEyadla Bsobsadponent
system fi ber by the use of the ethylene copol yner conposition (A,
(A), (A") or fikers, #hd énhhyheninventiamwpothereiowsinmEsistien fFiAers(A ),
(A") or (A"") is used 25 as at least a part of the two-conponent system

fiber. are madi4986Sha685a melting point lower than that %4 For
exanple, in case of a two-conponent systemfiber of shell/core type in
whi ch the cor eaitsigofiBaEEI s8kkYunding Sth&wunded aidybilha shel be the

et hyl ene copol ynmer conmposition (A),- (A), (A") or (A"") can be allowed
to 5 be Pregent fapary, othbhBosder]{pand éfhe_mrﬁie@mfift?x; %'Efler types
selected fromthe ethylene copol yner conpositions (A, "), (A") and
(A"") are indeperdantlpepsedah@rathest i éﬁfﬂJcﬁqg,Qg% 5 and in this
case, designing is preferably nad;ﬁr1suéﬁaa nanner%?hgf the both 10

conponent s sh@wrgkagkiCi hneﬁe§¥t9&é Bdea "Bl gd N0 A He19ha o bbi§ shell

conponent- i s | ower than that the core
the surrounding matrix fibers to one another. Typical

examples of the matrix fibers benefited by the use of
10 the novel elastic fibers include poly({ethylene
terephthalate) fibers, cotton fibers, nylon fibers,
polypropylene fibers, other ununiformly branched
polyethylene fibers, and linear polyethylene homopolymer
fibers, without limiting thereto. The diameter of the
15  matrix fiber can be changed according to the final use
application.
The elastic recovery exhibited by the melt spun
fibers produced from the ethylene copolymer composition
(A), (A'), (A") or (A"') is surprisingly almost equal to
20 that of fibers which are produced by performing melt
spinning to prepare fibers whose diameters are 2 or 3
times as much 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

25 elasticity referred to herein is not such a result of



conmponent. The present invention includes a two- conponent system
'fiber of anotFerL43PdSF-896h as a si de- by-side fiber. The side-by-side
fiber is, for exanple, 15 a fiber having polymer donmains different from
each ot her, and the ethyl ene copol ynmer conposition (A, (A),

(A") or (A"") is used for at least a8t of the surface of the fiber.
The shape of the fiber is not specifically limted. 20 For exanple, the
fiber typically has a sectional shape of a circle, but the fiber may
have anot her sectdmiediion as deapmesuchefifeativel bpaheshapeament.| at shape
(i.e., ri bbon-1i ke shape). The elastic fiber disclosed in this

speci fi cati on Tieerefloresstaritdicdesbyaphblei bérmabapeining elastikeild®3/ SF- 605
205 The di anmeter of the fiber can be neasured and reported
in vari ous waysrer afimicrchley bite dudieteedoto heatt&pdshes dam mrasured in
"denier" per fiber. The "denier" is atermrelating to fabrics, which
I s defined s imedei ght (gram of fiber per 9,000 mof a fiber

| engt h. The nonofilanent is generally applied to an extruded strand of

not |ess than 15 der @iase WFUdheYnBOkl elastessribar Sy Sin per
filament. The fine denier fiber is generally applied to a fiber of

about 15 or Ihid epedeiic@iion, TRBeMeldeAlgk &f beie (&NQNEARS
mcrofiber) is generally applied to a fiber having a di anet er of not

TS Lan oo ipoisie B, R, (aP6E oo a1
changed over a wide range, with exerting surprisingly
small influence on the elasticity of the fiber, and

10 thereby strength and shrinkage force of the fiber and
the fabric can be changed independent of the elasticity.
Therefore, it becomes feasible to more flexibly design
the fabric and the final product. For example, the
shrinkage force of the fiber can be changed by changing

15 the melt index of the polymer not but the diameter of
the fiber. (If the melt index is lowered, the shrinkage
force is increased.) Accordingly, it becomes feasible
that optimization of touch (i.e., feeling) of the fabric
is more favorably carried out with maintaining

20 elasticity/strength properties required for the fabric.

It is also possible to prepare a two-component
system fiber by the use of the ethylene copolymer
composition (A), (A'), (A") or (A"'). The ethylene
copolymer composition (A), (A'), (A") or (A"') is used

25 as at least a part of the two-component system fiber.



di aneter can be w dely changed with hardly exerting 15 influence on the

el asticity of g-hadii/er-s05The deni er of the fiber can be controlled so
as to suit the functions of the finished product, and it will be

pref erabl e that the nelt blown fiber has 0.5 to 30 deniers/filament,

t he spun bond fiber has 1 to 30 gﬁpiers/filanent, and the 20
continuous filament has 1 to 2,000 dg ler/filanent. The fabrics
nmade from the above novel fibers i ncl ude both of woven fabric and

nonwoven fabri %ﬁ%m : n n,kabhrig. L J %%%%! ric (or
fabric tv}\':n%rfe ypr]fyedrg'u i\@%\égo&gr? g‘god?gljg#ggée&gti .%&%}agteggtdﬁcﬁ No.
3,485,706 (Ev . Pat.ent 1 b 3 6 - / SF- 605
206 (Ra wangaggg% 2??? égh&gg@%rgﬁ%cggg%yl%a??%ﬁﬁ??ﬁﬁﬁ%%#, such
as a nmethod of_n i h tapLe_fiLber b eat . a method of
spunbondi ng asélc])%{)cl%r?t%ﬁ{s “ﬁi%e?aiens{gﬁgf' Eﬁec%ﬁ%’%}%%%sc%ogﬁqron, and a

veb or by | CHRBHM daici 1§ D he eb. Snihe’ s PO COMMNAUEE for
web or by [ e . e va or
produci ng ponwven fabrics are 1. known_by the t echnol ogi sts of this
Bt R R ERasats gp 2y OF ChfngBRLE FAORet e oty ( L tany

met hod. Ot her 10 structures produced fromthe above-nentioned fiber are

al so i ncl uded $¥P%h & HEGFE L L PRe EhReSERY L PRE cRPPOR TS FOMPOS ILIQRS es

t hereof include a blend of the novel fiber and anot her fiber such as
pol y(et hyl ene Peredift'Hal df¢) @PETYA"') are independently used for the

shell and the core, and in this case, designing is
preferably made in such a manner that the both

10 components show elasticity and that the melting point of
the shell component is lower than that of the core
component. The present invention includes a two-
component system fiber of another type, such as a side-
by-side fiber. The side-by-side fiber is, for example,

15 a fiber having polymer domains different from each
other, and the ethylene copolymer composition (A), (A'),
{(A") or (A"') is used for at least a part of the surface
of the fiber.

The shape of the fiber is not specifically limited.

20 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

specification is not restricted by the fiber shape.



or cotton. > By nizhe term "conprising” as used in the clains in
this specifié59ﬁgﬁ/558§8 nt that the ethylene copol yner conposition

(A, (A), (A") or (A"") for use in the production of the fiber and
the fabric can contain addi tional_ materials which exert no substanti al
20 influence on the elasticity of tBOFiber or the fabric. Such usef ul
nonrestrictive additive materials i ncI ude pi gnment, anti oxi dant,
stabilizer and surface active nt (as disclosed in, for exarrpl e,

U.S. Patent No. The Ailéa@t@szoéNFbﬁaﬁh?ertﬁ@ patmeasyweed AsY8 414 (Sawyer
25 et al.) or U S Patent No. 4,835,194 (Bright et al.

F- 1493/ SE- 605 eported in various ways. In general, the dlametﬁngqﬁtlc|es
whi ch can be produced by the use of t he novel elastic fiber and
fabric di scl dded fifparhds measupedsant "dpréer! cper ofiberc] udheonposite
fabric articles desired to have elastic parts, such as diapers. In
the 5 di aperdsnite dlsast iteirtny riedaténgred fabricsesthind paldfined to
prevent slip-down of diaper and a |l eg band part to prevent | eakage,
as described das diwigPat ditradd. of fibe#, B8, 7810¢ Seiaf af ffberThe parts

whi ch exhi bi t el asticity frequently serve to inprove shape-fitting
10 and/or sHapertdh .Xi mMhesyehefiiameatt bs wgeherabby nepplied teordrort abl eness
and reliability. By the use of the novel elastic fiber and fabric

di scl osed i n dxttiriided strapelCioffi aati DBssSthant US edembant g WUl matd on of

) less than 30 deniers, per filament. The fine denier
fiber is generally applied to a fiber of about 15 or

10 1less deniers. The microdenier fiber (known as
microfiber) is generally applied to a fiber having a
diameter of not more than about 100 pm. In case of the
novel elastic fiber disclosed in this specification, the
diameter can be widely changed with hardly exerting

15 influence on the elasticity of the fiber. The denier of
the fiber can be controlled so as to suit the functions
of the finished product, and it will be preferable that
the melt blown fiber has 0.5 to 30 deniers/filament, the
spun bond fiber has 1 to 30 deniers/filament, and the

20 continuous filament has 1 to 2,000 denier/filament.

The fabrics made from the above novel fibers
include 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

25 No. 3,485,706 (Evans) and U.S. Patent No. 4,939,016



el asticity and air perneability can be manufactured. 15 The novel

el astic fiber randoBagri-608i scl osed in this specification are also
enpl oyabl e for various structures as described in U S. Patent No.
2,957,512 (Wade). For exanple, the layer 50 (i.e., conponent

whi ch exhibits elasticity) of the St piget ure described in 20 the U.S.
Patent No. '512 can be replaced wth™the novel el astic fiber and
fabric. In this U S Patent, a material exhibiting no elasticity is
flattened, gathgif@nski eRNA1CHEREH HO PFOGUEE] Aoy t¥sldilse st i Ng

el asticity. The novet elastic fiber and/or fabric can be fitted to 25

anot her fiber g fapric aﬁhe%hbﬁcﬁw ﬁaﬁﬁﬁ?ﬁ&i ttzlilé‘gsb@éb]he fiber tdo H%¥ B 605

208 el asticity through nelt bonding or by the use of an

adhesi ve. By tﬂg%[t‘f Z $ ?{%t%ﬁgﬁg B‘gv Eé}lgigéﬁ&htq%f & b@én@%ﬂﬁ&é{s f J'.bel:]c a_[_lﬁr io?lean d

anot her conponent 0 tici o astic structure with
i b1 1 g mo conc Ll BBersc BRI HEE s mebiS0 Of Mok SRRUEFROTYS
Pacent 105, Snds BHIGLEL UL RRINN ooy ol Bl NG, glst ol
eLaStIELEY 12 sl pelh elkelbl L Ubfie oo, sl a0 0plEce! O ©
described in this., ., specificatipn.to a_net of spunl aging (or tw ning
by hydr a RS RSB SABFLCS: RES YRt | PR (7
technologists of this art, and the disclosure of the
invention is not restricted by any method. Other
10 structures produced from the above-mentioned fiber are
also included in the scope of the present invention, and
examples thereof include a blend of the novel fiber and
another fiber such as poly(ethylene terephthalate) (PET)
or cotton.
15 By the term "comprising" as used in the claims in
this specification is meant that the ethylene copolymer
composition (A), (A'), (A") or (A"') for use in the
production of the fiber and the fabric can contain
additional materials which exert no substantial
20 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, Patent No. 4,578,414 (Sawyer

25 et al.) or U.S. Patent No. 4,835,194 (Bright et al.).



15 disclosed in U S. Patent No. 4,801, 482 (Goggans) can be pr oduced

usi ng the noret4eBasr+605i ber/fabric described in this specification.
The continuous filanent exhibiting elasticity as described in this
specification is also enployable for 20 woven stuff for which high inpact
resilience is desired. hf oughness and shrinkage force of the
novel el astic fiber and fabric 9 sclosed in this specification

are controllable, and if necessary, flexible designing relating to
change of shrink f t 1493

209 ’ cl ot he?ﬁgcgﬁggc%%%s%?% (fesgﬁogggé‘d %% éﬁngtgén No.

5, 196, 000 ( fanEtedl o %astl fib Et%#%#£%%|3 She@%lgged5h83zg416 (Allen et

al .), advant ages of a shap e roug Sut by 5 the

s o 5 DRSPS EhORLL Sk SRR o e 1o o
1o %ot “Rreteed co e aé’éﬂfié%%t ”gp%% E%P%él%ﬁ?s%‘?n Hes"T0
desi 1 8 oK o ymr i e SARRTAR S5 bR e gLV L e
S?Zi{‘é?%ﬁsi EPrpEetRet P Etardatr A shisfer fBrbre Lo BaHOVBR 61 881 i o 11 ber
has a lOMIneggéggnt leakage, as described in U.S. Patent No.

4,381,781 (Sciaraffa). The parts which exhibit
elasticity frequently serve to improve shape—fiﬁting

10 and/or shape-fixing system so as to well combine
comfortableness and reliability. By the use of the
novel elastic fiber and fabric disclosed in this
specification, structures having a combination of
elasticity and air permeability can be manufactured.

15 The novel elastic fiber and fabric disclosed in
this specification are alsc employable for various
structures as described in U.S. Patent No. 2,957,512
(Wade) . For example, the layer 50 (i.e., component
which exhibits elasticity) of the structure described in

20 the U.S. Patent No. '512 can be replaced with the novel
elastic fiber and fabric. 1In this U.S. Patent, a
material exhibiting no elasticity is flattened, gathered
and creped to produce a structure exhibiting elasticity.
The novel elastic fiber and/or fabric can be fitted to

25 another fiber, fabric or structure exhibiting no



point (there is essentially a linear relation between the nelting
poi nt and t he&F s 4SF 0% his pol yner). Therefore, in case of a blend
of this novel elastic fi ber and a pol yethyl ene fiber having an
extrenely high 20 nol ecular weight (e.g., Spectrra (trade nane) fi ber,
available fromAllied Chenmical) as dd38ribed in U S Pat ent No.
4,584,347 (Harpell et al.), this elastic fiber of low nelting point
serves to bond the pol yet hyl ene fiber of high nol ecul ar wei ght w thout
F- 1493/ SF- 605elasticity through melt bonding2og by thenupeia§ &, whereby
hi gh strength of the high-nol ecul ar wei ght fiber and united body are
ret ai ned. adhesivén B, thRatwse dfb.thg a8vel4elaNtsigafiiberhandlostic
sheet 122 which forns a conposite elastic material 5 including a

reversi bly neckegdicusedi ahottiter beommemeate @xhibitimphnbhelastuetityastic
fiber and/or fabric disclosed in this specification. The
novel el asticahi beastby Perusetkasviath eaadidrs or shiempagesanobea nel t

bl own process, which is indicated by 10 a reference nunber 6 of the

drawi ng i 5 U Srofat&at Nopecificafl187,9,the) ddnpdsemikiexhibitiAgsnd. S. Pat ent
No. '170, conol ding materials generally exhibiting elasticity and

their preparabhQBr Pk OE§SSs@ée £8SHd RRponent describednevets_glastic fiber
and fabric disclosed in the 15 present specification can be used to

?Z oduce an el ggtift No. P8DE) - idiscmanal, s dhbenaatmenbers 18, 20,

exhibiting elasticity is préviously extended before.
fitting or the component exhibiting elasticity is heat
10 shrunk after fitting.

It is also possible to produce a novel structure by
subjecting the novel elastic fiber described in this
specification to a method of spunlacing (or twining by
hydraulic power). For example, the elastic sheet (12)

15 disclosed in U.S. Patent No. 4,801,482 (Goggans)lcan be
produced using the novel elastic fiber/fabric described
in this specification.

The continuous filament exhibiting elastici;y as
described in this specification is also employable for

20 woven stuff for which high impact resilience is desired.

The toughness and shrinkage force of the novel
elastic fiber and fabric disclosed in this specification
are controllable, and if necessary, flexible designing

relating to change of shrinkage force in the same



and/or 26 of U S. Patent No. 4,940,464 (Van Gonpel). It is also
possible to gse4dhesroget el astic fiber and fabric disclosed in the
present specification as an 20 elastic conponent (e.g., layer 86 of U S.
Pat ent No. '464) of a conposite side panel. Expansi on

nol ded product The expansgeg nol ded product can be nade to have
25 various shapes such as rod, tub®y“tape and sheet, and is
F- 1493/ SF- 605 211 used as a substrate of

cushi oni ng. Mgt 8Ehak. phEGtes fead M51 AINGIMLATA 1PRULLI secERLerial or

the |iKke. e expansion product Is produced by mxing the

et hyl ene COpﬁBY”?[l§@U9?ﬁiEé?&aﬁﬁgt éf¥9: (A") or (A"") 5 with a blow ng
g e

agent and then heatin m xture or placing it under vacuumto

gasify the bl ow ng agegt ﬁgtent_Ngﬁgfag%ﬁﬁgigqﬁgﬁgg§gkigﬂ.ggs and t her eby

produce bubbl es in‘theresin oduc Exanpl es of

b1 ocosses. adbaRCuEeRPof BRONRL rik R T et £EO8oh%abBur S
Tnio o hobperobi CaR SR Fubboon Stnyeltiie Fldsnicieyare, dabariped
Lemperature g’ Llc, 15 oTELLng. RoLL o he LG8 1 dRgbiuskal bl ovi ng
elastic fiber can be used in the form of a fabric
capable of exerting the funetion shown by the member 19
of the U.S. Patent No. '416 or capable of exhibiting the
10 desired elasticity.
Also in a composite using linear polyethylene or
ethylene copolymer having extremely high molecular
weight, advantages can be obtained by the use of the
novel elastic fiber disclosed in this specification.
15 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).
Therefore, in case of a blend of this novel elastic
fiber and a polyethylene fiber having an extremely high
20 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

fiber of low melting point serves to bond the

polyethylene fiber of high molecular weight without



the extruder, and the resin is extruded froma nout hpi ece of a-desired
shape to corf+IABUSIE&lR ai n an expanded product. Exanples of the
physi cal blowing 20 agents include volatile blow ng agents, such as
freon, but ane, pentane, hexane and cycl ohexane; and inorganic gas
bl owi ng agents, such as nitrogen,a?I@ wat er and carbonic acid gas. In
t he extrusion expansion, a nucl eati ng agent such as cal ci um car bonat e,
talc, clay 25 or nagnesium oxi de may be added. _ F- 1493/ SF- 605
212 meltii® Physitcatedyt aiighg sagenyths odddhd hilghAmel@stilaOf

usually 5 to 60 parts by weight, preferably 10 to 50 parts by weight,
based on 100,984k Hibaeiy Bfiddi body areompesihean (A), (A), (A") or
(A""). If the anbunt of 5 the physical blow ng agent added is too small,

expandabi l ity of {heyps odstlerds NPV, 881, Hia7t NRCRABHN the elddtefgofl is too
| arge, the strength of the expanded product is [owered.

2) The eth | i ; ' . 10 ! A,
gréan}gd?he¥%§€§%gg%%ﬂ§§§%?2Q§%§§F%Sgﬂmﬁéktgéé%%sgﬁéhmggééé%%?gagbon;ni32,
and i ir i+t | i ' 't
kneaded §>s/ afSCIQéI%e% |%‘§e!?ei\%l§)e%§§é%agg\% g%?%% g-gsﬂc?%\rfvg {hr%é er ,rrea tw n-
sc trud B 1 . d i . ]
enperat ur e THRE CHRAR (He SRS R, hal ot TEaBbi8 abeeifidq n ®

t her mal - decopposabl e blLowi . hg agent to prepare an expandabl e resin
conpositLon.Eﬁﬁ% Specrerdation. _

The novel elastic fiber may be used as an elastic
component of a melt blown process, which is indicated by
10 a reference number 6 of the drawing in U.S. Patent No.
4,879,170 (Radwanski). In this U.S. Patent No. '170,
comolding materials generally exhibiting elasticity and
their preparation process are described.
The novel elastic fiber and fabric disclosed in the
15 present specification can be used to produce an elastic
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
fabric disclosed in the present specification as an
20 elastic component (e.g., layer 86 of U.S. Patent No.

1464) of a composite side panel.

Expansion molded product
The expansion molded product can be made to have

25 various shapes such as rod, tube, tape and sheet, and is



conposition is generally nolded into a sheet, and the sheet is heated
at a tenperateytgptse-d83 than the 20 deconposition tenperature of the

bl owi ng agent to per f or m expandi ng, whereby an expanded product is

obt ai ned. The organi ¢ thermal -deconposabl e bl owi ng agent is

added in an anmount of usually 1 to §€%Parts by weight, 25 preferably 4 to
25 parts by weight, based on 100 par F- 1493/ SF- 605

213 by wei ght of the conposition (A, (A), (A") or (A""). | f

the amount of,dhe a&r%rﬂlﬁoétﬂ%ﬂ@lofd%‘&gﬁﬁgﬁiﬁbematerlgiOV‘héH?c agent added is
too smal |, expandability of the pr oduct lowered. If the anpunt

thereof is tog,J@rfeing mddia ' ReRi0 hﬁ%e%&i‘ngfdth?é _is lovered.

(3) Expansion process 1n pressure vessel he yl ene copol yner

conposition (A), (A4d. é§§%51on fya4§§” hgogﬁggnggqé pro hﬂﬁé or a bl ock

by neans of a pres an extru r} a uct is 10

i ntroduced i ééﬁéﬁg éﬁgf&ﬁ&§§%§%FﬁsAEEgh gAzggzhc?Veés (940 ,n agent is

sufficiently meMte e-Tesin vacuated to
obt ai n angex

vessel tYﬁ%&ﬂ%ﬁP%ﬁ%Q&#gggé%l gL%Peﬁageggiﬁb?%Fsé@%%g%g$s rigsu;?lled
W th e hysisal, bl ngpgenk Slf0a0 s SIISLALILG, LiED L vessel
taken generate a decomposition gas and thereby produce bubbles
in the resin molded product.
Examples of processes for producing expansion
10 products include the following processes.
(1) Extrusion expansion process
The ethylene copolymer composition (A), (A'}), (A")
or (A"') is introduced into a hopper of an extruder.
When the resin is extruded at a temperature near the
15 melting point of the resin, a physical blowing agent is
injected through an injection hole provided midway in
. the extruder, and the resin is extruded from a
mouthpiece of a desired shape to continuocusly obtain an
expanded product. Examples of the physical blowing
20 agents include volatile blowing agents, such as freon,
butane, pentane, hexane and cyclohexane; and inorganic
gas blowing agents, such as nitrogen, air, water and
carbonic acid gas. In the extrusion expansion, a

nucleating agent such as calcium carbonate, talc, clay

25 or magnesium oxide may be added.



out and heated in an oil bath, an oven or the like to perform
expandi ng. P0L493/SF4403 he et hyl ene copol yner conposition (A), (A),

(A") or (A"") is previously crosslinked, a crosslinked expanded
product can be obtai ned. Exanpl es of crosslinking methods include
a met hod wherein a peroxide radjgal generator mxed with the 25

resin is thermally deconposed to crosslink the resin, a

F- 1493/ SF- 605 214  nethod of
crosslinking by iTHadatd o WHlbwioni 2Bt is adtadi ahi . akourt hod of
crosslinking by irradiation with ionizing radiation in the presence

of a pol yf ungsu&me} 5 to 60TRRAER bﬁ@@i@h&“?ﬁ@f@i%ﬂ(ii‘dﬂ ggthod. 5

To obtain a crosslinked expanded product by ese nmet hods, the

conposi tion kdWss (Y Jweilght), Hadel oh 188 parts 8&9@Q£%%£r§%r@ﬂédeconposable

bl o ng agent, a pol yfunctional nononer as™a crosslinking assistaﬂt
and ot hepsdidi fdyeg)ar el t kneaded at . @ tepperaiure | awer. 10 than
t he deconposi ti%n telnper%f)ur:( g? tr%e ?herms(l - F délgon%g%%rb eoﬁol ow ng

. _ . dabl |

ggﬁgzs?Pgogqgﬁgg?hqgfkéﬁ'§hﬁ$iﬁﬂg§?§Fgg %Fgﬁgfg%?§$%g§$ |a?ioﬁ ;Es;n%gv$ﬂ
S it (A A . r (A"'). en,

?ﬁ:ecﬁgsslinﬁg% s%%%?ﬁﬁ?;%ggﬁggpg%bgh?gnéga%?%?Egd'(A&%réhel % han the

QoCompoS 1! AndAMPr A Wb YarldlS tne scBLRULAGPIERL LA 1he sheet.

product is lowered.
(2) The ethylene copolymer composition (A), (A'),
10 (A") or (A"'), an organic thermal—decomposable blowing
agent such as azodicarbonamide, and if desired, other
additives and thermoplastic resin are melt kneaded by a
kneading device such as a single-screw extruder, a twin-
screw extruder, a Banbury mixer, a kneader mixer or a
15 roll at a temperature lower than the decomposition
temperature of the thermal-decomposable blowing agent to
. brepare an expandable resin composition. The
composition is generally molded into a sheet, and the
sheet is heated at a temperature not lower than the
20 decomposition temperature of the blowing agent to
perform expanding, whereby an expanded product is
obtained.
The organic thermal-decomposable blowing agent is
added in an amount of usually 1 to 50 parts by weight,

25 preferably 4 to 25 parts by weight, based on 100 parts



radiation, [err] rays, [err] rays, [err] rays, electron rays and the
| i ke are enowdd &sr-lgest ead of the irradiation 20 crosslinking with the

i oni zing radi ati on, peroxide crosslinking or silane crosslinking can
be carried out. In the present invention, to the conposition
(A, (A), (A") or (A""), 2 ves, such as weat hering

stabilizer, heat stabilizer, anti- 11‘41) agent, anti- 25 blocking agent,
anti - f oggi ng agent, |ubricant, pignment, F 1493/ SF- 605

215 Cl r, I gent .,

hydr ochl or| cv;%'%lkﬁa (%rk\lt%g?r%gl %Itl?%%llnd (5‘? ?Zg %xa r?al | y added

i n amounts Q nt | on. Further,

ot her pol yrreq?% t’f:i%lén qbflt grgﬁnﬁﬁaﬁlggﬁn%ﬁn%%é%#%a departing from

th t f th t The, d duct
hne excel | orriqidlg ey, ??Q?d 43 ?shéﬁﬁ%%s expandatty 1 ¥R GGG ProTuel
The f t h th | iti A,
(A-e),oa/T-s rucﬁiwe% oweted "3 1 e BRofRE HiRErer a5 amme, "

conposi t (A (A" A"') and apother sujtable ethylene
15 poly ’é}?g a?ﬁﬁmt}hé%‘%r’%e Glxpé?ﬂlgﬂep?‘edbﬂyh%r Llewgr et enpl oyed.
Exanpl es of the ot her suitable ethyl ene pol ymers include | owdensity

pol yet hyl ene (LEF@%X Expansion process in pressuré vessel
The ethylene copolymer ;omposition (A)Y, (A'), (Aa")

or (A"') is molded into a sheet or a block by means of a

press or an extruder, and the molded product is

10 introduced into an pressure vessel. After a physical
blowing agent is sufficiently melted in the resin, the
pressure vessel 1s evacuated to obtain an expanded
product. It is also possible that the pressure vessel
to which the molded product has been introduced is

15 filled with the physical blowing agent at 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.

20 If the 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 generator mixed with the

25 resin is thermally decomposed to crosslink the resin, a



medi um density polyeth | ene (MDPE), high-density pol yet hyl ene (HDPE)
(prepared by 148 3YSE- 6% 5Ziegler 20 catalyst as described in, for exanple,
U.S. Patent No. 4,076, 698), ethylene/vinyl acetate copol yner,

copol yners of ethyl ene and unsaturated carboxylic acids, and hono

and copol yners of a-olefins. Qhergytable polyners i ncl ude

pol ystyrene (including inpact-resistant 25 polystyrene),

st yrene/ but adi ene bl ock copol yner, F- 1493/ SF- 605

216 paigtiredh dn e rasd lahkehgr bPLEF Bad fa bl @i dv N tiAHIIZIG A resin
of high nelting point in'a major proportion is preferable. The

conposi ti on daliat{idn),, a( Aethed oA’ cro88linkind k?*efﬁé&.@t@dﬂ Q)Q.thhe
conposition (A, (A), (A") or 5 (A"") is referred to as an "ethyl ene

pol ymer mat éldmdlzing radiationTh& @EEYb?@@éﬂEEYS@”arﬁgf§f ARG NS
et hyl ene nmononer units in anounts of preferabl'y not |ess than 50

% by wei ght mommRDr gher abky 180t éféésib@&r@ ndog. ~ Weight, independent
of its composition. The ethyl ene material may consist of

et hyl enes monomer fiigktain a EQHE%fiﬁkXdoé Shd <¥28%%FC% %wfggyable bl end

conpri ses the ethylene copolyner co ) or

(A"") and apidelssOr dhRaby eLayLegs pRj Y A I S -
§ %ﬁiAf ?WEEdPE T6 Bfe et hyl ene

et hyl ene/ acrylic aci copo

copol ymer ¢ 1%'%Re§é£% é3c$m os le(éi%wl%ﬁnfvl%ﬁ: gddi tives, such as

ant i oxi dant ere enol 'r §de nane) 1010),

phosphi tes polyfunctlonal monomer as a crosslinking assistant and
other additives are melt kneaded at a temperature lower
10 than the decomposition temperature of the thermal-
decomposable blowing agent and molded into a sheet. The
resulting expandable resin composition sheet is
irradiated with ionizing radiation at a given dose to
crosslink the composition (A), (A'), (A"} or (A"').
15 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, P rays, Y rays, electron rays and the
like are employable. Instead of the irradiation
20 crosslinking with the ionizing radiation, peroxide
crosslinking or silane crosslinking can be carried out.
In the present invention, to the composition (a),
(A'), (A") or (A"'), additives, such as weathering
stabilizer, heat stabilizer, anti-slip agent, anti-

25 Dblocking agent, anti-fogging agent, lubricant, pigment,



(e.g., Irgafos (trade nanme) 168) and pi gnent, can be added in anounts
not detri nentalydiodsgoshproved 20 properties found by the present

appl i cant. Excel l ent teaching on the process for producing the
foam structure or the nmethod for processing the foam structure is
found in "Handbook of Pol yner Foamillag Technol ogy" (edited by D

Kl enpner and K. C. Frisch, 1493/ SF- 605

217 Hanser Publishers, Minich, Vienna, New York, Barcelona

(1991)) of P Par atqr. 'a%fehrtl. FRagL. ?Q’i‘ LY Znei- raging ag geifte, foam
structure ca pro uce conven Fohal ext i n expansi on

nmet hod. The ,structure Ss conpri si ng
the gaéroq%#eom %ﬁﬁ%ﬁ ?%%%998%?%#%1 W e a

pl asti ci zed or rml t p mat er| t roduci n I ow ng agent
into the polSR¥Eer e"éf aé*getr% %Fﬁ‘r"éﬁn 08 Biuge'gté%l SR F)’(trudl ng the

gel through adeto obt ai n f oam duct Prior.to bIendln wth
Lhe SRS e AR na&r?tﬁﬁrrs%&areaom%rs °

t enper at re not | ower _than the gl ass transition ature or the

nel ti ng Poi e d@l%rrréecbdrry@a amoygESy | Wi EheRE, GHBEJEFHQ T owi ng

agent into the % ymer material and bl ending them can be carried out
by any %E#ﬁk#uq rdle mrasendydRvestiaftext ruder, a nixing machi ne
or a blender. The blowi ng agent is blended with the nolten poI ymer
mat eri al under prEwsE@aNdgd OTOGHFE has excellent flexibility and
toughness.
10 Foam structure

The foam structure comprises the ethylene copolymer
composition (A), (A'), (A") or (A"').
A blend of the ethylene copolymer composition (A),
(A'), (A") or (A"') and another suitable ethylene
15 polymer or another natural or synthetic polymer can be
employed. Examples of the other suitable ethylene
. polymers include low-density pclyethylene (LDPE),
medium-density polyethylene (MDPE), high-density
polyethylene (HDPE) (prepared by the use of Ziegler
20 catalyst as described in, for example, U.S. Patent No.
4,076,698), ethylene/vinyl acetate copolymer, copolymers
of ethylene and unsaturated carboxylic acids, and homo
and copolymers of o-olefins. Other suitable polymers
include polystyrene (including impact-resistant

25 polystyrene), styrene/butadiene block copolymer,



for inhibiting substantial foam ng of the nolten polynmer 20 material and
for substant Fal&93 heFegeneousl y di spersing the bl ow ng agent. If
necessary, a nucleating agent may be bl ended with the nolten pol yner
or may be dry bl ended with the polyner material prior to

pl astici zation or nmel ting. Thepfgamable gel is generally cooled to a
25 |ower tenperature to optimze properties of the F- 1493/ SF- 605
218 . resulting foamstructure. Thereafter, the gel is ext ruded

into a zone gh1l0uEprerESSHACotREPUAILIeXE 6 of blend dRsitaediskape to
produce a foam structure, -or is transported. The pressure in the | ower

pressure zongek$ 5 hQ I méDEn, HEessre & gropdRicibal Red before the
f oamabl e gel ?s gx?rude tlﬁrough‘éhﬁD di e. Thfgﬁbreggure may be hi gher

t han atnnsphsgb@eggﬁséureTﬂ sitadh (a), t@@q (nguugk (B“t ppeferably

is on the |evel nospheric pressure Thi s structure

may be procegsgd A EBﬁt%?ﬁﬂﬁ fehe comfl fg%tll_patrq@gsd ¥a®Xt b Lysion of the

et hyl ene pol yner eria rought orifice'die.” The orifices

are rrageeqd 10 sued- 8. ppey té}?tue;:gghae}%ge WIURED fdferiay -2 B 1 NG

streans O en” ex dat &t Akes pl € coursé of
foam ng and t hat sur f ve esro h_enough for
adhering to one &ﬁ g ¥§gﬁea%%l cﬁrféﬁﬁ%ﬁéglaﬁﬂuﬂé gVQFPucture The
streans of the | ten eétrudate fron1tpe dr e_eachr hgofornrof

strand or_ prEFPP STAHBLFE 18 FBR e ¥ t@ﬁﬁ y not lgss than

% by weight, more preferably not less than 70 % by

weight, independent of its composition. The ethylene

10 polymer material may consist of ethylene monomer units
completely or as a whole. A preferable blend comprises
the ethylene copolymer composition (A), (A'), (A") or
(A"') and another ordinary ethylene polymer, e.g., LDPE,
HDPE, ethylene/acrylic acid copolymer (EAA) or LLDPE.

15 To the ethylene copolymer composition (&), (A'),
(A”) or (A"'), additives, such as antioxidant (e.g.,
hindered phenols (Irganox (trade name) 1010), phosphites
(e.g., Irgafos (trade name) 168) and pigment, can be
added in amounts not detrimental to the improved

20 properties found by the present applicant.

Excellent teaching on the process for producing the
foam structure or the method for precessing the foam
structure is found in "Handboock of Polymer Foams and

Technology” (edited by D. Klempner and K.C. Frisch,



20 they are foaned, aggregated and bonded to one another to forma

uni ted one wiyiet A€ goEhe strands or the profiles should be in the
formof a united one body so that the strands are not separated by the
stress given when a foamis produced, shaped and used. A process and
25 an apparatus for producing a fzcia}n structure in the form

F- 1493/ SF- 605 219 of aggregated strands
are found in U S. Patents No. 3,573,152 and No. 4,824, 720.

The foam structur WA I%e’\eb rogg‘%g by nul gti v ext r.usji_on process
as shown i néa&%.r Sa‘f]rgeirﬁs- Il%4 ,g§28vile§g?h @%‘f’sgﬁ%’cess%r,cﬁlho@aﬁ ow-density
f oam struct 1t}évi arge.side_sectional .area is, produced in the
fol |l ow ng ngg n én“?.cet(PI) Pﬁrgel %8113’? 8fé’flh P&he %?‘%/‘fﬁﬁ terial and
the bl ow ng agent is.fornmed under pressure. %he formati on of the gel
is carried out é'{h%mg%bmttélﬁﬁegﬁ?ugﬁ PRATUERE B2 has a viscosity
enough for hol diaﬁg t he bl ,ow ng ggent during_the foamng. (2) The
gel is ext rRISEERGO Mo ISy SiORe SRBREIpRBe eI andThe stRuGiyeat ure are
mai nt ai ped so that the q_el s not foamed. The hol ding zone has an
outl et Qi e SR RAUERIRF2LLY BFYoSHCRACEYt 8 PERESEReCHBIriHing Adie of | ower
pressure for foam ng of the gel, and has a gate which cl oses the
die orificestars & haatdpehdde eghviraegapbyRer matepidl ddl @iviey aopened.
(4) A nechanical pressure is applied to the gel substantially at the
sane tipe Blasticized 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



20 nmeans of a novable ram and the gel is discharged from t he hol di ng

zone to a zG&heE.488 /ISBwe05pr essure t hrough die orifice. The discharge of
gel is carried out at a rate hi gher than the rate at which substanti al
f oam ng takes place in the die orifice and |lower than the rate at 25
whi ch substantial irregularity in phe sectional area or

F- 1493/ SF- 605 220 t he shape is produced.
(5) The gel discharged is foaned wi thout restricting to

one-directi adulfidaiy Tdant @tructuPe0dUPReRed PEET SLERSIGERE i The

foam structure can be processed into 5 uncrosslinked foam beads suitable

for produci ngcided irdd iaClz@nel BEOLEREr SroEOGHE CrhARBIDRAGS e IdFe resin
particles separated from one another, such as particul ate resin

pel | ets, ar Qie%i%@%f‘%g%gent% brBldlbe a folRduéfu Nl l%]:_ti@e resin is

substantially insolu , 10 such as water. Then, a blow ng agent is

i nt roduced i%l{]é};[sgortetdle I,Iihglu'gg EEﬂEH”lﬁntﬁQ M&I&&%@Menspressure

: e .
vessel at hi mperature and high pressure to i npregnate the resin

particles wifl, &Nl 00 30000 e whicAN s RS 4ES PGl LT R e rapidly
aif

di scharged into the or a vacuum zone to produce foam beads. The

process | el Hd ighed L kauglh L0 5, PaLeRls NomA 379,88 and

No. 4, 464, 484. a process rom t he above process, prior
to inpr egnatn;a%fn b"é!'_; tthth%er t1}.11'1 Vr\llI o\ m%ggﬂérict: hperggéslﬁ)ggdgrd lower than

that (vacuum), but preferabl& is on the level with

atmospheric pressure.

10 This structure may be processed in the form of
aggregated strands by extrusion of the ethylene polymer
material through a multi-orifice die. The orifices are
arranged in such a manner that contact between the
adjoining streams of the molten extrudate 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



20 pellets may be inpregnated with a styrene nononer so as to produce
a graft copeg-ywaes /cegebBer with the ethyl ene pol ymer material. The

pol yet hyl ene/ pol yst yrene copol ymer beads are cool ed and di scharged
fromthe cont ai ner without being substantially foaned. The beads 25
are then foanmed and nol ded in accopgace with a F- 1493/ SF- 605
221 conventional process for the production of foam pol ystyrene.
The process for the production of pol yet hyl ene/ pol yst yrene copol yner

beads is degg i dgdted stWaBdsPabentolld #n 168s35%kterrs No. The foam
beads may be nol'ded by any neans known in this technical field. For

exanpl e, the feamibeadssake. 4,82l hhed in a nold and then heated with
steam or the 1ike to aggregate and nelt them so as to produce an

article. | T RCeR3q %tgrgllta%uésaﬁlayﬁﬁx pfo&g?égﬁgs@t%ml@ave or 10

anot her bl owi ng agent at hi tenperature ‘and pressure before
(hey e BB B B el o, g, 0 eheats or dnged belore
D00k o5 ¢l IR LR DY cancERgeN FaLE JEHIALID MR gl (1S
10, 0% SE S e SSRYGRRE, e 1 B EEMSTR RTM g0
publicaticwléggé%J? (1) AF%% ’o%'t%glétﬁgle%g7§%'§%§¥Kh§§grf§{ré% '
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 orifice and can be opened. (3) The gate is
.periodically opened. (4) A mechanical pressure is
applied to the gel substantially at the same time by
20 means of a movable ram, and the gel is discharged from
the holding zone to a zone of lower pressure 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



20 The bl owm ng agents useful for the production of the f oam

structure i nedigles jg+gERi ¢ bl ow ng agents, organic bl owi ng agents and
deconposabl e cheni cal agents. Sui t abl e exanpl es of the inorganic

bl owi ng agents i ncl ude carbon di oxi de, nitrogen, argon, water, air,

25 nitrogen and helium Exanpl es fﬁothe organi ¢ bl ow ng

F- 1493/ SF- 605 222 agents incl ude

al i phati c hydrocarbons having 1 to 6 carbon atons, fatty al cohols

having 1 to ngaghgie AOMrodyced ANt j0uplelely agbcharibal Ly Palgenat ed

al i phatic ydr ocar bons having 1'to 4 Carbon atons. Exanpl es of 5

the all phati&%@ﬂ&ﬁ@"%é‘@f@céi %ea&t—@'}%ctﬁgﬂﬁﬁefoamin , Ptgpane,

n- but ane, isobutane, n-pentane, i1sopentane an neopentane. Exanpl es

of the fattypgéggg Ig ££E%L5E%uﬁﬁ¥re nmet hanol , et hanol, n-propanol and

i sopropanol . anpr es € conpletely or partially hal ogenat ed
aliphatic 10 hydtgga QQQS &Hﬁ%%?e'u uo %gagb%ns 8h£g£gcarbons and

chl or of | uor ocar bons: arrpsf &G THhe &6 5E&F GSRS i ncl ude net hyl
fluoride, perfluoro oride, 1béﬁdlfluoroethane

(0 1559 P ingP G TR Frodh Risgia mhaerRo TRy oductng '
1,1,1,2-tetraf ] uoroethane, .15 2, 2-djfl uqropropane, .
LT T trif1 UBFBhTbRanets SRSk & IRt AaA0 SRRR of BBr BB,
o1 voropr opane, o PRLHLP HATE g per{LuoLscycl gbut ane. Erarpl s of
use in the iggggiégfaégcéég¥% 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



20 nethyl chloride, nethylene chloride, ethyl chloride,

1,1, 1-trichlprpgdhase,gds 1-di chl oro-1-fl uoroet hane ( HCFC- 141b),
| -chl oro-1, 1-di fl uor oet hane (HCFC- 142b),
1,1-dichloro-2,2,2-trifluoroethane (HCFC 123) and 1-

chloro-1, 2, 2, 2-tetrafl uoroet hane (g%if}124). Examples 25 of the
conpl etely hal ogenat ed chl orof | uor bons F- 1493/ SF- 605
223 i nclude trichl orononof | uoronet hane (CFC-11),

di ehl orodi T yoL olid hafier (S q:%éls@ )i tnd Erollkqbh bEUBRER! hane (CFC-113),

1,1, 1- uor oe uor o

di chl orotetrafluoroet hane C I ugEopropane and
dichIorohexa??%%?%%?%%ane'fég:péﬁégssI%ggtﬁﬂé % gﬁ@%?%%l Iomﬁng agents
i ncl ude on azaodi i sobut trile

benzenesul { RRGUF BT LR EOE Y mﬁeﬁfé%@a FSROFeLh derpaiPed
toluenesulfonylsen1carb | de I azodi car boxyl at e,

N, N - di et hy?: ﬁrn???%%%t ?ed%fh de and tri hydrazi notri azi ne.

Pr ef er abl blomn gnts i nc ude t ane, HFC-152a and mi xtures
t her eof . %fm%é’%mﬁnd%’ eﬁ‘Pyl WF?Bﬁa]ﬁ%‘aw?ni‘% t he
nol t en polyner naterlal to produce the foamformng _g Is in the
range of O. ZthSStﬁcﬁnh%ﬁ¥ é} Pt y o exanmﬂﬁéféﬁ&bﬁﬁa@ Begds 3ape

g. nol / kg- pol¥ nore preferably to . 2.50 g. nnl/kg polyner 20
Vari ous addi Hfé@d Eqch Ia%l§t¥l§ﬁl‘?1’t%p &tﬁﬂt‘m Wify steam or €he 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, water, air,

25 nitrogen and helium. Examples of the organic blowing



agent, nucleating agent, inorganic filler, pignment, anti oxi dant, acid

scavenger, uFti49B86BEt+-6Pbght absor ber, flame retardant, processing aid
and extrusion aid, may be incorporated into the foam structure.

F- 1493/ SF- 605 224 The stability
controlling agent may be added to tﬁgz foam structure to inprove

di mensi onal stability. Preferred stability controlling agents include
am des and esters of Cl0-C24 fatty acids. Such stability 5

control ling agents anelfdendliphdtic Mal@idsrddhs having 6440280 and No.
4,214,054. Most preferred stability controlling agents include stearyl

stearam de, ghybehohtoms, HROES!EPEHELs HMFRIP!I1 NENAbEheRALE 33BHSOr bi t ol
nonostearate. The stability controlling agent 1s 10 generally used in an

amount of abgul Qoﬂapﬁ.@tég%/p@ftﬁartialﬂ?%@lﬁbrﬂ%%@%ﬁﬁ%&%%%%he pol ymer.

The foam structure exhibits excellent "di nension lity. TEe
preferred fogpsh bEREOMELYnQf t b % nggg d_aon the
initial vol ung?i ?’ﬁgéi n?t [ a? Iig 1\%;? uér)rec.al'% Onrggastud}ngd in B@%%oﬁ s after

foamng. s Tepe a1 iXALUIE hpaPBasHiGs Bh AN APHARLIAL € BLAG] such as

wat er vol unme disp enent. he nucleating adent ﬁﬁ?’be added to
20" i nor gani € RPaF aPeputiak GLe O Ret " LA H6pRA-20E R N 1O
titaniun]diOﬁggﬁenﬁghgqa’Eggﬁﬁfggségféﬁé%fatty alcohols include
methanol, ethanol, n—propanél and isopropanol. 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-difluorocethane (HFC-152a), 1,1,1-
trifluoroethane (HFC-143a), 1,1,1,2-tetrafluorocethane,
15 2,2-difluoropropane, 1,1,1-trifluoropropane,
perfluoropropane, dichloropropane, difluoropropane,
perfluorcbutane 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-trichloroethane; 1,l-dichloro-l-fluoroethane
(HCFC-141b), l-chloro-1,1l-difluorocethane (HCFC-142b),
1,1-dichloro-2,2,2~-trifluorocethane (HCFC-123) and 1-
chloro-1,2,2,2-tetrafluorcethane (HCFC-124). Examples

25 of the completely halogenated chlorofluorocarbons



di at omaceous earth, a mxture of citric acid and sodi um bi car bonat e.
The anount Jf-1483 /8Fci6dat i ng agent used may be in the range of about
0.01 to 5 parts by weight 25 based on 100 parts by wei ght of the pol yner
resin. F- 1493/ SF- 605 225

The foam structure is substantiallypagcrosslinked or noncrossl i nked.
The al kenyl aromatic pol yner material contained in the foamstructure
i s not crosslinked substantially. The foam structure contains 5 a

gel of not nmelddwncsHlmaxonetloyrohechehlodcpcoil),  ASTM D-2765- 84.
Some degree of crosslinking which spont aneously occurs w thout using

any crossli nkidflorodi Al Hon@thaad atFen1ps, perm ssi bl e. The foam
structure has a density of less than 250 10 kg/cnierr], nore preferably

l ess than 109k IGHAFilE1URYethane R&@&EM@LY 101tp-less than 70
kg/cnferr]. The foam has an aver age bubbl e size, as neasured by ASTM

D3576, of 0. &@fluoré&h%:& rr?enm@ue&sééﬁaﬁéy 0.2 to 2.0 mm nost

preferably 0.3 to he. f oam structure may be in any

physi cal gsh hloréﬁgH¥M¥ﬂd6£&¥€EaﬁEt1c§EC 18, extruded sheet, rod, board

and profile. € foam structure may be produced by nDIdlng the

;ﬁgn?g;§1g??%§%ure|g¥gﬁ¥ﬂb£4%%g? Cgﬁﬁagggﬁ%orohgﬁ Jﬁ%#%nﬁﬂﬁgn open cel

foa”]StrPCtLﬁfémpr é%mghe 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-polymer, 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.



structure preferably contains closed cells in anounts of not | ess than

80 % when neaguhr@dibyrASHl D2856- A F- 1493/ SF- 605

226 The foam structure that is nore tough and nore el astic
is very useful for sporting goods goods for | ei sure time anusenent,
and cushi oni ng packagi ng. ggpanded structure The
expanded structure conprises the eth?? ne copol yner conposition (A,
(A"), (A") or (A"), and has t oughness, elasticity and | ow density.
The structure of t [ h a hat of
EVA expanded struc?ﬁﬁeg%ggéiggy 88n€€$% esnuﬁéé% ve o g%ddﬁglgagthe

expanded st r uGeBe SREVERGBoF PnbBerdre Totghms esstamellféfgfs o E Ered
t ds di d hi
Z?SBUL.” ng the B sﬁ'a%% sgﬂva&ﬁaﬁxaganm%hf%f Afgﬂtﬁgﬁgloﬁﬁﬁkﬁ EREE5pol yrer
t A A'' bl Rli t
oo o0 §/ﬁ\)§‘|d ﬁters (o) sther2patattr o085 o, Falidh Braliitvonn b

enpl oyed. .20 Exanpl.es of the suitable, djfferent et hyl ene polyners
i ncl ude Io§kdéﬁ%FFFI&&P§éPH§PEﬁeafE Pafarst BP-ene” prepared by

hi gh- pressure, free radical olynerlzatlon techni que), nediumdensity
pol yet hyl ene 3,644,230 and No. 4,214,054. Most preferred stability

controlling agents include stearyl stearamide, glycerol
monostearate, glycerol monobehenate 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 1inorganic 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 0.01 to 5 parts by weight

25 ©based on 100 parts by weight of the polymer resin.



(MPE), high-density polyethylene (HDPE, e.g., 25 polyethylene prepared by

the use of sEeinss /ArES F- 1493/ SF- 605

227 catal yst as described in U S. Patent No. 4,076, 698),

et hyl ene/ ester copol yners, ethylene/vinyl acetate copol yrer,

copol ynmers of ethyl ene and et hyl eni |y unsat urated carboxylic acids,
and honopol yners or 5 copol yners a- et hyl eni ¢ substances. O her

sui tabl e pol ymers include polystyrene (including high-inpact

pol ystyrene), st yheneddud adine leogk %%QEXHEE.&II un@%é’é?ﬂﬁééi‘e and

ot her rubbers. A blend containing a resin of Klg melting point in a

T3] OF P OPOTd: ool 1 BERY €1 @blel 211cKG1 CLbUhaRECPOb YRE, R €T | 2

cont ai ns ene nononer units I n anpunts o ly not |ess

than 50 96 by, el lgigl GBS PR ArARke Bobo g3aubbARe 0 or Y el ot

i ndependent conposition he et hy ner material may

consi st of %Pé@ﬁlirﬁc%% atﬁrylalsllxéS Tﬁgﬁ@l gj’tgnleoén(ﬁéu ?riééaﬂg%ﬁ% bl)(rand IS

a blend of t ene copoly COmMposi (A"")
and anot ker ordinar eth ene ql ,

et hyl ene acryIQ%faé? 4% ) EﬁagﬁﬁﬁéDgy chE methad, A 8handed
structure SIC m_ 20 nown his technical field.
For exanpl e W%ﬁzkﬁ 2a-PéISSt % Lﬁ%énec%gﬁgel ALt ﬁﬁoﬁﬁhﬁ?féfn% ‘gkf‘ﬁe‘gf a plank or a
burn stock. O her usef%arex anded s%ﬁuctures are ndable or

f oamabl e. par TR RS ASE YRS SRS uSlngp3F¥|EF%§s and products

roduced by expandi n
P y éht or(¥ad1atlon 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/cm?®. 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.



25 and/or bondi ng and wel di ng of the beads. F- 1493/ SF- 605

228 F-1498X&&1-684t teaching on the process for producing the
expanded structure or the nmethod for processing the expanded
structure is found in "Handbook of Polyner Foanms and Technol ogy”
(edited by D. Kl enpner and K C. 22¢g+risch, Hanser Publishers, Minich

Vi enna, New York, Barcel ona (1991)) of C P. Park "Polyol efin Foan
Chapt er 9. The expanded structure of the invention can be
produced by a pr ates<foamrptirsicngrehehateps nbrdl eouiingand Grordhe et hyl ene
copol ynmer conposition (Ay, (A), (A") or (A"") wth a deconposabl e
chemi cal bl ®lagiagdrt very useliedt E8g sbefting Pyepdd £ goqdastdrei zed or

nol t en expandabl e pol ymer material, extruding the expandabl e

nol ten pol yneyi stideedigle WhiueRmeant abAg @u§h9§§iﬂ1@kﬂ>é@<agll51g agent, and
exposing the polynmer material to tenperature rise to rel ease the

bl owi ng agent and thereby produce an expanded structure. The pol yner
material and the chem cal bl owi ng agent can be m xed and nelt bl ended

by 5a neansjgﬁg%gégpskggc@ﬁgg such as an extruder, a mxer 20 or a

bl ender. The chem ca oW ng agent is preferably dry blended with

the polymer et el BpboiRd8RLBYOL comprilés POLY B RLA T al to nelt
e po yner

it, but the bl ow ng agent can be added material is in

amlten  coRfi3se: Hifgosdtsbhnfhny ¢an) be(knfused by ddidd gpof a
' toughness, elasticity and low density.
The structure of the invention has heat stability
10 higher than that of EVA expanded structure, aﬁd
generates no offensive odor during the expansion
process, production process and uses. The crosslinked
expanded structure having softness and toughness is
useful for-sporting goods, medical devices and
15 cushioning goods.

For producing the expanded structure, a blend of
the ethylene copolymer composition (&), (A'), (A") or
(A"*) and a suitable, different ethylene polymer or
another natural or synthetic polymer can be employed.

20 Examples of the suitable, different ethylene polymers
include low-density polyethylene (LDPE, e.g.,
polyethylene prepared by high-pressure, free radical
polymerization technique), medium-density polyethylene
(MDPE) , high-density polyethylene (HDPE, e.g.,

25 polyethylene prepared by the use of such a Ziegler



25 crosslinking agent or irradiation with radiation. The

F- 1493/ SF- 6§51493/5F-605 229 i nducenent of the
crosslinking and the exposure to tenperature rise for expansion or
foam ng can be carried out sinmultaneously or successively. \Wen the
crosslinking agent is used, it is 2@fed to the pol yner 5 materi al
simlarly to the chem cal blow ng agent. Wen t he crosslinki ng agent
i s used, the expandable nolten pol ymer material is heated or exposed
to a tenperaamedyst as despribedabhyUl 9wePatdran Ncb0 40760 §98event

deconposi tion of the crosslinking agent or the blow ng agent and to
10 inhibit ethyleae/escenssbpokymgrs, | athpbenofvithd acetatradi ation
crosslinking, the expandabl e polymer materi al is heated or exposed to
a tenper at urepeflypicef, ecapbYymers of ovEhyldead 46D dtryledilcalpkevent
deconposition of the bl owi ng agent. The expandabl e nolten pol yner

material  lnsatu@siceddedrbBikouel acdde, odnd asdridsblshaiRes o prepare an
expandabl e structure. The expandabl e structure is then crosslinked at

a hi gh t®2npecpolyemelisypifc a-byhiienio 26PBstances]| erGfidr sudhtasden
tenperature in an oven to expand the structure. In case of the

radi ation CrRasdMsl RGc1liBe pdPyseyPandapl - Bldiid HiH-Smigaledi ated with
radiation to crosslink ?he pol ymer and then expanded by the above-

T oo SEASAR Bl Pl AR AL gepenhaen o can e
any of the 2pAVA-IRILhANGHd 6Pnef! PESHLLK! NG 49N YortdrahiyOl:
resin of high melting point in a major proportion is
10 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. The ethylene
polymer material may consist of ethylenic monomer units
15 completely. A preferable blend is a blend of the
ethylene copolymer composition (A), (A'), (A") or (A"')
~ and another ordinary ethylene polymer, e.g., LDPE, HDPE,
ethylene/acrylic acid copolymer (EAA) or LLDPE.
The expanded structure may take any physical form
20 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
expandable or foamable particles, moldable expandable
particleé, beads and products produced by expanding

25 and/or bonding and welding of the beads.



F- 1493/ SF- 605 230 The expanded
structure of BH&I33dEENE08n can be in the formof a continuous thin

pl ate prepared by an extrusion process using such a long | and die as
described in GB2,145,961A. In this process, the 5 polyner, the
crosslinking agent and the bl owi ng agent are mxed in an extruder, the
m xture is heated to crosslink the polyner and to foamthe bl ow ng
agent in the long land die, and the m xture is passed through the

die to produce anExcpdieded seavhtngeonThkecppbesss Adr htampndherexpanded
structure and the die is carried out by the use of an appropriate

lubricant. expanded Bheuexpgeded ShéuGéthedOofot hSrddvditdPRHeAN be in
the form of crosslinked expanded beads suitable for produci ng an

article. The exppamded sheadsueaniberodddPigPatdababl N fﬂlg&@%gg manner.

The resin particles separated from one anot her, such rticul ate

resin P&daisS andr Q‘e&ﬁ_ﬁ@@B?ﬁd (Bafrbd A, b1 N H Gl Q’%hde &SN

pellets are substantially insoluble, such as water. n, the pellets

are i npr egnatred Wit h nanekes sliblkkAgrs 20@9edt . aptesh ! QUG R[gent in an
at hig

aut ocl ave or anot her pressure vesse tenperat uré dnd hi gh

pressure,  payaRdohhe (16517 PaEt Eches s 3] i scharged,into the
air or a vacughlzoﬁe té proé&ce egpand%%E%ea s.§g%%fl %Q%Sgl%§§PE§§ads are
i npregnated @i th the bl ow ng agent, 25 then cool ed, discharged fromthe

cont ai ner- and expanded )
' The expanded structure of the invention can be

produced by a process comprising the steps of blending
10 the ethylene copolymer composition (&), (A'), (A") or
(A"') with a decomposable chemical blowing agent,
heating them to prepare a plasticized or molten
expandable polymer material, extruding the expandable
molten polymer material which contains a crosslinking
15 agent, and exposing the polymer material to temperature
rise to release the blowing agent and thereby produce an
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
20 or a blender. The chemical blowing agent is preferably
dry blended with the polymer material before heating of
the polymer material to melt it, but the blowing agent
can be added when the polymer material is in a molten
phase. The crosslinking can be induced by addition of a

25 crosslinking agent or irradiation with radiation. The



F- 1493 / SF- 605 231 by heating or using
steam In a préd83<SEn§Qéed from the above process, the suspended

pell ets may be i npregnated with a styrene nononer so as to produce a
graft copol yner together with the ethyl ene pol yner 5 material. The resin
pellets in the suspended state or 229 non-aqueous state nmay be inpregnated
with a bl ow ng agent. The expandabl e beads are then expanded by
heating with steam and nol ded into expanded pol ystyrene beads in

accor dance winkduzemententfi ahal cposskiskindg(and the The@ypanded beads nay be
nol ded by any neans known in the art. For exanple, the expanded beads

are filled temperazumel ¢iseofipresspandion odPrBSay rdArdibeg cagid elshen
heated with steamor the like to aggregate and weld them so as to

produce an awiitclsémulltanbeadsynay b@céésﬂ%i$.naIW%mr&i@at ed with air or
anot her bl ow ng agent before they are filled in the nold. Excellent

t eachi ng crogsiiiakabgvagenecessusad, the 1®!idg e kel %ﬁﬁﬁ%rf ound
in the aforesaid publication by C P. Park, pp. 227-233, . S. Pat ent

No. 3, 8865 10@hatdrSa1Patifitadly 8o 988 18%mi @l bR ho. 8, 353 and
U.S. Patent No. 4,229,659.a Y %he %xpéﬁﬁéd beadgnéga%%%nalso%%%gduced by

preparing a the c%%q.'iﬁkgﬁgt B8RPl YEBised, GRS sé:%gﬂdég)l%gﬁgitgﬁd a

deconposabl e bl ow ng agent by an appropriate m xi device or an

extruder, thep1gpkd RAckbeall XEURE A %or exposed to a temperature

of preferably lower than 150 °C to prevent decomposition
of the crosslinking agent or the blowing agent and to
10 inhibit too early crosslinking. In case of the
radiation crosslinking, the expandable polymer material
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
15 is extruded through a die of desired shape to prepare an
expandable structure. The expandable structure is then
crosslinked at a high temperature (typically 150 to 250
°C) such as a temperature in an oven to expand the
structure. In case of the radiation crosslinking, the
20 expandable structure is irradiated with radiation to
crosslink the polymer and then expanded by the above-
mentioned temperature rise. The structure of the
invention can be advantageously processed into a sheet
or a thin plate by the use of any of the above-mentioned

25 crosslinking agent or radiation.



F- 1493/ SF- 605 232 pell ets and heating
the pellets t Fck4EHAIEEENd expand t hem There is anot her
process for producing crosslinked, expanded beads suitable for
producing an article. The 5 ethylene polynmer material is nelted and m xed
with a physi cal bl ow ng agent by)zm ordinary extruder to prepare
substantial ly continuous expanded strands. The expanded strands are
granul ated or pelletized to give expanded beads. The expanded beads

are then crosslinkethe ldkpdnddd rsaadiattuge vt Bheadhetheion Jhe 1w& oss! i nked,
expanded beads are then bonded and nol ded into various articles as

previously desgxé bedmid 4 efRAGhUROERER platengt.re%Qﬁedﬁgpl dn onal ,
teaching can be found in U S. Pat ent No 616, 365 and the aforesaid

publ i cation bYexééhsféﬁ)pﬁ%Hééslﬂélnézéu%%ga long land dP& gxpanded
structure of the invention can produced™in the formof a burn stock

by different tc’i\é’scrlbecPrﬂP@Bstmsoﬁ&@f ocgﬁs Eigs ?oE%QéSll%ﬂé(' ng agent, and

t he other process uses radiati pan ed sfructure of the

nvention &30 Hetmer, EGRL I 1{1%%%&%%“ SaPHE B185KDYadety oceos

conprising m erne copo conposition (A")

or (A") with g r&s;aianﬁraql %cﬁe&dogkﬁehmlxgnfg@ 68!, BL Uk 1, SGent (o

prepare a slab ea I'ng e mxture to crosslink the
pol ymer nater'@roégilnk 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

10 between the expanded structure and the die is carried
out by the use of an appropriate lubricant.

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

15 prepared in the following manner. The resin particles
separated from one another, such as particulate resin
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

20 agent and a blowing agent in an autoclave or another
pressure vessel at high temperature and high pressure,
and the resin particles are rapidly discharged into the
air or a vacuum zone to produce expanded beads. The
polymer beads are impregnated with the blowing agent,

25 then cooled, discharged from the container and expanded



F- 1493/ SF- 605 233 t he crosslinking
agent and t F-ddE3msFs®0the blomﬁng agent, and releasing the pressure
fromthe nold to expand the sl ab. The burn stock produced by the

rel ease of pressure nmay be optionally heated again to perform 5
further expansion. A crogsjj nked pol ynmer sheet can be produced by
irradiating a polynmer sheet with high-energy beam or by heating a

pol ymer sheet containing a chem cal crosslinking agent. The

crosslinked pplngmiirhest usingl@reanl i Mhoaapdesésedisdiangl afybn Mpr egnat ed
wi th nitrogen of high pressure at a tenperature of not |ower than the

sof teni ng paind Hodd@ARIEEEr thEh8lspbi8ell 8ESUEEsiday be [€l eased to form
nucl ei of bubbles in the sheet and to perform some degree of

expandi ng. Thg, shgelcds J183 &d stiﬁ:‘en@%\bﬂoﬁér' ¥ Qé ess %focﬂf&a tenperature

not | ower than the softening point of e pol ymer.” Then, e pressure

s rel eased é&%%lﬁﬁrﬁé*&%%tﬁ%@ WEhebKePELAYEEnE bo 1y, xpandec

product . wi ng agent usefu Fe expanded 20

struct urg é% aﬂvem'ﬂh@ fe%:.nf 8)re|1§)é@gpl:|.ﬁ tﬁe sus%éjr? %rche_m cal

bl owi ng agen e chem cal oW ng agent econposed at a high

temperature fg, .o, JEnerale qag ok g@ggﬁggg Leeghy LG pal vier s

expanded to produ an expande produ enlcal W ng agent is
preferably i ngeJ[nIA‘:e quhné Oe]c %n%oa!b' s are then expanded by

heating with steam and molded into expanded polystyrene
beads in accordance with a conventional process.

10 The expanded beads may be molded by any means known
in the art. For example, the expanded beads are filled
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

15 optionally preheated with air or another blowing agent
before they are filled in the mold. Excellent teaching
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,

20 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
mixture of the polymer, a crosslinking agent and a
decomposable blowing agent by an appropriate mixing

device or an extruder, then molding the mixture into



F- 1493/ SF- 605 234 to be easily dry

bl ended wi t hrt-hesppkyre0Snateri al . Exanpl es of the chem cal bl ow ng
agents incl ude ~azodi car bonani de, azodiisobutyronitrile,
benzenesul f ohydr azi de, 4, 4- 5 oxybenzenesul f onyl sem car bazi de, p-

t ol uenesul f onyl seni car bazi de, bariuggq;odlcarboxylate
N, N -di net hyl - N, N -di ni trosot erepht hal'am de, N, N
di ni trosopent anet hyl enetetram ne, 4, 4-

oxybi s( benze%%ilileft%”)éhﬁ)/fléaéhﬁg) £B80pelDetd It by Gzd TIHK isaid Recpanky ef er abl e
i s azodi car bGnam de Addi tional teaching on the chem cal bl ow ng

agents is thf&ﬁund in the aforesaid publication (pp. 205-208) by C P.
Par k, "Pol yolefin Foam' by F.A. Shutob, and "Handbook of Pol yner Foans

and Technol ogy” Kl _
Muni ch, V'en%g_ ﬁéﬁ%é?e 1segﬂg@h§§ g ﬁgna %55 fééﬁ&lnd*ﬂ%%%éﬂ%ﬂ%é@§herS,

bl endi ng wi th tgﬁga YEElTBLIELRh e EOE proaucliEn aeladlanng s used

in an amount EH eneratlng as or ean1o 2 to 0 nmol ,
pr ef er abl 5 to

The cr ossgi nlﬁtr]fﬁ’lﬁ’e@ntpo&é’g\‘eﬁl mfaSFrf%e pr org ?%% O?%&,?eé Vﬁe expanded

structure of the lnventionis a e per oxi des

‘
i ncl udg 1, I2-d-?-yESltﬁ?t NGRS ageht §Y3ag ?ﬁiﬁ%?ﬂl cycﬁf%exane di cunyl
peroxide, 2.5 eire SuiledMlein Ty cbhi PHLEL R LA AEX AErardad M Y/

expanded strands are granulated or pelletized to give
expanded beads. The expanded beads are then crosslinked

10 by irradiation with radiation. The crosslinked,
expanded beads are then bonded and molded into various
articles as previously described with respect to other
methods. Additional teaching can be found in U.S.
Patent No. 3,616,365 and the aforesaid publication by

15 <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
processes. One process uses a crosslinking agent, and
the other process uses radiation.

20 The expanded structure of the invention can be
produced in the form of a burn stock by a process
comprising mixing the ethylene copolymer composition
(d), (A'), (A") or (A"') with a crosslinking agent and a
chemical blowing agent to prepare a slab, heating the

25 slab of the mixture to crosslink the polymer material by



F- 1493/ SF- 605 235 peroxi de, [err],

[err]'-di (butpbpesaxgyrdesopropyl benzene, di-t- butyl peroxide and
2,5-dimethyl-2,5-di-(t- but yl per oxy) hexane. Preferable is dicunyl

per oxi de. Addi tional teaching on the organic peroxide crosslinking 5
agents is found in the aforesaid pub%ksation (pp. 198- 204) by C. P.

Par k. The crosslinking wt he radi ati on can be carried out
by the use of any of conventional radiations. Exanpl es of usefu
radiations inghudergLeeinRinbeagind 4id rd Geddishsd Bl pidysnaX rays and
neutron. In the radiation crosslinking, 1t is believe tﬁat pol ymer

e AR St 2 i o

are crosslinke 0 one anot her. radi ati on

crosslinking ie§cpfa88.ngh%zsigﬁ. af oy esgish %%%C%%agd%%gdo%yégﬁﬁeéggﬁggé) by

C. P. Park. SOMe processes ucing € ructures

of the inventign hysi cal _blow ng_age an .b ._enpl oyed. _The

physi cal b|owP%gp5§8%P§eiﬂ%¥u§% %#%ﬁéh%?f& eﬁﬁ%§mﬁﬂfl§gg§tgg5%8rWnorganic
bl owi ng agfnt%. Pﬁeferred 20 exanples of the inorganic bl ow ng agents

i ncl ude cat bo*F-ReTPERAIELMi trogen, argon, water, air and helium

Exanpl es of the organic blow ng agents include aliphati hydr ocar bons
having 1 to 9 carbtn<aP8 }Mkﬁthéi&Tﬁﬁmﬁ et cam ke pFofucsdsb¥ar bon at ons

and conpletely or _partiall 25 hal ogenated hydrocarbons_having 1 to 4
car bonrrgt ons. )J(.rradgatg.lng_ §Z§g}3§p§%o§1§et with }}/igh—energysbeaét/ll og by

heating a polymer sheet containing a chemical
crosslinking agent. The crosslinked polymer sheet is
10 cut into a desired shape and impregnated with nitrogen
of high pressure at a temperature of not lower than the
softening point of the polymer. Then, the pressure is
released to form nuclei of bubbles in the sheet and to
perform some degree of expanding. The sheet is heated
15 again at low pressure and a temperature.not lower than
the softening point of the polymer. Then, the pressure
- 1s released to expand the sheet and thereby produce an
expanded product.
The blowing agent useful for producing the expanded
20 structure of the invention is, for example, a
decomposable chemical blowing agent. The chemical
blowing agent is decomposed at a high temperature to
generate gas or steam, and thereby the polymer is
expanded to produce an expanded product. The chemical

25 Dblowing agent is preferably in the form of a solid so as



236 Exanpl es of the aliphatic hydrocarbons include nethane,

et hane, propar@;148 8B5S i sobut ane, n-pent ane, i sopent ane and
neopent ane. Exanples of the fatty al cohol s i ncl ude net hanol, ethanol,
n- pr opanol and 5 isopropanol. Exanples of the conpletely or partially
hal ogenat ed al i phatic hydrocarbons i ngdgde fl uor ocar bons

chl or ocarbons and chl or of | uor ocar bons. Exanpl es of the fluorocarbons
i ncl ude nethyl fluoride, per fl uoronet hane, ethyl fluoride,

1,1 -difluoroettgnse ddksily HES H2a)dedl which- thief budynet haseef i C- 143a) ,
1,1, 1, 2- tetrafl uoroethane (HFC-134a), pentafl uoroethane,

di f1 uor onet hangxarstdd USF aaid aitamiad- dilbliagoRgepaseinclude
1,1, 1-trifluoropropane, perfluoropropane, di chl or opr opane,

di f | uor opr opangzodesd e aRHAN & A i sbButRebhli @i oeycl obut ane.  Exanpl es
of the partially hal ogenat ed chl orocarbons and chl orof | uorocarbons for

use in the invggﬁééﬁbgﬁmidg¥afg§ﬂagi @hlgori de, nethyl ene chl ori de,

ethyl chloride, 1,1,1-trichloroethane, 1, 1- di chl oro-1-fl uoroet hane

gﬁ?ﬁf%é?%?ébré%%%%éﬁé?%?%&%ﬁéﬁyléa%?f%%%%%}?%?gﬁ%?EEF;}g?gzErifIuoroethane
e e s
| ncl ude i chl grMRAGLLUAFOTPLDAG HUEG=Hekrephinadasithgl Ol ] vor omet hane
) dinitrosopentamethylenetetrémine, 4,4~
oxybis (benzenesulfonylhydrazide) and
10 trihydrazinotriazine. Preferable is azodicarbonamide.
Additional teaching on the chemical blowing agents is
found in the aforesaid publication (pp. 205-208) by C.P.
Park, "Polyolefin Foam" by F.A. Shutob, and "Handbook of
Polymer Foams and Technology" (by D. Klempner and K.C.
1S Frisch, Hanser Publishers, Munich, Vienna, New York,
Barcelona (1991)).
In the blending with the polymer material, the
chemical blowing agent is used in an amount enough for
generating gas or steam of 0.2 to 5.0 mol, preferably
20 0.5 to 3.0 mol, most preferably 1.2 to 2.50 mol.
The crosslinking agent useful for the production of
the expanded structure of the invention is a peroxide.
Examples of the peroxides include 1,1-di-t-butylperoxy-
3,3,5-trimethylcyclohexane, dicumyl peroxide, 2,5-

25 dimethyl-2,5-di(t-butylperoxy)hexane, l-butylcumyl



237 trichlorotrifluoroethane (CFC 113), 1,1, 1-

trifl uoroet FEmMddWSEH-$ uor oet hane, di chl or ot et r af | uor oet hane
(CFC-114), chl or ohept af | uor opr opane and di chl or ohexaf | uor opr opane.

5 The amount of the bl ow ng agent added to the nolten pol yrer
material for preparing the expandal@3s pol yner gel is in the range of
0.2 to 5.0 nol/kg-pol yner, preferably 0.5 to 3.0 nol/kg-pol ynmer, nore
preferably 1.0 to 2.50 nol/kg-polynmer. 10 The expanded

structure ofpdhgkidwent,ion-didutylperoxil) @S sbbrbpgeBehk¥neasaieasur ed by
the nethod A of ASTM - D-2765-84, of 5to 90 % nore preferably 30 to

density of 12 PErEEBRCH 2 SEHEERE B8 RN PEL 00 "2 P han 250
L At o i 51
T T
structurg of29$S ﬁféﬁ%%ﬁﬁpﬂfgfgﬁaﬁﬁﬁréﬁﬁgéiHgblicat§é¢09%ﬂ'é@f 3in

anmounts of nore than 90 % when neasured by ASTM D 2856- A.
Into the exdﬁ%ﬁbdxéf?d%tﬁﬁgkbf the invention, 25 various additives can be
i ncorporated. Exanples of the F- 1493/ SF- 605

The crosslinking with the radiation can be carried

out by the use of any of conventional radiations.

Examples of useful radiations include electron beam, B

10 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
are crosslinked to one another. Additional teaching on
the radiation crosslinking is found in the aforesaid

15 publication (pp. 198-204) by C.P. Park.

In some processes for producing expanded structures
of the invention, physical blowing agents can be
employed. The physical blowing agents include organic
blowing agents and inorganic blowing agents. Preferred

20 examples of the inorganic blowing agents include carbon
dioxide, nitrogen, argon, water, air and helium.
Examples of the organic blowing agents include aliphatic
hydrocarbons having 1 to 9 carbon atoms, fatty alcohols
having 1 to 3 carbon atoms and completely or partially

25 halogenated hydrocarbons having 1 to 4 carbon atoms.



238 additives include inorganic filler, stability control ling
agent, nucl eafFi-0g9agsRt5060l or ant, anti oxi dant, acid scavenger,
ultraviolet |ight absorber, flame retardant, processing aid and
extrusion aid. 5 Gasket The gasket conprises the
et hyl ene copol yner conposition Qé%, (A"), (A") or (A""). The gasket
has an ability of conpression sealing of various containers 10

wi t hout contam nating the contents. The novel gasket mat eri al

di scl osed in EhasmpIBaChE €Akl 8NibBa®ic hep@fddarbons PdIEle akknaha,
containers for |iquids. . Some gaskets need to resist tenperatures

hi gher T haRaheoMpt-epRaLat HLBy £ AROUt i Lombeddd On-ditugl, for a short 15
period of time, especrally when they are used for "hot fill". For
exanple, if a ' i equj be ject rilization, a
gasket havingqgégéhg%ﬁg anf Hggéﬁgt%?enotEfﬁﬁﬁgﬁg?ﬁgﬁt%%b g? ]C must be fit
to the a%tl'c‘éh%isTEﬁE%g&%eme@p&‘? YreLoshdAble 5o e usg 20
application can be Sel ecte y selecting a density appropriate for the
envi ronne r sket i S& The _gasket .can be

pr oduced g% gg%ﬁ ﬁ%ggn%?herhxaapl%%l3#E§é?Vﬁ?WP%?EE&%|Jr %5%&F&%V t he

ethyl ene copolyger 25 comasition (A Adas (Ad1fe (A) according to

t he

fluorocarbons, chlorocarbons and chlorofluorocarbons.
Examples of the fluorocarboﬁs include methyl fluoride,
perfluoromethane, ethyl fluoride, 1,l-difluorocethane

10 (wFC-152a), 1,1,1l-trifluorocethane (HFC-143a), 1,1,1,2-
tetrafluoroethane (HFC-134a), pentafluoroethane,
difluoromethane, perfluoroethane, 2,2-difluoropropane,
1,1,1-trifluoropropane, perfluoropropane,
dichloropropane, difluoropropane, periluorobutane and

15 perfluorocyclobutane. Examples of the partially
halogenated chlorocarbons and chlorofluorocarbons for
use in the invention include methyl chloride, methylene
chloride, ethyl chloride, 1,1,1l-trichloroethane, 1,1-
dichloro-1-fluoroethane (HCFC-141b), l-chloro-1,1-

20 difluoroethane (HCFC-142b), chlorodifluoromethane (HCFC-
22), 1,1-dichloro-2,2,2-trifluoroethane (HCFC-123) and
l-chloro-1,2,2,2-tetrafluorocethane (HCFC-124). Examples
of the completely halogenated chlorofluorocarbons
include trichloromonofluoromethane (CFC-11),

25 dichlorodifluoromethane (CFC-12),



239 final use properties required. The other polyners are

thernopl astic polLlypBySF{60%®., nelt-processable pol yners), and exanpl es
t her eof include polynmers such as hi ghly branched | ow density

pol yet hyl ene, ununiformy 5 branched |linear |owdensity polyethyl ene,

et hyl ene vi nyl acetate copolynerf gnd et hyl ene/acrylic acid

copol yners. Al t hough the gas%et produced fromthe ethyl ene

copol ymer conposition (A, (A), (A") or (A'") nust have har dness hi gh

enough for resksibAYcLOFPL 58 At hdndUdrc-hd 3)have 1s@tt ness hi gh enough

for formng an appropriate- seal . Therefore, if the polymer is nmade to

have har dpes #1894} babhend O pdies xRS gaSket s can be

produced. In the present specification, t ardness is nmeasured as

"Shore A hardn . .- " > 14 s4measured in accordance with
aiﬁglgﬁoté'@%éﬂpoﬂﬁé&%% (cFE2114)

ASTM D- 2240) . ore ar ness of the et'hyl ene copol yner

comost Lo (Abgldecaer kA S e Lorpoich e, LheoGaskanl o 1

t he range en a petroleumo
general Ty, 34050 1 01 3hReRALAOSE: nd UELG UL co”fne ol [ oo
ctnylene oopo eSRREELILED LA ol Mdhing. e Aibellpt pbughls 1LY ES
agent 25 (e.g,.;grucapide),, antiz b opking qognt 4nd Bhgent. can
preferably 0.5 to 3.0 mol/kg-polymer, more preferably
1.0 to 2.50 mol/kg-polymer.
10 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 %.
The expanded structure of the invention has a
density of less than 500 kg/m3, more preferably less
15 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
preferably 1.0 to 2.0 ml, most preferably 0.2 to 1.0 ml.
The expanded structure of the invention can be a
20 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
by ASTM D 2856-A.

Into the expanded structure of the invention,

25 various additives can be incorporated. Examples of the



240 be added in amobunts not detrinental to the inproved

properties quyh§gygﬁugmgesent appllcants The gaskets may be in
vari ous shapes including " ring” and flat seal (e.g., "filmlike"

gasket having a 5 thi ckness suitable for the intended use).

Exanpl es of suitable final uses incl cap liner for beverage, cap
liner for hot fill juice, poly yl ene cap liner, netal cap liner,

hi gh-density pol yet hyl ene cap Iliner, gasket for wi ndow gl ass, seal ed

10 cont ai ner, &?%i‘pegs oggcl[h@enl&[%on:g%{ugeq SkE%l:gBillt filter el enent,

gasket for pressure exh easy fwist of f cap,
gasket for el ectro m cal batteré_%,l gas'an% far refr gerat or, gasket of

gal vani c nsgkeatgefnbt Iné‘laclg'ﬁF vva't:erof)?% f sheet, 15
reusabl e gasket tic c k-1i ke mater t hi el ect ronic
nenbr ane sepata tltlo‘?’y %eﬁc& AHBY PG er Pér%ré"mieai Sbg‘a%s%‘%?°¥%?r'a| cohol
bever age bott%e cap, freez resi stant. se n asket for plastic
ol di ng, RS Gt PGS LS80 B Ao SR SKERI S baR bt bl pe 20

joint, sokt magnetic plastic, pipe joint seal, integral

weat her -ré&si stant plastic cap, electric power hinge, magnetic faced
foamed article, jar ring, soft gasket, gl ass seal, sealing liner for
t anper proof, pre applicator, integral structure of bottle cap

and straw, F- 1493/ SF- 605 241
The gasket comprises the ethylene copolymer

composition (A), (A'), (A") or (A"'). The gasket has an
ability of compression sealing of various containers
10 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
15 period of time, especially when they are used for "hot
fill". 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
20 application can be selected by selecting a density
appropriate for the environment where the gasket is
used.
The gasket can be produced By combining other

polymers with a useful amount of the ethylene copolymer

25 composition (A), (A'), (A") or (A"') according to the



| ar ge- si zed seasoning bottle liner, nmetal cap for apple sauce or sal sa
jar, jar forFHARB A&, and crown cap. The gasket produced
fromthe ethylene copol yner conposition (A, (A), (A") or (A"") has a
nunber of 5 advant ages especially when it is used for foods. For

exanpl e, there can be nentioned thg3®ll ow ng advant ages: taste and
odor are nore inproved as conpared with the case of polyner gaskets
general ly used at present, such as gaskets of ethylene/vinyl acetate
10 copol ynefixahdhss iprogertfi@dsaresuisiedat eSheuohhas polymenos yaetdyl ene
terephthal ate and glass irs low, and this is effective for |owering
torque to retiyandgliasair fgdlyndis (i.e.Semkdd-pootasasiblet he anount of the
extrudate is snall, and this is effective for foods fromthe vi ewpoi nt

of 15 obsepyBRferHf, rale exafies ehereofoAnpolide pubghens eSuch assuch as
pol ypropyl ene and hi gh-density pol yet hyl ene (e.g., polyethylene

(l'inear honoREEHTRIBrHcHdd edw-dens i¥URLIQerBg1BhaN- densi fyrwo} yet hyl ene)
is good; barrier properties to oxygen, carbon dioxide and water are

20 sati sf achpiyenddier {Rddd NbwRAds ity %bgk}aehﬁeﬁermaesﬁylene vy the
pol ymers generally used at present, such as et hyl ene/ vi nyl acet at e

| ; . . . . : .
COpol yIer S é&éﬁé\?%ﬁcéﬁés‘&cyéneﬁ)sera%ﬁa% %n'e?a&%@mgcﬁéﬁcé‘&péfﬁﬁ%&nce IS

good; and n nged, and this is effective such 25

24(2:6156 t_hat the k@im Oéhé rb%s@é%(gro%‘éga %goﬂethe ethylelszé 1493/ SF- 605

copolymer composition (A), (A'), (A") or (A"') must have
hardness high enough for resisting compression, it must

10 have softness high enough for forming an appropriate
seal. Therefore, if the polymer is made to have
hardness suiltable for the use, various gaskets can be
produced. In the present specification, the hardness is
measured as "Shore A hardness" or "Shore D hardness”

15 (measured in accordance with ASTM D-2240). The Shore A
harness of the ethylene copolymer composition (A), (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 of lowering the hardness

20 of the used polymer and the resulting gasket, is not
used.

To the ethylene copolymer composition (A), (A'),

(A") or (A"'), additives, such as antioxidant,
phosphites, cling additives (e.g., PIB), slip agent

25 (e.g., erucamide), anti-blocking agent and pigment, can



rai sed or | owered dependi ng upon the torque required for seal i ng of

t he cont ai nerr-aa@3t/fleEr-atter nal pressure of t he cont ai ner.

Vari ous techni ques for producing the gaskets 5 include those disclosed in
U S. Patent No. 5,215,587 (McConnel | ogue et al.), U S. Patent No.

4. 085, 186 (Rai ner), U S Pateaa{go. 4,619, 848 (Kinght et al.),

U S. Patent No. 5,104,710 (Kinght), "U'S. Patent No. 4,981, 231
(Kinght), U'S. Patent No. 4,717,034 (Munford), 10 U.S. Patent hb

3,786, 954 (St ldaadd Sn RaicemtsNaot detnﬁeazal%é thelfgrasat al.) US
Pat ent No. 3,493, 453 . (Ceresa et al.), U S Patent , 183, 144

(Caviglia), {gihEd, U.S. P tent No.
4,984, 703 (Burzofr?r%]) Js. Pg’?ke)ﬁthél\gggsgﬁf %ig‘l‘i%@g' (Cavi gl ?aﬁan u.s.

Pat ent No. 4,939, 83 , t 1%§ﬁ] (er) and
U S. Patent hb (é?gﬁﬁgsgggysﬁe éﬁ)va?§58§ sﬁQ%%é et é#g?ﬁed in the
present speci b SO p C y r tting an
ext ruded ZO:JIﬁgtt or I%t sﬁél e hrbmmkﬁ§#n$g%§st§§%$%%gﬂﬁgg¥f%b5|on
coated fi ordlnar tec n|q filmstructure is
al so suit ble%? 510t g? lnp‘gnélsc sed herein, and the

et hyl ene copol yner. Sltl

rodu0|n e gﬁé
A' A’ 153 cont ai ned
in at |east one fgcanf &r 9 fgrsé’flé—’la‘g%% )fiiﬁgslﬁdésf yer ?ud%) Ef#ougrhet into
F- 1493/ SF- 605 % f
for beverage, cap liner for hot filIl juice,

polypropylene cap liner, metal cap liner, high-density
polyethylene cap liner, gasket for window glass, sealed

10 container, sealing cap, gasket for medical device,
filter element, gasket for pressure exhaust, hot melt
gasket, easy twist off cap, gasket for electrochemical
battery, gasket for refrigerator, gasket of galvanic
cell, gasket for leakproof cell, water-proof sheet,

15 reusable gasket, synthetic cork-like material, thin cell
electronic membrane separator, magnetic rubber material,
disc gasket for alcohol beverage bottle cap, freeze-
resistant seal ring, gasket for plastic molding,
expansion joint, water stop, corrosion-resistant pipe

20 Jjoint, soft magnetic plastic, pipe joint seal, integral
weather-resistant plastic cap, electric power hinge,
magnetic faced foamed article, jar ring, soft gasket,

glass seal, sealing liner for tamper proof, pressure

applicator, integral structure of bottle cap and straw,



contact with the article) of the nmulti-layer structure. A foam

nultl-layer ga§kf4 Tpiaddy ng the ethylene copol yner conposition (A,
(A), (A") % is al so useful in the present invention. 5

Ext ruded art | cI e The extruded articles include extrusion coated
articles, articles in the form of extei#lﬁed profile and extrusi on cast
films, and they conprise the et hyl en copol yner conposition (A, (A),
(A") or (A""). is p055|ble to bl end the ethylene copol yner

the use of the Tt i

produced. Further, a 15 structure sealant an_adhesi ve Iayer or
Btie | ayeRuarhEkidetes 'Faa%%a L BEBESE551 SRBai FYfngrown Cap

processability, filmstre heat se |ng rop r adhesi on
properties, the ethi# %ﬁ%a%%%ﬁ) et ¥ tgﬁ ERT, C?ﬁ@? YMRR") or
(A"") can be blended with 20 oth | yme The et hyl ene
copol ymer conp®IFRPHHE % (%V¥)(A(U¥)(A ) OrbﬁA(A9 jlagad PEmBeECHf t er
chemi cal |l y and/or physically nodi fied. The nodification can be
achi eved by angdxapwRoes espeinhlguehemoritedgnpised £8RoARPES at | BPF and

extrusion 25 graft nodification. F- 1493/ SF- 605
244 example, there can be mentioned the following

Comest1on (A L8 d A4 o L SO, PRLERE o e LSS, O

advantages: taste and odor are more improved as compared

with the case of polymer gaskets generally used at

present, such as gaskets of ethylene/vinyl acetate

10 copolymers; adhesion to polar substrates such as
polyethylene tefephthalate and glass is low, and this is
effective for lowering torque to remove the cap from the
sealed container; the amount of the extrudate is small,
and this is effective for foods from the viewpoint of

15 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 polyethylene) is good; barrier
properties to oxygen, carbon dioxide and water are

20 satisfactory; the melting point is higher as compared

with the polymers generally used at present, such as

ethylene/vinyl acetate copolymers; stress crack

resistance is good; chemical resistance is good; and

hardness can be changed, and this is effective for such

25 a case that the hardness of the gasket needs to be



In the present specification, the term"drawdown" is defined to have
meani ng t hat Fthe9dapsFe60pol ynmer extrudate (web or filanent) is drawn
or stretched in the machi ne direction or sonetinmes in the transverse
5 direction (at the same tine, though at a |low | evel). In the
present specification, the tern1"ne§h in" is defined as a difference
between the die width and the mﬁgth of the extrudate at the take-off
position or the final width of the article. The neck-in is influenced

10 by the expansionyof kB8 xbspsied At td’fggaclcrﬁ Y ddnsUikatéred £okeNsi on

thereof, though the influence of the sur e tensionis small. It is
vel | known tgé:éfl’iﬁs %?Egéggontain@ﬁ%d vl 4 drdta C%E%%@ﬁ&eOESEPUt) i s

constant even rawdown rate is increased Or the ne in val ue
is 15 IomeEﬁg g@hgagﬂgggase of the drawdown rate, and that the
neck-in value of ordinary ethylene polymers is generally i ncreased as

the mol ecul ar vei ghihs! PUELEEGANE Br BroquaiddRHIPIBGHERL Vel aht

distribution is narrowe ylFene copol yner comnposition
A, (A A’ A" LEI i 0%l t
éhéspgitg%, ggfgadédgﬁ?%eeglf%iggééLﬁ%;?'§¥g%ﬂ%%?ggk%g kgig’ssztrade name,
ilable f d i t I t d fill be added
amounts not | qEPFPREREAPeRa St L, fo B BRSRRIoMR ‘ard OB 1e00t ant ral Ly

| ower ed neckl 28 (1689 BYcLRE 5 SOF N1 SREld Al BELRSY, a0ditives

U.S. Patent No. 5,104,710 (Kinght), U.S. Patent No.
4,981,231 (Kinght), U.S. Patent No. 4,717,034 (Mumford),

10 vU.s. pPatent 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.
4,984,703 (Burzynski), U.S. Patent No. 3,414,938

15 (caviglia), U.S. Patent No. 4,939,859 (Bayer), U.S.
Patent No. 5,137,164 (Bayer) and U.S. Patent No.
5,000,992 (Kelch).

The gasket claimed in the present specification can

be also produced by pouching or cutting an extruded

20 sheet or film (e.g., blown film, cast film and extrusion
coated f£ilm) using ordinary technigque. A multi-layer
film structure is also suitable for producing the gasket
disclosed herein, and the ethylene copolymer composition
(A), (A'), (A") or (A"') is contained in at least one

25 layer (preferably inside layer to be brought into



i nprove anti-bl ocking properties and friction coefficient
characteri stigs) £, & gsiled to the ethyl ene copol yner conposition
(A, (A), (A") or (A""). Exanpl es of such additives include untreated
or treated 5 silicon dioxide, talc, calciumcarbonate and clay, as

wel | as primary, secondary or substii# ed fatty acid am des, w thout
limting thereto. It is al so possi to add rel ease agents for
cooling rolls and silicone coating agents. Furthernore, other
additives to [nprove .. : i- ing rties.of _trangparent cast filns
can be a#%tgﬁge%s%s%%ﬁ%gfqb# ?’ glr é“&ég%fil g?}[fi?e%g%ﬁ&fé\rg’ uU. S

P No. 4,486, 552, ddi ti, h t
amoni um compbuRIRR Tt oh [HTo ket SRRt theoBERYIERe o the | ayer,

profile and filmof 15 the jnventiqn and nmake it possible, to package
articles CeRA Y‘E“F’F/ec?rﬁp%?rjetc‘t%n‘lsl\ or%tAo Jpr oBude® hz'?h taks iRl SRided
singly or in conbipation with ethylene/acrylic acid (EAA) copol yners

or other functF®hal HolyfrRresent inventyeR .y ti-|ayer structure

cont ai ni n% the ethylene 20 copolyner conposition (A, (A), (A") or (A"")
may be produced by any known neans such as extrusion, | am nati ng
and a conbination thereof, The ethyl ene copol yner conposition (A,
(A), (A") or (A"¥X3 uded a able also in a coextrusion process, and

inthis 25 case, a material _exhibiting higher drawdown is all owed
F- 1493/ SF- 605 The extruded articles incluglggextrusion coated

articles, articles in the form of extruded profile and
extrusion cast films, and they comprise the ethylene
10 copolymer composition (A), (A'), (A") or (A"').

It is possible to blend the ethylene copolymer
composition (A), (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

15 structure (e.g., a sealant), an adhesive layer or a tie
layer can be formed. For the purpose of modifying
processability, film strength, heat sealing properties.
or adhesion properties, the ethylene copolymer
composition (A), (A'), (A") or (A"') can be blended with

20 other polymers.

The ethylene copolymer composition (A), (A'), (A")
or (A"V) can be used after chemically and/or physically
modified. The modification can be achieved by any known
technique, for example, ionomerization and extrusion

25 graft modification.



to substantially "support”™ one or nore materials exhi biting | ower

dr awdown. F-1493 /8pe.g@ishyl ene copol yner conposition (A, (A), (A")

or (A"') can be used for the production of extruded 5 filnms, extruded
profiles and extrusion cast filns i ndependent of the single-I|ayer
structure or the nmulti- | ayer S?S‘ﬂﬁture. When t he et hyl ene copol yner
conposition (A, (A), (A") or (A"") sed for the coati ng purpose
or the purpose of formng a nultl-layer 10 structure, the substrate or the

adj oi ning layer My (€ che prilcdh 3beB2P;BaLR6n, BXAIPLEN Malhfaibst rat es

I ncl ude paper proéﬁct? metal S, ceram cs, glass, various pol ymer s
\(/VIP'?F]E):J;:U: ﬂnl %/I n.g I egle 4 Q%h)ﬁ%%l 2%?%398 pro?' ?H%Iggin&%gs%rgﬂessed into
AU or, TR R afpatiViB kit oy Ml (R ene 1"
ext U, on cast FEEY ”?‘;ﬁ %aﬁ@eavrbﬁowﬁs%éa’ i %ﬂ%“%ﬁéﬁ S opotymer
and i ndustrpal & (A'%mw@;p ek Bife” Bhoi3s &8 0w Levallos) 'S 05
24t The p'npeth%"%%résse%% e A MR B PLOR Sl e 1
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
10 by 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 1is increased or the neck-in value is
15 lowered with increase of the drawdown rate, and that the
neck-in value of ordinary ethylene polymers is generally
increased as the molecular weight is lowered and/or as
the molecular weight distribution is narrowed.
To the ethylene copolymer composition (A), (A'),
20 (a") or (A"'), additives, such as antioxidant,
phosphites, cling additives (e.g., PIB), Standostab PEPQ
{trade name, available from Sandoz), pigment, colorant
and filler, can be added in amounts not detrimental to

the high drawdown and the substantially lowered neck-in

25 found by the present applicants. Further, additives to



et hyl ene copol yner conposition (A, (A), (A") or (A""). The

si | ane-nodi fi edFpL48i3iIcEF €@®5 be prepared by addi ng a radical generator
and a silane conmpound to the 5 conposition (A, (A), (A") or (A""),

m xi ng them by an appropriate m xi ng machi ne such as Henschel m xer,
and kneadi ng the m xture under heg%ﬁng at about 140 to 250 [err]C
to performthermal grafting. e radi cal generator for use in the
silane 10 nodification is preferably 2,5-dinmethyl-2,5-bis(t-

but yl per oxy) hexafgrodeSaflt PEbIYdkZnd hdderties adid ¥irRetexu) hexyne-3 or the
l'i ke. The silane conmpound for use in the silane nodification

is preferably acgkkaneisRAPONSELEEM 1ML 1dD c BRNIAHIIREOUBS thaPabhg1 &fie bei Ng
hydrol yzed, such as a term nal vinyl group and an al koxy group, and

the silane IPQERdcbRpfed 1S4l &) Y f er@blyy A
V|nyltr|nethoxy§? a%gﬂ vi%ym%rlethoxy§$lan@{§r Jhe)loﬁ ( - The

pi pe is obtaine ﬁégsai; Eﬁéﬂ%&dm&?sd il udy ?’gﬁ%ﬁ%ﬁf B§ AFFeated

si l ane-nodi fi ed product o conposi tion

To the nl ded lglceﬁogyssndaé S0l LANIEN AR AR ahust1Lg, gged an
t he nol ded produc I's formed I hto a pi p€ genera Iy usi

form ng nmachi ne el 248

As the silanol con ehgab T ohn %% ?yg@yﬁ%%ror suk con v angthgn%Sbﬁd

generally used asl eg?talgﬁoutoilmiting thereto. It is also possible

to add release agents for cooling rolls and silicone
coating agents. Furthermore, other additives to improve
10 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 guaternary ammonium compounds, which improve
antistatic properties of the layer, profile and film of
15 the invention and make it possible to package articles
sensitive to electrons or to produce them, can be added
singly or in combination with ethylene/acrylic acid
(EAA) copolymers or other functional polymers.
The multi-layer structure containing the ethylene
20 copolymer composition (A), (A'), (A") or (A"') may be
produced by any known means such as extrusion,
laminating and a combination thereof. The ethylene
copolymer composition (A), (A'), (A"™) or (A"') is
employable also in a coextrusion process, and in this

25 case, a material exhibiting higher drawdown is allowed



rd

accel erating dehydrati on condensati on between sil anol groups is

enpl oyabl e. 1E-34935i40% that the sil anol 5 condensation catal yst and
an unnodi fied |inear pol yet hyl ene are used to prepare a master batch,
t hen the master batch is dry blended with a silane-nodified

| i near polyethylene by a m Xxing machigqg such as Henschel m xer or
V-type bl ender, and the blend is nolded into a 10 pi pe. . The

pi pe produced as above is generally brought into contact with

noi sture in viad esubstarari aldgor suppatt” one aknmepbengr&fidigh hunmidity at
about roomtenperature to’ 130 [err]C for about 1 mnute to 1 week,

wher eby si | arexhils toimes Slowdld draw@aehi.on proceeds owing to the silanol
catal yst, and a crosslinked pipe is obtained. To the pipe,

addi tives, such asrHealtisilabid icepolymer céfbbs28idd BOENt ¢a MeAt hor)i ng
stabilizer, hydrochloric aci d absorbent, |ubricant |nclud|ng |nternal

and 20 ext ergwl (A Ubr iceantss WMeBAFCE Ohel BPB&@EE?O}? Hehlerudeq CAI bon
bl ack, flame retardant, antistatic agent- and , can e added.

|nleCt'0”5”D|EE¥%§”(E¥£¥ﬁded proflleg 3A83LRE+00%0n cast %}ms

249 The i njection nol product I's obtalne i njection

nol di ng the %ﬂ&%pﬁ?ﬁeﬁ%?ﬂ%@ CAMBSLLLGD, structd¥e A t)l'ie deor (A7)

The injection no
layer structure. When the ethylene copolymer

composition (A), (A'), (A") or (A"') is used for the
coating purpose or the purpose of forming a multi-layer

10 structure, the substrate or the adjoining layer may be
polar or non-polar. Examples of the substrates include
paper products, metals, cerami;s, glass, various
polymers (particularly, different polyolefins) and
combinations thereof, without limiting thereto. The

15 extruded profiles can be processed into various
articles, and examples 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

20 films produced by the use of the ethylene copolymer
composition (A), (A'), (A") or (A"') are employable for

food wrapping and industrial stretch wrapping.



can be produced by the use of a conventional injection 5 nol di ng machi ne.

As the ol dipg gpndigieues, those hitherto known are adopt abl e.

The injection nolded product is excellent in heat resi stance and
resistance to environmental stress rupture. = 10 El ectric
wire sheath The electri b,re sheath is a sheath (sheath of
outernost |layer) to protect wre o bl e. The electric wre

sh?ath S Produced fromthe 15 et hyl ene copol yner conp05|t|on (A, (A),
(A") or (A"),  1he %é% ESRATY g iR A RN esdu&tvsﬁ gueh as
at heri g

PFat t Ztabl|léer \ ng stabl | zer, carbon pi gnent ,

ane retarda nd a @ t c(whFe sheath

Pﬁs a638 @6c?§%¥fe3% E@¢P¥§H$Qon tlne @ﬁfﬁ#r)' ASTBI %6 8§£o M%of | ess
an ou an abraS| et..,ab

test (JI'S K 7204, T8 A LEe T ¥ ket éﬁr\%%}ﬁ%%l& gSIQB Byrp;naSIIOgOO

tinmes), of not nore tha

256, not ched2f:BguRed fcahgyé (ﬁ ﬁqé)3ﬁsﬁﬁﬁper§§%59ﬁ%ﬁeggtg?%ﬁ???}D

F- 1493/ SE- 605 , 2 Th electrlc
wire sheath EaMPBELBieRUERY biRa @ A"l aR ' gnalmlé%fllguHISW %?5

rocess using the t hyl [ ' !
?A"') gpproprlateem1x1§geﬁ§gw g/such a (ﬁgdgc el(éakeéé ;hd(A ) or

kneading the mixture under heating at about 140 to 250
°C to perform thermal grafting.
The radical generator for use in the silane
10 modification is preferably 2,5-dimethyl-2,5-bis(t-
butylperoxy)hexane, 2,5-dimethyl-2,5-di(t-
butylperoxy)hexyne-3 or the like.
The silane compound for use in the silane
modification is preferably a silane compound having
15 organic groups capable of being hydrolyzed, such as a
terminal vinyl éroup and an alkoxy group, and the silane
compound is particularly preferably
vinyltrimethoxysilane, vinyltriethoxysilane or the like.
The pipe is obtained by crosslinking a molded
20 product of the silane-modified product of the
composition (A), (A'), (A") or (A"'). To the molded
product, a silanol condensation catalyst is added, and
the molded product is formed into a pipe generally using

a pipe forming machine.



The electric_w,re_sheath_has stress crack 5 resistance, abrasion

resi stance aﬁdlflga/ﬁgnﬁgﬁat ure | npact resistance. The .
et hyl ene copol ymer conposition (A, (A), (A") or (A"') can be used in
t he bel ow descri bed high drawdown extrusi on process. 10 The

hi gh drawdown extrusion process is a48rocess in whi ch t he et h_yI ene
copol yner conposition (A, (A), (A") or (A""), or a conposition
cont ai ni ng the conposition (A, (A), (A") or (A"") (sometines
referred to as As thfeshbphadt¢endemgrosidr adtdigss, nafter) is subj ect ed
to 15 extrusion coating on a substrate or to cast film extrusion. The
process conpris¥snthenslepsmpbund generally (ged eadiangagallygemepkasti c
conposition to at | east one extruder, (i) nmelt mxing the
t her mopl ast i eccebpoatingndehydPat fon rediddrenaiinodpaewhetifhaws and

(iii1) extruding the nolten polynmer flow through a die to produce a

maj or web. groups isTamplopabyvenentts ﬁ ﬁd&lﬂ@%bﬁﬁzoﬁﬁﬁssﬁ.ﬁéhgﬁ? In
t hat : F- 1493/ SF- 605

(i) the éitrUdﬁdenﬁaﬁﬂeﬁaéﬁdaﬁys@w&mﬁQn{Qﬁﬁh&ﬁlﬂﬁ@d lineak®€ss than 152
m mn, whereby (a) the web is drawn down on the substrate to coat the

?E;JSt rate \t/)\ﬂbbl?éthﬂéheoﬁﬁe used | @Y Prfadde theLaRPbasthc eqaposition, or
the we

the master batch is dry blended with a silane-modified
linear polyethylene by a mi#ing machine such as Henschel
mixer or V-type blender, and the blend is molded into a
10 pipe.

The pipe produced as above is generally brought
into contact with moisture in water, water vapor or an
atmosphere of high humidity at about room temperature to
130 °C for about 1 minute to 1 week, whereby silane

15 crosslinking reaction proceeds owing to the silanol
catalyst, and a crosslinked pipe is obtained.

To the pipe, additives, such as heat stabilizer,
anti-aging agent, weathering stabilizer, hydrochloric
acid absorbent, lubricant including internal and

20 external lubricants, organic or inorganic pigment,
carbon black, flame retardant, antistatic agent and

filler, can be added.

Injection molded product



5 1is cooled and drawn down on a take-off device to form at | east one
| ayer of ther+he93gd-a6039 c conposi tion and t her eby produce the film
and (ii) in the subsequent use, the substrate thus coat ed
or the filmis transported or put together. 10 By the use of the
present invention, |ower neck-in, 9 hi gher drawdown and hi gher

resi stance to draw resonance é%tenonenon of unstable nelt flow) than
t hose obt ai ned by the use of ethylene polyners prepared using

conventional Zi eghed GfdHoiIn G dee ngahggdifiégaainé %y the present

specification, the term ™drawdown s de to have a neani ng that

the nolten pﬁn%%%ion (ﬂlorl >ng ygat %t@lﬁg?}i%ég%hiﬁgpC&?ggéfmﬂg stretched

in the ne ection or so transverse

direction (at,{he me t.jJe, ugh at | ow.l evel ). In the

pr esent specH)l 'ca&z?g)n', {igetoé gm% n%c‘k- ;I‘ﬁ.e ilglje_cglo elfl?ﬁfg%da%r%d‘b‘f%fer ence

bet ween the die w dth and e web width at the take-off position. The
&t s %i &

neck-in is PR ARG (e B5ansi SnBRVERELRRRT LtRtes t he

surface ensiqf I her eof,,. t hough the in&luence of .the 25 surface tension
O e mo

is small? ITOTEREITARHSRG ¢ ding congitjens ot
252 asured neck-in val ue gﬁt onstant output) is constant even
if the dra TR FOYTH @r&Ea889P5A L Re neck-i n value is lowered with

i ncrease of the drawdown rate, aqg t.hat the neck-in value of ordinary

ethylene_polyner§m?% injectlon molded product 1is excellent in heat

resistance and resistance to envirommental stress

rupture.
10
Electric wire sheath
The electric wire sheath is a sheath (sheath of
outermost layer) to protect wire or cable.
The electric wire sheath is produced from the
15 ethylene copolymer composition (A), (A'), (A") or (A"'),

and if necessary, hitherto known additives such as heat
stabilizer, weathering stabilizer, carbon black,
pigment, flame retardant and anti-aging agent.
The electric wire sheath has a 50 % crack

20 initiation time (Fsq, 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, &0
rpm, 1,000 times), of not more than 10 mg, and an Izod
impact strength (ASTM D 256, notched, measured at -40

25 °C) of not less than 40 J/m?2.



5 generally increased as the nol ecular weight is | owered and/or as the

nol ecul ar wei ght 35 ion is narrowed. In the present

i nvention, to%?k%e‘l@cotr%‘ols%:é?sl on (A, (A), (A") or (A""), additives,
such as anti oxi dant, phosphites, cling additives (e.g., PIB),

St andost ab PEPQ 10 (trade nane, aégd abl e from Sandoz), pignent,

col or ant and filler, can be add Further, additives to inprove

anti - bl ocki ng properti es and friction coeffici ent char acteristics can
be incorporated in r.usi an ated ayer | m Exanpl es
of such additives iﬁ&%&& H&E%&P&ﬂtﬁ C?"?eﬁ?eﬁrg %ﬁj%laOXI de, talc,

cal ci um car bonat e and r’éﬁ1y grl maré secondar%/%
substituted f&ATVRGHP (Té‘é:n‘lsépé‘age ﬁb’éﬂt TPoFsSs usi oql?%g roI | s and
silicone coating agents, w_thout g thereto. Further, other
additives to iEPFg’%‘\Péle SPpodymen G@ﬁ‘PﬁﬁlEFB’Bel‘ es(Bt)y ré‘hs’paﬂ%n‘tA cdst fil ms
can be al so added, as described by, for exanple, N emann in uU. S
Patent No. 4,486, 55 BIAG&THFoMdreoFhepthdRE| §B5ESS cragleh as quaternary
ammoni um cgnpounds, whi ch i nprove antistatic properties of the coated
| ayer and ®he #ﬁﬂkﬁt%efoﬁhqﬁéhQWéﬁﬁﬂéﬁaﬂﬁ@r%? leowneRerenatysssi bl e to
package _ F- 1493/ SF- 605 253
articl es sensitmpach gesisdiane®s, can be added singly or i n conbination
with ethylene/acrylic acid (EAA) copol ymers or other functional
pol ymers. _ ThEh e iitlyenen copopyhpreconpapbsion ofA)Y A) (A'0A" ) (A"0A")
or (A"') can be used in the below-described high
drawdown extrusion process.
10 The high drawdown extrusion process is a process in
which the ethylene copolymer composition (A), (A'), (A")
or (A"'), or a composition containing the composition
(), (A'), (A") or (A"') (sometimes referred to as
"thermoplastic composition®" hereinafter) is subjected to
15 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
20 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:



5 or (A"'") used for preparing the conposition or the article of the

invention is lplLeadabke-soth |inear et hyl ene pol yners and/ or
hi gh- pressure et hyl ene pol yners or is enployable as only one resinous
pol ynmer conponent, i ndependent of a single-layer structure or a

mul ti-layer 10 structure of the rez HFing filmor the resulting coated
| ayer. By bl ending the conposition ( ;, (A), (A") or (A"") with
honopol ynmers or with honopol yners and ot her pol ymers, processability,

fil t th, heat,. ' j 10N i b
mproved 15 (o Reel e mter L AN e o e R KRy

be bl ended w th _th 0 ition_( '), "), or W incl ude
| ow densi ty e:lﬁflse%g%ﬁlgﬁ %rare%%%gﬁéﬁ%%%{r%’%hgéﬁ t)‘he pvféeﬁsslus)r éirla(%"\f\l/- 513% ty

et hyl ene honopol r E et hylene/ vi nyl acetate copolyners (EVA),
20 ethylene/65&%%%yﬁgkggf%ﬁe0580F9ﬁgré?eeﬁ?ﬁ#g§ﬁ§%KW§HQH%§ Iq"a‘a')ét(:f?ﬁ’ﬁlyrn=3rs,
ol efin polyners prepared at.|low to nedium . pressure, such as

pol ybut yl ene ¢ raﬁ’% 'é‘?lﬁyFEﬁH“PBE?fElC ?F’m%‘i’%lfﬁ?’rprbol%(lké (tE'lr"r’ciw&Eﬁ ng

hi gh-density pol yet hyl ene, medi um densi ty pol yet hyl ene, pol ypropyl ene,
25 et hyl ehe/ pfoFPreRe EBRoFARRs IOV neRr2 | bRkt (device to form at

F- 1493/ SF- 605 - 254, pol yet hyl ene (LLDPE)
and ultra | ow'#é§s Ppe lavegopfethy| BReyMoRkASElF GRRASHTLIROEE ed

pol yners, and conbi nati ons thereof. Sui t abl e hi gh-pressure
et hyl ene copolte&eby rerdidse thecdpbhyn@®d prepared by copol yneri zi ng

et hyl ene and at L :
(ii) in the subsequent use, the substrate thus

coated or the film is transported or put together.

10 By the use of the present invention, lower neck-in,
higher drawdown and higher resistance to draw resonance
(phenomenon of unstable melt flow) than those obtained_
by the use of ethylene polymers prepared using
conventional Ziegler catalyst can be obtained.

15 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).

20 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

25 surface tension is small. It is well known that the



| east one [err],[err]-ethyl ene unsaturated conononer (e.g., acrylic
acid, nethacryW+AEi3F-&OSvi nyl acetate), as descri bed by McKinney in
U.S. Patent No. 4,599,392. In t he suitabl e high-pressure ethylene
copolynmers, 10 conononers are contained in the total anobunts of 0.1 to

55 % by wei ght, nore preferably 1.tc>f§é96by wei ght, nost preferably
2 to 28 % by weight. The hi gh-pressure et hyl ene copol yners may be

t hose havi ng been subj ect ed to chem cal and/or physical nodification

such as 15 i Q0ONBFdJ addML 16 MHéJS('aQ”cﬁhéEanDth:bﬁ@I'i?é‘ constant I'n
a preferred polynmer blend, -at | east one ethyl ene copol ymer conp05|t|on

(A, (A), (A J(f‘\ ‘tHe Ic&awdowrp%tt@ nedinandatbe PRSI bR {4, (A)

(A") or (A"") nprises preferably at |east about 5 % nore preferably

20 at |east 3@&{% jjﬁs ’i’cﬂ&ezté@ vﬂ@l’y%rcr@a%@dof the drawdév@ntP %.ﬁdl ayer

coating or fil |nvent|on I"'east ~one conposition (A), (A")

(A or  (Had BY BecOl Yol 0sta G s

nunber. .l n the nu ayer f n1struc

f bl h h 1493/ 605
Das oS A?"%'e}l?%?f’ orife e 5 b S R g
t f d t " ski ' h t
nd t he Seal antigeres the HEILC yermee"ﬁ&tc§r‘rﬁg§ﬁ?}18h°%fl‘f FEAFRORRE on can

be > prepared by P“y£§%“ééﬂgé%é“¥ﬂ¥%dglgﬁ9 |g Ege comp051tlon (A),

(A'), (A") or (A"'), additives, such as antioxidant,
phosphites, c¢ling additives (e.g., PIB), Standostab PEPQ

10 (trade name, available from Sandoz), pigment, colorant
and filler, can be added. Further, additives to improve
anti-blocking properties and friction coefficient
characteristics can be incorporated into the extrusion
coated layer or the film. Examples of such additives

15 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 agents, without
limiting thereto. Further, other additives to improve

20 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 quaternary ammonium compounds, which improve
antistatic properties of the coated layer and the film

25 of the invention thereby to make it possible to package



exanpl es of such neans include tunble dry bl ending, nelt bl endi ng by
conmpound extg-usiosy ger-eisde ar m extrusi on, mul tipl e-reactor

pol ymeri zati on and conbi nati ons thereof. The nulti-layer structure of
the invention can 10 be produced by any known neans, and exanpl es of such
means i nclude coextrusion, |am nati and a conbi nation t hereof. The
conposition of the invention is enﬁﬁg§able al so in a coextrusion
process wherein a nateri al exhi biting higher drawdown is allowed to

substant i al e ke YUBRARLYORE Q1 <EREEAR £5h b3 SHIUPI4100,) Guer

dr awdown. ari ous polar on- substrates

oun. * pol | be
mvent i on | AIESRIEAE P Raeh) AgrElehBreCPhLl: Bha (a0 the O

mul ti-Iayer §§Qg9t%&%.o Ex; t he,substrates include paper
products, nmSiEHE Y™ Eer

| e . Of
_ _ ﬁggé?uﬂFaég?a6a??8%§eﬁ%!yners (particularly,
G oo 2ol ol g gt LEgies L P, LT (1
EXAMPLE ..The present invention js further described with
reference t % hd't'd |‘b%%§°§xaﬁﬁpé§}ngth?tC%%%?th%n or th&nstrued that

the invention is.dinno way limted t 5 _those. exanpl es.
article of theyinventgon gs blendable w{%h linear

ethylene polymers and/or high—pressure ethylene polymers
or is employable as only one resinous polymer component,
independent of a single-layer structure or a multi-layer

10 structure of the resulting film or the resulting coated
layer. By blending the composition (A), (A'), (A") or
(A"') with homopolymers or with homopolymers and other
polymers, processability, film strength, heat sealing
properties or adhesion properties can be improved.

15 Some suitable examples of the materials which may
be blended with the composition (A), (A'), (A") or (A"')
include low-density ethylene polymers such as high—
pressure low-density ethylene homopolymer (LDPE),
ethylene/vinyl acetate copolymers (EVA) ,

20 ethylene/carboxylic acid copolymers, 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,

25 ethylene/propylene copolymers, linear low-density



Properties of the filns were evaluated in the fol |l owi ng manner.

Haze F-149Y/ $@z605as neasured in accordance with ASTMD 10
1003-61. 3 oss The gl oss was neasured in accordance with JI'S
Z8741. Dart inpact strength 15 The dart inpact strength was
measured in accordance with thesgethod A of ASTM D 1709.

Preparation Exanple 1 Preparation of catal yst conponent

20 In 80 liters of toluene, 5.0 kg of silica having been dried

at 250 [err] i@étﬂaﬁaléwr@mpwm&a ape-BBAsity suspension was
cooled to O [err]C. Then,; to the suspension was dropw se added 28.7

liters of a &i;?&ﬂ%ﬁé&é‘)t | Qi Gfell as @REN aburiFnax ?smﬁéxsl arnol/liter)

over a period o hour. During the addition, the tenperature of the
system was ngbqbahdethd hdaidd C. The reaction was successively
conducted at O [err]C for 30 n1nutes Then, : F- 1493/ SF- 605

257 the tengeralyy e ess%qufeo 23, Xhaagl Qosx%%rd% {ﬁ%ﬂf&é 1.5

hours, and at that tenpera e e reactio

hours. Tige t@@E@iﬁﬁé@§*ﬁf§béé§ﬁ]by copolymerizing ethylene and at

least one o,P-ethylene unsaturated comonomer (e.g.,

acrylic acid, methacrylic acid or vinyl acetate), as

described by McKinney in U.S. Patent No. 4,599,392. In

the suitable high-pressure ethylene copolymers,

10 comonomers are contained in the total amounts of 0.1 to
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

15 ionomerization or extrusion graft modification.

In a preferred polymer blend, at least one ethylene
. copolymer composition (A), (A'), (A") or (A"') is

contained, and the composition (A), (A'), (A"} or (A"')

comprises preferably at least akbout 5 %, more preferably

20 at least about 10 % of the polymer blend.

In the multi-layer coating or f£ilm of the
invention, at least one composition (A), (A'), (A") or
(A"') may be contained in any layer or in layers of any
number. In the multi-layer film or film structure,

25 however, it is preferable that the composition (A),



| owered to 60 [err]C, and the supernatant |iquid was renoved 5 by
decantation. wy-1493/sF-6bg resulting solid was washed twice with tol uene
and then resuspended in 80 liters of toluene. To the system 20.0
liters of a toluene solution of bi s(met hyl cycl opent adi enyl ) zi r coni um
dichloride (zZr: 10 14.0 nnnl/liter& g@s dropwi se added at 80 [err] C over
a period of 30 m nutes, and the 5 action was further conduct ed at
80 [err]C for 2 hours. Then, the supernatant | i quid was renoved, and

0 C f _ Then, the supe: d | |
the reminder (a3 vaEhSdoLIEe ) 1 Mibelisans, (hOlANA Sl catalys:

contai ning 3. of "zi'rconi um per of 't he

Preparati on of,_pr i taly . 0 85 Jiters of hexane
contai ning 1. fs%ﬁ%g#égege%grglrggogét% al %ﬁ%u]h?y%q%oﬁig Sé‘]freftraﬁg solid
catal yst 20 .aobtai,ned ove %?d 75 ﬁﬁ%f ¥%fex€ wer e added, and
prepol yner i zatiPFrof 18t BB ohABCT ] H - 357 Frr| C for 3.5
hours, whereby a prepolynerized catalyst containing . 3 g,of

pol yet hyl ene per 17T eo#*?ﬁg §OMPasLht y%f S anéLQﬂﬁ%ﬂqigdbe 25
Ponnerizg%ion In a ¢ontinuous type flujdized bed gas phase
pol yner i za?i oRPTEPEERSt BY, 2BYpSPyREPES AAPRS Iy fde art, and

F- 1493/ SF- 605 ) 258 and 1-hexene was
carried out atX@Relest &F skeBsBeansfipplude tumble dry blending, melt

blending by compound extrusion or side arm extrusion,

multiple-reactor polymerization and combinations

thereof. The multi-~layer structure of the invention can

10 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
exhibiting higher drawdown is allowed to substantially

15 "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
composition of the invention independent of the single-

20 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

limiting thereto.

25



kg/ cn2- G and a pol yneri zation tenperature of 80 [err]C. To the system
were cont i nugisigs 3 egtgne prepol ymeri zed cat al yst prepared above at a
rate of 0.05 mmol/hr in 5 terns of zirconiumatomand triisobutylal um num
at a rate of 10 nmol /hr. During the polymerization, et hyl ene,

1- hexene, hydrogen and nitrogen wer continuously fed to maintain the
gas conposition constant (gas ?g%%osition: 1- hexene/ et hyl ene = 0. 020,
10 hydrogen/ethylene = 9.5X10[err], ethylene concentration = 50 9 .
The yield of the polyner was 4.1 kg/h$¥%¥PLE Ref erence Exanple 1
Producti on of filn1 15 : Usi ng pe of the ethylene/[err]-olefin

copol yner ar at ation
filmwas produced undéﬂﬁgﬁﬁﬁfql nt%gBbo%d???%ﬁégnQ%ECQIbé§!+{€%aving a
thi ckness of x?’é)féfé:{c]énﬂ’@stkfébtﬁl'l%%llﬁb examplbgf | st ope NRhGli g kY the use

of a single-screw extruder diameter: 20 mm[err], L/D = 26) and a

single-slit aidndtMfed that leﬂéeru;v@t%ﬁdusl Qﬁsngfw&ydlﬁnﬂte?dmé@r of 25 mm
alip width of 0.7 nm an air flowrate of 90 1/mn, an

extrusi onsratendde Bxgnplas.a blow ratio of 1.8, a take- off rate of
2.4 mMmn and a nolding tenperature of 200 25 [err]C The results are set
forth in Tables 1 pwuperties of tHexdiifiins Were evaluatéd 1#493¢I8E- 605
following manner.
Haze
The haze was measured in accordance with ASTM-D-
10 1003-61.
Gloss
The gloss was measured in accordance with JIS
Z8741.
Dart impact strength

15 The dart impact strength was measured in accordance

with the method A of ASTM D 1709.

Preparation Example 1
| Preparation of catalyst component
20 In 80 liters of toluene, 5.0 kg of silica having
been dried at 250 °C for 10 hours was suspended, and the
suspension was cooled to 0 °C. Then, to the suspension
was dropwise added 28.7 liters of a toluene solution of
methylaluminoxane (Al: 1.33 mol/liter) over a period of
25 1 hour. During the addition, the temperature of the
system was maintained at 0 °C. The reaction was

successively conducted at 0 °C for 30 minutes. Then,



259 The ethylene/[err]-olefin copolyner (A-1) and high-

pressure | owrek4d3 ASFpidyet hyl ene (D-1) shown in Table 2 were nelt
kneaded in a weight ratio of 96/4 ((A-1)/ (D 1)) and pelletized. Using
the pellets, an inflation 5 filmwas obtained in the same nanner as in
Ref erence Exanple 1. The resuljgyare set forth in Table 3.

Preparati on Exanple 2 Preparation of catal yst conponent

10 In 80 liters of toluene, 5.0 kg of silica having been dri ed
at 250 [err] ghé oferSeotiise Wass SiSRRITIRSD 9B8Ndct bber a pSHSRERE QN 9Mas
cooled to O [err]C. Then,” to the suspension was dropw se added 28.7

liters of a hehteneardlat ithriOfcemperatRidly lchleuicaexann ¢As: 1.33 nol/liter)
over a period of 15 1 hour. During the addition, the tenperature of the
system was nacndatcied Hbr R dodss. Tithe campeaatwas was thencessively
conducted at O [err]C for 30 m nutes. Then, . the tenperature was raised
to 95 [err] Clowered peréddCof ahdsthe supeunatamndliuidatad emgreratdur e t he
reaction was 20 conducted for 20 hours: The tenperature was then

| oner ed to 6bY[@e¢dmabirent he supernatant |iquid was renoved by
decant ati on. The resulting solid was washed tw ce with tol uene
and then resuspenBe® FPSBH-ing stxlist Was wesbedTswike withshalesmes g liters

f t ol | uti f bi , 3-.N- )
DUt 1 ot e confothit reaapSaded IF 80 drichEs: Pfe SPRRERS.  TaUR ol /1 ter)

and 6.0 liteéﬁsgém? é@!&efffé¥glgé(g]é§1uene solution of
bis (methylcyclopentadienyl) zirconium dichloride (Zr:

10 14.0 mmol/liter) was dropwise added at 80 °C over a
period of 30 minutes, and the reaction was further
conducted at 80 °C for 2 hours. Then, the supernatant
liquid was removed, and the remainder was washed twice
with hexane to obtain a solid catalyst containing 3.6 mg

15 of zirconium per 1 g of the catalyst.

Preparation of prepolvmerized catalyst
To 85 liters of hexane containing 1.7 mol of
triisobutylaluminum, 0.85 kg of the solid catalyst
20 obtained above and 77 g of l-hexene were added, and
prepolymerization of ethylene was conducted at 35 °C for
3.5 hours, whereby a prepolymerized catalyst containing
3 g of polyethylene per 1 g of the solid catalyst was
obtained.
25 Polvmerization
In a continuous type fluidized bed gas phase

polymerization apparatus, copolymerization of ethylene
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bi s( met hyl cyql_gpent/agi-gnyl ) zi rconi um di chloride (Zr: 14.0 mmol /liter)
were dropwi se added at 80 [err] C over a period of 30 mnutes, and the
reaction was further conducted at 80 [err]C for 2 hours. Then t he
supernatant 5 liquid was renoved, t he remai nder was washed tmﬁce

with hexane to obtain a solid catal containing 3.6 ng of zirconi um
per 1 g of the catalyst Preparation of prepol ynerized

cat al yst %%Sk)atsef%ﬁ%eﬁeé ReL€oph '96@91 Ioded@lrdfor 20
num

trllsobutylalu e so d cataly obt ai ned above and

ot e e - d a@@téQﬁ o ethyl ese was
ﬁggqﬁgfﬁléﬁg & po@QﬂerlzatP6§p9&ﬁﬂ§E

conduct ed at 3.5 hours, whereby a prepol ynerized

cat al yst COM@A@I@%&% werk Q:fonrtqhbaehalyeﬂ@dpehe1pgepé>1§zrlna:mtdd cat al yst
was obt ai ned Pol yneri zati on In
a conti nuous égﬁg&ﬁéﬂﬂpﬂéﬁﬁié&ﬂibbW& pkagerate ofoby0d®rimal /lan appar at us,
copol yneri zation of ethylene 20 and 1-hexene was carried out at the total
pressure §f 2ferms ok iredrGuanctampandmeriiabbonylehpeizwmrac f 80 [err] C.
To the systemwere continuously fed the prepol ynerized cat al yst
prepared aboverte of rdl emsfl/ (05 Bwelingr the polymesiaat&®nizir coni um at om
and triisobutylalumnumat a 25 rate of 10 nmol/hr. During the

pol yneri zat i oethylene, cktlygxane, hysaegee, 2RdR6GEAIEBAWEFEr ogen wer e

continuously fed to maintain the gas conposition
continuously fed to maintain the gas composition

constant (gas composition: l-hexene/ethylene = 0.020,

10 hydrogen/ethylene = 9.5x10°4, ethylene concentration = 50

%). The yield of the polymer was 4.1 kg/hr.

Reference Example 1

Production of film

15 Using pellets of the ethylene/a-olefin copolymer
(A-1) prepared in Preparation Example 1, an inflation
film was produced under the following conditions. A
film having a thickness of 30 um was obtained by
inflation molding-by the use of a single-screw extruder

20 (diameter: 20 mm ¢, L/D = 26) and a single-slit air ring
under the conditions of a die diameter of 25 mm, a lip
width of 0.7 mm, an air flow rate of 90 1l/min, an
extrusion rate of 9 g/min, a blow ratio of 1.8, a take-
off rate of 2.4 m/min and a molding temperature of 200

25 °C. The results are set forth in Tables 1 and 3.

Example 1



F- 1493/ SF- 605 261 constant (gas

conposi tion: L hexgneieldaygl ene = 0. 020, hydr ogen/ et hyl ene =
9.5x10[err], et hyl ene concent rat i on 50 %, to obtain an
ethylene/[err]-olefin copolynmer (C 1) . 5 Reference Exanple 2

The et hyl ene/a-ol efin copolyner (C1 s nmelt kneaded and pelletized.
Using the pellets, an inflation m was obtained in the sane nmanner
as in Reference Exanpl e 1. The results are set forth in Tables 1 and
3. 10 Exanpl e The et hylene/[err]-ol efl n copolymer (C- 1)
and hi gh- presif'glﬁr eupheged &0y afény ePRGLERET ((A1}) stRfrighTabl e 2

were nmelt kneaded in a weight ratio of 96/4 ((G1)/(D 15 1)) and

pel letized. UpieRputee Wﬂ%lt&nppﬁﬁfﬁéhh’éﬁne (D-1] | shaws obtTael 3 n t he
sanme nmanner as in Reference 1. The results are set forth in
Tabl e 3. we%ff@ﬂeﬁqd@%épll@ 3 erght ratAﬁ %F h$® Ehel fRr¥) L Refin

copol yner (G was obtain in.the nner as jn_Preparation
Exanpl e 1, c@p’t ‘f %ﬂaﬁtltzﬁél gayS&BﬁpB Ft PS Wé§ c%%t+rb¢faetijl% that the
resul ting thy e/ [err].-ol.efi yrrer (C . denS|ty and MFR
shown in T bI e‘L‘Ef 14‘?(5 eth?‘Rﬁ é][ oF@‘fu erc?sf)oﬁm% £EHe was nel t
kneaded and pe%xa&éfé“&. l%ﬂé“%esults are set forth in Table 3.

Preparation ample 2

Preparation of catalvst component

10 In 80 liters of toluene, 5.0 kg of silica having
been dried at 250 °C for 10 hours was suspended, and the
suspension was cooled to 0 °C. Then, to the suspension
was dropwise added 28.7 liters of a toluene solution of
methylaluminoxane (Al: 1.33 mol/liter) over a period of

15 1 hour. During the addition, the temperature of the

| system was maintained at 0 °C. The reaction was
successively conducted at 0 °C for 30 minutes. Then,
the temperature was raised to 95 °C over a period of 1.5
hours, and at that temperature the reaction was

20 conducted for 20 hours. The temperature was then
lowered to 60 °C, and the supernatant liquid was removed
by decantation.

The resulting solid was washed twice with toluene
and then resuspended in 80 liters of toluene. To the

25 system, 5.8 liters of a toluene solution of bis{(l,3-n-
butylmethylcyclopentadienyl) zirconium dichloride (Zrx:

34.0 mmol/liter) and 6.0 liters of a toluene solution of



the pellets, an inflation filmwas obtained in the sane

F- 1493/ SF- 60%_1493/5F-605 262 manner as in

Ref erence Exanple 1. The results are set forth in Table 3.

Exanpl e 3 5 The ethylene/[err]-olefin copolyner (C2) and high-
pressure | owdensity polyethyl ene ( %% shown in Table 2 were nelt
kneaded in a weight ratio of 96/4 (?E )/ (D 1)) and pelletized.
Using the pellets, an inflation filmwas obtained in the same nanner

as N Ref e enee. i PAARA L TS SPYL L ScALAuRRL LA (Al € 3

Ref er ence Ex&ﬁﬁ( in copol'ymer (C 3) was
obtained 441 &f&%ﬁmewasgeagﬁgﬁﬂsgpﬁat ol BARR! Budr gxcept 15

that the gas conposition was contr resul ting
et hyl ene/ a- ol &f ﬁ§dpgﬁobbnﬁﬁn6@é§) BAE Bhe readelGi wadEh¥ERShown in Table

1. The ethylene/[err]-olefin copolymer (C-3) was nelt kneaded and
pelletized. Udddicted ath@oPet!£ds,2 abdA | atrem,f iche wapeehbabned in the
samre 20 manner as in Reference Exanple.1. The results are set forth

I( g gﬂbl edsh_ lhlqu.ld meaTRletiofed, and the Themeimgérneda-walstfdd tudpel yner
- an I gh-
with hexane to obtain a solid catalyst containing 3.6 mg

of zirconium per 1 g of the catalyst.

Preparation of prepolymerized catalyst
10 To 85 liters of hexane containing 1.7 mol of
triisobutylaluminum, 0.85 kg of the solid catalyst
obtained above and 77 g of l-hexene were added, and
prepolymerization of ethylene was conducted at 35 °C for
3.5 hours, whereby a prepolymerized catalyst containing
15 3 g of polyethylene per 1 g of the solid catalyst was
obtained.
Polymerization
In a continuous type fluidized bed gas phase
polymerization apparatus, copolymerization of ethylene
20 and l-hexene was carried out at the total pressure of 20
kg/cm?2-G and a polymerization temperature of 80 °C. To
the system were continuously fed the prepolymerized
catalyst prepared above at a rate of 0.05 mmol/hr in
terms of zirconium atom and triisobutylaluminum at a
25 rate of 10 mmol/hr. During the polymerization,
ethylene, l-hexene, hydrogen and nitrogen were

continuously fed to maintain the gas composition



25 pressure | owdensity polyethylene (D-1) shown in Table 2 were nelt
kneaded in g MRigghsel g0 of 96/4 ((C3)/ (D 1)) and pelletized. Using
the pellets, an inflation F- 1493/ SF- 605

263 filmwas obtained in the same manner as in Reference Exanpl e
1. The results are set forth in Taalﬁ 3. Conparative Exanple 1 5
Preparation of catal yst conponent 6 A solid catal yst conponent was
prepared in the sane manner as in the "preparation of catalyst
conponent " of Prepar ati on anple, 1. _exce that 8.2 Jiters of a
tpluene_solﬁfwﬁﬁagﬁ éﬁp 1F§pﬁpsgﬁbggbu%;?ﬁ%?%?ﬁ%?%?%%gﬁféé%gﬁér)z!rconium
di chl oride (&tdrogen/edhyd iDL/ bi ER1)-MRSLtg2dnkN cBhaERtPAL ZOn O=15d ers of

t he t ol uene sol ution of bis(nmethylcycl opentadi enyl)zirconi um
dichloride (r, t# Huaiwl bhi e@h)ylene/&50lefin copolfti@pay@tijon of

prepol yneri zed cat al yst A prepolynerized catal yst was obtained in
t he sane manner as in Preparation Exanple 1, except that the

solid catal yst conponent obtained in the "preparation of cat al yst
conponen$" rRefld b Fhawe 1 20

Pol ynmeri zati on An et hyl ene/ 1- hexene copol ynmer was prepared in the

The ethylene/0-olefin copolymer (C-1) was melt

kneaded and pelletized. Using the pellets, an inflation
film was obtained in the same manner as in Reference
Example 1. The results are set forth in Tables 1 and 3.
10
Example 2
The ethylene/da-olefin copolymer (C-1) and high-
pressure low-density polyethylene (D-1) shown in Table 2
were melt kneaded in a weight ratio of 96/4 ((C-1)/(D-
15 1)) and pelletized. Using the pellets, an inflation
film was obtained in the same manner as in Reference

Example 1. The results are set forth in Table 3.

Reference Example 3
20 An ethylene/o-olefin copolymer (C-2) was obtained
in the same manner as in Preparation Example 1, except

that the gas composition was controlled so that the

resulting ethylene/a-olefin copolymer (C-2) had a
density and MFR shown in Table 1. The ethylene/0-olefin
25 copolymer (C-2) was melt kneaded and pelletized. Using

the pellets, an inflation film was obtained in the same



same manner as in Preparation Exanple 1, except that the
prepol yneri zrd1423 aggsé0®bt ai ned in the "preparation of 25 prepolynerized

catal yst" nentioned above was used and t he gas conposition was
controlled so that the resulti ng ethylene/[err]-olefin copolymer (A 2)
had a density and MFR ?8%/ SF- 605

264 shown in Table 1. The nel properties, etc. of the obt ai ned
copolymer are set forth in Table 1. The ethylene/[err]-olefin

copol yner (An2dn¥BSz&eld kdeadetd-@ntkample RE! | ez edsyeindybhgepel L ets, an

Inflation filmwas 5 obtained in the same nmanner as 1 n Reference Exarrple

1. The t£gsthtsnargppetaforth in Table 3. Conparative Exanple 2
The ethyl ene/a-ol efin copolymer (A-2) and.high- 10 pressure |owdensity
pol yet hyl ene (D-1) shown in Table 2 were nelt kneaded in a wei ght
ratio of 96/4 ((A-2)/ (D 1)) and pelletized. Using the pellets, an
inflation  Exafplenas obtained in the sane nanner as I n Reference

Exanpl e The results are set forth in-Table 3. arative
Exanpl e eA@%%Y¢%n%é@a?§%il%dﬁ%ﬁﬂéﬁ@ﬁmﬁ§j&ﬂesaﬁeblg -t he sane
manner as in the "preparation of catalyst conponent” of Preparation
Exanpl e 1, eR€é§¥u¥ﬁaf°"1t)d@$}‘%Bérgowetélylme t{&Jdenshewnuinofiableb?s( 1, 3-

were melt kneaded in a weight ratio of 96/4 ((C-2)/(D-
1)) and pelletized. Using the pellets, an inflation
film was obtained in the same manner as in Reference

10 Example 1. The results are set forth in Table 3.

Reference Example 4
An ethylene/a-olefin copolymer (C-3) was obtained
in the same manner as in Preparation Example 1, except

15 that the gas composition was controlled so that the

resulting ethylene/a-olefin copolymer (C-3) had a
density and MFR shown in Table 1. The ethylene/o-olefin
copolymer (C-3) was melt kneaded and pelletized. Using
the pellets, an inflation f£ilm was obtained in the same
20 manner as in Reference Example 1. The results are set

forth in Table 3.

Example 4
The ethylene/a-olefin copolymer (C-3) and high-

25 pressure low-density polyethylene (D-1) shown in Table 2
were melt kneaded in a weight ratio of 96/4 ((C-3)/(D-

1)) and pelletized. Using the pellets, an inflation



dinethylcyclopentadienyl)zirconiun1dich|oride (Zr: 28.0 mol /liter)
was- used in pI ? iters of the t ol uene sol ution of
bls(nethylcyclopen aélenyp§zirconiun1 dichloride (Zr: 14.0 nmol/liter).
25 Preparation of prepolynerized catal yst

F- 1493/ SF- 605 265 A prepol yneri zed
catal yst was obtained in the sane 26@anner as in Preparatlon Exanple 1,
except that the solid catal yst conponent obtained in the "preparation

of cat al yst, .conpone ti,oned above was used.
Pol ymer i zat | on FLLR Was OBkaLEEHy LBnEhe . ReRE Ao Y™ RRESHESS od i n the

sane nmanner rat n Exa excep a

prepolynerlzedE%§F§1 anﬁsnﬁkfhgrep?%fa#%ﬁgh)lQﬁ 35r epol yreri zed .
catal yst" nentioned above was used and t he gas conposition was
controlled so that the resulting et hyl ene/ a-ol efin copol yner (A-3) had

a density and Eﬁﬁmaratgigoﬁ&ahglzaﬁ|e 1. The nelt properties, etc. of the
obt ai ned copol yner are se In Table 1. The 15 ethylene/[err]-olefin
copolymer (#%-3) was nelt k gg_ggglaapih of cﬂl}@ﬂ &ﬂfggl@ kg the pellets, an
inflation filmwas obtained in the same nmanner as in Reference Exanple
1. The resul ts pase1set cheallfskNcd@pblent was prepared in the same
manner as in the “preparation of catalyst component" of
Preparation Example 1, except that 8.2 liters of a
toluene solution of bis(l,3-n-~
10 butylmethylcyclopentadienyl)zirconium dichloride (Zr:

34.0 mmol/liter) was used in place of 20.0 liters of the

toluene solution of bis(methylcyclopentadienyl)zirconium

dichloride (Zr: 14.0 mmol/liter).

15 Preparation of prepolvmerized catalyst
A prepolymerized catalyst was obtained in the same
manner as in Preparation Example 1, except that the
solid catalyst component obtained in the "preparation of
catalyst component"' mentioned above was used.
20
Polvmerization
An ethylene/l-hexene copolymer was prepared in the
same manner as in Preparation Example 1, except that the
prepolymerized catalyst obtained in the "preparation of
25 prepolymerized catalyst” mentioﬁed above was used and

the gas composition was controlled so that the resulting

ethylene/0~olefin copolymer (A-2) had a density and MFR



20 Conparative Exanple 4 The et hyl ene/ a-ol efin copol yner (A-3)

and hi gh- F-Ahessureshow density pol yethyl ene (D-1) shown in Table 2
were nmelt kneaded in a weight ratio of 96/4 ((A-3)/(D 1)) and
pelletized. Using the pellets, an inflation 25 filmwas obtained in the
sanme manner as in Reference Exaﬁ'%l4e 1. The results are set forth in
Tabl e 3. F- 1493/ SF- 605 266

Ref erence Exanple 5 Ethylene/[err]-olefin copolynmers (C5) and

(C6) were ch_obtakned in,{he . in Ref ce Exanple
4, except thats}’toﬁ’g égsg'g%%ﬁogi'ti'gnemrﬁéfgg%%%%ﬁb eQ:cS ot%rhg?‘eeach of the
resulting eth =10 I (o] (G5 (G had a density
and MFR shom%lbﬁﬁg%fiekggbﬂyﬁgp %}%geée§%yf%%%1}[%ﬁ§%r%ﬁ°n %&ol yners (C5)
and (G 6) wer @thylenerel-bliefieadedpblyRereight) rads aelic 6leHidd G2) / (G 6))
and pelletized. Using the pellets (L-1), an inflation 10 film was

obtai ned in tRkR1IAE Z&ENNEUsafgl BhBCHEIESES, an il ¥ilkhGakesults are
set forth in Tables 5 and 6. Exanpl e 5 The

et hyl ene/ [®rr lobtlaghied dapehgneameonieset i &6 i -Heferdnceamskalipgl- pr.essure

| ow-density pol yethylene (D-1) shown in Table 2 were nelt kneaded in a
wei ght ratio dhe9zZe3ults afelsé)y/ €&xtih)immrhlpkt [3ti zed. Using the pellets,
an inflation filmwas obtained in the sane manner as in

Comparative Example 2 '
The ethylene/da-olefin copolymer (A-2) and high-
10 pressure low-density polyethylene (D-1) shown in Table 2
were melt kneaded in a weight ratio of 96/4 ((A-2)/(D-
1)) and pelletized. Using the pellets, an inflation
film was obtained in the same manner as in Reference

Example 1. The results are set forth in Table 3.

Comparative Example 3

A solid catalyst component was prepared in the same
manner as in the "preparation of catalyst component" of
Preparation Example 1, except that 10.0 liters of a

20 toluene solution of bis(1,3-

dimethylcyclopentadienyl)zirconium dichloride (Zr: 28.0
mmol/liter) was used in place of 20.0 liters of the
toluene solution of bis(methylcyclopentadienyl)zirconium
dichloride (Zr: 14.0 mmol/liter).

25

Preparation of prepolvmerized catalyst



Ref erence Exanple 1. The results are set forth in Table 20 6.

Ref erence Exapgph@g98,/s5r-505 An ethylene/[err]-olefin copolynmer (C7) was
obt ai ned in the sane manner as in Preparation Exanple 2, except 25
that the gas conposition was controlled so that the resul ting

et hyl ene/ a-ol efin copolymer (C-7) hag % density and MFR shown in Table
4. The ethylene/a-olefin F£0293/ SF- 605

267 copolymers (C-7) and (C-6) were nelt kneaded in a wei ght

ratio of 60/40 ((CG7)L(C and pelletjzed. Usi t.he .. ellets (L-2),
on Lt lation 11 m Bebrepparhertfad, retel 75 waf kA llea, 4t bEHE, (o

le 1. Th | . i v Tapl . Exanpl
o ° T TRLBRY, o8 e preprf Sk o B Ty et RS, < “Pan

ne/[er i'n copol ynmer itiron -2) and

O o A oL ke e M Oop it

melt kneaded in a weig ratio

Using the pel kaka1ya8R componbAth aheRPidhdd s ORIA REGd.N the same manner
as in Ref erence Exanple 1. The results are set forth in Table

6. 15 S Reference Example 7
Polvmerization
An ethylene/l-hexene copolymer was prepared in the
same manner as in Preparation Example 1, except that the
prepolymerized catalyst obtained in the "preparation of
10 prepolymerized catalyst" mentioned above was used and
the gas composition was controlled so that the resulting
ethylene/a~-oclefin copolymer (A-3) had a density and MFR
shown in Table 1. The melt properties, etc. of the
obtained copolymer are set forth in Table 1. The
15 ethylene/c-olefin copolymer (A-3) was melt kneaded and
pelletized. Using the pellets, an inflation film was
obtained in the same manner as in Reference Example 1.

The results are set forth in Table 3.

20 Comparative Example 4
The ethylene/o-olefin copolymer (A-3) and high-
pressure low-density polyethylene (D-1) shown in Table 2
were melt kneaded in a weight ratio of 96/4 ((A-3)/(D-
1)) and pelletized. Using the pellets, an inflation
25 film was obtained in the same manner as in Reference

Example 1. The results are set forth in Table 3.



Et hyl ene/[err]-ol efin copolyners (C8) and (C9) were each obtained in
t he same manngL1 £53 jgr-Rederence Exanpl e 2, except that the gas
conposition was controlled so 20 that each of the resulting
ethylene/[err]-ol efin copolyners (G8) and (C9) had a density and
MFR shown in Table 4. The et h\;,/éeg e/[err] ol efin copolyners (C-8) and
(CG9) were nmelt kneaded in a G ratio of 60/40 ((CG8)/(C9))

and pelletized. Using the pellets (L-3), an inflation 25 filmwas

obtained in t#%EIE?Q?i %gﬁé n Reference Exanpl e 1. The results are
set forth in ’ £ F- 1493/ SF- 605

268 Exanpl e Tethylene/aldEe £V hird -@-8f)i AngoRelgeyeganposi tion
(L-3) and hlgh pressure | owdensity pol yethylene (D-1) shown in
Table 2 were $BE2ARG | 1 e Hble TR0 Ui petorehbl. EkihDid)) and
pel l eti zed. Usmg the pellets, an N |nflat|aon Til %%S < t%)cned %n t he
sane menner ag, i 8xcept REhLE SFE AP obithiba En%%ukbﬁt%@léét sborth in
Table 6. F- 1493/SF 605 269

Table 1 S5 that each of the resulting ethylene/a—olefln copolymers

(C-5) and (C-6) had a density and MFR shown in Table 4.
The ethylene/ot-olefin copolymers (C-5) and (C-6) were
melt kneaded in a weight ratio of 60/40 ((C-5)/(C-6))
and pelletized. Using the pellets (L-1), an inflation
10 £film was obtained in the same manner as in Reference

Example 1. The results are set forth in Tables 5 and 6.

Example 5
The ethylene/c-olefin copolymer composition (L—l}
15 and high-pressure low-density polyvethylene (D-1) shown
in Table 2 were melt kneaded in a weight ratio of 97/3
((L-1)/(D-1)) and pelletized. Using the pellets, an
inflation film was obtained in the same manner as in

Reference Example 1. The results are set forth in Table

20 s.

Reference Example 6
An ethylene/a-olefin copolymer (C-7) was obtained
in the same manner as in Preparation Example 2, except

25 that the gas composition was controlled so that the
resulting ethylene/o-~olefin copolymer (C-7) had a

density and MFR shown in Table 4. The ethylene/d-olefin



Co- X MR Density Decane- *1 Mel ting nononer

9/ 10 g/cnferrlp-1430l/48-805 point Tm nol

m n. conmponent (O Type

fraction W (wt %9 Ref .

Ex. 1 A1 1-hexene 2.30 1.40 %%5. 0.16 0. 99 116. 80

Ref . Ex. 2 CG1 1-hexene 2.60 10 0.924 0. 20 1.08
117.10 Ref . Ex. 3 G2 1-hexene 2.10 1.50 0.928 0.12
0.76 118 3 5

0.29 °p°l¥T§%fﬁfo (-7 %‘d tcte? ng%gggzﬁeé‘%&éﬁg% yE 10
0.925 o 16 . _ 2. 50
106" 0 923 ratio of %09%0 ((é )ﬁQCC@gP and peBetifsd bdiexenee bl e
1 (Conti nued) pellets (L 2), an J.n@latloh/"_fllm *was obtdlined Ha xnkO[err] *3
*6 Mn/ IVh J/ nmolK Ref Ex. 1 A1l
122.00 6.30 sanmanhe#das in R3féPence Exaddle B. 381‘he Zdilts arieef.

Ex. 2 GCG1 121.60 3.70 8.40 2.00 . - 3.04 3.44 2.20
Ref . Bx. et Earthidd 2@bl2s36 add06. 1.60 - 3.00 3.33
2.20 Ref . Ex. 4 C3 118.00 3.00 5.90 1.30 -

3.09 3.64 2.30 Conp Ex. 1 A2 122.0 1.60 8.40 2.00

3. 05 3.04 3.44 2.00 Conp Ex. 3 A3 121.20 3.50 9.00 2.20
3.51 3.03 Exazpde 6 5 go *1: MFR[err]10 g/l 0nmin: value of 80 x
exp(-100(d-0.88)) + VER>10 g/ | Omi n;. val ue of 80x{ MFR-9)]err] x
exp( - 100( d- e ethylene &ie&g%ﬁ’%l}’mﬁﬁ CQUEPOTA T 1 3@%0 x d-248

*3: val ue of 9. val ue

of (O. 039Ln(CaZ)d+é‘jt?6‘9|3%’)err rS])?FfeB'}gé’Ld\églslgy hy%:ﬁ%oe@-&l)orﬁhﬁ’ﬁber of
ol o of - chdondifFable 2 vers 16T 8%@&“??3? idnseRssr 972 "

€' i S o h BTG . e e AR I e
inflation film was obtained in the same manner as in
Reference Example 1. The results are set forth in Table
6.
15

Reference Example 7
Ethylene/a-olefin copolymers (C-8) and (C-9) were
each obtained in the same manner as in Reference Example
2, except that the gas composition was controlled so
20 that each of the resulting ethylene/c-olefin copolymers
(C-8) and (C-9) had a density and MFR shown in Table 4.
The ethylene/o-olefin copolymers (C-8) and (C-9) were
melt kneaded in a weight ratio of 60/40 ((C-8)/(C-9))
and pelletized. Using the pellets (L-3), an inflation
25 film was obtained in the same manner as in Reference

Example 1. The results are set forth in Tables 5 and 6.



270 Table 2 MR Mn/ Mn

*7 *8 aasi/igy-6Bisl m properties g/ 10

mn g/cnferr] g/cnferr] Haze @ oss D1
0.50 4.4 10. 2 <0 0.924 7.4 51 *7:. val ue
of 7.5 x log(MFR) +12.5 5 *8: val uez%f 7.5 x log(MFR) - 1. 2

Table 3 Mr Fl Haze G oss Dar t Mol d-

Eax| O[ err] 1/ sec % % i npact
ability J/ N *9 ' N
Ref . EX. %98’%& . 210 13.6 55 2.90 AA 3. 10
Ex. 1 6. 70 'I@@ethyl%%e?a—olef@ﬁ copoZ;;ﬁér compdéition -1 Ref
Ex. 2 3.70 3.90 A7 AA 3.01 Ex. 2
g- :29,8 980 and 3115_;%—press%@e low3dz9.sn.ty p@ﬂethylé”’n@&D—l) SBPCTW §X88
90 3.80 in ‘I%le 2 afelfé melt Meaded §n0é weight R.&itlo o. 4370/3 120
3.4 98 >10 3.12 . 4 3. 60 120 3.0
100 >30 ((L-3AAX (D-1) )3a3:14i pelletfasy. Us:‘l.n@Othe pelllets, &kl. 1 60
3. 68 CC 3.05 1 Ex. 2 1.80 - 70 9.8 68
3.50 CC inflaati®n flln'Exv.a3 obtaifedpin thé. S8me maitdxr as irB8. 9 56
2. 30 AA 3.51 Conp. Ex. 4 3.70 350 8.6

56 2.28 Refexmnce Exampde 1. Thegregpligbaretget fowth NI &falgls BB:

2[ err] MI<g, CC MI<2 F- 1493/ SF- 605

271



Tabl e 4 Co- X MFR Density Decane- *1 Mel ting
mononer F-14230SFgfemB sol ubl e poi nt Tm
nmol  mn. conmponent ([err] O Type
fraction W (wt %9 C-5 1-hexene
3.20 0.39 0.912 0. 32 3 ég 109. 80 C-6 1-hexene
0. 80 30 0. 945 0. 03 % 7 128. 60 C-7 1-hexene
3.00 0.48 0.915 0. 29 2.52 111. 60 C-8 1-hexene
2.80 0.32 0.921 0.21 1m31e 1113.50 "C-9 1-hexene
1.80 48 0.932 0 .38 1.24 119. 80
Tabl e 4 (Conti nued) * 2 MT *3 *4 Mn/ IVh
C5 116.80 |10.8 | 16.[6 ce&- 90| 2R.20MFR | Denkiy | Iddal@- [ - *1 Melting |-
2.10 C-7  118. QOmond@met |14.5| 9/40]10 g/2mB0| soluble G-8 120pdtnt Thl5
18.9 5.70 | 2.20 C-9 ]12melg() min. - | componentl0 )
MFR[ err]10 gflOm n: val ué¥8f 80 x exp(-!0Q0(d-0. 88)?4@%11?“ MFR>10
g/ 10mi n: val fre—gf— 86— MR-9frerri-X (wE%)
exp(-100(d-0 §F))‘l+@-1 10-hexéds |vabog 100400 .3251-P480.16 [ 3.9val ue1fgp9]0 x
MFR[ err] ReZ. |val ge of 2. Z[X NFRerTi F—1493/-SF=6P5
272 Ex. 2|C-1]| l-hexene | 2.60 |TghPe %.924 0.20 1.8 C1.ho
CGIlI/CII M:Ref.D)ensit%/ M 410 *11 FT *12
1/ sec Ex. 3]|C-2| I-hexene |2.101.50{ 0.928 0.12 0.76 118.30
- Epf_f"l C-3| l-hexene | 3.50| 1.90-] 0.915 0.29 2.52 114.40
Comp. . ’
Ex. 1|A-2| l-hexene | 2.60| 1.10| 0.925 0.19 0.99 116.60
Comp.
Ex. 3|A-3| l-hexene | 2.50 | 1.00 | 0.923 0.21 1.19 115.40
s Table 1 (Continued)
*2 MT *3 *4 Ea x 104 *5 *6 Mw/Mn
J/molK .
g
Ref.
ax. 1| A-1 [122.00| 6.30| 7.20 1.70 3.10 3.02 3.38 2.50
Eff_f‘z C-1 |121.60] 3.70, 8.40 2.00 - 3.04 3.44 2.20
Erf_f'3 Cc-2 {123.20]| 3.30| 7.00 1.60 - 3.00 3.33 2.20
Eie_f; €-3 | 118.00{ 3.00| 5.90 1.30 - 3.09 3.64 2.30
Comp . :
Ex. 1| A-2 | 122.0 | 1.60| 8.40 2.00 3.05 3.04 3.44 2.00
Comp.
Ex. 3| A-3 |121.20| 3.50| 9.00 2.20 3.51 3.03 3.42 2.80
*1: MFRS10 g/10min: value of 80 x exp(-100(d-0.88))+0.1
MFR>10 g/10min: value of 80x(MFR-9)9-26 x exp(-100(d-
0.88))+0.1
10 *2: value of 400 x d-248
*3: value of 9.0 x MFR-0.65
*4: value of 2.2 x MFR-0.84
*5: value of (0.039Ln(C-2)+0.0096)X x+2.87
C = carbon atom number of comonomer
15 (in case of l-hexene: c = 6)
X = mol% of comonomer
*6: value of (0.039Ln(C-2)+0.1660)X x+2.87
C = carbon atom number of comonomer
(in case of l-hexene: c = 6)
20 X = mol%$ of comonomer




g/10 g/cnferr] g Ref . Ex.5 L-1 G5 C-6 60/ 40 1.52
0.925 4.1 6.9-14863/27060950 Ref Ex.6 L-2 C7 C 6 60/ 40 1.63
0.928 2.7 6.6 1.5 290 160 Ref Ex.7 L-3 C8 C9 60/ 40
1.48 0.926 3.8 7.0 1.6 260 150 *10: value of 9.0 x MFR[ err]
*11: value of 2.2 x MFRlerr] 5 *124 78 aI ue of 100 x MFR
Table 6 haze *13 Fi % G oss Dart Mld- MR M Den-
Ea i m abil- g/10 sity
x10[ err] % 1/ Tabl®e zPact ity nmn g/cnerr]
J/ sec N *15 nmol K
Ref. 7.7 99— 2707 & ih/vn 3 OIx7 AN *d- OF DefnsiPy | Fi9M propest ik
Ex. 5 Ex. 5 7]0g4/10 270 80 AA  1.%0 4.80 -
3.13 Ref. mif6.3 8.4 [290 163 85| HFcs8 BRze 1. @los. |70
0.928 3.05 EX. 6 EX. 6 5.8 - 290 - 89 s
AN 189 315Cyg | o050 3084 | Ba?) 7<0 D 0.5300) 348 | 7% 391
AA 1.48 3. 80 U.9726 3. 09 7 6.3 - - 84 -
AA  1.461 4.5%9. vaiue of B.49lx log(m.pl@ [gerr]100 x I\/FR (FI: flow index,
MFR: nelt 51 owgk ay@ludlof 7.5 x Y&y Qerr)atiom nunber (C) of a-olefin 4 - 6:
val ue of 0.45/(1-d) x log(3 x MIferr]) x (GC3)[err] Carbon at om
nunber (C) of a-olefin =7 - 20: val ue of 0.50/(1-d) x log(3
X MI[err]) FI <I OOxMFR (FI: fTelwlendex, MFR nelt flow rate) 15
Carbon atomnunber (C) of [err]-olefin = 4 - 6; val ue o
0.25/(1-d) xJlog(3 x MP{I‘err]) BZ (G 3)1§€Err Gloss | Dartarnb¥nldt gmeaxitie (O
of [err]-olelin = 7|- 1/sec yal e of @P30% fba}l"%’ I égl(@}Kx
MIferr]) = ¢ dc.sity (gllcn‘[err M ety —tension te—26— * 14:
val ue of 100|xSfFR | .485: Mahdabjlusys | ss 2.98A Meper r|] 33. BB:
2[err] MI<3, €G, Mi<? F1#9371SF-605
273 ) 6.70 210 13.3 58 2.85 AA 3.13
Retf. 3.70 90 3.90 93 3.77 aa 3.01
Ex. 2
4.20 90 3.50 96 3.70 AA 3.02
g‘fé 3.30 90 4.20 92 3.21 AR 3.00
Ex. 3
3.80 90 3.80 94 3.17 AA 3.01
gii 3.00 120 3.4 98 >10 AA 3.12
Ex. 4
3.60 120 3.0 100 >10 AA 3.14
come- | 1.60 70 11.1 60 3.68 ce 3.05
come. | 1.80 70 9.8 68 3.50 cc 3.09
CET%' 3.50. 350 8.9 56 2.30 AA 3.51
comP. | 3.70 350 8.6 56 2.28 AA 3.53

*9: Moldability AA: MT23, BB: 2SMT<3, CC: MT<2



What is clainmed is: 1. An et hyl ene copol ynmer conposition
conpri si ng F-14{9/n-gdnyl ene/[err]-ol efin copol yner and (E)

hi gh- pressure radi cal process |owdensity polyethylene, 5

wherein the ethylene/[err]-olefin copolynmer (A is a copol ynmer of
ethylene and an [err]-olefin of 6 to%‘%farbon atons and has the

foll ow ng properties: (A-i he nelt tension (M) at 190 [err]C
and the nelt flowrate (MFR) satisfy the following relation 10

9. OXMFR-0-65 > MI > 2. 2xMFR[err], Table 4(A-11) the activation energy
(EaX10[err] J/nol K) of . flow detefm ned froma shift factor of

ti me-tenperature superposition of the flow curve, the carbon atom
nunber T) O EOE [T Tk~ QI GFR 1| DdhsiPE | CHRtAnEDEl ol VT Me1keRd Jj- ol efin
15 content (x| nol|%mohbmdng copdl y/@r| SpichdT Y &dmniel | owi ng| point Thel ation
(0.039LNn(C 2) 0. 0096) xx+2.|8%oXx |EaiX1l([ err] [fbbr}ponent (°c)

(0.039LNn( C- 2) }+0. 1660Fwee+2.|187% and 20 fract‘—lon( A-iii)|the hazg of a
fil m having ajt-hidckness—ofl-30 pmprodbcBdWs¥) | nfl ot on nol digg of

oo

sai d copol ymefc_s| 1-nsakbSlien [thesf|old @whng relsiioh s 3s | 109.80 When the
flow index (F[), mhich 1s|defined as a shear rhte at [which tHe shear
stress at 190%@ -80 : O-3dd t RE8BAL ] | ow

rate (MFR) sa]éSf|y1-nexenel|n® dogl @tdsdn Floaferr] ol9OXMFRI.s2 | 111.60

F- 1493/ SF- 605 274
C-8| l-hexene ! 2.801 0.32| 0.921 0.21 1.43 113.50

C-9| l-hexene | 1.80 48 0.932 0.38 1.24 119.80

Table 4 (Continued)

> *2 MT *3 *4 Mw/Mn
g

Cc-5 1116.80(10.8( 16.6 4.90 2.20

c-6 1130.00 - - - 2.10

Cc-7 1118.00;10.1] 14.5 4.10 2.30

C-8 1120.40] 11.5 18.9 5.70 2.20

c-9 ]1124.80 - = - 2.00

*1: MFR<10 g/10min: value of 80 x exp(-100(d-0.88})+0.1
MFR>10 g/10min: value of 80 x {(MFR-9)9.26 x
exp(-100(d-0.88))+0.1
10 *2: value of 400 x d-248
*3: value of 9.0 x MFR-0.65
*4: value of 2.2 x MFR-0-84



in the case of the carbon atom nunber (C) of the [err]- ol efin being
6, 93 /7605 0. 45/ (1-d) xl og(3XMr[err])x(C3)[err],

in the case of t e carbon atom nunber (C) of the [err]- 5 ol efin bei ng 7
or 8, Haze < 0.50/ (I -d)xl og(3XIVrI'[ err]), and when
the flow index (FI), which is defin%?s shear rate at which the
shear stress at 190 [err] C reaches 2.4x10[err] dyne/cnferr], and the
nelt flowrate (MFR) satisfy 10 therelatlon FI < 100XMFR, in
the case of the carbon atom nunber C% 5_ tge [err]- " olefin being 6,
Haze < 0. 25/(I-d)ong(3XIVrI'[err])x(C-3 f‘grr] In the case of the
car bon at om ptrbet . ] ef Joy=mmw) =
Haze < 0.50/{1-d) xl og SC;(I\ﬁTE e&r:rr?) dJI/C III,fvhlén"?-'ﬁel b%h grggTewtis ld'dnﬁfjeg
(g/cmerr]) and M[ represents a neltgtensi 9nnfg) . o and| 20
t he hi gh-prepsure|radical procegs | ow denstiry pol ye1 hyl ene |(E) has
the foll ow ngreeoperties: E-i). the |t _fllow ratel . as neasured
at 190 [err]lEx._ 5| hndei® a Fohd of°% 16 ?&rf’z n&h”?hea‘lr%n@eg t-. 127 [56°
g/ 10 min, andReb| AELiJ Ith e di,St f L bul j ( Wh,
My wei ght - aj&¥%- - 2-@%1,3(—&‘—&—“% "h*g? Ma %'% Dol é’ag%tfeafgrl ki i%ﬁle@%r 50
wei ght), as ﬂgﬁ.ggr%d3t)YC%| ees"rreatsomo 1.48 | 0.926 |3.8|7.0|1.6| 260 | 150

*12

*10: value of 9.0 x MFR-0.65
- *11: value of 2.2 x MFR-0-84.
S *12: value of 100 x MFR

Table 6
haze | *13 Fi *14 | Gloss | Dart | Mold- | MFR MT Den- Ea
im- | abil-| g/10 sity | x104
% 1/ % pact ity min g/cm3 J/
sec N *1S molK
Ref.
Exe. 5 7.7 9.9 270 152 74 3.89 AA 1.52; 4.107 0.925¢ 3.11
Ex- 51 200 - | 270 ] - 80 - An | 1.50|4.80] - 13.13
Ref.
Exe. 6 6.5 8.4 290 163 85 3.33 BB 1.6312.70} 0.928 3.05
Ex. 6
* 5.8 - | 200} - 89 - AA 11.59013.50] - [3.06
Ref.
En. 7| 7.0 | 9.7| 260 | 148 | 79 |3.91| Aan |1.483.80]0.926] 3.09
Ex. 7
6.3 - 260 - 84 - AA 1.46 | 4.50 - 3.11
- *13: FI2100 x MFR (FI: flow index, MFR: melt flow rate)
10 Carbon atom number (C) of da-olefin = 4 - 6:

value of 0.45/(1-d) x log(3 x MTl-4) x (Cc-3)0.1
Carbon atom number (C) of o-olefin = 7 - 20:
value of 0.50/(1-d) x log(3 x MTl-4)
FI<100xMFR (FI: flow index, MFR: melt flow rate)
15 Carbon atom number (C) of o-olefin = 4 - 6:
value of 0.25/(1-d) x log(3 x MTl-4) x (c-3)0.1
Carbon atom number (C) of a-olefin = 7 - 20:
value of 0.50/(1-d) x log(3 x MTl.4)
(d: density (g/cm3), MT: melt tension (g))
20 *14: value of 100 x MFR
*15: Moldability
AA: MT>3, BB: 2sMT<3, CC: MT<2



F- 1493/ SF- 605 275 chr omat ogr aphy, and
the nelt flowrates(dFRFosati sfy the follow ng relation
7.5xlog(MFR)-1.2 [err] MM M1 [err] 7.5xl og( MFR) +12. 5. 5 2. The
et hyl ene copol ynmer conposition as clainmed in claiml, wherein the

et hyl ene/ a-ol efin copol yner (A) bs obt ai ned by copol yneri zi ng

ethyl ene and an a-olefin of 6 %Z 8 carbon atons in the presence of an
ol efin pol ymeri zation catal yst conprising: 10 (a) an

or ganoal um nugp,QxY; £08P9! is: (b-1) at least one transition netal
conpound sel ecte romtransition netal conpounds represented by

the followng fornula (Ap: &&Hg ] s s s oed

(') 15 wherein Mis a %%a%§?¥}%ﬁsrﬁﬁ%u aIéifégFgg?g&OPrgﬁPEféﬁﬁng 4 of
the periodic fablan éfkeyiénesoaclefiontaudndiamtaed t(®) high-bResku@asi tion
nmetal atomM at least two ligands L[err] are each a substituted

cycl opent adi epgtiigabuprbessoJlal-density erlyetbrlenheyp sel ected from
hydrocarb%P groups of 3 to 20 10 carbon.atons, and the ligand L[err] other

than the subsvhenetd ehe| opentent /Mmdlefioudrelareydriddaison
group of 1 to 12 carbon atons,_ an al koxy group,_an aryl oxy group, a
trial kyl silyl cgPetyresn ph eblavilene At an a-of gfiigr @fe§ &cofh carlor is a
val ence of the transition 25 netal atom M and
atoms and has the following properties:
- (A-i) the melt tension (MT) at 190 °C and the melt
flow rate (MFR) satisfy the following relation
10 9.0XMFR™0-65 > MT > 2.2xXMFR-0-84,

(A-ii) the activation energy (Eax10-%¢ J/molK) of

flow determined from a shift factor of time-temperature

superposition of the flow curve, the carbon atom number

(C) of the 0-olefin in the copolymer and the t-olefin
15 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
20 (A-iii) the haze of a film having a thickness of 30
um produced by inflation molding of said copolymer
satisfies the following relation,
when the flow index (FI), which is defined as a

shear rate at which the shear stress at 190 °C reaches

25 2.4x106 dyne/cm?, and the melt flow rate (MFR) satisfy

the relation FI 2 100XMFR,

* c L M S *



F- 1493/ SF- 605 276 (b-11) at |east
one transiti dEri¥HISEe@Ed5ound sel ected fromtransition netal conmpounds
represented by the following fornula (11): M[err]

(rr) 5 wherein Mis a transition nmetal atom selected from G oup 4
of the periodic table; L2 is a Iigar%p;oordi nated to the transition
netal atomM at least two |igands L2 are each a

met hyl cycl opent adi enyl group or an et hyl cycl opent adi enyl group, and
the ligand L2 other, dfl dan JhetetayexChopanhadbeny (cpropPsRL ghe

et hyl cycl opent adi enyl group 1s a hydrocarbon group of 1 to 12*carbon

atons, an al k y ..an. aryl oxy group, a trial kylsilyl group, a
Q§%EQL3>HJE%QL

(@] . L.
hal ogen at om Of & ogen ‘at om and x is a valence of the transition

metal atomM 15 = paze < B.45/(NesgikyLeoeRRPLYRES) meNpOSi tion as
cl ai nred inclaiml or 2, wherein the ethyl ene/ errﬁ-ofefln copol yner

(A) is obtained byircopad Wayd ZMEHR! kekeoe aBeémaduhBEr] (C) of tibeiin of 6
to 8 carbon atons in the presence of an .20 olefin polynerization catalyst
in which Bhe olefirpnganRAluENGN OXy- conpound (a), the transition netal

conpound (b-1) and the transition netal conpound (b-11) are supported
on a carrier (c). 25laze < 0.50/(1Ad)xlhgl 2¥Tcbpol gndr conposition
conpri si ng (B) an ethyl ene/a-olefin copolyner, (C) an ethylene/[err]-

when the flow index (FI), which is defined as a

shear rate at which the shear stress at 190 °C reaches

2.4%10% dyne/cm?, and the melt flow rate (MFR) satisfy
10 the relation FI < 100XMFR,
in the case of the carbon atom number (C) of the o-
olefin being 6,
Haze < 0.25/(1-d)xlog(3xMTl-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(3xXMT1-4);
wherein d represents a density (g/cm3) and MT represents
a melt tension (g),
and
20 the high-pressure radical process low-density
polyethylene (E) has the following properties:
(E-i) the melt flow rate, as measured at 190 °C
under a load of 2.16 kg, is in the range of 0.1 to 50
g/10 min, and
25 (E-ii) the molecular weight distribution (Mw/Mn,
Mw: weight-average molecular weight, Mn: number-average

molecular weight), as measured by gel permeation

P, 0 O



F- 1493/ SF- 605 277 ol efin copol ymer and

(E) high-press143s rseiapg process | ow- density pol yet hyl ene,

wherein the ethylene/a-olefin copolynmer (B) is a copol ynmer of
ethylene and an [err]-olefin of 6 to 8 carbon 5 atons and has the

foll owi ng properties: (BZ'}’% the density is in the range of 0.880
to 0.970 g/cnferr], (B-ii) the nelt 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 10 cneokfrddidoihe deeangs sble cGorReReinhy aghiBek Whe - at
room tenperature and the density (d) satisfy the follomng relation
in the case g1 MRALI¥d1d®id 10 min W <
80xexp(-100(d-0.88))+0.1, 15 in the case of MFR > 10 g/ 10 mn

W < 80X( MFR-9) [ erT ] Seehqe (MEIO)(<lk (2 8B Mw¥Bnl £ 7.5Xlog (MFR(BL2V. t he
tenperature (Tm) at the maxi num peak position in an endotherm c curve
of the copol yner, as neasured by a differential scanning cal orineter

(DSC), 20 and the density (d) satisfy.the followi ng relation
Tm < 400%d- 248, 2. The efli¥lendg kwpoilymerecomposihipnats 18Dajmed] C and

the nmelt ., flowrate (M satisfy the follqwi ng relation
9. OXMFR] er r ] 12 %aynzl.fzmeﬁfi ]tﬁ"e ylene/pl@tyl REPQLYIEEt (Bh ener gy

((ELerr]) X Of er il AR K), Ofoporymertd 2 LT LI 22 Lt fact or of

of 6 to 8 carbon atoms in the presence of an olefin _

polymerization catalyst comprising:

10 (a) an organcaluminum oxy-compound,

(b-1) at least one transition metal compound
selected from transition metal compounds represented by
the following formula (I):

ML, (1)

15 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 L! are
each a substituted cyclopentadienyl group having at
least one group selected from hydrocarbon groups of 3 to

20 10 carbon atoms, and the ligand Ll 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

25 nmetal atom M,

and

RER ) o



superposition of the flow curve, the carbon atom nunber

F- 1493/ SF- 605F~1493/SF~-605 278 (O of the
[err]-olefin in the copolynmer and the a-olefin content (x nmol% in

t he copol yner satisfy the follow ng relation

(0.039LNn( C- 2) +0. 0096) xx+2. 87 < EaXlORggﬂ [err] 5

(0.039LNn(C 2) +0. 1660) xx+2. 87, (B-vii) the ratio (Mv M)
of the wei ght-average mol ecul ar wei ght (Mv) determned by GPC to the
nunber - avera hegul | i§%§ 'gﬁg o 10 satisfies
the foll ow ng COﬂd??lgg) gg Bealt 8%& éﬁéﬂ 6Hrﬁ Q¥m£§§hki t he

ethyl ene/ [ err bqlekin %98&'!BEhsiElohSmétéiﬂEEﬁﬁﬁﬁnds repfgééﬂHEH gpe and an

[err]-olefin of 6 to 8 carbon atons and has the follow ng properties:

15 (C ichet KB 1deBShYY fbemlilat hery ange of 0.880 to 0.970

g/cnmerr], (G1i) the melt flowrate (MFR) at 190 [err] C under a
| oad of 2.16 kg i sMLA.the range of 0.02 to 200 g/ 10 n{§IL) (CGiil)

t he decane-sol ubl e conponent fraction (W. 20 at roomtenperature and the
density (& safiexkynt Meis a trhobiowongneedhtatom selected friom Greupase of
MFR [err] 10 g/ 10 mn W < 80xexp(-100(d-0.88))+0. 1,
in the case of¢ MERthelpeyhiodigi hable; L2 is a ligand coordinated to
the transition metal atom M, at least two ligands L2 are
each a methylcyclopentadienyl group or an
ethylcyclopentadienyl group, and the ligand L2 other
10 than the methylcyclopentadienyl group or the
ethylcyclopentadienyl group is a hydrocarbon group of 1
to 12 carbon atoms, an alkoxy group, an aryvloxy group, a
trialkylsilyl group, a halogen atom or a hydrogen atom;
and x 1s a valence of the transition metal atom M.

15

3. The ethylene copolymer composition 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 carbon atoms in the presence of an

20 olefin polymerization catalyst in which the
organcaluminum oxy-compound (a), the transition metal
compound (b-I) and the transition metal compound (b-ITI)

are supported on a carrier (c).

25 4, An ethylene copolymer composition comprising

(B) an ethylene/c-oclefin copolymer, (C) an ethylene/d-

RN O R



25 W < 80X(MFR-9) [err] xexp(-100(d-0.88))+0. 1, (Civ)

t he tenperat 8-24@3nEFat0bhe naxi num peak position in an endothermc
curve of said copolyner, as F- 1493/ SF- 605
279 neasured by a differential scanning calorineter (DSC), and
the density (d) satisfy the follow pg-relation Tm < 400xd- 248,
and (CGv) the nelt tension (M) at 190 [err]C and the nelt 5
flowrate (MFR) satisfy the followi ng relation - M [err]
2. 2XMFRl err] plefin copolyinBe Bh@h(Rr cieieh HreasthGad RHAERIS phrowedansi ty
pol yet hyl ene (E) has the foll ow ng properties: E-i) the nelt
flow rate, adowedensédyapol@8thglen&, 10 under a load of 2.16 kg, is in
the range of 0.1 to 50, g/ 10 mn, and ' (E-ii) the nol ecul ar
wei ght di stri buti whegrinvehe ethyipne(@rohef by eerplmsarecd®)adswa ght, M:
nunber - aver age nmol ecul ar _wei ght%, as neasured by gel perneation 15
chr omat ogr apkPPoanBerneinefhyires #ad o MERgLREIR 95§ 8 carbog| | owi ng
rel ation 7.5xlog(MFR)-1.2 [err] Mv Mh [err] 7.5xlog(MFR) +12.5;
and 5 atomgeapgk hasofhehEohtPving MFIRRRESR(C)) of the 20
copolynmer (C) to the nelt flowrate, (MFR(B)) of the copol yner. (B)
satisfies the fol I(Wﬁgtéﬁnéﬁ’??bﬁy 14 M rEngee¥ 6)-LREREL) OF&rf] 20.°
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/10 ﬁin,
10 (B-iii) the decane-soluble component fraction (W)
at room temperature and the density (d) satisfy the
following relation
in the case of MFR £ 10 ¢g/10 min
W < 80Xexp(~-100(d-0.88))+0.1,
15 in the case of MFR > 10 g/10 min
W < 80X (MFR-9)0-26xexp(-100(d-0.88))+0.1,
(B-iv) the temperature (Tm) at the maximum peak
position in an endothermic curve of the copolymer, as
measured by a differential scanning calorimeter (DSC),
20 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
9.0XMFR-C-65 > MT > 2.2XMFR-0-84,

25 (B~vi) the activation energy ((Ea)x10-¢ J/molK) of

flow determined from a shift factor of time-temperature

superposition of the flow curve, the carbon atom number

* C L M S *



5. The ethyl ene copol ymer conposition as clained 25 in claim4, wherein

t he et hyl ene/d-aran3-/gdrefsios copol yners (B) and (C) are each an
et hyl ene/ | - hexene copol yner, and a F- 1493/ SF- 605
280 conposi tion conprising the ethylene/a-ol efin copolyners (B)

and (C) has the foll ow ng propert|e52:7 (A" -i) the melt tension
(Mr) at 190 [err]C and the nelt %Iom/rate (MFR) satisfy the follow ng
rel ation 5 9. OXMFR-[err] > MI > 2. 2X<MFR[ err] , (A -ii)

roma shii1 Rty W B aratieops Rt aRfothe 6robetiRe 1 ow -
, th b t . C) of 1-h inth |, B
and (O and HRCEE 16 TRLKn I ShecRPPPIVREF oAt e ERa-RRp GIRFEN B) andl

(O satisfy .the followi ng relation

(0.039Ln( C 2)=%" Xx+2.87 < EaXlO[err] [err]

(0.039Ln( G- 2) +0. 166P)09614 @L2) +0.009804x+3587 < Eaxilghe-&ii) the haze of a
filmhaving a thickness of 30 [err] mproduced by i1 nflation nolding of
sai d conpgsition satisfies the folbevtAgcre) adi 0860) xx+2.87, WwWhen
the flow index (FI), which is defined as a shear rate at which the
shear stress g 190 [err]C reaches 20 2.4x10[err] dyne/cnferr], and the
melt flowrate (MFR) satisfy the relation FI [err] | 00XMFR

Haze < 0.45/ (1 -d) x{mgfi3r MHee i S( Qvayiarrbf ehd weight-average
" molecular weight (Mw) determined by GPC to the number-
average molecular weight (Mn) determined by GPC

10 satisfies the following condition

2.2 < Mw/Mn < 3.5;
the ethylene/0-olefin copeclymer (C) is a copolymer
of ethylene and an o-olefin of 6 to 8 carbon atoms and
has the following properties:
15 (C-1) 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,
(C~iii) the decane-soluble component fraction (W)
20 at room temperature and the density (d) satisfy the
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/10 min
25 W < 80X (MFR-9)9-26xexp(-100(d-0.88))+0.1,

(C~iv) the temperature (Tm) at the maximum peak

position in an endothermic curve of said copolymer, as

I



when the flow index (FI), which is defined as a shear rate at which
rress ot/ s¥@gserr] C reaches 25 2.4x10[ err] dyne/cnR, and the

t he shear st

melt flowrate (MFR) satisfy the relation FI < 100XMFR,

Haze < 0.25/(1-d) Xl og(3XMr[err])X(C3)[err] F- 1493/ SF- 605

281 wherein d represents a dezzéﬁl(g/cnﬁ), MI represents a mel t

t ensi on (g) and C i-s the carbon at unber of 1- hexene, nanely, 6.
The et hyl ene copol yner conposition as cl ai med in claim

5, mherelh t
copol ynmers (

g%afg}angpgas( Py, o) AYBIAA1! Beanning ELIYEERECEL! Dsd) O\ 1

e properties

) further has, iIn ditiron tot

(A-1) to (Agld ithe W¥hsity (d)0lda@uisBg Ehepebnowu%& relatiod A -i1Vv) the
ratio (Mwv M) of the wei ght-average nol ecul ar wei ght (Mn) determ ned

by GPC to the nuniizr < 400xd2d8agendol ecul ar wei ght (MWh) determ ned by GPC

satisfies the follow ng condition

7. An et hyl ene clapot)ymite eraiposichisdonc ¢MDY i atngso °C and the ma&lLtt he
et hyl ene copol ynmer conposition as clained

3, and
by copol yner

10

20

25

2.0 [err] MM M [err] 2.5.

15

in any one of clains 1 to

flow e aiMER)h\Hadris/fy- chef Enltowdhgneelabieh is 20 obtained

i zing ethyl ene and. an a-olefin of 3
gM’I‘ 3’2.2><MFR-°-%4,~

the high-pressure radical process low-density
polyethylene (E) has the following properties:

(E-i) the melt flow rate, as measured at 190 °C
under a load of 2.16 kg, is in the range of 0.1 to 50
g/10 min, and

(E-ii) the molecular weight distribution (Mw/Mn,
Mw: weight-average molecular weight, Mn: number-average
molecular weight), as measured by gel permeation
chromatography, and the melt flow rate (MFR) satisfy the
following relation

7.5%X1log (MFR)-1.2 £ Mw/Mn £ 7.5Xlog(MFR)+12.5;

and

the 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

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

5. The ethylene copolymer composition as claimed

in claim 4, wherein the ethylene/a-olefin copolymers (B)

and (C) are each an ethylene/l-hexene copolymer, and a
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to 20 carbon atons in the presence of an olefin pol yneri zati on

catal yst conpsitddnysrF-605 (a) an organoal um num oxy-conpound and
(b-111) a compound of a transition nmetal of Group 4 25 of the periodic
table, containing a |igand having a cycl opent adi enyl skel eton, and
havi ng the foll ow ng properties; F- 1493/ SF- 605

282 (D-1) the density |S‘$q the range of 0.850 to 0.980
g/cnferr], and (D-ii) the |ntrinsic viscosity ([err]) as
measured in decalin at 135 [err n to 8 dl/g;
5 with ??mpiﬁ%ﬁ*%ﬁ)QQEEI% %t ygFFP Zﬁgﬁn c°p°&¥$8F§ner (A

Is not identical with the eth ol efin, copolynmer (D).

8.  An ethyl 8Bk &hof )rmkf‘a%oei}ﬁ)sﬁocﬁﬁ’f’lé’@ FPBPRGLES10 A) th
ethylegeeco%olyner o'y osi.tion gs .clai nednﬁ 6 Yo 0ne of fal) 4eto 6,
and (D) (%nn}é}t h'iﬁeeﬁ‘ée)]?ter e]nsd‘loé‘fl(ﬁméoﬁ(gl ?r@ %ﬁrt melt
obt ai ned by cgfglypggéz ﬁﬁhfﬂ%gq 130486 9e9£t§ to 20 carbon

atons in the présence o po yneri zati on ca?alyst conpri sing
(a) an organoalun19umngnyﬂaﬁnpoumd>agd2xMFR_o84 (b-111) a conpound of a

transition nmetal of Goup 4 of the periodic table containing a |Iigand
havi ng a (A'-ii) the activation energy ((E;)%X10-4 J/molK) of
flow determined from a shift factor of time-temperature
superposition of the flow curve, the carbon atom number
(C) of l-hexene in the cdpolymers (B) and (C) and the 1-
10 hexene content (x mol%) in the copolymers (B) and (C)

satisfy the following relation

(0.039Ln(C~2)+0.0096)xx+2.87 < Eax10-¢ <

(0.039Ln(C-2)+0.1660)xx+2.87,

15 (A'-iii) the haze of a film having a thickness of
30 um produced by inflation molding 6f said composition
satisfies the following relation,

when the flow index (FI), which is defined as a

shear rate at which the shear stress at 190 °C reaches

20 2.4%x10% dyne/cm?, and the melt flow rate (MFR) satisfy
the relation FI 2 100XMFR,
Haze < 0.45/(1-d)xlog(3xMTL-4)x(C-3)9-1, and
when the flow index (FI), which is defined as a

shear rate at which the shear stress at 190 °C reaches

25 2.4x106 dyne/cm?, and the melt flow rate (MFR) satisfy
the relation FI < 100XMFR,

Haze < 0.25/(1-d)xlog(3xMTl-4)x(C-3)0.1
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cycl opent adi enyl skel eton and having the following 20 properties:

(D-1) the dengiyghgsknghhe range of 0.850 to 0.980 g/ cn8, and

(D-ii) the intrinsic VISCOSIty ([err]), as neasured in decalin at 135
[err]C, is in the range of 0.4 to 8 dI/g, 25 with the proviso that
each of the ethylene/a-olefin 2 ﬂeyners (B) and (C) is not identical
with the et hyl ene/ a-ol efi n copo § (D) F- 1493/ SF- 605

283 9. A nol ded product conprising the ethylene copol yrer
conposition as,cla n_an 10.
The ol ded pr SRGCE s O FAPRENoBTS: B 9n8H[Bnloon),.o I roRpREoPSeP 111 m or

h | d 10 whi ch
?se:tnultl-Iayggth%#Fé§HeA§? ggdpéOggcﬁhé%f%hﬁ#ﬂ%gﬁ%¥éﬁﬁﬂ%roghc as °

clained in cl g e, name |cg is an injection nolded product.
13. The nDIde roduct as“clained in claimo, which is an extrusion
nol ded product.

5 6. The ethylene copol&mer composition as claimed
in claim 5, wherein the composition comprising the
ethylene/a-oclefin copolymers (B) and (C) further has, in
addition to the properties (A'-i) to (A'-iii), the
following property:

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

2.0 € Mw/Mn £ 2.5.

7. An ethylene copolymer composition comprising:
(A) the ethylene copolymer composition as claimed

in any one of claims 1 to 3, and

(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 comprising
(a) an organocaluminum oxy-compound and
(b-III) a compound of a transition metal of Group 4
25 of the periodic table, containing a ligand having a
cyclopentadienyl skeleton, and having the following

properties:
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14.'The nmol ded product as clainmed in claim?9, which is a fiber. 20

15. The nol ded-1py983)get-605 cl aimed in claim9, whi ch is an expansion
nol ded product. 16. The nol ded product as claimed in claim9,
25 which is an electric wire sheath.

282

{D-i} the density is'in the range of 0.850 to 0.980
g/cm3, 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;
5 with the proviso that the ethylene/a-olefin

copolymer (A) is not identical with the ethylene/u-

olefin copolymer (D).

8. An ethylene copolymer composition comprising:
10 (A') the ethylene copolymer composition as claimed

in any one of claims 4 to 6, and

(D) an ethylene/d-olefin copolymer which is

obtained by copolymerizing ethylene and an d-olefin of 3

to 20 carbon atoms in the presence of an olefin
15 polymerization catalyst comprising
(a) an organocaluminum oxy-compound and
(b-III) a compound of a transition metal of Group 4
of the periodic table containing a ligand having a
cyclopentadienyl skeleton and having the following
20 properties:
(D~1i) the density is in the range of 0.850 to 0.980
g/cm?, and
(D-ii) the intrinsic wviscosity (mn), as measured in

decalin at 135 °C, is in the range of 0.4 to 8 dl/g;

25 with the proviso that each of the ethylene/a-~olefin

copolymers (B) and (C) is not identical with the

ethylene/o-olefin copolymer (D).
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F-1493/SF-605

283

9. A molded product comprising the ethylene
copolymer composition as claimed in any one of claims 1

to 8.

10. The molded product as claimed claim 9, which

is a single-layer film or sheet.

11. The molded product as claimed in claim 9,

which is a multi-layer film or sheet.

12. The molded product as claimed in claim 9,

which is an injection molded product.

13. The molded product as claimed in claim 9,

" which is an extrusion molded product.

14. The molded product as claimed in claim 9,

which is a fiber.

15. The molded product as claimed in claim 9,

which is an expansion molded product.

16. The molded product as claimed in claim 9,

which is an electric wire sheath.
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