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i nvention revates9ises pol yet hyl ene resins, nore particularly ﬁhpﬁ@mmﬁH%bable
for use as pipe resins, and to a process for produci ng such resins. e
present invention also relates to theyuse of polyethylene conpounds
conprising such resins for the manufacture of pipes and fittings, and to
such pi pes and nsel ves. 5 Pol yol efi ns such as pol yet hyl enes
whi ch have hig ‘“‘W‘mﬂ W“ i ght generally have inproved nmechani cal
properties over } Lower nol ecul ar wei ght counterparts. However, high
nol ecul ar wei ght polyo "efins can be difficult to process and can be costly
to produce. For many HDPE applications, polyethylene with enhanced
t oughness, strength and 10 environnental stress cracking resistance (ESCR)
is inportant. T{mmm“mmmww properties are nore readily attainable with
hi gh nol ecul ar hyl ene. However, as the nol ecul ar wei ght of
t he pol ymer increasggyonkhe processibility of the resin decreases. By
providing a polyner with a broad or binodal nol ecular weight distribution
(MAD), the desired properties that are characteristic of high nolecular 15
wei ght resins are retained while processability, particularly
extrudability, is inproved. PUEYE'I&I‘ELENEE‘PH*E raidizgs for the production
of binodal or_proad npl ecul ar ight distribution resins: melt bl ending,
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OWeVer, %B lecular welght polyolefins can be difficult to process and can be

costly to produce.
For many HDPE applications, polyethylene with enhanced toughness, strength and
10 environmental stress cracking resistance (ESCR) is important. These enhanced
properties are more readily attainable with high molecular weight polyethylene.
However, as the molecular weight of the polymer increases, the processibility of the
resin decreases. By providing a polymer with a broad or bimodal molecular weight
distribution (MWD), the desired properties that are characteristic of high molecular
15 weight resins are retained while processability, particularly extrudability, is improved.
There are several methods for the production of bimodal or broad molecular
weight distribution resins: melt blending, reactor in series configuration, or single
reactor with dual site catalysts. Melt blending suffers from the disadvantages brought on
by the requirement of complete homogenisation and high cost. Use of a dual site
20  catalyst for the production of a bimodal resin in a single reactor is also known.
Metallocene catalysts are known in the production of polyolefins. For example,
EP-A-0619325 describes a process for preparing polyolefins such as polyethylenes

having a multimodal or at least bimodal molecular weight distribution. In this process,



nmet al | ocenes used are, for exanple, a bis(cyclopentadi enyl) zirconium
di chl oride and an ethyl ene-bis(indenyl) zirconiumdichloridel. 1BEPugidhg the

two different netallocene catalysts in the same reactor, a nmlecul ar
vei ght di stYQ BP9 i s obtained which is at 5 |east binodal .PEPERY8BE237

di scl oses the production of binodal polyolefins with nmetall ocene catalysts
in two reaction zones. The netal | ocene catal yst conponent conprises a bis-
tetrahydro i ndenyl conpound of the general fornmula (IndH4)2R'MX in which
each Ind is the sane or different and is indenyl or substituted indenyl,

R i bridge which 10. ' | - C4_al kyl en. i cal di al kyl
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vanadi um and each Q is hydrocarbyl having 1 to 20 carbon atons or hal ogen.
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are known for the production of pipes and fittings. Pipe resins require
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1 S E P 2008p_a_0989141 discloses a process for the pfeparation of polyethylenes having a
multimodal molecular weight distribution. The catalyst may employ a metallocene
20  catalyst comprising a bis-tetrahydro indenyl compound as disclosed in EP-A-0881237.
The specification discloses the production of pipe resins. In Example 1 of that
specification, the polyethylene resin chemical blend (in its extruded form, which means
the polyethylene resin tZOgether with additional additives such as pigments, fillers and
antioxidants) had a density of 0.956 g/ml which in turn means that the polyethylene
25  resin per se had a density significantly less than 0.95 g/ml. There is a need to produce a
polyethylene resin having improved mechanical properties yet with good processibility.
Polyethylene resin_s are known for the production of pipes and fittings. Pipe resins
require high stiffness (creep rupture strength), combined with a high resistance against
slow crack growth as well as resistance to crack propagation yielding impact toughness.
30 However, there is the need to improve the creep rupture strength of currently available
pipe resins, keeping the resistance against slow crack growth and the rapid crack

~ propagation at least at a constant level. This would allow to increase the pressure rating



WO 03/ 093363 PCT/ EP03/ 04232 3 of such pipes. Polyethyl ene pipes are w dely
used as they are |ightweight and can be easily assenbled by! flusiFod0s

wel di ng. Rebyebtdyéene pipes also have a good flexibility angy sBasis,
resi stance, and are corrosion free. Unlzess pol yethyl ene pipes are

reinforced, 5 they are however |imted in their hydrostatic resistance by
the inherent lowyield strength of polyethylene. It is generally accepted
that the higher the density of the polyethylene, the higher will be the

| ong term hydrostatic strength. Pipe resins are known in the art which are
ref erredot suddlpipdde names "PE 80" and "PE 100". This classification is
described in_I'SO 9080 and | SO 12162. These are pol yethyl ene resins 10 which
when used f oPolypi@yicae pipes are widelyi ysed anfhey peciidlitweghnmmnisiaarts, cagity vi ve a | ong

term pr t.est .at dif.fer enperatures for a perjod of 5,000 hours.
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Currentl far po | ene.the highest hydrostatic strength which can be
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rel at i ongdliypthgtena, thé Bigher @iilb&thefo Wy dRdsRBE s@ehl. P e¥§'§i‘x§iarias an LPL of
10 MPa. This corresponds to a PE 100 reSin. The density of the current

basi ¢ poliRRYD Usia artivhigheansrefsired toby tie namepERBGOL ond BRI A00' Talsose to 0. 950

g/ cnB (typig v T 51 h 20 | yet hyl ene resins
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aboul0 0. 9h&htwhed 860 fa@/teaformbtes 6f b@e@@wsﬁecﬁ?@aihﬁngiené.ﬂﬁrm&afog higguce a
resin which when transfornmed into the formof a pipe, I's capa Fe”'o

wi t hst anBieggiratest pdiffereptdsmpemtures for Mparied ofS,000ienes Bxaapdlat2dC f or a

period o - ' ' rrent terminology in the art, such a resin
s known SRNERLEO IR RN Hilke i B MpShuS 26°C ol s et e

commer ci biwey peadidtioatitsel (97.5%olifigdmee ievel heLBIt) shatledshs ak€Yo fpponents for
a good PE 100 resin are the conbination of a |low nol ecul ar wei ght high

density P&t hytdR R dthiqripolyeavdsmernipe wrigs tvhighetcaedthaseiesing (SCB) due to
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of such toderpied basedmnanexrpdatedof the Aoomseasifetime relationship at a
temperature of 20°C for a period of 50 years is an LPL of 10 MPa. This corresponds to
a PE 100 resin. The density of the current basic powder used in the production of a
PE100 compound is close to 0.950 g/em” (typically from 0.949 to 0.951 g/cm®). Such
20 polyethylene resins containing conventional amounts of black pigments have densities
from about 0.958 to 0.960 g/cm’. There is now a desire in the art to produce a resin
which when transformed into the form of a pipe, is capable of withstanding an LPL
stress of 12.5 MPa at a temperature of 20°C for a period of 50 years. Using the current
terminology in the art, such a resin is known as a "PE125 grade" resin. Currently 1o
25  such resins are commercially available.
It is known in the art that the key components for a good PE 100 resin are the
combination of a low molecular weight high density polyethylene with little or no short
chain branching (SCB) due to comonomer incorporation and a linear low density
polyethylene (LLDPE) resin with high molecular weight and SCB.
30 Usually, polyethylene resins of such composition are produced in a cascade
reactor process using Ziegler-Natta catalysts. Another variant might be to blend

different polyethylene powders and extrude them to form a physical blend, as opposed



reactor process using Ziegler-Natta catalysts. Another varf andcp '[@ t beto
blend different polyethyl ene powders and extrude themto form a physi cal
bl end, as opposed 11 SEP 2006 PCT/ EP03/04232 WO 03/ 0933BGT/EPHHaA3Zheni cal
bl end pr"tﬁ@&@@ﬂ”ﬁﬁsi ng a cascade reactof. However, physical blending often

| eads to a poor mxing of the nelts, which | eaves |arge high nol ecul ar

wei ght mcroscopic particles (referred to as gels in the art) enbedded in
the final product. The weight fraction of the LLDPE resin is around 50% of
the blend. The | ow nol ecul ar 5 wei ght high density pol yet hyl ene ( HDPE)

confers i.ah: cr R ; dsbatR r8adibig THowé gk, GPhyyicalldendsg st ance to
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a high “Qfm iIg YORPac i on, eréin the high nol ecul ar wei ght

fi-agfiopebsisiedsdensity of 0.927 g/cnB and HLM of 0.19 g/10mn in one

Exarnfzz))lt e, gnd g ZSO density of mz& [enB and HLM_ 6f 10,28, gid Qmifksi n the
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clear that the | ' &idREe8Q deadit) 106 thA00198Pe/criliendam
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pol yet hy ligmel éfdessulsen 0.80 gi }fesn. Rveéaraily theﬂéwgfppc basa éq,ns%gioé Sfraction
T R R T
'9 hiHEnsity 8€the @8kin & b 99 : is he g isclopu
are né?ob?iii%?ﬁég;;t{ﬁ% t}]{e Yow\iﬁ)m%gechgs wre?gsﬁit rf]r'action. WO 00/60001 discloses
 specific examples of resins comprising-equal amounts of a low molecular weight
fraction and a high molecular weight fraction, wherein the high molecular weight
fraction has a density of 0.927 g/cm® and HLMI of 0.19 g/10min in one Example, and a
20  density 0£0.922 g/cm® and HLMI of 0.25 g/10min in the other Example. No data is
gi\}en regarding creep performance, and it is clear that the resins disclosed are PE 80
and PE 100 type.
Our own copending application WO 02/34829 discloses a high density multimodal
polyethylene for use in pipes, wherein the high molecular weight fraction comprises up
25  to 49 wt% of the resin, and'has a density less than 0.928 g,/cm3 and an HLMI of less
than 0.60 g/10min. In Example 4, the HLMI of the high molecular weight fraction is
0.03 g/10min and its density 0.919 g/cm’, but it comprises 43.1 wt% of the resin.
Copending application WO 03/016396 discloses a bimodal resin comprising a low
molecular weight ethylene homopolymer having a molecular weight distribution less
30 than 8, and a homogeneous high molecular weight ethylene copolymer, the resin having
a ductile-brittle transition temperature of less than ~20°C. The resins disclosed in this

application have a relatively poor balance between performance and processability, as



Copendi ng application WO 03/016396 di scl oses a binodal resin, conprising a
ggf?-,t?UOB

| ow nol ecul ar wei ght et hyl ene honopol yner havi ng a nol ecul ar Tve

di stributiwo d3@sms680 than 8, and a honpbgeneous hi gh nol ecul gcTveroghi2s2

et hyl ene copol ynmer, the resin having asductile-brittle transition
tenperature of |less than -20C. The resins disclosed in this application
have a rel atively poor bal ance between perfornmance and processability, as
11 S E P 2006 WD 03/093363 PCT/ EP03/ 04232 5 characterised by dynam cal
vi scosity neasurenents, conpared with those of the present invention
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of properties it is_possible to obtain resins wth superior properties to
t hose of muentipnidgscriped belageordingly, 5 the present invention provides in a

first aspect h ne resin conprising from.47 to 55 w%.of a high
ol ecul ar vl BESIEYRY HF SeCErit F DR tcdAachpBRer PEPSRCEE o | ow
ol eCul arpdEibith obely RkHEhALLaiveAsE beBerihf Hogh of@llesﬁ'l‘élr% WL Gfhely,
pol yet hyl ene fraction conprising a linear |ow densit pol yet hy eRd’ havi ng
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density D of the resin in g/cnB and the 15 weight fraction of the | ow
nol ecul ar wei Btughraelerwlar peighs pabethytate Siacoo0E§6Rprising adiraxionDlensily 034P, +
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further asp®EZl/18mpi;pe or a fitting conprising the polyethylene resin of
the invention. 20 The present invention also provides a process for the
pr epar ati on ofindthpiw srdgqudareveightalyaiy eneyfractisinmodairisimg 2bighalensigi ght
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pol ymer i sgti0mih;condi tions to produce a first polyethylene ; and

wherein the relationship between the density D of the resin in g/cm® and the

15  weight fraction of the low molecular weight fraction P, is defined by 0.055P; + 0.916 <
D <0.034P, +0.937.

The present invention further provides the use of such a polyethylene resin for the
manufacture of pipes and fittings, and in a further aspect a pipe or a fitting comprising
the polyethylene resin of the invention.

20 The present invention also provides a process for the preparation of a polysthylene
resin having a bimodal molecular weight distribution which comprises:

(1) contacting ethylene monomer and a first co-reactant with a catalyst
system in a first reaction zone under first polymerisation conditions to produce a first
polyethylene ; and '

25 (i1) contacting ethylene monomer and a second co-reactant with a catalyst
system in a second reaction zone under second polymerisation conditions to produce a
second polyethylene different from the first polyethylene; |

wherein the first and second polyethylenes are blended together, to form a
polyethylene resin comprising from 47 to 55 wt% of a first polyethylene fraction of high

30 molecular weight and from 45 to 53 wt% of a second polyethylene fraction of low
molecular weight, the first polyethylene fraction comprising a linear low density

polyethylene having a density of 0.913 to 0.923 g/cm®, and an HLMI of less than 0.2



25 (ii) contacting ethylene nonomer and a second co-reactant tdep s
catalyst systemin a second reaction zone under second pol ynerisation
condi ti ons wo opmgidace a second pol yethyl ene different from tPag/ER0B/A4232

pol yet hyl ene; wherein the first and second pol yet hyl enes are

bl ended. together, to forma polyethylene resin conprising from47 to 55
wt% of a first polyethylene fraction of high 30 nolecular weight and from
45 to -53 wt % of a second pol yethyl ene fraction of |ow nol ecul ar wei ght,
the first polyethylene fraction conprising a linear |ow density

pol yet hyl gnemiaidigedeb@itispdlyethylefe Bacidrocdhidgnga Bigh dnduapolidibfled | ess
than 0.2 "3 11 S E P 2006 WO 03/093363 PCT/ EP03/ 04232 6 g/lOm’ n %nd t he
second pohavétgy ferdtyiaf At {ash0-2ehgcrsiang ag Mhof satitean Y ¢/E0min. arttienavi ng
a density f n [b40m n,
and the "parsEehFatin Badhe 2 JUEMELAIAARH BedendhPB it AR Bengibd D o
t he resi ntheRveggrtBacaind oftiikeloweinglécular aeighd fracdior Peddfmad | 0e@ibPar- vEicght
fraction P 1 defined by 0.055P i + 0.916 5 < D < 0.034P1 + 0.937,. wherein
one of5 t he b5 O34&Y a%rﬁ-éﬁ,gvfwwa@@é /T Hieceorisactants éf hydzogen a6 Bn 8iRsr is a

conprisin -0l ef | Iy t t Preferably the
density Dgooxﬁmg%lgérp%):ﬂ&ét ﬁ% %IrllerH 1ér]fgns|&51n%|ms\§l§tffﬁﬂééstt8qggg%gg/acﬁ? Preferably the
HLM of the hpgFerablyahe dedsityd ghthepolyeehfiyeansinfis ackinn.d4sgicrdm 0. 02 to

0.15 g/10mn. 10 Preferably the relatjonship between the densjt of the
resinin areé?fﬁblaﬁae%ﬂg\d?ﬁéfﬁgmlgh Rlach g8 GHE RE VEE GRS T PR/ 85&2 to

fraction 6’]151%?1015{1{ ned by 0.055P1 + 0.919 < D < 0.034P1 + 0.939. The resin
of the prese I nvention preferably conprises preferably between 48 15 and
53 wei@ht % oPrefé¢rablyehe nelafpaisyiat bervesrethe rdandi iydd ofithe remmnnblgémilaad theei ght .
Preferably, for the high density fraction the M2 is from to 00

g/ | Oni n, Mgt Faghen 8%&3? IPWdHﬁ)lﬁ@)‘da’t%c‘Ebb@aﬁMd’mlﬁﬁe%?@fké’r%ﬁ%%l“TQ)&P%ﬁe | ow
density f i t M is from0.02 to 0.15 g/10mn, 20 nore

pr ef er abl %Pbmag.logg%j}o. 1 g/10mn. For the |low density fraction, the

density is preferably fromO0.915 to 0.922 g/cnB For the high density

fraction, the densi tly is preferably fromO0.970 to 0.990 g/cn8,
The resin of the present invention preferably comprises preferably between 48

15 and 53 weight % of the second polyethylene fraction of low molecular weight.

Preferably, for the high density fraction the MI; is from 200 to 1000 g/10min,
more preferably from 300 to 1000 g/10min.
Preferably, for the low density fraction, the HLMI is from 0.02 to 0.15 g/10min,
20 more preferably from 0.02 to 0.1 g/10min.
For the low density fraction, the density is preferably from 0.915 to 0.922 g/em’
For the high density fraction, the density is preferably from 0:970 to 0.990 g/ cm’,
more preferably from 0.971 to 0.980 g/cm’.
| Preferably, the overall density of the resin is from 0.945 to 0.955 g/cm3, more
25 preferably from 0.948 to 0.954 g/cm’. Preferably, for the polyethylene resin, the HLMI
is from 3 to 50g/10min, more preferably from 5 to 25 g/10min.
In this specification the melt index MI, and high load melt index HLMI are
measured in accordance with ASTM D-1238 at 190°C with respective loads of 2.16 and
21.6 kg. For M, this standard requires an 8/2 die, although for convenience
30 measurements have also been made using an 8/1 die, which gives values slightly more
than 0.05 of those with the 8/2 die.

In this specification the density is measured in accordance with ISO 1183.



nore preferably fromO0.971 to 0.980 g/cnB. Preferably, the overall density
of the resinis fromO0.945 to 0.955 g/cnB, nore 25 preferably1f seAM205948 to
0.954 g/c ably, for the polyethylene resin, the HM _is from3 to
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melt index M2 and high load nelt index HLM are neasured in accordance
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pressur e pogesingbehaviour dshempared taktomwe pipk rédihd. | DgscalMher pisettsihor t he
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produced in accordance with the invention exhibit a higher slow crack growth resistance
and impact strength at low temperature while maintaining a better creep resistance than
the currently obtainable PE 100 type resinsThe resins according to the invention are
therefore well suited for the manufacture of pipes, in particular high pressure pipes and
for the manufacture of fittings. When used for the manufacture of pipes, the resins are
20  most often blended with usual additives such as antioxidants, anti-acids and colourants.

Generally, the pipe resins produced in accordance with the invention exhibit a
time to failure under the FNCT test specified in ISQ DIS 16770 performed at 80°C
under 5 Mpa stress on 10x10 mm specimens taken from compressed plates comprising
1600 pm depth notches of at least 500 hours, indicating good slow crack grthh

25  resistance.

The resins of the invention are also believed to show good creep resistance. Creep
resistance is typically measured according to ISO 1167 on 32 mm diameter SDR11
pipes to determine the lifetime prior to failure at a temperature of 20°C and a stress of
13 MPa, 13.7 or 13.9 MPa. The resins of the invention are anticipated to have a creep

30 resistance of at Jeast 500 hours and typically above 1000 hours at a temperature of 20°C
and a pressure of 13 MPa, and a creep resistance of at least 500 hours at 20°C and 13.7

MPa, and in some cases a creep resistance of at least 100 hours at 20°C and 13.9 MPa.



20 nost often blended wth usual additives such as antioxidants, anti-acids
and colourants. Generally, the pipe resins produced in accbﬂd%ﬁfc@“%’th t he
invention exhibit a tine to failure under the FNCT test spgeifpairid | SO
DIS 16770WRep¥¥BAd at 80C under 5 I\/p% stress on 10x10 nm speci nens taken
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This means less sagging of the polyethylene resins when being extruded at low shear
rates when forming pipes, and good injection-moulding capability for the resins when
~ used to produce injection moulded pipe fittings. |
The polyethylene resins of the invention can be prepared by polymerising ethylene

20 to produce two polyethylene fractions having different molecular weights so as to
pfoduce high density and low density polyethylene fractions. The resultant blend has a
bimodal molecular weight distribution. The high density and low density polyethylene
fractions can alternatively; be made in a single reactor using a multisite catalyst, in
which case the properties of each fraction can be calculated theoretically.

25 The polyethylene resins of the invention produced with the preferred metallocene
catalyst, and most preferably with the THI catalyst, generally have a lower capillary
viscosity p, than commercial PE100 resins. Preferably p, is less than 21,000 dPa.s, in
contrast to known pipe resins produced using Ziegler-Natta catalysts, which typically
have a p, greater than 21,000 dPa.s. i is the value of capillary viscosity which is

30 measured by extruding polymer by means of an extrusion device, which incorporates a
piston in a cylinder, at a temperature of 190°C through a cylindrical die of length 30mm

. -1
and diameter 2mm at a constant speed corresponding to a shear rate of 100 s and by



rates when form ng pipes, and good injection-moul ding capabj Il_ﬁ%}; fzﬁh% t he
resins when wused to produce injection noul ded pipe fittings
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pref erabl y gr,lehat (fertex;nqgar;]tlo]ﬁoof dvyvrrx]z?rrrnec":al viscosity is made by using an oscillatory
rheometer, preferably a Rheometric Scientific ARES rheometer. This method has been
extensively described in the literature devoted to polymer rheology (see e.g. W.W.
20  Graessley, Chapter 3 in Physical Properties of Polymers, 2nd Edition, ACS Professional
Reference Book, Washington DC, 1993).

The measurements are performed on a Rheometric Scientific ARES rheometer
between two 25 mm diameter plates; the gap between the plates is between 1 and 2 mm,
and is thoroughly adapted according to the suitable thickness of the polymer sample

25  once this latter has been inserted between the plates and warmed up to 190°C. The gap
value is then recorded to be taken into account by the calculation software.

The sample is then temperature-cpnditioned for a period of 5 minutes before the
measurement is started. The measurement is performed at 190°C. After temperature
conditioning, the measurement starts by applying an oscillatory strain y*(w,t) = ym.e',

30  with a given amplitude yy and a given frequency o to the bottom plate via a precision
motor, whereas the top plate is kept fixed. The amplitude yy of this shear strain has

been chosen in the linear zone of viscoelasticity of the polymer and is kept constant



111 is the dynam c viscosity at 1 radian/second, express in Pa.s. In
contrast, known pipe 15 resins produced using a Ziegler-Nattad Ic&EBIAE®t have
a rlo.ol/T11 ratio typically nmuch less than 8, nost typically around 5.
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rheometer, preferably a Rheometric ScieMtific ARES rheoneter. This method
has been extensively described in the literature devoted to pol yner

rheol ogy (see e.g. WW 20 G aessley, Chapter 3 in Physical Properties of
Pol ymers, 2nd Edition, ACS Professional Reference Book, Wshington DC,
1993). The neasurenents are perfornmed on a Rheonetric Scientific¢ ARES
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According to the Cox-Merz rule, the function of the absolute value of the complex
viscosity ” N (@) " is the same as the conventional viscosity function, (capillary
viscosity as a function of shear rate ), if frequency is taken in rad/s. If this empiric
equation is valid, the absolute value of the complex modulus corresponds to the shear

15  stress in conventional (that is steady state) viscosity measurements.
In the present invention, the dynamic viscosities of the resin measured at 0.01 and
1 rad/s respectively according to the aforementioned method are defined as 10y =
| m°(0.01 rad/s) |} and ny = In’(1 radss) l.
The polyethylene resins in accordance with the invention preferably satisfy the
20  following relationship :

MNo.or/M1 = {(0.293 x Mw/M,) + 3.594}

The polyethylene resins in accordance with the invention preferably satisfy the
following relationship :

Mo.or/M = {(-0.302 x HLMI) + 9.499}

25 A further aspect of the invention provides a polyethylene resin having a
dynamical viscosity ne.o1, measured at 0.01 radian/second, of greater than 200,000 Pa.s
and a ratio of dynamical viscosities measured at respectively 0.01 and 1 radian/second,

To.o1/M1, of greater than 8, and a time to failure at a stress of 11.2MPa and a temperature
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believed to have better impact resistance, better slow crack reSIStance and a higher creep
resistance than currently available PE 100 grade resins. In particular, the resins of the
invention which are prepared with the preferred metallocene catalysts, especially THI
15 catalysts, also show excellent rheological behaviour, ie they have a similar or lower
viscosity at higher shear rates (typically around 100 s) and a much higher viscosity at
low shear rates (0.1 s'or below). These resins have reduced sagging followmg
extrusion of the pipe resin into a pipe togcther with an improvement of the injection
mouldability.
20 : Within the ambit of the relationship between the weight fracti;)ns and density of
the low and high density fractions, as a general rule any decrease of the density of the
LLDPE should be compensated by an increase of the density of the HDPE. Since the
density of the HDPE fraction generally increases with increase M1, & higher MI, will
result. For certain blends, two or more weight fractions of LLDPE may satisfy the two
25  essential criteria of HLMI and density. '

The polyethylene resins according to the invention can be prepared by different
methods, such as melt blending, reactor in series configuration or single reactor with
dual site catalysts.

Preferably, the high density and low density fractions of the polyethylene resin

30  according to the invention are produéed in at least two separate reactors, most

preferably two such reactors in series. In such a case, the high density fraction is



havi ng narrow nol ecul ar wei ght distributions. The pol yet hyl ene resins of
the invention can outperformthe current best avail able 10 himggal 206

pol yet hyl ene PE 100 grade resins as regards properties relating to the
fabri cati orwendowsses of pol yet hyl ene pipes. In particular, thﬁ?ﬁﬁﬁbpﬁzfﬁ t he
invention are believed to have better uppact resistance, better slow crack
resi stance and a higher creep resistance than currently avail able PE 100
grade resins. In particular, the resins of the invention which are
prepared with the preferred netall ocene catal ysts, especially TH 15

catal ysts, al so show excellent rheol ogi cal behaviour, ie they have a
simlar or lower viscosity at higher shear rates (typically around 100
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| east.two separate ’féactors, nost preferably two such reactors in series.
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PCT/ EPO3/ 0- 1232, . 12 .pref erabl repared first, so that the | ow density
fraction is pr &ﬁi@ﬂ‘%gﬁn’t tf’pqv’?ﬁgéﬁéﬁyleﬁtc'the hi gh density fraction. The
resul tant blend has a bi mpgad GRRIPSHU @fergtei ght distribution. The catal yst
enpl oyed in the polynerisation process may be any catal yst(s) suitable for

preparing 5 the |ow and Hiigh taelgiigtgrofip,acti ons. Preferably, the sane
catal yst produces both ttie

18 g'n %Qionic ligand, and
15 yis0, 1 or2,n and m are from 1 to 5, x is O or 1.
The most preferred complexes are those wherein y is 1 and L is halide or alkyl.
Typical examples of such complexes are bis ((;yEIOpelltadienyl) zirconium dichloride
and bis(cyclopentadienyl zirconium dimethyl. In such metallocene complexes the
cyclopentadienyl ligands may suitably be substituted by a]kyi groups such as methyl, n-
20  butyl or vinyl. Alternatively the R groups may be joined together to form a ring
substituent, for example indenyl or fluorenyl. The cyclopentadienyl ligands may be the
same or different. Typical examples of such complexes are bis(n-
butylcyclopentadienyl) zirconium dichloride or bi‘;; (methylcyclopentadienyl) zirconium
dichloride.
25 Examples of such complexes may be found in EP 129368 and EP 206794 the
disclosures of which are incorporated herein by reference. |
Another type of metallocene complex is constrained geometry complexes in
which the metal is in the highest oxidation state. Such complexes are disclosed in EP
416815 and WO 91/04257 both of which are incorporated herein by reference. The

30  complexes have the general formula:
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and 15y is 0, 1 or 2, nand mare fromlto 5, x is 0O or 1. The nost
preferred conpl exes are those whereiny is 1 and L is halide or alkyl.
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the general fornula: 11 SE WO 03/ 093363 PCT/ EP03/04232 13 Cd zZ P* M
(X)n wherein:

5 R
wherein each R is independently hydrogen or a moiety selected from halogen, alkyl,
aryl, haloalkyl, alkoxy, aryloxy, silyl groups, and combinations thereof of up to 20 non-
hydrogen atoms, or two or more R groups together form a fused ring system;

M is zirconium, titanium or hafnium bound in an n5 bonding mode to the
10 cyclopentadienyl or substituted cyclopentadienyl group and is in a valency state of +3 or
+4;
each X is independently hydride or a moiety selected from halo, alkyl, aryl, silyl,
germyl, aryloxy, alkoxy, amide, siloxy, and combinations thereof (e.g. haloalkyl,
haloaryl, halosilyl, alkaryl, aralkyl, silylalkyl, aryloxyaryl, and alkyoxyalkyl,
15 amidoalkyl, amidoaryl) having up to 20 non-hydrogen atoms, and neutral Lewis base
ligands having up to 20 non-hydrogen atoms;
nis 1 or 2 depending on the valence of M;
Z is a divalent moiety comprising oxygen, boroh, or a member of Group 14 of
the Periodic Table of the Elements; and
20 Y is a linking group covalently bonded to the metal comprising nitrogen,
phosphorus, oxygen or sulfur, or optionally Z and Y together form a fused ring system.
Most preferred complexes are those wherein Y is a nitrogen or phbsphorus
containing group corresponding to the formula (-NR') or (-P R") wherein R! is C-Cyo
alkyl or Cs-Cyp aryl and wherein Z is SiR",, CR",, SiR"; SiR"2, CR"=CR" or GeR", in
25  which R" is hydrogen or hydrocarbyl. .

Most preferred complexes are those wherein M is titanium or zirconium.



Cp* is a single ri15-cycl opentadi enyl or r15-substituted cycLo ?ﬂ’t l%henyl
group optionally covalently bonded to Mthrough -Z-Y- and d g ding to
t he formul 30 0FRIR635 wherein each R is independently hydroger/Ero3as1si ety
sel ected from hal ogen, al kyl, aryl, hakoal kyl, al koxy, aryloxy, silyl
groups, and conbi nations thereof of up to 20 non- hydrogen atons, or two or
nore R groups together forma fused ring system Mis zirconium titanium
or haf nium bound in an 115 bondi ng node to the 10 cycl opent adi enyl or
substituted cycl opentadi enyl group and is in a valency state of +3 or +4;
each X is independently hydride or a noiety selected from hal o, alkyl,

aryl, silyl, gEumher Cxamyllesmﬁ/mctalldamnypompﬂbm,arstﬂmwhemhﬂheeﬂibhllaﬁghms

th f Lyl ,. al k | kyl

silylal QFre%asgﬁscﬁ%t%ﬁbovgﬁanaﬁa%m&mséw%dlga Bothe  SOahEUBEES) havi ng

up to 20 n@RthdtieaRtAR b iR e 14adxiddevh $taRASHRl a ﬂy};&ﬁ‘i”éi%m?fbvdfr@% sup to
va (0]

20 non-hydrogen atons; n is 1 or 2 depending on the ence is a
di val ent  nByPeefcempipt i%ﬁtbbde%@géwenﬂd@rre@nmmr(ﬂélrﬂeqlmbqnybbut@imm 14 of the
Periodic T Iently
bonded 5tCo téﬁilﬁ%e ﬁéﬁgg%@ ?%égmﬁa?éri%%g%m Eﬁﬁ?% 80r us, 9%§°§§¥€su| fur, or
opt i onal | ydiZcleswesyoftwiyeh hlenntfomporamdhmseﬁrb},rnef@emst em I\/bst preferred
conpl exes are those wh lIS a nitrogen or phosphorus cont ai ni ng group
correspondi ng t Ort%émpgertﬁﬁF%f“’(’ expe mayhave the genpralfrpptlar R is -G O al kyl
or C6-Cl10 ap werein Zis SiR'Z, CR'2, SSR'2 SiR'2, CR'=CR' or GR'2
in 25 which s~ hydr n or hydrocarbyl. . Most preferred conpl exes are
t hose wher ei g titanfumor zirconiom 1 1 S E P 2006 W) 03/093363
PCT/ EPO3/ 04 er exanpl es of netall ocene conpl exes are those

wher ei n t hé igant; represented in the above fornmulae is repl aced
with a diene l,ety. In such conplexes the transition nmétal may be in the
+2 or +4 oxidatTon state and a typical exanple of this
wherein:
10 R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,

germyl, halo, cyano, and combinations thereof, said R' having up to 20 non hydrogen
atoms, and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together
form a divalent derivative thereof connected to adjacent positions of the

cyclopentadienyl ring to form a fused ring structure;

15 X is a neutral n%- bonded diene group having ﬁp to 30 non-hydrogen atoms,
which forms a n-complex with M; '
Y is -O-, -S-, -NR*-, -PR*-;
M is titanium or zirconium in the +2 formal oxidation state;
Z* is SiRp, CR*p, SiR*;8iR*;, CR*;CR*,, CR*=CR*, CR3SiR*3, or GeR*7;
20  wherein: | |
~R*in each occurrence is independently hydrogen, or a member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said
R* having up to 10 non-hydrogen atoms, arid optionally, two R* group from Z* (when
R* is not hydrogen), or an R* group from Z* and an R* group from Y form a ring
25  system.
The metallocene catalyst component preferably comprises a bis-tetrahydroindenyl
compound (THI). Preferably each catalyst system comprises (a) a metallocene catalyst
component comprising a bis-tetrahydroindenyl compound of the general formula

(IndH4),R"MQ; in which each IndH, is the same or different and is tetrahydroindenyl or



type of conplex is ethylene bis indenyl zirconium (l1) 1,4-diphenyl

but adi ene. 5 Exanpl es of such conpl exes may be found in ER 7B&aP4B® and WO
95/ 00526 the disclosures of which are incorporated herein b{ r ef er ence.
For exanpke oshes3conpl exes may have the general forniul a:-PR/EB/N2Z:ZIR X R
wherein: 10 R each occurrence is independeptly.selected from hydrogen,
hydr ocarbyl; silyl, gernyl, halo, cyano, and conbinations thereof, said R
having up to 20 non hydrogen atons, and optionally, two R groups (where
R is not hydrogen, halo or cyano) together forma divalent derivative

t hereof connected to adjacent positions of the cyclopentadienyl ring to

forma fused rin r 9.X sanural r.l 4- bond di en roup
havi ng upswzfﬁ%eﬂﬂts s atiEN. K it bRodPBR: ParREsd s P CoNb B AR MY i s
-0-, -5, 2Kyl gendeiRium oMméoﬁcbrtsaexm @;ranzam;qcﬁﬁ ﬂdbrtalﬂﬂné‘x%dfcﬁ)lr nal

oxi dati on state Z* is SiR2, CR*2, SIiR2SiR2, 2CR*2, CR‘=CRf, CR2Si R*2,

or GeR*2; whith buidge éf substiaterl gt vrsuhstiuieds Mdna &rpep TVimeind ﬁdémaﬂl}mh@f@r ogen, or

o T SR Sy UAET B oSt o RUSEER Ay Y g e oot

at ons, sanayhdtdcei@kd the chralysRongoaert. f rom Z* (when R is not hydr ogen), or
an R* group fromZ* and an . R* group fromY forma ring 25 system The

net al | ocene cHif @%Pf%%?ﬁﬁ&%ﬁﬁawckﬂéﬁwl gatalyft prchidus-ie %Bblédrf”éf‘?“é’hydr oi ndenyl
conpound @Ja‘hp ndF’Iﬁ%t 64 mke/mﬁaqueasmwaﬁrah S0t 'oﬁeam(taér a@oﬁ%a' | ocene

cat al yst onent nprising a bis rol idenyl conpound of the
general f (nmump@sxtlc(ﬁsnnl H&)@Rbpﬁmadlmmghtheamwaxdm nrg Etnldehesah‘éem di fferent
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10 XR,in.which X is chosen from group IVB, oxygen and nitrogen and each R is the same
or different and chosen from hydrogen or hydrocarbyl of from 1 to 20 carbon atoms and
v+1 is the valence of X. X is preferably C. If the cyclopentadienyl ring is substituted,
its substituent groups must not be so bulky as to affect coordination of the olefin
monomer to the metal M. Substituents on the cyclopentadienyl ring preferably have R

15  ashydrogen or CHs. More preferably, at least one and most preferably both
cyclopentadienyl rings are unsubstituted.

In a particularly preferred embodiment, both indenyls are unsubstituted.
R" is preferably an ethylene bridge which is substituted or unsubstituted.
The metal M is preferably zirconium, hafnium or titanium, most preferably

20  zirconium. Each Q is the same or different and may be a hydrocarbyl or hydrocarboxy
radical having 1-20 carbon atoms or a halogen. Suitable hydrocarbyls include aryl,
alkyl, alkenyl, alkylaryl or aryl alkyl. Each Q is preferably halogen. Ethylene
bis(4,5,6,7-tetrahydro-1-indenyl) zirconium dichloride is a particularly preferred bis
tetrahydroinde.ny-l compound of the present invention.

25 The metallocene catalyst component used in the present invention can be prepared
by any known method. A preferred preparation method is described in J. Organomet.
Chem. 288, 63-67 (1985).

The cocatalyst which activates the metallocene catalyst component can be any
cocatalyst known for this purpose such as an aluminium-containing cocatalyst, a boron-

30  containing cocatalyst or a mixture of those. The aluminium-containing cocatalyst may
comprise an alumoxane, an alkyl aluminium and/or a Lewis acid.

The alumoxanes used in the process of the present invention are well known and



substituted tetrahydroindenyl, R' is a bridge which conprisez ﬂ%pl_04
al kyl ene radical, a dialkyl germaniumor silicon or si | oxah , r 2036 al kyl
phosphi ne wo @mosm3r adi cal, which bridge is substituted orpcyiisabsidsh ut ed,
Mis a Goup IV netal or vanadium and jgach Qis hydrocarbyl having 1 to 20
carbon atons or hal ogen; and (b) a cocatal yst 5 which activates the

catal yst conponent. Wth the preferred bis-tetrahydroi ndenyl catal yst, each
bi s-tetrahydroi ndenyl conpound may be substituted in the sane way or
differently fromone another at one or nore positions in the

cycl opent adi enyl ring, the cycl ohexenyl ring and the ethylene bridge. Each
substituent group may be i ndependently chosen fromthose of forrmula 10 XR,,
i n. whi ch Ypreferabhy sempriseoyhggmetip lingdr andipyeyeliaratkyhiatuneenesaepteseatdd bR the t he
sane or q%%%gﬁent and chosen from hydrogen or hydrocarbyl of from1 to 20
carbon atons and v+l is the valence of X. X is preferably C. If the

cycl opent adi eny) RAARQ){-AlRubstituted, its substituent groups nust not be
so bulky as to affect coordination of the olefin nononer to the netal M
Substituents on the cycl opent adi enyl ring preferably have R 15 as hydrogen
or CH3.; Mre prefigrably, at |east one and nmost preferably both

cycl opent adi enyl rings are unsubstituted. In a particularly preferred
enbodi nent, bdbholigmbeamig| Bnear elunwsemstantiut ed. R' is preferably an ethyl ene
bridge which is substituted or unsubstituted. The netal Mis preferably
zirconium hafniumor titanium nost preferably 20 zirconium Each Qis the
sane or differ@pi-agol)pay be a hydrocarbyl or hydrocarboxy radical having
1-20 carbon atons,or a hal ogen. Suitable hydrocarbyls include aryl, alkyl,
al kenyl , alkylaryﬂ or aryl alkyl. Each Qis preferably hal ogen. Ethylene

i bi s(4,,5, 6, 7-tetrghydro-1-indenyl) zirconiumdichloride is a particularly
preferred bis tetrahydroi ndenyl conpound of the present invention. 25 The
net al | ocene cdbvadligmanppeheatumisanesi n t he present invention can be

prepared by a known_ net hod. A ferre reparatiqon nmethod i s described
in J. O ganonmet .erel@?éH@B%r,eg%%m%%'?Qg@Sf g"’%h@“?‘?i@ﬂﬁ’ arifsmddhisatukt i vat es
the net al | ge@ANRosRR] preferdb®ReMONt can be any cocatal yst known for this
pur pose such as an alum ni um containing cocatal yst, a boron- 30 containing

cocat al yst or Gensratbyuindheprepprgtien offsfemakanes diommiensxariple, alymivivat al yst may
i e e O M AT A L
Suitable boron-containing cocatalysts may comprise a triphenylcarbenium
boronate such as tetrakis-pentafluorophenyl-borato-triphenylcarbenium as described in
EP-A-0427696, or those of the general formula [L'-H]J + [B Ary Ar, X3 X4]- as
described in EP-A-0277004 (page 6, line 30 to page 7, line 7). '
20 . Preferably, the same catalyst system is used in both steps of the cascade
polymerisation process to produce a chemical blend of the high and low molecular
weight fractions. The catalyst system may be employed in a solution polymerisation
process, which is homogeneous, or a slurry process, which is heterogeneous. Ina
solution process, typical solvents include hydrocarbons with 4 to 7 carbon atoms such as
25  heptane, toluene or cyclqhexéne. In a slurry process it is preferably to immobilise the
catalyst system on an inert support, particularly a porous solid support such as talc,
inorganic oxides and resinous support materials such as polyolefin. Preferably, the
support material is an inorganic oxide in its finally divided form.
Suitable inorganic oxide materials which are desirably employed in accordance
30  with this invention include Group 2a, 3a, 4a or 4b metal oxides such as silica, alumina
and mixtures thereof. Othert inorganic oxides that may be employed either alone or in

combination with the silica, or alumina are magnesia, titania, zirconia, and the like.



11 SEP 2006 WO 03/093363 PCT/ EP03/ 04232 16 preferably conprise oligoneric
linear and/or cyclic alkyl alunpxanes represented by the 1 oryan o6 (n

R- (Al -O ,wodkh33sH R for oligomeric, linear alunoxanes angcrgdposoizAl -O)m
i 10 R for oligoneric, cyclic alunoxapes, wherein n is 1-40, preferably
10-20, mis 3-40, preferably 3-20 and Ris a Cl-C8 al kyl group and
preferably nmethyl. Generally, in the preparation of alunoxanes from for
exanpl e, alumnium 15 trimethyl and water, a mixture of |inear and cyclic
conmpound obt ai ned Sui t abl e boron-contai ning cocatal ysts may conpri se
a trrP i phei%d“’c,réflﬂ%lﬁ? ﬁ‘l‘RH%‘i"B?FS’flé s, 19§ Vels can be employed, for examplg finely d1>\//1dedrrp

tetraki sepeR r l,um as descri bed in
EP- A- 0427696F§%lésgghgggﬁg¥lkt%ﬂﬁgﬁee%(?ﬁ@a#ﬁﬁ%{w@ H + [B Art Are X3 X4] -
as descri beBreferatlp; theQRFHA04 aGiling dabingld snefadared cOAPAsel bord& 00 - 20

Pr ef er abl @(ﬂ)e §/arre catal yst systemis used in both steps of the cascade
pol yreri §é‘“ Br'8@Bd & Roge Privme betweer Rehindhd mdfgend of the high and | ow
nol ecyl ar b |l oyed .in a
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process, ofithiecsblid supmirecrat@mn eargary onerea widdl tdh g PRfRARS Te dl¥Bifdh t§0! vents
I ncl ude rﬁédrocar bor11 4 to 7 car Bon atons such as 25 heptane, toluene

RGeSl (Aeys b e Pevegn i b 83 relorabitom the sweehe

or cyclo

cat al yst ssygidesgoon an inert support, particularly a porous solid support
such as talc, inorganic oxides and resinous support materials such as

pol yol ef i n. Phebusienbf a}ddxmdneof tlseumptaﬂbcms end alumoxaagid the sgydricmepstigle in its
fi naI’] y divided formdSwt c 0xi de rraterl als which are

desi I abl FARHBY 0380 OH e 3t a qu}nt%lfe ﬁﬁ@é@ﬁ@mdﬁvquﬁ@nude G oup 2a,
3a, 42 OkiffhiRi Ahs ¥R Gitelle ﬁ?en%eydkf;&rb ditis R 18 ok Whyisort Ner eof

Ot her inorgani c oxides that nay npl oye e|t one or

material slurried in the same or other suitable hydrocarbon 11qu1d and thereafter a
mixture of the metallocene catalyst component is added to the shurry.

Preferred solvents include mineral oils and the various hydrocarbons which are

15 liquid at reaction temperature and which do not react with the individual ingredients.
Nlustrative examples of the useful solvents include the alkanes such as pentane,
iso-pentane, hexane, heptane, octane and nonane; cycloalkanes such as cyclopentane
and cyclohexane; and aromatics such as benzene, toluene, ethylbenzene and
diethylbenzene.

20 Preferably the support material is slurried in toluene and the metaliocene and
alumoxane are dissolved in toluene prior to addition to the support material.

The use of multiple reactors is a preferred aspect of the present invention. This
will requi:re a higher investment than for a single reactor system but ts very conveniently
done with the preferred metallocene catalyst systems employed in the present invention.

25  With the preferred metallocene catalyst system, using two reactors in series conditions
can be provided for the best resin properties. It has been shown that the combination of
low short chain branching (ideally no branching) in the low molecular part of the resin
and high concentration in the high molecular part significantly improves the resin
properties with respect to ESCR and impact strength.

30 In one arrangement according to the present invention, each polyolefin is
produced individually in a reactor, preferably a loop reactor, and mixed together by

extrusion. The polyolefins may be mixed together by melt blending. In this way, the



conmbi nation wth the silica, or alumna are magnesia, titania, zirconia,

and the like. 11 SEP 2006 WO 03/093363 PCT/EP03/04232 17 yhgrp 906t abl e
support materials, however, can be enployed, for exanple, finely divided
funct|onallsmdnpmkymlef|ns such as finely divided pol yet hylengrosruefer abl y,
the support is a silica having a surfaa@ area conpri sed between 100 and
1000 n2/g and a pore volunme between 0.5 and 3 nml/g. 5 The anount of

al unoxane and netal | ocenes usefully enployed in the preparation of the
solid support catalyst can vary over a wi de range. Preferably the al um ni um
to transition netal nole ratio is in the range between 1: 1 and 800: 1,
preferably in the range 5:1 and 500:1. The order of addition of the
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di ssol ved igtoducediii &phateiretdrs.nydr ocar bon sol vent is added ta the support
material slurried in the sane or other suitable hydrocarbon |iquid and
thereafter a i APIFRTSFIRREEMEBE g prodw of afizt gascadearasdar Aene, MClidiREd to the
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hydr ocar bons which are I'1 qui reaction tenperature and “EW do not
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sol vents | nelgent NnaldAnae. S hods 1REMANG coch SPLREILINSS, hexanc.
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di et hyl beri.z refe t he su rt materia urried in toluene
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addi tion t dnidtge Séblaﬁ&)fdact[mtzﬁﬁé fibsh oléfh hSBorRér WWelllaPtiR prédet S the fiskt @
preferred aspect of the present invention. This wll require a higher

i nvest tlnt TE#AI9NZERE- 3 singl e reactor system but s very conveni ent |y done
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invention. 25 Wth the pref ocene
reactors i rmslelmOdsl QI@nhta&t bumgslal makechler peigiti aﬂsﬂdbﬁtmn i hbtained;t resin

properties. al{'ﬁﬁe 8%@ uﬁgx?%theq en%g?_r i 1r ea&a t is h)ﬁ%(?%’gn% Et chai n

branching (i de Yy no ranchl ng feéetit bﬁe resin
and hi gh coecewkqoatacmtisthe tmmbnogterrfbjmmam ernoxpmdrs mnlgdez héxead) butené,npr oves
the r eslisn octene, pentene or methylpentene, preferably hexene.

In an alternative embodiment, the first co-reactant is the comonomer, preferably
hexene. Because the metallocene catalyst components of the present invention exhibit
good comonomer response as well as good hydrogen response, substantially all of the
comonomer is consumed in the first reaction zone in this embodiment.

20  Homopolymerisation takes place in the second reaction zone with little or no
interference from the comonomer.
In another embodiment, hydrogen may be introduced in both the first and the
second reactor.
~ The temperature of each reactor may be in the range of from 60°C to 110°C,
25  preferably from 70°C to 90°C.
The invention will now be described in further detail with reference to the
following non-limiting Examples. |
EXAMPLES 1-6
Preparation of polyethylene bimodal resin by flake blending
30 _A: Bench scale preparation of the Low Molecular Weight (LMW) Polyethylene
Fractions A-C

Under a stream of dry nitrogen gas 1.8 millimole of tri-isobutyl aluminium



properties with respect to ESCR and i npact strength. 30 In one arrangenent
according to the present invention, each polyolefin is protlac&sP 2006

i ndi vi dual I‘¥ react or, preferabl y a |l oop reactor, and m xed together by
ext rusi on. ﬂé”/BHP%I efms may be mixed together by melt bl ardi @30l t i s
way, the 11 SEP 2006 WO 03/093363 PCT/IEP03/ 04232 18 | ow nol ecul ar wei ght
and hi gh nol ecul ar wei ght parts of the polyolefin can be produced in
separate reactors. In a preferred arrangenent, the product of a first
cascade reaction zone, including the olefin nononmer, is contacted with the
second co-reactant and the catal yst systemin 5 a second cascade reaction
zone to produce and m x the second polyolefin with the first polyolefinin
t he second reaction zone. The first and second reaction zones are

conveni ent (VBAdy) apg d#hfemt efdsotaganeoyase introkducest ihmtaeimemnelatmttacttoﬂpa\ﬁ@@ct ors

or interc n ously stirred reactors. s al so
possi bl e tggﬁlﬁﬁx&gﬁaégﬁgaﬁc{]@mg%ga étg]c?ﬁc?gﬁegﬁtf}%ﬁfe%?fé“ﬁ @éﬁr%ﬁeém BO0BNnoner
as wel | asaidefteppaadsies stabiliédtion hiyasigen 28 \K/é%aﬁﬁécantﬁ?l@ﬁe ﬁe&%‘{ﬁ&) the second
pol yolefin, is- produced in the presence of the rs F olefin a

mul t i modal eduged|uatka Pastishawessunest ethiyleas ofkf gHo Hawasr aldhutvmhnThSambthxﬁl ned.
I'n one £mbet ARSHe evml‘gly'lﬁt‘fﬁe L@ hio tGut ocjia%eré:ag Oge?%ctﬂsms hydr ogen and

the second co iSactant st cononomer ¥ 35481 ude

hexene, butaia the désired finaigas plese aro@aroaudr@ﬁ}{}wkdgeﬂft@étﬁyleﬁé gt acAbbye hexene. In
an al ternatltve enbodi nment, the first co-reactant is the conononer,
preferably ﬂ)axene Because the netal | ocene catal yst conponents of t he

present i nventTignopsitirhidon UR0Hef QIRAONPIUAEAAADSAIARIRE I 85,8904, Ny dr ogen

response, substantially all of the conononer I's consu
reacti on z@heepmbis k&6 Jripertiydeni- ln@ymmnmylMcsaiel(pmpma&es place in the

second;y e td m t he conononer. In
anot her %Egﬂﬁ%%wﬁhw%b%éﬁedﬁ rfan/“ i m FBE@&%‘EE Hf)g? H’é first and the
second r ea@rganoma'tbmct@]mm@tme(wﬂs)eag@ aseta@pﬁntm d%dmetuh@l Jodngp of from
60C to 110 re{xerabl y from70C to 90C
0 1sobutane e temperature, partial pressure of ethvlene and the H,/C; ratio were

keRt constant over the polymerisation period. The reaction was stopped by cooling and

then venting the reactor. The low molecular weight polyethylene was then collected
15 from the reactor.

The polymerisation conditions are specified in Table 1.

B: Bench scale preparation of the High Molecular Weight (HMW)
Polyvethvlene Fractions W-7Z

| The process for preparing the high molecular wei ght fraction was the same as that
20 for preparing the low molecular weight fraction specified above, except that instead of
adding hydrogen after raising the temperature to 80°C, varying amounts of 1-hexene
comonomer were added and a different amount of ethylene was introduced, in order to
obtain the desireci ethylene partial pressure and Cg /C; ratio. The high molecular wei ght
ethylene-hexene copolymer obtained was collected from the reactor.
25 The detailed polymerisation conditions are specified in Table 2.
C:__ Preparation of the Polvethylene Resin Blends 1-6

In order to prepare the bimodal resin, the desired quantity of the low molecular
weight polyethylene fraction obtained in Example A above was blended with the
desired quantity of the high molecular weight ethylene-hexene copolymer obtained in

30 Example B together with Irganox B225 antioxidant commercially available from CIBA
Speciality Chemicals. The resulting blend was pelletised in an extruder (APV Baker



The invention wll now be described in further detail with reference to the
follow ng non-limting Exanpl es. EXAMPLES 1-6 Preparation of polyethylene
bi rodal resin by flake blending 30 A: Bench scal e preparati dnl SEPt28 Low
Mol ecul ar Wei ght (LMW Pol yet hyl ene Fractions A-C Under a stream of dry

ni trogen gay(g‘?%"”' linole of tri-isobutyl aluminiumi1 1 S ECP/EPODGI23IND

03/ 093363 PCT/ EP03/04232 19 (TIBAL) ané’ 1800 ml of isobutane were
introduced into a dry autocl ave reactor having a volunme of 5 litres and
provided with an agitator. The tenperature was raised to 80C, and after
pressure stabilisation hydrogen gas was added. Ethylene gas was then
introduced until a partial pressure of ethylene of 10 x 105 Pa was

achi eved. The amount 5 of hydrogen previously introduced into the -

aut ocl ave r 10 i ired final .gas phase
nol ar rat i olﬁlgfE ! %Egrgge;%%%%@g?ﬁg?ﬁngﬁ? E@? 1&23}%%% QIF Eé}ﬁ%gﬁ%ﬁs‘?aﬁ?em ted i

pol yrer i satTabte vas then started by flushing the solid catal yst A,
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after r8i sidspthnpicheenperature to 80C, varying anounts of 1-hexene

g?ggpot”gr wer e addedaRthePeftbih &l GtrafdP g traQh creete{)1 Y08 w\glggq&igégdo\giﬂ)ced’ 'n
an extensometer for strain measurements, placed in a temperature-controlled room.
Creep test samples (in the shape of “dogbones”) were formed from compression
moulded rectangular plagues having a nominal thickness of about 2mm The dimension
15 of the dogbone test bars was in accordance with ISO 527-2. The compression moulding
conditions for the plaques were in accordance with ASTM D1928. In the testing, creep
behaviour was monitored using the extensometer, and time to failure (in hours) was

recorded under a stress of either 11.2MPa or 11.4MPa. Results are shown in Table 3.

20 TABLE1 - LMW blocks A-C polymerisation conditions

Example Hy/Cy gas
MI; 8/2 phase mol
(g/10 min) ratio (x1000)

A 703 3.75

B 770 3.79

C 658 3.60

25



obtain, the desired ethylene partial pressure and C6/C2 ratio. The high

nmol ecul ar wei ght et hyl ene-hexene copol yner obtained was cbl| &8 eglgf rom t he
react or. 280 Thesslst ai | ed pol ynerisation conditions are spggh&ig&)in Tabl e
2. C Preparation of the Polyethylenge;Resin Blends 1-6 In & “?5Zprepare
the binodal resin, the desired quantity of the | ow nol ecular weight

pol yet hyl ene fraction obtained in Exanple A above was bl ended with the
desired quantity of the high nol ecul ar wei ght ethyl ene-hexene copol yner
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' i B 770 3.79 C 658
2 8/ 2 phase nol /10 min) ratio (x1000) A 703 3.75
IC\%/!GO 25p11 SEP 20053g WD 03/ 093363 PCT/ EP03/ 04232 21 TABLE12 SEMRNW

| [ iti i al hexene
bl ocks W erisation conditions Exanple C2 1 HLM partia
(g9/10 preéggﬁiémg%ﬁ% ent mn) (bar) (g),WO0.08 12 26 X 0. 1PCTEPR§042%2 0. 08

93363

14 34 2 0.02 2035 510 15 2011 & E P 2006 WD 03/0

PCT/ EPO3/ 01232 22 TABLE 3 Exanple 1 2 3 456 LMNLMNExamle A }BMI:? 5 8C C
bl ock pl 0.55 0.54 0.52 0.50 0.54 0.54 Mwv (kDa) 18.8 18.8 18.8 Mw .
2.8 2.8 ML28/1 (g/10 in 37.4 41.0 41.0 41.0 35 35

TABLE 3
Example 1 2 3 4 5 6
LMW | LMW Example |A - B B B C C
block pl 0.55 0.54 0.52 0.50 0.54 0.54
Mw (kDa) 18.8 18.8 18.8
Mw/Mn 2.8 2.8 2.8
MID,8/1 (g/10 min) | 37.4 41.0 41.0 41.0 35 35

MI;8/2 (g/10 min) | 703 770 770 770 658 658
Density (kg/m®) {9752 9743 |9743 |9743

HMW | HMW Example W X X X Y Z

block p2 0.45 0.46 0.48 0.50 0.46 0.46
Mw (kDa) 403.5 403.5 403.5 409.1 | 461
Mw/Mn 3.1 3.1 3.1 2.8 2.9

HLMI (g/10 min) | 0.08 | 0.11 0.11 0.11 008 |0.02
Density (kg/m”) ] 920.1 19205 9205 [9205 [9195 | 9192

Resin | HLMI (g/10 min) | 13 22.0 14.9 10.6 18.7 10.7
blend | MIs(g/10 min). | 0.33 0.45 0.33 0.24 0.34 0.15
HLMI / MIs 39.4 48.9 45.2 44.2 54.5 71.3
Density (kg/m>) | 951.6 | 951.7 | 9506 |9494 |9525 | osn1
1o (dPa.s) 390700 | 304900 | 349900 | 403100 | 347500 | 504400 }
i, (dPa.s) 17400 116000 | 17600 | 19400 |16200 | 18300
Tgl0 : 1.25 1.24 1.24 1.24 1.22 1.16
Tgl00 1.18 1.17 1.18 1.18 1.16 1.11
Mn (kDa) 11 11 12 12 11 12
Mw (kDa) 198 194 204 215 220 246
Mz (kDa) 833 809 791 829 945 985
Mw/Mn 18 17.4 17.2 18.6 19.9 20.1
FNCT (hours) 6087
Creep, 11.2MPa/ 1340 1121 927
23°C (hours)
Creep, 11.4MPa/ 350 342 317
23°C (hours)

With regard to the creep results in Table 3 above, it should be noted that the
corresponding results for Example 4 of WO 02/34829 (mentioned previously in the



I
M 28/2 (9/10 nin) 703 770 770 770 658 658 Density (k /nB) 975.2 974.3
974.3 974.3 HMWV HW Exanple WX X X Y Z bl ock p2 0.45 0. 46 ﬁfgé 0,50 0.46
0. 46 NM’$§§H 403.5 403.5 403.5 409.1 461 Mv M 3.1 3.1 3.1%2'8%% 9 HM
/10 min 0768"¥9$4%%0. 11 0.11 0.08 .0.02 Density (k nB) 920ptTA343/H5:2920. 5
920.5 919.5 9192 Resin HLM /10 min 13322.0 14.9 10.6 18.7 10.7 blend M5
(/10 min) 0.33 0.45 0.33 0.24 0.34 0.15 HLM / M5 39.4 48.9 45.2 44.2
54.5 71.3 Density (kg/n8) 951.6 951.7 950.6 949.4 952.5 952.1 o(dPa.s)
390700 304900 349900 403100 347500 504400 92(dPa.s) 17400 16000 17600
19400 16200 18300 TglO 1.25 1.24 1.24 1.24 1.22 1.16 T 100 1.18 1.17 1.18
1.18 1.16 1.11 M (kDa) 11 11 12 12 11 12 Mv (kDa) 198 194 204 215 220 246

Mz (kDa) ,833 809 1 829 945 9 Mn/ Mh 17.4 17.2 18.6 19.9 20.1 FNCT
(hour s) 86@?”&?@%%83RT?&%gﬁymﬁggbh%¥éitbégNﬂﬁﬁeddﬁéﬁpwﬁaCﬂbébﬁhll.4wPa/ 350
342 317 Jd2R6nNRMNS XhAEB pHEOAE fsththat RR AR i o&ﬁ]g' Table 3 above, it
shoul d be noted t%at thlep corregpor?di ns Z@%Féxgﬁ#gr h{'%r'rpl e 4 of WO

02/ 34829 (nentioned previously inthel 1 S E P 2006 WD 03/093363

PCT/ EPOB#%%@I%,%@ ;_ciilscussi on of the prior art) were 403 hours at 11.2MPa

and 128 f ) - a, denonstrating that this prior art resin has
clearly i nfeTh®mapefabei&8NESolyethylene resin comprising a blend of low molecular

weight and high molecular weight ethylene polymers was carried out in suspension in
isobutane in two loop reactors connected in series.

Isobutane, ethylene, hydrogen, triisobutylaluminium (TiBAI) and catalyst (catalyst
A, comprising ethylene bis (4,5,6,7-tetrahydro-1-indenyl) zirconium dichloride prepared
in accordance with the method of Brintzinger as published in the Journal of
Organometallic Chemistry 288 (1995) pages 63 to 67) were continuously introduced
into the first loop reactor and the polymerisation of ethylene was carried out in this
mixture in order to form the low molecular weight homopolymer. The polymerisation
conditions are specified m Table 4 below. The mixture, additionally comprising the low
molecular weight homopolymer, was continuously withdrawn from the first loop reactor
and was subjected to a reduction in pressure, so as to remove hydrogen. The resulting
mixture was then continuously introduced into a second loop reactor serially connected
to the first loop reactor together with ethylene, 1-hexene and isobutene. The
polymerisation of the ethylene and 1-hexene was carried out therein in order to form the
high molecular weight copolymer. The suspension comprising the polyethylene resin
blend of the low molecular weight and high molecular weight ethylene polymer
fractions was continuously withdrawn from the second loop reactor, and subjected to a
final reduction in pressure, so as to evapbrate the isobutene and the remaining reactants
present (ethylene, 1-hexene and hydro ge;n) and to recover the polyethylene resin in form
of a powder. This powder was subjected to drying in order to complete the degassing of
the isobutene. The polymgrizat_ion conditions in the second reactor are also specified in
Table 4.



EXAMPLES.: 7- 11 The manufacture of a polyethylene resin conprising a blend of
| ow ol ecul ar wei ght and hi gh nol ecul ar wei ght et hyl ene polymgep X@&s
carried out in suspension in isobutane in two |oop reactors connected in
series. |sHutdndisset hyl ene, hydrogen, triisobutylal unini Ui gdb i BAN 2)32and
catal yst (catalyst A, conprising ethyhene bis
(4,5,6,7-tetrahydro-1-indenyl) zirconiumdichloride prepared in accordance
with the nethod of Brintzinger as published in the Journal of
Organonetal lic Chemi stry 288 (1995) pages 63 to 67) were continuously
introduced into the first |oop reactor and the polynerisation of ethylene
was carried out in this mxture in order to formthe | ow nol ecul ar wei ght
honopol yner . !hg Eoiynerisation conditions are specified in Table 4 bel ow.
The m xture, <&dFonally conprising the ow nolecular weight honopol yner,
was continuously withdrawn fromthe first |oop reactor and was subjected
to a redyction in pressure. so as to renove hydrogen. The resulting
m xture Jas then continuouslylﬁmvroduzﬁﬂ,gnto BEgerond [TlORgT ear Fgf”

Serl al | y Aunnect tao tha filrct | ﬂﬂp reactor O(]et her W t h et h ene
1- hexene ;rﬁicﬁ%opﬁlﬂe%m%e pol yer | $6t0 on of | 5.8e et hy léene and ghexene
was carrilgd out {ESLRLHL LT Ofder—to—fprmthe—hi-gh—rolqoul

copol ynerl. The syispension conprising the pol yethyl ene fesin bl and of tgre
| ow nol equl ar  we| BRC,28o1P4)gh o103l ecul g ga€i ght| §pETyTen ,Opmi ymer T~ fracttons
was contilnuous| ylwithdrawn fdomthe second | oop Treactorn, and sub?‘gét ed

final reqlucti on ﬁ(p@bssure, 88 as to §0ap0rat 80 he i sqQlgot ene aphgpt he
and-—n rlrnnnn\ Aand t o

remai ni ng react afy - et itethyten hex
recover fhe DO|VEFE§/TU§I§ resi|A%n for nlzéf a mér Th|1§9povmler1-\lﬁs

th a

subj ect el Reactdf Y| QF (nibl@h der [19 ocOMPI Ef gl NE UEPEs ST 11y ‘ib7 te utene.
The pol yperizatipn-conditiong in the second reactor ar¢ al'so spez?l‘yi ed in
Tabl e 4. 1 S H Pomgagmenyp )3%@8@363 POTXdER03) Diadde 24-HeABhE 1 ¥xené EX.
8 Ex. 9 Ex. 10 Ei= L,L\/u ,u¢“.“5.8‘:.1401£nrmnnm=r-
- - H2/CP- (nol 9 H?fﬁo@%%zs BO 0u’§ o5 |00 00 100

Cs /Cy (mol%) 7.9 7.3 6.2 8.26

| T (°O 75 75 75 75 75
Res time (h) 1.17 1.02 1.09 1.08 1.08

The measured properties of both the low molecular weight polyethylene resin
fraction and also of the final polyethylene resin are specified in Table 5, together with
further measurements of the capillary viscosity (30/2 die) and dynamic viscosity.
Calculated properties for the high molecular weight resin fraction are also given, with
density calculated according to the following formula:

resin = 0.56p;.d; + 1.003p,.d; + 0.00048p;.d;.d; where py, p; are the weight
fractions of Block 1 and 2 respectively, and di, d; are their densities.



T (C 80 80 80 80 80 Res tine (h) 1.22 1.25 1.31 1.29 1.10 Reactor C2a

(mol % 12.9 11.8 11.8 10.7 10.7 2 Conononer 1-hexene 1-hexenet}- hex
H2/C2 (nmoi% 0.0 0.0 0.0 0.0 0.0 C6 /C2=(nol %9

1- hexene

1- hexene

g

9

.9

7.3 6.2 8.20V0134%§6375 75 75 75 75 Res tinme (h) 1.17 1.02 1p@BgpyiRzk 08
The measured properties of both the | ow23ol ecul ar wei ght pol yethyl ene resin

fraction and al so of the final

pol yethyl ene resin are specified in Table 5,

together with further neasurenents of the capillary viscosity (30/2 die)
osin’frackaB IS Y s given, with’ dbnSity cal cul ated Sccording Lo the
A TR R P L R A A
are their| IddM5i ti esg}xl |_‘1, 4SI4£P ?93? O.MHOELOQG.:'E?BJ\PEE[SEPE? 94%2 kﬁg{A:\BﬂL 5
o 17( 5;( 1d Ilrlﬁl%?f) 9_4:?( hMia T} (30 mink 74éé.vilw(  #6t or | 25-3Dens 20y (kdiae) 97p. 5
0.03 0.04 0°03 0 0p B S RDFhhl o) [ Lovdi Ly [lcal m 99373 033713919 82821. b
925.1 Rgsin bl end| Mbbxéng/(g@g)i n)| V. 14 0. 1R60. 20 (818 0. 2F HLM [{g97 TOm p)
56 5 7 §—3—F—dFePD—tlM— M5 40 47 5 4115 39 4137 6 Densityv!(ka/ m
951. 7 953 19V852 0 bEBM (649 min) gof 4P s) 508080 528860 449200 45GRMD 420700
92(dPa. s) 7R QCai B AR "0 PO T9331 9199 9216 9251
Resin blend | MIs (g/10 min) 0.14 0.12 0.20 0.18 0.21

HLMI (g/10min) | 5.6 157 8.3 7.1 7.9

HIMI/ MlIs 40 47.5 41.5 394 37.6

Density (kg/m’) 951.7 9529 9520 |952.8 |952.7

Ko (dPa.s) 508900 523500 | 443200 | 456300 | 429700

Pz (dPa.s) 22600 21400 20500 21700 21000

Ho/H2 22.5 24.4 21.6 21.0 20.5

To.o1 (Pa.s) 831310 919000 | 708500 | 766160 | 650070

m (Pa.s) 52524.1 54407.8 | 46124.7 | 49268.6 | 45068

Moot/ M 15.8 16.9 15.4 15.5 14.4

ENCT (h) >3000 >3000

Compounding

To the resins of Examples 7 to 11 were added, per 100 parts of polyethylene

composition, 0.3 parts by weight of antioxidant IRGANOX® B225, 0.3 parts by weight
of antioxidant IRGANOX® B900, 0.1 parts by weight of calcium stearate and 2.25

parts by weight of carbon black.

The resultant composition was extruded on a compounding device comprising a

melting zone (single screw extruder, 90mm screw diameter, 24D length) and a

homogenising zone (single screw extruder, 90mm diameter screw, 36D length) at a rate

of 40kg/hr and with a residence time of 540 seconds. At the end of the compounding

device, the resulting compound was passed through a strand pelletiser and pellets of the

resulting compound were recovered and examined. The results obtained are presented in

Table 6.



go /g2 22.5 24.4 21.6 21.0 20.5 1lo.0i (Pa.s) 831310 919000 708500 766160
650070 ill (Pa.s) 52524.1 54407.8 46124.7 49268.6 45068 110.01/ 7 15015. 8
16.9 15.4 15.5 14.4 FNCT (h) >3000 >3000 Conpounding To thé ¥ &§F ¢
Exampl es 7 @ sshoyggse added, per 100 parts of polyethylene conposition,
0.3 parts by weight of antioxidant I'RGAI\pX(r) B225, 0.3 par tRCTRPOMRO#IAL  Of
antioxi dant | RGANOX(r) B900, 0.1 parts BY weight of cal cium stearate and
2.25 parts by weight of carbon black. The resultant conposition was
extruded on a conpoundi ng device conprising a nelting zone (single screw
extruder, 90mm screw di aneter, 24D length) and a honopgeni sing zone (single
screw extruder, 90mm di aneter screw, 36D length) at a rate of 40kg/hr and
with a residence time of 540 seconds. At the end of the conpoundi ng

devi ce, the re3be tirhon blackpdispasion paraafess (IR Lafle s ifA06REL, €L i ser and
pell ets of gsheq reiul ti nﬁncgggound wer e recovered and exam ned. .The results
obt ai ned aP ﬁ-ﬂ) Y OBATTE P HITe g macrgscopy ingepodarp(6 ISOVNB 53/ PA3AERrsdén,
PCT/ EPO3/ 0433wer the ntmibBie BLat Kol RSt sicgN AR &l ters (her der called
di spersion and distri but i on t?{511:rfeoq]r(%easulfdé) ‘331 egﬁégli%‘i(}%}i ‘ggglébdﬁ*?déﬂce to
| S018553. Ftr Canespldy, dhegrsins eftbe irweation haﬁvd’wdlib[ﬁfrsiblﬁl%l&@ﬂiérﬁicboxfdﬁ'ig to, this

I

di stributiginqg j | l.pwe A2, . Bl, BZ, etc. Generally, the
resins of the ﬁl\‘ﬂé]?l%}ﬁqgﬁoﬁeéft/@mafa?gB§¥S§%HIO&W%IP6H°%GW%Whm this

st andar d wexktokded snd pelistis¢diiar stngl@pgssa di stribution quotation better than
B2, when extruded and pelletised in a single pass. Exanplte Carbon bl ack

Carbon bl ack di bpeamspler) Chlsdn 1HM4HK [0Barbdén bk 8 0-7 A2 9 0.6 A2 10 0.6
i dispersion distribution
17 0.3 A2
3 0.7 A2
9 0.6 A2
10 0.6 A2
11 0.4 A2




11 0.4 A2 1 1 S EP 2006 WD 03/093363 PCT/EP03/0-1232 27 Cains: 1. A
pol yet hyl ene resin conprising from47 to 55 wt % of a hi gh nol ecul ar wei ght
pol yet hyl ene fraction, and from45 to 53 w % of a | ow nol ecul ar wei ght

pol yet hyl ene fraction; the high nolecul ar wei ght pol yethylene fraction
conprising a linear |ow density polyethylene having a densiltly S6P 28som
0.913 to 0.923 g/cnB, and an HLM of from0.02 to 0.2 g/10m n; and the | ow
nol ecul ary,Weh@M;pol yet hyl ene fraction conprising a high density

pol yet hyl ene "having a density of at | ast 0.969 g/ cnB and PAT/BROY04B22) of
greater than 100 g/1Omn; wherein thé relationship between the density D
of the resin in g/cnB and the weight fraction of the | ow nol ecul ar wei ght
fraction Pl is defined by 0.055P1 + 0.916 < D < 0.034P | + 0.937. 2.

Pol yet hyl ene resin according to claim1 having a dynam cal viscosity
710.01, neasured at 0.01 radian/second, of greater than 200,000 Pa.s and a
rati o of (simam cal viscosities nmeasured at respectively 0.01 and 1

radi an/ second, 7]10.0 /711, of greater than 8. 3. Polyethylene resin :
according-to dtRRVTRYIeReIesRgombrIsHE Fegmfaite b @tirfarhigh solessler weight 1. 2VPa
and at aphRRENEIEAL Wabid, akBEohlu RucChHGR ' A
performeg on a 2mnat rlﬂ ¢k doabone-os apeatog?Eioaﬁﬁog‘{c(a}s/azlﬁ%%}éggﬁe%h?’%g’?eater
t han 500 franbeiks. 4. A pol yethyl ene resin having a dynami cal viscosity

t han 200,000 Pa.s and a

710. 01, neasured.at, 0.01,. radian/second, of greater

ratio of UG 5@1‘%’&?”\% yeisht Pi?lggt%y(?@ﬁg‘i‘?ﬁé@‘ W&@%{W%Ilw demityand 1

radi an/ s thylefid Qadhé b Bensi®f of GF &n3tHa d | 2006 WO
03/ 09336%62% EGPO,S? 04232 nszlg“%o cfﬁlglbleglr}?et&]@gtz §§/C§?F %ﬁ%@%%@f gr@a a

t enper at (¢ B8-2¥10m88; in a creep test as previously defined perforned on a
2mm thi clo, §4A960% IARE Y ALAGR Ay 1SR fackiSs bnpRling BT ient 2"
polyethylene having a density of at least 0.969 g/cm® and an MI, (8/2) of greater than
100 g/10min;
wherein the relationship between the density D of the resin in g/cm® and the weight
fraction of the low molecular weight fraction P, is defined by 0.055P, + 0.916 <D <
0.034P, + 0.937.
2. Polyethylene resin according to claim 1 having a dynamical Vviscosity Mo.oi,
measured at 0.01 radian/second, of greater than 200,000 Pa.s and a ratio of dynamical
viscosities measured at respectively 0.01 and 1 radian/second, No.o1/N1, of greater than 8.
3. Polyethylene resin according to claim 1, having a time to failure under a stress
of 11.2MPa and at a temperature of 23°C in a creep test as previously defined
performed on a 2mm thick dogbone-shaped plaque of said resin of greater than 500
hours.
4, A polyethylene resin having a dynamical viscosity no.o1, measured at 0.01
radian/second, of greater than 200,000 Pa.s and a ratio of dynamical viscosities

measured at respectively 0.01 and 1 radian/second, ng.01/m1, Of greater than 8, and a time



500 hours. 5. Polyethylene resin according to any one of cl ai 22to 4,
wherein the dynam cal viscosity ilo.oi, nmeasured at 0.01 nggg’:ﬁ/ gqgcond, i's
greater t{Rayfes900 Pa.s, and the ratio of dynam cal visegsitles measured
at respectively 0.01 and 1 radian/secogd, r10.01/711, is é:& {'#H%8han 10.
6. A polyethylene resin according to any precedi ng claimwherein the
density of the resin is at least 0.945 g/cnB. 7. A polyethylene resin
according to any preceding claimwherein the HLM of the high nol ecul ar

wei ght fraction is from0.02 to 0.15 g/10mn. 8. A polyethylene resin
according to any preceding claimwherein the M2 of the |ow nolecul ar

wei ght fraction is from200 to 1000 g/10m n. 9. A polyethylene resin

accor di ngotfaihat pse@edifmgzMRaidﬁdwrt@:hgéx’atuwgf@@@?inté/creép teb 13 ﬁéﬁ&hs?' ecul ar
wei ght fraction is fromQ0.915 to 0.922 g/cnB. 10. A polyethylene réesin
accor di nglefisedipgrigsmed eaiafanm |t1aplﬁﬂmf@meisganeﬁ@laﬂ@ngfsgﬁd ofsin, pfigrehentinm| ecul ar
wei ght fraptjpr. is from0.970 to 0.990 g/cnB. 11. A polyethylene resin
according to any preceding claimwherein the polydispersity index D of the

| ow ol ecul ar Redyegtiplerferragin acoordiag ta s éhetod chims 220 4 AvhR@bnahOMyRfRcdiesi n
accordi ”q,-t o-.fn%é’s)r ecedi gg §hﬂl rRinl\_,per ein.the polydispersity 1ndex D of the
hi gh nol eCHPEP Vet ght*syiF £9- ey g g geger than S00.8¢) YesmpHdite resin
accor di ngafi®@obdaiical et eXties nddaghieh &t Rbpbctib8y 8NSIbY dadian/EQEU0- 948 to
0.954 g/cnB. 14. A polyethylene resin according to any preceding claim

wher ei n ther/ My 1greader thamkl.3 to 50 g/ 1 Onin. 15. A pol yet hyl ene resin

according to L ng..cl.ai rein_the re] ati onshi et.ween t he
density D’ of ?ﬂémgée@?%g% ﬁkglg“/?l@@ aﬁr%k A PIREFYRE c#a}rg& Koiim ﬁ}e ‘EH%MQJS\/
mol ecul arthe weinghbt 1basa0946g/dh®, is defined by 0.055P, + 0.919 < D < 0.0341

"+ 0.939., 16. AA‘ glo%%elt hgl ene resin according to any preceding clai mwherein
the ratid-HLM POIYRIPYIepgTesin acgordingdg any peeceding i thieesas theddLM1 of tha

pol yet hy lgsnembRekIRr REiGRY Bidlon tOHEMD. ¢ LN i m whi ch has a carbon
bl ack di spersion par grret er gf 2 or bettefrjj, Qg(r)l@hg carbon bl ack distribution

par anet erS- of BopdlyethylensresinmcogUg to\any 8re0edi 86 8laRCWhERMBIEAZB DS the
low molecular weight fraction is from 200 to 1000 g/10min.
9. ' A polyethylene resin according to any preceding claim wherein the density of
the high molecular weight fraction is from 0.915 to 0.922 g/cm’.
10. A polyethylene resin according to any preceding claim wherein the density of
the low molecular weight fraction is from 0.970 to 0.990 g/cm’.
11. A polyethylene resin according to any preceding claim wherein the
polydispersity index D of the low molecular weight fraction is from 2 to 6.
12. A polyethylene resin according to any preceding claim wherein the
polydispersity index D of the high molecular weight fraction is from 2 to 6.
13. A polyethylene resin according to any preceding claim wherein the density is
from 0.948 to 0.954 g/cm’.
14. A polyethylene resin according to any preceding claim wherein the HLMI is
from 3 to 50 g/10min.
15. A polyethylene resin according to any preceding claim wherein the relationship
between the density D of the resin in g/cm’ and the weight fraction of the low molecular
weight fraction Py is defined by 0.055P; + 0.919 <D < 0.034Pi'+ 0.939.
16. A polyethylene resin according to any preceding claim wherein the ratio HLMI /
MI; is at least 30, preferably at least 35.
17. A polyethylene resin according to any preceding claim which has a carbon black

dispersion parameter of 2 or better, and a carbon black distribution parameter of B2 or



29 better, as neasured by mcroscopy in accordance to ISOlB,S??S f%éowi ng
extrusion and pelletisation in a single pass. 18. A polyethyl (grfn)e sin
accor di ngwmovaton 17, wherein the carbon bl ack dispersionpcparpasgies is 1
or better, and the carbon black distribution paraneter is B 1 or better.

19. Use of a polyethylene resin as defined in any preceding claimfor the
manuf acture of pipes or fittings. 20. A pipe or a fitting conprising a

pol yet hyl ene resin as defined in any one of <clains 1 to 18. 21. A process
for the preparation of a polyethylene resin having a binodal nol ecul ar

wei ght distribution which conprises: (i) contacting ethyl ene nononmer and a
first co-reactant with a catalyst systemin a first reaction zone under
first polbetrer, bsatchametondii¢roamnpy tiagoatincetoASH18SS3, Folly@ipydxension aaad (i i)
cont acti 33% et hyl ene nmpnoner and a second co-reactant with a catal yst system
in a sedGHEISPHIR LG dAEERESunder second pol yneri sation conditions to

pr oduce seco, : \; : j I hyl ene;
wherein ?1 F?'e pol?ggltyﬁglllyg&;l%%rlsléﬁsa?%oﬁié}ﬁ%?(gge]lh ;13 |e?19§rt11§/é %aiﬁ%rf)gllaér{rlg&fg?rgoﬁl, and
one of t haranmteriedat batter, gl thy daibge blaak disthieitivhparanm &etis BINGHHREEY,

conpri si a 1-olefin containing from3 to 12 carbon atons. 22. A process
accor di nagto é#lsfi%aﬂlwgi%eé‘ééﬁ dEfg‘Ef‘éil apy glrseding chimrfosds (a) a

met al | oc%u%wbiﬁggpgag{% conprising a his tetrahydroi ndenyl conpound
of the general formila (IndA4)2R'M® in which each IndH4 is the sane or

di f f er ent20and A gipetastarfiihpglconpusng |a polyeshiietd resin @d deBhedinyeayonadényl , R' is
a bridge i cq cggpri ses a G- 4 al kylene radical, a dial kyl germani um or
silicon &ref 49 e, or an al kyl phosphine or am ne radical, which bridge

i S substigfjut eds gfocdsSaP el dratia@sionM 1l I ' nadi um and
each Qis hydr ogaorcbﬁlldihaviﬁrn%ﬁl 1o 25‘%%6?6”3&%%%%%%%&?%@8@ and (b) a
§

cocat al ygeolehilarhweight digiribstioathwhishicampssesconponent . 23. A process accor di ng
to claim21 or_clai.m 2t Merei n the first. and secon ol yethyl enes are
pr oduced Pn t v&gn{agg%g 8#21¥ NS FONRMST %fe%grs E%BWfaﬁbwftg acqpaéﬁl LSEIFRSR Bin the
two reactMtsedtRnGORO efde@ dirkthol ¥ drisBon conditions to produce a first polyethylene;
and
(1)  contacting ethylene monomer and a second co-reéctant with a catalyst system in
a second reaction zone under second polymerisation conditions to produce a second
polyethylene different from the first polyethylene;
wherein the polyethylene resin is as defined in any of claims 1 to 11, and one of the co-
reactants is hydrogen and the other is a comonomer comprising a 1-olefin containing
from 3 to 12 carbon atoms.
22. A process according to claim 21 wherein each catalyst system comprises (a) a
metallocene catalyst component comprising a bis tetrahydroindenyl compound of the
general formula (IndH4),R"MQ, in which each IndHj, is the same or different and is
tetrahydroindenyl or substituted tetrahydroindenyl, R" is a bridge which comprises a Cy-
C, alkylene radical, a dialkyl germanium or silicon or siloxane, or an aiky] phosphine or
amine radical, which bridge is substituted or unsubstituted, M is a Group IV metal or
vanadium and each Q is hydrocarbyl having 1 to 20 carbon atoms or halogen; and (b) a
cocatalyst which activates the catalyst component. |
23. A process according to claim 21 or claim 22 wherein the first and second
polyethylenes are produced in two reactors.
24. A process according to claim 23 wherein the two reactors are connected in

series.



