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POLYETHYLENE PI PE RESI NS The present invention rel ates
to polyethylene resins, nore particularly those
wagrisabdse4 f or use as pipe resins, and to a proREHEPI04/006806
produci ng such resins. The present invention al so
relates to the use of polyethyl ene conpounds
conprising such resins for the manufacture of pipes
and fittings, and to such pipes and fittings
t hensel ves. Pol yet hyl ene resins are known for the
production of pipes and fittings. Pipe resins require
hi gh stiffness (creep rupture strength), conbined with
a high resistance agai nst slow crack growh as well as
resi stance to crack propagation yielding inpact
t oughness. However, there is the need to inprove the
creep rupture strength of currently avail abl e pipe
resins, keeping the resistance agai nst slow crack
growt h and the rapid crack propagation at |east at a
constant level. This would permt an increase in the
pressure rating of such pipes. Polyethylene pipes are
wi dely used as they are |ightweight and can be easily

assenbl ed by fusi 5 Wﬂll EI\PI?W f:'ﬁﬁ pi pes al so

have a good fIexigr#%fy—aggLrnpatﬁ—reéﬁgﬁ%nce, and are

C rhieqeésornt ihverdion telhies so puljatkilbyd @6ias,hdepaiicalarly those

.reinforced, they are however limted in their

smth‘g)a FHSE £ BIPF £t ARt ARFOEGTR _f(?rrﬂ’l%‘?‘@ﬁ’(g Jugtnrspinst dhe present
A T R R e G e e
the hiaghfactuvd off pipees dnl ditfiggsgartdatosutty pipesral fittingd themgélRes.
E;}’Doj:)ﬁréhey ép%éggrrlsgglé om%:ﬁ% t_flt?,%o %%}io%&fcwggegragd rﬁ?tfinegrs.r %9petrgsins

reqlg_ifzeilggl.‘) kst RRSepAlpruteSfhE s TohtbinedyiRPs gi&%r}gsiéégeha tainst

Ext rapol ati on according to | SO 9080 shows t
slow keagk Igeoreth am welltas agsotanice tb @0GQpropaghtips yicddisg irepact &dughness.

| ower,, prediction l.evel 7.5% confidence | evel - :
How Y87 B35 tyE bl dty BemO itk T sk ety pilable
pipd RSink Sfelpin E HIRSISHEGBn®! DBinst oW RERkDPOGh dnadkd APRid §h&! S

to a pipe having a pressure rating of PE 80 and
propagatien JtHeastat 8 canstand devieh Thiseveuld pemrit poingesakyinghe prsspiee
Iaﬁreg'ﬁﬁ m@%gh exceed the above test requirenents.

%%rren??ﬁf‘for pol yet hyl ene the hi ghest hydrostatic

S tPoByeeylendtpidd agRideB; used as they are lightweight and can be easily
assembled by fusion welding. Polyethylene pipes also have a good flexibility and
impact resistance, and are corrosion free. Unless polyethylene pipes are reinforced,
they are however limited in fheir hydrostatic resistance by the inherent low yield
strength of polyethylene. It is generally accepted that the higher the density of the
polyethylene, th.e higher will be the long-term hydrost;ltic strength. Pipe resins ére
known in the art which are referred to by the names "PE 80" and "PE 100". These
classifications are described in ISO 9080 and ISO 12162. Extrapolation according to
ISO 9080 shows that they have an extrapolated 20°C / 50 years stress at a lower
prediction level (97.5% confidence level - “LPL”) of at least 8 MPa [PE 80] and 10
MPa [PE 100]. The term “pressure pipe” in this specification refers to a pipe having a

pressure rating of PE 80 and above.
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tol erated based on an extrapol ati on of the hoop
stress/lifetime relationship at a tenperature of 200C
wé esosmogsesi od of 50 years is an LPL of 10 MPa. PdIVEB2004/006806
corresponds to a PE 100 resin. The density of the
current basic powder used in the production of a PE
10beredfpdeerhinitae éll'f &r@oa)@ﬂty GEPiRy ERBS Phygh cxapad the pbae test
I
reqflcats, Culteithy 18 Ry e RBRKTh N0 SARe HESIoBE which can be
toled&edsbdse&en fui ema;;bnmbn 6f Bsthobp s@es8bifletghe reBationbleip at h S
now a desire in the art to produce a_resin which

temperanes of 43§ fone eelﬁqﬁeof%S&rW@fls an hPbeof 10 MRa pEyp emasﬁsvonds to
t
a P]W] 6@@({32{] Sl;h'e%gig?ﬁy‘cgéhf &[rFe‘?l%b%{ui %(éw?efr l}{g%i i@ th@ g)rocwsctlon ofaPE
IOOtcbmpoumid Brlost &6 01950 peay (typldah¢ front (). 949mho 95 Y gleind). vsmhd
be known as a "PE 125 gr.ade" resin._ Currentl

polyesliylene rafins ARG .cam\reytla%.awsmé of blark Rigmes ¥Snlﬁ>ara|densms
fronQ IHR0VREHD. 9%9?/(81?':] %B%or ah@mhf’%%é’ %‘; g gggﬁjce a resin

ydrostatic str exanpl e
whxdln whEn gessfamnpd| 1y&tthqfoeme>fraq3pa; 1s:@pplnle of n@thﬁtamhng &n tIcPL

%of afirst poly nefra of hi
stes g aﬂé?mpweﬂ? & Erepegad af 50 Srara Utupitg cument

| tem?lﬁlr)lég§ W4h€ Qﬁhin{cﬁ%%é?r B wRliid EISREE 4 P 148! £He-" ré{‘x?w

ene fraction conprising a I near
Cunmrlyinbysuﬂoieyms h;el@nﬁnéramllyngvaalaﬁmny ty of up to 0.928

/ d H.M of | t 10 d the .
feiany @%PQ@?W@Q%%@F&%%S% Qe%% iq bR eg gﬁogiphy&wgtwy
strepghyﬁar%ﬁaﬁ: bay b@@4§2§i&%§‘cﬁb§f¥ a%g}}?ggl(ﬁl’ézéns d&t ﬁggngﬁg fBm 35

ahd an M2 greater than
to 48 MtVeQﬂwﬁlehpoly@bylnndwﬁmtwg of highrmsolequlaf wejpltaetndrfranh &ih to 65

o P2k 9/ H f 1 to 100 gof
ORGSRl R Bl SRR P TR Lk YRGB THpgyetiytene
fracHOh ¥G&hPNSiBH & linkdr 16 thﬁ’s‘it? ﬂél)%tﬁy‘l’erféma@in@ ar(fe%k]@sowg 3 0.928

spperior prop erties hose of equival ent Known
glcmganehen fdﬁssghzyn 0.6 g/10man M(b&l@@sqonéwb@thxlm fraction

BRI BB ETS OSTR RS LDl nd o
ML Wiggdater @Iﬁant 109 d/€Gthi, ardf tha pPtth§lehy kfithavanita ARty Of éreater
than .99 glgrerand an HLMT of fom 110 100 gdmin, © 0 0 oo O

We have found that by incorporating an ionomer into polyethylene, it is possible
to obtain resins with superior properties to those.of equivalent known resins.
Accordingly, in its broadest aspect the present-invention provides a pressure pipe resin
comprising from 90 to 99.9 wt%, based on the total weight of the resin, of a 4
polyethylene, and from 0.1 to 10 wt%, based on the total weight of the blend, of an
ionomer. |

Preferably the polyethylene is multimodal. By "multimodal” polyethylene is
meant polyethylene having at least two components of different molecular weights and
compositions (ie comonomer content). More preferably the resin is bimodal, by which is
meant that 1t comprises two components of different molecular weights, one having a

higher relative molecular weight than the other of the two components and compositions

(ie comonomer content). The resin usually has a density of at least 0.930 g/cm’.
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Preferably the polyethylene is nultinodal. By

“"mul tinodal" pol yethylene is neant pol yet hyl ene havi ng
w@roosmasB4 t wo conmponents of different nol ecul apCTEPDNY/B06806

and conpositions (ie conmononer content). More .

preferably the resin is binodal, by which is nea

t Magreiprefeighbyrthe sy PiPs KESTheBRIisSs 2 Blond of &ra polyethylene
resﬂqnﬁgf{%lﬂg Y { Oh\gﬁ)e Pﬁgﬁgﬁﬁe@(ﬂ%&?ﬁ;’eﬁgﬁ ﬁﬁétl"éﬁé]ﬁlém a
denat}doﬁmﬂp(ﬁsﬁ?ml GeR’® fridefranAono 68 wtkosftadotvis milihzeulaesnetght

S a dengtegy of at | gas 930

ﬁacﬂP’éS@Y‘ﬁ% P@e%%( 9 rableati 063 ghen p é@.‘% (Pgémpﬁsteé O zvif. baged on
thegftal(vagl }ﬁopgle)@&{waeg}p resin conprising from35 to 60

wt % of hi gher ecul ar weight fraction having a
iongieersi ty of up to 0.930 g/cnB and from40 to 65 w % of

Lo 0GB R A, A B o
ac1d?@§1%‘ﬁp9£‘t thé)8r échcé‘ﬂtra\ﬁ%hQBélowal OVt PALARIt G pAPmELRARYed by
By "ionomer" is nmeant a polyneric conposit Pon obt ai ned

partip} nepizalizatiorowiib mietal catfions®r dma;neg; ghgs atompound of the

mof ARG SRRy O et of PR W R b MTE o

periotlicaiblo 6fthe SkGkendS a cormound of the nonoval ent,
di val ent and/or trivalent nmetals of Goup I, 1, IV-A

aRgeteared Bnemerstise derpveddioan @ spiadyraer afie leaptermsripha-olefin and

r
ot IR e ORI AR e B0 SRR St Bpbo-
oleﬁxmaﬂ&luﬂeiétﬁyleﬁ@phmyydnlem-Bﬁtlede dAsbntene Ahhythne dB heptene, 3-
Sui t abl e. al phaol efins include ethyl ene, prop

| e
meth!ylbmeg?,@nd j_heplélfﬁ Shigable canbexylie acigds ﬁ@b@r@yy@ndg& 1¥1clude acrylic

' aci a0 (flﬂg ﬁ"l'% et"ﬁga'g{'lé]gmh H8ei c%U dt ﬁmdﬁlcca% cﬁ%@fél ﬁnlﬂgbﬁg,, and

és I ncl ude acry iC acl acry
the Bkt é“dney"bnegomg cdpolymtmigenasilylcorftainmdioncataont 0.2 tnabaixtdo mole

hydri d t he | T f )
pereah 2 pregerali tramanaus 5 SAEut 5 IO G BEr CAroB AT 4 groups.
PeL&Rar ega;%eg &f QLR B YO1Ih TR ety 1end aﬁmxgﬁi&e@ e

‘percent, oxylic acid groups. Particular exa

copolfymeus; hthytepolayrydic :acudrcopczidmest tliaybnemwhaeqdlcamwmpbtymers,
ethyg%)rﬁgi:t%glg{crs?&d%g i)fme&s iy %B%}'%b %gﬁg)%grll Yalcate copolymers,
ethylene-maleic acid copolymers, ethylene- acryhc‘ac1d copolymers, ethylene-
methacrylate copolymers, ethylene-methacrylic acid-ethacrylate copolymers, ethylene-
itaconic acid-methacrylate copolymers, ethylene-itaconic acid-methacrylate
copolymers, ethylene-methyl hydrogen maleate-ethyl acrylate copolymers, ethylene-
methacrylic acid-vinyl acetate copolymers, ethylene-acrylic acid copolymers, ethylene-
acrylic acid-vinyl alcohol copolymers, ethylene-acrylic acid-carbon monoxide
copolymers, ethylene-propylene-acrylic acid copolymers, ethylene-methacrylic acid-
acrylonitrile copolymers, ethylene-fumaric acid-vinyl methyl ether copolymers,

ethylene-vinyl chloride-acrylic acid copolymers, ethylene-vinylidene chloride-acrylic

. acid copolymers, ethylene-vinylidene chloride-acrylic acid copolymers, ethylene-vinyl

fluoridemethacrylic acid copolymers and ethylene-chlorotrifluoroethlyene-methacrylic

acid copolymers.
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et hyl ene-itaconic acid copol yners, ethyl ene-nethyl
hydr ogen nul eate copol yners, ethylene-nmaleic acid
wa@opsloyises s, et hyl ene-acrylic acid copol ymer s, PCT/EP2004/006806
et hyl enenet hacryl ate copol ymers, ethyl ene-nethacrylic

aﬁefér&hh&wﬂérf\&% o%%sédwye&mngttﬁwfo%g%mga&wﬁners with a

aci d-net hacryl ate copol yners, “et hyl ene-1taconic
sufﬁamndam@m at mgtahioms @smeyltreh@ at é@ahysoampqmmyf thi yflgludc@@:ps

prefqhay 2 e ot oL PR AT By T AT RSl Foo

perc@xﬁ@'vyd@ﬂtsmf tBé Hc\/il‘i QRAPE bidserft. Sfitablevhent] iodd Beh@e Na*, K*, Li”,

copol yners, ne-acrylic, aci d-carbon, nmongxi
o5, SR dlg e s Bebt w%*ﬁ@ B et Pl OB B3 oo

Ni*CORO! X[FRr & € %s #e’“epr eﬁéﬁ%’ﬁé@lk glg@d%hedﬁfﬁé(dt%?zfx{g tbﬁ

topol yners, ene- I'C acl

copcﬂymais yis&t lSerexﬁfai‘Wthe Akal Irrn:ydls Pattivulatle- oamsryd such aciddllium,
ynmers, ethylene-vinylidene chlorjide-acrylic aci d

ﬂh"@a ami 9%?%11“1 ang, 9%@%@ FrhyetHEmeddn particyar %&Wﬁ sechasi o
ca]cxgxgg g}%ﬁngsglgn gﬁ% Dk €98 ¥ A¥te ibldiRdrt ARTRERAG! M the pRSLH

kwe&ﬁ@ylene chl orotrifl uoroethlyene-nmethacrylic acid
C rs. Preferr ners are qbtai.ned by rea
e GiGS Lope SHET RSP SHET P B S Ealtrol an
ethyﬂ:ﬁ& ahd | in‘%fh%c chéd %@2‘%{) %%rl%@'x&?a?ﬁeé bR bR fifm E.I.

e acid gr ups, 'y at | east abolUt 5 percent
Dup@ytdm@ﬂegMura&GCunpdmablrmngtonnDalbout 20 to about 100

OIS Blege el Bhotrt itude g R BliEn SR "R lTE B Sqtgay.gybich
are Iﬁétal’ saﬁ?of aﬂ\/&hyleﬂ@and g?ﬁfted_xgﬂlenc &ﬂydnd&copo@?her. Pb , Fe ,
1,7 Sc+4 1 and Y+4 1. Preferred

nﬁhéprsfem’dtqamtéy bﬁronnmt nethe blend it bﬁéwemibﬁ pne b avihistaged on
e| n I kal i art cati ons
tre QGERelknPent BendinSirinaTelaRly ussPELLT 1 Shis%al Ral The

e@Efidtallieforh B emdBdinidntsithe Sollahylend ie@ﬁﬁxtﬁlkié‘(hm&ﬁe invention,
.cal ci um rragne3| um and zinc. One or nore i onNONers m

the lpw meleenlarveight frctieraf the resehprctabl phas edensdy obfremed- 870 to
055D ShBTSIEY i D ATE % P20 1000
g/108111ﬁ | riyére ppreferablynieoms 3030 HIO0gPtGhined from E. |. Dupont de -

PrrcT:?erably, fo?tcflgrl)n gnhymol\cla\{nlﬂgl! vr\]/eltglcl)tnfrac?l?)ln the density is from 0. 908 to
0.930 g/cm’, more preferably from 0.912 to 0.928 g/cm® and particularly from 0.915 to
0.922 g/cm’. The HLMI is preferably from 0.001 to 0.5 g/10min, more preferably from
0.01 to 0.35 g/10min, with most preferred ranges from 0.02 to 0.15 g/10min énd more
particularly from 0.02 to 0.1 g/10min. |

In this specification the melt index MI,, MIs and high load melt index HLMI are
measured in accordance with ASTM D-1238 at 190°C with respective loads of 2.16, 5
and 21.6 kg. For M1, this standard requires an 8/2 die (8mm length and 2.095mm
internal diameter), although for convenience measurements have also been made using
an 8/1 die (8mm length and 1.0mm internal diameter), which gives much lower 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.
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O her preferred iononmers include Priex(r) ionomers,

avai | abl e from Sol vay, which are netal salts of an
wetdogloasse4s and grafted mal ei ¢ anhydri de copol yneeT/EFiv84/006806

preferred quantity ofiononmer in the blend is between

. 0. 6 % d
se B lar andign o e s Ry edragh5p. 1B pbispsy=iPh gk P
(reppéRACH 'E‘;rﬂﬁéra% M\bﬁv{ﬁ 94; M&Eﬁﬁih&ﬂ@y gﬁﬁieﬁnéﬂtiohlcﬁﬁﬁndt?%rhm

i nventi on, the | ow nol ecul ar wei ght fraction of
(GRQ3isrpreficabiyr fiorhy? thds Fa)r ﬂmig‘ietaylom densibyrpolyethplene frgctompof

hlgtgﬁqoﬁlf‘f'cgla??v%?ﬁhg B’)&f uae ég yd}s? %itﬁ ?ndr]er”o(?j(;lsg)r gﬁ?%bgéﬁgl% 2 t%rbd

PrefeP4bly, Qhé@%?alﬁ)dl?&h?len@fe@fn&fa@ Rlnyoleduddr vbeh@hthhﬂﬁbutlon Mw/Mn
mol ecul ar wei ght fraction, the density is fromO0.908
from<§t94930 g/cn8, nore preferably from0.912 to O. 928

'{}@ra%wj 1%1'1 g}% &p r% #e[)g%gggctfo}ggta% g?l?ﬁlr%}{ Qf & ene

anoﬂ{eeﬁ@h%ﬂe)ﬁnfdoﬁfﬁhrﬁn@irohﬂ?) . B5cagbckatoms. Mbtel‘praiaﬂ)ly, 1t isa
preferred ranges fromO0.02 to 0.15 g/10pmin and nore

copghymer @i pihylepe Apdbitonts methylpenieng ROk and pF QaieRc.
S %Qfefdb@éiﬁﬂ'&ﬁ 1161eBRAL wélgﬂteﬁ(a%g is M b ABRE ﬁ%xﬂ%&l%@%ﬁﬂ

mel't 1n are neastired in accordance wt
D-Ih 288 embodig@itofvht presers precniivn thopayetbylege nefsm metmbly

congigiet [aigT o AN 36 BGSR PADERHER® GRS eh & feﬁ'dhwe‘ght‘

and 26m %@ Y 65 WRAST ar@@tﬁﬂr;ﬁiﬁ?é@ﬁﬁem&n@h DO IWERIOITRRAL wiesdhf Ghe

an 8/1 die (8mmlength and 1. 0mm i nternal dianeter),
ﬁrsv\mlgztthglcn@ﬁammrcohmmg\adin@eslOw @Ins@hwlyethﬁl%e haang

O5,.0f t h th |
denpigg St (P ol ol el Qi g€ Sicofd
pol¥diByefOfradtia cbﬁiﬁn@ﬁh%%é}ﬁﬂen\éﬁy Ebltyeﬂhgle)ﬂ@hmﬁh Qﬁﬂensuy of at

raction, the polydispersity Index (represented by .

leastﬁééﬁa&cma aMMWMIan geseisr thané@owo@m, apd thegglyegylene resin
oL TP B R 0By B | L 410 4o .

NMOHh ek kibowicab ithd Reinvaidlived pfth@bleyd mstmethéidwmeﬂplﬁkrﬁbly

is preferablyfrom2t06 Pr ef er abl the overal]
compyisge athlpast A8WHe of thersgeond nobyetlengfr ﬂwépg R loyy mojecnlar psight,

moWngrafbi)p gplgas 96»6@/6 It preferably comprises not more than 45wt% of the
first polyethﬂllene fraction of high molecular weight, more preferably at most 44wt%.

Preferably. in this embodiment, the density of the polyethylene resin utilised in the
blend is from 0.952 to 0.960gcm3, more preferably from 0.954 to 0.958g/cm3. This
density is for the natural resin, although in use the resin may additionally contain carbon
black pigment, which increases the density. Its HLMI is preferably from 5 to 90
g/10min, more preferably from 10 to 80 g/10min.

In another preferred embodiment of the invention, the polyethylene resin.
comprises from 44 to 56 wt% of a high molecular wéight polyethylene fraction, and
‘from 44 to 56 wt% of a low molecular weight polyethylene fraction;

the high molecular weight polyethylene fraction comprising a linear low density
polyethylene having a density of from 0.913 to 0.923g/cm’, and an HLMI of from 0.02
to 0.2 g/10min;
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Preferably, the high nolecular weight fraction is a

copol yner of ethylene and anot her al pha-olefin
waeoesabsssng from 3 to 12 carbon atonms. Mre prB@HEBﬁMWWM&M

it is a copolyner of ethylene and butene,

met hyl pent ene, hexene and/or octene. Preferably, the

| cand g bwnalecwen weight padyathydend &acgion @pmpneme a high density

oo R O B 5 B53 i o

g/l()‘nixﬁ,m 35 to 49 wt % of a first polyethyl ene fraction of
gh mol ecul ar wei ght, and fromb51 to 65 w% of a

aderein @mrﬂ;/lewwb@d@t\fwe@db? densy D efthersucinl gdemvandghe |
o T AP STE AL AR i 1

avin
D<@(Bzagl+m7and an HLM of less than 0.6g/1Onn, and

e M A BRASHR 8 B o
0. 94@ﬁ,§ fn ﬁr@ﬁ%@ﬁh@n?o 9{] 5 810856/ crhNaRd %@Ma@fﬂnﬁ@@% to

ene resin having a dersit ter
0. 9i4ry¢m Eﬁ)agslocmﬁfeamd theat thdlrivAatioshipy betwiert the Iieﬁlslg'/ D @fithe.resin

in el e s WO of (B Pyt v foctiny PuGhibod by

0.058P, -y 19eepndo podp.et Hykene fraction of |ow nol ecul ar
wei ght, nost preferably at |east 56w % It preferably

c bnﬁns gelsodmmtntnme@otmg]ylemsm% pifefarildy comgprises less than 54 % by

‘ Wel%ﬁ é)¥ gl% 2% %glitle OMC]&)OII? B? rergllggqc u]Iaf Wei’@% gnos't pre ergbly

betvi¥hagiang BB ,weti quﬁﬂefefam érhﬁnmlambity%@m rv@esgm of the first
utilised int blend is from0.952 to 6/

polyethydensriesfcapmpfl lgngh meheanlay seight, roosy @mjﬁtr@hlw at ﬁaists47d@wghtt9§o

oy g BRI L o, R B 267 B

| TBE pRsaR ihVedtioe AftHeY provides teMse bfa Dleﬂfi Q)lfalibbbyeﬂfyﬁ’mb %esin as
to 90 g/ 10m n, nore preferably from10 to 80 $/10mn
defined ahoye pad apjospeer &y thaymaifastvre of praspie pipee ard Hingsrad in

a ﬁxﬂﬂérya%fg[%% erQ%éJ%goﬁ At %jgom;yxf %Egetﬁ? b aegtd?% ﬁﬂ&t %/ngltﬁ om

42[ht preE&xt\Mh%nﬁ?frs haxlecfmmd)ﬂhetxhb presswe gipe regihgyerotiydedrie

- fractian; -the high l.ecul ar wei ght pol yet hyl ene
accqrdace Uik B8 H}YFP%%@{LZ‘”F 3 hiser cresnrerswce gt low temperature than

the currently obtainable PE 100 type resins while maintaining good slow crack growth
resistance and impact strength. The resins according to the invention are therefore well

suited for the manufacture of high pressure pipes and fittings. When used for the

“manufacture of pipes, the resins are most often blended with usual additives such as

antioxidants, anti-acids and colourants.

The pipe resins of the invention 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 polyethylene resins utilised in the invention can themselves be prepared by
diffefent 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 -

6
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pol yet hyl ene having a density of from0.913 to

0.923g/cnB, and an HHM of from 0.02 to 0.2 g/10m n;
w@psooss34 ow nol ecul ar wei ght pol yet hyl ene f r aptT/BPR004/006806

conprising a high density pol yethyl ene having a

density of at least 0.969 g/cnB and an M2 of greater
the pﬁlaﬁthx%ge g moare produpesk igiah leaptdwo SPRArate meAsiqss. eeshpsicrably

D.of the resin n
eSS0 e R B Pl
prepieéd ABE sOYhdA) tHIOR dendltﬁfr&fh@ni’s @eﬁar@d (B3P presefibedd the high

this enbodi nent, the density D of the polyethylene
denpiggfraction. ‘Pheoteailiamt (esishas adamodnl qplepulasaveighi distribution. The

AT SO0 oo Ty Bk O
prefanmgitid Joti arnidhigipddmsityéactidrse Paderablyy the safe chtal yseprodudes
o LA LB S0 Y B2 e
chr&nfiRfEatalstOa 21% lerNatth t&ht%lg@frg AbeATRREne doQ ﬁ%&%%ﬂéﬁh@ﬁ‘ etal

resin preferably conpris ' ess than 54 % by wel ght o
catalyst $aepmdiggldr gatalygt, dwepéllyatbyleonrasms Immy bmhednﬂsaiescnbed in

' : t 4 53 h
P BEIBAALBTDE o ofilobet alay L8 Rey By Bpeas sherfed indh
afofehietioR@l werdwi4ne & c%ﬁéﬁdi@ ﬁfpll’@btﬂfh FRheg1720 ovei ght
most preferably at |east 4 ght % Its HLM is

prideaesans may bomade u&anmngﬁaikomm catabysésweém,evlabh 15 fireferably a

f h
bis sy o Thlood e atF S ust B SRS ARRIBAES i as
proéiehion @8 bethae and Hi dgamehg@omloﬁ@haﬁﬁ@nmﬂuﬁ@mcurae wefght
pressure Eﬂ pes and fittings, and in _a further aspect a

distybutiongy Reefrgidy dhe catafyst wsmgn egnprises (Hg mefalleean gatakyst he
contpORER b RbrisihB% KR {%%r% drb QX&% Qo Rpdhicof’ § nggxe&%} ?é]rn{‘tﬂae

ressure plpe resins In accor e

(IndI—Il;\)MM@;I’mEMﬁtlbedch andml‘s éie same @p difes¢rm taad iseteaﬁh)ldemmdenyl or
nperature than the currently obtainable PE 100 t

subftgIeR st BraaRn Y By 9 Ryidgs eI eRMRIISEE R Cgrféwtllfvlene thdical,
S5 RGO L oS B PR A,
whmhzbnﬂm wulsstiaftedogimspbstitiged, M 8 pEsoupi¥V metal ongmadidireand
each 6 1S hygrocargyl having 1 to 20 carbon atoms or halogen; and (b) a cocatalyst
which activates the catalyst component.

With the preferred bis-tetrahydroindenyl catalyst, each bis-tetrahydroindenyl
compound may be substituted in the same way or differently from one another at one or
more positions in the cyclopentadienyl ring, the cyclohexenyl ring and the ethylene

bridge. Each substituent groﬁp may be independently chosen from those of formula

XRy 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 grbups 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
as hydrogen or CH3. More preferably, at least one and most preferably both

cyclopentadienyl rings are unsubstituted.



manuf acture of pipes, the resins are nost often

bl ended wi th usual additives such as antioxi dants,
wa@niosHesss4s and col ourants. The pi pe resins of PCTEP2004/006806

i nventi on show good creep resistance. Creep resistance

is typically nmeasured accordi ngﬂlto I SO 1167 on 32 nmm
diraﬁﬁ«eréfw aytirpreferpdsaabodynent: Rathindenyls are yosubstivgedy j or

a5 hn G RRERALG Uckls SBNERT Tadlopisia! 13
utl“hé need M s ;irh&rabm/ﬂnmmmm ctmﬁnmhe)lmeinm 1hest prefpablyd
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zirc e, Hog O 416 GISAE KHTETET 285 A b Al Shaniyl of Faiagarboxy
5 radlédlthgwﬁ@tl a0/&kon a?&% 6f @QAIM%ent t’fo‘ntgblgfi‘l yaRRSILY Y iAAdad 8,

ensity fractions ofthe yethylene’resinare _
alkyﬂxradichmgbdllqyiaraltorlaadslikyﬂ V\Batsbe(ﬂa&m&rzrbéﬁbalog@ Etbglene

bis(R 38 PRl b Jrindeing) £ orp Rt SebRrRE s i ur dufy Sdrdisd bisy
tetrdchgﬂﬁ)‘indeﬁﬂ dofouhd6f the \prademshvantibhaction is prepared in

resence of the high density fraction. The
r abg megaikocmsqatﬂwasorapwenbwri torprodues the pabietitylene resin

bution. The cat
10 ut111 e 1;7 nlé rPrS%fim Weﬁtrl%lc can e noa )pagégjbgp :Yn%'qg)tog/lnyrggttlgc} A LPI? ng
pre[fa@dtloﬁrn@@ﬁdd Rdeidti®ed BN . Digardongh. Clensi28Y, 63-6Z(19385%.
Preferably, the same catal yst produces both the hi gh
arhe P@%tqmt ahighsctiyaiey e m%ltqcpreﬁn%atalm [COBPGPRAL £an bfh%ny
I I
cociByR Kb TR TAp SRS TSR AN Eh ool B RRIAL wbopon
, confaiiigg yekhtalds bngmixtdicagitiasse. CBteEd]mtmumhentpDinygeédcyltaMEmay
resins may be nmade as describ in EP 897934A; using a
15 COHWE‘F%P‘P Yumiegane, an plkyt alumnﬁwﬁa@%é Lewireacid described in

the [
ap e RREPRE oo AR Clor BRPRNE PRparation of the
polyestiyheneaesied wded ac the prasattahysitios ysdyem repriesanited by the general
rq[il)%lefer ably a bis-tetrahydroi ndenyl conmpound (THI'). The
fo & of such catalysts enables the production of both
| ow and hi gh density fractions having narrow nol ecul ar
wei ght distributions. Preferably the catalyst system
conpri ses Ra) a/mztal | ocene cat al yst conponent
conpri si ng et ahydr oi ndenyl conpound of the
general & @a (I ndH4) 2R'M® in which each I ndHUi s
the same or\differe and is tetrahydroi ndenyl or
R R r\r
X

20 wherein:-

R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen
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

25 © cyclopentadienyl ring to form a fused ring struéture;
X is a neutral 1* bonded diene group having up to 30 non-hydrogen
atoms, which forms a m-complex with M;

Y is -O-, -S-, -NR*-, -PR*-,
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substituted tetrahydroindenyl, R' is a bridge which
conprises a Cl-C4 al kyl ene radical, a dialkyl

w@esosanssam or silicon or siloxane, or an al kyl PCT/EP2004/006806
phosphi ne or ami ne radical, which bridge is
substituted or unsubstituted, Mis a Goup IV netal or
vanadi urMantitaaiienozirconiwriingbe A dormahaxidationistate 0

carbon a}.on%.ef Pal0geR @GR (B AptOocat-al | e, o
acti vat gis héﬁcza?g ffg‘ﬁﬁc%ﬂn%oﬁga .zé&ﬁ’%ﬁ{ heé%f’e e??@%z’ or
bi s-t et rG¢RAYS whérdmnyl catal yst, each :

bi s-t et rahydr oi nden conpo ng may be substituted in

I
t heR'SEATH OREYITEREE & 4’%‘3}3@%@“9’ EEB Y adAgRbe selgeted Aomy

o o i . . e .
by g Sy L Ol RO AR B0 o lbMich  hercof, said
sSuldst havaregop gr g oAleydrdgeni atsey and eptidnallghtescR* gromps from Z*
t hgse of farmula XRv_in which i s .chgsen fram grou
(VR T Rg AT 5T £ B AU 42 R AP at U Y oM 2
rin 'ygtfeﬁ{ent and chosen from hydrogen or hydrocarbyl of
roml to 20 carbon atons and v+1 is the val ence of X
X iExapmpddsarfabitabl€X gréupishinclodecs-opesh hildatiphenyl-hg-thsadiene, s-
sulstityted, its substituenf groups must not ,be so
trang 1dymghyt-§.3pentadieng soirensniar 7-Bricstdiense séraas-nm lopeadiene;
4h ubstituentsas he .cygl opent adi enpyl
sl " TROB bR G A s R BB AS b enc; o

cis-Hf-8TRARAL 1/3-pBhtadiBAS ts- IR -2 AP 1- PSR BE ey sRALHT-1,3-
cycl opent adi enyl rings are unsubStituted.In a

penfadieng;cutism i, 4bis(te medy sty olg3-bretatienbcall s-cis diepk graupe
unsubstituted. R' is preferably an ethyl ene bridge

formg AT Femelgh 8t delined etsin WHE SESPFRlt od.  The metal M is

or af oY : Af i ti i

D HE8 Ry bl 183 h el BT Ay OB, BTy, BB byl
benﬁyidon’p:’nﬁnjde)r& RT)Q;;@IQS qdexuypt hy’drdgeg) :lileainheﬂ(y)geﬁﬁ'g ;ﬂ&i entire

ravi ng 1-20 carbon atons or, ogen.. Sujtabple
Cs%?%%@ﬁfwévemﬁc Of G¥2Taplg, an laswﬁ,fetga?wemqenal, Kiyppeenyl,

L1k ' rably hal ogen. Ethyl ene

terag?dsr?ﬂ?%r,e%’l?éﬁ]togfﬁﬁibgﬁg%%yfé{ggﬁyI ) zirconiumdichl oride

i s Righbrprefeutdiyl groppsafre nitege dbsphosphahy domsainohgrgroups

compound of the present inventi The al |l oce .
confAibg § SrouB GRGERIng ot BB AL )1 HeP PG Dy B o eis Ci-t
hydfRaibyLutilised in the present invention can be

prepared by any known nethod. A preferred
Most preferred complexes are amidosilane - or amidoalkanediyl complexes.

Most preferred complexes are those wherein M is titanium.
Specific complexes suitable for use in the preparation of the supported catalysts
of the present invention are those disclosed in WO 95/00526 and are incorporated
herein by reference.
A particularly preferred complex is (t-butylamido) (tetramethyl-n’-
cyclopentadienyl) dimethyl silanetitanium -n4-1 .3 -pentadiene.
Ionomers such as those utilised in the present invention are commercially
available, and
may thus be made by well-known methods. An example of such a process is described
in EP 1177229A.
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preparation nethod is described in J. O ganonet. Chem
288, 63-67 (1985). The cocatal yst which activates the
waoredoahbsseene cat al yst conmponent can be any coCBCEERBD4/006806
known for this purpose such as an al um ni um cont ai ni ng
cocatal yst, a boroncontai ning cocatal yst or a m xture
of Thdhpalpethilhme wekinsrare hlended mithi innmgens by &naivy snethmads. Typically,
onpri se.a unoxane u um.and/or a
taf R ahin e Aeteraang e odeomed bRl Spie PG B af extruder
an®heRpen&zed 0r use in the preparation of the
polﬁpthylene resins used in the ﬁresent i nventi on may

bpwsatierewilbyow he deseribechin fighendeteil witlereferance tRihe

cHrkence |s | ndependently sel ected from
fo}ﬁ:&gn%ggnﬂ “%ﬁ ocarpoyﬁ silyl, gernyl, halo, cyano, and

Eml ons thereof, said R’ having up to 20

~nonhydr ogen _at oms, and optionally, two R groups
m@ﬂﬁélﬁgj_@lﬂw ogen, hal o or cyano) toget her

: . .

Sl S8 AR na EG UG 18 8 RS eR ok ared, The
ionfootenreginf w&adzmc et oftanusthiylere; and maleia ankeydridelgrdfd cdpwhygeet. The
baq%b%g@tlgﬁ%%gs%\ﬁ%%gwj tg%ﬁp%gatg)ggf @/ dlE)Iol(BlelQr vee%q%rfs a tewlle gpade

3 i
typcx)d; 1y g?%g%s¢g%1§nm%?ﬁ a[nﬁ%ﬂ Nélgkdf R4 5%7‘130&1"12 anfnd’fl{é%alelc
antGRridGRraffed CRpoigREr hagh déﬁsf?y af 9457 ke, M\Mﬂfr(lel hg/1®nin and

an B M G500 Salifipunt Jna PR EoRER ofthd KizoBRE Nas B0 e fea =
millRéRSeNGH goﬁésgbndl ﬂ) &%@&'eﬂ@él'n@ﬁ‘@aﬂsﬁ%rﬂ&el otab&ut127%.

having up to non- hydrogen atons, and optional | LY.
Sirnilay igtionggre aggsivhilabie ﬁam(Snllray % uider st tratgcdmmdmex or an

oy TR e arieE B Proff linel Mo il o Zommetia
Zigidr paRethifenk ppectesii €RYin-A) availail@ GofBP S8ivafas Eltex®
120N2025 made according to the general procedure described in EP 897934A, or with a
second polyethylene resin (resin B or C) made using a metallocene cétalyst, ethylene
bis(4,5,6,7-tetrahydro-1-indenyl) zirconium dichloride, according to the general
prbcedure described in WO 02/34829. The polyethylene resins were bimodal resins
having the general properties shown in Tables 1-3 below. The density of the
polyethylene is measured according to ISO 1183. HLMI is measured using the
procedures of ASTM D—1238 at 190°C using a load of 21.6kg. M1, (8/2) is measured
using the procedures of ASTM D-1238 at 190°C using a load of 2.16kg, whilst MI,
(8/1) is measured using a smaller die as previously explained. Density measurement on
blends with Ziegler resin A have shown that density of the blends does not change at

levels of up to 20 % weight of ionomer.

10
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extpidey (APWIBakexidet thedradDaREE MP IVTE2YY HITENT00N ulde? Rftfogen. A

W th Ziegler

. resin A have shown that density of
nupberRfglifierent tlends stesnpiepared, coptaining respgstively 26,9 5%6i 8t 10%,

t he

andP30% BRI 'pTli%%gu_s]ual additives. The blends were then pelletized.

Compositions of the blends are shown in Tables 4 to 6 below.

Blend 1: ionomer + Ziegler resin A

TABLE 4
 {Irganox B225 3.5
7n stearate (g/kg) - 0.75
Ca stearate (g/kg) 0.25

12
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Ziegler resin A Binodal resin M5 g/10m n 0.41 HLM
g/10mn 11.8 Density pcg/nB8 950.6 SCB Et/|1 OOOC 2.9

wqa Asm0334kt al | ocene resin B 1st bl ock M 2-16 ¢81/£P2004/006806
g/ 10m n 837 Density kg/m3 974.5 P. % 0.60 2nd bl ock
HLM g/-10min 0.02 SCB C6/1000C 3.0 JDensity kg/m 3
919. 2 % 0. 40 Bi modal resEABLMESS g/ 10ni n ‘0. 18 HLM

Bl S PR (19 B a1} “a/ tom n 3.7 Ibona ty

kg/m3 974.3 r an&@BZZBj bl ock HLM. 5g/ 10m n 0.02 SCB
C6/ 1000C 2.0 Depsity kg/m3 920.Q % 0.44
7n stearate (g/kg) 0
Ca stearate (g/kg) 0
, TABLE 6
Blend 3: ionomer + metallocene resin C
Irganox B225 3.5
Zn stearate (g/kg) 0
Ca stearate (g/kg) .0
EVALUATION OF BLENDS

For mechanical tests, pellets were compression-moulded into plaques at 15°C/min.

SOLID-STATE CREEP RESISTANCE

Creep tests were performed on a Franck (manufacturer) test rig designed for the

purpose, although other makes of equipment would be suitable. Each creep station was
equipped with 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 plaques having a nominal thickness of about 2mm.
The dimension 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. Fixed loads were calculated to give a target stress based upon the dimensions of
the specimen before loading, and were applied either directly or via a lever arm system.
In the testing, creep behaviour was monitored using an extensometer, and the

percentage deformation over time recorded at a specific temperature and stress (23°C/12

13
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Bi nrodal resin M5 g/10mn 0.18 HLM g/ 10mn 7.1
Density kg/m 3 953.0 The bl endi ng of the iononer and
w@obogeb3syd ene resins was carried out in a | ab- BCBHER2004/006806
extruder (APV Baker under the trade name MP19TC25) at
under nitrogen. A nunber of different blends

MPM?réefjfleﬁsépééﬂ‘ 9cMB@ éqrﬁpwng 4¢7642.2iMR3 forgegin €). 5he respts for
p) [
the ﬁ?(/@bgﬂg\jse %g s/ftl en pe %P?o IWQ%@ H%é?tﬁ?géfé‘ tﬁ%satdﬂlyag of small
am@ingnefSonoreershailts in A sifaificast 1r-1r1pt®/eﬁlebe vtk thd AbBploderBbsttding
%('(e iolnomer + Zi 1egl er resin A [rganox B225 3.5 Zn
smallepaly e 10gPRE) [Helys ca stearate (gl kg) 0. 25TABLE 5
Blend 2: iononer + netallocene resin B Irganox B225
3.5 Zn stearate (g/kg) O Ca stearate (g/kg) O TABLE 6
Blend 3: iononmer + netallocene resin C Irganox B225
3.5 Zn stearate (g/kg) O Ca stearate (g/kg) O
EVALUATI ON OF BLENDS For nechani cal tests, pellets
wer e conpressi on-noul ded i nto plaques at 15C/ m n.
SCOLI D- STATE CREEPRESI STANCE

14
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Creep tests were perforned on a Franck (manufacturer)
test rig designed for the purpose, although other
wods®0384 equi pment woul d be suitabl e. Each creepEP2004/006806
station was equi pped with an extensoneter for strain
measurenents, placed in a tenperaturecontrolled room
Creep test sanples (in the shape of "dogbones") were
formed from conpressi on noul ded rectangul ar pl agues
havi ng a nom nal thickness of about 2nm The di nension
of the dogbone test bars was in accordance with | SO
527-2. The conpression noul ding conditions for the
pl aques were in accordance with ASTM D1928. Fi xed
| oads were calculated to give a target stress based
upon the di nensions of the specinen before | oading,
and were applied either directly or via a lever arm
system In the testing, creep behavi our was nonitored
usi ng an extensoneter, and the percentage deformation
over time recorded at a specific tenperature and
stress (230C 12MPa for resin A 40C/ 8.9 MPa for resin
B, 40C/9.2 MPa for resin C). The results for the three
Chﬁh&nds are shown in Figures 1 to 3, where it can be
seen that addition of small anounts of iononer results
. i n Bressugnpipe caint canpismgefinmn 90 tab 9.8 vithe bamdrcmther&mtl weight of

o oS AT S ST L B gt o

|ﬂmQﬁ%?Q]gmthg total weight of the resin, of a
pol yethyl ene, and from0.1 to 10 wt % based on the

2. t ot Briesswed pihe resin ackerdbiggnd}aimfl which snmnkimodal, pRifersblyr e
bi igﬁ resin according to claim21 which is mnultinodal
’“EF erably binodal. 3. Pressure pipe resin according

3. 0. Blegtufe gipé RSsIPatchianip 18 chlimndfofthed Bdm BIGhY 6t (iarh ene

resin conprising from35 to 60 wt % of a hi gh nol ecul ar
polygthyjpre rrerﬂa@pnmﬁsma\ﬁiong%tm@wt% pf @hlghpnolgcma%@g@/ﬁmaon

96@f b
P D A8t B PR b bR S SR E i e
fra((tlb)l hflf/l@@h%ﬁSltyQ)fb@le‘a&t% 9658@@1&3 afd (B)rdr@ 0al toIeivets, baded on
e blend, of an ionomer. 4. Resin according to any

th
the fotelkcighif dhehlpnd, what WnAMERe quantity of iononer in
4. tNeRegin according to any preceding claim, wherein the quantity of ionomer in the

blend is between 0.5 and 6 wt% based on the total weight of the blend, preferably
between 1 and 5 wt%.

5. Resin according to claim 4, wherein the quantity of ionomer in the blend is
between 1 and 2 wt% based on the total weight of the blend.

6. Resin according to any preceding claim, wherein the ionomer is has a
polyethylene backbone and has a density of at least 0.930 g/cm’.

7. Resin according to any preceding claim, wherein the ionomer is a grafted metal
salt of an ethylene and maleic anhydride copolymer.

8. Resin according to any preceding claim, wherein the polyethylene resin
comprises from 35 to 49 wt% of a first polyethylene fractioﬁ of high molecular weight,
and from 51 to 65 wt% of a second polyethylene fraction of low molecular weight, the

first polyethylene fraction comprising a linear low density polyethylene having a
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blend is between 0.5 and 6 wt % based on the total
wei ght of the blend, preferably between 1 and 5 wt %

WG 2008063584 according to claim4, wherein the queelt/EP3000006806

iononer in the blend is between 1 and 2 wt % based on
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an HLM_ of |es han 0.6 Qm n, and the second
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pol yet hyl ene having a density of at |east 0.969g/cn8
and an M2 of greater than | OOg/| Om n, and t he
pol yet hyl ene resin having a density of greater than
0.940g/cnB8 and an HLM of from 1l to 100 g/ 10m n. 9.
Pressure pipe conprising a resin as defined in any
preceding claim 10. Pressure pipe according to claim
9 which has an extrapol ated 200C / 50 years stress at
a 97.5% confidence |l evel of at least 10 MPa (PE 100)
according to 1 SO 9080. 11. Use of a resin as defined
in any of clains 1 to 8 in a pressure pipe.
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