WO 03/ 093363 PCT/ EP03/ 04232 POLYETHYLENE PI PE RESI NS The present invention
relates to polyethylene resins, nore particularly those suitable for use
as pi pe rweinmyszand to a process for produci ng such resi n®CTHPE3/M28%5ent
invention also relates to the use of polyethyl ene conpounds conprising such
resins for the manufacture of pipes and fittings, and to such pipes and
fittings thenselves. 5 Polyol efins such as pol yethyl enes whi ch have high
nol ecul ar wei ght generally have inproved nechani cal properties over their

| ower nol ecul ar wei ght counterparts. However, high nol ecul ar wei ght

pol yol efins 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 inportant. These
enhanced properties are nore readily attainable with high nol ecul ar wei ght
pol yet hyl ene. However, as the nol ecul ar wei ght of the polymer increases,
the processibility of the resin decreases. By providing a polynmer with a
broad or binodal nol ecul ar weight distribution (MAD), the desired
properties that are characteristic of high nolecular 15 weight resins are
retai ned while processability, particularly extrudability, is inproved.
There are several nethods for the production of binodal or broad nol ecul ar
wei ght distribution resinSPOhﬁMETHhﬂM&NEh@HHEBi&HNB in series configuration,
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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 catélyst 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,



EP- A- 0881237 di scl oses the production of binodal polyolefins with

netal |l ocene catalysts in two reaction zones. The netal | ocene catal yst
conmponentwomajoeidses a bis- tetrahydro indenyl conpound of PCh@&ErPgenesal
formula (IndH4) (err)R*MY err) in whicl2 each Ind is the sanme or different
and is indenyl or substituted indenyl, R'" is a bridge which 10 conprises a
Cl-4 al kyl ene radical, a dialkyl germaniumor silicon or siloxane, or an
al kyl phosphi ne or am ne radical, which bridge is substituted or
unsubstituted, Mis a Goup IV netal or vanadi umand each Q is hydrocar byl
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EP-A-0989141 discloses a process for the preparation 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 t;o gether 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 resins 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



i npact resistance, and are corrosion free. Unless polyethyl ene pipes are
reinforced, 5 they are however limted in their hydrostatic resistance by

t he i nherwoto3logsgeyi el d strength of polyethylene. It is gecarERos/ys2azcept ed
that the higher the density of the pdlyethylene, the higher will be the

| ong term hydrostatic strength. Pipe resins are known in the art which are
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when used for the formation of pipes of specific dinmensions, survive a |ong
term predsschpipeest at different tenperatures for a period of 5,000 hours.
Extrapol at i have an extrapol at ed

ccording to | 9080 ows that t
20C / 50 ye?r?%ye yeélgé’l%f“g aLe Widswetse F‘% ebflar‘?)lﬁqi“é(%t ngtcandie €aH dence | evel
" LPL" )as@imiibd b AionSwalkhel b diidhyled8h& di® BivB8edoll @le;d%ﬁltﬁé}ldf or

pol yet hyl ene pi pe resins whi ch exceed these test requirehents.
Currentl lmpaﬂcrpsmt@rwe@mre nerrosn@n fieg heslessyadyetizylend pipstare ngnforaetlj ch can be

t ol er.at bas on 0 stress/lifetjme

rel aPi oﬁgﬁl Fe ngerﬁ‘él?fg‘%lr O%’é rﬁ%ga’geg’ﬁ%ﬂlhﬁfeﬂ%’ ]rds is an LPL of
10 MPa. sﬂ@hﬁh%@bbl@@tﬂ?]’éﬂ§ Ith éheﬁ'ﬂy]a‘% fp't&ﬁﬂhﬁ‘t thd RRyheems idbysiQfortiie current
basi ¢ powder used in the uctl on of a_ PE100 conpound i's close to 0.950

g/ cn8 ( tBphvetialeng, the dighor 9’419 b@ thegomstprmy hydyostetiy yirengtic hPipe resiisyree hy| ene
= ' , i )i donsit]
e S U ARG A AU Shach R g densl

produce classifishtion m/dmhbwamsn 2089 MEANE0 12162 These bey polgdthyled REinsi S capabl e
of vvlthsta,ndl ng an stress of 12.5 MPa at a tenperature of 20C for a

per i 18d orhiglywhenpsed Us‘ihﬁ domkion Of rapRs of SRS GHMEHSIonT: SEVEV ey long &dh a resi n
I's kno ul% test ﬁ (ilgéreﬂf ﬂﬁ)'erzftll‘gr%é for aI(B'éfl ﬁ@f' 5 1’50(5.l ou?s5 Egg léritﬁ)%l ns are

comrerm a 'y ava own e art t ey conponents for
a good I%Ecdrdﬁlgrteﬁﬁh 988@shdwes thatahdyi melanmxbﬁpo@téd)\MO?@Véqum smwsgha hi gh

ty ttl br a SCB) d t
oot BORABLSE Dol s 5L ey Sk, Shai PLECE ) 0, (5C0) e <o
resin wqtﬂaréusgmeaaaimeaﬁrfomgaa 18hiSCR i3 Y Hisalck¥a mRQ! gt hy! ene resi ns

of such corrp05| tion are pro uce ina cascade react or process usi ng
Zi edPer rpautitemnents hsrently, founsdyeshylenerthehighest @mrosretm; sirdigénwrhictlichd be ent

P S, DAMERE RRSEDS o S B R RSBl ST, 2 oPRosed,
react or .terioMRNES of JONYTbERApertl ST\ ars 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/cm® (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
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nol ecul ar weight mcroscopic particles (referred to as gels in the art)
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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 of 0.922 g/cm’ and HLMI of 0.25 £/10min in the other Example. No data is
given 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/em’ 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



5 characterised by dynam cal viscosity neasurenents, conpared with those of
the present invention described below. W have found that by selecting a
parti cul awoaaid3niat i on of properties it is possible to olpCcairros/eesns with
superior properties to those of the pSior art. Accordingly, 5 the present
invention provides in a first aspect a polyethylene resin conprising from
44 to 55 wt % of a high nol ecul ar wei ght pol yethylene fraction, and from 45
to 56 wt% of a | ow nol ecul ar wei ght pol yethyl ene fraction; the high

nmol ecul ar wei ght pol yethyl ene fraction conprising a |inear |ow density
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pol yet hyl ene resin of the invention. 20 The present invention also provides
a pr oces8wptlequins wiighypobicttofenstirastipnl yet hyl ene resin having a bi nodal
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pol yet hyl enghbfeatine Q8laG ALY 1tRerfthb UARRY D OM¥LE 888 IVe/em® 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 polyethylene
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 (1) 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 44 to 55 wt% of a first polyethylene fraction of high

30 molecular weight and from 45 to 56 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



pol yet hyl ene having a density of 0.913 to 0.923 g/cnB, and an HLM of |ess
than 0.2 WO 03/093363 PCT/ EP03/ 04232 6 g/10m n and the second pol yet hyl ene
fracti on worppdBsshg a hi gh density pol yethyl ene havi ng aPdarEpos/g426f at

| east 0.969 g/cnB and an M2 of greater than 100 g/10m n, and the

pol yet hyl ene resin having a relationship between the density D of the resin
in g/cnB and the weight fraction of the | ow nol ecular weight fraction Pl
defined by 0.055P1 + 0.916 5 < D < 0.034P1 + 0.937, wherein one of the
co-reactants is hydrogen and the other is a cononomer conprising a
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g/ 1 0m ng.15g00emne preferably from 0. 02 to 0 1 g/ 10m n. For the | ow density
fraction, the density is preferably from0.915 to 0.922 g/cnB For the high
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of the resinis fromO ef'éra romO0.948 to
0. 954 gDhcn@03frefeoadly, for the pol yet hyI ene resin, the HHM is from3 to

509/ 10m n, nore ferably from5 to, 2 /10m n. Inth| ecification the
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15 48 and 53 weight %. It preferably comprises at least 46 % by weight of the first

polyethylene fraction of high molecular weight, most preferably at least 47 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/cm’
For the high density fraction, the density is preferably from 0.970 to 0.990 g/cm’,
more preferaioly from 0.971 to 0.980 g/cm’.
| Preferably, the overall density of the resin is from 0.945 to 0.955 g/cm’, 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 5to 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 MI, 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.



30 neasurenents have al so been nmade using an 8/ 1 die, which gives val ues
slightly nore than 0.05 of those with the 8/2 die. In this specification
t he densiwg B3®93easured in accordance with |1SO 1183. WO 0PCOFEPBH®B1232

PCT/ EPO3/ 04232 7 For the high density polyethylene fraction, the

pol ydi spersity index D (represented by the ratio Mv Vh as determ ned by
gel perneation chromatography (GPC)) is preferably from2 to 6. For the
| i near | ow density polyethylene fraction of high nolecular weight the
val ue of polydispersity index Dis preferably from2 to 6. 5 Preferably,
t he overal IFqucthqhitgh;deﬁsigf pcﬂyétlnylbtws&a:tim,l the pblydispesignindek & (regretented MV Mh
from8 to,_40. rabl ,, the ensity fraction i o] ymer of

et hyl onb diecasis SFHEI & et Gebiy or! egmmeation FEOMPERrSCFEILA! bon at orrs.

More prg fe%r%lbrﬁorﬁ D% 150%9&1@%&% II)\K/%%ﬁsh@rbolyeﬁafﬁ}erfeOfP&&MH%f high ethyl ene and
but ene, pent ene, hexene and/or octfen Preferably,” the high

densi t yIIfOtlc};u wisighs thervaduehgfl pohyalisperstp aidend? is préferablyefemt 2 tm.ent or s have

compbsi {1 ort ot e el G BN P ERE 1 2 el or B ABEBM O mechani ca

pr opertwmmﬁamtm«)em nis used as a pipe resin, V\:hi I e mai ntaining or
i nprovi ng rocessi ng behavi our as conpared to_ known e resins.

Typi cal | y, Yisérghlpehe oy density figeldenic agopelyaet of eihnlese w anothes alphoent i on
hi bi h |
exhi bi t Pﬁﬁg'c\%ﬁ&{néféfg%% I@)ﬁllkznc%b%‘ﬂt g(%x{xﬁh&% @P&?ralégn ¢ 18&%%{1.«@{]&&@%5 at | ow

t enperature a b er cr ance e currently

obt ai nab :ecopblyh® oifymgldhe&n@s&tlam mhyipenwrepﬂiddeﬂgaﬁcﬁoﬁdweﬂenventl on are
therefore well suited for the nuf acture of pipes, in particular high
pred@ure pibEtray th ?é%gmd?éﬂ%ﬁ%ﬂaeﬂiﬁrbet%ﬂe@q BYRORAYMEAnen used for the

manuf act ur ggl’g«{]prgéelﬁ?ﬁwe}l{&? FRihdahs sath ﬁ&s (gfpto tlﬁ}ll@x{%dﬁélu Lizpysual

addi tives as anti oxi ant s, anti-acl s an rant s neral ly, the
pi pe r especHicproathositidn] mokctlar Wangheamii dehsityhean proeitei canelExhinbchiangal ti me t o
failure undg the ENCT test specified.in I%@DI S.16770, performed at 80C
under 5PRETEE WhER ll?nreilﬁkﬁﬁse 2 PISiTRRR SV HIAAAIMAIIRE OhiTRTEYaE o' pl ates

conpri Sbf&essﬁ%%hﬂ%@ﬁlpﬁsrboﬂ%%eﬁ kRbwARbipe@ashs. IR QYT de pigrdb&ad | N9 good

slow crack growth 25 resistance. The resins of the invention are al so
bel i &vedradocehiowegmdahoevadpthe ésiestiemedibiCr bigher dewicsach rgc@w‘bsesnstm@al |y

reasur egn ﬁﬁ:p%rc stre%g%h at IloSchl) té‘r%y?e?atgr% v:éhzlle mamjcamlng a |E)et:f:'er créep 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 ISO DIS 16770 performed at 80°C
under 5 Mpa stress on 10x10 mm specimens taken from compressed’plates comprising
1600 um 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 least 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.



pipes to determne the lifetinme prior to failure at a tenperature of 20C
and a stress of 13 MPa, 13.7 or 13.9 MPa. The resins of the invention are
anti ci patwo B0933ave a creep 30 resistance of at |east 500 PoEEPS3/64262
typically above 1000 hours at a tenpesBature of 20C and a pressure of 13
MPa, and a creep resistance of at |east 500 hours at 20C and 13.7 MPa, and
in some cases a creep resistance of at | east 100 hours at 20C and 13.9 Mra.
WO 03/ 093363 PCT/ EP03/ 04232 8 Creep resistances at such | evels nean that
the resins of the invention could be assigned a mninumrequired strength
(VRS) r dvicalresistaces #guelnleyple mesntpriigoetnsofthd amventiahéontd beassiggber t han

the MRS rat | 1L such as, a -2 rating or even
an MRS 12321.(1)1 n?]télﬂql%a&ﬂ%? ceﬁgégggi%sm@@ %{:Cpﬁgpﬂgz@"th‘? L@ﬁ R]&H§§§ta‘ngz[1r ngis 5

det er mi nehich éciiphbrriart the MBS 20 k8gGRr PRROOesidNduthes MV FRRAYI T ed
strength MRS is fined as a classified lower prediction |limt (LPL) at a

d .
97.5 % c%r?ﬁ’?’ﬂ%é@§ﬁ%-érr%ﬂ& whishjequptesito o PR 5T resine Tpisarténg isehavi our in the

above creeRntssitscSa rform.ng creep tests anples in
t he shape of l'fegloggoneihé% £ %Pattrrlg{é& ? &gﬁ@cagrgrﬁreeléﬁsﬂngl%mr{ﬁﬁﬁugﬁgcf?ﬁe@%tpz\%gIlsar

pl agues dedfimedgs achsnificthlowehpielictios linfit (APOYLt 29T %@tonkRlehid @asRs of 11.2MPa
or 11.4MPa. ,The resins t%f the present invention preferably have a tinme to

failure in t'HQdicaten gf thg expacied behayiousdn theqipoye eisep tesisicarbe obipined. 2\VPa, and
great er byt heRnAR Beuy Ssit 85 b B« 0 ith the

i nventi or%’t may ‘bg%pr ée%{arsgd ugﬁ%égﬁ?r%% gﬁ?%?in%&bgg%aﬁc%@%&é preferably a
bi s- t et rcampagssionderiiled rEeaguiatdduos baengahamiml thickhey dfaBoutenm, at

h ' i.gh -t hi nni behavi | han k bi nodal PE
100 PoseSEant L AR TL VBT ER: P had ian Bipion deetFEhie wRen bei ng

ext r udedingd tol oM e &is tesBd2FeaMIeRan VOIS Bt REBess Y
i nj ection-noul di ng capabi If?g'?y for nthe resins Wn%srﬁ ué’ggﬂﬁba%dr%rgﬁtgre

i njecti dhandn ) hpatgs forgé4MRa i ngs. The pol yethyl ene resins of the invention

can be prepar risi .ethylene .20 to oduce t ol yet hyl ene

fracti oP\s ﬁg\sﬁﬂ%%‘?ﬁ I}ad%g%tW{‘r%r}bﬁ‘gémeﬁowaaﬁte?%r&mf% ERTG] 9@@6% ghydensi ty

and | owcdiahst mprmbﬁwiﬁlyhbﬁaeﬁrit@@fdiﬂd&%’l () hmiob@fmcatwﬁﬁdrﬂé?%r@ bi modal
y

nol éul aL wei ght_ distribution, The high density and | ow densi .
pols t hy

hy Fagerijadhn g @ﬁgeféﬁﬁﬁréh%mﬂélehﬂ/‘évv than keaen bimodalsiih gP@resimact or usi ng
cal cul ared TRESTer ress pgor YR bR LRl el S o PR Gt Fon ™
pr oducedated whert feemjingepipes, entl gartdahjeo@pmoulding 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
produce high density and low density polyethylene fractions. The resultant blend has a
bimodal molecular weigh’_c distribution. The high density and low density polyethylene
fractions can alternativelyg 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 i, greater than 21,000 dPa.s. p; 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

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



catal yst, and nost preferably with the TH catal yst, generally have a | ower
capillary wviscosity 2 than commercial PE100 resins. Preferably 2 is |less
than 21, 0W00d@23383 in contrast to known pipe resins prodecaFErosiirg
Ziegler-Natta catalysts, which typicaly have a2 greater than 21, 000
dPa.s. 2 is the value of capillary viscosity which is 30 neasured by
extrudi ng pol yner by neans of an extrusion device, which incorporates a
piston in a cylinder, at a tenperature of 190C through a cylindrical die of
| ength 30nm and di aneter 2mm at a constant speed corresponding to a shear
rate of MEBUEPEthe foseedranpmitdin/ the p38B dROTLEROGI0AR 32 thedistoasThé ng t he

force tr n.durin descent of f{he piston. The

cyl i nder gé %%ngljd%xﬁ?gdj ]&/f%fsq?sénf é%%ﬁﬁ%(%ﬁ%%re%lé?m«?m%o£@au' rements of the
cyl i nder éminﬂémsﬂdﬁ\dleﬁﬁe us&rfof ﬂmdttym&ktrﬂeabM%nﬁ%@é&a mh?e stnd g{og' ng to
t he stanggrd ASTM D 1238 (1996). The 2 value is then a cul ated by using

the equafPdM Dlltzégﬁl%)ﬁrﬁh@bé’ahﬁ igthen salcplateddryassing the eipmtivnam, * 23.68 exert ed

by.t t d
Gocanpur Sab MhsEs Aot WRARUEAORA cxeREH 1 B Rl Surfihhe Bieigreenthe
pol yet hy}lmm)d alnd$s mrmecﬂuc&daN@Wi@ﬁ@@fadamre% phistdxprdssaaeantdr@l, and obt ai ned

with the pr red nme allg,gw%ncatal yst, and especially with the nost
preferred T tapyst'e Pgeti B yesks\REOdicqq Hnpacerdaper wish the inyent®n, at 0. 01

radi an/ Sﬁﬂ%lﬂ&i Wih el }Bréfe%& %eﬁlﬁ@éﬁrﬁa%%aﬁg%sg&?al @%1 hagntrast,

known pi pe resins produced using Zie sthﬁér\l/ a (err)(err)
| ess thame&c:@damﬂ cptalyst, generalﬂyiha\{eondyrmhm memsnyn@slatbe)lradwﬁﬁecbﬁ@ produced

u5| L] oc ne cat articul ar the preferred TH  catal yst,
gener aI Y g\/semg 1'te'fltc?’f @QPPS‘P? 8 ‘E(E’Itrafthg‘%/P‘@n Pﬁﬁ’Pé@é‘ﬁéﬁP‘}“@ﬁé&ﬂér t han
10, wherZeglet-Naits cAthE s@haa §) g X'l@s@?‘%}?aht?)oo@bo Palsa gha@éxﬁ&?%% s in
Pa.s. In contrast, known pipe resins produced using a |eg tta

cat al ystinyenjienpr adusednping 2 npegallogeneyqatadydt| apdrpagteulazlysthe piederrds], THD st

| | h de by
EXPhSaan%aa Pty FBe SRS IR st Y el er fe R o e heie - ARLS
r heonet ef,.is feidsnaaichdscdsng athﬁﬂmnﬁ%&écﬁid%Wés‘é ifPgGr mb@&tfa@tc}%};@?ﬁ }rafpgr ature
apte

devot ed tq pol yner rheol ogy (see e.g 20 G aessl ey,

Phy siPc alTehopiercedisyte péicgioerNatta oatalysidiave 6 mp.oAGSai tibesdy aneh lesRef er ence
Book, V\qﬁgﬂg\gﬁ%@q@%”@%ﬁ sThe measurenents are perforned on a Rheonetric

SC|ent|f|c Al etweentwo 25 mm di aneter plates; the gap
bet ween t he Thedtesnimtibe bidgnmicantbedsitys 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. WW.

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-conditioned 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¥(0,t) = 7.6,

30  with a given amplitude yy and a given frequency @ 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



and is thoroughly adapted according to the suitable thickness of the

pol ymer sanple 25 once this latter has been inserted between the plates and
war med upwoD®30936€3 The gap value is then recorded to be tralr@Pos/n262 account
by the cal cul ati on software. The sanpl® is then tenperature-conditioned for
a period of 5 mnutes before the neasurenent is started. The measurenent
is performed at 190C. After tenperature conditioning, the nmeasurenent
starts by applying an oscillatory strain (err)*((err),t) = (err)(err)(err),
30 with a given anplitude yMand a given frequency co to the bottom plate
via a pthegighitbey whotst requirenkeat experintent.t Blpe gacitagion freregury foi iswdriedThe anpl i t ude

(err)(epr f.this r. strai.n _has n ch n i.n the.linear ne of

Vi scoer eduedites Mspel (LU B Rag o KBl SRR ERa e i 050 YeER

PCT/ EPOR/s{#4 282matkBial inPa0bscllREn Y EIRIal st bk %a%ﬂe\ﬂhicﬁ XPBhsEBRAY outlde
oscillation frequency co is varred throu the range [10-2 - 10+2 ]

r adi ansPkase epr@pomamés &'s £30ordetjap unstieny ofsthe Heguensy e antsisge der the nsi de t he

mat egi al ] a i i * “ i.ch, in- se and

out —or ol B Chb Bk IR IR Y 5P pFedrilel vt R ORRIERS, *Co, and
used fopolymer:5 cal cul ati on of the conplex nodulus G((err)) as well as
conpl ex viscosity (err)*(a) of the polyner: G (w ~ (ewt) =G ~ (w

e's('l =G (coksrt i 0G0,000 X (W) L)W= G2 (W) +G' 2 (Co) Co) ;
tan 8(w) = G° %;msa’)c;z/——w)w t)qx%l(_% %) Gf%ﬁb €Yco 0) cO 10 11r * 004 =
"2 (w) + G.2 (w) CO "Acéording to the Cox-Merz rule, the function of the
absol ute val ue of thede%m—ex'—'zvi—scosity (errgan) *(w) Il is the sane as
the conventi onaf. @kt déi tl@)Frenc{®bn; G%’eﬁfﬂ)FaEy(—_vi scosity as a function of
shear rate y), if frequency is taken in rad/s. fof) this enpiric equation is
valid, the absolute value of the ng%ex' @@yl us corresponds to the shear

15 stress in confiéni+gha)—( vi4e) &= ady e) viscosity neasurenents. In
the present invention, the dynamc # scosit?es of the resin neasured at

0.01 and 1 rad/s Wt—maccordi ng to the aforenentioned nethod are
defiped as Qi @)+G'" (@)

@

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 v), 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 19,9; =
" 1 (0.01 rad/s) ” and 11 = " n (1 rad/s) ”

The polyethylene resins in accordance with the invention preferably satisfy the

20  following relationship : |

Mo.ot/M1 = {(0.293 x My/M,,) + 3.594}

The polyethylene resins in accordance with the invention preferably satisfy the
following relationship :
 rooum = {(-0.302 x HLMI) + 9.499}

25 A further aspect of the invention provides a polyethylene resin having a
dynamical viscosity 101, 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.ot/M1, of greater than 8, and a time to failure at a stress of 11.2MPa and a temperature



l'rj*(0.01 rad/s) (f and 111= 11 rlI*(l rad/s) 1( The polyethylene resins in
accordance with the invention preferably satisfy the 20 follow ng

rel ati onswom3iodssdl/ 111 > {(0.293 x MNM') + 3.594} The p@CratPaydLB8E resins
in accordance with the invention preférably satisfy the follow ng
relationship : r10.01/r11 > {(-0.302 x HLM) + 9.499} 25 A further aspect
of the invention provides a polyethylene resin having a dynam cal
viscosity 110.01, measured at 0.01 radi an/second, of greater than 200, 000
Pa.s and a ratio of dynam cal viscosities neasured at respectively 0.01
and 1 r aflR30/isecoep test ddfreidndy defirdd of ipesmtarthan 00 Wursand a tinme to failure

at a stress_of_ 11. 2MPa _and a. .tenperature 3/ 093363 PCT/ EP03/ 04232 11 of
S5C i m b or Wogl! P AL T EOEID S et E RO Ia Ve ot B A REHTEH houra. 1 n al

aspect s vkodifyn, 1 YeabiBdat 0.01 taid RESHA, 6fi§1%§@$ thhF 800,660 Ba 8% is1ghy nam cal
viscosity 110. ]? measured at 0. 01 radi an/second, of greater than 500, 000

Pa.s. | genesally prgferrpdiikatahg satip o€ fmandehlvirgpsitierameastifed abtesggoiiniychll

Vi scosi ti asured.at respectiv 01 5 and 1 radian/second, 71o.o0lhl1,
is g ea?ﬁ‘ﬁF@Wﬁ‘ﬁ?@’ﬁ@%@egﬁeﬁgﬁﬁq gOCene catalysts, for exanple the

bi s-t et r ahytthouidsianuhllocers edthloas Ter Sahplytb beRhigRrd Rflepyloduct i on of both
| ow and high density fractions having narrow nol ecul ar wel ght

di st ri bindtalesenerpptal g epaienthe arodpetiqnres beth lomeandrhigidensity dmationst per f orm t he
current hgﬁﬁ%gﬁ%'&%@l rweégi‘??t eutgﬁg.yet hyl ene PE 100 grade resins as

regards pro res relatin abrication and use of polyethyl ene
pi pes. | n p@h¢ pelytthylent hdins @f tieSnwvdntivhean owpeatoranthacarreitddestewailaleo have

better inpa resi stance,. hetter slow crack resistance and a hi gher cree
r esﬁgt ahengocfaiaﬂlyewﬁeéﬁﬁﬁylOﬁxgéﬁ*qeés%l%s PEegHos Poperdcs Blatpg to the par Ui oul ar, Ehe

resins J j | ' : tal | ocene
catal ys ? ibﬁcgg%%%ﬂﬁéygﬁly%g&?ea? g)l%ig{l ?%ﬁ%&%ﬁ%&vﬁg g’ (f: g{eﬁéﬁ%nrﬂr%ﬂ ggg:aogi cal
behavi obelievied t¢ hawe Heétereingpast whiktancep bettapwkow craclsesistanye aitd hhigharcredpear r at es

(1 call around 100, . A el Dhaher, viscosliy. &l owshear ratee
?TL u|t 32 ] iﬁk}x?tﬁgd?@%{bhi 4 PreparBll RELIBOSIcRBFedWhdthlREnd SREIOUE BHLciAfy THhe | nj ection
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 following
extrusion of the pipe resin into a pipe together with an improvement of the injection
mouldability.
20 Within the ambit of the relationship between the weight fractions 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 MIy, & 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 produced in at least two separate reactors, most

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



20 Wthin the anmbit of the relationship between the weight fractions and
density of the Iow and high density fractions, as a general rule any

decr ease wD oBlog33density of the LLDPE should be conpensat @dTHPOamM28NCr ease
of the density of the HDPE. Since thel2density of the HDPE fraction
generally increases with increase M2, a higher M2 will result. For
certain blends, two or nore weight fractions of LLDPE may satisfy the two
25 essential criteria of HLM and density. The pol yet hyl ene resins
according to the invention can be prepared by different nethods, such as
melt blending, reactor in series configuration or single reactor wwth dual
site cat@bpsibly pRpabkeriad] 36 thittBe v lerdRY $iabtiorfid Prdpar¥dds fisd présent@st i ons of

t he polyethylene resin 30 according to the invention are produced in at

| east thebéﬁakaméﬁﬁ%ﬁEmors most  preferably two such reactors in series.
In such a c i 3 P 03/ 04232
12 preferablaljwrﬁepar e&%@‘%{&%ﬁ%d{ r&?clg 1%}‘#’ %v\[t\gésgéé‘gg%f ﬁglctclgty I's prepared
in the pélﬂﬁslamnaﬁe pdli@ehsagion dedtesd Maf basiy wmlysmyasmabw foaptephiignd has a

bi nodal ecul ar. wei ght distrihbution. The catal¥ npl qyed i n the

pol yer .tbaﬂ%ﬁmbhlabé%m%fpacaemarl’ye@a%béy & E)e Gt Y%Bwéluﬁ%ﬁrb%h Bsdighg 5 the
| ow and t Y, @ﬂﬁ%r roduces both
t he hi ghamd% qﬁog\%&r% \{é‘% %a%\?\g?sg?&f r%éllgr?lleoﬂr}gEgtgl e anp%eh%ﬁﬂgﬂcat al yst may
be a chramlysy a Zapht-Natta caazzsegfmbsmheﬁembhaa mbmﬂbcemmamst preferably a

nmet al | ocene cat al yst N@tal nes na ica repres d by the
gener al forrMPt&ﬁo‘%/’@%mPXFY(p %WGPZ?S@ Fe)% gﬁ# 2T?/I(?(P_r(’l)lﬁ @1% ere
(C5R")y @ﬁ ()g{)&, .) are cycl opent adi enyl I igands, R s hydrogen, al kyl ,
aryl, enyl , M is a Goup NA netal Zis a bridging group, L is an
ani dif c Hgawhbrear(dismyynd R m) drequycpentadionyldigands, from 1 to 5, x is 0 or
1. The nost eferred c Iex ar e ose whereiny is 1 and L is halide or
alkyl . Typic IIS]@Q% @E@P &%kélg}?ﬁ?exes are bis (cycl opent adi enyl )
zirconi um di chl oride apdsRiGoeY TV AReRiladi enyl zirconiumdinmethyl. In such

met al | ocene conpl exes the
Zisa bndgmg group,

L is an anionic ligand, and
15 yis 0,1 or2,nand mare from1to5,xis0or 1.
The most preferred complexes are those wherein y is 1 and L is halide or alkyl.
Typical examples of such complexes are bis (cyclopentadienyl) zirconium dichloride
and bis(cyclopentadienyl zirconium dimethyl. In such metallocene complexes the
cyclopentadienyl ligands may suitably be substituted by alkyl 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 bijs (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:



cycl opent adi enyl |igands may suitably be substituted by al kyl groups such
as nethyl, n 20 butyl or vinyl. Alternatively the R groups nmay be joined

t oget her wo oBo93®6s& ring substituent, for exanpl e indenyl paa/HPosior2enyl . The
cycl opent adi enyl ligands nay be the &anme or different. Typical exanples of
such conpl exes are bis(n- butyl cycl opentadi enyl) zirconiumdichloride or
bi s (nethyl cycl opentadi enyl) zirconium dichloride. 25 Exanples of such
conpl exes may be found in EP 129368 and EP 206794 the disclosures of which
are incorporated herein by reference. Another type of netall ocene conpl ex
is constrai ned geonetry conplexes in which the netal is in the highest

oxi dation state. Such conpl disclosed in EP 416815 and WD 91/ 04257
both of which are incorporated herein by reference. The 30 conpl exes have
t he general fornula: WO:g3/093 PCT/ EP03/04232 13 zZzy /! Co M (X)n
wherein: Cp* is a single g5-cyclwpentadi enyl or T15-substituted

cycl opent adi enyl group optionall{eoval ently bonded to Mthrough -Z-Y- and
correspong%n tothe formula: R R 5 R wherein each R is independently
hydr ogen ™ ‘noi ety selected from hal ogen, alkyl, aryl, haloal kyl,

al koxy, aryl oy i$i siMle G50 RPbpedadict A nbatibRitsted beslegdnt@fiedyp gtoap20 non-
hydrogen atons, or two or nore R groups _together forma fused ring system
Mis zirepienaty covalemiyironded ea¥lihrameh olmia and camespending teithsdorpda: to the 10
cycl opent adi enyl or substjtuted,cycl opentadi enyl group and is in a val ency
state of +3 or +4; each Ls independently hydride or a noiety selected
fromhal o, alkyl, aryl, si gernyl, aryloxy, alkoxy, am de, siloxy, and
conbi nati ons thereof (e.g al kyl ,

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 5 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, boron, 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 dptionally Z and Y together form a fused ring system.
Most preferred complexes are those wherein Y is a nitrogen or phosphorus
containing group corresponding to the formula (—NR‘) or (-P Rl) wherein R! is C;-Cig
alkyl or C4-Cy aryl and wherein Z is SiR",, CR",, SiR"; SiR"z, CR"=CR" or GeR"; in
25  which R" is hydrogen or hydrocarbyl.

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



hal oaryl, halosilyl, alkaryl, aralkyl, silylalkyl, aryloxyaryl, and

al kyoxyal kyl , 15 am doal kyl, am doaryl) having up to 20 non- hydrogen atons,
and neut rebD 0Bew3s3 base |igands having up to 20 non-hydrogen/Eogoe32n is 1
or 2 depending on the valence of M Zl4s a divalent noiety conprising
oxygen, boron, or a nmenber of G oup 14 of the Periodic Table of the
Elenents; and 20 Y is a |inking group covalently bonded to the netal
conprising nitrogen, phosphorus, oxygen or sulfur, or optionally Z and Y
together forma fused ring system Most preferred conpl exes are those
wherein Y is a nitrogen or phosphorus containing group corresponding to the
formul a (- NR )Fusthe exanifleswdienctaliocBe ¢otnpléxes e tROSY Whereidlthey hniodic Gfaridl0 ary|
and wherein Zis . SiR'2, CR'2, SiR'2 S R2 CR=CR' or GeR'2in_ 25 which R
i s hydr ogepretsmtedy thscabions formulastis prnkiced Ml atisRs BRIEY. JPSUSHesRIHtEr ein M i s
titani um ' | ¥aLmpl es of
net al | chﬁ%tr%rlg'%%ﬁlgi)}%{g? rg%{ye%?ﬁ{)@ga\%ﬁ%? gi%:{dt 121?%%@%%?8 tﬁ‘igﬁ%ﬁﬁﬁ%g‘?esem ed in
t he aboveéyperfrroinpéexi is ethyjana beindertyh ziacodiven @b # etiphenyhbwgadieneconpl exes t he

transiti metal .may be in the +2 or +4 oxidation typi ca
exanpPe. PRI of Fyshectieiy drbe Bund o 6b SR BT PR e O (1)

1, 4- di phefistlosiel BEVARS. are idelAFPItESh &R Ein DYGErcFARP! €xes may be found in EP
775148A and WD 95/ 00526 the “disclosure$S of which are incorporated herein
by reference. Hooexamplaheconmexss mplydwes thewgnéraliormhla:-general formul a: - R
Z= Y R X R whergin: 10 R each occurrence is independently. selected

from hydrB ro?a(byl , silyl, gernyl, halo, cyano, and conbi nati ons
t hereof, s havi ngYup to 20 non hydrogen atons, and optionally, two
R groups M not hydrogen, hal o or cyano) together forma
di val ent { Vi the}\%of connect-ed to adjacent positions of the
RI
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 Xisa neutfal 14- bonded diene group having up to 30 non-hydrogen atoms,
which forms a w-complex with M; |
Y is -O-, -S-, -NR*-, -PR*-;
M is titanium or zirconium in the +2 formal oxidation state;
Z* is SiRp, CR*9, SiR*,SiR*;, CR*pCR*;, CR*=CR*, CRpSiR*), or GeR*7;

3

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

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



cycl opentadienyl ring to forma fused ring structure; 15 X is a neutral
r(4- bonded di ene group having up to 30 non-hydrogen atoms, which forns a
it-conpl ewowswops3kg Y is -0-, -S-, -NR*-, -PR*-; Mis tita®COmPO3/04282 coni um
in the +2 formal oxidation state; Z* I% SIR2, CR*2, Si R*2Si R*2, CR*2CR*2,
CR*=CR*, CR2SiR*2, or CGeR*2; 20 wherein: R* in each occurrence is

i ndependent|ly hydrogen, or a nenber selected from hydrocarbyl, silyl,

hal ogenat ed al kyl, hal ogenated aryl, and conbi nati ons thereof, said R*
having up to 10 non-hydrogen atons, and optionally, two R* group from zZ*
(when R* is not hydrogen), or an R* group fromZ* and an R* group fromY
forma ri 8¢ Sgglt%é@?ﬁdfqmée%t&'l 1p e beidge whichlcypmprissraOn€atlkyleat edidal,y

conpri ses oun Pr ef er abl ch catal yst
syrs? em corrglra?& eggﬁ%nm% og%ér%leoxc %k&cp&‘r?%@%%?r %‘Hﬁf%’dé‘iaﬁ

bi s- t et r almhibhdiriige ﬁsysiubsmmawndnafbsﬁmdgxemmroﬁpme%al o vasHdtn? EM/QQ in
which each IndH4 is the sane or different and is tetrah%)wrm ndenyl or WO

03/ 093363 ¥ER Eﬁwﬁlmémha‘zusgéd%%@ rarheetomsior Anpaensiand €hyd cocatalyss a bri dge
whi ch g;orrwhic?ledgtl@at&]qa%?@ osp ﬁdl cal, a dialkyl germaniumor silicon

or siloxane, or an ne or amine radi cal, which bridge is
substituted 0W1uhrtheup&fertetdt‘t&sitetﬂVhyckomd@yﬂ)uzﬁtallyM Hiﬁiha:hs-wtrah?dlaﬁlki tand each Q
i s hydrocarb avi to 2Q .carbon atons or halgtg and b) a cocatal yst -
5 whi ch ae?fPP\}aJPg substifppdin g‘%?r?ﬁ‘@ﬁéWOIerﬁelttW TRfEONE PRI at one or

bis-tetr aHﬁb%ﬁUsR%@Yﬂ tkfé%ﬁf@lb}ﬁ@ﬁtadl@@ﬁ Ping' the E 6&Q¥g§1%§dﬁﬂ3ﬁhs etﬁﬁgipeound may be

substituted i'n the sanme way or differ rom one anot her one or nore
posi t i onsbiigget Hack yehstipent giip myay heulrr@pendmtlyyhdmhénoan;ﬂoses oﬁfgrrﬁuﬂd t he

hyl h,subst i t t d hosen from
Choselsr PR T Eichal Rrmd g Eeohnl G SR FiHEC ROt vels B8 and
ni trogen andfferahard d@séﬂ"ﬁorﬁ@fﬁmg@ﬁ ofjl'l)fdfr@ér loﬁﬁ@npmbsﬁﬁcdcrﬁ ey Bx?cgen or

hydrocarbyl of from 1l to 20 carbon atons an v+l is the valence of X. X is
pr ef er abl y+10s the valepceof . o%éswpr&‘éﬁr@bﬂi Af thg cyelopentadienyliriad is substituedbst i t uent

o ouns g PO P B L RO ARG )
pr ef er abl mohamer tRthe metal M. Substituents on the cyclopentadienyl ring preferably have R
15 ashydrogen or CH3. 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
tetrahydroindenyl 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



15 as hydrogen or CH3. More preferably, at |east one and nost preferably
both cyclopentadienyl rings are unsubstituted. In a particularly preferred
enbodi menwp Bo93363 ndenyl s are unsubstituted. R' is preferabiBPozim26t hyl ene
bridge which is substituted or unsubstétuted. The netal Mis preferably
zirconium hafniumor titanium nost preferably 20 zirconium Each Qis the
sane or different and nmay be a hydrocarbyl or hydrocarboxy radical having

1-20 carbon atons or a hal ogen. Suitable hydrocarbyls include aryl, alkyl,
al kenyl, alkylaryl or aryl alkyl. Each Qis preferably hal ogen. Ethylene
bis(4,5,6, 7-tetrahydro-1-indenyl) zirconiun1dich|oride is a particularly

preferred bis tetrahydroindeny ound of the present invention. 25 The
met al | oc emefernhtyadopsprise oligomerit wedn or ¢yielic plkat alnmoixanes menresentsdbyiilee
prepared ﬁ% any known nethod. A preferred preparation nmethod is described
in J. J t. Chem 288, 63-67 (1985). The cocatal yst which activates
the netalIoc@nepg@m@%ygﬁgconponent can be any cocatal yst known for this
pur pose such as an al um ni um containing cocatal yst, a boron- 30 containing
cocat al yst or alnlxture of those. The al um ni um contai ni ng cocat al yst may
conpr%se an al ugpoxane, an al kyl alum niumand/or a Lewi s acid. The

al unoxanes used in the process of the present invention are well known and
WO 03/ 093363 feCligbResic Odi3R aluhbxpteebind abl y conpri se ol i goneric |inear

and/ or cyclic al kyl alunpoxanes represented by the formula: (1) R(A-On
ARz 1 5 R for oligoneric, linear alunmpxanes and (Il1) (-Al-O)m10 R for
ol i goneri c, g%f '@Cﬁ unoxanes, wherein n is 1-40, preferably 10-20, inis
3-40, prefer and Ris a Cl-C8 alkyl group and preferably nethyl.
Generally, in th preparatlon of al unoxanes from for exanple, alum nium

10 R

for oligomeric, cyclic alumoxanes,

wherein n is 1-40, preferably 10-20, m is 3-40, preferably 3-20 and R is a C;-Cg
alkyl group and preferably methyl. ‘

Generally, in the preparation of alumoxanes fronﬁ, for example, aluminium

15  trimethyl and water, a mixture of linear and cyclic compounds is obtained.

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] + [B Arj 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 heteroigeneous. Ina
solution process, typical solvents include hydrocarbons with 4 to 7 carbon atoms such as

25  heptane, toluene or cyclohexane. 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. Other inorganic oxides that may be employed either alone or in

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



15 trimethyl and water, a m xture of linear and cyclic conpounds is

obt ai ned. Suitabl e boron-containing cocatal ysts may conprise a

tri phenyl warobmpizesn bor onat e such as PCT/EP03/04232

t etraki s- pent af | uor ophenyl - borato-tri phenyl carbeni um as described in
EP- A- 0427696, or those of the general formula [L'-H + [B Art Are X3 X4]-
as described in EP-A-0277004 (page 6, line 30 to page 7, line 7). 20
Preferably, the sane catal yst systemis used in both steps of the cascade
pol ynmeri sati on process to produce a chem cal blend of the high and | ow
nol ecul ar weight fractions. The catal yst system may be enployed in a

sol ution polynerisation process, which is honogeneous, or a slurry
process, Othecsuitablelsepporbmeitdalashowaven can bt empoyedriocewmple, fiselyxlivided vent s
i nclude hydrocaybagns,wiith 4 to 7.carhbon ato such as 25 heptane, toluene
or cyclo Q‘&Wé‘%ﬁ?eﬁ péﬂ)éql?ﬁqsﬁuﬁ %sc@%eyﬁltwqe pBB%P’é’?%PSI y to inmmbilise the
catal yst systpegrQB]yafhd iBpbrt UG havRR 4 Juefat@bilel c8mpRssdstwédnl I@0Ss uppor t
such as talc, 1norganic oxides and resinous support materials such as

pol yol ef iand 10P@ iréfgadridya parhgolumeisoveenhl atd Amligs an i norganic oxide in its

destrably orregatunhoCHbBtR sl AR St PEREILEL T MR o o0

3 a, 4a off tHdsdIRisabpert talalystsid RaBsovet b iwdde radfeinPrteratdn cherdlxhinias té her eof .
Gt her inorganic oxides that may be enpl oyed either al one %r in_ conbination
wi th the teansition mesal molgFatinas &p Berargedstucen i apd 800:Linrelsradly indhgirange | ke.
WO 03/ 09353?;3 Egé,FP%/ 04232 17 Ot her suitable support materials, however,
can be enployed, for exanple, finely divided functionalised polyolefins
such as fi nelBhedirddragddgiciby ef thy nestalocBnesfand abinyoxanhto thepyweport matemalsi | i ca

havi ng a surface area conpr.ised hetwee 00 a 1000 nP/ g .and a pore

vol un]g) b e RSEFY- d?‘ﬁ‘_cﬁ‘?iféa@eﬁ’flﬂbf? p@%ﬁ?&&%ﬁéﬁ@“ﬁ&%emﬁﬂ@%ﬁ@nmt al | ocenes
usef ul | v AfRbexRcidsBivelt PORRRIALLPRyd@LarbBPs Akt APRY heGapiy st can
vary over a wde range. Preferably the alumniumto transition netal nole
rati o is matetihleslursing én thetsmmenr dther suitdblgdydivcagponigrigisng theveaffgs ar ange  5: 1
and 500: 1. The aqrder of addition of the netall.ocene d al unoxane to the
support ngtEe thellﬁetéhﬂce\l}gF%i.a‘g'?tncogpc%f’l&é%%@de\%g? ﬁwaS?%r%gf erred embodi nent of
the present ippRALH9Mveds HPRNBREnEaB6IN ahddhé Pardors biylibhr®ohywhichhdr ocar bon
solvent is added to the support material slurried in the sanme or other

sui t alfl e hyudd ecizedsiom thingeatiraal Which dampiicagt with the individual ingredients.
Illustrative 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 metallocene 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 requiire 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



m xture of the netall ocene catal yst conponent is added to the slurry.
Preferred solvents include mneral oils and the various hydrocarbons which
are 15 IwQuBaomb3 reacti on tenperature and which do not r ®@aTtEPAS/04231 he

i ndi vidual ingredients. [Illustrativel®xanples of the useful solvents

i nclude the al kanes such as pentane, iso-pentane, hexane, heptane, octane
and nonane; cycl oal kanes such as cycl opentane and cycl ohexane; and
aromatics such as benzene, toluene, ethyl benzene and diethyl benzene. 20
Preferably the support material is slurried in toluene and the netall ocene
and al unoxane are dissolved in toluene prior to addition to the support
material. The use of nultiple reactors is a preferred aspect of the present
i nvent i odow Timleculag weightand high molhtwareweighinssts wé the poldelinotandesi ngl e react or
system but_is _very copveniently done wi'th the preferred -netall ocene
catalystIE?%?S%E’%ﬁgﬁgvgangﬁ'the present invention. 25 Wth the preferred
met al | ocene G@h dlefeiedatfingementsihe rédiot sfalisoésscdde retios sond blidiops can
be provided for the best resin properties. It has been shown that 'the

conbi nat itBholgfin ManRiehds eoriaarhWih HifcitPony QrgadItEnA RN ERYIT I ¢ he 1 ow
ol ecg! aly #%ﬁd c?a%ce{dg?earcﬁéﬁ Poned ?Jr&iugg' aﬁc?ﬂl%?ﬁxters@édng.rf)o 1deRew ith e ecul ar
part Significantly Inproves the‘resin properties with respect to ESCR and

i mpact  stpoyuldiin in3he taeondieactionezvge 'Eint fiacanl deogl reactioheopesesent i nventi on,

each polyolefin js roduced individually in a reactor, preferably a | oop
reactor, Cﬁﬂﬁenl‘r‘?rﬁ]lé(dmie BRerdsd 163C105S 8PR35 18 .rcoi“ﬁé‘;t?j@l%% F@Pf‘ﬁ% %hray be ni xed

toget her iﬁ%érd@ﬁhéctéﬂhl%ﬁﬁl E%tgcr:]o,nki%u&ﬁilysst‘ﬁl@éﬁ’ rehdi6rs R 19 3s O BSsifble ROGREHR3/ 04232 18

| ow nol ecul ar wei ght an i gh nolecul ar wei ght parts of the pol yolefin can

be produstedhé secerpraaatien zonadtesh slefinnmaenopreshewelds thermaedyshehthe firste pr oduct
of a birst %ascade reaction zone, including the olefin nononer, is
cont 40t ed*WPR 2R second co-reactant and the catalyst systemin 5 a

second cascagrc:sfa¢id éeeomb@y&@ﬁlpfsgﬂy&m@ndmmp&sém of geomdt payyefighi n with

the first polyolefin in the second reaction zone. The first and second
react i on mdtiswdalas at tnastdrmedal imolpewlarwagiiaittabntioade elfpeduch as

i nterconnected | oop. reactors, of intercannect ontsipuously
stirred reacteubf)ge? erBPo R osf(%)h%%lg Sriltbqnéﬁ{eg{}?tnc%r%g%%ng?solil}m}gget agltdstgé(rzjond

reacti on sgedifd dotesdtanliefhic Rononerer. Tepicwedoma@dnmichengudehietenefoutdne, first 10

' eactlison ozctoe?lg,' 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 I.ow Molecular Weight (LMW) Polyethylene
Fractions A-C

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




Because the second polyolefin is produced in the presence of the first
polyolefin a nmultinodal or at |east binodal nolecular weight distribution
I s obt ai '@0.03/09336he enbodi nent of the invention, the firsPCrEPyaBaNt S
hydrogen and the second co-reactant % the conononer. Typical conononers
I ncl ude hexene, butene, 15 octene, pentene or nethyl pentene, preferably
hexene. In an alternative enbodi nent, the first co-reactant is the
conmononer, preferably hexene. Because the netall ocene catal yst conmponents
of the present invention exhibit good conobnoner response as well as good
hydr ogen response, substantially all of the conononer is consuned in the
first reaction zone in this enbodi nent. 20 Honopol yneri sati on takes pl ace
in the sETIBWILY &RACIS00MmIadi@buiahé weie ilntredlmed o aidny autbelpesueectbr bavinge
conononer. ‘I n anot her enbodi nent, hydro be i ntroduced |nﬁ&p h the
first and Vtohléne ek biwes andauevided with ana ?rat éeraperé%ﬂé?lwa%%%eérto f“tbe in

t he range frao f The

i nventi oﬁm ft?r pr%sg%%t%glé%gl&ghﬂdﬁg I’fo rt eS%a %dt aE:t g?%a Sgea[gg}lce to the
f0||0MﬂngmﬂﬂﬁmbdﬂmﬂmqgnEX@ﬁﬁh&sof&ﬁ#hﬁtﬁfﬂmx60¢F@waraﬂmmmdoﬁhpaMymmhylene

bi rodal resin by flake bI g 30 A Bengl scale ration of the Low
Mol ecl arol hedigaen prexapps! I%‘P Withe gpiog VBFF?Cth 8‘#6 5435 %8am of dry

ni t rogen Og%z%e}]e%fga}é{iﬁ@\%% Sasd fn'owr%ammyd?dggmaaﬂmem@%%%&%

PCT/ EPO3/ 1800 m of “i sobutane” were 1 ntroduced into a
dry autocMa»e react or having a volunme of 5 litres and prOV|ded with an
agi tator. eralure was, rai.s n essure

stabi | i sati o&hﬁygfygt? atpn wagthe ﬁﬁ‘g?ij b@‘t‘ﬁ?}f%g Ej‘ggﬁﬁﬁyﬁt FOPHEPBduced
until a %}Hé&'bﬂ)(@é qrtara{ydﬁmyﬁ@ﬂgl)qfrcaﬁum did¥forRee (pRpaedhh eved. The
anount 5 of hydrogén previ ousl _introduced into the autoc|ave reactor was

sel edfed aseordsnceovithothe atethadrd Briszingas 25 PHblishediin hadeenaitfar ratio of
hyd th H th
s%/ a: ,? ggnb gaq?cag%a]ﬁg%{h%glsnaq Ié%qlléﬁ%%lpa (%) to 6]7-2%nt8%é' HROUSAL &R0 29& 1 t hen

of isobutane. The temperature, partial pressure of ethylene, and the H,/C; ratio were
kept constant over the polymerisation period. The reaction was stopped by cooling and
thea 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)

Polyethylene Fractions W-Z

The process for preparing the high molecular weight 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 Cs /C; ratio. The high molecular weight
ethylene-hexene copolymer obtained was collected from the reactor.
25 The detailed polymerisation conditions are specified in Table 2.
C:  Preparation of the Polyethylene 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



ethylene bis (4,5,6,7-tetrahydro-1-indenyl) zirconiumdichloride (prepared
in 10 accordance with the nethod of Brintzinger as published in the Journal
of O ganweeBabisse Chemi stry 288 (1995) pages 63 to 67), iPar@EPOles2aut ocl ave
with 200 M of isobutane. The tenper2ture, partial pressure of ethylene,
and the H2/C2 ratio were kept constant over the polynerisation period. The
reacti on was stopped by cooling and then venting the reactor. The | ow

nol ecul ar wei ght pol yet hyl ene was then collected 15 fromthe reactor. The
pol ynerisation conditions are specified in Table 1. B: Bench scale
preparation of the H gh Ml ecul ar Wei ght (HWN Pol yet hyl ene Fractions WZ

The process for prepari t he nol ecul ar wei ght fraction was the sane
as t hat uzéerftbﬁe trafledyatd Mglifﬁ@%)o prostaib oidhe Nenging reqipetare Fpespicdin i ed
above, t that instead of adding hydrogen after raising the

t enper ature to 80C, varying anounts of 1-hexene conononer were added and a
di fferent anfhatemityef thel ityethydane inhfeasinetatcoidingtodSO 1183, HibiMi s t he

Corune” Gventsinememoudser P AT I Dt sl i s ed S AREHD: cact or
25 The det abésgﬁedﬁg né’?ﬁé E&%ﬁ:{iﬁ@s &g RGTiA 19rl%@%@lﬁ?@%fdg%%h&‘of@%l@g 2 C
tion o

Pr epar a ene Resin Blends 1-6 rder to prepare t he
bi nodal retheviscodigy aﬂashczedatqlwﬁﬂlm t andaf, théresdosity rbd gat eate Oﬂ\&%t each

| yet hyl t bt aj ned bl end
st r ed” G E JoUPEAREHE GRORBIC AN UEPGR O el VN AL bol yner
obt ai ned ckd&kfﬁéh#a&féeptscﬁ) k%@érﬁﬂedvuytmm gamerindade at 8O¥C @ded 8MPa

commercially available from CIBA Speciality Chemicals. The resulting bl end
was pel | etresseut 1i0nlGmnespacirdens talxm\fi@a kenpipsed plaesaseprrgl EP3/m4232 20
under1 thg1 tﬁ?a%% name MP 19TC25). The details of the blending recipes are
speci PI ed? Qﬁsf e 3. The density of the polyethylene is neasured

accor di ng t oCk&p tdstPwerelfelorhed ofMBaabE ﬁ%l Etth ReechReatidh a3 Bdupped fvithSTM
D- 1238 at 190C using a load of 21.6kg 2 5 is nmeasured u5| ng the

pr ocedur @8 catenTTNEITI0Y s8N MeagIOuefs, PA@C@ in pganperatpres@yagolled rapm. pe
vi scosi t 3@@ (Pnt%stssglﬁﬁfes ({ ttﬁe gﬁa\pl of "&Ugrb@{f%”)zw{eﬂaqoﬁﬁﬁﬂéht%n@tre& hear rate of

100 s-1, ng a o of I'en 0 Internal dianeter of
30: 2. En\tndlﬂcﬂﬁmeétaﬂlglﬂztrr;ﬂ@es 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 H,/C, gas
MI, 8/2 phase mol *
(g/10 min) ratio (x1000)

A 703 3.75

B 770 3.79

C 658 3.60

25



crack resistance (ESCR)

MPa

1600 m 10woepids3ndt ches.

is determ ned by FNCT perforned at at 80C under 5

stress on 10x10 mm speci nens taken from conpressed plates conpri sing
Creep tests were performed on Fr @cakeEPos/gi23tach

creep station was equi pped with an extensoneter for strain neasurenents,

placed in a tenperature-controlled room

of

havi ng a nom nal

"dogbones”) were forned from conpression

Creep test sanples (in the shape
nmoul ded rectangul ar pl agues

t hi ckness of about 2mm The di nension 15 of the dogbone
test bars was in accordance with | SO 527-2. The conpressi on noul di ng

conditions for the plagues were in accordance with ASTM D 1928. In the
testing, cr eep behavi our was m)nl tor ed u5| ng the extensoneter, and tine to
failure (TABAEZ \HYEW bloeks Wd&polymerisation coudiions ej t her 11. 2MPa or
11. 4MPa. Results are shown in TabI e 3 20 TABLE 1 - LMW bl ocks A-C
pol yneri sation conditions Exanple H2/C2 gas M2 8/ 2 phase nol (g/10 min)
ratio (x"lg%}hple/\ 703 3./t B 70 3.79| C 658 3.60 25 WD 03/093363
PCT/ EPO3f 04232 |21 TABUE 2 - HMW bl ocks WZ pol yneri sation conditions
Exanpl e [£2 1 HLVHIPE ¢t i|dartipdxehbexepgy/ 10 pressure content nin) (bar) (g) W
0.08 12 p6 X 0, %&162 E%GS\guIQ). D843+ £ 0.02 20 35 5 10
min) (bar) (2)
4 0.08 12 26
X 0.11 12 26
Y 0.08 14 34
Z 0.02 20 35
5
10
15

20

~



15 20 1 1 WO 03/093363 PCT/ EP03/ 04232 22 TABLE 3 Exanple 1 2 3 4 5 6

LMV LMV Exanple A B B B C C bl ock pl

0.55 0.54 0.52 0.50 0.54 0.54 Mwv

(kDa) 18.8018/083368.8 Mw M 2.8 2.8 2.8 M28/1 (g/ 10 nmin PCTIAPILOLQ3AL. 0
41.0 35 35 M28/2 (g/10 min) 703 7702770 770 658 658 Density (Kkg/n8)
975.2 974.3 974.3 974.3 HMN HWW Exanple WX X X Y Z block p2 0.45 0. 46
0.48 0.50 0.46 0.46 Mv (kDa 403.5 403.5 403.5 409.1 461 Mw M 3.1 3.1 3.1
2.8 2.9 HLM /10 min 0.08 0.11 0.11 0.11 0.08 .0.02 Density (k n8) 920.1
920.5 920.5 920.5 919.5 919.2 Resin HLM (/10 min 13 22.0 14.9 10.6 18.7

10.7 blend @ABLED nin) 0.33 0.45 0.33 0.24 0.34 0.15 HM / M5 39.4

48.9 45. Retrb——5d—5—74—3—Pefystty— (e VPS5 t—6—95 7950 6—9494—952H
952. 1 o(|dBanmple 390700 304900 349900 | 203100 347500] 804400 52(dPal &) 17400
T 18 1. AW NI Bl A LU B R G ikt —t0d 104
204 215 [Mecke4d pive (kDa) 833 0889 790. 829 ha52985| 0 Mn| 08417, 40.5%. 2 [18. 6
19.9 20.1 Mw (kDa) 188 |188 |18.8
Mw/Mn 2.8 2.8 2.8
ML8/1 (g/10 min) | 37.4 41.0 41.0 41.0 35 35
ML8/2 (g/10 min) | 703 770 770 770 658 658
Density (kg/m®) 9752 9743 [974.3 |974.3
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) 4035 |403.5 |403.5 |409.1 |46l
Mw/Mn 3.1 3.1 3.1 2.8 2.9
HLMI (g/10 min) | 0.08 0.11 0.11 0.11 0.08 0.02
Density (kg/m®) [920.1 9205 |920.5 [920.5 [919.5 | 919.2
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 9517 |950.6 |949.4 [9525 |952.1
1o (dPa.s) 390700 | 304900 | 349900 | 403100 | 347500 | 504400
1, (dPa.s) 17400 | 16000 | 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) A

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



FNCT (hours) 6087 Creep, 11.2MPa/ 1340 1121 927 23C (hours) Creep,

11. 4MPa/ 350 342 317 23C (hours) Wth regard to the creep results in Table
3 above, WD sleashsl be noted that the correspondi ng resul PETEPO3/ERANDI| € 4
of WD 02/ 34829 (nentioned previously 2h the WO 03/093363 PCT/ EP03/ 04232 23
di scussion of the prior art) were 403 hours at 11.2MPa and 128 hours at

11. 4MPa, denonstrating that this prior art resin has clearly inferior
performance. EXAMPLES 7-11 The manufacture of a polyethyl ene resin
conprising a blend of |ow nol ecul ar weight and hi gh nol ecul ar wei ght

et hyl ene polyners was carried out in suspension in isobutane in two | oop
reactors connected in series. |sobutane, ethylen hydr o

trii sobutistussiomiofithaprioriaBAmerad hoarsatyld 2Mbangd 124§ houss atgér’f‘M?%l ng et hyl ene
b 4,5 d
pccor dantgndightipg IR Abepbigtke %?‘%%ané?"gﬁﬁﬁmﬁd“g@. P he Sournal of

Organonetal lic Chem stry 288 (1995) pages 63 to 67) were continuously
introduced into the first |oop reactor and the polynerisation of ethylene
was carrﬁéﬂﬂﬂﬁﬂiﬁhlﬂﬁis mxture in order to formthe | ow nol ecul ar wei ght
hormopol ymer . ¢ 164 CORBridh a%@&ﬁ'cff‘l&ﬁ'rﬂdl‘eoﬁ?a@' e 4 bel ow.
The m xture, ﬁaﬁﬁgﬁﬂﬁbﬁf}ﬁdﬂy& ng tlhg g&/ %D | ecul ar  wei ght honopol yner,
was cont iweight aﬂld/hl\ghtrﬂmiem nglnhetﬂykrlfelpom&rmwps cazicd ont ingngpengian Subj ect ed

to a redyction in pressure, sSo _as %ﬁ renove hydrogen. The resulting
m xt ure WRBUERGH PEHOPR HFGIOS CIRPHIHRSEHS nt 0" a second | oop react or

serially conpgglg ,e%tfyléd%ehg‘rdrégeh #RAButyRAGHRfiurh QUE A andkdtilysit(bathigse,
1- hexene and | sobut'ene. po ynerlsatlon of the ethylene and 1-hexene

was car r idedomptising etherilame|brrs (éri;i@? t@tth@nOni—tnd@nylhzgwwé@@icwde\némmd

copol yner.. The, sus I t bl end of the

| ow nol e&%?cff’r%?eg%ftﬂzfﬁ ﬁ@ﬁp% %gqggr vél%llg edn%/l {gor?é& E:())Py fractions
was cont ichpisshetalié CRemassy F38qM9sh pag@and GV))QBrercﬁﬁﬁﬁmlyamﬂochmbcjl ected to a
final reduction in pressure, so as to evaporate the |soa$tene and the

r emai ni ndnte daechirshloop reackarend ﬂ(eé%ollﬁﬂ‘@ﬁétlolloﬂﬁkﬂﬁ’ée WAHCHTET B iiSnd to
recover tnrﬁ}%tu Ol SEhM §0En Eh%slba rhdledudl Weight homopolymer. The polymerisation

conditions are specified i in 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, o as to evapbrate the isobutene and the remaining reactants
present (ethylene, 1-hexene and hydroge;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 polymerization conditions in the second reactor are also specified in

Table 4.



of a powder. This powder was subjected to drying in order to conplete the
degassing of the isobutene. The pol ynerization conditions in the second
react or awe oalssespecified in Table 4. WO 03/ 093363 PCT/ ERO®POZRAR22 24
TABLE 4 Ex. 7 Ex. 8 Ex. 9 Ex. 10 Ex. 24 Reactor C (%nol) 5.1 6.0 5.8 6.1
4.9 1 Conononer - - - - - H2/C2 (mol% 0.03 0.03 0.03 0.04 0.05 T (O 80
80 80 80 80 Res tinme (h) 1.22 1.25 1.31 1.29 1.10 Reactor C2 (mol % 12.9
11.8 11.8 10.7 10.7 2 Conpnoner 1-hexene 1-hexene 1-hexene 1-hexene

1- hexene H2/C2 (nmol% 0.0 0.0 0.0 0.0 0.0 C6 /C2(mol % 9.8 7.9 7.3 6.2
8.26 T (O 757575 75 75 Res tine (h) 1.17 1.02 1.09 1.08 1.08 The
measured properties of both the | ow nol ecul ar wei ght pol yethyl ene resin
fracti on andCABEE 4f the final polyethylene resin are specified in Table 5,
together with further measurenents of the capillary viscosity (30/2 die)
and dynam c viscosity. Calculated properties for the high nol ecul ar wei ght

resin frlactron gre also givgmxwth |ggngity cgkaul at edxaggord| By, f1o th
followina formula: dresin =10 56pl. dl + 1.003p2 d2 + 0 00048p1idl d2 where
pl, p2 drReactoe LT mdly act|lihs of Bbdck 1 apfl82 resgectivel y| 48nd di,| d2
are thei|r densi ti-es—W0 03/ 993363 PCH-EPO3/-04P32—25—TABLE-5—+Hx—FF¢ 8
Ex. 9 EX.1 10 Ex]Comonpmgy p| .[-0.50 0.54 0.56 0/ 56 0.52 | block M2 8/1 (9f 10
mn) 43.12 44. 4 35339 T30 g od TEACy @lozl) DEgsY (KA/gid4d 975/ Bgs 974
974’ 3 942. 8 PLC,° tmbl%s)° - 0.03 803 8108 )
T (°C) 80 80 80 80 80
Res time (h) 1.22 1.25 1.31 1.29 1.10
Reactor | C; (mol%) 12.9 11.8 11.8 10.7 10.7
2 Comonomer 1-hexene | 1-hexene | 1-hexene | 1-hexene | 1-hexene
H,/Cy™ (mol%) | 0.0 0.0 0.0 0.0 0.0
Cs /Cy (mol%) |9.8 7.9 7.3 6.2 8.26
T (°C) 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 = 0.56p1.d; + 1.003p,.d; + 0.00048p;.d;.d; - where py, pa are the weight

fractions of Block 1 and 2 respectively, and dy, d, are their densities.



1- hexene (g/kg) 7 6 8 6 8 HWHLM

(g/ 10 nin) 0.09 0.03 0.03 0.02 0.06

bl ock (calc) Density (kg/m 923.2 923.1 919.9 921.6 925.1 Resin blend M5
(g/10 m mMyo®3/043363 12 0.20 0.18 0.21 HLM (g/10m n) 5.6 5. PC3EPOF043Y. 9

HLM / M5 40 47.5 41.5 39.4 37.6 Dedsity

(kg/ n8) 951.7 952.9 952.0 952.8

952.7 go(dPa.s) 508900 523500 443200 456300 429700 112(dPa.s) 22600 21400

20500 21700 21000

0 /92 22.5 24.4 21.6 21.0 20.5

i 10. Oi

(Pa.s) 831310

919000 7§E8Sg§2 766160 650070 rli (Pa.s) 52524.1 54407.8 46124.7 49268.6
45068 T8 Ili 15.8 16.9 15.4 15.5 14.4 FNCT (h) >3000 >3000
Conpoumdimg— 10 [the resins of Bxahpl es (80311 ey e adped, 1o0ef Ex0P parts of
pol yet hyl ene cdnposition, 0.3 |parts by lweight lof antipxidant!| RGA (r)
B225, pryrwarts |p1 wei ght of gritsomxi danto. 54?GAI\|CO)(§6) BPOGS6 0. L0part s |by
wei ght} of cal ci Umstearate andl12 25 parts—by—wetght—of—carbeh “'r ack{ The
resul t ahiocléorrposiMi[x&ﬂ (g4K0 @kft)rud’édz on a (%‘rfoour:& del 3¢ ¢ T’Bpll sing a
mel ting SI e STT O EXTT Tz 90T STT ew g 4Drpepgtn) and a
honoge #réi&)&ngrl(ogk ?%S %S‘f@‘ﬁ crew ‘extruder|, 90mm déi]jafrete'ézdfi%ew 926' | ¢ngt h)
at a rate of 40kghbtenddiky th |a7 resi denage tinmgl ®f 540| 6econd$s8 At the end
of the|lconpoundiing dpvpgpgyfhp resulting nnrqu,_md__was_ dthrough a
strand hEHWetisethNH(g)’éOIrran)s df0.6he resﬁ;@il ng %Bﬁpomg%re Pd¥overled and
exam ng¢ The . r.e 5 utagllcu e—pres o edtte 35 0933¢ 3
PCT/ EP)g}OGEZ%%C) leéenlsh% ksiiobn bogz;@?rg)di speg ;’F‘lon p% ame ?s hef g%,sn’ti; er |cal |l ed
di sper $i n) j (Aeasurjeghpy n @.QQSCOJg.lgl n ageqrdarjce to
| SO 18 Sgﬁ.é&n%?)%d di spe L@(L)Hr% 9 (Fower the nunbek the better: for
distribution. Al ]!-IEMIQg/ﬂOnﬁIQI | gvied by A2,5.B1, Bp8.3C efd. Gendally,| the
resins|of the in di-spersian—guota-ep—actoradi-ngriao—thtg
! HLMI / MI; 40 T 475 41. 39471376

Density (kg/m”) 951.7 9529 |952.0 [952.8 |952.7

1o (dPa.s) 508900 523500 | 443200 |456300 | 429700

Lo (dPa.s) 22600 21400 | 20500 |21700 | 21000

Lo /M2 22.5 24.4 21.6 21.0 20.5

To.01 (Pa.s) 831310 919000 | 708500 | 766160 | 650070

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

No.ot/ Mt 15.8 16.9 15.4 15.5 14.4

FNCT (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.



standard which is lower than 2, and a distribution quotation better than
B2, when extruded and pelletised in a single pass. Exanple Carbon bl ack

Car bon blwoles/ogizsper sion distribution 7 0.3 A2 8 0.7 A2 PeT(EPE3/#232 10 0.6
A2 11 0.4 A2 WD 03/093363 PCT/ EPO3/ 02232 27 dains: 1. A polyethyl ene
resin conprising from44 to 55 w % of a high nol ecul ar wei ght polyethylene
fraction, and from45 to 56 wt % of a | ow nol ecul ar wei ght pol yet hyl ene
fraction; the high nolecular weight polyethylene fraction conprising a

i near | ow density polyethylene having a density of fromO0.913 to 0.923
g/cnB, and an HLM of fromO0.02 to 0.2 g/I10Omn; and the | ow nol ecul ar

wei ght pol yet hyl ene fraction conprising a hi gh density pol yet hyl ene havi ng
a density of The carbersblagk dispergion ppramefers therawmd calleq fispgpion aBd great er t han
100 g/ 1 Om. i i . ID: it : . resinin
gl et and P GendsPiel By BHLERS i SRR RORLES: KorilllertiBE D1 1's
defi ned hye RwebiRhumber ©betterDfos didhribBHR1AL iObQE Toll@vednyt X2t BYIBHEIr esi n
according to claim1 hayving a dynam cal viscosity 10.01, asured at 0.01
radi an/ s &to fgneghy.ghetesias o H“&HHWPG%@V%d PSLHAN JUOtaHPTHAGSPTARG R S al
viscosit 's&%dﬁ%av?fg&?ﬁ é@&gftﬁap.@,%u\éedi%riﬁu&k cgaa@aﬁ%n hReaRdSBE kbn 10. 01/ 711,

of greater than 8. . Polyet’hylene resin according to claim1, having a
tinme to feairhdedeandrpdBetisad &t a eiggle pafs.11. 2MPa and at a tenperature of 23Cin a
creep test as previously defined perfornmed on a 2mmthi ck dogbone-shaped

pl aque of sai d [Eampleof Cabeat Black h@arte@O bldkyrs. 4. A pol yethyl ene resin
havi ng a dynamjcal viskosity (err}(err),. meagured at 0.01
dispersion distribution

7 0.3 A2

8 0.7 A2

9 0.6 A2

10 0.6 A2

11 0.4 A2




radi an/ second, of greater than 200,000 Pa.s and a ratio of dynam cal
viscosities neasured at respectively 0.01 and 1 radi an/second, 90.01/i 11,
of great ewotoh@asss3gs and a tine WO 03/ 093363 PCT/ EP03/ 04232 PCT&EPI® 04232 | ur e,
at a stress of 11.2MPa and a tenperat2ie of 23C, in a creep test as
previously defined performed on a 2mmthi ck dogbone-shaped pl aque of said
resin, of greater than 500 hours. 5. Polyethylene resin according to any
one of clainms 2 to 4, wherein the dynam cal viscosity Xlo.01l, neasured at
0.01 radi an/ second, is greater than 500,000 Pa.s, and the ratio of
dynam cal viscosities neasured at respectively 0.01 and 1 radi an/ second,
rlo.ol/r1l, is greater than 10. 6. A pol yethylene resin according to any
precedi ng claimwherein the density of the resin is at |east 0.945 g/cnB.
7. A polyethylene resin according to any precedi ng claimwherein the HLM
of the high nolecular weight fractionis from0.02 to 0.15 g/10mn. 8. A
pol yet hyl ene resin according to any preceding clai mwherein the M (err) of
the |ow nolecular weight fractionis from200 to 1000 g/10m n. 9. A
pol yet hyl ene resin according-to any preceding clai mwherein the density of
t he high nol ecul ar weight fraction is fromO0.915 to 0.922 g/cn8. 10. A
pol yet hyl ene resin according to any preceding clai mwherein the density of
the | ow nol ecul ar weight fraction is fromO0.970 to 0.990 g/cnB8. 11. A
pol yet hyl ene resin according to any preceding clai mwherein the
pol ydi spersity index D of the | ow nol ecular weight fractionis from2 to 6.
12. A polyethylene resin according to any precedi ng claimwherein the
pol ydi spersity index D of the high nol ecular weight fraction is from2 to
6. 13. A polyethylene resin according to any precedi ng claimwherein the
density is , fromO0.948 to 0.954 g/cnB. 14. A polyethyl ene resin according
to any pre@d®ng clai mwherein the HHM is from3 to 50 g/10mn. 15. A
pol yethyljene Cﬁg&%ﬁ?féﬁé ?@sﬂgcc;n%)r%m[/% Réaaads B9 vl Mol hRlduthereight
relationship t weeh the density of the resin in g/cnB and the wei ght
fract i on polyethydenedaction.ead|feom 4§80 hwt'broda dowmataculas weght pelyethyleyeos5pP1 +
0.919 < Q < .0.034P1 + 0.939.

raction;

the high molecular weight polyethylene fraction comprising a linear low density

polyethylene having a density of from 0.913 to 0.923 g/cm?, and an HLMI of from 0.02

to 0.2 g/10min;

and the low molecular weight polyethylene fraction comprising a high density

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 d}%namical viscosity mo.01
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, Mo.01/M1, 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 mo.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, 10.01/n1, of greater than 8, and a time



16. A polyethylene resin according to any preceding claimwherein the ratio
HM / M5 is at least 30, preferably at |east 35. 17. A pol yethyl ene

resi n accwodBfoge3bd any precedi ng clai mwhich has a car bon Poirapks/oa8sper si on
paraneter of 2 or better, and a carbonsbl ack distribution paraneter of B2
or WD 03/093363 PCT/ EP03/ 04232 29 better, as neasured by m croscopy in
accordance to | SOL8553, followi ng extrusion and pelletisation in a single
pass. 18. A polyethylene resin according to claim17, wherein the carbon

bl ack dispersion paranmeter is 1 or better, and the carbon bl ack
distribution paraneter is B 1 or better. 19. Use of a polyethylene resin as
defined in any preceding claimfor the manufacture of pipes or fittings.
20. A pi pefolureafa strdsngf t bapHasind g tempahipet 64380 cinraegeep st a@idvmaly n any

resi - havF AR CPETRBEdPn =i PR AoGEPgteret 8Bt it i ShOEBpRSs: (1)
cont acti ngoghbhyl ene nononer and a first 'co-reactant with a catalyst system

ina first reaction zone under first polynerisation conditions to produce
a first polyetPojjetndene rasid a¢éarding emamoaniernd ckithy £ émé, whereimghe dymdndcalecond

tant wjth t al d d q
ool yor i AP Bandrerasd & 600 bt er € sBRA% it S AT RS BRRCr ent 17 om
the firstraREbyBhMi@NGiscodiRdsahéhshide apREyRMY 8a dnasli fAdiag/saéondef i ned in any

of clainms 1 to"11, and one of the co- reactants is hydrogen and the ot her
is a conﬁmwﬁhrlsmﬂﬁrltbarhboa 1-ol efin containing from 3 to 12 carbon atons.

22. A process ac&gé’cﬂﬁég? t& Céc%b@n%t gg%‘cgdlﬁggﬁuﬁ%{) {? ‘ﬂ% e§§1 { onpri ses

(a) a netall dek rn's 0| ndenyl
conpound tbd rebifés atgemt)@Msfgamful a (1 ndH4) 2R" I\/Qerr) in which each I ndH4 is

t he sane or different_and is tetrahydroind Stlt

t et r ahydroi ndé’np‘? yetpyleng resimpceareng qi2aK P@Gﬁ‘g‘lﬂg glagm _rlem @?ﬁfw o€ the

radi cal , ne or an al kyl phosphine
or am ne ?ﬂgg%ﬁr&ﬁiggﬂﬂg gfﬁgtsd Qs%&t(ﬂsugﬂelg&g? unsubstituted, Mis a

Goup |V ?het alA polyethgleaelirasin amdrdmg:ﬂo a@y ipsechdidg otaanbgherdmvherMIz]ththﬁ 20 car bon
atons or lcr)]v% ll’]f(1)O gcrllﬂar we1gh(tl%2act10n 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 glem’.
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 P, is defined by 0.055P; + 0.919 <D < 0.034P; + 0.9309.
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



cocatal yst which activates the catal yst conmponent. 23. A process according
to claim21 or claim22 wherein the first and second polyethylenes are
produced wo oBmes3skact ors. 24. A process according to clai mCIEPakenaet n t he
two reactors are connected in series.29

better, as measured by microscopy in accordance to ISO18553, following extrusion and
pelletisation in a single pass. '

18. A polyethylene resin according to claim 17, wherein the carbon black dispersion
parameter is 1 or better, and the carbon black distribution parameter is B1 or better.

19.  Use of a polyethylene resin as defined in any preceding claim for the
manufacture of pipes or fittings.

20. A pipe or a fitting comprising a polyethylene resin as defined in any one of
claims 1 to 18.

21. A process for the preparation of a polyethylene resin having a bimodal
molecular weight distribution which comprises:

@) 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

(i)  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 IndH, 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 aikyl 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.



