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 Molecular weight
; - distribution (SEC)
o/ C(Hi=M/M) : - . _ :
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' ] . o The- various polymer properties in this table and'following t'ables -are determlnad as 'foIIOWS' .

o M (melt-index, gno min, 190°C): ASTM D 1238-65T, load of 2,16 kg
o HLMl {high load melt index, g/10 min, 190°C): ASTM D 1238-65T, load of 21 6 ka .
o Denslty (g/cc): ASTM D 1505-68. ,

50

: \:./ : R . M —welght average molecular weight, determined by size exclusion chromatography lSECl
. : s M,=number average molecuiar weight, determined by size.exclusion chromatography (SEC}
5 H heterogenelty |ndex=M,,JM : . _ .
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generally - .Et hyl ene or ethyl ene Et hyl ene. or et hyl ene and Oto 30'- _

Wt.%-:_ and O_'to 30 wt.% C3-10 olefins C3-10 olefins 25 :
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(" honopol ynet" 10 wt. % C4- 10 E Paé é]@me t hat ~contains ol efins @

| ess than about 2 wei ght (random copol ymesLE i % C4-10 ol efin conmononer,
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20- 3§,The vari-ous pol yrrer pr opelrt ies in this table and fol | ow ng tables are
det ermi ned as f S8R Uevremeiecuiatigionty) 10 min, 190 ¢ rohﬂ 26%% MD .
1238- 65T,_ | oad ofM‘z, g 50 HLM (h| gh | oaé) °t ex, g/10
mn, 1900).: . ASTM W&Z&B 65T, load of 21.6 kg Density (g/cg)e 4ASTI\/I D 1505- 68
Mr=wei ght avera mol ecul ar . wei ght, determ ned by size excl usi on
chromat ogr aphy ) h n—nunber aver age nol ecul ar WEI 0 deWm ned by -
si ze exclusion ¢ 0 gr aphy - (SEC) H =het er ogenei ty r?a% Rh The |
preferred pol ynerg" 70l ends have nol ecul ar wei ghts andqggd gsul ar wei ght
di stributions r ougﬁl y as shown in the followng table: 60 65 3 0 100 843 .
TABLE || ConpBrecmsentiy pfdifrisk ethylernelyemera gof gitolymapovithicitheslimsits vet fatagabove are thase
Typi' cal e rpgqguced with high productivity catalysts such as titanium/magnesium catalysts used in conjunction with
organoaluminum cocatalysts. Such catalysts as well as polymerization processes to make such ethylene
v polymers are described in more detail in.European Patent Application No. 81 106 259.5 and 81 102 181.5.
in accordance with the first embodiment of this invention a process to produce an ethylene polymer
composition is provided. The process comprises blending the two ethylene polymers described above in
25 relative quantities described below. The blending can be done by simply dry blending the two kinds of
polymers in fluff (powder} form. Other possibilities to mix -the polymers include meit blending in a
pelletizing extruder. Banbury® mixers and single or twin screw extruders can be utilized. The preferred
method is dry blending followed by melit blending. The blending conditions depend upon the blending
technique employed. If a dry blending of the polymer fiuff is the blending technique, the blending
30 conditions may include temperatures from room temperature up to about 120°C and blending times in the
: . - range of a few seconds to minutes, e.g. 2 seconds to 5 minutes. If extrusion blending is used, the
U temperature of the polymers introduced into the extruder will be generally between room temperature and
' .- a temperature near the meiting point of the polymer; the outlet temperature of the extrusion blended
" polymer will be in the range between the melting point of the polymer and up to 160°C above the melting
35 point. The individual polymer particies usually remain in the extruder for a time of about 10 seconds to
- about 15 minutes. If solution blending techniques are employed the blending temperature will generally be
- 256 to 50°C above the cloud point of the solution involved.
Another embodiment of this invention is a polymer biend of the two ethylene polymers as defined
above. Such a blend consists essentiaily of the two polymers and commonly used polymer additives such
40 as antioxidants, UV stabilizers, fillers, pigments etc. The main polymer ingredients are present in thls blend
in quantities based on the totai polymer as specified in Table 1118 '

""S

S - B . TABLE It
N/ S : : : * - Blend composition (weight %) - . _
R _ _ _ Generally Preferred
1\"4 ' ngh molecular welght ethylene polymer : 40 to 70 - about 50 to about 55
{HLMI 01 to 1.5) . IR . =
50 Low molecular welght ethylene polymer ' - _ o 60 to 30 ' about 50 to about 45
(Mmi 45—300) o . o oL
~ 55
60
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. wa 50 t 0. ﬁgh dart lmpact resistance of the one mil film was measured using ASTM D 1709-75. This method L

) _ 'measured the energy required to break the film upon impact of a free falling dart. This method established

Nt 45 the weight of the dart dropped from a height of 66 cm (26 inches) which caused 50 percent of the samples

i : _ to break. The staircase method was used to determine the 50 percent failure level, and the mussnle weight
increment was 15 g.-

Elmendorf tear: - ' ' '
50 " The Eimendorf tear reslstance, called tear in Table XV, was measured using ASTM D 1922. This is a _
' , " modification for polymer film adapted from the Elmendorf tear test used for paper. This method - - -
X . " 'determined the average force in grams per specimen required to propagate a tear through 6.35 cm (2.5
=~ - inches) -of film. The method was used to rank relative teanng resistance of dlfferent blends.

: Patterson puncture: ' -
55 The resistance to puncturelpropagatlon of tear was measured by a modlf' cation of ASTM D 2582. This = -
. test method is used for determination of dynamic tear resistance or reslstance to snaggmg of plastlc film.
The ASTM method was modnfied for lower werght camages . '

o Spencer impact: - o . :
_ . Spencer mpact was measured uslng ASTM D 3420. The followmg formula was used to obtam an
/uapacr value in |oules . o .
* E=RC/100. '
. E-—Energy to rupture, Joules o ) L
" C=Apparatus capacity, 1.35 Joules
g5 - R=Scale reading on a 0 to 100 scale.
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shown in theé ?%Q dyRUHhiB Sndar Rls6ssity, TR QniRObfY 108 Poldb, 8 @RIk ifBMChE IRAEONetRs Byndmic y
m xer ‘was pétrsmer dsis the RDIr HentosfbPerted igthatrati 0.4 radiaps/secadtireud@icn atiscitlatioBloS
38 mMmextr udgﬁhr@ghgtt aft @ pedpnwwexam@aﬁﬁ@r follpning aphepvigtions, will beysed.-ot hy| ene -
pol ymer bI en Y ‘ﬁ'; 38 we h Raxgh@ndar d
ext ruder®of 2H ¥R ATgeD ?’rﬁ‘fp"rymre'é?%%ggs‘g#gwa ’|Eg ?‘d O(?Hq ‘Was ?LO cmin
di amater V\AE;“;;“@,Q 56. M di e gap. ‘An air ring
. In this exampie film was produced from commercially available ethylene polymer resins Hostalen®

\/ ' GM9255 (Hoechst), and TR130 polyethylene (Phillips Petroleum Company) produced with a chromium
. 45 oxide catalyst, and an ethylene polymer blend as specified mixed in different equipment as shown in the
CoL ‘following table. The film test résuits as well as the propertles of the polvmer blend used for the productlon
A ". of the film are given in the following Table V.
‘In comparing polymers and blends, in a given series, constant condltlons were employed and the film

was extruded on the same day if ‘at all posslble
50 : .

55
) so . .. . ’

65"



used to cool and support the ethylene polymer bubble in a filmtower.
he exXtrusion tenperature was in the range. of -250[err]20[err]C. The film .
roduced generally had a thickness of 25 micron (1 nil). The bl ow up 40 &3
atio was 4:1 and the linear drawdown ratio was 5.5:1. The various
roperties of the ethyl ene polyner fig qggeg43neasured as follows: Dart
npact:- The dart inpact resistance of the one m| filmwas neasured using .
\STM D 1709-75. Thi s netho rﬂeasured the energy required tQ break the film
pon inpact of a free fall§ng|ddEt.§ This nethod @sgabl i shel 45 the wei ght
f the dart dropped from agfe gr% @B 66 cm (26 i®cles) whiéh caused 50 -
ercent of the sanples to Dbrefk. The staircase nethod was used to deternine
he 50 percent failure level, |and the nissile weight increnent was 15 g.
| mepdorf tear:. 50 The E,__l rendorf tear resistance, called tear in Table
.- Was neasur ed using ASTHI®D 1922.wThis is a nogi fq cationsfor polyner fi I m
dapted fromthe El mendorf-‘tce%.r fest used for pa'per‘” Thi s fet hod
deternmined the average force|in granms per specinmen required to propagate a
ear through 6.35 cm (2.5 inches) of film The nmethod was used to rank
el ative tearing resistance off different blends. Patterson puncture: 55
The resistance to puncture/ pgqgpagati on of tear was neasured by a B
modi fication of ASTM D 253%.51h| 8 t¥st net hod |sous%d for- @eterm nation of
dynami ¢ tear resistance of &2gisPanfe to snagging of plastic film The ASTM
met hod was nodified for | one? wei ght- carri ages. Spencer inpact: 60 = .
pencer inpact was neasured.udi ng ASTM.D 3420. The foll owi ng fornmul a was
ysed to obtain an ipact vakue|in joules. E=RC/ 100 E=Energy to rupture,
Jcml/es C=Appar at us capacg L)’ 5. 3% Jaul es R=Scal eg eadi ng o a 0 to 100
scale. =~ 0 100 843 Thi s‘”ﬁ'%ﬁc* \%ngre rapi d t Bansdart. i igpact and coul d
be used as a control tee‘és Blle thesfilmline vvaS’rﬁnnl ng. ™This test -
Feasured the ener gy necessa@y to burst and penetrate the center of a one
| thick specinmen, nounted befween two rings with a 9 cm (3[err] inch)
ianeter. 5 Fish eye: Fish eyej count or .gel ~count was nmade on two -sections
f film25 mcron (ong m@ t hy- lgr;'argj 930 cn®? (orgg gpuare fdot) in area.
nly fish eyes greateg thzglg? 5P crebns (ten milsg ich at | Ast one - .
KNoensi on were couneeg | #The|case of filmwith fish eye count greater -
han 50 per 930 cmZg:(per squarg foot) a 32 cnR (five square inch) section
f filmwas counted 20 Zensil g strength and élongation: Tepsile strength -
L

nd el ongation vvere"TrBas!r a8 c@dance with T\ D 638, 35 cmmn
2"/m n) Shore hardngssg £¥9 |- K @ a5 _
g o83 _

"\mﬁi—"nann—s
1.
1

Elmendorf
tear
g
MD/TD
. 221290
771170
56/290
51/360
44/400

"100/240
<60/130
200/390
190/390
2101400

Dart impact
o g
66 cm/33 cm
{26"113")

Standard Single
-Screw Extrudér .

50 wt.% EHC - . '.
only

027 HLMI
0.936 glcc

‘6owt% PE28OMI . .

~ 0.970 g/cc

" Hostalen GM9255 ~
" 2FCM blended only

Ethylene polymer:~ .
‘Banbury mixed .
.38 mm Davis- . .-

TR130
Blends: .

' .(:ohtrol:



. 15 Shore 0O hardness was nmeasured i n accordance with ASTM D 2240-68. RDI:

- Rheol ogi cal distribution index (RDI) is an arbitrary rheol ogi cal index:
-val.ue obtai ned from nmeasurenents nade on a- poI yner sanple with a
Rheomet r i cs Dynamc Spectroneter (Rheonetric's 20 Conpany). A motten @
pol ynmer sanple is subjected to a singsgys43 osci |l ating shear st ra| n

between two parallel circular plates at 190 err C. The freq uenc -

oscillation, i % daip l"eBb'Fr‘ 'Fﬁ"!’@tef’“‘l U° 'e" P?

frequency Y& m,g' é’ ﬂ‘ eh'gh
. y et E three

determ nede,éafﬁrne @sga'h déspoly%\eﬁﬁ rasoteaeﬁa earr&pa r [aRE pidichea|

of the SEOfbeisﬂaﬁcedﬁfnbdi’redtoame laﬁihmertnlalerllnaagsrevblneaoaal mmlutael,e phigcapprepdrtss wene

shear. r espsmia. Bie fish evarolntivas mc'SPq?ee" mmq;wefeﬁcal%gp@ 38 me rDev'aﬁ'ecldaﬂb

ts 25 rml At s 8 Qo e e g that
or eater th w,;% ,jg@??é"n*ﬁsr?‘f‘%f’m e Rt R Y RO St Bt e Fergs
(0]

I ndi cat i gn ecul ar wei ght distri but i on. Flexural nodulus, MPa: The

fl exural neshiplesit i s determ ned in accordance with ASTM D 790. 30 ESCR -
(bell): The mmlsrmwelntﬂw meter'@sog tf@rwdmelﬁ Ré§l‘ Hedew @ rd@e@F piyiens Aofymer
accor dancec‘l}lzi: l d are s tggp}d % Ta | 35"%%&5‘?' Vmeq-ﬁsewﬂfﬁgmn&xmg
shear vi sct8 nt'q)?es F'Hpﬂ 0ts 'f I‘o@ (o] se obt ai ned from.the Rheonetrics
Dynam ¢ Spectroneter as is the RDI. Thel'A‘BLSG‘IOSIty reported-is that at 0.1
radi ans/ second (fr&iquimcstudyfof @ffedt lof atelt dnilex off lmomgleaurr veidht cdmiohent ol | owi ng

exanpl es, nytemne
honopol ymeFH(ﬁd:”H“M' +C. gé"f’hylg‘(‘éne 1- hex®@ne copol 75 5'15 %e?rhyl ene

ang 1 t °25g Wkg R, bdeexree. BExgmple | In this exanple filmwas produced from
comrerci al ly avail abl e et hyl ene poI yner resins Host al en[err] GwW255 '

(Hoechst ), P&u6d MIRLSE8 gisl yet hyl ene ( Phi4sl i ps Petrol eum Conpany) produced -
Wi‘th a chr 4 xi de catalyst, and an ethyl gne poly bl end o
speci fi e ﬁﬂ?ﬂlw ﬁgﬁlq"rcerent €equi pnent. as shovmfspn t he Fgl owi ng ?%bl-e. The
filmtest Mpadg:ts as wel | -as the properties of the polyner blend used for
the product iHenschél poivaerfmikm aryes gi ven iyest he fol yeswi ng Taidse |1V. | ges

conparing polyners and bl ends, in a given series, constant conditions were
%oyecpoancf%"ﬁé“f’l”l m was extPided on Y¥ehe sane ‘éﬁiy if atY& | possi¥le. 50
5 .

0 65 6 soreW thHP 843 [e”]z.:{/@‘sf"] 221188 2.211S5 221SS - . DDD®
_ Static mixer® = - yes " yes _ yes . yes- . yes

B Temp. °C . - 20 20 0 220 180 220
Results: L . '. . .

Fish eye count 929 cm‘ 564 840 192 . o312 - 132

B Melt index, gl10 min 0.23 | 0.22 ' 023 | - 023 0.19

- :_' “HLMI, 'g/10 min 164 128 127 o122 1S .
\, 45, Density, gloc 09877 o 09568 09689 09559 09550

= RO 1ss s 148 149 153
. ESCR, hours C o >1000 51000 . >1000 >1000 - >1000

50 : .
- M2,2118S is a single stage screw having a compression ratio of 2.2.
o @DDD is & devoiatilizing screw with a double Dulimage mixing section.
LN : ""’Statlc mixer section lKemcs Co.) located between extruder -and pelletlzlng die.

. 57,_, The results in Table v mdlcate that while the fish eye count was reduced by using a mixing screw,
decreasmg the melt temperature from 220°C to 160°C did not reduce the fish eye count. This is a significant
and advantageous resuit because it shows that an increase in temperature ‘does not increase the fish aeye

: count. The data of this table aiso mducat/thsﬁh” & melt index or molecular weight of the low molecular‘

. g wggm_compenent—was-not—a‘coﬁt”' ing factor in the fish: eye count. .

_ " The previous example was essentlally repeated with a group of dli‘ferent resins. The mgredlents and R
5 quantities used as well as the data obtamed are shown in Table Vi,



r] [err] [err] [err] [err] 0 100 843 The data in Table IV conpare the
perti es for the preferred ethylene polyner blend in accordance with this -
ention, which is an approxinately 50/50 wt.. % bl end of the |ow nolecul ar
.ght” and the high nolecul ar wei ght ethylene polynmer wi'th the film. @
perties achieved wth two conmer ci_ah f@@lé}ﬁs and three experinental

nds. The ethyl ene pol ymer bl end restl an inproved i npact, tear and
cture 5 resistance conpared to the comrercial filmresins even though

sur abl e physi cal properties were sindlar. The fish eye gount

reased when the m xi ng was scal,ed,, upato t 385 Davi s:SSt éﬂd si ngl-e-
ew extruder but tie char -Ws r8du§.ecﬁby>.t COﬁtlgUOdiS i ng\ met hod. |t
al so to be noted that the blend obtained in the 2FCM appar atus had-
dduded fish eye count conpared to the si.ngle screw extruder blend. 10

anple Il In this exanple the influenge of the M (nelt igdex) f the | ow

| ecul ar wei ght et hyl ene pol ymermcogpc@eng i thg bgend vgs geﬁ ed. The
mponents used and fhe reSults oBtafned a3 well @s fhe’nixki my techni ques

effpl oyed are shown in the followi ng Table V. 15 TABLE V Sl ot fllmstudy of
efffect of nelt index of |ow nolecular weight corrponent EHC 1.3 HLM., 0.940
ghcc 55 55. 55 g 55 . 550 PEgL58 M,
0,966 g/cc = 45 PRg67%eM’, O. 968gg/ 8cg 8 8 8 § 5 &5 EPE«47 M,
0,971 g/cc _ 45 4 = 45
M} xi ng: -Henschel powder m x yes "~ yes . yes . yes
yés 30 Force feeder - yes yes es _yes
@S Screw type - : _ 2.2/ 1S§( 1), a 2 2SS g o 2.2/S} 8§ 2.2/1SS
2) Static mxer(8) Syes® ¢ 8§ §y$ § S &eg 2 % yes:
yes 35 Tefmp. [err]C - 220 - . . 220 - 220 160 -
?—’?0 Resul'ts: Fish eye count 929 cn? 564 . = 840 . - 192 CoL
312 132 40 Melt ‘i'ndex, g/ 10 mgn -0.23° : 0.&22 3 0. 23
0.23 : 019 8 8 § d:a. §.g § § § $§§§
h_ C g ' 8 E g
o - w @. a . o 98 ® B <
- 88 g-gsgg 8 38 3 2R
) - '
s : | .
: g s 3383388 §¥g883
Lol ¢ 8 -2 858 %8 232 5 &
N . 8 .. o v =
oy . . 8 g®m® 8 . .8 e g e
| TR — - B W - N < . = -
A S : £ L @ e _ g &.x., °°F 2 > 3 g
SRS R N S = &£ 2 . E. ¥ 23 B 5 2 8
SE S S N 2= 2 .8 o 2 o 4 po = _ = =
R - @ 5 8 g% 8 8 € E %‘5 = 3 2 _ 5 s
: ‘ 2w w2 2 A8 R g =z 882 8 ¢



HLM, g/10 min 16. 4 12.5 12.7 12.7.

'11.5 45  Density, g/cc 0.9577 '~ 0.9568 -  0.9559 .
0. 9559 0. 9550 RDI A 1.58 1.52 1. 44 &
1.49 1.53 ESCR hours 0 yo0"§4%° >1000 . >1000
>1000 >1000 50-(1)12.2/1 ss i 9 308, 8 e stage screw having a.

CONpressi on 1 Jhd datah TableVl démdristdble b Stidhg diepedbiaricy bfitid fisy eyeaoewupantthe quackiy) i high

Dul mage ni xholgrupewetiginmolyher)@lizat. The hiokes theqwentitf t!gﬁéahi"wc_@ﬁ. eightromparpnt in the
between extrpiiRige lovgndh @hgtﬁ%oz&tggcmeeﬁs syerunt;and et melhingeiAre2agi T i 8
that whi| g P4RER9RE TR MEG TP RBEe &Y TEEE BY U g "8 M i ng scr ew;:

decreasi ng ghppiBYt tenmperature from 220[err]C to 160[err]C did not reduce-
the fish eye cRaprevioubikempi®was aghig Rbsentiniiy tepeanal Withthetargronants as esawrtin Bakte¥lk b

it shows t Ithis experiment theibish implecelapesight polvetiidens wastnot proptbdane Tthexeneicapphyneg but
count”. The @&emabethyleneshomeBel¥™elt so indica that the nelt index or nolecul ar
wei ght of’the | ow ol ecul ar' 60 wei ght conmponent was not a controlling .
factor in the fish eye count. Exanple ||l The previ ous exanpl e was o
essentially repeated with a group of different resins. The ingredients and.
65 quantities used as well as the data obtained are showmn in Table VI. 8

0 100 843%[err] [err] [err] [err] [err] -[err] [err] 0 100.843 The data
in Table VI denonstrate a strong dependency of the fish eye count upon the
quantity of high nol ecul ar weight polyner utilized. The higher the quantity .
of the high nol ecul ar wei ght conponent in the resin the |ower the fish eye:
count becane. Fish eye count and blend nelt index are again shown to be

i ndependent of the nelt index of the | ow nol ecul.ar weight conponent. 5
Ex\aprbl e |V The previous exanple was again essentially repeated with the
conponents.as shown in Table VII. In thi's experinment the high nolecul ar

wei ght pasyet hyl ene was not an ethyl ene.1-hexene copol ymer but rather an
et hyl ene honopol yrer .. o - : : ' -

30

. ) . 5 ..
o "
58 .
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60
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20 25 30 35 40 45 50 :55 60 65 10 O 100 843 [err] [err] [err] .
rr] [err] [err] [err] [err] Ir 0 100 843 The data in Table VI show
ne sanme trend as observed in the earlier exanples, nanely.that the fish _
e -count goes down with increasing quantity of hi gh nol ecul ar wei ght @

hyl ene pol yner. Additionally, howey r,| otag above data show that the
vironnmental stress crack-resistanc ? gt antially reduced when an

hyl ene honopol yner is used as conpared to the previous exanples where an
hyl ene 1-hexene 5 copol yner was useq as the high rml ec ar wei ght

mponent. Exanple V In this exagplg \garl,,pus, bl ed;\dsgofm 6@\/\@ gkt percent of
gh nol ecul ar’ wei giit resi n$and 20 Seight® pe ce of - Ivowcm)l'-ecaﬂ ar. wei ght
sin were tested. The polymers used and the results obtained as well as 10

e @xing procedure are shown in TabI e VII1. TABLE VI |1 Et hyI ene . polyrrer
47 M, 0.9706 g/cc : ' 40 40 o 8
' «a 2 83 2 @ g 8 8 & &8 9
. o a 2 d )
-8 e 4 S a -2 J 2 38 = & = P
a ~
) © o
Q =] © ¥ =
a a 8 92 2 8 @ m & a K
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i B , a) Q =~ Q@ €0 o
i } [7/] 7] ) @« (=} Q o < m. o b4
~ 2 g 8 83 88 ¥ 33328
Kr‘i _
g 2 o
] [ ] Fal "] (=] (=4 o 0 ] -] "'3
3 2 g 2 a 2 8 § 8 68 &8 = '«
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15 EHC 49 M, 0.9543 g/cc 40 EHC 45

M, 0.9489 g/cc | o S 40 20 pE §
1.5 HLM, 0.9522 g/cc L 60 6

1.3 H:M, 0.9447 g/cc =~ .+ = _ 60 EHC 1.3 HLM, 0.9404 g/

60 25 M xi ng: Henschel mix- 0 100_. 843 " yes . yes goh '_

yes Theldat %t%gfll)éhtm the same trend as observed in the earlier exgmples, namely that {8 is- e"ye

yes count @6‘35; h liRtdagifiy quantity of high .molecular weight ethv'yl“%gmwme"— A 't'tg}‘vé%;.

antially duﬁa‘
amples where an ethyl exene

YES . howeve. Qe d0bwtatalshavsthatikd anvirgnaantal praglppistance s
0.19 - an ethyldde Agmopolymer 'soe_sg%‘a%%’ il m‘gﬁ{’?ﬁ. 10. 2
9.6 5 copolymergway used as theHigh)mp{eea ty,g g/ cc ' 0. 9560

9. 9577 Exampl q’ 9550 09558 40 Fl exur ?lh- Lmdlljl uls’wé'\i/gl:t.\?'resin and 4@&@6&
1520, 7 in thftQample various bididd dE SCReightngrognt of high mao ecu ar :
>1000 percennt &3 Tow molecular wei8h resi were Sgrd Fheppiymers %gd andlﬁté% rFsullts rr‘]))bat.aéft‘e,d aa eSS

1370

el 33 /emhp 264i6Y procedyce arp ghown BS{5Ple (surged) - <50/ 70 El nendor f

tear, g, MJ TD(1) 60/ 150  tag@/VliIBO - No good - 50/110 .
Patterso CldiNGer: Kg, MDI TD 2.4/2.6 2.212.7 film _
1.7/2.3 E‘@@%& %ﬂésc‘g&iﬂnt, hard gel4%char . 40 3/8 ©  5/10 -0 2116

3122 (Js) MD is machine direction; TD'is transverse dirggtion. The data in
Tabl e VI | [EHG@i W. §8%4% ¥Cst r ong dependency of the environnental stress crack
resistance UpQnf lag@t%#cture of the high nolecul ar wei ght ethy?ene pol yner
utilized. Wfereas the end havi ng an ethyl ene 1- hexegﬁ_copol yner- as the
‘hi gh npl eqigl a8 Humi, Qlss22cgerponent shows very good envirohnmental stress crack
resistance, the blend containing an ethyl eneghonmopol ymer as the high
morecul ar BHS GhHLBE BPMIESh0l yer conponent in the bl end shows a :
' _su_bstantiaé CnggQMg%,,&nM&r onnent al sst r.e'ss crack 60 resistance even t hough
it he blend densities and nelt flows are . very close. In this exanple a bl end
of a | 8w mMRingcul ar wei ght et hyl ene honopol YRL, and a hjegh nol ecydkar wei ght
et hyl ene 1Hdvestehmixcopol yner as indi ¥8ted and 'Specified In the fol lowing
table were_used with varying 65 m xijgg techniygsies. Theyesesults e shown in
 Table | X. Ba"oBY19% 843 TABLE I X Et hyl ene pol ymer: PE 4\,733'\"’ 0.9706 g/ cc

45 % pelfdize 45 ¥45 “yes
o ""”P’R’Xéif ii?aie#. gOmin. 02 019 o o 025
ML gomin, w02 s - - 19 122 ._
. Density, gc 09560 09577 09850 . 08563
«  Flexural modulus, MPa 1370 1520 140 1260
" ESCR, hours - >0 >1000 - . & e
k./ K Film test results: =~ . ' o ' <50/70
' 45 Dart impact, g, 66 cm/33 cm (26137 <5q1100 o <50/100 (surgeg) .
% Eimendorf tear, g, MOTD®  © 60150 . 50130 Nogood 501110
| Pattersoﬁ punc_-tur.e,. Kg,. MDIT D 24/26 - 227  film | : 1..712.3
% ..Fish eye. count, ﬁarci gellchar_ ' h ' 3/8 o 510 | - ne ': 22
| MD is 'ma;:hine direction_f TD is frénqurée direction. L o - ' L |
B _/_,55 —--—fh&d_ata in Tabie Vlli again shdw a.- éfong dépendencv 6f the envirohmental stress crack resistance

Y i i ilized. Whereas the biend having an-
Ah re of the high molecular weight eth_ylen_e polymer utilized. ;
:s:y'l‘et:ee ‘? -fhr:?:ne cobolymgr' as the high-molecular weight component shows very good envu:'on:nv:int::
- “stress crack resistance, the biend containing an ethylene homopolymer as the_hlg_h _moltlacut al'_s crgck C
ethylene polymer component in the blend shows a substantially reduced environmental stres .
| so Tesistance even though the blend densities and melt flows are very .close. : : :
N Exantlre\' v;xam'-. le a. bker;d ;fé foiov molecular Qve:ight ethVIeﬁe _h&mopol?mer éﬁd a high mdlecglar weight
ethylre‘ne|s1-hexeze copolymer as indicated and speciﬁec_i in the following tab’e.were used with varying
) '55' mixing techniques. The resuits are shown in Tablel- X, . : - _

C




HC 1.3 HLM, 0.9404 g/cc X 55 55 55

& Zinc. stearate, part by weight 0.05 0 0
@ Et hyl ene-bi s-stearam de, part by weight O -~ .. .0.05 - 0. 05
- "10- M Xi ng: Henschel m x o ' o yes - yes @
S - yes Banbury mx . -~ 0 100 843 ' - yes no
S -no 15 Pel l.eti ze ' - : yes yes.
es . no Properties: Melt i nd_ex,.wB_LLﬁ Dr?i n. B ' 450.47 '
42 + Etliyleng polymer: luff 20 HLM, g/ 148 min. =48 - 45 .
.7 .. BR4f M, 09708 gjf‘l'l. 0  feed Density, glcc - -
. 958 s BHO38 HuMi, 0.9404 96 no 25 5 Fl'exur 8 nodul §&, WPa
90 1500 1450 pel | et So CR, hgurs 0o 0
iaht—: . . . . .
00Q, ZibGG@arate, part BY WGP | mtest results: 30  Dart i r;pact . 9,
6"/13") 66 33,.C . " eigt 70/ 100 80/0390 0.0590/ 200" - .
mendorf_t o5V °&‘?‘*’_'R7%"fﬂ“'dgo‘!a B weighe 700 190 40/ 120 60/ 150
/150 Palt gia@p puncture, Kg, MY TD " ves 1.l 2 yes: 612. 1yes -
 4/2.8 HeddcBel5miki sh eye count, hard g&® char _ 517
0/0° 11/11 6/0 The right colugg of Talhoe | X isyssarticulrarly

ifnteresting $eARYY Mfs run denonstrates the possibility fot direct feeding

gf the pori/neﬁel . . .

flilmtest resu'ts. Thus 40 no extruder or Banbury prem xing was required in
i's run. APprapedaies:f eeder was used during tReyfil m exdar usi ono® el i mfifite

fLuff mxture to a film extwerder whi¥e® obtai Hing excell ent

sprgi ng. The Melt indei $IRtAM™ stress crack resistance val ues for the pellet

.ends used

_e%rri)le t he

i frpact  strengbénsipiceest ed. The et hyl ene poq' _
~\Lesults obtained are sho ain Table X. 50 5Qe$5 13 15000 100 18803 [ errpeilpterr] .

rr] [eref

. direct feeding of the polymer fluff mixture to a film extru

30
35
: 40
b - 45"
Nt

tested. The ethylene polymer componen

iﬁfp\hh%ﬁoﬁ?ﬁé‘m' e al so were very 2830od. Ex@dple VI 1495 R4 his
eftfect of the high nolecular wejght copgg%mar oRgkhe Darge
% mer conponents used and the

[_glpaftfal modulus, MP
ESCR, hours >1000. © >1000 >1090
i Its: o o . 0/200
F“g‘a:te?rtn;easctu. g, (26"13") 66 cm/33 cm .- 60/130 70/170. 80/190 9
Eimendorf tear, g, MD/TD 40/90 . 401120 60/150 . 3W_150
' ' ' ' : 17125
Patterson puncture, Kg, MD/TD o _1.7_12.2 1.6/2.1 2.4IZ§ & .
Fish eye count, ha_rd gel/char a7 .750I0 1111

The right column of Table IX is pérticularlv interesting since this run demonstrates the possibility for

remixing was required in thi f \
::trz:tit:: te; ;L:ﬁ:::’:xrging. Theg environmental stress crack resistance values for the pellet blendg used .

. in this example also were very g_oo@.

Exampte V“ C . igh | ic I the Dart impact strength was
i lecular weight copolymer on ; 3
In this oxample the effec: of hid hlgh; ?nse:: and thge results obtained are shown in Table X. .

13

et



[err] [err] 0 100 843 The data in Table X denpnstrate that the dart

i npact Strength is-inproved if the high nmol ecul.ar wei ght portion is a

copel ynmer rather than the | ow nol ecul ar _wei ght portion of the ethylene

pol ymer conposition. A further surp®it0®B4Fsult is shown in the above
tabl €. Even though in the first and the-fourth run the density of the re

m xture was hi.gher than in the second and the fifth run, respectively, tHht
dart. inpact ‘5 strength was superior. This is very unusua_l and surprising .
because- density has- a primary influence on dart inpact. Superior dart =

i mpact is generally associated wt h | ower densi. ty. This blgnd corrp05| tion

t hus shows a cl ear and unexpegt eg aggvant age ayerg canventi C@al-p@ y& hyl ene
film (e5| ns in tha® r&in bl ehd2wi& h &i gher Jerdi Yy ghow DetG el da t _

i npactstrength than those with conparatively lower density when the
preferred copolyner distribution is used. Again a substantial dependency of
t he environmental stress crack 10 resistance upon the structure of ‘the high
nol ecul ar wei ght ethyl ene pol yner conponent is apparent frcomd he, abpve
~data. These datg configrmthe grevi qus i ndin%ttwt %h en\:trc:nrrﬂﬂtg stress

crack resistancé& is b&st wherrthe rﬁgﬁ molc it ars wel gI’Ft et%ylvene- pel yner
conponent is an ethyl ene/l hexene copol yner. The tabl e above al so shows the.
reduced Fish Eye Count for the 50/50 weight percent blend. The above runs
al so denonstrate the feasibility of the elimnation of a Banbury mixing
step. 15 Exanple Vill This exanpl e was caryied @ut 4o demgsta age ghat a
bl end of ethg@ ene pol ynegs wﬁh«a (§_en ity b(g/eﬂi) %Oﬁcoulad awhi gh
Dakt i npact strength when nade into bI own Film SThe corrponents useﬂ' and the
‘results obtained are again shown-in Table Xl . 20 .
EQBLE Xl Et hyI ene polynmer: PE 158 M, 0.9664 g/cc = - - 60
_ 60 EHC 0. 22 HLM 0. 9359,°g/cc 8 o o 40
40 25 PE 0. 10 HLM . O, 9401 g/«pcdu @ ) S 8 = g 40
40 M xi ng: Hensche® n¥ 2 2 82 2 E 8 °°’ “‘yeg % -3 iesg
yes : yes 30 Banbury mx - no ‘yes
no ‘yes Pelletized o . yes yes
y&S/ <. yes 35 Static mxer T a no. . no .
- no w NO Properties: Melt index, g/10-nmin. g < g.g .\_'8.17 '
0.17 @ 0.08g - 9. 0.08 40 8 HgM o, g/ 8D n§ 8 £ 3 '
17.6 g 15 ¢ 126 > > Z5fmensitf g XV 8 2 §_
- 0.9623 0. 9626 0.9843 - 0. 9639 Fl exur al modul us, MPa
11680 -+ 1650 1800 - 1620 45 o '
SR | . . o @ o «
S . | .- 89 . 822
g s 8882 3388 2§5g
: _ o ) - ]
P ~ 8 8 B 3 . @ . ?'g' -
s S oo, % P a ] NSy
A 8 8 § 2. @ : S 8 g 202
5. R ga g °. S - X . % c . g e C % -
. E3 2235 x5 x SE 4 g9 8 2 ¢
2§32 E 2 E ;o &% e 3y
o R s T e B £ a8 g » .k @ 98 Tt ¢ 9
' o en ¥ % 4 o< g..ﬁ Q E 8 @2 2 3 £ g 8 ¢ ¢
o 5: g9 = o 92 . % 2 =5 % 3 & 8C § g s
. - . - > - 0 5 - -3




 hours | 1000 . >1000 126

i
2 Filmtest results: Dart inmpact, g, (26"113") 66 cm 33 cm <50/120 .
1§0/250 <50/ <50 . 1801340 El nendorf tear, g, MTD _ ‘
3§ 180 50/ 180 40/ 120 . 40/ Bia Patterson puncture, Kg, MY TD
1§7/2.0 2.1/2.7 1.6/1.7 9 In the blends. shown in

T

ble X - very Tr(oWaialluMableoddpmenserptelthaethe ddartinmpam strepgth yaimpovadiitthe Highgholemlaeweibiar |
i ght, wer @otiigpi$ agpRpiymas tnee a'l el?wrfﬂﬁ‘@“lah‘l"éﬁmpv@Omf veaepphaeermmy -
xing in O s?he(r tlt‘\lea i%ﬁmlxt ewa ? \ﬁrt ec r%'ve fl ﬁ es ‘ ﬁ'ﬁ rt;: ahcet
at the fi l t¥ eﬁﬁr Miis Vér ll:tab % }l'% n?lart
nsity is alaﬁece &l {-Raagalgéhemv l&secustud wtthebv&r géusfw 08is GRnd co:aw&n.os

unts of sheowrsa @eaam ectad bdvgitageivercahventionai pplviethglemeidmaesins fix hayrksin b%ds
hyl efhe pol rshfrég 1} ef\ﬂere btfqne '@d"lfﬁﬁw?% ,,J?‘,‘“ mﬁlyvﬁmthe
'ng mxun :%Egl‘llgg l&?ﬁ “"Ell‘ll’ (VR oln Wl’lﬁs

0 PResd\B: c&%ml eb GQﬁrﬁﬁ: thae el‘aﬁro%&nﬁ stms 5.:@ dtdhce is

bl e XI | . |stttVlhﬂn shartighsmeéleqala wiigie eewtehu méTiciiimpdhentd§ 84 ethylérall Sekdn® BoptBsner.
epar ed wi tThe table 8Bvé pldé glrwsdhe taduesad tRspye CBunt forOthg GOE@WeEghtenercent teend]
rr]- [err] [eftea00% fyns plsp dpmprsfratp the fegsibiify ob g efiminatiRfof & Banbiaysmixine Fiesi e
|, as'i dlEsannielV dart | rrpact dat a, for these bl ends V\/m ch all contain

t han 5006 fiehp ble i derane ovef
Comost t1 4 ;4? e g} G er vt 1o OBPUAT: T FRORSIS S HRPY
a or goo

Xing is gener y requi results only |f the conposition falls
| ow 50949 n hi gh nol ecul ar wei ght conporaBiE Xt5 Exanple X In this exanple

U bl end<thwiene patder: usi ng agai n et hyl ene pol yners in quantities as -
ecified in PRatBMIXPPFE4 offi s tabl e al so sHBws the Properti & of th@“bl end

nd the fil M §256.27 R B§359399cc15 | - a |
i/ PE 0.10 HLMI, 0.9401 glec - | 40 . 40
Mixing: o | _ - s _ | .
50 Henschel mix ' : - ves - - vyes - yes .- yes
s - Banbury mix : B no . yes  no yes
_ i 3 " Pelletized S ves - yes | yes ‘yes
35 gtatic mixer o : " no - no o no
Propertles - ' - | : - ' o '
_Melt index, gl10 min. - SE 0.17 - 017 -~ 0.08 . 008 -
% WM, gOmin. 118 158 126 85
1 - Density, gc o 09623 - 09626 _0.9643'-. 09639
| \J a5 Fiexural modulus, MPa . - ' . .- .'.1680. 1650 1800 1620
\./ . ESCR, hours ' S .. >w00 © >1000 126 - - 282
[ R Film test results: | AR - .l . S |
4 = Dartimpact, g, (26"13") 66 cm/33 ¢ om . <BO20 - 150250  <B0/<50 1801340
_ Elmendorf tear. g, MDD . 30/180 501180 - 40/120 - 40/390
_' Patterson puncture, Kg, MD/TD o 2127 1ena "'-_24128
. 86

In the blends. shown in Table Xl very low HLM! polymers, i.e. ethylene polymers w1th hlgh molecular i
‘weight, were used and they required more intensive mixing such as Banbury mixing in order to obtain
.good film properties. The data show, -howéver, that the film properties are very good despite the fact that
' va—the biend-density is dbove 0.96. ESCR again points out the sugmf' cance of even small amounts of short
branchmg in. h:gh molecular welght component. ' . . '

Example IX ' ' ' T
. Ethylene polymer resm blends were fabncated from ethylene polymers and using mixing techniques .
. as indicated in the following table. The properties of the polymer blend as well as the film test results are
- " -also shown in Table XIl. In the series employing extruder mixing, each composition was prepared withthe - .
65 mdncated screw type ) _ _ o

.. 60

. .1.5.. :




Oy
: ; . 9':
I ntensi ve prem Xi ng :

[err] [err] .[err] [err]

npl e again seemto indicate

0 100'843 [err] [err] [err] [err]: [e.rr.]
Terr] '
OyA00 843 40 parts by weight of a hi

0 1200 843 [err]
a Banbury prem xi ng or anot her

18
resin;

lerr].

Lerr]

100 843 The results of this table i'n this exa

that for obtaining a satisfactory blend when using 60 parts by -weight of

20 25 30 35 40 45 50 55 60 65 17
the | ow nol ecul ar wei ght ethyl ene po
is required for the use of the resin in filmmaking processes.

nol ecul ar wei ght

[err]
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_ The | ast. three runs show.that the ethylene polynmer mxture of this
nvention results in superior resins for filmproduction. The performanc
@#xceeds that expected for ponetherne of this density and nelt flow TQ%%E?
ast two runs of this exanple are dualyg@t& 4uns to test the -
eproducibility of the results which as egpﬁge seen, exce|. chum kwsd
canpl e X ufis ih TE0IPRI, penadisaterseytiaitime
n a pilot ﬂ.ghggw?l; ;g%rmerceaoﬁeluht cazing "H?E‘F"FTSF the B °fa°§(§io o @gﬂodmf the
ur opean Pab% highAmecilgrwdigh canpo EIEELB ?gﬁ @3 ,y narr ow rml ecul ar -
i ght di steembpsition falls GRYYP% Brigly B! er ent rml ecul ar wei ghts were
roducedﬁMtr1th|s catal yst by changlng 15 t he' hydr ogen Qonc tra
he 1 eact o &S e, dpleradi Bemtseverenuisarsiod again piyiens '@%g\; Q A g%”"éﬂ'"
re gasily ﬁblended'hbyamaalsmsm“@é%waﬁ%%s of i 0!8 3dl—fens eﬁ m xer
escription of the different base resins used in this programis presented
~ifn Table &I V. Al copolymers used 1-hexene as the cononomer. TABLE Xl V. 20
scription of bl end conponents A. Hi gh nol ecul ar . wei ght polyners ( HMAP)

nsity HLM 25 . HW\P . - {g/cc)
g/10 min.) 1 H : 0. 9360 . ' - 0.24 2H . 0.9355
.30 30 3 " 0. 9380 - .0.37 4H - - 0.9490 -
4. 41 35 - _ - BH* 0. 9500 1.56 6H*
a. 9480 - : 0.89 7H 0.9445 1.40 40 8H .
. 9419 - 2.04 9H _ 0.9388 . 1.80 45 R
H 20 -~ 0.9393 . 1.48 11H : - 0.-9377. BN I &

H . 0.9331 - . 1.41 50 13H - 0.9312
M5 55 60 65 20 0100 843 . R :

25
30

. 35

N
| : . . 45 .
50
55 E - -
e T /

- 65

o7




TABLE XV -(continued) B. Low nol ecul ar wei ght polymers (LMAP) 5

‘Density ‘Melt index LMNP o (g/co) (g/10 mn.) 20L*

0. 9675 67 10 21L* - 0. 9696 N
275 22L* 0. 9700 _ 146 23L* .- 0.9700 ' @ .
212 24L* 0.-9690° : 008005843 _ - 0.9700 =

150 20 - : 26L : 0. 9600 © 98 27L

0. 9550 -~ 106 *| ndi cat es honopol yners. Al others are 1-hexene

copol ynmers. 25 B. Mxing and conpoundi ng For stabi l'i zation during .

processi ng 0.05 wei ght % BHT, 0.03 wei ght % DLTDP-and 0. 04 wei ght % cal ci um
stearate were added to the fI qu |Q tbe H%nsc,,helo mxer M xa, Nga and

pell etizing invol ved the foll owrnng~"st'Eps 1. Bl éndé of hr»gh>~arvd | ow

nol ecul'ar wei ght fluff 30 were weighed to give the desired ratio. 2. The
powder bl ends were m xed for three minutes at- high speed in the Henschel

m xer with stabilizers. 3. The powder blends were force fed to the 35 cm
(1.5 inch) Davis-Standard extruder with nitrogen protection. The

"tenperature zones on the extruder yerg sefg at'a’,’ 231[err C oSCSev% speed was 90
rpm Extrusion rate was in the range ?f 30 t4 40 poun S per holir. The screw
had a 3:1 conpression ratio and a 24:1 length to dianeter ratio. A 4.0/80/40‘
mesh screen pack was used. The six 35 hole die had 0.32 mm (1/8 |rac§a)

hol es. A Cunberland Six Chopper was used for pelletizing. Melt tem:re%atures E
were i-n the 230 to 250[err] C range. C_ Fi l m bl owi ng The pl epds, vvergm
converted to blown fil musing a83.8 c& (1.5 ignck) BavEs-Sta@dadd ext3 uder:
wi-th a four 40 inch Sano die with a Sano tower and t-ake-off equip t. The
Sano die was a bottomfed spiral design with a 0.76 nmmdie gap. Th@ i e was
desi gned for use with high density, high nolecular weight polyet hyrb‘ege ‘The
ext ruder Wasa38cm(15|nch) Davi s- Standard with a 24:1 lengthg : o
dianeter ratio. The feed gcrew had a 2.2: @mesgiog ratig 20@20 rresh
screen pack was used. Onl ¥ offe m | fr‘mean Fsed for Eva uafroh T[ge-

bl ow-up ratio was 4:1. The frost line hei ght vvas 66 cm (26 |nches)-&nd t he
melt 45 tenperature was. in thée range of 230 to 265[err]C. Take- ofge peed

was 945 cnimn (31 feet/mnute). D. Filmevaluation The filmwas e uat ed
by~reasuring a v iety of properties. The test methods used are as '
descri bed above. ub0 8 The results obt ai dovvr th hegvapi ogs 9l e
shown |n the fol Ig)vm ng “tables. 5560 65 2

lu

Q
=
D

Qﬂ

100
yes
no

. ho
no
no
no
no
no

then extruded and pelletized. The pellets were blended with the

: ..“’T his 're:c'ipe gave poor film broperties with 2-FCM mix
resin, then extruded and pelletized again.

_@The low molecular weight resin was blended with about 60

o - g g
e B o o 9 3 (=] .s
R S s ] Qg . ° -
« S o 8 2 § . 3
9 g .2 g a 9 o g
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4 5

3H HLM g/ 10 m n.

843 TABLE XV Surrmary of bI end properties Blend No.
- 7 Hi gh MW conponent

1 2

o 1.45 De.n5|ty, g/ cc
.9312 Concentration, wt.% 50 . 52 54 . 56 5@
0 62 Low MNcorrponent 26L M
8 Density : 0 100 843 0. 9600 Concentrati on,
. % 50 48 . 46 44 42 40 - 38 Bl end
roperties M, g/ 10 nin. _ 0. 36 0.32 0.28. 0.23 |
.20 0.22 0.11 HLM, ¢/10 mn. 23. 7 20. 7 . 16.8
3.6 = 12.2 '12.0 8.2% Denskty, g/& g @ 0.9475 0.9473
.9466  0.9455 0.9444g Q- 9@;46:» g 9538'F§e>gjr§ @d§ us, MPa 1057 .
063, 1089 - 1023 & =164~ A 1617 - B7¢ Téhsile yield, MPa .
52 ~24.5 24. 2 - 23.9 23.8 23.6 23.5 Tensile break,
a 34.5 34.7 37.6 37.5 - 38.8 37.7 - 37.8
| ongation, % 1070 1060 <1320 1440 1700 .
310 1630 Hardness, Shore [s g 658 8§ ¢ 2 65 65

5 64 64 Belg Eocrg Bs> 8 8 E>mod $>1000 51000
ig‘1000 >1000. >1000 © >°100{) Miscosity, Poise X10-5 2.5 2.8
1 . 3.6 4.1 3.3 6.4 RDI 1.56
.54 ~  1.51 1. 48 1.54 1:53 - 1.58 Filmproperties Dart
npact, g, 66 cm (26") 110 14 140 § o 140 o 150 ' 150
20 Spencer inpact,. J . R26Q g_ Qg 31 S § 0528% ‘3’_ 0. 30 - 0. 34
.34 0.28 MDtear, g2 & & & A 48 ® 858 o o 68 60
5./ 64 66 TD tear, @ 160 205 . 210
45 250 280 225 Fish eyes, 929 cn2 (ft-2) 39 . 22

%ﬁ ' 14 12 B 5. - 5 (1) Seg Table XV for :
~¢haracteri zatl on. of bl end corrporugents 55 60 @3 2R 0°.100 843
°. T S5 = - - ,V o~ - (-] .Q
: g .
CE © 8 - S R £ o o
o .
3 | _ .
- ™ -] e ™
) ~ o N -] o <
g3 883F 88838
5 5
o 8§ e
s %,_E g 8 35
£ - > = 5 3=
B E : 'g oo '~ o ;:'_; - °: .
e = 5 “uo 5 2. 8 B
3 2-_.0'-5-..2'. ®38 5 § £ 2
85 2z 8 . g 38 &8
L. & @ L N b N ] -
BRI IO - B

s e et et S

. 519



ABLE XV (conti nued) Surrmary of bI end propertles Blend No. -~ 8 - 8A

0.37 Density, gl/cc - ' _ ‘0. 9380 10 Concentratlon

50 Low MWV conponent . 0 10’(334&1 g/ 10 m n. o
212 15 Density gndlebifits of 9700 Concentration, w.%

50 20 el of e e 1 ”fmzzm ”"'Qgﬁt'gﬂiy . ‘“aéé‘:;é’??;.'é“"g Sore  woight of

Density, /ctbe resin in film making D%E@Ses 0.9579  0.9582 M exur al’

1543 The last 4t ¢ ethylene|gPlymer mixture of this invention-resuits in superior réfths
Tensil e br e f°d§ g ceeds that expected for polyethylang pfthie densitySind melt fiow.
Ie ar

g, 6&cm(26") -210 190 190 45 Spencer |rrpact J '0.41

: 19 Exompp Xl ear | " 30 50 °
-‘(I)'ii)4t1ear g A P°"'“e's 0 "% 410 F| sh eyes, 929 cn? {ft-2)
Eurbi

except f ons thahYdm@Bl qnhc:eoinat(dn Blphtﬂy&tdfehyselbblg ert Bk etr&:wer are
fish eyes. PRy ble dagpy verfous teehrfidughisuch s$a idenechelominér. A Sesﬂmitlokmmm:ffd}ﬁﬁ B%S resins
i ndicate no uﬁ?dobie ltslpé%gr%,lseprmté iR Rahip XWpAEgopolymers used ‘1-hexene as the comonomer

_ TABLE XIV/
20
. Descnptlon ‘of blend components
. : A. High molecular weight polymers (HMWP)
e o Density HLMI
. 28 S - : HMWP {g/ec) “{g/10 min.) -
' 1H 0.9360 . 024
2H -~ 0935 = - 030
3H 0.9380 037
aH* ' 0.9490 1.41
35 o . BH* 09500 . 156
8H* - 09480 089
. ™ 08 140
8H . 09419 204
oM 08388 180
N C10H . os3ss - 148
_ | | U e es .
o M om0 1m0
13H - oem2 145 -
55
60
. 65 '

-

3H HLM, g/10 mn. _ ;
88 5 Hi gh MW conponent: _ %

0. 09 0. High d'dhlédular géaélﬂ ré?.lnrb Banbu’y premixing g-other interls premlxm ?;5 rtheﬁﬁe of

Bel | ESCR hfeSseenV e&@eﬂ&ht y, polse Bl'c?fezfﬁ's ?s'ff'leI’Wf‘ﬂ?ﬂé‘?’f’“@’s’eﬁ&?‘t’“'mfﬁaﬂa"

B exampl igat 'mrreaqquem tallije
30 — R '35?9&3 i, 3:{\2& {D e
30 ar od o Al €uid ;n:,e ok *ﬁgg s
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0 100 843 TABLE XV (continued) Summary of blend properties Bl en'd No. -

s 10 - . 9A - 10A "11 5 Hi gh MWV co :
| . _ _ mponent : _
1§.HLM, g/10 min. _ 0.24 Density, g/cc L
0f9360 10 Concentration, w.% _ 50 Low MV - (A
cgnponent : : 27L 26L © 28743 . 26L -+ 24L M, g/10
n. 106 - - -98 9,100 08 108 15 Density,
. .~ 0.9550  0.9600 TaBL@.8P%ntinued. 9600 - 0. 9690 -
ncentration, w.% _ 50 - 50 50 50 50 20
¥end properties M, g/10 i nB. Low molecular weight gglymers (LMJVR)7 0.06 -
ofo6 0.06 HLM, g/10 mi m— . 5 FotOi 551 5.4
5§0 25 5 Density, g/ cqywe : 'D(eg','c £ 9490 (71'@'3%%’;12 10.9492
(1) 9‘82_4 0. 9578 Fl exur aIM 1363~ 4559 1108
50 - 1400 Tensile yield, 2 . 028753 25 657W -
oF. 8 30 Tensile break, MPa 38.0 7.6 ,37.0 24'29 1 259
3}. 0 El ongmtion, % | 211420 .°fﬁ°g : 1478’ 1300 820
g B'I.I Har dness, Shore Dgps 64%.9700 63 146 63 .65 .
el | ESCR hrs. - >1000 - >1000-  >1000 _ >1000 >1000 |
Viscosity, poise X10-5 = 10.BL* 9.8 0870 9.7 21219, 0 9.6 40 RDI
(‘5'?5 -152:7)3 -1.275" : 1221;. o 1.3%96 d I.m-propersd es Dart i rrpact, g,
2o : 0 61 30 . | 0 -2 240 45 Spencer inpact, J
; : : 0.50. ° O0.&s( - 0.%07#®d tear, gis0 - ' 67 .
I, 53 46 49 50 TD tear, g. - 290
30 fggg 340 2% Fish eyek®9%9 cne (ft¥®) 660 . 1000
| N 1109_ Note: Blends 9, 9fyand 10,7 104gare dupl i,__cat es. 55

_ *indicates homopolymers. All others are 1-hexene copolymers.
25 . '
~ B. Mixing and compounding o ' : : '
For stabilization during processing 0.05 weight 9% BHT, 0.03 weight % DLTDP and 0.04 weight %
calcium stearate were added to the fluff in the Henschel mixer. :
Mixing and pelletizing invoived the following steps: 1. Blends of high and low molecular weight fluff
30 wereweighedto givethe desired ratio. 2. The powder blends were mixed for three minutes at high speed in
the Henschel mixer with stabilizers. 3. The powder blends were force fed to the 36 cm (1.5 .inch)
Davis-Standard extruder with nitrogen protection. The temperature zones on the extruder were set at
221°C. Screw speed was 90 rpm. Extrusion rate was in the range of 30 to 40 pounds per hour. The screw had
a 3:1 compression ratio and a 24:1 length to diameter ratio. A 40/80/40 mesh screen pack was used. The six
35 hole die had 0.32 mm (1/8 inch) holes. A Cumberland Six Chopper was used for pelletizing. Meit
temperatures were in the 230 to 250°C range. - ' .

~ C. Film blowing _ , : - o g

_ The biends were converted to blown film using a 3.8cm (1.5 inch) Davis-Standard extruder with a four

40 inch Sano die with a Sano tower and take-off equipment. The Sano die was a bottom fed spiral design with

. a0.76 mm die gap. The die was designed for use with high density, high molecular weight polyethylene.

. The extruder was a 3.8 cm (1.5 inch) Davis-Standard with a 24:1 length to diameter ratio. The feed screw

had a 2.2:1 compression ratio. A 20/20 mesh screen pack was used. Only one mil film was used for
: "evaluation. The blow-up ratio was 4:1. The frost line height was 66 cm (26 inches), and the meit -
45 temperature was. in the range of 230 to 265°C. Take-off speed was 945 cm/min (31 feet/minute).

D. Film evaluation . o : o .
The film was evaluated by measuring a variety of properties. The test methods used are as described

- above. _ o .
50 " The results obtained with the various blends are shown in the following tables. -

55
" 0.

65



60 65 24 0 100 843 TABLE XV.(Conti nu_éd) | Summary of bl end properties

Bl end .No. 12 . 12A 2B . - 12C 5 H gh MW conponent _ '
5H.HLM, ¢/10 min. . 1.56 Density, g/cc - @
0. 9500 10 Concentrati on, W . % o : _ 62 Low MN '
conponent : ' - 0100 843 M, g/10 min.
108 15 Density, g/cc - = - TABLE XV 0. 9690 Concent rat I'on,
wt . % I S&‘UE(D'!arv of blend propertBsend properties M, g/ 10
mn. - ' : 0. 14 0.1 - 0.13 " 0.12 HLM g/ 10 n.
10.0 9.4 - &legd No. 8.!3 25 2 nsityS q/ccnrli ’
0.9580 1 O 0compoen@000 0. 9598 Flexural nggul us, MPa 1667
1613 M) gr10 minl594 Tensile yield,” MPa 1.45 29.2 . 29.0 28.8
29. 0~30 Tensil.e break, MPa ©40.1 . 38.5 39.6 . - 43.0
El ongat i on,Desgity, glce 1200 1100 786G 1400 35
Har dness, qQre 68 . - 268'- 68 &7 Bel | ESCR rs.
. o 52°°° 54 56 60 6
147 1%]’"“"" fon 15.?)1 Vi scosity, poise X10- 5 40 RDI . - )
1.56 Lo Guw companeEt? : +1.59 Filmpropertigs Dart inpact, g, 26"
110 110 96 84 45 Spencer |rrpaé3l3 J ' " 0.30 0. 24
0. 28 0.30 MD tear, ¢ _ : - - 28 - 30 50
TD tear, g Density " 170 - 13 °fi?5’ 110 Fish eyes, 929
cn? (ft-2) concehtration, wi%0 500 5 48 1 516 4 a2 a0 38
8lend properties S : o ' : ' B
| MI, g/10 min. o 0.36 032 028 023 0.20 . 0.22 0.11 -
N HLMI, ¢/10 min. . . 237 207 168 136 = 122 120 82
\/ . Density, gfcc 09475 09473 09466 0.9455 09444 09446  0.9438
Flexural. modulus, MPa = 1057 : 1063 - 1089. 1023 1004 . 1017 879
Tensile yield, MPa .. 252 245 242 239 28 236 235
U Tensile break, MPa -~ 345 47 376 315 a8 37 378
-  Elongation, % - . 1070 . 1060 1320 . 1440 1700 1310 1630
Hardness, Shore D - 85 66 6 65 6 64 64
© Bell ESCR,hrs -~ >1000 >1000 .~ >1000 >1000 .>1000  >1000  >1000
Viscosity, Poise X10° 25 28 .3 38 A "33 - 64
RDI . 156 184 151 148 154 153 1.58
F‘Im propertles B | ' ' ' ' - '
\o/ '~ Dartimpact, g, 66 cm (ze") 10 140 140 140 . 150 -~ 150 | 120
o ' Spencer lmpact, J. 026 031 . - 028- 030 034 038 028
R MDtear,g ¢ 48 83 e 60 6 64 66
™ tear g . 160 205 . 210 . 245 280 . 280 225
Fish eyes, 929 cm? (™) . 38 22 .. 16 14 12 5. 5

K-J S MSee Table XIV for characterization of blend componehts. :

T — —_—

" 60



Four séparate bl ends of identical co i ti
nverted into film 60 66 25 mposi tion were prepared and

0 100 843 TABLE XV (conti
end properties ‘Bl end No. 13 14 5 High NENCOergﬁ:ﬁ% Summary -

6H HLM, g/ 10 nin. | 1.41 0. 89 |
. . [kn
19490 0.9480 10 Concentration, w0.780 “3 62 sity, glcc
e 56 Low MW
monent e 25%‘ ik 7 o
. ns C ontl u ) - .
. 4I4tg’o g/ cc 5um a ?"'%"g tConcE/lnt ration, w.%
_ . pr operties g/ 10 mn.
. 20 0.10 HLM, ¢/10 mn. Blend No. 8A 7.78B5 S
nsity, sg/cc 005697 O~ ”Ga Frexurat—Tmodurus, MPa
70 1570 Tensi | e Highey'yy, cojgpgnent: .. 29,3 =4 . .
Qi 0 : o037 28.0 30 Tensile Break
A s <h - 39. ‘E’) 31}"”M’QO'HBatuon % ' 1200 - '980-35
S, ore 6 67 Bel| ESCRessors. 98
73 Viscosity, poise X10 oogsY oo 3.4 . 6.0 40 9RDI .S' : : _ 147
.44 1.63 Film propmnceneetloﬁam%| npact, g, 665%m (26") .
30 45 Spencer i npact, - 0.28 0.28 tear 9 -
4 33 50 Low Mw component 1D : MP . -
130 - © MI, g/10 min. TD tear, 28 250
15 - _ _ . _ : .
: Density, g/cc. ' . 0.9700
Concentration, wt.% ' 50
20 | Blend properties . o _
' M, gI10 min. ) 0,10 0.09 _ 0.1
HLM g/10 min. e4 " .81 100
s - Density, glc . 09578 09679  0.9682
' ~ Flexural modulus, MPa ~ 1643 1650 ~ 1567
Tensile yield, MPa R - =
30 _ : : .
Tensile break, MPa — - -
Elongation, % | . - - -
s ~ Herdness, Shore D - - -
| Bell ESCR, hrs. - - =
Viscosity, poise X107% - L -
RDL . T - =
v .. o ' Film propertles . . : o
. ' _ : . Dart impact, g, 66 cm (26") 210 190 190
' : 45 . B
S Ny o Spencer impact, J- ‘041 - 041 042
MD fear, g 7R T
o - m tear,g a0 0 40
Lo | ﬁsheyes;.ézecmz_(ft-?) s . so . 400
Notes . ' - P . ' ' |
55 Three separate blends were identically prepared and converted into f‘ Im The blend and film properties
" are similar except for blend 8B which displays very high TD tear and abnormallv hlgh fish eyes. The reason
for the high fish eye count is not known. _
Dashes mdncate no propertles were deterrnlned
" 60 - |
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. Fish eyes, 929 cne (ft-2) 10 - 10 60 65 26 0 100 843 TABLE XV
‘(continued) Summary of blend propertiées Bl end No. 15 - 16

} 17, 18 19 20 5 Hi gh MW conponent: o
7H , ' : : 8H HLM,, (ﬁ I N.

1. 40 2,04 DBnY 3”04:{;/00 |

0. 9445 : : 0. 941fAsO XQQdnkiRleddpN, W . % . 59
59 55 62 63 Summary of bAd prdpesties\V/ conponent -
27L - 22L 20L - 27L . 22L 20L M, g¢/10 nin.
106 -+ _ 146 Blend Ngy3g 9 148 g7 151qﬂen5| tY, g/cc

0. 9550 0. 9700H h ,g] %?,Q, t:0- 9550 0. 9700 0,680 Concentration, .
w. % - LML, o/falmin, 38 055,9 37 37.5 20
Bl end_pr opert | es M, g/ 10 mn. o . 0.17 - 0.18 0.12
0.21 0.21 De_"SinEIC'HLM g/10 mn. 0.9360 10 7 - . 10.6
9.5 - 1°10.8 Con %8 p W% 8.4 25 Density, cc’ o
0.9510 .~ 0.9570 “°"BFYBEP "“*0.9487  0.9547 19527 Flexural nodulus,
MPa 1274  Low MwldakBonent: 1551 270 17689 27L 135326L 2874
Tensile yield, MPaMmi, g/i0 mm 26.8 106 29. g  ®.1 9B 25108 - 28.4
28.1 30 TeﬁnsHe br eak 35 - .4 36.9 .
38.1 - . . 39A El JPRyEtn 8’ﬁ° v o 0.9509 0550 1(?(93"% 05680 -
1200 1100 COnceJn;,Q(Q,,,Bﬁt% Har dnegs, Shegje D sp 50 6550 67
67 .. .65 67 Bell ESCR, hrs. C 424 - :
>1000 261000 Blenﬁmergles >1000° . >1000 Vi scosit poi se X10-5 - 3.9
4.,\%1- 4.9 MI, g#40 gnin. 3 7 007 4087 40 6 ' 0.06 -0.06 ,
1. L 48 1 45 - 1543 1.4 411 m gbopertles
HLMI; g/ 6.7 8% 81
Dart inmpact, g, 66 ¢ ‘ig@"'ﬁ'" 85 110 76 79
86 45 Spemer |rrpanansmd glce 0.03W90 0951 300.9492 WBH 095780, 26
0. 30 0.28 MD_tea g ' 47 ' 37 30
41 36 He’%‘ﬂ?‘ﬂl?“'“’rlﬂ"’t‘_’ear, gos 1280 noe 2% M0 210
200 0-9230- | Tens.%lﬁeld. MPa’ 3200 Flagh ey%6e 9294472 (fd92) 278
Tensile break, MPa 380 37.6 37.0 39.1 30
Elongation, % 14200 1140 1480 1300 820 -
.3 _ Hardness, Shore D &4 e 63 66 66
| Bell ESCR, hrs. . >1000  >1000 >1000 ' >1000  >1000
Viscosity, poise X10-° = 100 88 ‘97 100 - 96
RDI . 8 172 15 W
Film properties - o - o . : -
- Dart impact, g, 26" 230 230 © 210 - 200 - 240
.45 . : , o e g :
Spencer |mpact, NI 0.49 061 - 050 057 ° 057
MDtear,g . 62 & s . 46 48
5o . TDtang - 200 330 290 340 . 220

Fish eyes 929 cm? (ft‘z) : '660_ : 1000 . 750 1200 - 1100 -

: Note Blends 9 9A and 10, 10A are dupllcates. S
.58 _ S :

e -



60 65 27 0 100 843 TABLE XV (conti nued) SUfrfrary of bl end properties
nd .No. 21 . 22 23 24 25~ 26 5 Hgh MVv

onent: _ : 9H - - - . 1ICH HM, "g/'10 '
i, _ 1.80 1.48 Density, g/cc (X
)388 i ' . 0.9393 CHhclQ 843 on, wt. % 58 ¥
60 .59 59 Low MM&GRPRSHimes  27L  22L
27L 22L 20L M gyckthar offbiédnd properties 106 146
: 106 146 - = 67 15 Density, g/cc 0. 9550 .
700 0. 9680 0.9550 0. B0 No.Q. 9B80 Cori@ant r afiz®bn, wt2Co% - 42
: - 87 40 AT"Z0 Brend propeiires M, g/ 10 mn.
_ 0.25 o.ﬂﬁM"fW °°6‘°;’U”‘ . 0.20 Hyd g¢/10 nin.
_ , g/10_min. _ )
. 0w 14.0 - 8. - 11.0 - 10.0 25 Density, g/cc
Jo482 . 0.9540 0.0bsi, gec 0. 9476 0.9546 0. 953@.9bexur al nodul us,
a 1185 1432 1368 1138 1437 21400 Tensile Yield,
- 24. 4 Lpnggntrationpyt.% 24.3 ~ 27.6% ° 28.1 30 Tensile
bjeak, MPa 3780 Mw 3R &em 40. 9 37.7 2488. 6 43. 1
‘Elfongation, % W, gnd e . 1100 1100 m‘SUo 1200
1900 35  #dardness, Shore D : 65 66 65 -
| 67 Bel | ESCR Density, glec - >1000 - ~>1000 0962‘1000 >1000
>3000 >1000 Vi scosi e 05 3.2 3.2 4.2 - 4.0
: 38 el
4. 4.1 40 RD é‘%"“"‘%& wi% 1 1.48 1.45  1.45 . 1.46
1. Lo45 Film prBlHaGI’p'i'dpGﬁleDal’t i npact, g, 66 cm (26") 73 110 '
1 92 10(Ml g/10 niR0 45 Spencé’r14| rrpa@ﬂ3 J 013 0. 28912 0.35"
0. 0. 27 031 I\/Dtear, , ' .39 N
44 51 | z'ﬁ'M' 9/10 o 3188 TR ear, ¥y 8 - 210.
R 340 26003,.5.“,, .9/390 ' 250 ofgs80 €9.9e600 9281980012 (ofssssZ) 20
: 12 _ 5. 25 6
Flexural modulus,'MPa 1667 - 1813 1610 1594
Tensile yield, MPa 282 290 288 200 -
% Tensile break, MPa 401 385 396 - 430
| Elongation, % 1200 1100 © 1200 1400
- Hardness, Shore D 68 - 68 68 67 -
Bell ESCR, hrs._ : 147 147 154 101

Viscosity, poise X10_‘5 T - = —_ C—

‘RDI - 156 156 - 157 159
Film properties . ' . " : , . |
Dart impact, g, 26" : 110 _110 96 S 84
“Spencer impact, J . 030 024 028 0.30
- - MD tear, g o ;0 2% .28 30, |
TDter,g . 0 130 10 d10
-'Fist{,eyes, 920cm? () © 35 10 05 15

. Notes: Four separate blendé of identical composition were prepared and converted into film.

: .. 25




55 60 65 28

0.71 Den5| ty,

g/lO mn.

0 100 843 TABLE XV (conti nued) Summary of bl end propertles

g/ cc _
- 60.6 Low MW E -5

Bl end No. 27 . 28 29 Hi gh MW-conponent:
11HHLM , 9910 m n. :

0..9377 10 Concentration, w ._% : '
component: 27L 22L° '?8') B%L

106 146

Concentration, % " 39. 3 SummagQof blend proggtied 20 _ Bl end
properties M, g/10 mn. o 0, 28 0.30 0.25 HLM, g/10"
mn 13.0 15.0 1o % 13 14 Density, g/cc
0.9471 0. 9534 . 95 ZignFeX sbndondiedul Us, MHa sp 1102 - 1373 .
1376 Tensile yield, MPa  HLM, g"h®din/ 27. 441 8492 30 Tensile break,
MPa 37.7 38.1 39.9 Elongation, % . 1600
1100 ,, 1100 35 Density, g/ec ar dness,: D0.8480 - 65 66
66 Bell ESCR, hrs. COncen?;‘Q,QO 9 >1_000 62 >1ogg Vi scosity, poise
X10- 5 3.0 . 3.3 40 RDI 1. 42
1.43 1AT Film pr open.bwe&WDan_wbonenpact, g, 286 cm L) ) _ ‘89
86 45 Spencer inpact, Mi, g/10 mig 27 0. 298 1500. 28 ND tear, g
45 40 . -~ TD t g 210
180 180 Fish eyes, 958"¥n#5tt-2) 5 030 gosTo g g
Concentration, wt.% 38 44
20 - Blend properties ' -
L MI, g/10 min. 0.20 0.10
HLMI, g/10 min, 8.9 _ 217
k-/' 25 Density, g/cc 0.9597  0.9609
Flexural modulus, MPa : 1570 1570
Tensile yield, MPa 293 28.0
. 30 o '
&_, . Tensile Break, MPa 39.3 _ 33.2
Elongation, % 1200 . 980
35 Hardness, Shore D 65 - 67
- Bell ESCR, hrs. 47 173
Viscosity, poise X10-5 3.4 60
40 . . . : |
' RDI ' 144 1.63
Ftlm properties SR - g
- - ~ Dart impact, g, 66 cm (zs~). 45 130
\/. ' . Spencer impact, J 028 - 0.28
MD tea'r, g 34 . 33"
50 . | . TD tear, 9 l'250 130
| R " Fish ¢ eyes, 929 cmz (ft") 10 - 10
. St
: 60 - S o o ;
LR

67 Densit Y, O/ CTABLE XV (continued) 0. 9550

. 0.9700 0.9

AT




0 100 843 TABLE XV (continued) Summary of blend properties Blend

31 32 . 383 34 35 5 H gh MV conponent:
2 .~ 13HHM, ¢/10 mn. - 1.41
1’45 Density, g/cc : 0.9331 N 0. 93]@
o Concentration, w.% - 59.1 133& 56. 4 59.3 59 . :
b6. 9 Low MW conponent :- - 27I9 : E_L . 20L 27L - 22L -
gBOL M, g/10 mn. . 106 TABLE AV (eontinued)G67 106 146 -
p7 15 Density, g/cc - ' 0S\@®BQY of plensyprgrertisy, 9675 0. 9550 0. 9700
p. 9675 Concentration, w.% 1640-9 o 4l 2 @3-6 19 40. 79 41
~ 3.1 20 Blend proper t iBgad o, /%0 i n'¢ 022 021 621
P22 . rant:itM g/ 10 m nzH : 13.0 842. 0 13.0
w . :
13. 0\ 566“' ,ﬁg'?,'&;no"% Density, tdocc 0.9 0.9499 _
PD. 9500 : 0.9433 0. 9489 0.9494 Flexural nmodulus, Ma ;4,]918 1268
1255 97 Density, 9@236 1226 Tensi $¥®ield, P2 37 25.1
P6. 9 1023. 0 . 30 Tegsile tsgeak sa 63 37.@B25  38.7
hs. 3 36 Cﬂ“ce“‘““'gﬁf ‘ﬁ“’“ ?9 El ongat.i on, % 1800 ~ 1200
1100 1760 Mw coféin: 1300285 123k dnes@ok Shor&LD 2L ga% 66
' 63 MI, g0 GG . 6518l | EHR hr¥. 106 S¥800- *’>1000
>1000 15>1000 - >1000 o >10 sc Y, dlj%hd;e };]_;@505 097300 0.9680 3. 8
B. . 3. ensity. g/ge 5 %%BMRDl Bab © . 1.52 1. 46
.51 1. Qg,mmm;lmsat% 1 4% Film propert45es Da38 |rrpa%7t g, B8 cm (261
1 150 - -130. - 150 - 150 45 Spencer inpact, J
D.32 5 ®eE properg@s 31 0.30 4 . 32,MP teapp1 9 o045
ks . 5MI, g0 migg 64 %Y 8,}1?' 01%3 50" TD tear, g
3oqﬂ_wg(mg,§p' - 26007 266 95230 Fosh eyees - 92984:m (ft- 2)
. 7 11 - 32 !gém conmerci a aasl abI e
il m resibs pénsity, geaverted int @919 m e9§519escﬁ’? o4/ pr8‘8 ties round
Flexural modulus, MPa 1274 1566 1551 = 1189 1353 .1374
Tensile yield, MPa 268 208 01 257 284 1
e % rensile break, MPa 381 37 - B4 369: 381 394
‘Elongation, % © 1300 - 1000 900 : 1200 1joo .1100 :
.35 Hardness, Shore D - 6. . 67 _57 .. 66 &7 67
" Bell ESCR, hrs. 424  >1000 >1000 >1000  >1000 '~ .>1000
ViSOIOS.itV, pbise x’16-5 . 3.9 .4_1 . 49 3.6 3.7 . .4'..5 .
‘0 R0 s 4 18 148 143 149
_\,J_ - Flllr;ar’:r?rgg::,sg,sscm (267 100 '_ ‘8 110'_ e ™ s
ot ® spencer impact, J o3 ,-'o.sp' 028 02 - 030 - 028
 MDtearg 4 37 '  -3-° oA
. Fsheyes, 929 cm(r® 9 -9 8 3 3. 3
' 55
60 |
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55 are shown in Table XV '-toget her with the properties of sone .of the
filnms/resins blends of this invention. Discussion of results A Effects of

relating to filmresins was that, _in 8[§§$ to get 60 .uni form honogene
bl'ends fromtwo wi dely different Roil@ wei ght pol yners using contin
processing equi prent, ‘it is prefekged Rekinaéd)% by wei ght of the blend be
of the 'hi gh nol ecul ar wei ght -cqum»ane Bt blendbdpédrgesnot necessarily true if -
bat ch processi ng equi pnent, such as a Banbury, is used 9 honogeni ze t he

ni xture. The expl anakndNof or 28hi s pRenomen®h may Be thaf> at cofipositions of
| ess than—SO%-hrgirmotecurar 65 wel ght pol ymer, the | owygl ecul ar wei ght
pol yrer %g&@@"éﬁmf‘?‘i’é'e?fonti nuous phasig Due to the extrems8y 30 0 100 843
-l ow yisco b .90?'"{?1@ | ow nol ecul ar wei ght polymer, it is very difficult to
apply thepgmagspRry shear stresses %9988 he hi gh nol ecul A3 ght particles
to make them disperse uniforpdy. However, gihen tge concgntratisgn of high
.ol ecul ar Copsegfratiopottyhrer exc¥eds 50% it Décomes t he continuous phase .and
can easi nsmi he shearygtresges to bie | ovempl eci@ilar weldht -
particl eLm%v?dgi%otr"eéto be safi@ and @Wehi eveé7t he bd dis¥rsiof? 5 it is
preferysed that the filmconposition contains_ at | t Sk gy dad ecul ar
wei ght polDgnsity, g/dEhe ef fects €550 | n?-#%8nd Oé%m) 0B83. DE _

XV, blends 1 through /. The fiIl mfigh eye ggount is6 a comveni et net hod of
measuri ng @H"@"ﬁﬂ'ﬁﬂ'g‘@‘ Zéi ty of %he bl end. Note that the fish eye count was at
a high,) @wrl pRipers®é 929 cn2 for the. 50/50 bl end, but dec sed . 51929 cn®
for théz‘J 6Mdgnblmamd. Al so, t19@6fi| nPLear sQ-Vengt_l?'.zpnprog'rZ Wit 'ﬂ’i ncreasi ng
- hikgh nol ecul ar wei ght pol yner, ,conte Theg gxact qqggree g - 10 wlosper si on
‘for any pdiMlc¥IUP| end wi I14'gepen3£'?1pon the capabilities of the equi pment
lused. . Howey &Ly, L6 rel ative afdasct obsaponcesazsat i0476wouP&54e eS988ted to

rati o of conponents One of the nost +inportant. facts discovered in thi SO@

i nvent i on Béxaratl ;no@dnsMRai al 1168 r ed iI'nvention blends

apply #h any equi pment. TABLE XVI Cogg)?ari son_of -cQ rci 247 filmepesins with -
1368 % 1
S ExanB s of

. H zex ' Hostal en end No. JRl.end Bl epgh No. -:ﬁjgend Nes 70088 GWB255F

8A - Tepgile Yield, “ﬁli"oq ﬁ"'10 n/ey?t- i ndex, g/10 mn.. 0. 03
0.06 * 0. MO%reak, MPR- 06  37.30. 06389 040 HLM77 g/ 138Kin. 41
10-4" 9.7 9.1 5.0 5.4 9 0 Demsity,em/cc |
0.9533  OE@&gEon, % 0.9579 . 16809578100 o d¥9, 809517 exiral nodul us, -
MPa 1327 476 - 155Qs 3400 65 1256 8250 Tensile .

‘@yiel §° \Hardness, Shore dg’s 27.0° ~ NA - 27.8 25 9 -
25.6 Tensi gy @dH @k, MPa - >1000 161000 >1009 2 >1000 3000  >1008) o
39.1 37.6 Elongation, % ' 90 - 1143 a1 NA -
820 VBe®ity, poise K108 Har dAdss, Sthre D*2. Y0 &8 “es

“N. A 40 %%I ) 65 _ 188 Bel {4SCR1.48rs. 146 148 = 1800

- >1000 A - >1000 >1000 >1000 Dart inpact, g, (66 cm
195 - Filed Droperties 190 240 - © 200 - _ 230 Spencer igpact, 'J
- 0.856 (DaB5@pact, g, 60 cn1(26" 730 57 110 o8} -~ ° 92 g 1o ] i
\4 4 Spencer impact, § 023 035 032 oz 0.28 0.31
R MDtear g . ® @ s e ¥ &
o Fisheyes, 929 cm* () 20 | 28 . 125 . B 6
"
o
.' 65 i

28

.

osItion is presented in Table




rrendorf tear, g MD. o 53 38 39 }
46 . 67 TD 128 100 y 3-20

0_ 340 330 Fish eyes, 929 cn® (ft 2) - 4. ' 10 -
S 1100 - 1200 1000 The yotp'@4iss obtained for blends 8-11

idi cate that blends exhibiting excellent inpact properties, high tear:
rengths, high ESCR val ues and_adé @ﬁ?l“@"’t’b‘eﬂl h flexural nodulus val ues
‘e obtained with a 50/50 wei ght“BBf epf BIPR°8P hi gh nol ecul ar wei ght and.
w nol ecul ar wei ght conponents. giZhenbi gh 270l ecupgar weight conponent had a -
M of. apout 0. 2- OAwi-th-a density—of—about—0—935—g~ce—wht+e | ow nol ecul ar
i'ght . pol yners havi riighVMW edrem@sentangi ng  f r om ‘abdlt 100-210 and densities
ngi ng from.about 0. 98OI @iy cc were enpl oy@d! The data show that the
gh.Ji sheye counts (6@9‘ té\p&é__FOO) for bl ends 9- khspan be substantially
duced.hy approxi mate 5 ing the M" of the low nol ecul ar wei ght- _
mponent, e.g. from abtmnéntrlam we%about . 2@0. | n6lhe seﬁO%s of bl-ends 12-35
thhe hi gh nol ecul ar wei ght conponent varied_from |Lght percent, the -
HLM varied from aboutWoM¥ somerpethe dens*% ra about 0.931-0. 950

/cc. The, |l ow nol ecul aM c,gorrponent vari ed from 45-37 WEI ght percent the M
aried fr'8m about 70- 185say)dydkhe density ogssged dazaom absesd 0. 955- 0. 970 _
/cc. Al the blends exhibited a | ow fisheye count (0.5-29). showi ng the -
ilnport ance of having gfewewrmtemdh 50 wei ght3 per @nt hi gh® nol ecul ar wei ght
orrponent to acconpligh a Q geneous blend. As the density of the high

| ecul ar®wei ght CONPONE cﬁgr eased fronpgdhout o950 - 9sc of blend 12 to.
bout 0.931 g/cc of blen 35 the results show that. a substanti al i ncrease
ifhn.Dart inpact, El nenddiMi, gdamiand 31 - @0100 8'4529 ESCRZQaI ues were
Obtained. That is, Dar ir'r?aﬁgzt i ncreased 35 % g% the MD tear o
ipcreased®from 25 to 648" “TD tear |ncreased rom 1 8 0 330 g and ESCR"
ifncreased from 101 t 0 @hkrarbiGhodulieMBH00 hotees.  Tiaes M , 18mnsity and flexural .
dul us of the resul ting bl ends depended upon the values of the hi gh and
Ilfow nol ecul ar wei ght ~ c densivn gialds MP& Thé&tYat a ## Tabl?42XVI denonstrate at
ppr oxi matoe| y equal bl n ensity ues | ativggqto Hizex and

stal en commerci al regfnr?'s'%ﬁa'f’qt"ﬂe i nven?ﬁl)n bléesﬁ]ds gﬁeral |y exhibit-
u=|aér| or El mendor f tearsionghreﬁ %npact and $genceritoopactiieeal ues. However,
thhe invention bl ends have unacceptably high fisheyes for filmapplications

ut may b# suitable for"'atS'E‘?Férs'H’ﬂ?Jpl catl ong 5such bl ool ded or i njection

| ded contai ners and ‘Base th ta ented, an .
ifnventi on bl end, when tos:gt i %négg‘as for film %Bp j catg?dggs ’.Q?&’zm culated to
ave acceptably low fi Sfeysnrg, poisd X1b® physisoal - pragerti &3 given in Table

I I. Thesctal cul ated data given in Table XVII suggest that an optim zed-
| end conmpared to conmmétPki al resins of. si th mg% ind&® and, densi ty.
alues will exhibit ag Al bal-ance of |rrpact strength and tear
trength. 15 The nDlmRaUmpEct ¥ iegltm @est rBBbUL i 088 obt aigsed with inventi on
Nerds by «gel - perrreatl on chromat ography is denonstrated in Figures 8 and 9.
hey are clearly bi noddirerdr imartacter. Fi e 9 P47 base¥®n a previously -
har;eported 50/-50 bl end \af g%tg;u nol ecul ar '] ght g@lyner452H and low . -

| ecul ar wei ght pol ymer ﬁ o

" 50 o 'TD tear, 9 o -210. ' 180 180 |
F'sh eyes, 929 cm? (ft™) 5 . - 8 29 -
55
ST \_‘ T o -




A : - : .
Mul tipl e regression anal yses on the dat a"obt ai ned have been nmade; they show
that the weight fraction of high nolecular weight polyner has‘a negative
ef fect upon the HHM, M and density of the blend. 20 Increasing this _

variabl e has a positive effect -upon both the MD and TD tear strength.
Surprisingly, the dart ‘and Spencer imfhd00sBfdngths were not significantl
affected by the concentration of hi ghragnt R¢Ylsatinue8 ght conponent over the
range of conpositions studi ed. Thestheagsof\bene pecpeiiesed of bet:veen 50 and
60% hi gh nol ecul ar wei ght polymer. This relatively narrow range was '
desirable for two reasor®end(No-) A0 (i sci®sed abbve, tHere i $%a pradtical or
economi cal'5l'gyvrﬁrMJ§m Ie?:f% the TiTmresiggblend of 50% hi gh .49 nolecul ar
the

wei ght ;conponém,"' ) honogeni zat{®n problem (2.) Thestelt i ndex and
hi gh Moad melt index drop rapidly as the fraction of ‘high nol.ecul ar wei ght
pol yner i ncr edsesty, Ftrus, processabilitydt¥8leriorates at hi gh#2] evels. This
rather res®ricted range counts r th act that this variable S not
show up as a SraErERYe a‘f"?bg?"si gni. F%‘gant_ a_g;:t o_r-'slg'rq thegér%gres"%sgi on a%g'sysi s. of
the dart and_ Speiwebmpsaast strengih. 3Q2B. Efg@cts ofzLnol equi ar wedght's of
conponent s -Thevingh@enid.ar wei-ght @(0&re decri bed by Hi®@ andiael ) of67t he high
mol ecul ar i ght conponent i-s the second nost inportant factqr in '
det ermini ng t RE"HMoPET ties of a PP r e&¥10bI K7 Fi Juir®Bs 19999 | L?saﬂsat_'e _
the effects ofcshbingatbft! Wl € Nolgg forgpxanplge thatpp HLM; of thg,hi gh MV
conponent bel ow about 0.6 results 35 in dart inpact strength above 200
grans (Fi gaur @lefd propesies t he tear strength and Spencer inpact strength are
al| functions M ofiiminyariable. Pfgs, tfhére | L3 def PAPte a¥?Pant ad&’i n
conmiecti on-w t i sin-appl | i ons.jf keepi,ng t HLM th i gh
gg,:; ecul ar weig "c%{r?p%%ént as | ,oﬁvigs po1sis'd|1-bl. e.eﬁl?ow HE%/I0 val Léeacs of e‘tzﬁe hi gh
0l ecul ar yei ghhsigpgeonent make iolodghi f f 0.849bt 050G NDAA33 t hesase| t dsdekex and
HLM of the.blend at a sufficiently high |l evel to achieve good
processabi | i t yiaxHial modylvg, MPagher (1B t o 1388 <50%F% ul e %R scus¥3 abo¥® 40
he nol ecul ar yei.ahtoofudhe | ow mpkecul g5, wei ghty conpegent . g4 50 enjggrs into
consi derat jon but onﬁy to a mnor extent. The nelt index of the |ow _
| ecul ar wei grehsieen®@Pd does 1330 appesr as 38.3si gnisbacant 384ri al8sd i n any
f The fil mproperty regression anal yses (see Table I|L). 'In_fact, iéoi S
onl'y i npor t antE0M9a8% & ni ni ng thd® M (38t not'% he M2 of 1488 bI WP 1t
appears thgt til shcOBRARaNt acts ggnly agga | ubgs cant ggr di | ggnt togsaf f ect
the HLM of the blend. Thus, it is inportant to keep.the M of the {ow -
ol ecul ar wei gidil ERCRNkeri al - as - #1g00 as >H0si bPW0P n Grige t 21008ep *WOHLM
f the blend sufficiently high tq achieye good, processability. Ms _
referably,, th\gsﬁW"‘Vome%é’q 4ow mol¥eul ar \éael _ghts'gorrpo Nt | s%‘ét o .eéfst. 200.
The cal cul ati ogg used to prepare qgaguresad-7 ai6 all dxpsed gg2a bl gnd nelt
ndex of 250 for the | ow nol ecul ar. weirght conponent. 50 C. Effects of . _
epsj ties. of Fwnpopretiss The third:.nost inmportant variable in_ determ ning
 he fi |l m ppopePdt Ewag 98850 #)i sMPhe ddfsity WO the " gh mdt%ecul al®wei ght
gg_ponent. Thi g ohalr iARdcE Jnas 'a neg@t i ve ggoef figeent igegeachog thegss I m .
réperty. regression equations except the Spencer inpact equation, where it
pas not - si gni f MDaadr, g Thus, - there 897s a déki nit e4&advantédge i n5keepi n8 t he
lensi'ty of the_high nol ecul ar. wei ght: conponent _as | ow_as posggj bl e % r 55 -
xi mum fiPm pFOHEFte es. O . cours¥? thi g&?ms.t %0 befBal angg‘ii agaffist .any
peci ficati oNSggN odedobiche e Stidef nessz On theg ot heryshand, sphe depgity of
\he | ow nol ecul ar wei ght conponent . only .shows up as significant in the o
eg r“é*mmmmrﬁqﬂv avgiiablesirgiresins ware %ett@biﬁt‘:g'!'r giibed-Jha-properties foypd
bases it ol YePAEVLd ble- 1M isogather Wil theproppripsof soraf af i M W2 DIRRs o i invenYery
ei ght' ‘conmpomRBissiod Bt fesultst Or der fo~achieve a high bl end 60 density and -
tiffness w tahEtécghoff ratiaofsdormpamints properties.it is best to use a high )
ensity | ow no| @ragdf the mast ignortant facts discovered in this work relating to film resins was that, in order to get

. * processing-equipment, it is preferred that >50% by weight of the blend be of the high molecular weight

-7 - ——~ ~component. This is not necessarily true if batch processing equipment, such as a Banbury, is used to
homogenize the mixture. - : o S N

The explanation for this phenomenon may be that at compasitions of less than 50% high molecular

so uniform, homageneous blends from two widely different molecular weight polymers using continuous _' "

: 55 weight poh/mer_, the low molecular weight polymer becomes the continuous phase. Due to the extremely_ . .



ponent and a | ow density high nol ecul ar wei ght | conmponent. | n other
= ds there is a definite advantage to placing the conononmer in the high
I 1 ecul arwei ght end ‘of the nol ecul arwei ght distribution of the bl end. Th'

i@ one pf t he advant ages of using.a blend approach to optinmizing a

P! ymer' s nol ecul ar structure. Theregi $0008430Wn way of controlling the

@ stribution of comonomer wi.th a single reactor 05 product. 32 ' 0.. 100,843

 Comar sy oot b el AR e e

ecul ar 0 E%ﬁtgom@weﬁ pmr;F‘ s 50%, 1t be sit rﬂ&:s%sqg%&n eadil@ transmit

- esent ed iyfles @@sﬁe lto B dwrtdideaiaRikight pditicieaMe brabr to be dafe@nd svhieve thabrest dispemnidn.

‘@l yners.g TRSRefbrrddNthat\Beé EineLtdmppsitaiu canthinsad deast i?éhbigba?d‘i%ﬁd‘f"ﬁ? lymer.

[spect i on of Thdwfsws pifimibleod stmmpsitien g properisd ih%@?ﬁ&:ﬁ'ﬁ@ﬁé@%ﬁeﬁ?ﬁﬂ%ﬁ\5‘;3 y

idr O o

o deg% gr et? ?ﬁ%&ﬁ‘ﬁgﬁ%@l ‘i"%@‘ﬁm@?ﬁ(ﬁ bi‘?ﬂiﬁﬂé‘bi D530 P for S0/ BEHcSAIso, the

A g fa‘?m tég @b ro&gﬁéﬁri&réagn Bh M@leuldrWoiht fulimef bbrited@IThe éxactruggrie of
ghere the, RliSaRton Qir abr harticulaM S1EHdI vAINdEpERANABS tHafeepabilitiesef thi adquinmet yred.lfipwaver, the
actor of abelativeasHect2of cofiventrmibin et ibe xpestedctb @pply in Ay MIPAEY esi n properties

gf this invention may al so be'usedtof_Pr lLate a resin to match the HLM,

and density of a CoBLel by PRl R rbsind il inkdni idicas. ¢ hese

esults for a 10 bl end exactly matches the nelt index, HLM and
density of Hostal en GVl 9255F. CamdérEalXiin| reumpar i sdpamplescerimepiqnaplends| m

rfesins with cal cul T f '
cul ated propertTes o %ﬁ‘g' o oot Na Taief'NG! Wi N3, Blend No.
%\ CTaA I zeX ¢4 tal en1o

Gonpetitive resins | kcul SRl en
§al cul at ed 95% Confi dence 7Q0 B255F valyes

i mits 20yeit indd&lghoinmAlex 0.03 006 0. 03.09 0.06 0. 06 0.06 0.0
j.02 0.10 HLM | | 0.1 7 ?'06
3.5 . 13H@MDgMsmy g/cc 101 9.9. 9533 91 5'8. 9578 >4 89957

/9555 0. 9600 Dart inpact, g ' ggs33 - 8’9537%51395 09579 0957879 ‘09524 099200

) cC . .
90 21 "gﬁ’éﬁcer | npact, J _ . 0. 359 0.46
.43 0. A&uaM modulugIMmandor f* t ede7 g VD76 1550 . 1400 1380 1250
_ 41 - .35 47 TD ' . -iI.282
00 Tensile @gyield, MPa 220 28.6 350 §750 N.A. 278 259 25.6
Bl end coppes {Su Seahel MY compggent | sgz N.A. 3thM =0.85 g/ 103men.
_ i ty=0. /cc Lght fraction=52% Low MW conponent: - : Mel t
ndex=300e@hgalionti®. Density=0. 990 g/ cc TW8i ght NAacti 082%8% 45389 14
| Hardness, Shore D " 68 66 NAL 6 8 63
Bell ESCR, hrs. | T >1000 . >1000 N.A. E >1000 >1000 - _>1000
Dart impact, g, (66 cm) " 495 . 179 180 240 200 280
Spencer impact, J | . 0.386 0359 - 041 0.57 . 057 0.61
-' " Elnendorf tear, g - o : | . . S ._
~  Tmp .. s - 38 TR 48 67
L ™ -~ 128 100 320 220 ‘340 . 330
" Fisheyes, 929 cm® () . - 4 . 10 s0 1100 - 1200 1000
' 50 ' The resuilts obtained for blehds 8—11 indicate tﬁat blends exhibiting excellent impact properties, high
o tear strengths, high ESCR values and acceptable to high flexural modulus values are obtained with a 50/50
- o weight percent blend of high motlecular weight and low molecular weight components. The high molecular

weight component had a HLMI of about 0.2—0.4 with a density of about 0.935 g/cc while low molecular
weight ‘polymers having Ml values ranging from about 100—210 and densities ranging from about
0.955—0.970 g/cc were employed. The data show.that the high fisheye counts (660 to 1200) for blends
. 9—11 can be substantially reduced by approximately doubling the MI of the low molecular weight
. component, e.g. from about 100 to about 200. E ) < _ .
. _In the seri¢s of biends 12—35 the high molecular weight component varied from 55—83 weight -
" . percent, the HLMI varied from about 0.9—2 and the density ranged from about 0.931—0.950 g/cc. The low
" s0. molecular component varied from 45—37 weight percent, the Ml varied from about 70—145 and the
density ranged from about 0.865—0.970 g/ce. Aliof the blends exhibited a low fisheye count (0.5—29) . .
.. showing the importance of having greater than 50 weight percent high molecular weight component to :
‘accomplish a homogeneous blend. - : ' ' : ' C

- 68

As the density of the high molecular weight component decreased from about 0.950 g/cc of blend 12to.

65 about 0.931 g/cc of biend 35 the resuits show that a substantiai increg_se in Dart impact, _Elmendorf tearand

. l.




55 60 65 33 0 100 843 E. Conparison of Hostalen filmresin with
invention . filmresin blend A comrercially avail abl e filmresin was conpared

with the blend of this invention with the followi.ng results: 5

TABLE XVI I'A I nvention blend*  Hostalen GM 9255F HLM, g/10 min.

-(7)'39 . °9.7.10 M, g¢/ 1@ rti00. 843 _

.0' 946 - ESCR values were %tgtgﬁg n%::s,tDXh wgﬁ%ﬁ creased from 45 to 150 g, the MD tear increased from 25

2 1 3 ' - to 64 g, the TD tea;@ea d f 110to artld témﬁgzas&i fron¥101 to greater than 1000 hours. "
' The M!, density an LralMSJAERE ofthEt8dulting Blends depended upon the values of the high andvb 5

0. 41 El mend@gibeuid® eight) cotkbonents. MD :
37 5 The data in TaBR XMDdemonstrate at approximately equal blend MI and density values ive t0
100 Fi shey elggi,ze:ggggngqqu optnngcial resins that the invention blends generally exhibit superior Eimendotf tear,

. Ei d Spen values. However, the invention blends have un ptably high fisheyes
lg SQIE: I m ?‘,ﬂ;g}?@%% tion bg?‘ ct(s[?_‘ae ﬁg Hicw Mplded or injection molded 5
(1. %30' OW [Jateiriabsl 4hd the like. :

4:1
4:1 10 Based on the data presented, r.‘adn invention blend, wtgh gpﬁjniw%(gﬂ gq;:ﬁwtimsg’ﬁcq{m;ated to
conponent: h tably | fish hes ghvsi i j i .
fr grg ti 02:52(;)".§£gc:ajplcyla‘€e: vc‘lla.t:as gei\v;g_:'\,iqn Tgi.)g) E(¥Va,'§§!@r%(ﬁ$ﬁ!egg'§g%€% _bt?én)g\%élgpaqécpt% Dkhal
M 2112”1 10/eirpol S ey e ponsn {SAJa KA i fdmle blan of ot stenth ang e
Tabl e XVI A" STifpWlolbeuthrWefit digfiodiibe sistaihdal Wi iduianibiendd by getrermeatipreshedmatoorashy n
i n dart - andisé4em&nermee in Figupea 6 bnd/A They e clegriy impdahin characan Fgu i qd gna ev(ifg v
about 4- f ol dnrearted SU/BDITI & highyraeleduiar aiaht polymer 24 RY Jov, o\ e e
s about the, dMuftele sgeesiongatveer o A I e ndr s KO e
signi i cant PSR, fejeculir weldht polinar e 2 flock Lpar/thé HUML XiF ity2efl the blend.
x resé is Yariabfd h itid effet@p : & MDI'2A8 T tearlstrdgth. [SOdpkisitdhye the dart
actual , OUSghy/$en ctepdngtha Wereinbisigatfiehtl¢ sffectad by thespntdntration dtiish reglecufarweight
agreenent Wicbrhpdnae overind rasgecni corsitionssstysiied; e b!ﬂiﬂ#W?’ég‘?’?P"fﬁPf giw ?fbﬁﬂeeggf’;fg
OF. : asqns. (1.
slivg Hlend bf £0% High

i br%)for other applications suc

<

t hi s techni gigh. maeular weighi poiymee relatiyely; aar g _ eg?fe
ADO'E her i np Pﬁl&?ﬁd wwﬁgv&?sﬁt pﬁ%?@é%‘%%ﬁfﬂ?y l#ﬁf Egr zs il Sre
out st andi ¥q Melgsuiar ei éai nent d t Ogenfzatidhprébient. 2.)5Thk MéR md&xdnd high 1dae infeit
NG TG jidd¥ Idrdp abibh the fraction of high molecular weight polymer increases. Thus, processability
i - _deteriorates at higher ievels. This rather restricted range accounts for the fact that this variable does not -
' show up as a statistically significant factor in the regression analysis of the dart and Spencer impact
. strength. ' ' : ' : '
30 . : '
" B. Effects of molecular weights of components :
The molecular weight (here described by HLM! and M) of the high molecular weight component is the
“second most important factor in determining the properties of a film resin blend. Figures 1—7 illustrate the
effects of this variable. Note, for example, that a HLMI of the high MW component below about 0.6 resuits
35 in dartimpact strength above 200 grams {Figure 4). Also, the tear strength and Spencer impact strength are
~ all functions of this variable. Thus, there is a definite advantage in connection with film resin applications in
keeping the HLMI of the high molecuiar weight component as low as possible. Low HLMI values of the high
molecular weight component make it difficult to maintain the melt index and HLMI of the blend at a
sufficiently high level to achieve good processability while still adhering to the <50% rule discussed above.
40" " The molecular weight of the low molecular weight component also enters. into consideration but only
. to a minor extent. The meit index of the low molecular weight component does not appear as a significant
variable in any of the film property regression analyses (see Table 1I1). In fact, it is only important in
~ determining the HLMI (but not the MI) of the biend. It appears that this component acts only as a lubricant
or diluent to affect the HLMI of the blend. Thus, it is important to keep the Ml of the low molecular weight
o "45 material as high as possible in order to keep the HLMI of the biend sufficiently high to achieve good
Aot processability. Most preferably, the Ml of the low molecular weight component is at.least 200. The
: © calculations used to prepare Figures 1—7 are all based on a blend meit index of 250 for the low molecular -
. weight component. - o . T .

so C. Effects of densities of components o B : : - .
: The third most important variable in determining the film properties of a blend is the density of the
o . high molecular weight component. This variable has a negative coefficient in each of the film property -
A/ - regression equations except the Spencer impact equation, where it was not significant. Thus, there is a
' ' " definite advantage in keeping the density of the high molecular weight component as low as possible for _
‘g5 maximum film properties. Of course, this must also be balanced against any specifications on densityand = -
stiffness. . . B : ' ' . :
On the other hand, the density of the low molecuiar weight component only shows up as significant in
. the regression equations for blend density and MD tear strength. Even in these cases it only has about 1/3
_ the effect of the density of the high molecular weight component. Thus, in order to achieve a high blend
so0 - density and stiffness with high film strength properties it is bestto use a high density low molecular weight
component and a low density high molecular weight component. In other words, there is a definite -
. advantage to placing the comonomer in the high molecular weight end of the molecular weight distribution -
 of the blend. This is one of the advantages of using a blend approach to optimizing a polymer’s molecular
" structure. There is no known way of controlling the distribution of comonomer with a single reactor
s5 product. o o . o . :
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;&1 ess crack resistance. Several of the sanples are conpared with data from

‘OBFymers of conparable nelt index and density in Table XVII| produced W t _
afcomercially avail abl e chrom um oxi de supported on 50 coprecipitated - @
lica-titania. (cogel) catalyst. 55 @109 843 O 100 843 TABLE XVII |

'rrparl son of ESCR data for blends with conpar abl e cogel resi-ns Fl exural -

b . h compet
: lt I ndex Dat%’ﬁyr’% 9: H'tﬂ?ajr ralglgh molecuEr welgﬁt% r ngn MOF an tﬁ%/ CC%M _
f a) 9255F Era e g&@l mpared with several of the i i%ns blend polym fllms
179 were Si3foduest dridbr identical condmons Inspedtiohf these results GhdWs @kt the invention bibrds

0 | nvent Ianﬂflgdobramckupenor to theko@inercial resins in 8l f)HPoperties. The grédafiSGadvantage for the®ROds] 5
e 9536 Co ntapgqars in the very important TO(jeay strength where the kjeymig of this inventipn gurpass the commercigl; O

a factor of at least 2.
7 m matical mod he blegd ?e%m ofgus9 ﬁ\;%Ztlo also Eé&sld to for
' ’ 5 I'avent 'aqgmiﬂo h the HLMI, l\ﬁ %ﬁiensntv ofacom&emsﬁolymer Table f(ld:&}ustrates these re& %m
@ 9540 Cantuiend which exactly matches tHe. r3élt index, HLM) BndO8ehSity of Hostaleh J5AR 9255F. 110
“@ont r ol 0 20 0. 9540 1296 . 130 30

: : xvit .
! gveog}[_]![ :‘)gl bl e&)mpanson of commsrct_la_lfllm resins wqg c%Eg.r%ed prope]it$e5siq§.?ﬂtrmnzed invent: Qnogg%j? 570
¢ont r ol 15 - 0.18 Cofp&litid resins 1360 calculated blemd26* 40
ont r ol ' -0.19 6—95+2 416 338=
Iinventi on bl end .~ 0.18 - Hizex) . 9570 Hostalen 1 s€giculated %@de"i’hese

{hree polyners were made from 1000%%ct i vafMSEPF enper Riffe cat aI viPE 1 o

qi ve rraxrcpum WokRadellot € that in apbz cases thggcogel pabymers haye EGR
al ues of only a few hundred hours, while all of the blends have ESCR

al ues of >108BMhours. In fact, n#1 one si n8Ffe speci B4 fail ed5éur| ﬂ§}9t he
1000 hours for ars% ggf the bl ends bgssgabl e Xyblle. 50 7§| gn|f| éaothe

dtiffness of CR® olyners is in"&vVery case greater n that
gonpar abFe cogah impact, g C 196 179

|  Spencer impact, J 0356 0359 045 0.43 0.49
s Eimendorf tear, g ' . o . .
_ mMD 53 .38 41 ' 35 a7
o -TD - 128 100 - 280 - . 220 350

38 ' o *Blend composition . o

High MW component: . - - HLMI=0.35 g/10 min.

Density==0.940 g/cc
_ Weight fraction=52%

w Low MW component: ~ Melt index=300 g/10 min.

Density=0.970 g/cc
Weight fraction=48% . o

45

50




pol ymers by approximately 1 00 MPa. Thus the resins of this invention-have
- achi eved the outstanding feat of both superl or stiffness and ESCR Several
of these poI yner bl ends were eval uat glng gw nol ded bottles, where it
noted that they were remarkably unif r?no 48; ce of streaks. Thei r col or
and odor Wet, €ompsritoR %€ AbdtalEH filmTIREIR Gvith GdveRfonVWered® bishdidged t 0 be superi or
to typi cal polagemingtcaiteavaiablerfiom resintwas somageaiveith tibigE of this3eventionQvithQiie fBURving

Exanpl e Xl Iresultsit hi s exanpl e, 42 bl ends vere prepared from resins within the

limts .spseci fied above and their physig é}é \m§vrt i es and flow properties
were determned. Results are listed in LEI Mat hemati.cal regression
anal ysis of the results obtained was nade t mvegiogebleadn t heHsastapn Gncaassre of
t he i ndependent 5 vari ables on bl end propertres—Fre—fFottontrg—stgnt-fFcant
dependenci es wHF¥! 8d0Mmin- (HLM ) Bl end=55. 67- 108.7$3 (W) +11.61 (¥ M 1)+0.021
M2 (M) Bfend 03@8 &. 761 (W) +0.231 (HLM 1) (Jlggnsi ty) Bl end=- §4d53- 0. 0393
(W) +0. 644 (D& 5 (D2) 10 - (Dart inpact)Bl end=2165-2063
(D1) - 75. 07 ( HLbkrsjty,[gigencer (Joul es) ] Bl end=0. 510246. 1369 (HLM ) a.957&l nendor f,
- MD) Bl end=2038+152.8 (W) -1671 (D1)-9.74 (HLM 1)-518 (D2) (El mepdorf,

TD) Bl end=5870+88 gBrPac\@) 28367 (D1)-106. 7 (HM B3 15

WL=Weéi ght fracgbgﬁerqtn hi: gy MW conponent Dl=Dengiggy of hi gh MN@@{rponent :
HLM , =HLM of hig M/\fcorrponent D2=Density of | ow MNcomponent M2=M of

| ow MNCOWpOI’lGIEtmeB@orO:QBClgUSI ons reached fromnultiple regression anal ysis:
1. The Hzd and MDof the blend is primarily défendent -on wei gB& fractions
and HLM- of the t?h nol ecul ar wei ght' conmponent,g, 2. DenS|ty of 4dghe blend is
prinmarily dependent on the densities of each of the conponents. 25 3. -
Dart/ i npact of risheyed)logmemt gfrimarily dependentizon the densityiand HLM of -
the hi ghzasol ecul ar wei ght conponent. 4. Spencer_|i act of the blend is .
primarily deper’fﬁférﬁb'c'@PPst misrqne Rild t he hi gh nol@diPlar wei ght c&hfdent. 5.
El nendorf tear l_ag,odependent on weight fragtjon, density apg HLM of

t he hi gh nol ecufar wel ght 30 conponent and the densi ty of the l'ow nol ecul ar
wei ght cggponent. 6. El mendorf tear, *Hiéhd é¢ompdgandent on the wei ght .

fracti ons, denS| ty and High MW compotinh nol ecul ar HLMi=0.36 g/10 min.
: . . Density=0.9340 g/cc

T Weight fraction=52% :

' as - : Low MW component: ' MI=112 g/10 min.
: _ "~ Density=0.9571 g/cc
Weight fraction=48% .

) The resuits in Table XVIIA show the invention blend to be superior to the commercial resin indartand
- 40 Spencer impact values, equivalent in MD Elmendorf tear and about 4-fold better in TD Elmendorf tear. The

fisheye content of each film is about the same. Note that film properties of this polymer are all significantly

superior to those of the Hostalen resin. Thus, both the actual, observed blend data and the predictions from

the models are in agreement with the conclusion that a superior film resin can be produced by thls E

technique. . .

\ 45 o
N _ F. Environmental stress: crack resistance and stiffness _
_ Another important property of the blend resins of this invention is thelr outstanding envnronmental o
f\\”/‘ o - stress crack resistance. Several of the samples are compared with data from polymers of comparable meit -
o . index and density in Table XVIlf produced with a commercially avallable chrommm oxide supported on
-50 coprecnpltated silica-titania (cogel) catalyst. . .

P




¥ wei ght conponent .. Reasonabl e vari ations and nodi fi cations can be made in
= this [nvention without departing fromthe spirit and scope thereof. 35

Clains 1. Ethylene polymer blend having a density-in the range of 0.940

- 0965, the polymer conponent of ifdb @43 sts essentially of 40 - a)

40-70 parts by wei ght "of -a -high nol ecul’ar wei ght, |ow density ethylene
pol ymer having a high-load nelt ind@BLERMMHU) in the.r Castk 0.1 to 1.5
g/ 10 min, having acColepeisenof Eﬁcﬁl‘@‘arfahblé"‘ﬁfw%'. %a;[agle&ﬂg%;sw cc, a i
het erogeneity index <10 and havi ng essentially nougtdaer branchi ng t han
short chain branching, and hayi hded CONbéwsity of commibipseri zBell Efononer of

5. tos10 wei ght percent of afgioamsl one (gicefin haiMfR) 4 to 18"tar bon at ons .

per nmolecule, 45 = b) 60-36—parts—by—werght of a I ow nol ecul ar wei ght
hi gh._density ethyl ene pol yner having a H@F‘?’ index (M) in the range of
45-300 g/ 10 minutes, having a egisity 0fgg8e3950 to. Bi7875 g/ cc 53t _ '
het er @genei t yCoM@kx of <6 and bel ng essenti ally linear and -hz‘a%deng' a content
of copol ynerigg'qmponononer, i f oamy, of 109663 t han 2'W8i ght perfcel
having 4 to 10 carbon atons per nol ecul e, 60 The bh%gd of clapge 1

char act er i zed rivantbhaenbot h et hPRdne pol YWBP's (a) and (b) have a narrow 50
mol ecykar.- wei ght distribution. 3. The blend of claim1 or 2 characterized -

in that polymer (a) has a high | oad nel togsaslex (HLM) in the range of

- conononer. 55 Controlg " A process

- polymer- fluff

0..2-0.6, said ethyl ene polynmer (b) being—amethyl eq§03

melt index (Mgon@di 100-300 and 9%i ng. ess®¥fal Iy i'f€ar, and polymer (a) is

essentjally linear and has esse&zi all'y ogbggzshort abei n brancteng fromthe
or produci ng an et hyl ene pol Xmar bl end

characteri zed |R)Qn{?+ne£\£“d19 40-t 0p. 30 par t soBsBewei ght 490 a hi gh” B8P ecul ar

wei ght ethyl ene polymer (a) according to any of claims-1 to 3, and 60 to 30 "

\Qa'rt.s.-bg/ wei ght .of a | ow nol ecul ar wei ghg)g%hyl ene pol yner according to any
of cl affs 1 to 3. 5.. The process of claild haracterized irn that both
et hyl ene. pol yrrgrs (a) and (b) apgpbl.ended.ssss pol ymetrs7z| uf f to'bbtain a
880 as the product. 60 ~ 6. A progess for prggducing an
et hyl ene pol ymegmheet or film @8%mpri si n@-9%8%& r udi ng 2§§fl uid ethylene
pol ymer? bl end and forming the ext uded blgggh i nto ajggheet or sfipdom _
characteri zed Imyentienbigrdhe et hyléé‘ue pol ynmer bl end of one of claims 1 to 3.
65 36 0 100 843 Exanple XlII In this exanple, 42 blends were prepared -
fromresins within the linmts specified @ and their physical propertie
and f1 oW properties were determ ned.. ResOffS.are |isggad in Tahdaer XV. :
Mat hemat i cal r @gnteddsi on anal ysi D¢ the re‘su?t's obt ai ned was nade to -
ascertain the sioﬁnilfi cance of thgg ndepenclgsss 5 varild es on b¥%Ehd
praoperties. Thé* _B?I owi ng si gni fi cant dependenci es & found: gage.
(HLM ) Bf%nd=55. &#edi08. 33 (W) +110.81 (HLM 9§%8. 021 | V@ ' _
- CoL ' "~ og570 .. 1556 >1000

. _ lnventio-n blend o 0.1.8 _ |
° ' " *These three polymeré were made from 1000°F activation tgmpera;ure catal

45 . S

A case . : all ly a few hundred hours, while all of the

S : i he cogel polymers have ESCR values of only _ _

\% ' ' blen:: theat\t‘ea tElé‘.(:algl| 3:?::sto:;1%00phours. in fact, not one single specimen failed during the 1000 hours for
of the blends in Table XVIil. . o

aqy Significantly, the stiffness of these polymers is in every caseg

ysts to give maximum ESCR.

reater than that of ihe comparabl_e cogel
tion have achieved the outstanding feat

5 polymers by approximately 100 MPa. Thus the resins of this inven :
of Bt Superer et b e ted in bl ided bottles, where it was noted thatthey -
' ; ' blends were evaluated in blow mo . that
- N4 er:?:t?::k:L::e::i&zﬁgzg free of streaks. Their colo.r anc! odor were also excellent. These resups_werg_
< 55 ‘i':dged to be superior to typical _polyethylene _resms in thls. regg@.
60 B -
L R

nt of alefin’

honopol yjggr having a |
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(M) Bl end=0. 8968-1. 761 (W) +0.231 (HLM 1) (Density)Bl end=-0.053-0. 0393
(W) +0. 644 (D)+0.439 (D2) 10 (Dart inpact)Bl end=2165-2063 &
(D1)-75.07 (HLM 1) [Spencer (Joul es)] Bl end=0.5107-0. 1369 (HLM )1 (El nendor
VD) Bl end=2038+152. 8 (W) -1671 (Dl)g913d 48 M 1)-518 (D2) (Elnendorf C§5>
TD) Bl end= 58710(?!3!3 88 (WL)-6367 (D1)-106.7 (HLM1) 15

WL=Véi gfit=R |on Of mlg\%sMNCO Egmtl?e:I'SIn[s)eVL} I't ltss mflg/chorrpon nt
Tt o e e S R i sl
| ow MV ¢eyrnde an?@s QQHG Iredsatm.maﬁézeﬁh rz@lasoarué.ﬁ ey Sigrifﬁgfceﬁbﬁthefind% yritl S:
1. Thes HhMblqsrmb Bibndopropdmiesb Nentiiowsing significant Jerdaqrarigeweredoundei ght fracti ons

and HLM of the high nol ght one y of the blend is
primarily dependent on t"ﬁg’#!'en_s gegﬁofgé(%@ a gﬂﬁt & ﬁ%nts 3.
Dart inpact of the bl EMnénﬁ), W&Lyogﬁn Qlgha .Joh@g gegnsity and HLM of

the hi;gh nol ecul ar mnghtpama,upwemzosm(D,Spanrwmmpact of the blend |s
primarily depende[ﬁper@ﬂwhies)lswo!iJ‘rp"‘tQa@Gm Mol ecul ar wei ght conponen 5

El mendorf t MImendog 033mia % 8 Bhd M of
thremﬂl 8[1 m)leggul ar %qﬁg#g T%’p% a%%%i@gw tze | ow nol egul ar

wei ght,; conponent . 6 El rnandowf1 \tveigﬁt,fra'Eﬁbn bﬁh.@iemdaﬁﬁonem t he wei ght
fractions, density and HLM mdruent\hofgﬂlighrMV\egurhmneM| ght conponent.
Reasonabl e vari ations and Hbﬁh’f"l“é‘ﬁtqf M\ﬁ’n"aﬂé"’ﬁmﬂe in this invention

wi t hout departing fromthe s@’_ ;tgglﬂg 35 Clains 1. Ethylene
pol ymgy bl end having a densi ¥y I'n t e range 0 940 to 0.965, the polyner
conponerdonalisioMdi reiched ABinSthEitisle Sejndskiah lapaiais: 40 a) 40-70 parts by weight
of a h| gh nDTiediMNurand\Ml ﬁthg bleodvlsjmmrt!vydeeemmgmeﬂthWnﬁm hﬂ-g/"af thediighl oad
nel r |\soje)9h¥ f E" i{ ng, ap ensity in
he rapge &0 oasxza ki i ¢ kil Wit bl e
essenlzfa,l,.;,éf,,tr}gm { bran |ng t han s ort chal.n branchi ng, and Ravi ng a
cont ent of acsgoacer i@pacz etithe drapa daprimaily depbudedOonthie GilMI pethe dhigh mdiecalar iveigistt

one ol efqomghg%#eqn 4?%0 10 d%‘?’}r@go;lal atomsﬁragﬂr? m)elf‘e‘%ﬂ&#“@ﬁ&‘“b@?é'ﬂﬁ'F‘;‘ﬂ?FgVF'gé‘ts
by wei ght f fo MR- 181 %%‘e a
mel t Phd@ mndont A?e"r'?' nﬁse.falm 2 ‘1?3' & %‘L&&v oMM o QA St

0. 950 tq,vagrﬁzgémg feat. @ heterogeneity |ndex of <6 and being essentially
| i near and Ressenaiip varigtioms end mofificatipod gantbeinragd ircthisinention withoutcdepartiod frére the
than 2 v@ffgﬁf‘dﬁméhﬁfe@f ol efin having 4 to 10 carbon atons per nol ecul e.

2. Thé® S of claim1l characterized in that both ethyl ene polyners (a)

and (b) have a narrow 50 nol ecul ar weight distribution. 3. The bl end of
claim 1l or 12eByiereqilyiiel Hierl Having b abnsitg inytherandeagf 0/98t5t02.965, gffe do(yadr ¢aprlgonénin dlfe X
( HLM ) | whighh consists essentially of
a) 40—70 parts by weight of a high molecular'weight, low density ethylene polymer having a high load
meit index (HLMI) in the range of 0.1 to 1.5 g/10 min, having a density in the range of 0.930 to 0.945 g/cc, a
heterogeneity index <10 and having essentially no other branching than short chain branching, and having
a content of copolymerized comonomer of 5.to 10 weight percent of at least one olefin having 4 to 10
: carbon atoms per molecule,
\_/ 45 b) 60—30 parts by weight of a low molecular weight high density ethylene polymer having a melit index
. {M0) in the range of 45—300 g/10 minutes, having a density of 0.950 to 0.975 g/cc, a heterogeneity index of
v <6 and being essentially linear and having a content of copolymerized comonomer, if any, of less than 2
weight percent of olefin having 4 to 10 carbon atoms per molecule. :
2. The blend of claim 1 characterized in that both ethylene polymers (a) and (b} have a narrow
s0 molecular weight distribution.
3. The blend of claim 1 or 2 characterized in that polymer {a) has a high load melt mdex (HLMI) in the
range of 0.2—0.6, said ethylene polymer (b) being an ethylene homopolymer having a meit index (Mi) of
100300 and being essentially linear, and polymer (a) is essentially linear and has essentially only short
chain branching from the comonomer.
55 4, A process for producing an ethyiene polymer blend characterlzed by blending 40-to 70 parts by
weight of a high molecular weight ethylene polymer (a) according to any of claims 1 to 3, and 60 to 30 parts
by weight of a low molecular weight ethylene polymer according to any of claims 1 to 3.
5. The process of claim 4 characterized in that both ethylene polymers (a) and (b) are blended as
polymer fluff to obtain a polymer fluff blend as the product.
60 6. A process for producing an ethylene polymer sheet or film comprising extruding a fluid sthylene
polymer blend and forming the extruded blend into a sheet or film characterized by using the ethylene
poiymer blend of one of claims 1 to 3.
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range of 0.2-0.6, said ethylene polymer (b) being an ethylene honopol yner
having a nmelt index (M) of 100-300 and being essentially Iinear, and <
polynmer (a) is essentially linear and has essentially only short chain '
branching fromthe conononer. 55 @ 400A8a43o0cess for pr.oduci ng -an. et hyl @ :
pol yrmer bl end character| zed. by bl ending 40 to ‘70 parts by weight of a h|

rTDl eCUl an repar: T Cf(e)Srln IWnl e S C! Ia e eﬁ
SR G el Pt i;'f"m.-

accor di n gleSsiéH1¥naf} |s%l‘ ﬁierFBsuits bRaided Wwas i tPraeeasis taf sigifithie 4f tHadndepérelentzed -
in thats bataheebhyuleed\erq@edtryme ft(lla\)rmarswn(f Eant depentidncingl wdredfoungo| yner fluff to
obtain a .polyner fluff ble " H +0&1%ocess for -
produci ng an et hyl ene po o Wh ﬂhﬁwﬁ ng ext tftuding a fluid
et hylgne pol yner bl end (ggd; )s{i’l“’m_ags Q3§3X( w.p a sheet or film
charactgeri zed by u5|(D&ﬁﬁﬁaﬁ&'ﬁyhﬁaezqmllmmsobl(m yof one of claims 1 to 3.

- 65 36 0 100 84 3Speadeddnuiasdqnk 4565@7101 g%g P9 | ymer m schun gﬁg\'t ei ner
t

Dichte i m Berei CHE'"\Pg‘g’ “’Stgﬂ@vvﬁg?’ 5(W1 1)P ﬁfﬂ eim
wesent | i chen best ef@™ r? NS eléleeh) e;?nes yl enpol yners. von

it ei ffe
~ >6 und das . redwﬁemdabtc&ieﬁe blamarpnmsmy dagbndénnen tHecHiaMI tof et HdaihpobIveviar mslget t em

hohem N\bl ekul ar gewi cht und nivgdinefidf fridtiém be high tMveicBapanent

Hochbel ast ungsschnel zi-ndex ( HbMDgnsitmoBeigeiMWi compor®ntl bis 1,5 g/10 mn, mt

ei ner Dichte i mBereich vorl'"-M'a?HG""besh'ﬂi‘ t einem - _

Het er ogeni t at si ndex von <10 @ low g‘&?ﬂﬁﬁ% kei ner anderen

Verzweﬁggung al s kurzkettiger ar ZWel mt einem Gehalt an.

copol y Fdoﬁdl&id‘neméaﬁiwmmmuumm}e&ehioa al:ﬁy&vm cht sprozent- von m ndestens

ei nem A ef i n T HLKI igidsMI14F tikeobléreiris parhirily densndept on wenwum-onaend HLMI %)hBGMhSO
ew cht un

S LR R LR ML,

el nem ter ogem tatsi ndex von

Conononercpmp@ent. uber hauB von vvenl ger aI s 2 Gewi cht sprozent ei ngi

mt 4 bis %@ Ek'am#eﬁ P’ol" df 3‘?“5"3'(2;‘:“;‘,’, t‘lﬁﬁ‘ﬁa'ghél@l? ‘Hg‘ﬁl" 'ch
‘1, dader CA™Y i F HEY Gnd ﬁQMlllﬁ%e(hl& rﬁdlé&ﬁlaﬁnge
Mol ekul argigint g ﬁttel ung schung nach Anspruch 1 oder 2, :

dagr ch ge k ama.ebtemaﬂﬁupnslaﬁ rdenlf' cE’lldny mr be( @jdedin thisiinvention without departing from the

- Hochbel aswitihged edenetthereefiex (HLM ) im Bereich von 0,2-0,6 hat, das

Et hyl eﬁi)o% Ter (b) ein Ethyl enhomopol yner m'-t ei nem Schnel zi ndex (M) von
100- 300 i Bind i m wesent!ichen linear ist, und 20 dal das Pol yirer (a) |
wesent | i chen, gy bolibr bighe hVingEdensitylin mlaengeuro chta«assxthgmlmrzmegm@f vom
Cormnorrerwlmlscohasts eslsenﬁwvbahren zur Her st el | uggenel nes

 Et hyl empol y AT’ welg bl h zvgqgehlqg palymes havinga high load :
- Gew chtst'B ' de H’.@B EE?’& d; oy 3 otk orad M%{ﬁ emgo‘»@zn&%ms _.

ei nem der 52b 90 m.gﬁewr& d¥laflehst o H16FN having 4 to 10

Et hyl enpOJawarﬁraSonm ;lerrimﬂamegem Nbl ekul argew cht genmaR ei nem.25 der Anspruche B

1 \b_[/s 35 N s ®ha0—30 parts by weight of a low molecular weight high density ethylene polymer having a melt index
(M1) in the range of 45—300 g/10 minutes, having a density of 0.950 to 0.975.g/cc, a heterogeneity index of
s <6 and being essentially linear and having a content of copolymerized comonomer, if any, of less than 2
et . weight percent of olefin having 4 to 10 carbon atoms per molecule. .
' ' 2. The blend of claim 1 characterized m that both ethylene polymers (a) and (b) have a narrow
" 50 molecular weight distribution.
- 3. The blend of claim 1 or 2 characterized in that polymer (a) has a high load meit index (HLMI) in the
range of 0.2—0.6, said ethyiene polymer (b) being an ethylene homopolymer-having a meit index (Mi) of
100—300 and being essentially linear, and polymer {(a) is essentlally linear and has essentlally only short -
oy - chaln_branchmg from the comonomer. :
R 55 - 4. A process for producing an ethylene polymer blend characterlzed by blending 40 to 70 perts by
k C weight of a high molecular weight ethylene polymer (a) according to any of claims 1 to 3, and 60 to 30 parts
by weight of a low molecular weight ethylene polymer according to any. of claims 1 to 3. :

‘ - - — 5. The process-of -claim-4-characterized in tha:ﬁbgt_h/ethylene_ polvmers (al and (b) are blended as _

polymer fluff to obtain a polymer fluff biend as-the product 5
60 6. A process for producing an ethylene polymer sheet or film comprising extrudmg a fluid ethylene

- .polymer blend and forming the extruded blend into a sheet or f' im characterlzed by using the ethylene -

polymer blend of one of clalms 1 to 3. B . :
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1 _Verfahren nach Anspruch 4 dadurch gekennzei chnet, daB man bei de

$y| enpol ymere.(a) und (b) aI s Polynerflaum m scht, umals Produkt sine -
yner fl aunmi schung zu erhalten. 6. Verfahren zum Herstel l en von

yl enpol ymer - Fol i e oder -Film unter goigougiggr en ei ner flussigen _
yl enpol yner m schung und Formen des extrudierten Gem sches zu einer Folie
r ei nem Fatestang@ickgdur ch gekennzei chnet, dad nman die
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| %et hyl ene Sl'ﬂt?,%méqa:;g?Eo §ev §d| XWQ&rQ@érfsQ%ce]qua led deé(7polyméres de I"éthyiéne (a) et (b) o

. ont une répartition étroite des masses moléculaires.’
so - 3.Maélange selon les revendications 1 ou 2, caractérisé en ce que le polymére (a) a un indice de fusion

homopolymere de I"éthyléne ayant un indice de fusion (M!) de 100 & 300 et étant pratiquement linéaire, et
. en ce que le polymére (a) est essentiellement lindaire et n'a prathuement qu’ une ramification de chaine
'\q J:i - courte provenant du comonomere. '

40 a 70 parties en poids d'un polymére de |'dthyléne de masse moléculaire élevée (a) conforme 2 I'une

. moléculaire selon Fune que{conque des revendications 1 & 3.

~ comme produit.

rmer i@ mélange extrudé en une feuille ou en ::: -

* . mélange de polyméres de I'éthyléne fluides et & transfo P polyméres de léthyléne suivant Iuno

o pellicule, caractérisé en ce qu’on ut|l|se le mélange
85 revendlcauons 1a3

”memwmw{

. sous charge élevée (HLMI) dans lintervalle de 0,2—0,6, ce ‘polymére de l'éthyléne (b) étant un

b 55 __ -4 Procédé de préparation d'un mélange de polymeéres de I’éthyiéne, caractérisé en ce qu’on mélange- .
queiconque des revendications 1 3 3,-et et 60 a 30 parties d’'un polymére de léthylene de faible masse o

_ 5. Procédé selon la revendication 4, caractérisé en ce que les deux polyméres de I éthyléne (a) et é(b) .
60 - sont mélangés sous la forme d‘un duvet de polymére pour obtemr un mélange de duvet de polym re . :

6. Procédé de preparatlon d’une feuille ou pellicule de polymeére de I'éthyléne consistant aextruderun:




