WO 2010/000557PCT/EP2009/056882 NOVEL COPOLYMERS The present invention relates to
novel copolymers of ethylene and a-olefins and in particular to copolymers suitable for use as
Polyethylenes ‘b BAEEFTemperature Resistance (PE-RT) for use in hob W IMiERystems and
similar.  In the past polyethylene materials were cross-linked in order to achieve the desired high
temperature requirements in particular long term strength for use in hot water pipe applications.
Monomodal polyethylenes such as medium density (MDPE) having densities in the range 930 - 942
kg/m3 and high density polyethylenes (HRRR)Haviag8eRaiifkthe range 945 - 965 kg/m3 have been

used for applications in the temperature range of about OC to abqut 50C. Higl}ldens't
polyethylene (HDPE) Thepairaeniisr rIkbIRIES WA §Bok HrctHAme i s ren §ov's %ﬁ@géféd

temperatures apghitagbeeBKseks packrdingappicationsavherERaigaohighdemperature
performance is required. ver the long.term hydr IC_str .Characteristics of non crosslinked
S{%i %%ﬁe ¢§1§e’-¥¥ ?cn: 1Se 11t %gt W E@r {Pﬁ%%%géﬁgn% m%] %Fﬁil%p

HDPE material er temperatures are ofte e for applications such as hot water pipes.
These PE-RT type matdrateshavkydsedene serdalbcessrinysibiniphmoitans aasmesiiedisd industrial
hot water piping,gysterpsand Risa:asdertobanslesfions heating.amdmadiRtnrtemaestanrs. More
recently the easy processing and outstanding material properties have made such materials useful in
larger diameter?Hﬂtféﬂ‘?ﬁﬁapplications where normal polyethylene materials cannot be used due to
high temperature limitsiiomsodal pehyetuthapplibationdithedegitr EdREEh hivaradeisiiesdnithe polymers
are excellent cr;&gergﬂs_t@gﬂg%&h% %@%ﬁgﬂirﬁolg&%éﬁggf}Wj%ﬁgmg{m@@%%

environments, good processability and high flexibility. — More recently polymers havigg a multimodal

molecular weigRt8listiB FEon ﬁ%\’f‘ebﬁ%‘éﬁsﬁigﬁ %RP&E’@%%‘FEJI‘I’§7ti’%?r%&@%ﬁ%@f@\?é?e?%l%oéﬂé)péi%’ations.

Polyethylene cogp@siiftans with a multimodal molecular weight distribution (MWD) for example a

bimodal MWD can offgr advantage mpar ith. prior-art uaimodal palysthylenes. For example
A T e ) |

bimodal polyethylenes rlﬁay co chanical properties afforded by high molecular
weight polyethylesrbaniesl sergdoet proeteddaminBrd whisRasmrwLia REJERaaRIRIE I B roxide
cross-linking of palymess-hasaisa e tontioshew SqumedHsovesn ertidAlerm

2010/000557PCT/EP20091056882 2 in the creep resistanc lvmers.at.high temperature.
Prior art multimSHAPEBR RSB RSSEF TEENE B?p“§%‘b’6 |Sc,£g#8§§ér%e gg%ﬁ%%a%%%g 97/29152, WO

00/01765, WO 06/18814:s\wedieoasgiehisdonori1ieB28chrigitivalerigPs1425344 describes

multimodal polyethyleRgs haring & olensity: it the d 80am.aR0uE Q35i0yFePRUhP5Q:kgAM3 and melt index
in the range about 0.1 to about tSH%flo min for yse in durabl;ﬁ%%plication[s such as Ili)%ges and exhibit an
0

excellent stress PESHFARAE R AEH FARLRFAIE REBR4 4895 REEHBES B5edTor ot Huids
comprising multiedgdal qateetiye Msavitteabngiteisytbecemige 82lowr8sdingpmBrial WO

05/056657 describes stapli imodal nrlvethylene malerials having: 20densities 3826 ka/m3
which are particaigﬁl/’tﬁgg J? or%ggég]g%ications. M(é)?ls(§ recently WO l08/ 221,810 describes pipes

having improved#igh Rebipbyime @ptsialsrmaddairs st UM IR R RN LB E¥Stions having a
bimodal molecular weight:gistsiiencpsanteediiniasskiles aftbaetaritihe polyus eadieeigplication
WO 06/120418 describes copolymers prepared by, use of et e catalysts, having Qensities
>930 kg/m3 andHelt ?ﬁiaté‘?é}%p tgf%{renﬁp ?%%Iffg_b%gc}f%?l%%g ?ﬁigggﬁ?g%l w%g applications. tWe have
now surprisinglyzfedndetisssebiétadiotbigh Bedbedeopolymers having a higher density but lower melt
index may suitably be ysed fos RE Rl Applicatignsiopariciastonusedgha syateidpipevapplications
and importantly may be used for both 20 mqnolayer and multilayer lications. Such.copolymers
have been found {8 ERFISHEATE B Oéél%?flf’aq\’l%tr‘g & R lrlllll%dla r%?b%e ﬁggtlg o?agg%ﬁlﬂ?gh molecular
weight polyethylette avithifhedd ocproke ssagilidistitotenididdu)devvaignipalyiEtpiab e R é¥ously seen
with multimodal pRlyRGES. AddlioR-cyee it lonasteem nuliasilicstragihdnohiaingd without any

erosslinking of the polyethylene material, 25Thus according to a first aspect %tﬁl}g resent invention

there is providedSFBEHFAETESY ERRPER IS AE Hpa I AP RE SIS erized in having (a)
a density (D) in taelfanges9i30t0B8Rkgm3vh) crenekid paesesiutiZiyin theragsdel wiBly/10 mm (c) a
melt elastic moduIlIJst '.(0"= 500 Pa) in the range 40 to 150 Pa, and 30(d) a ratio of complex dynamic

shear viscositiespf)s{ . )5 6(100) in the range 1,5t0 5.5. The copolymers of the present invention

typically exhibit a moleRamaideatgri-Bnking af BRIV RiFp ReTAPRY & ST miBProvement
2010/000557PCT/EP2009/056882 3 The novel copolymers of the present invention exhibit a
balance of creep resistance at high temperature and a product flexibility performance characterized by
the equations, (100 h) -0.091911+89.5 (e)




5e (500 h) -0.1240+119.75 (f) where D is the density (in kg/m3), a (100 h) and e (500 h) are
respectively the measured strain (in %) after 100 and 500 hours of tensile creep test at 95C, under a
constant stres® 82¥ W55 n accordance to 1SO 899-1:2003 using an ISETERRBEEHBCcimen which is
cut from a compressed moulded plaque (ISO 293:1896, 4 mm thickness), machined (15028 18
10standard), observed and its dimensions measured (ISO 527-1:1993). Preferably the novel
copolymers of the present invention exhibit the following relationships: E (100 h) 5-0.135 D + 129.86

s(500 h) - 0.1490.+. %?e%;?resistanlggf%\/fdl?&@gl{%%ﬁtglfn .Rresent invention may also be

characterised by a critical frequency (Hz) of activation of high temperature performance _fc-HT
determined 20 accordifify 8t REIERA% O s HY ere SRSt OB EF SRR ST 8 BTG FRHER Y R)) is as
defined above. &Prefevablycio g5 2v00h)0/1 88 ThHemtoyebrepndyd @i of/ftel8ekemiriiculzntion may be

further defined g ' a.density. (D) in the. e 930 - ki ( It iRdex (MI2) in the
range 0.1 -3.5¢ g%?%%%ﬁ?&@%@%%& yé@%@)&%%@%@ﬁ %&ﬁb%%qug%%f E|n!g g’?e%xperature

creep resistanceand rsgderdedbiingendndimmmessvafatteabed be/Mamslritsn (100 h) - 0.0919
+ 89.5 Swhere Buigitbeansibadinkoinmpandz6R8has e tnaasty ge-iraindindagatier 100 hours of

tensile creep test at 95C, under nstant stress of 2 MPa. More preferably. the copolymers have (a) a
density (0) in th'“S“PB?fa‘é“é%&‘gg?ééaﬁfSO? 'SEB‘[)b%Fﬁ%B?P Frf%’&zlé%‘(?sﬂ%l‘fﬂ 27 a’é‘%ﬁ"%@% 9/10 min 10 (c) a
balance of highpmiietatereithalepsiasistbnoag il bro8itkefiexibility performance characterized by the
equation, ¢(100 h) - Oy}3k)edk29 BEMhE aRiisdng.dansiby (BHkaima) Ang#{19Ah)s the measured

strain (in %) after 100 hours of tensile creep test at 95C, under a constant stress of 2 MPa. 15The
copolymer ma%%‘ﬁﬁﬁl%%d‘é‘?ﬁeWQ%@W?W&@%@(@WW@%W&@930- 960 kg/m3 (b) a melt
index (MI2) in the rangédb: <3 g0 08ii64{6) ddeaddheepifchigiviternperatut dighaepmesistance and

products flexbiltyperouance eharaeiolzsh i b SR A03GAOD) o 02AREI0.TS where D

is the density (in kg/m2 0 "the’ measured strain (in %) after 500 hours of tensile creep test
at 95C, under adéoietpn Bipeucefanmss Marecifeferably the copolymers have (a) a density (0) in the

range 930- 960 kg/m3gbLbyie: Al dnstaxvid 1) 1m0t e daagedd dopdlan@tt Gagifedd)yauizadance of high
temperatutg creep Tesistance and products flexibyiy periermANGe;saaracierapg Ry g pauation,
for use in rotomoulding applications.
We have now surprisingly found that metallocene derived copolymers having a
higher density but lower melt index may suitably be used for PE-RT applications in
particular for use in hot water pipe applications and importantly may be used for both
20  monolayer and multilayer applications. Such copolymers have been found to exhibit the
balance of favorable mechanical properties afforded by high molecular weight
polyethylene with the good processability of low molecular weight polyethylene
previously seen with multimodal polymers. In addition, excelient long-term hydrostatic
strength is obtained without any crosslinking of the polyethylene material.
25 Thus according to a first aspect of the present invention there is provided
copolymers of ethylene and alpha-olefins said copolymers characterized in k_xaving
(2) a density (D) in the range 930 — 960 leg/m?
() a melt index (MIp) in the range 0.1 - 3.5 g/10 min
(c) 2 melt elastic modulus G (G*"= 500 Pa} in the range 40 to 150 Pa, and
30 (d) aratio of complex dynamic shear viscosities 11%(0.1)/m*(100) in the range 1.5 to 5.5.
The copolymers of the present invention typically exhibit a molecular weight
distribution (Mw/Mn) in the range 3.5 to 10,



6(500 h) 5-0.149 D + 143.2  where D is the density (in kg/m3) and a(500 h) is the measured strain
(in %) after 500 hours 300f tensile creep test at 95C, under a constant stress of 2 MPa. The
copolymers m3PEEHIHET defined as having WO 2010/000557PCT/EFPEI0SIYBBBRBE (a) a density
(D) in the range 930 - 960 kg/m3 (b) a melt index (MBL2) in the range 0.1 -3.5 g/10 mm (c) a critical
frequency (in Hz) of activation of high temperature performances characterised by the equation:
5fc-HT 0.85 1*(0.1)/qt(100) -0.8 More preferably the copolymers have  (a) a density (D) in the range
O n g () IS AR08 BE Dlert o U M baterE)R SR gEUNCY (1 H2)

of activation of high temperature performances 10characterised by the equation: fc-ur 2.0

Preferred alphatolirispeahssth avmageuic et srpsrmshdanestisrefartbecanstanslefins are
1-butene, 1-hexene, 4-methykl-panteng ad 4-octene. Thegreferred alpha-olefin is 1-hexene. 15The
copolymers according to the present invention preferably have a density in the range 930 - 945 kg/cm3
and more preferably in the range 933 to 940 kg/m3 and most preferably in the range 934 - 938 ka/cms.
The copolymers accotdiig kb thdé peadentliti@ftion preferalily have a melt index (MI2) in the range 1.0

to 3.0 and preferably.in the range 1.0- 1.5, 20 opol according.to,t resent jnvention
preferably havewa% eﬁw%?ﬁél%%tlgnn%gd%%% & )(Ua@gd’g ﬁ%&:{??@ )rgrﬁégs %%K%htgéjgl oSt Eé)referably in
the range 40 tost@iPan %) Bfier c0petdriedsansofdingitostbrp fre st Rl iRverdton travkad #aths of complex

dynamic shear yjSCogilias JB.Hh&.fR0aeI 8895 D0g mggtam@,f@rﬁ@wg dheiranoen%Risbh. 25The

copolymers according to the present invention greferabsél have a_unimodal mo!ec&:lar vglggi)%ht

distribution. By HRf o AIRTSTRL Bar GrdiBRe<IABLATOR 1< tne SR SLSBET niRtc AT doae4iot contain
fractions of(substatialiyotisferenthnetutasive gitssuBy GbsiaitialBPelifferent molecular weights, it

must be understood t%&ﬁ%@%@&é&t&?fh@v@& WSeuRialisanigrs iisRTRS g difference in the

molecular weight of the 30 polymer produced in each reactor is not greater than 10%.” WO
2010/000557PCHEPSHHY/056882 6 The copolymers of the present invention may suitably be
prepared by use of a single site catalyst system for example a metallocene catalyst system

comprising, preferably acy, tadienyl metallocene complex having a ‘constrained geometry’
configuration togethelﬁ\%iﬁq?ég]gu—itda%%g%é&a gl@ét. 5Examples of monocyclopentadienyl or substituted

monocyclapentadienyl complexes suitable for use in the present invention are described in EP
416815, EP 418044, 5%’56’@845_60‘?1@@ BR $/l277. Suitable complexes may be represented by the
general formula: CpMX; B

The novel copolymers of the present invention may also be characterised by a
critical frequency (Hz) of activation of high temperature performance fo gt determined

20 according to the equation
foxr2 085 [n* (.DM*(100)]-08 (@

wherein 7*(w) is as defined above.
25
Preferably feur 2 2.0 )

The novel copolymers of the present invention may be further defined as having
(a) a density (D) in the range 930 ~ 960 kg/m’
30 (b) amelt index (M) in the range 0.1 - 3.5 g/10 min



10wherein Cp is a single cyclopentadienyl or substituted cyclopentadienyl group optionally covalently
bonded to M through a substituent, M is a Group VIA metal bound in a is bonding mode to the
cyclopentadieyP 8118{(1¥duted cyclopentadienyl group, X each occurre 68 /EPPRAIEESEr a moiety
selected from the group consisting of halo, alkyl, ary, aryloxy, alkoxy, alkoxyalkyl, amidoalkyl,
siloxyalicyl etc. having up to 20 non-hydrogen 15 atoms and neutral Lewis base ligands having up to
20 non-hydrogen atoms or optionally one X together with Cp forms a metallocycle with M and n is
dependent upon the valency, of the metal. Preferred monocyclopentadienyl complexes have the
formula: 20 Wh%}g'i?’]a:l\g Qee%l%:: 1ggé8ﬁlprcéﬁcée i< zéeﬁigtr%%en?ﬁ/y%?é% és r}é%ﬁ%}lﬁk}g%ggﬁ?ﬁ?/drocarbyl, sil
germyl, halo, cyawmestemet€onibiratiehenthereof, said R' having up to 20 nonhydrogen WO
2010/000557PCT/EP2009/056882 7 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 fu%@?ihbgs’tﬂl%%?é? T3 Xis hydride or a moiety selected from the
group consistingiefd1alp, e axhsBacH ket ad aliioay) alkiexyabst-amidagikyh) stexyadiayietc. having
up to 20 non- hydrogen atoms an utral Lewis base liga ving up to 20 non-hydrogen atoms, Y
is -0-, -S-, -NR*B-{, B -?ﬁ?stﬁsé?ﬁ%%%ﬁtﬂ%ﬁu%“&?%ﬁ%%“ﬁ%’rﬂ?dfﬂﬁa’ Z* is SiR*2, CR*2, SIR*2SiR*2,
CR*2CR*2, CR*=CR¥Y/eRr28ari? toy vodame hedderein:  R* each occurrence is independently
hydrogen, or a membess %grﬁ%pyggq%@]yéhﬁﬂyl, halogenated alkyl, halogenated aryl, and
combinations thereof, sai navmg up to 10 non-hydrogen atoms, and optionally, two R* groups

R* h
from Z* (when I fSRtRGETSYER) SPERE® Yloup M P hnd an P..* group from Y form a ring
15system.j@nd(s istiiarc? depgnaingecnuthe:valerdaaotdnd prdduampiebitifyspitfisteance

monocyclopentgﬁilggéfilzgé)%%%@lﬁﬁ@l (tert-lvitylmnido) dimethyl (tetramethy1-15- cyclopentadienyl)
silanetitanium dichloride and (2- methoxyphenylamido) dimethyl (tetramethyl--n5- cyclopentadienyl)
silanetitanium 20dichloride.  P&#EaIRKEPréfertet Helocene complexes for use in the preparation

of the copolymeyg.of g pesenRtdnvertiahnay-bedeprespnirdixiRegenstal oentdanodoO
2010/000557PCT/EP2009/056882 8 wherein:- R' each occurrence is independently selected from

hydrogen, hydrSEEASE SisP Gehthy? haliey AT SR LS BitdtibAs thereof, said R' having up to 20
nonhydrogen 5 atoms[iandmiasalyatwe it tigralsfisdivadreiRy is not hydrogen, halo or cyano)

together form a@ri]\éaégnggﬂ %}itvn% }Q?g&%&.@@&?ﬁéﬁ@to adjacent positions of the cyclopentadienyl ring
tur

to form a fused Ting struc , X Is a neutral n4 bonded diene group having up to 30 non-hydrogen
atoms, which fofitha aei-Briblniribgeange 0.1 - 3.5 g/10 min
{¢) a balance of high temperature creep resistance and products flexibility performance

characterized by the equation,
20 (500 h)<-0.124 D + 119.75

where D is the density (in kg/m®) and (300 h) is the measured strain (in %) after 500 hours

of tensile creep test at 95°C, under a constant stress of 2 MPa.

More preferably the copolymers have

(2) a density (D) in the range 930 ~ 960 kg/m’
25  {b)a melt index (ML) in the range 0.1 — 3.5 g/10 min

{c) a balance of high temperature creep resistance and products flexibility performance

characterized by the equation,

(500 h)<-0.149 D + 143.2

where D is the density (in kg/m’) and &(500 h) is the measured strain (in %) after 500 hours

30  oftensile creep test at 95°C, under a constant siress of 2 MPa,

The copolymers may be further defined as having



10Y is -0-, -S-, -NR*-, -PR*-, M is titanium or zirconium in the + 2 formal oxidation state; V is SiR*2,
CR*2, SiR*2SiR*2, CR*2CR*2, CR*--CR*, CR*2SiR*2, or GeR*2, wherein: R* each occurrence is
independently W¢HBEWSBr a member selected from 15hydrocarbyl, silyPdTaigeepasessalkyl,
halogenated aryl, and combinations thereof, said 5R* having up to 10 non-hydrogen atoms, and
optionally, two R* coups from V (when R* is not hydrogen), or an R* group from Z* and an R* group
from Y form a ring system. Examples of suitable X groups include

s-trans-r14-1,4-diphenyl-1 3-putadiene,.s- 2 ns-14-3-methyl-1,3-pentadiene;

s-trans-n4-2,4- fa‘gal%%g;@rlﬁﬁ%ﬁ%%g-%é??té%%@ﬁ%; strans-n4-1,4-ditoly1-1,3-butadiene; s-trans-if
-1,4-bis(trimethysyasiigibuiddipncheeignd-B-ridtisfl{-mi3-pentadiene;
s-cis-14-1,4-dib@?gxk§$§ﬂm '%igiﬁ-&vgﬁ&@gﬁgggg%p%@%g@g%QZPCT/EP2009/056882
9 s-cis-n4-1,4-bis(trimethylsily1)-1,3-butadiene, said s-cis diene group forming a it-complex as defined
herein with the FBEAIETISSARE RERAUIRISBIY R’ is hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl,
benzyl, or phenyl or 2 R' groups (gx¢e ptotisdndgen)rexadinkddstogether, the entire 505R'4 group
thereby being, for ex le, ap indenyl, terrahydroindenyl, fluorenyl, terahydrofluorenyl, or
octahydrofluorenyl g%@%‘a ﬁra%féh g %ﬁ?&%%gé%g re nitrogen or phosphorus containing groups
containing a graai: demesiBninteiteefmeAd KBPRH)- or -P(128)- wherein RH is Cl.Lc,hydrocarbyl.
Most preferred gomplexesialevanidastange ®f amidgatkanediyl complexes. 10Most preferred
complexes are those ,vvhir in M isgita#iig%a%)eciﬁc com lexes are tho§e disclosed in WO 95/00526

and are incorpofata & H&Tei B PeYet né KB I& Y PIRTE e eompIex & (t-butylamido)
(tetramethyirnseyetopeitatlignyt)edirtativy| silanetitanium 4-1.3 -pentadiene. 15Suitable cocatalysts for
use in the preparation of the noveltgglpglg_r@ers of the present invention are those typically used with
the aforementioned metallocene complexes. These include aluminoxanes such as methyl
aluminoxane (MAO), Barred anbprdeimisdhestimrophdnyly BoHAPSRPEo MRt fthoxanes are
well known in thepastasghpeeferabiyneoniprise Gligethgric R2Otinearddnd/eneyclic alkyl aluminoxanes.
Aluminoxanes may be prepared in a number of ways and preferably are prepare by contacting water
and a trialkylaluminiurhheaneiotadclTor-elgfmis e igiasthylaluminium, in a suitable organic medium such

as benzene or an aliphatic hydrocarbon g%ls)reftﬁrred aluminoxane IS ‘I’Qﬁ? | alurcplnoxangléMAO).

250ther suitable cocatafy&PE% ¥3153Pga§ﬁ(8 R SRS R AR TR i dR ThH SR Campounds. A

particularly prefemeeloBharbkerred mgound isfrishientttusrapAahi)PBdkeie’ and moSther compounds

suitable as cocaialysis AIe SOmMPALEHS WA¥ER comMprise a cation and an anion. The cation is typically a
Bronsted acid capable of donating a proton and the 30anion is typically a compatible non-coordinating

bulky species capabletot stabiizieg theatitip (HA/D:201 8/0006h PTRETIHPROC/ 0888210
(M1) in the range 1.0 to 3.0 and preferably in the range 1.0~ 1.5.

20 The copolymers according to the present irrvention preferably have a meli elastic
modulus G° (G” = 500 Pa) in the range 40 — 100 and most preferably in the range 40 to 70
Pa.

The copolymers according to the present invention have & ratio of complex dynamic

shear viscosities in the range 2.0 — 5.0 and most preferably in the range 2.5 ~ 4.5,

25 The copolymers according to the present invention preferably have a unimodal
molecular weight distribution. By unimodal molecular weight distribution is meant a
copolymer that does not contain fractions of substantially different molecular weights. By
substantially different molecular weights, it must be understoed that, in the case of
production in several reactors in series, the difference in the molecular weight of the

30  polymer produced in each reactor is not greater than 10%.



Such cocatalysts may be represented by the formula: (L*-Fi)+d (Ad") wherein Lt is a neutral Lewis
base 5(L*-Fl)d is a Bronsted acid Ad is a non-coordinating compatible anion having a charge of d, and
d is an integer'f®M4B7 The cation of the ionic compound may be sefetéEHBHIN &2 group
consisting of  acidic cations, carbonium cations, silylium cations, oxonium cations, organometallic
10cations and cationic oxidizing agents. Suitably preferred cations include trihnydrocarbyl
substituted ammonium cations eg. triethylammonium, tripropylammonium, tri(n-butyl)ammonium and
similar. Also suitable.are N.N-dialkylanilinium .cati -qi kanilini lans. The
preferred ionic com?gaﬁ%fgggg é’g %885?%7%1@a%&%%@vﬁ%%%vt %}%g%%ﬁyg%gﬁeg%%c compound
comprises a hysttoexirbyt st fatesannln 8 ma eumeririing SHIDR COMRPRS8sPE TSI Abstituted

borate.. TypicalhprRies suitabie asianic canRamas inelyde ctigibyiansaeaisyn tetraphenylborate
triethylammonitun jetra he%é:borate, 20trl$rqg¥!}%rr[1rpcs)tnium tetraphenylborate, tri(n-butyl)ammonium
ph

tetraphenylbor&t TR oAy AETR AT )

enyWorate, N,N-dimethylanilinium tetraphenylborate,

N,N-diethylanilinium tetraphenyiborate..eatimethylapunoniumdeisakisinsatafiyaraphenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate, tripropylammonjum tetrﬁlfas ntafluorophenyl)
il

borate, tri(n-but§ATaRKHTS AR P ARTE (FEREAHTERSPD PHERYAT 55 AP~ NS Jgifieth ium
tetralds(pentafluogoph@Em)borsad MY G52010/000557PCT/EP2009/056882 11 N,N-diethylanilinium

tetrakis(pentafluoropfiony} BOraIS..« /4 PREIEHEE NS, LRARAIAIYShsigble for use wih the

metallocene complexes comprise ionic compounds comprising a cation and an anion wherein the
anion has at least one substituent compfsiHeFa moiety having an active hydrogen. 5Suitable

cocatalystgf this typearedescribed dn YWeh &Rk teurievaatpeoriensdbyhicbuare incorporated
e S o e ben Pl e
(pentafluorophesmyl)¢dntiipgroxyp ety bbretaaican ptestotisubitoleitaierol grsmPesheocatalyst
include triethylaggégl%}l%‘@s hydride or a moiety selected from the group consisting of halo, alkyl, aryl,

aryloxy, alkoxy, alkoxyalkyl, amidoalkyl, siloxyaiky! etc. having up to 20 non-hydrogen

15 atoms and neuiral Lewis base ligands having up to 20 non-hydrogen atoms or optionally
one ¥ together with Cp forms a metallocycle with M and n is dependent upon the valency
of the metal.

Preferred monocyclopentadienyl complexes have the formula:

RI

_____H/ ZJ\\
R @\ Y

s

o N F{i
(4,

20
wherein:-

R’ each occurrence is independently selecied from hydrogen, hydrocarbyl, sily},

germyl, halo, cyano, and combinations thereof, said R’ having up to 20 nonhydrogen



triisopropylammonium, diethylmethylarnmonium, dibutylethylarrunonium and similar. Particularly
suitable are those cations having longer alkyl chains such as 15 dihexyldecylmethylammonium,
dioctadecylmé?’l%ﬁ%‘?’ﬂ?ﬁ’é?ﬁum, ditetradecylmethylammonium, bis(hydrod’gﬂ‘éféﬁ’%’zﬂﬁ&ﬁalkyl)
methylarnmoniurn and cimilar, Particular preferred @ocatalysts of this type are alkylammonium
tris(pentafluorophenyl) 4-(hydroxyphenyl) borates. A particularly preferred cocatalyst is 20
bis(hydrogenated tallow alkyl) methyl ammonium tris (pentafluorophenyl) (4- hydroxyphenyl) borate.
With respect to,ghis, e glicanRialis'y episfe rsad.campouniis b edction pragugkokan

en

alkylammonium tris(pentafiuropheny )-4%? droxyphenyl) borate, and an organometallic compound, for
example triethf%fﬁ%‘ilh‘fﬁ[ﬁ?té?rﬁfﬁté‘[ﬁghfﬁ gﬁ%ng?}%%]t%g é’ttrg?g%}ﬁlfy?gt&?ngl i%'( %%T%]eny he catalysts
used to prepareitheavek éopodhingersuofuthe present invention may suitably be supported.

Suitable support materials include inorganic metal oxides or alternatively polymeric supports may be
used for example polyethyl&rié hpens i ey spisred Bemde SeRpCorR W?o%ft}ﬁjr%’f%l??%% support
material fosuseMith-ihe g upRatedeatalysianMic Rl 610R08R R THERROGOHTHAB2 12 according to
the method of the present invention s plica. Sultablesiicas. elyde Ingos FAQ apg,Grace Davison
948 silicas. The's %%%r? materia ?%ay e subjecte%ﬁ}o a heat treatment and/or chemical treatment to
reduce the water content orttire-Ryci®xyNedntdit 'of the support material. 5 Typically chemical
dehydration agents are reagfive,meiahhydHdesealinign alkyls and halides. Prior to its use the
support material may be subjected to treatment at_100C to 1000C _and. pre ly, at 200 to 850C in an
inert atmosphere under red%%%%s%ﬁg?%£§d%&s t’*ﬁéfg?fs (gfr{gb%e %r%%%f}eaﬁeoéted with an
organometallic comp@sRd:prékeeably an organoalurninium compound and most preferably a

trialkylaluminium 10cgmpayng. in.2-dl e SelvaRtyy nyiRg SHBPtheaIarsldsAreYgated with the

organometallic compound at a temperature of -20C to 150C and preferably agzo t0,100C.

Suitable catalystedferactsd i th&alpepaiat aiv s Mo Eovet CoRoEIL UPTHE S FEEER fAlention are
suitably described in WQ Q492048 T0atd - MyQReM0a2 and GRmtitiylarky Bditbesdatalysts for use in
the preparation of the,copolymers of the pr inventi gtallpcene complexes;yvhich have
been treated wi%%%%m’é}gg %r?'ﬁgxr%%gﬁs%ig%@ar %%%%Igi%gﬁonsg\% 04/020487 aneégWO
05/019275 tleserdyasupported catalyst compositions wherein a polymerisable monomer is used in the

catalyst preparation. 20Pplymsyisabilenmanemess auitalleMor use in this aspect of the present
invention include ethylene, propylene, 1-butene, 1-hexene, 1-octene, 1-decene, styrene, butadiene,
and polar monomers FOPERERMAEIAYT Acatate. tRathyl THethacrylate. etc. Prefarred monomers are
those having 2 tindéhgatbometbyhs ingyekijculadiethlehestisropyietichioridnaahor 1-hexene.
25Alternatively a combination of ane or,mote. monomers may he Used forexample gthylene and
1-hexene. The fflré Srrec %?ﬁéﬁsa & hohomer %ﬂiegneﬁ Tf?gﬁgolymerisable monomer is
suitably us#d indidbjgitiiéorm or alternatively may be used in a suitable solvent. Suitable solvents
include for example hepiane:BQTherRalpensable-mpromecmay iheagegartddhefcocatalyst before
addition of the metallocene %%rglplex aqr alternatively the come%l% na be pretregted with the

polymerisable rﬁm‘:&s of esent rvenfion may e represent



13 The copolymers of the present invention are preferably prepared in a single reactor. The novel
copolymers of the present invention may suitably be prepared in processes perfooned in either the
slurry or the ggé) ﬁ @gﬂﬁi’%lurry process typically uses an inert hydrocar% A temperatures
from 5about OC up to a temperature just below the femperature at which the resulting polymer
becomes substantially soluble in the inert copolymerizing medium. Suitable diluents include toluene or
alkanes such as hexane, propane or copolymer. Preferred temperatures are from about 30C up to
about 200C but preferably from about 60C to 100C. Loop reactors are widely used in sluny
copolymerizing processes. 10The novel copolymers are most suitably prepared in a gas phase
process. Gas phase processes for the copolymerizing of olefins, especially for the
hornopolymerisation and the copolymérization W@ﬂe and a-olefins for example 1- butene,
1-hexene, 4-methyl-lI-pentene are well kpown ip-tfie art. Typical operating conditions for the gas phase
are from 20C to 100C and most 15prefegrably from 40C to with pressures from subatmospheric to
100 bar. Particularly preferregg % processes aer;tpafse operating in a fluidized bed.

Examples of such processes are describedinmiEP 89691 and’'EP 699213 the latter being a particularly
preferred process. The novel cop s 0 re'sent invention may be suitably prepared by
alpha-afefins The preferred alpha-olefins are 1-butene,

the 20copolymerisation of ethylenefi
1-hexene, 4-methyl-1-pentene and 1- octene. The most preferred alpha-olefin is 1-hexene. Thus
according to another aspect of the present invention, thefe is provided a process for the preparation of
copolymers of ethylene and alpha-olefins as defined above 25said process performed in the gas
phase. In an embodiment, there is provided a method for the preparation of copolymers of ethylene
and alpha-olefins having (a) a density (D) in the range 930- 960 kg/m3 (b) a melt index (MI2) in the
range 0.1 -3.5 g/10 niifereinge) a melt elastic modulus G' (G"-- 500 Pa) in the range 40 to 150 Pa, and
30(d) a ratio of complexginaspic-sheas vssesiiagTid(Q4) triRM0KIdhe raftgead: [, t6lH.5 said method
comprising copolymerjzing ethylene and sajd alpha olefins in.the presen talyst system as
hereinbefore d@ggﬁﬁe@w’?ﬁé %rb%% ?dr%?tsfogf %reﬁrgésé%%s |n}\l/aé"ﬁ]t%1rl1p§?e§§g(§tlc ?%%E!}éuitable for use
as Polyethylenes:otRadsadidretperatlieRess §idnteR RERRTY frr arsehil st wamer pipivg systems and
similar. Thus aggording J.anethatasperletdhe nEase pijentonhere isdrpigestaibnpipe
comprising a copolymer of ethylene and an alpha-olefin having (a) a density (D) in the range
930 - 960 kg/mIBICAYHRR [HFEF B PSTHFe range 0.1 - 3.5 g/10 min (c) a melt elastic modulus G'
(G"-=500 Pa) in the range 40.tq 150 Pasand . j lex.c i r viscosities
11*(0.1)/i*(100) in the range 11.5521{'8{%%34%On%gcdé$g?rlégatllg g%%%%fl a%?gc%%%%égs%@%%ﬁvention,
there is providedlacpifvercomprisipisofatichpolymer of ethylene and alpha-olefins said copolymers as
defined abpye. The suitability Qf resirs fagsuclgpplications is subject to product standards and 15

= oy, =

performance requirements for example DIN (German_ Indystrial Norm qr Deutsche Industre Noun) or

those defined by I1SO (InterRdtibHEPERYSHZSHBHTIP Stk ddPFRREIERHEUE Switzerland). In respect

of the present invention the ztangire, FIRISGiR 23R *h RIeER* uJel reCldterRiisBR e Guitability of the

resins for hot water pieg%qu\i;ﬁgrti%ns In another embodiment, inventive compositions are also suitable
O t

for the 20 manufacture of pipe a?tlc'les_ having an MRS classification (Minimum Required Strength at

20C for 50 years) accBidifi Ryutapregry IsoaoiesshsiRers: or@ fpsiper selected from
15  hydrocarbyl, sityl, halogenated alkyl, halogenated aryl, and combinations thereof, said

R* having up to 10 non-hydrogen atoms, and optionally, two R* groups from Z*
(when R* is not hydrogen), or an R* group from Z* and an R* group from Y form a ring
systen. '
Examples of suitable X groups include s-trans-1'-1,4-diphenyl-1,3-butadiene, s-
20 trans-n'*-3-methyl-1,3-pentadiene; s~irans-7'-2,4-hexadiene; s-trans-n4-l,3~pentadiene; -
trans—nd’—l A4-ditolyl-1,3-butadiene; s—tmns-n‘é- 1,4-bis(trimethylsilyi)-1,3-butadiene; s-cis-
n4~3~methyi-l .3-pentadiene; s-cis-n™-1,4-dibenzyl-1,3-butadiene; s-cis-n’-1,3-pentadiene;



Pipes according to the present invention may be suitably defined in terms of the time to failure
according to hydrostatic tests in accordance with the complete teaching of ISO 1167 standard. 25Thus
according to alf 8bUHHENt of the present invention there is provided &FPFERRLIARIE%ime to failure
according to 1SO 1167 of 500 hours at 110 C and 2% MPa said pipe comprising a copolymer of
ethylene and an a-olefin produced in a single reactor. The novel copolymers of the present invention
are most suitably used together 14a may be chosen for performance with respect to the atmosphere
external to the pige and aiso farpeiiaimansewiharsasstiodbe.chiaripesxpastiedn-hednterior of the
pipe. A first antioxidant compriSing phosphites or phosphonites such as tris (2,4-ditertbutylphenol)
phosphite (Irgaf@@Fﬁﬁ‘@é@f‘?@&é%h?é‘@%@usly used in the formulation. The WO
20101000557PCT/ERZ6$910R6882R1 & cotpasitiaaipreteiab hraohtaing, fremmy ) ko @:d-part of the first
ant|OX|c_Jant per éLIO% a[tg;r ?ffgolomesr e@gﬁﬁjﬁ%eéa !a?fef[? 19.02 1o, 9t§e|% [f;.contents fror_n _0.05 to 0.15
part being partlcuPar f preferr TKSeco ass o specific anfioxidants that provides efficient

protection td lofgrotenrrngsinby haitsdRadyarintn Sxipeysd tdwadsrmenibfresdiso be

advantageouslyégggqrgﬁggﬂagtgapgﬁt@%m%}gﬁﬁigﬂgg_ad phenols bearing non-hydrolysable organic
functions are suitable to guaraptee %e%)od diSé)ersion of the antioxidant in the oI;/mer.matrix , but also

excellent long term sttty HRFTSH TSR 6P KRR & B RO g f i ThEe eSS MatiEm. Other
antioxidants withgsbawdeinesporaltrydribly Sistike Hy@OxytamiREs wiirderBlil Camhydsightistabilizers
(like derivatives of 2,2,4,8+etramethyl piperiding) apdhiosynergisis-araergsuliades dlike distearyl

thiodipropionate) can also’be used. Among the different antioxidants, specific hindered phenols like
3,3,3", 5, 195" hexa-tMeshasieaedcoprlerfe S farre- Y X 1Y If i2pEPesol (IrganoxTh4 1330,
EthanoxTm 1330) or $:35a0is{@exes are those disclosed in WO 95/00526 and are incorporated
di-tert-buty1-4-hydroxybenzy1)-1,3,5-triazine-2,4,6(1H,3H,51-1)-trione (IrganoxTM 3114) 15are
preferred. Irganoxim 183Mibygafeientarly preferred. The composition preferably contains from 0.05 to 1
part of the second antioxidant per 100 parts of polymer, referabl fJom 0.1 to 0.5 part, contents

ore
from 0.15 to 0.30 part’bBiH PAGERETPD RRBREE™ (DA Ppb%%{m "Juch as, for example
N,N-bis(3,5-di-t-hebpkradnygipaviimenyipiopienynhyfrazingsitdidiphenyloxamide, 20hydrazine,
N,N-bis(salicyloyOhydrazine, 3-salicylaylamino-1,2.4-triazole. his (hepzylidene)oxallyl dihydrazide,
oxanilide, isoplithaloy &Wéyc?rg%?a%y%géc%sﬁIgighﬁﬁef?ﬁ/ﬁl?%aﬁa{)zﬁdjée, _{}Yﬁﬂﬁg@&?fgsd?poy dihydrazide,
N,N-bis (salicyloytjexatyantiimaisshodetyRicath b Srriaspapioiy Taralearenss1sd
advantageously used in the compasition. N,N-bis(3,5-di-t-buty1-4-hydroxyphenylpropianyl)hydrazine
(Evemoer i 28 Mb. 14515 IR ATBUTORFDTAta A BT ERE BR1lb O eF it
deactivator per 3G parthabpdymicromerapetetedly from 0.02 to 0.2 part, contents from 0.05 to 0.15
part being particularly prgfeite QUSRI AnicAMHdaREmaK Beriaed inibaadditive package.

This third antioxidant is generally a hindered phenol bearing hydrolysable organic function for 30

example IrgfanolTr teier HehaRS IR ePEawss CY ISR SE FHESBHD ISR SIngFEfirably 16
contains less thamyd &Ppriehite fieshantioxidantpdnd Gaparts ofpblyiieninhoreprefenably less than
0.2 part, contengs of less than 0.1 part being particularly pref rred., 0 glﬁ){gég%{ gn,acid scavenger
may also be_usé% i ?ﬁlﬁ o%%nﬁ%{;l%n. M e%ﬁ’%ggsgﬁﬁ%tgl%%ﬁ%%g yél#gtagcite areeknown to be suitable
acid scavenger aliyhkiic Suidtecarbeizid Sscavenger is used, metal soaps like zinc stearate or calcium

stearate or metal oxidg gkg&}@@@%{q%ggg@gq;@mgdﬂzIWﬁdmgmmg most preferred acid scavenger.
The compasition preferg}t%%cp ains lg%i’? than 0.25 g?art of acid scd%ven I per pO parts of polymer,

more preferably less tHAH0 5 B RENERE HYELE RN P T BARDENG particulany preterred.

In addition processipg:alslsApyiitabilizprdepighen©iborosioransdioyidkpabBugradergh the additive
package. A {ypigal additive package comprises 0.1 parts of the first antioxidant (IrgafosTM 168),
0.25 parts of the second antioxidant (Irganoxim 1330), 0.1 part o | deactivator (EvemoxTM MD

f met
1024) and 0.05 parts GHBE PSRBT BRI COHETHEF TE6BRILBE R DA EFESE58ition. 15Thus
according to anetilenemhoditentiof thepiradigntBnventionithermbs: pfaviitin sagipecoamigising a

copolymer ﬂ]f et%&[‘% yrﬁ%ﬁﬂf %' o@ﬁs&l@f%&%‘é%%inatmg bulky species capable

of stabilizing the cation.




(a) a density (D) in the range 930 - 960 kg/m3 (b) a melt index (MI2) in the range 0.1 -3.5 g/10 min

(c) a melt elastic modulus G' (0"= 500 Pa) in the range 40 to 150 Pa, and Z(é)égég ratio of complex
dynamic shear‘Xﬁs@é‘yﬂ%’é-’i*(O.1)/n*(100) in the range 1.5to 5.5 and an Ando ?(f'%‘%‘"fem comprising
(a) a single hindered phenol (b) at least one phosphite and (c) at least one metal deactivator.

The present invention will now be further illustrated by reference to the following 25examples. WO
2010/000557PCT/EP2009/056882 17 EXPERIMENTAL Example 1 1 - Catalyst preparation (a)

Treatment of silica with Figthylaluminium, CLEALBMNCEs cantigous agitation, 1491 L of isohexane and

397 kg of silica D948 (available from W.R. Grace), were added to a reactor. (The silica had been
previously calcined under nitrogghy tesfgach a level of hydroxyl groups of 1.53 mmol/g). 19.3 kg of an
Octastat 2000 (available from Innospec) solution in pentane (2g(1) was then added and the mixture
was stirred for ¥erginutes. 571 kg of a 12% triethylaluminium (TEA) solution in 10isohexane was then
slowly added ovgr,l hour and the mixture was stirred for 1 hour further at 30C. The slurry was filtered
and thoroughly WaSAGEXAHI7$8HE%Ene before being transferred to a dryer. 19 kg of an Octastat 2000
solution in gentgqgéfg{g.g g/[%ﬁs?e%q‘%%and the mixture was finally dried at 60C under vacuum. 428 kg
of silica/TEA were obtained. The aluminium content of the solid was found to be 1.3 mmolig. 15(b)

Preparation of ogitalysteorpaangihdcctepaif<hie:oh2iR58%xselufionat [N(H)Me(Cig..22H37-43) 2] [B
(C6F5)3(p-OHC6114)] (lonic Compound A) in toluene were added over 15 minutes 17.75 kg of 11.7 %
TEA solution indsetreiéazer fome ixdure was further stirred for 15 minutes to yield a solution of catalyst
component 1. 20c Pre aration of a mixture of C Me4S1Me Nentadiene Corn with, 1-hexene To 53.0

kg of a 11.6 % solutioRiBFEBRHILE KT HEPRIHad REEEAtIET A 78R T B EL RSN & Preparation of
the supported calalyst 2288 Ka.0L e abe e EERAIRA NIGAITEA s N BdugRdaip a reactor. The

ar
above prepared’ olufion of cata yst componenit 1 was fed to the reactor ovér 45 minutes and the

mixture wa$ thewtstyeet et AieeiBoNR#HES. The contents of the reactor were then cooled to 15C

and the above prepared solution of Complex A and.1-hexene was fed over a period.of 30 minutes, and
then the mixture was %‘l’fﬁ%}' Efﬁgﬁéﬁ SPARBTE ﬁrﬁ%%’ HiRs %yéﬁl}lffgﬁ ?é)eal}‘r{?é}%%[flt%aﬁ%ér%ure
increased to a masdigiunmofi2BCrigdkgaframotasiat200Rsolotion mpeintdare (e Byitebls then added

and the mixture was driedt at 45¢ untikthe residualselrenbconientdn hegatalyst was <1%. WO
2010/000557PCT/EP2009/056882 18 Analysis of the resulting dry powder showed the tit?nium

content to be 44.0 pinOHPHE6IGH CHNIRATISDEE 35 IRBNG S tRRELHAHILI EBHRRAT to be 1.02
nunol/g. 2-1Polymeakdsatiompditel copohismer b atcantin gdathesp resentimvenltiendwerenprepared by
5copoIymerisatigorIlIl 8!'1%{‘94{%9}?1 gxggiggggeggej@_g gas phase fluidized bed reactor having a
Typical borates suitable as ionic compounds include:
triethylammonium tetraphenylborate
triethylammonium tetraphenylborate,
20 tripropylammonium tetraphenylborate,
tri(n-butylammonium tetraphenylborate, -
tri(t-butyDammonium {etraphenylborate,
N, N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinimm tetraphenylborate,
25 trimethylammonium tetrakis(pentafiuorophenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis{pentafiuorophenyl) borate,
tri(n-butylyarmonium tetrakis(pentaftuorophenyl) borate,

N, N-dimethylanilinium tetrakis(pentafluorophenyl) borate,



0.74 in diameter and using the catalyst system prepared above. Detailed process conditions are
summarized in Table 1. The polyethylene powder was compounded under nitrogen atmosphere on
a Z8K58 extrulé RitP¥raollowing additive package: to 99.5 parts of thBGIEHUWNAEE210composition,
0.1 part of IrgafosTM 168, 0.25 part of IrganoxTM 11330, 0.05 part of zinc oxide and 0.1 part of
Evemox-n" MD1024 were added. The resulting product was submitted to detailed characterization as
summarized in Table 2. Examples 2to 5 Polymerisation and pelletisation were carried out under

the conditions described in ﬁ%@@%k%é} n%prg M ﬂ?aglﬁ’i;%%%%ﬁ%%@é?ns for each example are

summarized in Table 1. Analysis aracterization are also summarized in Table 2. Comparative

Example 6 Polymerighfitsieaad et aficeshy il spéabla fegsuvith tempelkspritereiatscribed in
example Ito prepaisa-GoRebsReLeidighssmel irtexn withihendelalecprocesseanditinas 20again

summarized in Tabl%l,with the analysis and %haracteriz%}jaoﬁ] ¥1aummarized in Table 2. Comparative
n

ope supstiinen: comprising a moie aviNg an ac TOSET. ..
Example 7 A polye yrféne omposition was prepare erthe conditions of example 1, but a

Ziegler catdlyst, prep&rédhiebstaintialycbitconting toiestbsp e WoF BRRY098303 olvaantised instead of the

catalyst of exau:iggllg&l;g%g%qm%@g{ggﬁw%gmmeA commercial bimodal polyethylene
copolymer used in hot and coldﬁvater pipe applications and sold by the Dow Chemical Company

under the trade name UMAER PMEHRES SRR BE1671000557PCTIEP20091056882 19 TABLE 1
Examples 1 2 3 4 Temperatuiteh€ 85 8584r88n¥lptalrgeessure bar 20.3 20.3 20.2 20.2

tri (p-tolyD(hydroxyphenyl) borate
10 tris (pentafluorophenyl)(hydroxyphenyl) borate
tris (pentafluoropheny!)(4-hydroxyphenyl) borate
Examples of suitable cations for this type of cocatalyst include tristhylammonium,
riisopropylammonium, diethylmethylammonium, dibutylethylamemonium and similar.
Particularly suitable are those cations having longer alkyl chains such as
15 dihexyldecylmethylammonium, dioctadecylmethylammonium,
ditetradecylmethylammonium, bis(hydrogentated tallow alkyl) methylammonium
and gimilar,
Particular preferred cocatalysts of this type are alkylammontum
mis{pentaflnorophenyl) 4-(hydroxyphenyl) borates. A particularly preferred cocatalyst is
20  bis(kydrogenated tallow alkyl) methyl ammonium tris (pentzfluorophenyl) (4-
hydroxyphenyl} borate.
With respect to this type of cocatalyst, a preferred compound is the reaction product
of an alkylammonium tris(pentaflurophenyl)-4-(hydroxyphenyl) borate and an
organometallic compoun&, for example triethylaluminium or an aluminoxane such as

25 tetraisobutylaluminoxane.

The catalysts used to prepare the novel copolymers of the present invention may
suitably be supported.
Suitable support materials include inorganic metal oxides or alternatively
polymeric supports may be used for example polyethylene, polypropylene, clays, zeolites,
30 ele

The most preferred support material for use with the supported catalysts



Bed height in 5.5 5.7 5.7 5.7 Ethylene partial pressure bar 13.5 13.4 13.1 13 Hydrogen/ethylene ratio
mol/mol 0.0017 0.001700.0019 0.0020 Hexene/ethylene ratio mol/mol 0.0022 0.0019 0.0025 0.0024
Pentane partial BRRSEIIEBar 2.5 3.3 3.2 3.3 Residence time h 3.5 3.6 4B ARP2009/056852
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according to the method of the present invention is silica. Suifable silicas include Ineos
ES70 and Grace Davison 948 silicas.

The support material may be subjected to a heat treatment and/or chemical
treatment 1o reduce the water content or the hydroxy! content of the support material.
Typically chemical dehydration agents are reactive metal hydrides, aluminium alkyls and
halides. Prior to its use the support material may be subjected to treatment at 100°C to
1006°C and preferably at 200 to 850°C in an inert atmosphere under reduced pressure.

The porous supports are preferably pretreated with an organcmetallic compound
preferably an organoaluminium compound and most preferably a trialicylatuminium
compound in a dilute solvent.

The support material is pretreated with the organometallic compound at a
temperature of -20°C to 150°C and preferably at 20°C to 100°C,

Suitable catalysts for use in the preparation of the novel copolymers of the present
invention ate snitably described in WO 04/020487 and WO 05/019275.

Particularly suitable catalysts for use in the preparation of the copolymers of the
present invention are metallocene complexes which have been treated with polymerisable
monotners, Our earlier applications WO 04/020487 and WO 05/019275 describe supported
catalyst compositions wherein a polymerisable monomer is used in the catalyst
preparation.

Polymerisable monomers suitable for use in this aspect of the present invention
include ethylene, propylene, 1-butene, 1-hexene, 1-octene, 1-decene, styrene, butadiene,
and polar monomers for example vinyl acetate, methyl methacrylate, ete. Preferred
monomers are those having 2 {o 10 carbon atoms in particular ethylene, propyiene, 1-
butene or I-hexene, '

Alternatively a combination of one or more monomers may be used for example
ethylene and 1-hexene. -

The preferred polymerisable monomer is 1-hexene,

The polymerisable monomer is suitably used in liquid form or alternatively may be
used in a suitable solvent. Suitable soivents include for example heptane.

The polymerisable monomer may be added to the cocatalyst before addition of the
metallocene complex or alternatively the complex may be pretreated with the

polymerisable monomer.



Space time yield kg/h/m3 67.7 85 69 69.1 Stadis 425 ppm 10 10 10 9 Examples 5 CE6 CE 7
Temperature C 83 85 85 Total pressure bar 20.3 203 20.7 Bed height m 5.7 5.5 5.5 Ethylene partial

pressure bar 12.9 13.5
13

The copolymers of the present invention are preferably prepared in a single reactor.

The novel copolymers of the present invention may suitably be prepared in
processes performed in either the slurry or the gas phase.

A slurry process typically uses an inert hydrocarbon diluent and temperatures from

5 about 0°C up to a temperature just below the temperature at which the resulting polymer
becomes substantially soluble in the inert copolymerizing medium. Suitable diluents
mclude toluene or alkanes such as hexane, propane or copolymer. Preferred temperatures
are from about 30°C up to about 200°C but preferably from about 60°C to 100°C. Loop
reactors are Wide'lsy used in slurry copolymerizing processes.
10 The novel copolymers are most suitably prepared in a gas phase process.

Gas phase processes for the copolymerizing of olefins, especially for the

homopolymerisation and the copolymerization of ethylene and c-olefins for example 1-

butene, 1-hexene, 4-methyl-1-pentene are well known in the art.

Typical operating conditions for the gas phase are from 20°C to 100°C and most
15  preferably from 40°C to 90°C with pressures from subatmospheric to 100 bar.
Particularly preferred gas phase processes are those operating in a fluidized bed.
Examples of such processes are described in EP 89691 and EP 699213 the latter being a
particularly preferred process.
The novel copolymers of the present invention may be suitably prepared by the
20 copolymerisation of ethylene with alpha-olefins.
The preferred alpha-olefins are 1-butene, 1-hexene, 4-methyl-1-pentene and 1-
octene. The most preferred alpha-olefin is I-hexene.
Thus according to another aspect of the present invention, there is provided a
process for the preparation of copolymers of ethylene and alpha-olefins as defined above
25  said process performed in the gas phase. In an embodiment, there is provided a method for
the preparation of copolymers of ethylene and alpha-olefins having
(a) a density (D) in the range 930 — 960 kg/m®
(b} a melt index (M) in the range 0.1 — 3.5 g/10 min
(c) a melt elastic modulus G* (G*’= 500 Pa) in the range 40 to 150 Pa, and
30 (d) aratio of complex dvnamic shear viscosities 11%(0.1)/ry *(100) in the range 1.5
to 5.5
said method comprising copolymerizing ethylene and said alpha olefins in the presence of

a catalyst system as hereinbefore described.



9.9 Hydrogen/ethylene ratio mol/mol 0.0020 0.0025 0.22 Hexene/ethylene ratio mol/mol 0.0025 0.0029
0.15 Pentane partial pressure bar 3.2 1.5 1.5 Residence time hour 5.3 3.5 3.5 Space time yield k 56.9
85 80 Stadis 425 ppm 11 10 0 5 Determination of polymer properties Density (D) of the polyethylene
was measured according to 1SO 1183-1 (Method A¥ and the sample plague was prepared according to
ASTM D4703 (Condition C) where it was cooled under pressure at a cooling rate of 15Chnin from
190C to 40C.

5
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The copolymers of the present invention are particularly suitable for use as
Polyethylenes of Raised Temperature Resistance (PE-RT) for use in hot water piping
systems and similar.

Thus according to another aspect of the present invention there is provided a
pipe comprising a copolymer of ethylene and an alpha-olefin having

(a) a density (D) in the range 930 — 960 kg/m’®

(b) a melt index (MI;) in the range 0.1 — 3.5 g/10 min

(¢) a melt elastic modulus G’ (G"’= 500 Pa) in the range 40 to 150 Pa, and

(d) a ratio of complex dynamic shear viscosities n*(0.1)/n*(100) in the range 1.5

to 5.5

According to another aspect of the present invention, there is provided a pipe
comprising of a copolymer of ethylene and alpha-olefins said copolymers as defined
above.

The suitability of resins for such applications is subject to product standards and
performance requirements for example DIN {German Industrial Norm or Deutsche
Industre Norm) or those defined by ISO (International Organization for Standardization,
Geneva, Switzerland). In respect of the present invention the standard EN ISO 22391 has
been used to determine the suitability of the resins for hot water pipe applications

In another embodiment, inventive compositions are also suitable for the
manufacture of pipe articles having an MRS classification (Minimum Required Strength at
20°C for 50 years) according to standard ISO12162 of at least 8.0 MPa.

Pipes according to the present invention may be suitably defined in terms of the
time to failure according to hydrostatic tests in accordance with the complete teaching of
ISO 1167 standard.

Thus according to an embodiment of the present invention there is provided a
pipe having a time to failure according to ISO 1167 of = 500 hours at 110 OC and 2.6 MPa
said pipe comprising a copolymer of ethylene and an w-olefin produced in a single reactor.

The novel copolymers of the present invention are most suitably used together

with additive packages which operate synergistically for the environment of a pipe for use

in for example chlorinated water supply. For example antioxidants and other additives



WO 2010/000557PCT/EP2009/056882 20 Melt index MI2 and HLMI were measured using the
procedures of ISO 1133 at 190C using loads of 2.16 and 21.6 kg, respectively. Dynamic Rhcological
Analysis Rheological measurements were carried out on an oscillatory rheometer (e.g., 5 Rhcometrics
RDS-2, ARES) with 25mm diameter parallel plateit a dynamic mode under an inert (nitrogen)
atmosphere. For all experiments, the rheometer was thermally stable at 190C for at least 30 minutes
before inserting the appropriately stabilised (with antioxidant additives), compression-moulded sample
of resin onto the parallel plates. The plates were then closed with a positive ngrmal force, registered on
the metor BB GO BEC RS o A E AL A PO e PR R bty
compressedkarfst the fottrpihicpoiimerpat the thikclitotére seposfiith énplatestérimmoéchofpfpether 10 minutes
was allowed for thermal stability and for the normal force to decrease back to zero. Two strain sweep
(SS) experimentsiniars anitiatlyl datrried widisg [90Ephiteermplrogemtitcietermindrih €2|hdaesiscoelastic
strain that would generate rque signal which is, 15 greater than 10% of.the lower le of the
transduce%@ﬁ&%%ngqﬁuﬂq]ﬁs%ﬁeﬂc%gf?%?%.g}i%olsﬁ?g?% %30%%3?ﬁg%§tfgr§l 8%6‘8%?@& was carried
out with a low applied frequency of 0.1 rail's so as to determine the sensitivity of the torque at low
frequency. The second SS experiment was carried out with a high applied frequency of 100 rad/s to
ensure that the selected applied strain is well within the linear viscoelastic region of the polymer so
that 20the oscillatory rheological measurements do not induce structural changes to the polymer
during testing. In addition, a time sweep (TS) experiment was carried out with a low applied frequency
of 0.1 rad/s at the selected strain under nitrogen (as determined by the SS experiments) to check the
stability of the sample during testing. The frequency sweep (FS) experiment was then carried out at
190C using the 25above appropriately selected strain level between dynamic frequencies range of
10-2 to 100 rad/s under a nitrogen atmosphere. The complex dynamic shear viscosities, ri*(100) in
Pa.s, at dynamic frequency of 100 rad/s, and,u*(0.1), at a dynamic frequency of 0.1 rad/s, were
determined directly from the viscosity data of the frequency sweep (FS) experiment measured at
190C. 30 WO 20 0/000557PCT/EP2009/056882 21 Measurement of Melt Elastic Modulus Gi(G"=500
Pa) at 190C The frequency sweep (FS) experiment is then carried out at 190C using the above
appropriately selected strain level and the dynamic theological data thus measured are then analysed
using the rheometer software (viz., Rheometrics RHIOS V4.4 or Orchestrator 5Software) to determine
the melt elastic modulus G'(G" = 500 Pa) at a constant, reference value (500 Pa) of melt viscous
modulus (0"). Gel Permeation Chromatography Analysis for Molecular Weight Distribution
determination 10Apparent molecular weight distribution and associated averages, uncorrected for
long chain branching, were determined by Gel Permeation Chromatography using a PL220, with 4
Waters HMW 6E columns and a differential refractometer detector. The solvent used was 1,2,4
Triehlorobenzene at 145C, which is stabilised with BHT, of 0.2g/litre concentration and filtered with a
0.4511m Osmonics Inc. silver filter. Polymer 15 solutions of 1.0 entre concentration were prepared at
160C for one hour with stirring only at the last 30 minutes. The nominal injection volume was set at
400ul and the nominal flow rate was 1 ral/rain. A relative calibration was constructed using 13
narrow molecular weight linear polystyrene standards: PS Standard Molecular Weight 1 7 520 000
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composition preferably contains from 0.01 to 0.3 part of the first antioxidant per 100 parts
of polymer, more preferably from 0.02 to 0.2 part, contents from 0.05 to 0.15 part being
particularly preferred.

A second class of specific antioxidants that provides efficient protection to long
5 term ageing particularly when exposed t 0 water medinm can also be advantageously used.
For instance, low polarity hindered phenols bearing nen-hydrolysable organic functions are
suitable to guarantee a good dispersion of the antioxidant in the polymer matrix , but also
excellent long term stability and low leaching of additive by-products in the agueous
medium. Other antioxidants with slow kinetic of hydrolysis like hydroxylamines, hindered
10 amines light stabilizers (like derivatives of 2,2,6,6-tetramethy! piperidine) or thiosynergists
organosulfides {like disteary] thiodipropionate) can also be used. Among the different
antioxidants, specific hindered phenols like 3,3°,3", 5, 5°,5""-hexa-tert-butyl o, o’, &’’~
{mesitylene-2,4,6-trity]) tri-p-cresol (Irganox™ 1330, Ethanox™ 1330} or 1,3,5-ris(3,5-
di—tert—bu‘fyl-4~hydroxybenzyi)-1,3,S-tt‘iazine—254,6(1H,BH,SH}—trione (Irganox™ 3114}
15 are preferred, Irganox™ 1330 is particularly preferred. The composition preferably
contains from 0.05 to 1 part of the second antioxidant per 100 parts of polymer, more

preferably from 0.1 to 0.5 part, contents fom §.15 to 0.30 part being particularly preferred.

A meta) deactivator such asg, for example N,N'-bis(3,5-di-t-butyl-4-
hydroxyphenylpropionyhydrazine, N,N'-diphenyloxamide, N-salicylal-N'-salicyloyi-

20 Thydrazine, N,N"-bis(salicyloyl)hydrazine, 3-salicyloylamino-1,2,4-triazole, bis
(benzylidene)oxallyl dihydrazide, oxanilide, isophthaloyl dihiydrazide, sebacoyl
bisphenylhydrazide, N,N'-diacetyladipoy! dihydrazide, N,N'-bis (salicyloylyoxally}
dihydrazide, N,-N'-big(salicyloylithiopropionyl dihydrazide, is also advantageously used in
the composition. N,N'-bis(3,5-di-t-butyl-4-hydrexyphenylpropionyDhydrazine (Evernox™

25  MD 1024). The composition preferably contains from 0.01 to 0.3 part of metal deactivator
per 100 parts of polymer, more preferably from 0.02 to 0.2 part, contents from 0.05 to 0.15 '
part being particularly preferred.

Optionally, a third antioxidant may be used in the additive package. This third
antioxidant is generally a hindered phenol bearing hydrolysable organic function for

30 example Irganox™ 1010, Irganox™ 1076, or Cyanox™ 1790. The composition preferably



The elution volume, V, was recorded for each PS standards. The PS molecular weight was then
converted to PE equivalent using the following Mark Houwialc parameters WO 2010/000557 k
PCT/EP2009/056882 22 =121 x 104 aPS = 0.707, kPe' 3 92x 10-4, ape = 0.725. The calibration curve
Mw pE PS = f(V) was then fitted with a first order kfiear equation. All the calculations are done with
Empower Pro software from Waters, The very low molecular weight fractions (below 1000 Daltons)
were routinely excluded in the calculation of number average molecular weight, Mn, and hence the
polymer polydispersity,.Mw/Mn, in order to improve.integration at the low end of the molecular weight
Curve, on BT S A PR (Pt SRS e s PR T See
parameter:st @hGohpressionnmeotsl sl exethodXdrjien Sikéngrpapiandriiypaiicatiechanical thermal
analysis (DMTA) samples  Plaques for specimen preparation were moulded by compression
according to 1SO 2981086, @l astitscaComgprassionsnbelding iestesferinensoMasimopiastic
materials) using a..Collin. P300M.hydraulic pr Sampl Idi Dgram | allo 15
Applicatior{ﬂ gtﬂp?r%}élsﬁr%rrc})]?’égx B%Ir}/séﬂt‘ uﬁﬁﬁ%‘gr%?n%l?%gss% %%%ﬁg: [%gﬁg%?%h%mn%u § ]lgsihe%?gd up to 190C
at a rate ob@0CHRINivpréssetel o6 &6 blirszinthvésrappiicdathivimg Sarittute iatal 990¢thien a pressure
or 150 bars.was_applied f rigd of inutes le-is. coole agontrolled speed of
15C/minuté un élr%ﬁas% lé%s%g%rfge& %gléaogip es a%eel}%%n%gg o%(ggét (gesgtgﬁggﬁtgu}?% iégﬁjgsvé %%C Tensile
creep at higtefenijeaans lesfdhsild Sleppteftrwem cargizdpout i aatodarmdpne] S©1899-1:2003

using 1ISO-M cimens eci r : ] S (4 rum
ckness, B e L R B R P
standard. After machien e SR]AIDENS A5 Abaeved 3nd-Aimenians AR MEIIEsserding (o

ISO 527-1:1993. Specimen dimensions are reported in The speciméns were tested at a
constdht strets gfldifyiFrees®SC in air over a period of 1000 hours, and the defatmation was

monitored as a function of time, using mechanical extensometers. The full strain time curve and
deformation meadhfeBi¢HEAd BV E00 G4 SOBBD 1568 fs e feebie dirstpryioxidant (Irgafos™

2010/000555595%%%9%’8@@_@@@%@@QMGQ@&N&@MW 15365 MR| ARRlySRMAMIAYFapamic

mechanical thermal anaé/as is a widely used technique (see, e.g., K.P. Menard, Dynamic Mechanical
Analysis - peatical MiPoliZdisndEre mtsel 39dgcisanges- Gamonsiss my Y Gmetin @ddtfements of

the viscoelgsiigEQRBENES £8:9- the 5 complex dynamic moduli, E*) of polymer in an oscillatory
mechanical deformation experiment during a programmed temperature scan at controlled frequency

(0). Aisinusoidal defesmalipdi£8 @ afctidysaidalisiialn (AR hieddat albeimpeseson fesadaple, which
can be mounted to bend, (cantilever bending), expand or contract (tensile mode) or shear if the

material mpghidushisraiaivetoonld biededbniciial detdphineishohaaingaterial behaves when
subjected to dynamic loading under a wide range of frequencies of vibration, over a wide temperature
interval. The DMTA) aldersits 6D éqtenaygoulfipleieliagpability which can be used for calculating

activation energie usi% I{img-gge&ﬁar%% e 1§é1rp%r8qsﬂi£§ a%récllt@g and software. When a viscoelastic
material is subjec ba’ré ynarﬁ’lc oading E‘e.g., SINUSOI strain s(co) = si.sin[on], where co is the

angular applied fréqueaneit)e e Stress kasSpoNSE €Ci00 Pa) in the range 40 to 150 Pa, and
20 (d) a ratio of complex dyvnamic shear viscosities n1*(0.1)/m*(100) 1n the range 1.5 to
5.5
and an antioxidant system comprising (a) a single hindered phenol (b) at least one
phosphite and (c) at least one metal deactivator.
The present invention will now be further illustrated by reference to the following

25  exampies.

30



(a) = a .sin[en + 8]) will lead the strain by a phase angle termed 5. For convenience, the stress is
resolved into two components; a component (real part) which occurs entirel hase with the strain,
and a compon‘gﬂtzf'lr?{f%’ﬁ%ry part) which is out of phase by 90 degrees. P§§éel’& Eg{(mggze stress
components it is possible to derive modulus values; the in 20 phase (storage) modulus is termed E',
the out of phase (loss) modulus is termed E" and the composite modulus, called the complex or
dynamic modulus is E*. A convenient measure of the viscoelastic behaviour of a material is the loss
(or damping) fagipreRyMENUgh is numerically equal to E"/E'. A typical DMTA scan measures
E', E", E*and tg: 5 oyer a range of oscillatory 25 frequencies and temperatures. Thennograms are
usually plotted lastic modulus, E', and tan 8 versus temperature, and major molecular
relaxations are LicGatglvstipteraragionks on the plot of tan 8 versus temperature. For the current

invention, all d@;@qj&,m@pgﬂ@dwgw&meﬂwﬁeﬁmggned on an EPLEXOR(r) 500N
instrument (supplie ABO.QUALIMETER tanlagen 30G ) t nsi ode using a force
sensor of 150 N. In gt %F(’fﬁg}‘?ﬂ‘é%ﬁgﬁag?’}he}fu?rerae s oa\}%/@% 6SEIY to ) the ﬁ% 6721 - Part 1;

2001 and Part 4zviB&slc &roejpt R\/\@a@@l@ﬁ@@@@dmrﬁemoﬁgmse%iza@hqqam@\a@mgle specimen
with sample dirpgRsions fePrdBEAn ?é%gﬂ‘a BRIPMRwdth apd éf5 ﬁ%ﬁbﬁ%‘ﬁl@@q@é@ﬂhﬁrom a

compressed moulded sheet as previously described. However, th ngth ?f the, specimen between
the sample jawS A g880ar sty iﬁi?ﬁl(]}%ﬂ?ﬁ@efﬁéom%%i?@?ﬁ@ﬁ?s( EBetGhe a?ﬁg ‘?l%ents, the
DMTA mstlrumeﬂibc('tﬂaﬁ@d wdaeddbghfnent-et i@ dampie pwsicdbniperature SERApssiaimm gontrols, etc.)
is approprigely, C%é%{l%é‘?ﬁ’a%.’h# Ageordaneale g 'ﬂ?&[ﬁlﬁﬂa’% gliligdasitumentmaniyaciigse. ~ The

measurements involve multi-frequency sweeps (within the linear viscoelastic regime) at 8 discrete
frequencies (nafn&lyC othe ghyrsy ’@aﬁﬁltff?c@alﬁi@%Pfgugﬁlyf@%dﬁ@%‘f?}fﬁxﬂ?tﬁqnﬁﬁﬁ@%f 0.1 to 30 Hz at
temperatures stasitigHom @&l%im@&@faf wunderailr gENaMoes pheseahf{es/Backh tddtdthel temperature

is set 5C hlgheghandfollowm 0%}{8&' {jﬁg%t rate of 1%%# %1 é:am%/jg‘ygeern%@lg&umbnum

conditions the nexf[]frequency Sveepis § arted ier a yaiting ti 600 S At the new temperature.
This procedure Taealvearédrosntang ofidly whe wasitartie fdre 18Y04E below the melting point, namely

130C. 15The daja sesiiting, i amihess chipserefienuencies, e.g., 0.1 Hz, are then plotted as a function
of the temperature. During th ent e w sile strain
(so = 0.12%) in order 18 ol Qc"q‘ﬁfgé}ﬁ%ﬁé gptgmﬁi%@ﬁ’?afﬁswﬁﬁéﬁgf f?fsﬁ?!ﬁgg%ﬂ/o was then
imposed to ens(eilitzarpiscbeldsticlivekavimaddédaes Jécmmarrlitifigkehel AXial205iMusoidal
oscillation meagyrements at sach fampaiakve.Deismination.of Asialion feruensdayMinimum
slope of tette at 0.111z, between 85 and 125C From each of the thermograms of tan 8 versus
temperature thﬁ‘ﬂﬁﬁk@%ﬁ?‘% B discrete 25frequencies as mentloned above the derlvatlves atang
(T, +2.5C)2at ev@mrofifaeioh DT 2 20itosi SOC(CaM O S iNRHN TR pldx

equation (1): Otaqh(; b 0= [tan 8(T, +5C)- tan S(T)] OT WO 2010/000557PCT/EP2009/056882 25
where T, equal 0,..., 120, 125, 130C, |V|ng Stan 57 fr 2.5C) values ST startlng atT=20

+2.5C = 22,5C, to T 39550k o, 11-66selsnd Cﬁ’eﬁ%@fhé IERASRT T AP 585 the first
derivative valueygtche= 522.5C is calculated as: Stan (22.5C) =[tan 5(25C) - tan 5(20C)I ;

{d) Preparation of the supported catalyst
25 288 kg of the abave prepared silica/TEA was introduced into a reactor. The above

prepared solution of catalyst component 1 was fed to the reactor over 45 minutes and the
mixture was then stirred for farther 30 minutes. The contents of the reactor were then
cooled to 15°C and the above prepared sotution of Complex A and 1-hexene was fed over
a period of 30 minutes, and then the mixtare was further stirred for 1 hour. During the

30  addition the internal temperature increased to a maximum of 23°C. 34 kg of an Octastat
2000 solution in pentane (2g/1) was then added and the mixture was dried at 45°C until the

residual solvent content in the catalyst was <1%.



ST[25C- 20C]  And the process is repeated at every 5C, giving the next derivative at T = 27.5C as,
10atan (27.500= [tan 8§3OC) - tan5 (25C)] ST[3 Tic -25.c], etc. From these thus calculated
derivatives, o gggwg the tan8(T) spectrum at each of the 8 discrete ﬁ%ﬂﬁ%%'g?@s‘;%éted, the lowest
value occurred between 85 to 115C is then determihéd. 15For example, this lowest slope of the tan8(T)
spectrum at 0.1 Hz will be noted as: min[ ‘atmt (T1+2,5)r STlei85-115CItf=0.1itz It should be noted that
the term 'lowest’' means lowest in value: for instance, a negative slope of-4 will be considered lower
than a positive £@Rei b 013 M litis R gothRnalle:diwithhe cobsideared rsithedmuesth20 (b) Critical
frequency of activation of hi gt erature performances Th I tion and determination of the
minimum slope(:é GRS %%é‘q sa%c‘r)]{‘/oél?gr %aﬁgz%eear@?%?u&fﬁgegg% g’g %%?S?g |§l d to the other 7
discrete frequehXelteatisatién?23, 0.51, 1.15, 2.60, 5.88, 13.28, 30 Hz: min[ atans T (r;+
2,5)rie[85-115'0j=0.234% 63013188 STi2 B)ihd FLieiBobAR Bz ST WO
2010/000557PCT/EP2009/056882 26 }mit%;}n OlTcllV + 4,-31[/.§fje?[$g-i'socltef=§0Hz aT These
minimum d%riv&?RPé%‘%ﬁf’é’é”’rﬁ’égt@Efﬂﬁw 4 &I BB RS AR A O FASSORATAG & frequencies
between 0.1 - 30Mzn viittndtre daxisgibficadlpy thecwauesust Bhor]. Hetatgd (Toe Sndiigtsthe X-axis
defined by the frequency: (O A €Lifical activation frequency appropriating the high temperature
relaxation and performances I?\Q of the é)olymer is then defined as the interception (whenever it exists)
at the X-axis of the b8 etyEtha g a5t ?FC??%Q%’H‘W%MHW@%W@W&?R%@%M tween 0.1
and 2.6 Hz. Nameb weHieis henaford@ithe: ieduenay fhstz)ithdticorésponds to: a tang ay'r, p2,5)
lal71elSS-115C)/f ¢ fir = f eguati i ver safisfied.in r rom 0.1 to
30Hz (nosilrg)}erccep ioh be (621 3 %$%§ﬁsc)%%ri§§’gl'g§ gﬁﬁ?ﬁg%%?g%is),t e’r? rFt'g] %{) t‘ﬁ?ﬁ? %)articular
and 0.1 part of Evernox™ MD1024 were added.

The resulting product was submitted to detailed characterization as summarized in Table 2.

Examples 2to 5

Polymerisation and pelletisation were carried out under the conditions described in
15  example 1, and the detailed process conditions for each example are summarized in Table
1. Analysis and characterization are also summarized in Table 2.

Comparative Example 6

Polymerisation and pelietisation were carried out under the conditions described in
example 1 to prepare a copolymer of higher melt index with the detailed process conditions
70  again summarized in Table 1 with the analysis and characterization summarized in Table 2.
Comparative Example 7
A polyethylene composition was prepared under the conditions of exampie 1, buta
Ziegler catalyst, prepared substantially according to example 1 of EP 998503, was used
instead of the catalyst of examples 10 6.

25  Comparative Example §

A cormmercial bimodal potyethylene copolymer used in hot and cold water pipe
applications and sold by the Dow Chemical Company under the trade name Dowlex™

2388.
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15product thus tested does not present a critical frequency of activation of high temperature
performances between 0.1 and 30Hz. The present invention describes polymers that have a
critical freque%?lz(%%gf?)s%f activation of high temperature performancengﬁ P@Wé‘ésazby the
equations: 20 fc-nr 0.85 1*(0.1)11*(100) - 0.8(8) fc-tt 2-0(h) 25 Pipe Creep resistance was evaluated
on 50 mm SDR 17 pipes produced on a Krauss- Maffei extrusion line according to ISO 1167. The pipe
pressure resistance has been measured at 20, 80, 95 and 110 C under different hoop stresses. Tests
were carried out in WO 2010/000557PCT/EP2009/056882 27 a "water-in-water" medium for
temperatures of 20 and 80C, and in a "water-in-air" medium for temperatures of 95 and 110C. Results
are summarized in Table 5, where the values are averaged from the failure times of two pipes tested.
TABLE 2 Polymer Properties Examples 1 2 3 4 RABIdId0min 1.07 1.62 1.78 1.50 HLM1 g/IOmin 25

Density k m3 %@%@9.2 1 5 3 3
Temperature °C 85 85 84 83
Total pressure bar 20.3 20.3 20.2 20,2
Bed height m 5.5 5.7 5.7 57
Ethylene partial pressure | bar 13.5 13.4 13.1 13
Hydrogen/ethylene ratio | mol/mol | 0.0017 0.0017 0.0019 0.6020
Hexene/ethylene ratio mel/mot | 0.0022 0.0019 | 0.0025 0.0024
Pentane partial pressure bar 2.5 33 3.2 33
Residence time h 3.5 3.6 4.5 4.6
Space time yield ke/nr | 67.7 g5 69 69.1
Stadis 425 ppm 10 10 10 9
Examples 5 CE®6 CE7
Temperature °C 83 85 85
Total pressure bar 20.3 203 207
Bed height m 5.7 5.5 3.5
Ethylene partial pressure | bar 12.9 13.5 9.9
Hydrogen/ethylene ratio | mol/mol | 0.0020 0.0025 0.22
Hexene/ethylene ratio mol/mol | 6.0025 0.0029 0.15
Pentane partial pressure | bar 32 1.5 1.5
Residence time hour 5.3 3.5 3.5
Space time yield keg/h/m® | 56.9 85 80
Stadis 425 ppin 11 10 0

5

Determination of polvmer properties

Density (D) of the polyethylere was measured according to [SO 1183-1 (Method A) and

the sample plaque was prepared according to ASTM D4703 (Condition C) where it was

cooled under pressare at a cooling rate of 15°C/min from 190°C to 40°C.



937.6 938.1 Dynamic viscosity at 100 rad/s, n*(100) Pa.s 1751 1497 1460 1456 Dynamic viscosity at
0.1 rad/s,n*(0.1) Pa.s 7208 4967 4725 5218 1*(0.1)/1 *(100) ratio - 4.12 332 3.24 3.58 G' (G"= 500 Pa)

Pa 58.6 44.0 Y6P2 B BRIV k.Da 115.1 102.6 100.9 103.8 Mn kDa 28 28 Q1/EP2009/056852
20

Melt index MI, and HLMI were measured using the procedures of ISO 1133 at 150°C
using loads of 2.16 and 21.6 kg, respectively.

Dyvnamic Rheological Analysis

Rheological measurements were carried out on an oscillatory rheometer (e.g.,

5 Rheometrics RDS-2, ARES) with 25mm diameter parallel plates in a dynamic mode under
an inert (nitrogen) atmosphere. For all experiments, the rheometer was thermally stable at
190°C for al least 30 minutes before inserting the appropriately stabilised (with anti-
oxidant additives), compression-moulded sample of resin onto the paralle! plates. The
plates were then closed with a positive normal force registered on the meter to ensure good

10 contact. After about 5 minutes at 190°C, the plates were lightly compressed and the
surplus polymer at the circumference of the plates trimmed. A further 10 minutes was
allowed for thermal stability and for the normal force to decrease back to zero.

Two strain sweep (SS) experiments were initially carried out at 190°C under nitrogen
to determine the linear viscoelastic strain that would generate a torque signal which is

15  greater than 10% of the lower scale of the transducer, over the full frequency (e.g. .01 to
100 rad/s) range. The first 88 experiment was carried out with a low applied frequency of
0.1 rad/s so as to determine the sensitivity of the torque at low frequency. The second S8
experiment was carried out with a high applied frequency of 100 rad/s to ensure that the
selected applied strain is well within the linear viscoelastic region of the polymer so that

20 the oscillatory rheological measurements do not induce structural changes to the pelymer
during testing. In addition, a time sweep (TS) experiment was carried out with a low
applied frequency of 8.1 rad/s at the selected strain under nitrogen (as determined by the
SS experiments) to check the stability of the sample during testing.

The frequency sweep (FS) experiment was then carried out at 190°C using the

25  above appropriately selected strain level between dynamic frequencies range of 10 t0 100
rad/s under a nitrogen atmosphere. The complex dynamic shear viscosities, 7*(100) in
Pa.s, at dynamic frequency of 100 rad/s, and, 1*(0.1), at a dynamic frequency of 0.1 rad’s,
were determined directly from the viscosity data of the frequency sweep (I'S) experiment
measured at 190°C.

30



27.524.8 Mw/Mn 4.1 3.9 3.7 4.2 d(tan8)/dT Min @ 0.1Hz -4.16 -4.49 -3.98 -5.23 d(tan6)/dT Min @

0.22Hz - -3.57 -3.57 -3.36 -3.05 d(tan8)/dT Min @ 0.51Hz - -2.44 -2.04 -2.41 -2.42 d(tan5)/dT Min @
115Hz -1.61 WX 19%H51 39 d(tan8)/dT Min @ 2.6Hz -0.53 -0.46
21
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15

20

Measurement of Melt Elastic Modulus GH{G"=500 Pa) at 190°C

PCT/EP2009/636882

The frequency sweep (FS) experiment is then carried out at 190°C using the above

appropriately selected strain level and the dynamic rheological data thus measured are then

analysed using the rheometer software (viz., Rheometrics RHIOS V4.4 or Orchestrator

Software) to determine the melt elastic modulus G*(G" = 500 Pa) at a constant, reference

value (500 Pa) of melt viscous modulus (G").

(el Permeation Chromatography Analysis for Molecular Weight Distribution

determination

Apparent molecular weight distribution and associated averages, uncorrected for
Jong chain branching, were determined by Gel Permeation Chromatography using a
PL220, with 4 Waters HMW 6E columns and a differential refractometer detector. The
solvent used was 1,2,4 Trichlorobenzene at 145°C, which is stabilised with BHT, of

0.2g/litre concentration and filtered with a 0.45um Osmonics Inc. silver filter. Polymer

solutions of 1.0 g/litre concentration were prepared at 160°C for one hour with stirring only

at the last 30 minutes. The nominal injection volume was set at 400ul and the nominal

A relative calibration was constructed using 13 narrow molecular weight linear

polystyrene standards:

PS Standard

Molecular Weight

@w B W N A

(s

10
11
12
13

7 520000
4 230 000
2 630 000
1270 000
706 000
355 000
180 000
114 000
43700
18 600
10 900
6 520
2 950

The elution volume, V, was recorded for each PS standards. The PS molecular

weight was then converted to PE equivalent using the following Mark Houwink parameters



-0.34 -0.26 Activation frequency as defined by ALn(frequency) B = [rnin(d(tan5)/dT)] = 0 Hz 4.49 2.95
3.65 2.90 WO 2010/000557PCT/EP2009/056882 28 TABLE 2 (cont) Examples 5 CE 6 CE 7 CE 8
M12 g/10min 2 83%%6°13%0 0.85 Density kg/m3 939.0 937.8 936.0 941 Oy RAAIEAEESsity at 100
rad/s, 1* (100) Pa.s 1039 552 1759 1521 Dynamic ¥#scosity at 0.1 rad/s, 1*(0.1)

kpg=1.21% 10-4, 0tpg= 0.707, kpe= 3.92x 1074, tpe = 0.725. The calibration curve Mw pg

= f(V) was then fitted with a first order linear equation, All the calculations are done with

Empower Pro software from Waters,

Lh

The very low molecular weight fractions (below 1000 Daltons) were routinely
excluded in the calculation of number average molecular weight, Mn, and hence the
polymer polydispersity, Mw/Mn, in order to improve integration at the jow end of the
molecular weight curve, leading fo a better reproducibility and repeatability in the
extraction and calculation these parameters.

10 Compression molding method for tensile creep and dynamic mechanical thermal
analysis (DMTA) samples

Plagues for specimen preparation were moulded by compression according to ISO

293:1996 (Plastics. Compression moulding test specimens of thermoplastic materials)
using a ‘Collin P300M' hydraulic press. Sample moulding program is as followed:
15 e Application of pressure of 2 bars during 10 minutes. Duxing this period, the mould is
heated up to 190°C at a rate of 20°C/min
= A pressure of 50 bars is then applied during 5 minutes at 190°C, then a pressure or 150
bars was applied for a period of 3 minutes Sample is cooled down at a controlled speed
of 15°C/minute under this pressure.
20 e Samples are removed once the temperature is below 35°C.

Tensile ereep at high temperature

Tensile creep tests were carried out in accordance to IS0 899-1: 2003 using ISO-
1B type specimens. The specimens were cut from compressed moulded plaques (4 mm
thickness, similarly prepared as above) and machined according to the teachings of

25  IS02818 standard. After machining, the specimens are observed and dimensions are

measured according to ISC 527-1:1993, Specimen dimensions are reported in Table 4.

The specimens were tested at a constant stress of 2 MPa at 95°C in air over a period
of 1000 hours, and the deformation was monitored as a function of time, using mechanical
extensometers. The full strain - time curve and deformation measured after 10, 100 and

30 500 hours are recorded.



Pa.s 2912 1198 8541 13811 rt*(0.11/11*(100) ratio _ 2.80 2.17 4.86 9.08 G' (G"= 500 Pa) Pa 45.1

28.0 37.6 110.1 Mw kDa 89.2 135.7 116.7 Mn kDa 21.8 31.9 24.1 M .1 3.
Min @ 0.1Hz VO 2010000557 wiMn 4.1 3.9 4.3 4.8 d(tano)/dT
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Dynamic Mechanical Thermal Analysis (DMTA
Dynamic mechanical thermal analysis is a widely used technigue {see, e.g., K.P.
Menard, Dynamic Mechanical Analysis — A Practical Introduetion, CRC Press, 1999,
ISBN 0-8493-8688-8) for the measurements of the viscoslastic properties {e.g., the
5  complex dynamic moduli, E*) of polymer in an oscillatory mechanical deformation
experiment during a programmed temperature scan at controlied frequency (@). A
sinusoidal deformation (e.g., a sinusoidal strain £(®)} is usuaily imposed on the sample,
which can be mounted to bend, (cantilever bending), expand or contract (tensile mode) or
shear if the material modulus is relatively low.
10 The technique determines how a material behaves when subjected to dynamic
loading under a wide range of frequencies of vibration, over a wide temperature interval.
The DMTA also has a frequency multiplexing capability which can be used for calculating
activation energies using time-temperature superposition principle and software.
When a viscoelastic material is subjected to dynamic loading (e.g., a sinusoidal
15  strain &{o) = g,-sinfwt], where © is the angular applied frequency), the stress response (o
(®) = opsinfot + 8]) will lead the strain by a phase angle termed 8. For convenience, the
stress is resolved into two components; a component (real part) which occurs entirely m
phase with the strain, and a component (imaginary part) which is out of phase by 50
degrees. Based on these stress components it is possible to derive modulus values; the in
20  phase (storage) modulus is termed B, the out of phase (loss) modulus is termed E7* and the
composite modulus, called the complex or dynamic modulus is E*. A convenient measure
of the viscoelastic behaviour of a material is the loss (or damping} factor, tan 8, which is
numerically equal to E7/E".
A typical DMTA scan measures B, E”, B“* and tan & over a range of oscillatory
25  frequencies and temperatures. Thermograms are usually plotted to show elastic maodulus,
B’, and tan & versus temperature, and major molecular relaxations are clearly visible as
peaks on the plot of tan & versus temperature.
For the current invention, all dynamic viscoelastic measurements were performed
on an EPLEXOR® 500N instrument (supplied by GABO QUALIMETER Testanlagen
30 GmbH) in a tensile mode using a force sensar of 150 N. In general, the method of

measurements follows closely 1o the ISO 6721 — Part 1: 2001 and Part 4: 1994, except



-3.39 -2.20 -0.94 -4.28 d(tan5)/dT Min @ 0.22Hz -3.05 -0.98 0.56 -3.43 d(tan5)/dT Min @ 0.51Hz -
-1.70-0.19 1.25 -2.370d(_taTn5)/dT Min @ 1.15Hz -0.63 0.61 2.39 -1.44 d( ano)/dT Min @ 2.6Hz 0.18
1.27 2.19 -0.6T AAMAYGH frequency as defined by Aln(frequency) + B = ﬁ?&%?ﬁf?%ﬁ?&zr)] =0Hz 221

0.56 0.74 4.26
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using a single specimen with sample dimensions of 55 mm in length, 6.5 mm in width and
1.5 mm in thickness cut from a compressed moulded sheet as previously deseribed.
However, the length of the specimen between the sample jaws (Lo} was set at 30 mm
during the measurements.

Before the measurements, the DMTA instrument (transducer, alignment of the
sample jaws, temperature sensors and condrols, etc.) is approptiately calibrated in
accordance to the instructions of the instrument manufacturer.

The measutements involve multi-frequency sweeps (within the linear viscoelastic
regime) at § discrete frequencies (namely, 0.1, 0.23, 0.51, 1.15, 2.60, 5.88, 13.28, 30 Hz) in
the range of 0.1 to 30 Hz at temperatures starting from 20°C to 130°C, under nitrogen
atmosphere. After each test, the temperature is set 5°C higher and following a controlled
heating rate of 1°C/min. To achieve thermal equilibrium conditions the next frequency
sweep is started after a waiting time of 600 s at the new temperature. This procedure is
repeated continuously until the temperature is just below the melting point, namely 130°C.
The data resuliing from these chosen frequencies, e.g., 0.1 Hz, are then plotted as a
function of the temperature.

During the measurements, the sample was subjected to a static tensile strain (8o =
0.12%) in order to place the sample under tension. A small dynarmic strain, g; = 0.05%,
was then imposed to ensure linear viscoelastic behaviour of the specimen during the axial

sinusoidal oscillation measurements at each temperature.

Determination of activation frequency

(n) Minimum slope of tand at 0.1Hz, between 85 and 125°C

Trom each of the thermograms of tan & versus temperature thus plotted for the 8 discrete
. . . gtan s o

frequencies as mentioned above, the derivatives, Mé%m—(i”, +2.5°C), at every 5°C from

20° to 130°C can be determined in accordance with the following equation (1):

[tan 6(T; +5°C) ~tan 5(T)]
(7, +5°C)- )]

dtand
e {T 2. 2.5°C }=
2027 52.500)

M



5The compositions according to the invention exhibit good processability during pipe extrusions as
illustrated by the viscosity at high shear rate. Moreover, without wishing to be bound by theory, the
excellent mecRahiCal B6perties at high temperature are believed to be SttSfgRHKEHF o the high
critical frequencies as measured by DMTS analysisithe higher activation frequency, the slower the
deformation 100f the material as measured by creep testing at 95C (Table 3), and the longer the time
to failure during hydrostatic tests performed on pipe articles (Table 5). WO
2010/000557PCT/EP2009/056882 29 TABLE 3 _Examples 1 2 34412 (9/10 min) 1.07 1.62 1.78 1.5
Density (kg/m3yb36 i 418691039 8%938.1- Sh%in 2t b ¥ 988 [exg0 i)];".zérérgﬁ’ #¥&ing under 2 MPa

at 95C 2.85 2.58 2,87 2,73 Strain after 100 h (%), [¢ (100 h)]: Creep testing under 2 MPa at 95C 3.20
2 84 318 3.0 Startingat T =20 +2.5°C=22.5°C, to T =125+ 2.5°C.

For example, from the spectrum of tand(T) at 0.1Hz, the first derivative value at T =
5 22.5°Cis caleulated as:

dtand

108 1)) 5oy [B0EQ5°C) ~tan 520°C)],
- (225°C)=

[25°C - 20°C] ’

And the process is repeated at every 5°C, giving the next derivative at T = 27.3°C as,

[tan 6(30°C) — tan §(25°C)]

S ate
[30°C -25°C] § resennens BIC

orT

10 (27.5°C)=

From these thus calculated derivatives, or slopes, of the {and{T) spectrum at each of
the 8§ discrete frequencies tested, the lowest value ocourred hetween 85 to 115°C is then
determined.

15 For exampie, this lowest slope of the tan8(T) spectrum at 0.1 Hz will be noted as:
min[ i%a‘;é(ﬂ ’{”235) 11‘,5:[85-]!5‘(2‘}{ S0t
It should be noted that the term ‘lowest’ means lowest in value: for instance, a negative
slope of -4 will be considered lower than a positive slope of 0.3. In this case, the value -4
will be considered as the lowest.
20 (B) Critical frequency of activation of high temperature performances

The calculation and determination of the minimum slope demonstrated above for a
frequency of 0.1Hz can be generalized to the other 7 discrete frequencies tested: (.23, 0.51,
1.15, 2.60, 5.88, 13.28, 30 Hz:

min[ dtand

T
G t;; g (T + 2’5) ]’f‘le[EimIlS’C}f /=051

. r Otand
mm{
ar

(Ti +2a5) ]T,E[SS—HS"C];‘ F=033Hr

25 min{

(Ts +295) }T,E[SSvilS"C]f Ful3Hz



Strain after 500 h (%), [s (500 h)]: Creep testing under 2 MPa at 95C 3.31 2.99 3.30 3.18 Examples 5
CE 6 CE 7 CE 8 MI2 (g/10 min) 2.65 5.8 1.1 0.85 Density (kg/m3) 939 937.8 936,0 941.0 Strain after
10 h (%), [c (LB eeh testing under 2 MPa at 95C 2.63 3.40 3.27 ZE34 844 100 h (%),[c
(100 IA: Creep testing under 2 MPa at 95C 2.91 3.96 3.60 3.20 Strain after 500 h (%),[c (500 h)]:
Creep testing under 2 MPa at 95C 3.09 4.18 3.83 3.35

. Otand
min| —a??‘“(Tx +2,5) L’;E[ES—E}S"C]" £=108

These minimum derivatives values thus obtained are then plotted against the

corresponding 8 frequencies between 0.1 - 30Hz, with the Y-axis defined by the values of

5 min[ 9 taa; g

A critical activation frequency appropriating the high temperature relaxation and

(T, +2.5) ]T;a[ﬂﬁ-lis“c‘]i s » and the X-axis defined by the frequency (£).

performances (for) of the polymer is then defined as the interception (whenever it exists}
at the X-axis of the best fit to the equation (2) based on the minimum derivatives values
between 0.1 and 2.6 Hz.

dtand
or

Namely, foyr is therefore the frequency (in Hz) that corresponds to:

(7 + 2.5) ]?]e{SS-»HS“C]I foun =0 ' (3

10 A-Ln(frequency) + B = min| (1, +2,5) L assaisecyy @

.y dtand
mm[

1f equation (3) is never satisfied in the range of frequency from 0.1 10 30Hz (no
interception between the considered plot and the X-axis), then it is said that the particular
15 product thus tested does not present a critical frequency of activation of high temperature

performances between 0.1 and 30Hz.

The present invention describes polymers that have a criticat frequency (in Hz) of
activation of high temperature performances characterised by the equations:
20
fo.ur = 0.85 n*(0.1ym*{(100) - 0.8 {2)

fopr > 2.0 {h)

25  Pipe Creep resistance was evaluated on 50 mm SDR 17 pipes produced on a Krauss-
Maffei extrusion line according to ISO 1167. The pipe pressure resistance has been

measured at 20°, 80, 85 and 110 O¢C under different hoop stresses. Tests were carried out in



The compositions according to the invention are also characterized by smaller dean ation as
measured by creep testings at high temperature (95C) under 2 MPa stress. WO
2010/000557POrTERHI5Y/056882 30 TABLE 4 Creep Test Sample dimBnBHRMNEFEE conditions
Examples 1 2 3 4 Gauge Length (mm) 50.01 50.05230.04 50.02 Width (mm) 10.39 10.01 10.01 10.01
Thickness (mm) 4.08 4.13 4.11 4.10 Section (mm2) 42.347 41317 41.173 41.085 Stress (MPa) 2.000
2.000 2.000

a “water-in-water” medium for temperatures of 20 and 80°C, and in a “water-in-air”
medium for temperatures of 95 and 110°C.
Results are summarized in Table 5, where the values are averaged from the failure times of
two pipes tested.

5 TABLE 2

Polvmer Properiies

Examples 1 2 3 4
MI2 g/10min | 1.07 1.62 1.78 1.50
HLMI g/10min | 25

Density kg/m' | 936.1 9392 19376 938.1
Dynamic viscosity at 100 radfs,

H(100) Pa.s 1751 1497 1460 1456
Dynamic viscosity at 0.1 rad/s, n*(0.1) | Pas 7208 4947 4725 5218
1#*(0. 1y *(100) ratio - 4.12 332 3.24 3.58
G (G7= 500 Pa) Pa 58.6 44.0 46.4 50.0
Mw kDa 115.1 102.6 1003 103.8
Mn kDa 28 26.3 27.5 24.8
Mw/Mn 4.1 3.9 3.7 42
dftan8)/dT Min @ 0.1Hz - -4.16 -4.49 -3.98 -5.23
d(tenéydT Min @ 0.22Hz - -3.57 ~3.57 -3.36 -3.05
d(tan8)/dT Min @ 0.51Hz - -2.44 -2.04 -2.41 242
d(tand)/dT Min @ 1.15Hz - -1.61 (.94 -1.26 ~1.39
d(tand)/dT Min @ 2.6Hz - -0.53 -0.46 -0.34 -0.26
Activation frequency as defined by

A-Ln(frequency) +B = Hz 4.49 2.95 3.65 2.90
fmin(d(tandy/dT)] =0




2.000 Load (kg) 8.633 8.423 8.394 8.376 Examples 5 CE 6 CE 7 CE 8 Gauge Length (mm) 50.00
50.09 49.98 50.00 V\//idth mm) 10.01 9.93 9.80 10.05 Thickness (mm) 4.05 3.92 3.89 4.07 Section
(mm’) 40.516 38 884/98%989 40.891 Stress (MPa) 2,000 2.000 2.000 PCT/EP2009/056882

TABLE 2 {cont)
Examples 3 CE 6 CE7 CES
MI2 g/10min | 2.65 5.80 1.10 0.85
Density kg/m 939.0 [937.%8 }9360 |94l
Dynamic viscosity at 100 rad/s,
#(100) Pa.s 1039 | 552 1759 1521
Dynamic viscosity at 0.1 rad/s, n*(0.1) | Pas 2012 1198 8541 13811
n*(0.1Yn*(100) ratic - 2.80 2.17 4.86 9.08
G’ (G7=500 Pa) Pa 45.1 28.0 376 110.1
Mw kDa 89.2 1357 116.7
Mn kDa 21.8 31.9 24.1
Mw/Mn 4.1 3.9 4.3 48
d(tandydT Min @ 0.1Hz - -3.3% 1-2.20 ~0.94 -4.28
d(tand)/dT Min @ 0.22Hz - -3.05 | -0.98 0.56 -3.43
d(tan8)/dT Min @ 0.51Hz - 170 [-0.19 | 1325 237
d(tand)/dT Min @ 1.15Hz - -0.63  § 0.61 2.39 ~1.44
dftandydT Min @ 2.6Hz - 0.18 1.27 2.19 -0.61
Activation frequency as defined by
A-Ln(frequency) + B = Hz 2.21 0.56 0.74 4.26
Imin(d(tand)/dT)] = 0

5 The compositions according to the invention exhibit good processability during pipe
extrusions as illustrated by the viscosity at high shear rate.
Moreover, without wishing to be bound by theory, the excellent mechanical properties at
high tempefamre are believed to be strongly linked to the high critical frequencies as
measured by DMTS analysis: the higher activation frequency, the slower the deformation
10 of the material as measured by creep testing at 95°C (Table 3), and the Jonger the time to

failure during hydrostatic tests performed on pipe articles (Table 5).



2.000 Load (kg) 8.260 7.928 7.766 8.337 31 TABLE 5 Examples Failure time (h) Temperature (C)
Hoop stress (MPa) 1 2 3 4 20 10.8 n.t. 2262 185 338 20 10.5 n.t. n.t. n.t. n.t. 20 10.4 n.t. >10010

>9148 >100 1dVO 2010/000557 PCT/EP2009/056882
29
TABLE 3
Examples 1 2 3 4
MI2 (/10 min) 1.07 |1.62 |178 1.5
Density (kg/m”) 936.1 19392 19376 |938.1

Strain after 10 h (%), {e (10 h)! :
Creep testing under 2 MPa at 95°C

2.85 2.58 2.87 2.73

Strain after 100 h (%), [g (100 ] :
Creep testing under 2 MPa at 95°C

Strain after 500 h (%), g (500 hj]:
Creep lesting under 2 MPa at 95°C

3.20 2.84 3.18 3.01

3.31 2.99 3.30 3.18

Examples 5 CE6 |CE7 CE 8
MIZ {210 min) 265 |58 1.1 0.85
Density (kg/m™) 939 | 937.8 |936.0 941.0

Strain after 10 h (%a), [e (10 1)} :
Creep testing under 2 MPa at 95°C
Strain after 100 h (%),[e (100 h)):
Creep testing under 2 MPa at 95°C

2.63 3.40 3.27 2.83

291 390 3.60 3.20

Strain after 500 h (%%),[s (50G L))
Creep tesling under 2 MPa at 95°C

3.09 | 4.18 3.83 3.35

The compositions according to the invention are also characterized by smaller deformation

as measured by creep testings at high temperature (95°C) under 2 MPa stress.

10



805.5n.t. >7657 25 297 80 5.4 145 n.t. n.t. n.t. 80 5.3 n.t. >10177 >3697 >10176 80 5.2 > 13501 n.t.

n.t. n.t. 80 5.1 > 16227 nt. nt. n.t. 80 4.7 > 12607 nt. nt. nt.
WO 2010/000557 PCT/EP200%/056882

30

TABLE4

Creep Test Sample dimension and test conditions

Examples 1 2 3 4
Gauge Length (mm) 50.01 50.05 50.04 50.02
Width (mm) 10.39 10,01 10.01 10.01
Thickness (mm) 4.08 4.13 4.11 4,10
Section (mm®) 42.347 41317 |41.173 | 41.085
Stress (MPa) 2.000 2.000 2.000 2.000
Load (kg) 8.633 8.423 8.394 8.376
5
Examples 5 CE®6 CE7 CES
Gauge Length (mm) 50.00 50.09 4598 50.00
Width {mm}) 10.01 9.93 9.80 10.05
Thickness (mm) 4.05 3.92 3.89 4.07
Section (mm®) 40.516 38.884 | 38.089 [ 40.891
Stress (MPa) 2.000 2.000 2.000 2.000
Load (kg) 8.260 7.928 7.766 8.337
10

15



95 4.4 n.t. 1254 285 1153 95 4.2 at. >9506 >2602 >7815 95 4 > 8768 nt. n.t. n.t. 95 3.8 >6318 n.t. nt.
at. 95 3.6 > 6354 n.t. n.t. n.t. 110 2.9 at. >988 21 43

WO 2010/000557 PCT/EP2009/056882
31
TABLE 5
Examples Failure time (h)
Temperature | Hoop stress
°O) (MPa) 1 2 3 4
20 10.8 nt. 2262 185 338
20 10.5 n.t. n.t n.t. nt.
20 10.4 n.t. > 10010 [ >9148 > 10010
80 55 n.t. > 7657 25 297
80 54 145 i nt. n.t.
80 53 nt. > 10177 | > 3697 > 10176
80 5.2 >13501 |nt nt. n.t.
80 5.1 >16227 | nt nt. .t
80 4.7 > 12607 ot nt. nt.
95 4.4 n.t. 1254 285 1153
95 42 n.t. >0506 | >2602 [>7815
95 4 > 8768 nt. n.t. n.t.
95 3.8 > 6318 nt. nt. nt.
95 3.6 > 6354 nt. n.t. nt
110 2.9 n.t. > G88 21 43
110 2.7 1625 n.t. ni. nt.
110 2.6 n.L > 3452 3253 801
110 2.5 2295 mt. nt. L.
110 2.3 nt > 3683 > 3693 > 3676




110 2.7 1625 nt. n.t. n.t. 110 2.6 n.t. > 3452 3253 801 110 2.5 2295 n.t. n.t. mt. 110 2.3 nt. >3683
>3693 >3676 WO 2010/000557PCT/EP2009/056882 32 TABLE 5 (contl Examples Failure time (h)

Temperature (&Y B34 ETess (MPa) 5 CE. 7 CE 8 “ PCT/EP2009/056882
TABLE 5 {cont}

Examples Failure time (k)
Temperature | Hoop stress
) MP3) 5 CE.7 CESB
20 10.8 > 10010 nt. 540
20 10.5 nt, n.t. 7282
20 10.4 > 10010 nt nt,
80 5.5 1575 n.k 539
80 5.4 n.t. nt. nt,
80 5.3 > 10179 nt. nt.
80 5.2 nt 3 nt.
80 5.1 n.t. nt. n.t.
80 4.7 n.t. 7079 1n.t.
95 4.4 1011 n.t. nt.
95 4.2 > 7343 n.t. nt.
95 4 i 198 n.t.
95 3.8 nt. n.t. n.t.
95 3.6 n.t. nt. n.t.
110 2.9 25 .. nt.
110 2.7 .t nt.
110 2.6 > 3694 nt nt.
110 2.5 nt 15 > 2100
110 2.3 > 3688 n.t. n.t.

5

Note: Unless otherwise specified in the table, only ductile mode failures are observed Jor

these testings, n.t. indicates that the composition has not been tested under these

conditions. “ >" : means product did nat fuil (test has been stopped or is still on-going)



20 10.8 > 10010 n.t. 540 20 10.5 mt. n.t. 7282 20 10.4 > 10010 n.t. at. 80 5.5 1575 at. 539 80 5.4 n.t.
n.t. mt. 80 5.3 >10179 n.t. n.t. 80 5.2 n.t. 3 n.t. 80

10

15

20

WO 2010/600557 PCT/EP2009/056882
33

The results of the pipe testings indicate that the composition accerding fo the
invention exhibit excellent pressure resistance at high temperature. Particularly, it fulfils
the requirements of standard DIN 16833 (minimum 165 h at 95°C under a hoop stress of
3.6 MPa) and those of EN IS0 22391 (failure times markedly higher than 1000 h both at
95°C under a hoop siress of 4.0 MPa, and at 80°C under a hoop stress of 5.2 MPa). The
advantage of the inventive composition is shown by the comparison of the results obtained
with Example 1 and Comparative Example 7 (products of similar melt-index and density).
In addition, the comparison of Examples 2 or 5 with the Comparative Example 8
demonstrates also an improved long term hydrostatic strength (LTHS) of the inventive
compositions, despite their lower density and their higher MI2.

With respect to the MRS classification (Minimum Required Strength at 20°C for 50
years) according to standard ISO12162, the time to failure recorded for examples in Table
5 at 20°C indicate that the inventive compositions can exceed the performance of
commercial PE8Q polyethylenes having a MRS classification of 8.0 MPa. Regarding
testings at 80°C, the failure times for inventive compositions largely exceed the
performance of the same PES0 materials having a a MRS classification of 8.0 MPa or

above,



5.1n.t. nt.at. 804.7 mt. 7079 nt. 95 4.4 1011 n.t. nt. 95 4.2 >7343 n.t. at. 95 4 n.t. 198 nt. 95 3.8 nt.
n.t.n.t. 95 3.6 n t.Orh}tm&.sts,}llO 2.9

W02 PCT/EP2009/656882
34
CLAIMS:
1. A copolymer of ethylene and an alpha-olefin said copolymer characterized in
having
{a) a density (D) in the range 930 — 960 kgfom®,
5 (b) a melt index (M1} in the range 0.1 — 3.5 g/10min,

(¢} a melt elastic modulus G* {G” = 500Pa) in the range 40— 150 Pa, and
(d) a ratio of complex dynamic shear viscosities 1#(0.1)/m*(100) in the

range 1.5 - 5.5.

2. A copolymet of ethylene and an alpha-olefin according to claim 1 having a melt
10 elastic modulus in the range 40 — 100 Pa and most preferably in the range 40 - 70
Pa.
3. A copolymer of ethylene and an alpha-olefin according to either of the preceding

claims having a ratio of complex dynamic shear viscosities in the range 2.0 - 5.0
and most preferably in the range 2.5 —~ 4.35.

15 4 A copolymer of ethylene and an alpha-olefin according to any of the preceding

claims having the relationship:

¢ (100h) <- 0.0919D + 89.5
wherein D is the density and & (100h) is the measured strain (%) afier 100 b of
tensile creep test at 559¢C under a constant stress of 2 MPa.

20 5 A copolymer of ethylene and an alpha-olefin according to any of claims 1 —4
having the relationship:

¢ (500h) £-0.124D + 119.75
wherein D is the density and e (500h) is the measured strain (%) after 500 b of
tensile creep test at 950C under a constant stress of 2 MPa.

25 6. A copolymer of ethylene and an alphe-olefin according to any of the preceding
claims having a density in the range 930 — 945 i{ga’cm3 and most preferably in the
range 934 — 938 kg/om’.

7. A copolymer of ethylene and an alpha-clefin according 1o any of the preceding
claims having a melt index (M1,) in the range 1.0 - 3.0 and preferably in the range

30 1.0~ 1.5

8. A copolymer of ethylene and an alpha-olefin according to any of the preceding

claims having a molecular weight disiribution (Mw/Mn) in the range 3.5 - 10.



25 mt. n.t. 110 2.7 mt. 8 n.t. 110 2.6 >3694 mt. n.t. 110 2.5 n.t. 15 >2100 110 2.3 > 3688 n.t. mt. 5
Note: Unless otherwise specified in the table, only %uctile mode failures are observed for these
testings. nt. indicates that the composition has not 2en tested under these conditions. " > " : means
product did not fail (test has been stopped or is still on-going) WO 2010/000557PCT/EP2009/056882
33 The results of the pipe testings indicate that the composition according to the invention exhibit
excellentgressu ' { Particul | éug il ? uirements of standard
DIN L6833 (e ta o BaC e & R ra b e Sl R RN S er
(failure times mé‘n‘“&%’éﬂ@%"r’dﬁ@&‘l’féﬁﬁ%ooo h both at 5 95C under a hoop stress of 4.0 MPa, and at 80C
under a hoop stress of 5.2 MRa). T ncln tﬂg) vengve composition is shown by the
comparison of the results obtgﬁﬁ%(;lgvﬁt%dé@gn?gz gan j(j;og;ogarative Example 7 (products of similar
melt-index and ddrsiy) Wi ad b e cendeirisd b b Fexan Mes2-airbswith thecsamparative Example
8 demonstrates an.improved long term rostatic strength_(LTHS) of the inventive
1000'5:171positions%%s%?t?rtﬁgezlg C?V\?ggveh%i}tﬁ)/fan% %ﬁef}}qg‘f&ﬂvgp OTMakGih respect to the MRS
classification (MinimnpotyRequireth Strengtt at 208:fotb weassliageording ® wiangard 1S012162, the
time to failure recorded for ex mplgs#q{gable 5 at 20C indicate that the inventive compositions can
exceed the performance of comfiefcfal PESO polyethylenes having a MRS classification of 8.0 MPa.
Regarding 15testings at 80C, the failure times for inventive compositions largely exceed the

pelf, mance of the same PESO materials having a a MRS classification of 8.0 MPa or



above. 20 WO 2010/000557PCT/EP2009/056882 34 CLAIMS: 1.A copolymer of ethylene and an
alpha-olefin said copolymer characterized in havingé(a) a density (D) in the range 930 - 960 kg/cm3,
5(b) a melt index (MI2) in the range 0.1 -3.5 g/10min, (c) a melt elastic modulus G' (G" = 500Pa) in the
range 40- 150 Pa, and (d) a ratio of complex dynamic shear viscosities 1*(0.1)/n*(100) in the range
1.5 - 5.5. 2.A copolymer of ethylene and an alpha-olefin according to claim 1 having a melt 10elastic

modulus in the rarge-HAnd00r Ba Aed-aastaraiarably i tReJRRAE B0n(Q Ple 3ALORYNIELOf

ethylene and an alpha-olefin accordin%éo either of the preceding claims having a ratio of complex

dynamic shear VISCE2HEE M RAR PAHER 205 AAERIE pieRsrably in the range 2.5 -4.5. 15 4.A
copolymanof ethyleneland:ast sipirrlafin acapeling dapmeaidhe Rressding dlaimshay Qﬂﬂﬁﬁ?
relationship: a (1%?%2,- 0.09191) + 89.5 wherein ID is the density and c (100h) is the measured strain
(%) after 100 h SIEhEIL-EFEERFtest at 9500 under a constant stress of 2 MPa. 20 5.A copolymer-of

ethylene end ansalpharaiedin asanmdind.igiankphelaitis b A RaYING the ationshins 2,(3A0R) - 0.124D
+119.75 wherejn D is the density and ai,gBOOh) is the measured strain (%) after 50th of tensile creep

test at 95C und&F Y EohSHMASHESBR B IHPLdsEIBMI G polymer of ethylene and an alpha-olefin
according to any of the preceding claims having a density in the range 930 - 945 kg/cm3 and most
preferably in the range 934 - 938 kg/cm3. 7. A copolymer of ethylene and an alpha-olefin according to
any of the preceding claims having a melt index (MI2) in the range 1.0 - 3.0 and preferably in the range
301.0 - 1.5. 8. A copolymer of ethylene and an alpha-olefin according to any of the preceding claims
‘having a molecular weight distribution (Mw/Mn) in the range 3.5 - 10. 35 9. A copolymer of ethylene
and an alpha-olefin according to any of the preceding claims having the relationship: fc-HT 0.85
[n*(0.1)/g*(100)] -0.8 wherein g*(0.1)/n*(100) is as defined before and Fc4fr represents the critical
5frequency (Hz) of activation of high temperature performance.



10. A copolymer of ethylene and an alpha-olefin according to claim 9 wherein fC-Fir2 Hz 36 1 LA
copolymer of ethylene and an alpha-olefin accordilgg to any of the preceding claims wherein the
alpha-olefin has C4 - CIO carbon atoms. 12.A copolymer of ethylene and an alpha-olefin according to
claim 11 wherein the alpha- olefin is 1-hexene. 513.A copolymer of ethylene and an alpha-olefin
according to any of the preceding claims having a unimodal composition distribution. 37 14. A
copolymeuof ethylepelandast alRbrrelin aceqsming dapncofdhe RIacsding claimsprRatsgby use of
a single site catalyst. 15, A copolymer of ethylene and an alpha-olefin according to claim 14 prepared
by use of a metAIRAERL BAXSRAE 8ydiels 52638286 bolymer of ethylene and an alpha olefin according to
- claim 15 ydherein tp angiriiogeartappiexhagihe dengraldoanias whsreinsL0R:-8¢haogtrence
is independently selected from hydrogen, hydrocarbyl, silyl, germyl, halo, cyano, and combinations
thereof, said R hPARAFYRR516 9B3NREYEBEen atoms, and optionally, two R’ groups (where R' is not
hydregen,dalo ar eynehieesiheyfaranadivalgnkdssnativedheneql copnpestegdia adiagent positions of

the cyclopentadienyl ring to form a fused ring structure; 15X is-a neutral ri4 bonded diene group having
up to 30 non-hyBrSEPFSRESRENRIRTEhADIHS L HICOMBIRYAvith M: Y is -0-, -S-, -NR*-, -PR*-, M is
titanium or zirconium in the + 2 formal oxidation state; Z* is SiR*2, CR*2, SIR*2SiR*2,
CR*2CR*2, CR*=CR*, CR*2SiR*2, or 20GeR*2, wherein: 38 R* 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, and optionally, two R* groups from
Z* (when R* is not hydroger%,or an R* group from Z* and an R* group from Y form a 5ring system. 17.
A process for the preparation:of copolymers @f"ethylene and alpha-olefins according to any of the
preceding claims said process-perfoyned in the gas phase. 18. A pipe comprising of a copolymer of
ethylene and alpha-olefins sa olymers according to any of the preceding claims. 1019.A pipe
comprising a copolyrper of ¢ and an aIpha-oIefiF(said copolymer characterized in having €)
a density (D) in the range 930 g/m3 (b) a meltindex (MI2) in the range 0.1 -3.5 g/10 min (c)
a melt elastic modulus G' (G" he range 40 to 150 Pa, and 15(d) a ratio of complex
dynamic shear viscositiqgwi 0.1)/n*(1QQ) in the'range 1.5 to

wherein:-

10 R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R’ baving up to 20 nonhydrogen
atoms, and optionaily, two R’ groups (where R’ is not hydrogen, halo or cyano)
together form a divalent derivative thereof connected to adjacent positions of the

cyclopentadienyl ring to form a fused ring structure;

15 X is a neutral n* bonded diene group having up to 30 non-hydrogen atdms, which
forms a n-complex with M;
Y is —O-, -S-, -NR*-, -PR*-,
M is titanium or zirconium in the + 2 formal oxidation state;
Z* is SiR*;, CR*,, SiR*,SiR*y, CR*,CR*,, CR*=CR*, CR*,SiR*,, or
20 GeR*,, wherein:



5.5. 20. A pipe according to claims 18 - 19 further comprising an antioxidant system comprising (a) a
single hindered phenol 20(b) at least one phosphitggand (c) at least one metal deactivator. 21. A pipe
according to claim 20 wherein the antioxidant system comprises (a) 0.05 - 1.0 parts, (b) 0.01 -0.3 parts
and (c) 0.02 - 0.2 parts per 100 parts of the polymer composition. 2522.A pipe according to claim 21
wherein the antioxidant system comprises (a) 0.25 parts, (b) 0.1 parts and (c) 0.05 parts per 100 parts
of the polymer dbhaobitiorr3 pipedapeotdmly toydrmged aaimschshe?@ hatdddrandRS classification

according to IS%%%%O%%@%‘%%%%? Bglé)g%gt%d alkyl, halogenated aryl, and combinations thereof, said
R* having up to 10 non-hydrogen atoms, and optionally, two R* groups from Z*
{when R* is not hydrogen), or an R* group from Z* and an R* group from Y form a
5 ring system.
7. A process for the preparation of copolymers of ethylene and alpha-olefins according
to any of the preceding claims said process performed in the gas phase.
18. A pipe comprising of a copolymer of ethylene and alpha-olefins said copolymers
accbrding to any of the preceding claims,
10 19, A pipe comprising a copolymer of ethylene and an alpha-olefin said copolymer
characterized in having
(a) a density (D) in the range 930 — 960 kg/m’
(b} a melt index (ML} in the range 0.1 - 3.5 g/10 min
{c) a melt elastic modulus G* (G*’= 500 Pa) in the range 40 to 150 Pa, and
15 (d) a ratio of complex dynamic shear viscosities n*(0.1)/m*(100) in the range 1.5 to
5.5.
20. A pipe according to claims 18 - 19 further comprising an antioxidant system
comprising
(a) a single hindered phenol
20 (b) at least one phosphite and
{c) at least one metal deactivator.
21. A pipe according to claim 20 wherein the antioxidant system comprises -
(a) 0.05 — 1.0 parts, (b} 0.01 — 0.3 parts and (c) 0.02 - 0.2 parts per 100 parts of the
polymer composition.
25 22, Anpipe according to claim 21 wherein the antioxidant system comprises
(a) 0.25 parts, (b) 0.1 parts and (c) 0.05 parts per 100 parts of the polymer
composition.
23, A pipe according to any of claims 19 — 22 having a MRS classification according to
ISO12162 of at least 8.0 MPa,



