PCLYETHYLENE RESI-N CCNPC@ITICN FOR HEAVY- DUTY PACKAGQ NG BAG AND
POLYETHYLENE RESI N FI PRODUCED FROM THE SAME 5

FI ELD OF THE | NVENTI ( L The present invention relateéggptﬁ>

- pol yethylene resin conposition for heavy-duty packagi ng i tabl e
for packagi ng organic fertilizels, etc., and to a pol yethyl ene
resin filmfor heavy-duty packagi ng bag produced fromthe 10 conposition.
BACKGROUND OF THE | NVENTI ON entionally, industria
heavy-duty packagi ng bags . made yolefin resin filns have been
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heavy- duty packaglng are pro ure
| ow-density polyethylene resins or 20 nDIdlng ot her hlgh pressure
| ow- density pol yet hyl ene resins prepared by copol ynerizing wth about

3to 6 %by nol of Vi ny g 1@eet aire 7HM aNvENTIT@Mess of about 200

[err]m In recent years, various packaging materials tend to
be thinned for theepptpsantofinvenetibneredasekvabi @NpolyethigQere medilie

hi gh- pressure | owdensity pol yethyl ene resin films are inferior in

strength, rcondosytand gbosbebwy-duty packaging bag suitable for
packaging organic fertilizers, etc., and to a polyethylene
resin film for heavy-duty packaging bag produced from the

10 composition.

BACKGROUND OF THE INVENTION
Conventionally, industrial heavy-duty packaging bags
made of polyolefin resin films have been widely used as
15 heavy-duty packaging bags of organic fertilizers or thel
like because they show excellent moisture resistance and
can readily be sealed by heating. The_polyolefin resin
films used for such heavy-duty packaging bags are produced
by molding high-pressure low-density polyethylene resins or
20 molding other high-pressure low-density polyethylene resins
prepared by copolymerizing with about 3 to 6 % by mol of
vinyl acetate into a thickness of about 200 um.
In recent years, various packaging materials tend to
be thinned for the purpose of resource conservation.
25 However, the high-pressure low~density polyethylene resin
films are inferior in strength, rigidity and gloss to
linear medium-pressure or low-pressure low-density

'polyethylene resin films, so that use of the linear low-



| i near nmedi um pressure or | ow pressure | owdensity pol yet hyl ene resin
films, so that use of the |inear |ow

2 density pol yet hyl ene resins havi ng higher strength and

rigidity than the high-pressure | owdensity pol yet hyl ene resi ns have
been i ncreased. However, the2linear |owdensity polyethyl ene
resins 5 are poor in nnldability Especially, when the |linear |ow
density polye Iene re ns are subjected to jnflati nol di n t he
motor | oad of SERELEN: P& SHirheing hlgh%?ﬁﬁ?”?&$¥hp?6 erties,

so that the b ta |t |s worse than in t case, of th
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films are for C I| es sonetinmes becones insufficient
to make ggﬁlngu Vgégﬁ%s qﬁﬁe so that films are hard to form and

the filmsurface ifolbkRly thel 24akan 1bhRuRIYty ZJtorI]Liy%t lend! Eé%ﬁ‘:‘%t to

produce filnms fromthe [inear enS|ty polyet reS|ns
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worse than in the case of the high-pressure low-density
10 polyethylene resins. Further, when thick films are formed,
cooling of bubbles sometimes becomes insufficient to make
the bubbles unstable, so that films are hard to form and
the film surface is likely to roughen. Therefore, it is
“difficult to produce films from the linear low-density
.15 polyethylene resins by the use of molding machines designed
| for high-pressure low-density polyethylene, which have
narrow lip width and small motor capacity. For solving
these problems, apparatuses each equipped with a die of
large 1lip width, a screw of small compression ratio and a
20 motor of large capacity and enhanced in the cooling power
are generally used as machines for producing films from the
linear low-density polyethylene resins.
Accordingly, the present inventors have proposed, in
Japanese Patent Laid-Open Publication No. 67347/1990, a
25 polyethylene resin composition capable of producing a thin
film having a good balance of strength, rigidity and gloss
and excellent in low-temperature fesistance and heat

sealability through contaminants by the use of a machine of



Japanese Patent Laid-Open Publication No. 67347/1990, a 25 polyethylene
resin composition capable of producing a thin fil mhaving a good

bal ance of strength, rigidity and gl oss and excellent in

| owt enperature resistance and heat seal ability through contam nants
by the use of a nmachine of 3 3
narrow lip wdth and small notor capacity, and al so proposed a film

t herefrom- Thi s pol yethyl ene resin conposition conprises:
(A a specth?qFQW%%lﬂcW#QE%s¢?? Pyt RO eReCaRpArEhy, 3ndsaigo

et hyl ene-[ er olef| o) ared from et hyl ene and an
[err]-ol efi n‘Jd:fo gdc'é %P%?g?,‘ﬁ and has a density of 0.900 to
0.918 g/cc, in an nount of o 50 (B) a
speci fic high-den 3f[§ﬁ%¥ﬁékﬁ er%% m?%Fl E&E %@ﬂ%f%?eﬁr 0.935 to

0.950 g/cc, in an (‘i ﬂdizﬁ éolﬁpe vﬂ&’é’né"ﬂﬂ%o%@é@n%leneg W éeiﬁq a

speci fic high- press Sity po yet yl ene avi n sity
of 0.915 §0 QP%h gétqcyleﬂbaw-@n@ﬂﬂh copolpihezcopf@péee% bromeeﬂhylenb‘i

This conposition has a nelt flowrate (190 [err]C) of O. to 1.0 ¢g/10
mn, a densitandfad).cHBLE¢OiN. 8854 gbecmand earbon aebmstenalhasoh dehslieys
than 5 4. The film proposed in this publication is a filmof 50

to 250 [err] mf M 190CkesE. D18 agnesl, bin sah] eadnig éhe3aboyes0 g0pgent i oned
pol yet hyl ene resin conposition to air-cooling
weight,
(B) a specific high-density polyethylene resin having
10 a density of 0.935 to 0.950 g/cc, in an amount of 20 to 40
% by weight, and
(C) a sﬁecific high-pressure low-density polyethylene
resin haviné a density of 0.915 to 0.924 g/cc, in an amount
of 10 to 40 % by weight.
.15 This composition has a melt flow rate (190 °C) of 0.2
to 1.0 é/lo min, a density of 0.918 to 0.935 g/cc and a
melt tension of not less than 5 g.
The film proposed in this publication is a film of S50
to 250 um in thickness obtained by subjecting the above-
20 mentioned polyethylene resin composition to air-cooling
inflation. fhis film has a gloss of not less than 50 %, a
Young's modulus in tension of not less than 3,500 kg/cm?
and a dart impact strength of not less than 40 kg/cm.
The film of the above polyethylene resin composition
25 has moderately good low-temperature properties, but it is
not necessarily sufficient in the low-temperature
properties, such as low-temperature drop-bag strength,

required for polyethylene resin films for heavy-duty



inflation. This filmhas a gloss of not less than 50 % a Young' s

nodul us in tension of not |ess than 3,500 kg/cnferr] and a dart inpact
strength of not less than 40 kg/cm The filmof the above

pol yet hyl ene resin conposition 25 has noderately good | owtenperature
properties, but it is not necessay |y sufficient in the
Iomftenperature properties, such as |owtenperature drop-bag strength
required for p ethylene resin films for heavy-duty
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a view toward sol ving thHe above problens as e prio
art . Low-fempleiradiuref dﬂb’}‘ﬂﬂ'&%erﬁt'rﬁéhg‘t% that oMl deat 15 .
pol yet hyl ene resin conposition capable of producing a film whi ch has

such high | oa&itranpelg&burse.ypibepefie&fqrarat i A-duty pacR&YEdP L) 3bveR
drop-bag strength that it can be
in a cold district of below-freezing temperature and a
polyethylene resin film produced from the composition.
10
OBJECT OF THE INVENTION
The present invention has been made with a view toward
solving the above problems associated with the prior art.
An object of the invention is to provide a
-15 polyethylene resin composition capable of producing a film
which has such high low-temperature properties particularly
low-temperature drop-bag strength that it can be
advantageously used for a heavy-duty packaging bag even in
a cold district of below-freezing temperature and to

20 provide a polyethylene resin film produced from the

composition.

SUMMARY OF THE INVENTION
The present invention provides a polyethylene resin
25 composition for heavy-duty packaging bag comprising:
(I) 40 to 70 parts by weight of a linear low-density

polyethylene resin prepared from ethylene and an a-olefin

of 4 or more carbon atoms and having a melt flow rate (190



advant ageously used for a heavy-duty packagi ng bag even in a cold
district of belowfreezing tenperature and to 20 provide a polyethylene

resin filmproduced fromthe ©conposition.

SUMVARY OF THE | NVENTI ON The present invention provides a

pol yethyl ene resin 25 conposition f§r heavy-duty packagi ng bag

conpri si ng: (I') 40 to 70 parts by weight of .a linear |owdensity

pol yet hyl eng~y esin. ptrepared.fr et hyl ene ,and.an re] -al.efin of 4 or
nor e carbonq%}dit 9n ﬁgving 89i9|b1¥roﬁ 95931?¥9g% 0. 980" 0. 918

5 [err of 1_t .10 i a Is f. 0. 0.918
g/cnferr] aﬁg%g no gcﬁlg?iﬁngﬁ% g?E?PFbggﬁgﬁl%éﬁﬁﬁﬁ)}%ngﬁﬁr E%%asured by
GPC, of 1.5 £ Gll9 b to HP5 parts by weight of a linear
medi um or mégﬁﬁggyngsﬁff'péﬁyetﬁ%lenépsgsin having a density of 0.935

to 0.970 g/cnferqizyandeo 55 parts bl keighic0 029 aPalinedly & a & 2

hi gh- pressure | ow density pol yethyl'ene resin having a density of
0.915 t$ highOdea4ighCRloAliechylbhe resird haavigipla arenkit pfosap d9Besi ns

(1), (1rr)y and (I11) being 100 parts by weight; sai d
pol yet hyl entor 8sdfocgrpadj t and havi ng: (1) anelt flowrate (190 i
[err]C) of 0.5 to 2.0 g/10 mn, (i1) a density of 0.918 to 0.935
g/ cnB, and (III) 5 to 29 parts by weight of a high-pressure low-
density polyethylene resin having a density of 0.915 to
0.924 g/cm3, |
10 the total amount of said resins (I), (II) and (III)
being 100 parts by weight;
said polyethylene resin composition having:
(i) a melt flow rate (190 °C) of 0.5 to 2.0 g/10 min,
(ii) a density of 0.918 to 0.935 g/cm3, and
15 (iii) a melt tension of not less than 5 g.
The polyethylene resin film for heavy-duty packaging
bag according to the present invention is a film prepared §
from a polyethylene resin composition having a melt flow
rate (190 °C) of 0.5 to 2.0 g/10 min, a density of 0.918 to
20 0.935 g/cm3, and a melt tension of not less than 5 g, by
means of air-cooling inflation,
said polyethylene resin composition comprising:
(I) 40 to 70 parts by weight of a linéar low-density
polyethylene resin prepared from ethylene and an o-olefin
25 of 4 or more carbon atoms and having a melt flow rate (190
°C) of 0.1 to 1.0 g/10 min, a density of 0.900 to 0.918

g/cmd® and a molecular weight distribution (Mw/Mn), as

measured by GPC, of 1.5 to 3.5,



15 (iti) a nelt tension of not less than 5 g. The
polyethylene resin filmfor heavy-duty packagi ng bag according to the
present invention is a film prepared froma pol yet hyl ene resin
conposition having a nmelt flow rate (190 [err]C) of 0.5 to 2.0 g/10
mn, a density of 0.918 to 20 0.935 gcnjerr], and a nelt tension of not
| ess than 5 g, by nmeans of air-cooling i nfl ation, sai d

bl yethylene Test n SRR 41 00 SEIELLSL Hotane of . HABh RpRRuROgRY 1S
melt 1 ow rat g guens E T b8y gonglefle ke BPh 4TI 0E" 2 HARR TN a#TWEB o0
to 0.918 é.%/d:ré-% r%/@,ﬁtd aar{@l ecul ar wei ght d| stri but [ on (MM M), as

measur ed by (I'1) 1 to 55 parts bhy

wei ght of a |inear(medi wWnwg 29 s deasyhy &9 yehhyhepeetsakrd hawlng a
density of 0.935 ( to 0.970 %?Enﬁgagn Y ? e to 29 parts

by wei ghtSof derds ity pebesitiey lone reéldensviygpalaehbytgnefr esgmsha\zsi ng a
density of 0.915 to 0.924 g/cnerr], the total anount of
said resins (0.)924 Idjcmhd (I111) - being 100 parts by weight;
said filmhaving: 10 (i) a Young's nodules in tension of not |ess
t han 4,000 Kdlerjaral amrount of said resins (I), (II) and (III)
| being 100 parts by weight;
said film having:
10 (i) a Young's modules in tension of not less than
4,000 kg/cm?, and

(ii) a dart impact strength of not less than 55 kg/cm.

DETAILED DESCRIPTION OF THE INVENTION
15 The polyethylene resin composition for heavy-duty
packaging bag and a polyethylene resin film produced from
the composition according to the invention will be
described in detail hereinafter.
First, the components used in the polyethylene resin

20 composition for heavy-duty packaging bag are described.

(I) Linear low-density polvethvlene resin
The linear low-density polyethylene resin (I) used in

the invention is a copolymer of ethylene and an a-olefin of

25 4 or more carbon atoms, preferably 4 to 20 carbon atoms.

Examples of the o-olefins include l-butene, l-pentene,

l-hexene, 4-methyl-l-pentene, l-octene, l-decene, 1-



(i1) a dart inpact strength of not |ess than 55 kg/cm

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The pol yet hyl ene resin .
conposition for heavy-duty packagi ng bag and a polyethylene resin film
produced from the conposition according to the invention will be
described in detail hereinafter. 7 First, the conponent s used in

t he pol yethylene resin 20 conposition for heavy-duty packaging bag are

d i bed. ear m#den5|t yet hyl ene resin
Tﬁzc{:near Ioﬁfﬁ%ﬁ§¥¥? OIRY éﬁgqééél?esi %ﬁ? o1 °°tg?ﬁEePﬁvéﬁﬁlén i s
a copol ynmer of ;& %%kl%pe and an [err]- olefln of 25 4 or nore carbon atons,
preferably 4 to carbon atons. Exanpl es of the [err]-olefins

I nclude 1-butene, Theeawendit of a-oles@nein 4netdvhoilomert £8einlensat ene,
1- decene, 1- dodecene, 1-tetradecene, 1- hexadecene

1-oct adecene aadgk of 1 tEIIPIELNH mol prefer Ekf% efin
in the copolyner is in the range ‘of 1 Yo by nD pre ag#y 1.5

to 7 % by Sl . 5The 11nEbQ|LdW§ﬂéd§mmﬂ%ﬁﬂ HyﬂéﬁﬁfBééiﬁfffﬁ'ﬂb '3 has
a nelt flowrate (MFR, ASTM D 1238, 190 [err]C, |load of 2.16

of 0.1 to 1.0mgAtOfiiow, rptef eMER,y ABTM too 1238 ,9/19D Aic). load ofNEN 4 h@;)
|l i near- | owdensity pol yethylene resin (I) having a nelt flow rate
within the ab®§elrdnge ilsOugdd O ain, preferably 0.3 to 0.7 g/10 min.

When the linear low-density polyethylene resin (I) having a
melt flow rate within the above range is used, a
10 polyethylene resin composition showing good film

moldability in the air-cooling inflation can be obtained.
That is, the resin composition has good extrudability in
the film molding, so that a film of high bubble stability
and free from surface roughening can be obtained.

15 The linear low-density polyethylene resin (I) has‘a

density (ASTM D 1505) of 0.900 to 0.918 g/cm3, preferably

0.900 to 0.915 g/cm3. When the linear low-=density

polyethylene resin (I) having a depsity within the above

range is used, a polyethylene resin composition capable of

20 providing a film of high strength and rigidity can be
obtained.

The linear low-density polyethylene resin (I) has a
molecular weight distributibn (Mw/Mn, Mw = weight-average
molecular weight} Mn = number-average molecular weight), as

25 measured by GPC, of 1.5 to 3.5, preferably 1.8 to 3.0.
When the linear low-density polyethylene resin (I) having a
molecular weight distribution within the above narrow range

is used, a polyethylene resin composition capable of
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10 polyethylene resin conposition show ng good film nol dability in

the.air-cooling inflation can be obtai ned. That is, the resin
conposition has good extrudability in the filmnolding, so that a
filmof high bubble stability and free from surface rougheni ng can be
obtai ned. 15 The linear |owdensgty polyethylene resin (1) has a
density (ASTM D 1505) of 0.900 to 0.918 g/cnferr], preferably 0. 900
to 0.915 g/cq&g i When % f Ibnear | ow- densi.ty ol yethyl ene resin
(1) having a g e hi hlphBa¥ppgemore impgayed; §mpaes, rgsistanae land

resin compositio cap able of 2 oviding.-a filmof high strength and
rigidity can EPurh %b?%?ngﬁ ogtagned The linear | owdensity

POt - aver nge T mPEedlar (o lThEHLAE L0 i) 13 nbterea M
vei ght), as 7 ndBas &I@Hl@¥oﬁ§§ie fal 3 EgrgiéflgﬁegeEggh%n t%ﬂﬁ%fﬁgqﬁe

When the |inear I'owdensity polyet ene resin having a

vei ght di Stridwiti e W iy ddifs Qi}PV@ xﬁ@ééﬂ‘!ﬂé‘%lce of SGHESHat8rs 150cC

pol yet hyl ene resin conposition capable of

8 pr ovighdduded ihyn M2Vl Do F8r €ol Nproved i npact resi stance and
t oughness can be obt ai ned. The nol ecul ar wei ght distribution

(MM Mh) is nmeasur eth the priséenmt Oimmmmbem@nlﬁﬁe@rc%ﬁLééngitég col um
tenperature 5 of 140[err] C by neans of a neasuring device of C-Waters
150C predussthiblend | fepbne(Ib.is used in an amount of 40 to 70

parts by weight, preferably 40 to 65 parts by weight, more
10 preferably 45 to 60 parts by weight, based on 100 parts by
weight of the total of the resins (I), (II) and (III).
When the linear low-density polyethylene resin (I) is used
in the above-defined amount, a polyethylene resin
composition capable of providing a film of high impact
.15 resistance and toughness can be obtained. |
The linear low-density polyethylene resin (I) can be
prepared by copolymerizing ethylene and an o-olefin of 4 or
more carbon atoms in the presence of a metallocene catalyst
for olefin polymerization containing a metallocene catalyst
20 component, which is described in Japanese Patent Laid-Open
Publications No. 9724/1994, No. 136195/1994, No.
136196/1994 and No. 207057/1994, in such a manner that the
resulting copolymer has a density of 0.900 to 0.918 g/cm3.
The metallocene catalyst for olefin polymerization is
25 formed from (a) a metallocene catalyst component comprising
a Group IVB transition metal compound containing at least
one ligand having cyclopentadienyl skeleton and (b) an

organoaluminum oxy-compound catalyst component, and if



In the present invention, the linear |owdensity pol yet hyl ene resin

(1) is used in an anount of 40 to 70 parts by weight, preferably 40
to 65 parts by weight, nore 10 preferably 45 to 60 parts by wei ght, based
on 100 parts by wei ght of the total of the resins (1), (Il) and
(rrry. ‘When the linear |owdensity polyethylene resin (1) is used

I n the above-defined anmount, a pol yethylene resin conposi tion capabl e
of providing a filmof high inpact 15 _resistance and toughness can be

obt ai ned. desired, The) | Pn€iPe| BRFEERLP FapErgEy h)ffiénémr é’é‘gﬁm%l‘{f‘&tﬁ%
db | d
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pol ymeri zati g n t catal yst 20 conponent, which is
describedir1%héé§é§% éé?%%?gﬁ ghhgpﬁgﬁt Publ i cati ons No. 9724/1994, No.

136195/ 1994, No. _ne J3EIBLLS04 28 M 202002hR04 (o4 oSuUElraYRRRE

that the resulting copolynmer has a den

g/cnlerr]s in the pl&SeAE! &hteaeNEncatakygtolgr 19BCLIrANRA Y BBy 'm’e%tdlon s
25 formed from(a) ‘a netall ocene catal yst conponent conprising

G oup | VB tr assmpd@id "BbAt atATAGUAE Teakai Bh8Jlaah@agkhving one Ilgand

havi ng cycl opent adi enyl skel eton and (b) an or ganoal um num
oxy- conpound st Bdpyeht adtpnpenskedotont The transition fesialedompolural fi ne
particle carrier, (d) an organoal um num conpound cat al yst conponent

and (e) an i drs,.zefbromkample, a transition metal compound represented by
the following formula (I].
10 ML, (1]

In the above formula, x is a valence of a transition
metal atom M.

M is a transition metal atom selected from metals of
Group IVB of the periodic table, specifically zirconium,

.15 titanium or hafnium, preferably zirconium.

Ll is each a ligand coordinatéd to the transition
metal atom M, and at least one ligand Ll is a ligand having
cyclopentadienyl skeleton.

Examples of the ligand L! having cyclopentadienyl

20 skeleton coordinated to the transition metal atom M include
cyclopentadienyl group; alkyl-substituted cyclopentadienyl
groups, such as methylcyclopentadienyl,
dimethylcyclopentadienyl, trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl,

25 methylethylcyclopentadienyl and hexylcyclopentadienyl;
indenyl group; 4,5,6,7-tetrahydroindenyl group; and
fluorenyl group. These groups may be substituted with

halogen atoms or trialkylsilyl groups.



conpound cat al yst conponent . The netal | ocene catal yst conponent
(a). preferably used 5in the present inventionis a Goup IVB transition

net al conpound contai ning at | east one |igand having

cycl opent adi enyl skeleton. The transition nmetal conpound is, for
exanple, a transition nmetal conpound rgpresented by the foll ow ng
formula [1]. 10 [err] In the above fornmula, x is a valence

f t ti al M. i i t t i
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coor di nat ed tﬂ:ﬁ h@xé ﬂél téP)@yﬁEﬁé' %%Qﬁbwbheﬁ| ageethyleﬁ)écla%ent adi enyl
group; al kyl -substitu ed cycl opent adi enyl groups, such

net hyl cychopgsiasii peryé, subst dtueéyhl¥glepengadiipsybuch as

tr|nethylcyclopentadlenyl t et ranmet hyl cycl opent adi enyl ,
pentanethylcWﬁdnnﬂpgﬂﬂdﬂwédipﬁényhnéh&Ybehglcytlpbenéadbean and

hexyl cycl opent adi enyl ; I ndenyl group; 4,5,6, 7-tetrahydroi ndenyl group;
and f | ueubst itgrioeg. siThebengr onpspsagubk ssbdinethgdswilyliene, hal ogen

atonms or trialkylsilyl groups.
diphenylsilylene and methylphenylsilylene.

Other ligand L! than the ligand having
10 cyclopentadienyl skeleton is a hydrocarbon group of 1 to 12
carbon atoms, an alkoxy group such as methoxy, an aryloxy
group such as phenoxy, a trialkylsilyl group such as i
trimethylsilyl or triphenylsilyl, SOs3R (provided that R is
a hydrocarbon group of 1 to 8 carbon atoms which may have a
15 substituent such as halogen), a halogen atom, or a hydfogen
atom. .

Examples of the hydrocarbon groups of 1 to 12 carbon
atoms include alkyl groups such as methyl, cycloalkyl
groups such as cyclopentyl, aryl groups such aé phenyl, and

20 aralkyl groups such as benzyl.

Examples of the ligands represented by SO3R include p-
toluenesulfonato, methanesulfonato and
trifluoromethanesulfonato.

The organoaluminum oxy-compound catalyst component (b)

25 preferably used in the present invention is aluminoxane.
For example, methylaluminoxane, ethylaluminoxane and

methylethylaluminoxane, each having about 3 to 50 recurring



10 When the conpound represented by the fornmula (I)

contains two or nore groups having cycl opent adi enyl skel eton, two of
them may be |inked to each other- through, for exanple, alkylene
groups such as ethyl ene and 5 propyl ene, substituted al kyl ene groups
such as | sopropyl i denedi phenyl nmgtthyl ene, silyl ene group,

substituted silylene groups such as dinethylsilylene
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a hal ogen at Qo FrduedQoen atom Exanpl es of the

hydr ocarbon groups ‘of 1 to 12 carbon atons include al kyl groups such !
as methyl5 cycloalind fine pHARS S W BiSe €Y 0P MR féydg(ﬂwwm?uch as
phenyl, and 20 aralkyl groups such as benzyl. anpl es of the
i gands repr esad ath mhS@mapd Rt hm usle tthe olefiml pelesstfpaaion

met hanesul f onat o and trifluoronethanesul f onat o. The
organoaluninmeastnmninﬂah(inqﬁg@nimompomemanim)comﬁbummeaadabéy used in
the present invention is aluninoxane. For exanpl e, nethyl al um noxane,

et hyl al um nogag@uadr or parkisuiats|0lid laeing a2adrhibelegdisoetes 6 50

recurrin
g usually about 10 to 300 um, preferably 20 to 200 um.

10 The inorganic carrier is preferably porous oxide, and
examples thereof include SiO;, Al;03, MgO, 2ZrQ,, TiOz, B0z,
Ca0, znO, Bal, Sn0; and mixtures of these oxides. These
inorganic.oxides may contain carbonates such as NayCOj,
sulfates such as Al;(S04)3, nitrates such as KNO3, and

.15 oxides suéh as Liy0, in small amounts.

Though the carriérs are different from each other in ;
the properties depending 6n the kinds or the preparation
processes, preférably used in the present invention is a
carrier having a specific surface area of 50 to 1,000 m2/g,

20 preferably 100 to 700 m?/g, and a pore volume of 0.3 to 2.5
cm3/g. |

The carrier is used after calcined at 100 to 1,000 °C,
preferably 150 to 700 °C, if necessary.

The organic compound used as the fine particle carrier

25 is, for example, a (co)polymer prepared using as its major
component an ¢&-olefin of 2 to 14 carbon atoms such as
ethylene or 4-nmethyl-l-pentene, or a (co)polymer prepared ;

using as its major component vinylcyclohexane or styrene.



units represented by the formula -AI (RO (provided that R IS an
al kyl group), are enpl oyable. The al uni noxal A—pe prepared by
conventional ly known processes. 5 - T The- ane partlcle carrier
(c), which is optionally used in the pHeparat;qn;of t he ol efin

pol ymeri zati on catal yst, is an iy@rgani.c. or. organie- conpound and is
granul ar or particulate solid having a particle di anet er of usual |y

b f h
R ortani c carier BAARLPE ! EReY0F R8s F i hify b BhootRg, §%P&¥Tsttﬁer cof
i | ude Sigq
16 e S ot 01 A0 L en A B T Bl B €40 S o
d t f h
T T A Sy e
LiTert]O 1 n bl xplRbdhinums such as THOHERNGNEIGRERLALS are different

fromeach other in the properties depending on the kinds or the
preparati §n alkenPlAT@ESREmsPERERN @Bl YsUpedniNal GRiRLAS E B allRYAH I L rufin @
carrier having a specific surface area of 50 to 1,000 nferr]/g, 20
preferably1UHhIId§@Osﬂ¢Er3$/g;mendyaamuménumlnnmoﬁﬁdé Jalky2aiuminum
cnerr]/g. The carrier is used after calcined at 100 to 1, 000
[err]C, sgp@ishabiged S6uch a60mpehylgluminnecessqguyichloride; The
organi ¢ conpound used as the fine particle carrier 25 is, for exanple, a
(co)polyner[ﬁkﬁﬁ#%&ﬂ@%ﬂ%@ dshalidagj spch as m@éhﬁéﬁéﬁmlaﬁm[dﬂFPlﬂnﬁd&rof |

to 14 carbon atons such as et hyl ene_or 4-nethyl-1-pentene, or
(co)polyner Aepadeylaluninum hydrides such as diethylaluminum hydrlde

10 Examples of the ionized ionic compound catalyst
component (e) include triphenylborons described in U.S.
Patent No. 547,718; Lewis acid such as MgCl,, Alz0;3 and
Si0,-Al1,03; ionic compounds such as
triphenylcarbeniumtetrakis({pentafluorophenyl)borate; and

.15 carborane compounds such as dodecaborane and bis-n-
butylammonium (l-carbedodeca)borate.

The linear low-density polyethylene resin (I) used in
the present invention can be obtained by copolymerizing
ethylene and an a-olefin ¢of 4 or more carbon atéms in the

20 presence of the olefin polymerization catalyst comprising
the metallocene catalyst component (a) and the
organoaluminum oxy-compound catalyst component (b), and if
desired, the fine particle carrier (c¢), the organocaluminum
compound catalyst component (d) and the ionized ionic

25 compound catalyst component (e), in a gas phase or a liquid

phase such as slurry or sclution under various conditions.

is Sheet Has Been Replaced -
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using as its mmjor conponent vinylcycl ohexane or styrene.

12 _ Exanpl es of the organoal um num conpound cat al yst

conmponent (d), which is optionally used in the preparation of the
ol efin polynerization catal yst, include trial kyl al um nuns such as
trimethyl al um num 5 al kenyl al um ngrgs such as i soprenyl al um num

di al kyl al um num hal i des such as di net hyl al umi num chl ori de;

al kyl al um num sesqui hal i des such as neth IaIuninun1sesguichiorLde;
21 Kyl al umi num di hdi ddi SEHEL RRIVRETERT hefn RFQFFES | BF; Che SOiffion

0 S 0 8RR LR e o S
Such as’ Mjdl LoV et ofar Thafe €88l ve Rt Y o BPASRRR ¢

conpounds such as tp thé{#é%&@g%ﬁ@igﬁggag%ﬁir@gggip@@é@%Lgﬁggppgeykggorate;

and 15 carborane conpo orane and .
but yl anmo®i urdils 5] BESIOARSE) POF 86€- is desirablyN@sédNeAr ahO¥mdansi bY
pol yethyl ene resin .(1) used in t he present invention can be obtained

by copol ynmer wguxlly 108t iyl anes agdatomAt Dt ef| Npoéférablyole-Ttaydorodt ons
in the 20 presence of the olefin polynerization catal yst conprising
t he net al | ocenatcat /Al Mtsdr coiponems (af ancondtentrationgafioahantmamsition
oxy-conpound catal yst conponent (b), and if desired, the fine particle
carrier (c), met@lorafammalunik@inpolymerbzpbion satwtyen. conponent (d) and
the ionized ionic )
In the polymerization, an organocaluminum oxy-compound
10 catalyst component (b) not supported on the carrier and/or
an organoaluminum compound catalyst component (d) not
supported on the carrier may be used in addition to the
organoaluminum oxy-compound catalyst component (b)
supported on the carrier and the organcaluminum compound
.15 catalyst component (d) supported on the carrier. In this
case, an atomic ratio of the aluminum atom (Al) derived
from the non-supported type organcaluminum oxy-compound
catalyst component (b) and/or the non-supported type
organcaluminum compound catalyst component (d) to the
20 transition metal atom (M) derived from the metallocene
catalyst component (a), Al/M, is in the range of 5 to 300,
preferably 10 to 200, more preferably 15 to 150.
The polymerization temperature in the slurry
polymerization process is in the range of usually -50 to
25 100 °Cc, preferably 0 to 90 °C, and the temperature in the

solution polymerization process is in the range of usually

-50 to 500 °C, preferably 0 to 400 °C. The temperature in



25 conpound catal yst conmponent (e), in a gas phase or a liquid phase
such as slurry or solution under various conditions.

13 In the slurry polynerization process or the solution

pol yneri zati on process, an inert hydrocarbon nmay be used as a
solvent, or the olefin itself may be uggd as a sol vent. In the
pol yneri zation, the netall ocene catal yst. for 5 olefin polynerlzatlon S

desirably use n_an apoun err] to 10[err]

g.atom liter, gBFelg&saRhS?st[pé’rJﬁmqr&zfd:[lé?”r ]F}/m dss tSitigh he eFange e&rns of
a conpentratlggugﬁl§h% Eragik}be F?aFFgﬁayaﬁ%gg ﬁ§3|8 pol yneri zati on

sol ution. pol yfre "num oxy- conpound
10 tal yst t h

or gaﬁﬁaﬁuﬁnu?n‘)g‘éﬁ%‘éﬁna@kt P 2RtIRH bie R %ﬁsc?r W ' W et penithe
carrier may betblégghbh%dijﬂx‘e's%ﬁeo ttoh%o k /c‘i}{Zgap%'ﬂé'P g,tig;h%* Fyground

cat al yst conponent (b) supported on t I er

or ganoal ul§i nurygempounthe 15otahakysht $§8APEARNbe( e)ar%%a%h%d i 4R of a
carrier. In this case, an atomc ratio of the alum num atom ,ﬁ%

deri ved bétohwibe peBcegpRpOhl &&miyRendigado wﬂd@é@@@ﬁ&wound
cat al yst conponent (b) and/or the non-supported type or ganoal um num
conpound cat atgstinuapenembceds.to the 20 transition netal atom (M
derived fromthe netall ocene cat al yst conponent (a), AI/M is in the

range of 5 to 300,In the Erépérabﬂynlgftbheom;nﬁarelpweﬁemahhy 15 to 150.
The pol ynerizatjon tenperature in_the slurry
polyethylene resin (I), various means, such as (1) multi-
10 stage polymerization, (2) multi-stage polymerization in a
liquid phase and a gas phase and (3) prepolymerization in a
liquid phase followed by gas phase polymerization, may be

adopted according to necessity.

.15 (I1) Linear medium or high-densitv polvethvlene resin

The linear medium or high-density polyethylene resin

(II) used in the present invention is an ethylene

homopolymer or an ethylene/o-olefin copolymer.
Examples of the a-olefins for constituting the

20 ethylene/a-olefin copolymer include a-olefins of 3 to 20

carbon atoms, such as propylene, l-butene, 1-pentene, 1-
hexene, 4-methyl-l-pentene, l-octene, 1l-decene, l~-dodecene,
l-tetradecene, l-hexadecene, l-octadecene and l-eicosene.
Of these, preferred are propylene, l-butene, l-pentene, 1-
25 hexene, 4—methyl-1fpentene and l-octene.
The amount of a-olefin in the ethylene/a-olefin

copolymer is not more than 10 % by mol, preferably 0.2 to 7
% by mol.



pol ymeri zation process is in the range of usually -50 to 25 100 [err]C,

preferably O to 90 [err]C, and the tenperature in the sol ution

pol yneri zation process is in the range of ‘usually -50 to 500 [err]C,
preferably O to 400 [err]C. The tenperature in

14 the gas phase polynerizationjyyocess is in the range of

usually O0'to 120 [err]C, preferably 20 to 100 [err]C. The

pol ymeri zation pressure is in the range of usual at nospheri c

pressure to 100 kg/&ikingar frediympp ngﬁ'gﬁnsg'& PRiyerp¥lepe regdn
| ' ' b | ed ' ' t chwi ,
o eont tnuc o heeE S he v abBy Ry 8bsf op 8238 €6"026 78" STERY,
. . Lo I . !
e, suoh SrqtSraniyis. o3) €678 b¥s gfcn2 POMRAVERZL 1680, heptublous

pol yneri zati gy dil density pobiechplese 28Eia 92%) PHE9eng"d Léhsity
ﬂ#% | I owed %y

prepol yneri zation in a qui d phase follo gas phase

pol ymeri z8ti qiitH®BY e above aﬂ@@@@diacwéd} ng bO1PEER§ILhY. resihd _
(1) Linear mediumor high-density polyethylene resin The |i near
medi um or hi glongesit Yoot aeébye e pesSviding a filh ufeHighR thegiphiegent

I nvention is an ethyl ene honmopol ynmer or an ethyl ene/a-ol efin

copol ymer. strength dndnpiese ofahhise[ebtainééfins for constituting the
20 ethylene/a-olefin copolynmer include [err]-olefins of 3 to 20

carbon atons, suciThes lgimgasd emedium bor emkbghddgmesienepolyethylene resin

(ITI) has a melt flow rate (MFR, ASTM D 1238, 190 °C, load
10 of 2.16 kg) of usually 2.0 to 60 g/10 min, preferably 2.5
to 50 g/10 min, more preferably 2.8 to 40 g/10 min. When
the linear:medium or high-density polyethylene resin (II)
having a melt flow rate within the above range is used, a
polyethylene resin composition having good extrudability in
.15 the film molding by air-cooling inflation and capable of
providing a film of high strength can be obtained.
The linear medium or high-density polyéthylene resin
(IT) has a molecular weight distribution (Mw/Mn),‘as
measured by GPC, of usually 2.0 to 5.0, preferably 2.0 to
20 4.5. wWhen the linear medium or high-density polyethylene
resin (II) having a molecular weight distribution within
the above range is used, a polyethylene resin composition
capable of providing a film of high rigidity, strength and
nerve can be obtained.
25 In the present invention, the linear medium or high-
density polyethylene resin (II) is used in an amount of 1
to 55 parts by weight, preferably 10 to 50 parts by weight,

more preferably 20 to 45 parts by weight, based on 100



hexene, 4-nethyl-1-pentene, 1l-octene, 1l-decene, 1-dodecene,

1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. O these,
preferred are propyl ene, 1-butene, 1l-pentene, 1- 25 hexene,

4- et hyl - 1- pent ene and 1-octene. The amount of a-olefin in the -
ethylene/[err]-olefin copol yner yg not nore than 10 % by nol,
preferably 0.2 to 7 % by nol . The I|near medi um
or high-density polyethylene resin (11) has a density gASTM D 1505)
of 0.935 to DayLe &Ncn'[eetrgqt of the tp?térler%ﬁoltweo il 0068 HIbnpedr] .

Wien the |inear nedlum h density pol yethylene re

havi ng a denditdy) - SWHQHMQ?qtﬁ% %é %%ikﬁ%é?%tY%ﬁ%ylég?n
conposition ca abI f prOV|d| a f|| of hi g di t strength
and nerve cah® 5E§ Inés. ¢ ed'4n the gh régﬁ qéﬁi?ﬁﬁ%ﬂthlﬁh density
SR Sy 'émfﬁ S QB AR 12080000
to 50 ij/ B0 "hR nTBHE nkb Q,feerc%ly Yol o%ttaqn‘égl g/ 10 m n. Wen ’ the |inear

medi um or hi gh-density pol yethylene resin (11) having a nelt flow

rate within the appuelfiage medisadordhigh-deP@livst Mg HAdAE GUBNSI tion
havi ng good extrudability in 15 the filmnolding by air-cooling inflation

and capabl e QTI) can peOyir@dipaged by, mffr kixginmly,enrgtivwanrdeswis ai ned.

The linear nedium or high-density polyethylene resin (I'1) has a

nol ecul ar wepgbtedissusiilhgt 2012 igdierNatas catalyst, a low-pressure
process using a metallocene catalyst or a medium-pressure

10 process such as Phillips process.

II) High- L w-densi 1 hylene resin
The high-pressure low-density polyethylene resin (III)
used in the present invention is an ethylene homopolymer or
-15' an ethylene/vinyl acetate copolymer.
fhe amount of vinyl acetate in the ethylene/vinyl
acetate copolymer is in the range of 2 to 10 % by mol,
preferably 2 to 8 % by mol. ‘
The high-pressure low-density polyethylene resin (III) -
20 has a density (ASTM D 1505) of 0.915 to 0.924 g/cm3,
preferably 0.918 to 0.924 g/cm3. When the high-pressure
low-density polyethylene resin (III) having a density
within the above range is used, a polyethylene resin
composition capable of providing a film of high rigidity
25 and strength can be obtained.
The high-pressure low-density polyethylene resin has a
melt tension of not less than 5 g, preferably not less than

7 g. The melt tension is measured by means of a melt



measured by GPC, of usually 2.0 to 5.0, preferably 2.0 to 20 4.5.. \Wen
the linear nedium or high-density polyethyl ene resin (lI1) having a
. mol ecul ar wei ght distribution within t he above range is used, a

pol yet hyl ene resin conposition - capabl e of providing a filmof high
rigidity, strength and nerve camybe obtained. 25 In the
present invention, the linear mediumor high- density pol yet hyl ene

resin (I1) is used i n an anount ts I ght
preferably 18%083%p qg?tﬁF%ﬁH%ﬁé-by Toyorﬁﬁé}{?gﬁ %?§§90Qt6'45TB§rts
by wei ght, based qn 100 ‘16

parts by mel8ﬁ?%&rﬁﬂﬂaQQﬂ%ﬂt%ﬁnﬁrﬁfﬁeﬁﬁrﬁ?k%?wstlI) and (rrr). Wwen

the |inear | [ T Po1 o A4y pol yet hyl ene resin (I1) is used in .
t he above-defined anoun a pol yet hyl ene resin conposition capabl e of i

providing a film y95,48f% hI]-_gh_ REMR) Gad) lbe_ol%tqjggeqm The |i near

medi um or hi gh- denS|ty polyethylene résin can be prepared by,

for examg e, a | OWeRERTIWE temperdti3@@sSy dgsiony a Ziegler-Natta catalyst, a
| ow- pressure process using a netallocene catalyst or a

medi um pressure REsihoeeETUBIGHh aatkhi 115 pen/aiecess. (rer)
H gh-pressure | owdensity polyethyl ene resin ~ The high-pressure
| ow densi ty pol yetChkkenp mesien (2 m/min used in the present invention is
an et hyl ene honopol ynmer or an et hyl ene/ vinyl acetate copol yner.
The high-pressure low-density polyethylene resin (III)
has a melt flow rate (MFR, ASTM D 1238, 190 °C, load of
10 2.16 kg) of usually 0.1 to 2.0 g/10 min, preferably 0.1 to
1.5 g/10 min, more preferably 0.2 to 1.5 g/10 min. When
the high-pressure low-density polyethylene resin (III)
having a melt flow rate within the above range is used, a

polyethylene resin composition having good extrudability in

.15 the film molding by air-cooling inflation and capable of
providing a film of high bubble stability and uniform
thickness can be obtained.

In the present invention, the high-pressure low-
density polyethyiene resin (III) is used in an amount of 5

20 to 29 barts by weight, preferably 5 to 25 parts by weight,
more preferably 7 to 25 parts by weight, based on 100 parts
by weight of the total of the resins (I), (II) and (III).
When the high-pressure low-density polyethylene resin (III)
is used in the above-defined amount, a polyethylene resin

25 composition éapable of providing a film of good low-
temperature properties such as low-temperature drop-bag
strength and high transparency can be obtained. For heavy-

duty packaging bags of organic fertilizers or the like, it



The amount of vinyl acetate in the ethyl ene/vinyl acet at e copol yner is

in the range of 2 to 10 % by nol, preferably 2 to 8 % by nol.

The hi gh-pressure | owdensity polyethylene resin (I11) 20 has a density

" (ASTM D 1505) of 0.915 to 0.924 g/cnferr], preferably 0.918 to 0.924
g/cnferr]. Wen the high-pressure 18! ow-density polyethylene resin (111)
havi ng a density within the above range is used, a pol yethylene resin
conposi tion capabl e ochrOV|d|ng a filmof high r|g|d|ty 25 and strength
can be obtalhéerQU1re thamh&ha gHHHKﬁﬁéiwkﬂIQﬂ@(R#Eﬁt@a%op9e¥ﬂ?$eﬁ§°me3|n
has a t tensioon of not less than 5 g, prefera not | ess than

7°g. The mel ENfeRuitadey rﬁéhmaéatﬁgﬁ S Feary-Guty PacxaSing "B

17 tension te I d Toyo Sei ki Sei sakusho K. K. The
measuri ng coﬂﬁFFFo% QA% Héh 9%&9 pare W%asuring condi tions -
Nozzle: L = 8, 000

Harr] C hlg}(at %lfgﬁsoss mrwe"atleoa-fbenrﬁ%tr% %S er@u}leé}'g)er% up f-‘?P)
has a melt fFaR %%?éyﬁ%@ 0 SRy SRR B EE ) o

usual l'y 0.1 belgmgrg./zja(%ﬂ&{hurﬂeﬂzf %rh%b'dbr{?n]t td}ls of a- &Qéé@ré“é‘f 1PH&o
preferably 0.2 to 1.5 g/10 mn he hi gh-pressure Iomfden3|ty
pol yet hyl enetbegi, 000l ldthn and a temperature of 200 to 300 °C, namely

high-pressure process.

10 p hvlene resin positio r - kagin g
The polyethylene resin composition for heavy-duty

packaging bag according to the present invention can be
obtained by blending the linear low-density polyethylene
resin (I), the linear medium or high-density polyethylene

15  resin (II) and the high-pressure low-density polyethylene
resin (III) in the above-mentioned blending ratio by a dry
blend method using a Henschel mixer or the like, a melt
blend method using an extruder or the like, or a method of
combination of these methods. |

20 The polyethylene resin composition according to the
invention may contain various additives if desired, for
example, weathering stabilizer, heat stabilizer, antistatic
agent, anti-slip agent, anti-blocking agent, antifogging
agent, lubricant, pigment, dye, nucleating agent,

25 plasticizer, anti-aging agent, hydrochloric acid absorbent
and antioxidant, provided that the object of the invention

is not marred.



having a nelt flowrate within the above range is used, a polyethylené—
resin conposition having -good extrudability in 15 the film nolding by

air-cooling inflation and capabl e of providing a filmof high bubble
stability and uniform . thickness can be obtai ned. In the
present invention, the high-pressure | density pol yethylene resin

(I'11) is used in an amount of 5 20 to 29 parts by weight, preferably 5 to

25 parts by wei ght nor e preferablé 7 to 25 parts Eg wei ght, based on
100 parts by. Thei Belt of LpNer2beallA8TM Re12 88y nd 2p) - (195§daRE Erif).

Wh t he high- I d ' | yet hyl I, [ d

the. above- derFec Rnbif oAV RERYLERB! SHS RLEPRooss LdRpdem PEFveasiiie of
i di fil . | . t t ties .

ow 1t emper at BACkFoHABaE2S S atned BRBERAH: §nt PBn2ndr Say Bl ne

PP atned. Forplef¥an1y 0.8Ut¥ R28439189nBATOnBEeOR9RREE LAY o 1 ¥ 1005 L e

contents gn tye p §n,caaog§gﬁss@e§58 0.5 tBeiogt gk(i@, mid .t Nah he Tdddm

for heavy-duty packagi ng b: needs to have hi transparency.
The hi gh-prespniee | ovedenshhvingl yehhyharesheghBe( blibss i3 ¥dFmRy, PreRared

by, for exanple, a process of radical pol yneri zati on under the
condi tions ofmelPrEEowr abé 1s0PPeferabl9 RoBEOtAEAM aANO &ot @MOeigtI@r enif.
200 to 300 [err]C, nanely hi gh- pressure process.

The density (ASTM D 1505) of the polyethylene resin
composition is 0.918 to 0.935 g/cm3, preferably 0.920 to
10 0.935 g/cm3, more preferably 0.922 to 0.935 g/cm3.
The melt tension of the polyethylene resin composition
is not less than 5 g, preferably 5.5 to 15 g. The melt

tension is measured in the same manner as described above.

15 Polvethylene resin film for heavy-duty packaging baé
| The polyethylene resin film for heavy-duty packaging
' bag according to the present invention is a film obtained
by molding the above-described polyethylene resin
composition by an air-cooling inflation method.

20 The polyethylene resin film has a Young's modulus in
tension of not less than 4,000 kg/cm?2 and a dart impact
strength of not less than 55 kg/cm. The gloss of this film
is not less than 50 %. The thickness of the heavy-duty .
packaging polyethylene resin film of the invention is in

25 the range of 30 to 200 pm.

EFFECT OF THE INVENTION



10 Pol yethyl ene resin conposition for heavy-duty packagi ng bag

The, pol yet hyl ene resin conposition for heavy-duty packagi ng bag
according to the present invention can be obt ai ned by bl ending the

| i near | owdensity pol yethyl ene resin (1), the linear nedium or

hi gh-density polyethylene 15 resin (13Q and the high-pressure | owdensity
pol yet hyl ene resin (I11) in the above-nentioned blending ratio by a
dry bl end nmet hod using a Henschel mxer or the like, a nelt bl end

met hod using an exTPBJBPLEFLHYE SRk ESSIN FOMPORGG1on £or Refpi Tt BN of

Lhe® T nveherRAsiag ban SRARR SR BB e B O P S L8
| e, t her i i I heat. . i1 t j

L St Bl Pl o 0o 84 By N S g P88k rom

pi gment, dye, efHheaki BAGAGRNI-014F IH & ICiBemor@ daib i daB@RSt and

hydr ochl ori c aci d absor bent and anti oxi dant, provided that the object

of the ingenthgfing a E?e@QEi@BMﬁﬁi a ﬁBecific molecular weight
19 The melt flowrate (ASTM D 1238, 190 [err]C, |load of 2.16

kg) of the pohysthybeBeocheSvw/omTPesid i20den¥yitheasy-¥o0 to 0.PE8kastny
bag obtai ned above is 0.5 to 2.0 g/10 m n, preferably 0.5 to 1.8 g/10
m n, nore preffIpbtnellinearl mMediuvm @rlhighydemst yipeflaretiyldénd tesin 0
g/10 mn. In the case where a fil mhaving a higher surface gloss is
formed, the havingeht dehsityaiod i0s I3Cefter @bl9y70rngr/e:nt%hand1.((IItIo Zhe g/ 10
mn high-pressure low-density polyethylene resin having a
10 density of 0.915 to 0.924 g/cm3 in a specific ratio. This
composition has a specific MFR, a specific density and a
specific melt tension, so that it is able to provide a film
which has such high low-temperature properties particularly
low—-temperature drop-bag strength that it can be
- 15 advantageously used for a heavy-duty packaging bag even in
a cold district of-below—freezing temperature.

The polyethylene resin film for heavy-duty packaging
bag according to the present invention is produced from the
above~described polyethylene resin composition, so that the .

20 film can be advantageously used for a heavy-duty packaging
bag even in a cold district of below-freezing temperature.
Moreover,'since the polyethylene resin film has excellent
low-temperature properties, the thickness of the film can

be made smaller and high-speed molding of the film is

25 possible.

EXAMPLES



The density (ASTM D 1505) of the pol yethylene resin conposition is
0.918 to 0.935 g/cnferr], preferably 0.920 to 10 0.935 g/cnferr], nore

preferably 0.922 to 0.935 g/cnferr]. The nelt tension of the

pol yet hyl ene resin conposition is not less than 5 g, preferably 5.5
to 15 g. The nelt tension is nmeggured in the sanme nmanner as descri bed
above. 15 Pol yethyl ene resin filmfor heavy-duty packagi ng bag

The pol yethylene resin filmfor heavi-duty fackqglngg? bag,according to
the present inventitth Reesert | ipverbiergwill bgyfurthergdepgribed with

ni 1t on neriisredee o Eher £3) loyion, FERRSTS: nbrF) APnaBoH19oRRy <

Ctrengih of ndeRied nefeesths, EAPeARESy 8o n  Forfel LinfedacE thes ECe

than 50 % T pégfgness of the heavy-duty packagi ng pol yet hyl ene

resin filmof the Tnvention is in 25 the range of 30 to 200 [err]m

EFFECT OF5THE |NV§ND€R$ examples, measurement of properties p%othe
-The pol yet hyl ene resin conposition for heavy-duty packagi ng bag
accor di ng to ginendrasebagsVeasi 68re088r 66€Sin accérdahbe Wighakhe
| ow-density pol yethyl ene resin prepared from et hyl ene and an
[err]-ol ef irfafldwitigmeeheasbon atons and 5 having a specific MFR a
speci fic nol ecul ar wei ght

(1) Young's modulus

A tensile test of a film in each of the machine
10 direction (MD) and the transverse direction (TD) was
carried out by the use of a tensile tester of crosshead
movement constant rate type (available from Instron Co.).
Test conditions
Sample: JIS K 6781
15 Surrounding temperature: 23°C
Rate of pulling: 500 mm/min
Chart speed: 200 mm/min
Using the chart obtained by the above test, a Young's
modulus of the film in each of MD and TD was calculated in
20 accordance with the following formula, and a mean value of
the obtained values was taken as the Young's modulus (E).
Eo = Rgp(Lg/A)
wherein Eg is a Young's modulus in each direction, Rg is an
initial gradient, Lo is a distance between chucks, and 24 is
25 a minimum area of the sample just after the preparation.
The initial gradient Ry was calculated from the
following formula:

Ro = F1/1y



di stribution (Mv M) and a density of 0.900 to 0.918 g/cnferr], (rr)
the |linear nmediumor high-density polyethylene resin havi ng a density
of 0.935 to 0.970 g/cnB and (111) the hi gh- pressure | owdensity

pol yethyl ene resin having a 10 density of 0.915 to 0.924 g/cnferr] in a
specific ratio. This conpositiomppas a specific MFR, a specific
density and a specific nelt tension, so that it is able to provide a
film whi ch has such_ high | owtenperature properties particularly

| owt enper at WWReBEHP- Eagl%t?e%ﬁﬁﬂ ?ha h?tOEEﬁoﬁél 281n§d9§nﬁ§§eé@§¢}adsed

for a heavy-dut ackaqgi ng ba in district of
bol ow: f r eexi MARE ErggBFg and 11 Ts a&hﬁlﬁBFQE%ﬂ9lSﬁérﬁégPHdﬂpﬂﬁFPoFl

heavy-duty pack gh ag. .according to the present invention is
produced froﬁ??h e tangﬁage 4BEcri bed pol yethyl ene resin conposition, so

t hat the % gg s%WP%E $£%§ﬁ§§gly used for a heavy-duty packaging

bag even |n a freezi ng tenperature. Mor eover ,

since the polyethyf £0nbEShPebl VL ABSOBEEFhLEN N accokAUnkRMRAH Wstm D

propertles the thickness o m can e smaller an

hi gh- speed noj fh 908 0hakh@ifikByi By 2BePOR3tRh8ss of the film. The
EXAVPLES 21 The present

i nvention w |ﬂ~e_§h§311f_ﬂﬁfyheéldésﬁébbedgﬂﬂrhbd as theetarenaamdaet! e fealdtaw ng
exanpl es, but it should be construed that the invention is in no way
limted to th(®e Gloss
The gloss of the film was measured in accordance with
10 ASTM D 523 at an incident angle of 60 degrees.
(4) Sealing sﬁrength '
A film was sealed by means of a New Long HS-33D Top
Sealer (trade name, available from Tester Sangyo K.K.).
Then, a tensile test of the film was carried out by the_use
1S5 of a tensile tester of crosshead movement constant rate
typé (available from Instron Co.)} to measure a tensile
strength at break, which was taken as the sealing strength.
{(5) Low-temperature propertieées
{a) Low-temperature drop-bag vertical strength test
20 Ten bags, each of which had been sealed at its top and
bottom by means of a New Long HS-33D Top Sealer (trade
name, available from Tester Sangyc K.K.) under the
conditions of a heater gap of 150 % and a cooler gap of 200
% and had contenté of 25 kg, were prepared. They were
25 dropped from the height of 2 m in an atmosphere of -10 °C
in such a manner that the bottoms of the bags faced down,

to measure the number of broken bags. Separately, another



exanpl e. 5 In the exanpl es, neasurenent of properties of the
films and bags was carried out in accordance with the fol |l ow ng

nmet hods. (1) Young's nodul us Atensile test of a filmin
each of the machine 10 direction (MD) and the transverse direction (TD)
was carried out by the use of astensile tester of crosshead
novenent constant rate type (availabl&fromlnstron Co.). Test

condi tions Sample: JIS K 6781 15 Sur r oundi ng

t enper at ur e: tZ3] eof |ltags were dropped Hfoputhénpeisb® offf &i.AS m, 1. 5 m
Chart speed: 200 nn1n1n Usi ng the chart obtained by the above
test, a Youngnd 1 m imdubess@ypetnenhernasndeseribednvapale-TD was
calculated in 20 accordance with the follomnng%fornula and a nean val ue

of the obt ai fRId Lo TRAMRREA UK rAERP THRI YhRFRral nplEeRgtpEFesSt

E = L [ A E Y dul h
i rection, Ro 1 PR B4ds acn)OE dhlon [eré [esy “sSoked, SeohEs bopuge

or cpar bt  on. Dottort by elh T F1R8 Phod duS BT PrbH ke BPEL BERESY rom ¢ e

ggllomnng fOHEMéi available ffﬂ&rféstef[§5ﬁé§&[fr&]) under the

conditions of a heater gap of 150 % and a cooler gap of 200
% and had contents of 25 kg were prepared. They were
dropped from the height of 2 m in an atmosphere of -20 °C
10 in such a manner that the sides of the bags faced down, to
measure the number of broken backs. Separately, another
ten of bags were dropped from the height of 1.75 m, 1.5 m

and 1 m in the same manner as 'described above.

15 Reference Example 1
Preparation of olefin lymerization lyst
6.3 kg of silica having been dried at 250 °C for 10
hours was suspended in 100 liters of toluene. The
resulting suspension was cooled to 0 °C. To the suspension
20 was dropwise added 41 liters of a toluene solution of
methylaluminoxape (Al: 0.96 mol/liter) over a period of 1
hour, while the £emperature of the system was kept at 0 °C,
followed by performing reaction at 0 °C for 60 minutes.
Then, the temperature of the system was elevated up to 95
25 °C over a period of.1.5 hours, and the reaction was
continued at the same temperature for 4 hours. Thereafter,

the temperature of the system was cooled to 60 °C, and the



wherein Flerr] is a |load at the optional point on the initial t angent
line, and L[err] is an elongation corresponding to F[err] on the
tangent |ine. (2) Dart inpact strength 5 The neasured val ue
obt ai ned in accordance with ASTM D 1709 B was divided by the

t hi ckness of the film The resub&ing val ue was regarded as the dart

| npact strength. (3) doss The gl oss of the filmwas
measured in accordance with 10 ASTM D 523 at an incident angle of 60

degr ees. sugenBemtt njiguidngad removed byAdéchntansosetibedbbginmeans of
a New Long HS-33D Top Seal er (trade nane, available from Tester
Sangyo K. K.).solid. Then, a tensile test of the filmwas carried out by the
use 15 of a tensile tester of crosshead npovenent constant rate type
(avail abl e from | e ciP s )Wad wathed tui¢eéitle toluere gngth at break

whi ch was taken as th eal i sirength. . 5) Low-tepperature
properties resuspen§§§)1@0ﬂ£ ehpkfEf uPE B?ﬁ%é%%g vePt BRI S¥EFERGIASt est

20 . h. of i ch, had b d ' d, . b

by means 31 SRRIATRGIE Ao To SearBF 1 rabeene sohdrSRGR pse T rom
T S S5 ; Ny f 5150 % and
2 cool er gap ey STong Itenyly £0R0AL R PCRToRERL TLaB8R. 700, They

were 25 dr Ompﬁﬁ;:LﬂBf)hgatgeﬁ@mc Fver M i&ﬂ%?%?ﬂ;gﬁmﬁmﬁes‘}%é err]C

in such a manner that th ottonms of the bags to nmeasure
the nunber ofcdtakfife hags . rSHePRI & €4y, 3@ r another 2 hours. Then,

the supernatant liquid was removed, and the residue was

10 washed twice with hexane to obtain a solid catalyst
containing 6.2 mg of zirconium per 1 g of the catalyst.
Preparation of prepolyvmerized catalyst
To 300 liters 6f hexane containing 14 mol of
triisobutylaluminum was added 8.5 kg of the solid- catalyst
15 obtained above, to perform prepolymerization of ethylene at
35 °C for 7 hours. Thus, a prepolymerized catalyst in
which 3 g of polyethylene was prepolymerized per 1 g of the

solid catalyst was obtained.

r low-

20 In a conﬁinuous type fluidized bed gas phase
polymerization reactor, copolymerization of ethylene and 1-
hexene was carried out in the presence of the
prepolymerized catalyst obtained above.

The linear low-density polyethylene resin thus

25 obtained.had a l-hexene content of 5.3 % by mol, a density

of 0.905 g/cm3, a melt flow rate of 0.5 g/10 min and Mw/Mn

of 2.1.



23 ten of bags were dropped fromthe height of 1.75 m 1.5 m

and 1 min the sanme manner as descri bed above. (b)

Lowt enperature drop-bag lateral strength test Ten bags each of
whi ch had been sealed at its top and 5 bottom by neans of a New Long

HS- 33D Top Seal er (trade nane, %pllable from Tester Sangyo K K.)
under the conditions of a heatefrr"gap of 150 % and a cool er gap of 200
% and had contents of 25 kg were prepared. They were dropped fromthe
hei ght of 2 min &his nbvsrmlrel@w dems {ey rpelyaohy herecheainanpsr uskdt inhe
si des of the bags faced down measure the nunber of broken backs.
Separately, &GanRies 1 3en50?n%a65 were dropped fromthe height of 1.75
m 1.5 m and 1 min the same manner as descri bed above. 15

Ref erence Exanple 1 Preparation of olefin polynerization

cat al yst Fiﬁir “i%'ﬁxéf ilica having been dried at 250 [err]C for
10 hour 00 liters of toluene. The resul ting
suspensi oy was ¢ r [ &' hGneke t | added
41 liters of a toluene so ution o 1 um noxXane

mol /1iter) over a g fﬂﬁ%r 4 e r of t he
system was kept at Oz{errﬁ{,&&uous t% fl%y per ngﬁg ?eg(%tgl on at 0O
[err]C for 6Q é)?ﬂgﬁﬁzatlon FE88 ok Necd é‘%ﬂf@t?&ntbﬁ EYRLEBhYARNg 1-

el evated up to err]C over a period of 1.5 hours, and the reaction

was contigiueatt atad f@ﬁﬂi@dt@lﬁl@eir&ittltﬁ@ Iﬁﬁéséndil@uéﬁ ¢ABereafter,
the tenperature of the systemwas cooled to 60 [err]C, and the
prepolymerized catalyst obtained in Reference Example 1.

10 The linear low-density polyethylene resin thus
obtained had a l-hexene content of 3.2 % by mol, a density
of 0.915 g/cm3, a melt flow rate of 0.5 g/10 min and Mw/Mn
of 2.0.

This linear low-density polyethylene resin was used in

15  Examples 2, 4 and 6.

R n xampl
Preparation of olefin polymerization catalyst

10 mol of.commercially available anhydrous magnesium
20 chloride was suspended in 50 liters of dehydrated and
purified hexane in a stream of nitrogen. To the suspension
was dropwise added 60 mol of ethanol over a period of 1
hour with stirring, followed by performing reaction at room
temperature fof 1 hour.
25 To the reaction solution was dropwise added 27 mol of
diethylaluminum chloride at room temperature, and they were

stirred for 1 hour.



24 supernatant |iquid was renoved by decantation to obtain a

sol.i d. The solid was washed twice wth toluene and

resuspended in 125 liters of toluene. To the system was 5 dropw se added

15 liters of a toluene solution of bis(n-
butylcyclopentadlenyl)2|rconluntdlchlgblde (Zr: 42.7 mol /liter) at

30 [err]C over a period of 30 m nutes, continue the reaction at 30
[err] C for another 2 hours. Then, the supernatant |iquid was renoved,

and the reS|due\MﬁitGM)MﬁﬁﬂmﬂﬂtQﬁcﬁ&@ﬁnlummﬁﬁﬁﬁaQQﬂanéﬁnwassadﬁedzathbyst :
containing 6.2 ng of zirconium per of the catal yst
Preparatlon(ﬁY%ﬁ%ﬂxﬂ§ﬁmﬂ¢%@@dc%?aT?s to performFenntiqn cfar o hewdhe

contai ning 14 . triisobut | ym nu s added 8.5 kg of the solid i
cat al yst ‘G&tqh W%Hbg/e The p’é‘?%/ e‘TD‘g]r ‘?"?ia?‘?BﬁréFegt BYl ene at -

ol yet L]yFeLS AR AT Y e e %f“ze%c&“ Y prfitie Pordes ©
obt ai ned. 5 and su ég%erf)(ﬁé%t%rg}%i dAé r\_e&\r%i‘pg\fgeg@é%é(ﬁ@%xet hyl ene resin 20

In a conti I’lUOUS typ nerizati Ol’l reactor,

copol yneri zati onppg k Q1 % : s fiyhe
presence of the prepolynerlzed catalyst obtalned above The
l'inear | owdensitypql vatgwl g resitiddiiss Bpo B yiesh Dagh fod - P@ééﬂ@r,
content of 5.3 % by nol, a density of 0.905 g/cnferr], a nelt flow

rate of 0.5 @oldIynemivhtM¥Mof ethylene and 4-methyl-l-pentene was
carried out in the presence of the catalyst obtained above.
10 The linear low-density polyethylene resin thus
obtained had a 4-methyl-l-pentene content of 4.0 % by mol,
a density of 0.910 g/cm3®, a melt flow rate of 2.0 g/10 min
and Mw/Mn of 3.8.
This linear low-density polyethylene resin was used in

15 Comparative Example 1.

Reference Example 4
Preparation of linear low-density polyvethylene resin
In a continuous type fluidized bed gas phase
20 polymerization reactor, copolymerization of ethylene and 4-
methyl-l-pentene was carried out in the presence of the
prepolymerized catalyst obtained in Reference Example 3.
The linear low-density polyethylene resin thus
obtained had a 4-methyl-l-pentene content of 3.5 % by mol,
25 a density of 0.915 g/cm3, a helt flow rate of 2.0 g/10 min
and Mw/Mn of 3.5.
This linear low-density polyethylene resin was used in

Comparative Example 2.



of 2.1. 25 | This |inear

| ow- density pol yethyl ene resin was used in Exanples 1, 3, 5 and 7.

Ref erence Exanple 2 5 Preparation of linear |owdensity polyethyl ene
resin In a continuous type fluidized bed gas phase

pol ynmerization reactor, copolynerizatipn of ethylene and 1- hexene was
carried out in the presence of the prepol yneri zed catal yst obtained in
Ref erence Exanple 1. 10 The l'inear | ow density polyethyl ene resin

t hus obt ai ned had a | -hexene content of 3.2 % by nol, a density.

of 0.915 g/cnf nd Mwv Wh of 2.0.
This |inear IR din 15 Exanples 2, 4

ol ymer | zat onRg;t Bl denwm%m%%ﬁ%f %%F?Rai?ir%ﬁhﬁﬁié“a
anhydrous RGeS 020 SIRTLAR Y81 AURRERICINLN200s b BB Al Aoy ot e

and pur m- of e suspensi on
was dropvs f&?&&;@%&?& Chy f&ﬂén%s@xem@mﬁmoda@& Shoun iBOWapMd
stlrrlng, foI owed per orn1ng reaction enperature for
hour . were mixed by a Henschel mixer and pelletlzed by an
extruder.
The properties of the polyethylehe resin composition
obtained above are set forth in Table 1.

10 This composition was then subjected to air-cooling
inflation under the following molding conditions, to
prepare a film having a thickness of 150 um and a width of
450 mm.

Moldin ndition
15 Molding machine: inflation molding machine having a

diameter of 90 mm, available from Modern Machinery K.K.
(designed for high-pressure low-density polyethylene
resins)
Screw: L/D = 28, C-R = 2.8, equipped with intermediate
20 mixing means
Die: 200 mm in.diameter, 2.5 mm in lip width
Air ring: 2-gap type
Molding temperature: 190 °C
Take-up rate: 20 m/min
25 The resin extrudability is evaluated with AA (good)
and BB (bad). The bubble stability is evaluated with aaA

(good) and BB (bad).



25 To the reaction solution was dropw se added 27 nol of
di et hyl al um num chl oride at roomtenperature, and they were stirred
for 1 hour. . 26 After 100
nol of titaniumtetrachl oride was added, the system was heated to 70
[err]Cto performreaction for 3 hourgg wWith stirring. The resulting
solid was separated by decantation, then repeatedly washed with
purified hexane Hglﬁ?nd suspended in hexane to give a suspension.

i

Preparation of YN eh 4P 36Ty A3RE eHP3si§Frength, glosg gnd

oyl ene. ang SEadn Sorndth W S T S58 s, nrererERE SFethAckagr O

et hyl ene an - —T- n

th t al yst t ai . 0 The, || I d it | yet hyl

i thus. | waTS IS ARG by e aforeTei pENRIAd Do Cont of B0 o6 by rol

a density of O. 91%%/ ‘i@s?.{]lrt]s laarm&tl ff_l Haitrf ﬂb]ﬁe OJ[ g/10 mn and
Thi's oW y polye

Mnv Wn of 3. 8. I near ensi hyl ene resin was used
in 15 Coyiparative Exanple 1. Ref erence Exanple 4

Preparation of linear |owdensity polyethylene resin In a

conti nuous t ggamidle di zed bed gas phase 20 pol ynerization reactor,

copol yneri zati on of ethylene and 4- nmet hyl -1 - pentene was carried out

in the presence ofA £idm haviprepo/timkireess oot dl 3G tummbizs netkpardef £remce
Example 3. the same polyethylene resin composition as used in Example
5 in the same manner as in Example 1. In this example, the
10 take-up rate of the film was 23 m/min.

The Young's modulus, dart impact strength, gloss and
sealing strength of the film and the properties of the bag
were measured by the aforesaid methods.

The results are set forth in Table 1.

15
Comparative Example 2

A linear low-density polyethylene resin (LLDPE) and a
linear polyethylene resin (LPE), both shown in Table 1,
were mixed by a Henschel mixer and pelletized by an

20 extruder.

The properties of the polyethylene resin composition
obtained above are set forth in Table 1.

This composition was then subjected to air-cooling
inflation under thé same molding conditions as in Example

25 1, to prepare a film having a thickness of 150 um and a

width of 450 mm.



The linear | owdensity polyethylene resin thus obt ai ned had a
4- et hyl - 1- pentene content of 3.5 % by nol, 25 a density of 0.915

g/cnferr], anelt flowrate of 2.0 g/10 mn and MV WMn of 3.5.

This linear | owdensity pol yethylene resin was used in Conpar ati ve
Exampl e 2. 9 27 Exanples 1 -
6, Conparative Exanple 1 A2I I near | owdensity polyethylene resin
(LLDPE), a | i near pol yet hyl ene resin (LPE) and a hi gh-pressure | ow

5 density pol yet HRNEPYREG!$ Teebre) dart iMRIRt i strepgehi, gloss apgre
m xed by a Henschel m xer anﬁ $g| | eti
YEthy

b t ruder.
The properti &€ 3HeSTHof n%h?eéfﬂmc%ﬁgggﬁl?i Bﬁ°gér{:geg[)f’§i kbg BE&ve
t forth in T 1 0 Thi i ti th bj ected t
- cooling ¥ere WERRUTta PU e 2FErESRFOuRRG BPA ng cond ti ons. to
film hay j i dt h of 450
% Mol di ng ARRdTEHE R Se PRt AR T U 2t on ol ding
~machi ne having a . dianeter of 90 mm avail able from Modern Machi nery

K. K (desi gned for high-pressure | owdensity pol yethyl ene resins)
Screw. L/D =28, CR = 2.8, equipped with internedi ate '



20 m xi ng neans

ring. 2-gap type
Take-up rate:

AT,

AA (good)

(good) and BB (bad).

The Young's

Di e:

20 Mmn 25
and BB (bad).

nodul us,

of the filmand the properties of the bag

af oresai d net hods.

A filmhavin

200 mmin dianeter,

Mol di ng t enperature:
The resin extrudability is evaluated with

The bubble stability is evaluated with AA

2.5 mmin lip width

190 [err]C

dart inpact streﬁg}h, gl oss and

28

sealing strength
were neasured by the

The reqéadle aref™@et forth in Table 1.

pol yet hyl eng

manner as in

was 23 mimn.

and S
wer e neasur e
forth in TaN
| ow densi ty

g a thickness of 130 [err]mwas prepared from the s
resin conposition as usefl Bx. lEXaBml.@ | Ex.35 Er.#hk Earfe
&oanplLePRE. In this exanple, the 10 take up [rate of the f

Kind of o-dheegYaung's fodul us, dart n?act stren gH’ g
aling strength of the fil (g3 “B?%[B@F‘ TS We’i“?‘l BEG

d the, af or esai t hods T gsujts pr ef

| e AMOULHE 5818 8&2%1?”?{%3 /esExarrpI-e'% Ce] ué% i%égr

pol yet hyl ene resinngf E) and &
MFR (190°C) (g/10min) 0.5 0.5 0.5 0.5 0.5
- 3
Density (g/cm) 0.905| 0.915| 0.905}0.915] 0.905
Mw/Mn 2.1 ] 2.0 | 2.1 | 201 2.1
(II) LPE
(II-A)
Amount of 4-methyl- 0.8 0.8 0.8 0.8 -
l-pentene (mol%)
Density (g/cm3) 0.939] 0.939{0.939{0.939| -
MFR (190°C) (g/10min) 3.5 3.5 3.5 3.5 -
Mw/Mn 3.0 { 3.0 | 3.0 | 3.0 -
(II-B)
Density (g/cm3) 0.967 - 0.967|0.967[0.967
MFR (190°C) (g/10min) | 5-0 - 5.0 f 5.0 | 5.0
Mw/Mn 5.6 - 5.6 | 5.6 | 5.6
(III)HPLDPE
Density  (g/cm3) 0.921] 0.92110.921}0.921]0.921
MFR (190°C) (g/10min) 0.35 0.35 0.35] 0.85 | 0.35
Blending ratio
(by weight) 5%},755 50/35 {50/5/ 500//255/ 50/0/
: 10/1
(I)/(II-A)/(11-B)/(111)| »1s | /0/15]30/15 35/15
(Remarks)
LLDPE: linear low-density polyethylene resin,

LPE:linear, medium or high-density polyethylene resin,

HPLDPE: high-pressure low-density polyethylene resin
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| i near pol yet hyl ene resi
a Hensche

n (LPE),

m xer and. pel l etized by an

20

properties of the polyethylene resin conposition

set forth in Table 1.

both shown in Table 1,
extruder.

were m xed by

The

obt ai ned above are
Thi s conposition was then subjected to

air-cooling
25 1, to pr
of 450 mm

i nflation under thessane nol ding conditions as in Exanple
epare a filmhaving a thickness of 150 [err]mand a wi dt h
The Young's nodul us,

dart inpact strength, gloss and seaT?hbes%réﬁélh of the filmand the
properties g—the—bag—were—rrasured-py—theraforespi-d—rethods: The
results are |set forth |n Tabl e 1. EX.6 | Ex.7 Comp . Comp3(
Table 1 (1) '=];1 % Ex3—Ex—4 vﬂi7LLLD.D: Ex. 1 4 Ex3 2 11
1- Ki nd of| { rrﬁLQﬁ fin hexene _hexene_hekgne hexene hexene ;_
Amount of [drr]Kigiefeh a-olefin, 3 3h epe 51e§ene p. zpilit%n@ %%Etfie
(nol % MHR (190[err]C) (g/10m n) 0.5 .5 0.5 0.5
Amount of o-olefin 3.2 5.3 4.0 3.5
(mol%)
MFR (190°C} (g/10min) 0.5 0.5 2.0 2.0
i 3
Density (g/em?) 0.915| 0.905| 0.910 0.915
Muw/Mn 2.0 | 2.1 3.8 3.5
(II) LPE
(II-R)
Amount of 4-methyl- 0.8 - 0.8 0.8
l-pentene (mol%)
Density (g/cm3) 0.939 - 0.940 0.940
MFR (190°C) (g/10min) 3.5 - 0.06 0.06
Mw/Mn 3.0 - 12 12
(I1I-B)
MFR (190°C) (g/10min) 5.0 | 5.0 - -
Mw/Mn 5.6 | 5.6 - -
(III)HPLDPE
Density  (g/cm3) 0.921] 0.921 0.922 -
MEFR (190°C) (9/10min) 0.35| 0.35 0.6 -
Blending ratio
(by weight) 597275/ 50/0/ | 45/30/0 | 50/50/0/0
(I)/(1I-2)/(II-B)/(I11)| ss | 33/13 /25

(Remarks)
LLDPE:
S

linear low-density polyethylene resin,

LPE:linear, medium or high-density polyethylene resin,

HPLDPE: high-pressure low-density polyethylene resin



[

Density (g/cnferr]) 0.905 0.915 0.905 0.915 0.905 Mn Vh
2.1, 2.0 2.1 2.0 2.1 (1) LPE (I1-A) Anmount of 4-nmethyl - 0.8
0.8 0.8 0.8 - 1- pentene (nol % Density (g/cnferr])
0.939 0.939 0.939 0.939 - MFR (190[err]C) (g/10m n) 3.5 3.5
3.5- 3.5 - Mn Mn 32 3.0 3.0 3.0 3.0 -
(1r-B) Densi-ty (g/cnB) 0. 967 - 0 967 0. 967 0.967 MFR
(190[err]C3 (g/ Omi n) 5.0 5.0 Mn Vh
5.6 .6 5.6 56(III)HFBEBﬂ>El @éﬁé.ty (gl cnB) 0.921
0.921 O 92% LL.QL 0921 M-R—(190fp++ f‘ H-10M-R BG—35—pH—35—0. 35
0.85 0.35 Blending+atio {by—whi xﬁn.r’%‘i%.E,E%eTe,E’Sfﬁ,E:/
50/ 25/ 50/ 0 C°‘“P°Slz 0/1p . 10
(D)7 CHT-Ay (1 MB S1%52?/ 1( /120 rks) OJBl/L DBEgg na84 1|0 §8nkid B4
pol yet hyl eng sin,, LPE: | r { si pol hyl
resin, HT t@’h pressuF%;jl 'Bv?/- dewgir:ntg%‘]pg(?g%%ﬁfl er??ér e(& %fé y.528
R, Iz HeJs tension GPre felh) | 6.4 7.0 | 7.3
. . Ink!) b TF \ |
Ex. 1 l é(?(l@ m%.lty (51) nd %‘A[e,rr}@‘ohfl& AR - 1-
- et hyl - hexene "hekene
pent ene pe@uggie Stab{yggyucﬁg)a-o efxn 3'%NA 5-§A r 4.0
3.5 i1im (WALII) ﬁ%*? T90C)— (o7 romm) O?gi 0.5
propert
2.0 E @ elif%l ty (g/CFS{ er r}\%v? 150 150 150 150
0.915 0.90% R/h Mn/ Wn 2.1
3.8 -§,oung s modulus 4.6 | 4.4 | 5.4 | 5.1 | 5.8
(x 103 kg/cm?)
Dart impact strength 97 71 86 70 85
(kg/cm)
Gloss (%) 72 74 60 75 62
Sealing strength 5700 | 5700 | 5700 | 5600 | 5700
(g/15mm)
Bag property
Low-temperature drop-bag
vertical strength (-10°C)
(Number of broken bags)
: Drop height
2 m 0 0 0 1 0
1.75 m 0 0 0 0 0
1.5 m 0 0 0 0 0
1 m 0 0 0 0 0
Low—-temperature drop-bag
lateral strength (-20°C)
(Number of broken bags)
Drop height
2 m 0 2 2 3 0
1.75 m 0 1 2 3 0
1.5 m 0 1 2 2 0
1 m 0 0 1 2 0
. (*1) AA: good resin extrudability
(*2) AA: good bubble stability



(11) LPE (11-A) Amount of 4-methyl- 0.8 ; 0.8
0.8 1- pentene (nol.% Density (g/cnB) 0. 939 -
0. 940 0. 940 MFR (190[err]C) (g/10m n) 3.5 - 0. 06
0. 06 "M/ Mh 3.0 - 12 12
(I1-B) Density (g/cnB) 83967 0.967 - MFR
(190[err]C (g/10m n) 5.0 5.0 - Mn/ IVh
5.6 5.6 - (1'11) HPLDPE Density (g/cnjerr]) 0.921
0.921 0.922 MFR (190[err]C) (g/10m n) 0.35 0.35 0.6
- Bl ending ratio (by wei ght) 50/17.55 50/0/ 45/30/0
50/ 50/ 0/ 0 (by wei ght?agleﬂi?!%‘” 35/ 15 / 25
(ny/¢rr-A  /fH—B—+—++ 15 25 ERerarics) LLDPE:
linear |owdensity polyethyl ene resin, | £¥-6 LEE?Fi& ,pTigggiaor
hi gh- densi t agﬂ‘g?i"iéﬁkrrcs%n, HPEBPE—h+-gh - density
pol yet hyl eng o . 2
Table 1 (110 MR (190°C) (qhaqmin, ol 388 | 8,84 |87 GofipdSifion MR
(190[err] O (gl ] 4 0.81 D 48420 by
(g/cnferr]) EHHEY o, 095 0/S570, 020059394 932 ?ﬁtgezr?s%'ﬁ%
7.2 6.4 | Taeir hedhsidn3 Fi | pyyol dabhl sty Resinjexjgudabyhitly (*1) AA
AA AA Tim d ’E§51a0||i[y (“4)rri JaVAY pav; A AA
AA Fil m properas ; i1lit x1flerdd Mt anld50 AA5Q aa150 150
150  Yound' s modul s ' l_y4.(6)( 4’4 | 574 |51 [5.8
(x 10[err] Ko/ a¥Id )stapbDaityi eRct ptrengih aa %a | 7Aa 86 70
85 Film property _
Young's modulus 5.6 3.3 3.9 5.3
{x 103 kg/cm?2)
Dart impact strength 69 83 54 50
(kg/cm)
Gloss (%) 68 62 72 35
Sealing strength 5700 | 5200 | 5500 | 4500
(g/15mm) :
Bag property
Low-temperature drop bag
vertical strength (-10°C)
(Number of broken bags)
Drop height
2 m 1 0 5 5
1.75 m 1 0 5 5
1.5 m 1 0 5 5
1 m 0 0 0 2
Low—-temperature drop-bag
lateral strength (-20°C)
(Number of broken bags)
Drop height
2 m 5 0 5 5
1.75 m 3 0 5 5
1.5 m 3 0 5 5
1 m 1 0 5 5
(*1) AA: good resin extrudability
5 (*2) AA: good bubble stability



-

(kg/cm G oss (% 72 74 60 75 62

Seal ing strength 5700 5700 5700 5600 5700 T
(g/'15nm) Bag property Lowtenperature drop-bag vertical

(-10[err]© (Number of broken bags) EXOplﬂﬂI H ' """I""ﬂ

2 m 0 0 0 1 34()

0 0 0 0 1.5 m

0 1 m -0 0 0 0 0
LOMFtenperatdW@aﬁrbﬁ @bglmadelal strength (-20[err]C) (Nunber of broken
bags) EXo hei g 0 2 2
3 0 gfﬁylhyethyler resin compogltlon for hegvy-duty

1.5 m 0 1 m 0

0 1 gpckaglgg bagy c%ﬂprgﬁbﬂgre3|n extrudability (*2) AA good
?ggPLelstﬁggllty (I) 40 to 70 parts by weﬁghg OExa7§le3ﬁﬁ leﬁﬁsensity

Ex. 1 Lt o ($9208hebthéh eln 0.84
0.47 0.2 6%%¥ethglgpgp9éé%h gr pyﬁ?? 2OnCEERLhS 3 3h g-dhedtin U1

23??L32b|||ty % 3)°r ngre cagpdn acdfly anaAREbHHEubbﬂaqglg%%ﬁﬁ?%k% R
AA AA A Fidemariopss ty. o JM@KMS a dens:.tﬁ[@frfb”)OO té5@ 91430
150 150 Young s nodul us . 6 5.
(x 10[err] koggtsmerdrld a molecular welght dlstrlbutlon (Mw/Mn), as
measured by GPC, of 1.5 to 3.5,

10 (II) 1 to 55 parts by weight of a linear medium or
high-density polyethylene resin having a density of 0.935
to 0.970 g/cm3, and

(IIT) 5 to 29_parts by weight of a high-pressure low-
density polyethylene resin having a density of 0.915 to
.15 0.924 g/cm3,
the total amount of said resins'(i), (II) and (III)
being 100 parts by weight;
said polyethylene resin composition having:
(i) a melt flow rate (190 °C) of 0.5 to 2.0 g/10 min,
20 (ii) a density of 0.918 to 0.935 g/cm3, and

(iii) a melt tension of not less than 5 g.

2. The polyethylene resin composition as claimed in

claim 1, wherein the linear low-density polyethylene resin

25 (I) is an ethylene/0-olefin copolymer prepared by
copolymerizing ethylene and an ¢0-clefin of 4 or more carbon

atoms in the presence of a metallocene catalyst.



Dart i npact étrength 69 83 54 50 _(kalcm

-d oss (% 68 62 72 SeaLFHgﬂsrTéngth

57000 5200 5500 4500 : (g/l5nn) Bag prope

Lowt enperature drop bag vertical strength (- 10[err]C) MML““\“\‘(M“\
bags) Drop hei ght 5 '
5 5 1 75 m f 0

1.5 m 1 0

0 2 Lowt errpe?r at ur"é’lﬁjrmplxﬂ'g‘wh?@ aresin e‘F@BH’P%lQE?Qr 25 C?lem%eﬂ-nof

br oken bags) g helg 2 5
0 5 q;alm 1, whereln the ringar medium orohlgh-de931ty 5

1.5 m

5 5 *1)P°%¥@t@%10%|“? Be5 R, FhlhRP ?yme%tszﬂAra&SodlBSbb% of
stability What is clained
I'S: 2. %_to 6%6?9 ?hyfene resin conp05|t|on for heavy-duty
packaglngsbag, conpri si ng: (I') 40 to 70 parts by weight of a

| i near Iom#den3|ty 5 polyethylene resin preparéd fromethyl ene and an

[err]-olefin Ciﬁl aFPér@r}:@éﬂFBfﬁ}ﬁj Vi gady DBLEyfl ow rate
(190 [err]C3 of 0.1to /10 mn, a density of 0 900 ¥o 0.918

g/cnferr] an(baacwazjﬁwIMgvprgﬂaarddsffmbualpmﬁzwwmaeneasesm measur ed by
GPC, of 1.5 to 3.5, 10 (I'l) 1 to 55 parts by weight of a |inear
medi um or composition having a melt flow rate (190 °C) of 0.5 to 2.0
g/10 min, a density of 0.918 to 0.935 g/cm3, and a melt
10 tension of not less than 5 g, by means of air-cooling
inflation,
said polyethylene resin composition comprising:
(I) 40 to 70 parts by weight of a linear low-density
polyethylene resin prepared from ethylene and an a-olefin
1S5 of 4 or more carbon atoms and having a melt flow rate (190
Q.C) of 0.1 to 1.0 g/10 min, a density of 0.900 to 0.918
g/cm3 and a molecular weight distribution (Mw/Mn), as
measured by GPC, of 1.5 to 3.5,
(II) 1 to 55 parts by weight of a linear medium or
20 high-density polyethylene resin having a density of 0.935
to 0.970 g/cm3, and
(ITI) 5 to 29 parts by weight of a high-pressure low-
density polyethylene resin having a density of 0.915 to
0.924 g/cm3,
25 the total amount of said resins (I), (II) and (III)
being 100 parts by weight;

said film having:



hi gh-density pol yet hyl ene resin having a density of 0.935 .to 0.970
g/cpferr], and (Ir1r) 5 to 29 parts by wei ght-of—a- hi-gh-pressure
| ow density pol yethyl ene resin having a density of 0.915 to 15
0.924 g/crerr], the total anpunt of said rjj!lm‘llw*muullmﬂtd
(rrr) belng 100 parts by melght sai d I L
conposi tion havi ng: r%gt flowrate (190 [err]C of 0.5 to
2.0 g/10 mn, 20 (1) a den5|ty of 0.918 to 0.935 g/cnferr], and
(iii) a melt tensi6h) od MounpdssmoHudub gn tension Of noz. lemise than

‘pol yet hyl ene resin conposition as clainmed in claim1l1, wherein the

| i near | ow dehsf@9 b@V?@fhy@@ﬂe resin 25 (1) is an ethylene/[err]-olefin

copol ymer prepared by copo Igner|2|ng et hyl ene and an kerr -oIefln of 4
or nore carbon (13} oAs9PRtt ABPBFES EREENGENA Ofe Rl dESSe LRI PPs g/ cm.

3. The pol yethylene resin conposition as clained in claim1l1, wherein
the linear nedium or high-density pol yethyl ene resin (I'l) has a nelt

flow rateg(190 [er 10 6 L 10 b 1. .
polyethyléne reS|n film %rp%%%sébgﬁéﬁe Qegééag a@iﬁﬁ g%alﬂ gpépegléron1a
pol yethyl ene jesiRerein the linear low-density polyethylene resin (I) is

an ethylene/a-olefin copolymer prepared by copolymerizing

- ethylene and an 0-olefin of 4 or more carbon atoms in the

presence of a metallocene catalyst.

10
6. The polyethylene resin film as claimed in claim
4, wherein the linear medium or high-density polyethylene
resin (II) has a melt flow rate (190 °C) of 2.0 to 60 g/10
min.
15
7. The polyethyléne_resin film as claimed in any one
of claims 4 to 6, wherein the film has a gloss of not less
than 50 %.
20 8. The polyethylene resin film as claimed in any one

of claims 4 to 7, wherein the film has a thickness of 30 to

200 pm.



conposition having a nelt flow rate (190 [err]C) of 0.5 to 2.0 g/ 10 e
mn, a density of 0.918 to 0.935 g/cnB, and a nelt 10 tension of not |ess
than 5 g, by nmeans of air-cooling i nflation, sai d

pol yet hyl ene resin conposition conpri sing; (I') 40 to 70 parts by
wei ght of a linear |owdensity pol y¥t hyl ene resin prepared from
ethylene and an [err]-olefin 15 of 4 or nore carbon atons and having a

melt flowrate (190 0C) of 0.1 to 1, Ocﬁélo mn, a density of 0.900 to
0.918 g/cnferr] and a nnlecular istribution (Mv M), as

measur ed by to 55 parts %W&I ght of

a |linear nedi Hiv HY}@i'Eh Nd@ﬁﬁ’l NK/IE %“h ALY, W% Bsi ty of
0. 935 to O. QQ‘UDQVQ\'PQE Y{cFNE R F"— (’B ij%D[EﬁQM Tﬂ?tsﬁ Er wei ght of

a hi gh-pressure | ow + density polyethylene resin having a density of
0.915 to 0.924 g/cnferr], 25 the total anmount of said resins
(), (1) and (111) being 100 parts by meight said film
havi ng: a Young S

modul us i n. t ensi orPHFCheted el ?I‘%‘?\?Yethylh"zf‘%(ﬁ?quz &ﬂ’@qﬂltlé’ﬁ‘zi )
d 5. T
oot a8t DR b AT 5 9 BBt S, o S T

specific density and a specific melt tension and which
S comprises (I) a linear low-density polyethylene resin

prepared from ethylene and an 0~olefin of 4 or more carbon
atoms and having a specific MFR, a specific molecular
weight distribution and a density of 0.900 to 0.918 g/cm3,
(II) a linear medium or high-density polyethylene resin

10 having a density of 0.935 to 0.970 g/cm3 and (III) a high-
pressure low4density polyethylene resin having a density of
0.915 to 0.924 g/cm3, in a specific ratio of components.
Also disqlosed is a polyethylene resin film prepared from
said composition. ihé composition is able to provide a

15 film which is excellent in low-temperature properties such
as low-temperature drop-bag strength and can be
advantageously used for a heavy-duty packaging bag even in
a cold district of below-freezing temperature. ?he

polyethylene resin film exerts the above-mentioned effects.

20



o

4 mhereln ‘the linear | ow-density pol yethylene resin (1) . TERRNY - | £ SRR

ethylene/[err] ol efin copol yner prepared by copolyner|2|ng '“ethylehé:m”
and an [err]-olefin of 4 or nore carbon atons in the i pre qe of a
.metal | ocene catalyst. 10 6. The pol yet hyl ene re3|i?§ .
claimed in claim 4, wherein thel2i near nedi um or hi gh-density .
p?h%ethylene resin (I1) has a nelt flowrate (190 [err]C) of 2.0 to 60
g ] f | ai med in
aﬂy one (ﬁ %ﬁ%ﬂ%&eﬁ ?8 %ZemﬁeggPﬁg}é§EF¥hn?%#§3ﬂ%§(%i?%) h%t | ess

than 50 % I | fs any
one cowéghena (d§ WREgﬁe?g %ﬁ%@ﬁnﬁggﬁ;%égﬂ%hﬁtgﬁgggﬁgﬁﬁggétian

200 [er”'nof the olefin polymerlzation catalyst, include

10

15

20

25

trialkylaluminums such as trimethylaluminum;
alkenylaluminums such as isoprenylaluminum; dialkylaluminum
halides such as dimethylaluminum chloride; alkylaluminum
sesquihalides such as methylaluminum sesquichloride;
alkylaluminum dihalides such as methylaluminum dichloride;
and alkylaluminum hydrides such as diethylaluminum hydride.
Examples of the ionized ionic compound catalyst

component (e) include triphenylborons described in U.S.

5,321,106
Patent No. S49,4+&; Lewis acid such as MgCl,, Al,03 and

Si0,-Al,03; ionic compounds such as
triphenylcarbeniumtetrakis (pentafluorophenyl)borate; and
carborane compounds such as dodecaborane and bis-n-
butylammonium(l-carbedodeca)borate.

The linear low-density polyethylene resin (I) used in
the present invention can be obtained by copolymerizing
ethylene and an a-olefin of 4 or more carbon atéms in the
presence of the olefin polymerization catalyst comprising
the metallocene catalyst component (a) and the
organcaluminum oxy-compound catalyst component (b), and if
desired, the fine particle carrier (c), the organocaluminum
compound catalyst component (d) and the ionized ionic
compound catalyst component (e), in a gas phase or a liquid

phase such as slurry or solution under various conditions.



