NOVEL COPOLYMERS The present invention relates to novel copolyners of

ethyl ene and a-olefins and in particular to copolyners suitable for use as
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High density polyethylene (HDPE) in particular is known to have a good
mechanical strength at elevated temperatures and has been used in packaging applications
where a good high temperature performance is required. However the long term
hydrostatic strength characteristics of non crosslinked HDPE materials at higher
temperatures are often unsuitable for applications such as hot water pipes.

These PE-RT type materials have been used successfully for many years in
domestic and industrial hot water piping systems and also as part of underfloor heating and
radiator connections. More recently the easy processing and outstanding material
properties have made such materials useful in larger diameter industrial applications where
normal polyethylene materials cannot be used due to high temperature limitations.

For such applications the required technical attributes of the polymers are excellent
creep resistance at high temperature, good heat stability in chlorinated water environments,
good processability and high flexibility.

More recently polymers having a multimodal molecular weight distribution have
been used successfully for use in hot water pipe applications. Polyethylene compositions
with a multimodal molecular weight distribution (MWD) for example a bimodal MWD can
offer advantages compared with prior art unimodal polyethylenes. For example bimodal
polyethylenes may combine the favorable mechanical properties afforded by high
molecular weight polyethylene with the good processability of low molecular weight

polyethylene.

Peroxide cross-linking of polymers has also been found to show some improvement



creep resistance at high tenperature, good heat stability in chlorinated
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More recently WO 08/064810 describes pipes having improved high temperature
resistance again based on polyethylene compositions having a bimodal molecular weight
distribution produced in a series of reactors.

Our earlier application WO 06/120418 describes copolymers prepared by use of

15  metallocene catalysts having densities > 930 kg/m® and melt index > 4 g/10 min, suitable
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, excellent 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 having
(a) a density (D) in the range 930 — 960 kg/m?

(b) a melt index (MI3) 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 dynamic shear viscosities n*(0.1)/n*(100) in the range 1.5to 5.5.

The copolymers of the present invention typically exhibit a molecular weight

distribution (Mw/Mn) in the range 3.5 to 10.



Qur earlier application WO 06/120418 descri bes copol yners prepared by use
of netall ocene catal ysts having densities > 930 kg/mand nelt index > 4
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Preferably the novel copolymers of the present invention exhibit the following

relationships:

g (100 h) <-0.135 D + 129.86
15
£ (500 h) <-0.149 D + 1432

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

20  according to the equation
fo.ur = 0.85 [* (0.1)Mm*(100)] - 0.8 (2)

wherein n*(o) is as defined above.
25
Preferably fcur 2 2.0 (h)

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)a melt index (MIp) in the range 0.1 — 3.5 g/10 min



where Dis the density (in kg/n8) e (100 h) and e (500 h) are respectively
the nmeasured strain (in % after 100 and 500 hours of tensile creep test at
950C, und¥0 20a100007ant stress of 2 MPa, in accordance t@CreR28995s82 2003

using an |1 SO I B type specinmen which is gut froma conpressed noul ded plaque
(1'SO 293:1996, 4 mmthickness), machined (1SO2818 standard), observed and

its dinmensions neasured (ISO 527-1 :1993). Preferably the novel copolyners
of the present invention exhibit the following relationships: e (100 h) < -
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defined above. Preferably fCH > 2.0 (h) The novel copol yners of the
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(S:E)Flglt gng [ gt (r)/()esiﬁér?erpéel‘%%g?yot%%ogglyﬁgg%alvg creep test at 950C, under a
(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
10 (c) a balance of high temperature cteep resistance and products flexibility performance
characterized by the equation,
g(100h) <-0.135 D + 129.86
where D is the density (in kg/m®) and £(100 h) is the measured strain (in %) after 100 hours
of tensile creep test at 95°C, under a constant stress of 2 MPa.
15 The copolymers may be further defined as 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 balance of high temperature creep resistance and products flexibility performance
characterized by the equation,
20 g(500h)<-0.124 D+ 119.75
where D is the density (in kg/m®) and €(500 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
(a) 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,
£(500h) £-0.149 D+ 143.2
where D is the density (in 1<g/m3) and £(500 h) is the measured strain (in %) after 500 hours
30  oftensile creep test at 95°C, under a constant stress of 2 MPa.

The copolymers may be further defined as having



More preferably the copolynmers have (a) a densit D) in the range 930 -
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where Dis the density (in kg/n8) and e?l 00 h) is the nmeasured strain (in
% after 100 hours of tensile creep test at 95C, under a constant stress of
2 MPa. The copolynmers may be further defined as having (a) a density (D) in

the range 930 - 960 kg/ b l.t.ipdex (M ) in the range 0.1 - 3.5
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(2) 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 critical frequency (in Hz) of activation of high temperature performances
10  characterised by the equation:
fegr>2.0
Preferred alpha-olefins are those having C4 — C12 carbon atoms. Most preferred

alpha-olefins are 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene.
The preferred alpha-olefin is 1-hexene.

15 The 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/m® and most
preferably in the range 934 - 938 kglem®.

The copolymers according to the present invention preferably have a melt index

(M) in the range 1.0 to 3.0 and preferably in the range 1.0 1.3.

20 The copolymers according to the present invention preferably have a melt 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 a 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 understood 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%.



where Dis the density (in kg/n8) and e(500 h) is the measured strain (in
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10 mn (c) a critical frequency (in Hz) of activation of high tenperature
performances characterised by the equation: fCHI> 0.85 h*(0.1)/h*(100) -
0.8 More preferably the copolyners have (a) a density (D) in the range 930
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Suitable complexes may be represented by the general formula:
CpMX,

10 wherein 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
am’ bonding mode to the cyclopentadieny! or substituted cyclopentadienyl group, X each
occurrence is hydride or a moiety selected from the group consisting of halo, alkyl, aryl,
aryloxy, alkoxy, alkoxyalkyl, amidoalkyl, siloxyalky! 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:
Rl

F{l \‘/

20
wherein:-

R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,

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



nmodulus G (G' = 500 Pa) in the range 40 - 100 and nost preferably in the
range 40 to 70 Pa. The copol yners according to the present invention have a
rati o of worplogwozsynam ¢ shear viscosities in the rangePZTEP2008/0868ahd nost
preferably in the range 2.5 - 4.5. The gopol ynmers according to the present

i nvention preferably have a uni nodal nol ecul ar wei ght distribution. By

uni nodal nol ecul ar wei ght distribution is nmeant a copol yner that does not
contain fractions of substantially different nolecul ar weights. By
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system conprising, preferably a npnocyl copentadi enyl netall ocene c | ex
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are descr ilydebgen afhoAihdditbiralHR wid Basedigahd® MR043G tarkd roR-1H8teRT atdBs, t abl e

conpl exes nmay be represented 5%? %he gneral formula: CpMXn wherein Cp is a
si ngl e cycopent adi en‘§l‘5‘c9‘=s$rp) Riwuc "eycl opent adi enyl group optionally

coval ently bonded t g,V B%Rﬁﬁg@tﬁliﬁﬂ%%k&&ﬁﬁ%; Mis a Goup VIA netal bound
in a h5 bonding node to the cyclopentadi enyl or substituted

cycl opent adi enyl gr diipis SiR&g R actiRF 1HRER GRS BRAL, IGRS <8R 'a (R8I 25% ect ed
from tl%e group éé)f?%', a{ ér@gl: of hal o, alkyl, aryl,
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 hydrogen), or an R* group from Z* and an R* group from Y form a ring
15  system.,
and n is 1 or 2 depending on the valence of M.
Examples of suitable monocyclopentadienyl complexes are (tert-butylamido)
dimethy! (tetramethyl-n’- cyclopentadienyl) silanetitanium dichloride and (2-
methoxyphenylamido) dimethyl (tetrame’chyl—-n5 - cyclopentadienyl) silanetitanium
20  dichloride.

Particularly preferred metallocene complexes for use in the preparation of the

copolymers of the present invention may be represented by the general formula:



aryl oxy, al koxy, al koxyal kyl, am doal kyl, siloxyal kyl etc. having up to 20
non- hydrogen atons and neutral Lewi s base |igands having up to 20

non- hydr ogjortoexwnss7or optionally one X together w th CpPCoHMPR008/056882
nmetal |l ocycle with Mand n is dependent gpon the val ency of the netal
Preferred nonocycl opent adi enyl conpl exes have the fornula: wherein:- R
each occurrence is independently sel ected from hydrogen, hydrocarbyl,
silyl, gernyl, halo, cyano, and conbinations thereof, said R having up to
20 nonhydr ogenat ons, and optionally, two R groups (where R is not
hydrogen, halo or cyano) together forma dival ent derivative thereof
connected to adjacent positions of the cyclopentadienyl ring to forma
fused ring structure; X is hygride or a noiety selected fromthe group
consi sting of halo, alkyl, arfyl, aryl oxy, Zdl koxy, al koxyal kyl, am doal kyl ,
si |l oxyal kyl etc. having up to ydrogen_at ons and neutral Lew s base

| i gands having up to 20 non- hydrogeh atons,ﬂy\ks -0, -S, -NR*-, -PR*-, M
is hafnium titaniumor zirc nKEghQZ* is SiR2, §R*2, SiR*2Si R*2 CR*2CR*2
CR*=CR*, CR*2SiR*2, or R* 2; n: R each currence i s independently
hydrogen, or a nmenber selected from rocargyf? silyl, hal ogenated al kyl,
hal ogenated aryl, and conbi nat4 hher e said R having up to 10

non- hydr ogen atoms, and opfti dnally, Rwo R groups fromZ* (when R* is not
hydrogen), or an R group fromZ* and an R g{oup fromY forma ring system,

X

wherein:-
R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R’ having up to 20 northydrogen
5 atoms, and optionally, two R’ groups (where R’ is not hydrogen, halo or cyano) together
form a divalent derivative thereof connected to adjacent positions of the cyclopentadienyl

ring to form a fused ring structure,

X is a neutral n° bonded diene group having up to 30 non-hydrogen atoms,
which forms a n-complex with M;
10 Y is —O-, -8-, -NR*-, -PR*-,
M is titanium or zirconium in the + 2 formal oxidation state;
Z* is SiR*,, CR*,, SiR*,SiR*;, CR*;CR*,, CR*=CR*, CR*,58iR*;, or
GeR*,, wherein:
R* each occurrence is independently hydrogen, or a member selected from
15  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 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-1"-1,4-diphenyl-1,3-butadiene, s-
20  trans-n*-3-methyl-1,3-pentadiene; s-trans-1"-2,4-hexadiene; s-trans-n4-1,3—pentadiene; s-
trans-n"-1,4-ditolyl-1,3-butadiene; s-trans-n’-1,4-bis(trimethylsilyl)-1,3-butadiene; s-cis-

n*3-methyl-1,3-pentadiene; s-cis-n-1,4-dibenzyl-1,3-butadiene; s-cis-n*-1,3-pentadiene;



and nis 1 or 2 depending on the valence of M Exanples of suitable
nonocycl opent adi enyl conpl exes are (tert-butyl am do) dinethyl

(t et rametwol2019®0635¢1 opent adi enyl ) sil anetitani um di chl oPCHEP2IVY/066882

nmet hoxyphenyl am do) dinethyl (tetranethyl- h5- cyclopentadienyl)
silanetitaniumdichloride. Particularly preferred metallocene conplexes for
use in the preparation of the copolyners of the present invention may be
represented by the general formul a:wherein:- R each occurrence is

I ndependent selected from,hydrpgen car.byl '

cyano, and Cd%ﬂb"?ﬁ @Wg {hﬁg}’lﬁﬁg ﬁgga%leﬂg lgv?cn Xlﬁ%e g%)hégorrqgﬁ%%r og«gl at ons,
and opt|or&gldgﬂﬁec{tﬁ@gelﬁewﬂlrtgyﬁ@tQMere R is not hydrogen, halo or cyano)
toget her forma dival ent derivative thereof connected to adjlacent posj tions

of the cycl ope et ipestgriablyi R gs hpdrogpmmethylsethyls Progyls Priybrsril: bxylsbeizxbyt r al

h4 bonded d| havi h f
- conpl ex WPLHIAET 9y £105 (ke B SRR IR B Ch Tor o
i n thes+ ZojRoy glip Mekdtattieny, Sdrakemplé’ an md&hR BralGtrdndGivR SRy, CR CR ,

CR*=CR*, CR*2S R*2 or CGeR*2 wherein: each occurrence is |ndependently
hydr ogen, t@fﬂhﬁﬂﬁﬂ%@w s@%&llé’émfﬂr“BFﬁnﬁ #°o88ar byl , silyl, hal ogenated al kyl,

hal ogenat ed ar
non- hydr ogen a%% op"tyn%h ﬁlﬁe hﬁﬁ%%ﬁ’%r E)r ob%%ﬁs P%irﬁil%glg%()ﬁlﬁ claﬁta:nsmgn ot
hydr ogen) ,a g)bulﬁébrl:é‘sp@icbmg)tdﬁle orztulaAd(Rir @@-PgR QuphereonRYis Grinhpdre¢arpyl.
Most preferred complexes are amidosilane — or amidoalkanediyl complexes.
10 Most preferred complexes are those wherein M is titanium.

Specific complexes are those disclosed in WO 95/00526 and are incorporated
herein by reference.

A particularly preferred complex is (t-butylamido) (tetramethyl-ns-
cyclopentadienyl) dimethyl silanetitanium -n*-1.3 —pentadiene.
15 Suitable cocatalysts for use in the preparation of the novel copolymers of the

present invention are those typically used with the aforementioned metallocene complexes.

These include aluminoxanes such as methyl aluminoxane (MAO), boranes such as
tris(pentafluorophenyl) borane and borates.
Aluminoxanes are well known in the art and preferably comprise oligomeric

20 linear and/or cyclic alkyl aluminoxanes. Aluminoxanes may be prepared in a number of
ways and preferably are prepare by contacting water and a trialkylaluminium compound,
for example trimethylaluminium, in a suitable organic medium such as benzene or an
aliphatic hydrocarbon.

A preferred aluminoxane is methyl aluminoxane (MAO).

25 Other suitable cocatalysts are organoboron compounds in particular triarylboron
compounds. A particularly preferred triarylboron compound is tris(pentafluorophenyl)
borane.

Other compounds suitable as cocatalysts are compounds which comprise a cation
and an anion. The cation is typically a Bronsted acid capable of donating a proton and the

30 anion is typically a compatible non-coordinating bulky species capable

of stabilizing the cation.



system Exanples of suitable X groups include

s-trans-h4-1, 4-di phenyl -1, 3- but adi ene, strans- h4-3-nethyl- 1 3-pentadiene;
s-trans- Wo20nyaeessadi ene; s-trans-h4-1, 3-pent adi ene; st PAMAP2009/056882
h4-1,4-ditol yl- 1, 3-but adi ene; s-trans-ltb4- 1,4-bis(trinmethylsilyl)-I ,3

- but adi ene; s-cis- h4-3-nethyl- 1, 3-pentadi ene; s-cis-h4- | ,4-di benzyl -1

, 3-but adi ene; s-cis-h4- 1 3-pentadiene;s-cis-h -1,4-bis(trinmethylsily 1)-

1, 3-but adi ene, said s-cis diene group formng a p-conplex as defined herein

with the netal, st eferably R is hydrogen. nethyl, ethyl, propyl,
butyl, pentyl, SH&WQELP%’?FQIL%?‘epﬁﬁgwﬁg%ﬁ}he%%wulﬁroups (except hydrogen)
are |inked together, L3_ﬁ+ent(j_re C5R 4 group thereby being, for exanple, an
i ndenyl, tet rahydroiqﬁd' v (A1) uorenyl, terahydrofluorenyl, or

oct ahydrof | uorenyl group. Highly preferred Y groups are nitrogen or
phosphor usvhestit ai ni ng groups containing a group corresponding to the
formula ~~N(R//)- or -P(R')- wherein R/ is C -iohydrocarbyl. Mst

pr ef er r ed [¢onpnexizal Lamas basedosi | ane - or ami doal kanedi yl conpl exes. Most
preferred conpl exes are those wherein Mis titanium Specific conplexes are
those di sqLBIEX, isn BMNO& 80526 and are incorporated herein by reference. A
particularly preferred conplex is (t-butylam do) (tetranethyl-h5-

cycl opent agt enyhon-ebordhitilg @intpakiblel dndomi havingtedehbre® ofglrenddi ene. Sui t abl e
cocatal ysts for use in the preparation of the novel copolyners of the

present i ra/fg%iilggge@rf@m{ hese typically used wth the aforenenti oned
net al | ocene conpl éxes. These incl ude al um noxanes such as net hyl

al um noxane (Mg BNES iGHE Borffoud mdPeI eftictddat R ARMMbKp berisariag and

bor at es.

acidic cations, carbonium cations, silylium cations, oxonium cations, organometallic

10  cations and cationic oxidizing agents.

Suitably preferred cations include trihydrocarbyl substituted ammonium cations eg.
triethylammonium, tripropylammonium, tri(n-butyl)ammonium and similar. Also suitable
are N.N-dialkylanilinium cations such as N,N-dimethylanilinium cations.

The preferred ionic compounds used as cocatalysts are those wherein the cation of

15  the ionic compound comprises a hydrocarbyl substituted ammonium salt and the anion
comprises an aryl substituted borate..

Typical borates suitable as ionic compounds include:

triethylammonium tetraphenylborate
triethylammonjum tetraphenylborate,

20 tripropylammonium tetraphenylborate,
tri(n-butyl)ammonium tetraphenylborate,
tri(t-butyl)ammonium tetraphenylborate,
N,N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate,

25 trimethylammonium tetrakis(pentafluorophenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis(pentafluorophenyl) borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate,

N, N-dimethylanilinium tetrakis(pentafluorophenyl) borate,



Al 'um noxanes are well known in the art and preferably conprise oligoneric
| i near and/or cyclic al kyl alum noxanes. Al um noxanes nmay be prepared in a
nunber ofwayw/w@nE7pref erably are prepare by contacti ng PRAEPR00Q/086882

trial kyl al um ni um conpound, for exanpl e trinethylalumnium in a suitable
organi ¢ medi um such as benzene or an aliphatic hydrocarbon. A preferred

al um noxane i s nethyl alum noxane (MAO . Other suitable cocatal ysts are

or ganoboron conpounds in particular triaryl boron conpounds. A particularly

preferred {11 aryl bonog, SoRRANDLR LLANASHIRbIHALOANERN) boTane. Olher

conpounds suitable _ _ s are ¢ ounds conprise a cation and
an anion. The copicBirddsybyof @bhialystsuRablesbesseadildthe apadiloecnf compiateasng a
proton and the anion is typically a conpatibl e non-coordinating bul l(e%

Speci es cAPHIBNIES HNicqORAIUNSS W@W&:@%ﬁ@ﬁ.ﬂ%@ﬂa%&é’@}ﬂ?%@ APaQ s at teast

oo i o g g o et Pl L 5 2 peut il Lo
havi ngsa char geSuitiblé cocatalgiste of thisypt ateafpeeritfed amWO 08/23119the relavadn of the
ronte Corrpp%li'jtri]cgnsrcr)%)\/whli)c% asrglinec%;peocriat];cri Bg}eltn ey ferettive” onsisting of
Examples of this type of anion include:
triphenyl(hydroxyphenyl) borate
tri (p-tolyl)(hydroxyphenyl) borate
10 tris (pentafluorophenyl)(hydroxyphenyl) borate
tris (pentafluorophenyl)(4-hydroxyphenyl) borate
Examples of suitable cations for this type of cocatalyst include triethylammonium,
triisopropylammonium, diethylmethylammonium, dibutylethylammonium and similar.
Particularly suitable are those cations having longer alkyl chains such as
15  dihexyldecylmethylammonium, dioctadecylmethylammonium,
ditetradecylmethylammonium, bis(hydrogentated tallow alkyl) methylammonium
and similar.
Particular preferred cocatalysts of this type are alkylammonium
tris(pentafluorophenyl) 4-(hydroxyphenyl) borates. A particularly preferred cocatalyst is
20  bis(thydrogenated tallow alkyl) methyl ammonium tris (pentafluorophenyl) (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 compound, 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  etc.

The most preferred support material for use with the supported catalysts



acidic cations, carboniumcations, silyliumcations, oxoniumcations,
organonetal lic cations and cationic oxidizing agents. Suitably preferred
cations iWOl20t00357hydr ocar byl substituted amroni um cat iPOM&PeE9/056882
triethylamoniurn, tripropylamonium tyi (n-butyl)anmoniumand simlar.

Al so suitable are N. N-dial kylaniliniumcations such as

N, N-di net hyl ani | i ni um cations. The preferred ionic conpounds used as
cocatal ysts are those wherein the cation of the ionic conpound conprises a

hydr ocar byl bst i fut ' | : e aniQf; ' I
cubst | £ ut S BURES I STPRE LRER by @il G PSRRI BENRE TR e
tri et hyl amayoiaudGrade Dphemyd43adladae. tri et hyl amoni urn tetraphenyl borate,

tripropyl anmoni t et h b te, .tri(n- I ' .
et aphenyl bor diie SUBRI{ PATHL RS R it Bt HBT vy Bty e chemical
N, N-di met G?é%ﬁ'ﬁ]slnlt tdYHRd %%Bﬂk%ﬁh@hyd}‘oﬂfld.b%ﬂb’éﬁﬂé Sippottihaterial.

b
tetraphen orate, trinet hyl'ammoni um t etT aki's(pent af | uor ophenyl ) bor at e,
tri et hyl arfiypivallchenicakdehy gativahgents op heastivy miotat hydridessdlpnonyn g m

t et r aki fl henyl) b (N~ ) '
B R TN S A M
tetraki s p@pbat hAPHRRISHY la) 26001038587 N iNafl iRt ithagihleteindet reduced pressure.

tetraki s(rentafl uorophenyl) borate. A preferred type of cocatal yst suitable
for use with tHéemsreisisopeats aomsifondy pretreated with gnporganometallic cor¥1pound

preferably an organcaluminium compound and most preferably a trialkylaluminium

10  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 are suitably described in WO 04/020487 and WO 05/019275.

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

20 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, etc. Preferred
monomers are those having 2 to 10 carbon atoms in particular ethylene, propylene, 1-
butene or 1-hexene.

25 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 solvents include for example heptane.

30 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.



conprise ionic conpounds conprising a cation and an ani on wherein the anion
has at |east one substituent conprising a noiety having an active hydrogen.
Sui t abl e Wocatwl0ysrs of this type are described in WO 98CTEP2M09/05¢882

rel evant portions of which are incorpor@gted herein by reference. Exanples
of this type of anion include: triphenyl (hydroxy rhenyl) borate tri

(p~tolyl) (hydroxyphenyl) borate tris (pentafnorophenyl) (hydroxyphenyl)
borate tris (pentafluorophenyl) (4-hydroxyphenyl) borate Exanpl es of

suitable catio for .t hi e ' I.e1; 's‘?ﬁETP'
triisopropyl a_miilﬁicu?ﬁlglgilfa%t#wen%r%eﬁ?gl(r;rl?%t?\ﬁwu% P W%ﬁ?gﬁéﬁ% alﬂrxrlom umeaaﬁtg}'
simlar. Parti qukablsl o@ﬁ@l@&i@kseofahepﬁemﬁmveaﬁdammy kaiibhgbe pregaed & kyl chai ns
such as di hexyl decyl met hyl ammoni um di g}%{ adecyl met hyl ammoni um

di t et r ade@yPceREhPFIAHISA 10411061 tae Hydy 65E1%EaE B Fal | ow al kyl ) net hyl ammoni um
and simlar. Py Elh%gg;ﬁfce?ﬁr t‘ggﬁﬁﬂ}ﬁgse@% e %ﬂﬁ'&ﬁ?gontdlhémtétﬁ%xﬁ &atures from
tris 4- (hy I A

al kyl ammoni um nt a rophenyl dr oxyphenyl ) borates.
parti cdl arbyut’€hgr toedempeatat yst belewlthsempdratye abwbightld teviiing Rylyenet hyl

amoni um tri tafl henyl 4- h /ph | W
Co thi ot ypeomt buarial yOROE e bithsab s REHEnE oo Srass M oduct  of
an al kyl agﬁaﬂaé%mt{eﬁe st AeMaliic 2aemd, bropahdydbopsspienPhoferdal @ipeandean

or ganomet I C corrpour&d, for exanple triethylal umnium or an al,um noxane
such as are from about 30 Cto 100”C. Loop

C up to about 200~C but preferably from about 60
reactors are widely 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 a-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 1-hexene.
Thus according to another aspect of the present invention there is provided a
method for the preparation of copolymers of ethylene and alpha-olefins having
25 (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
() 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
30  said method comprising copolymerizing ethylene and said alpha olefins in the presence of

a catalyst system as hereinbefore described.



tetrai sobutyl al um noxane. The catal ysts used to prepare the novel

copol yners of the present invention may suitably be supported. Suitable
support maOepilosss7incl ude i norgani ¢ netal oxides or alt@chaPRecelogespdl ymeri c
supports may be used for exanple pol yetﬂyl ene, polypropyl ene, clays,
zeolites, etc. The nost preferred support material for use with the
supported catal ystsaccording to the nethod of the present invention is
silica. Suitable silicas include I neos ES70 and G ace Davi son 948 silicas.

The support material .may b ubjected to a heat. t chem cal
treatnent to r fgpqlﬁgpé%‘ﬁéﬁe EIJSPFID H}V@%?"f{?%8%‘@%3?%@%@%%‘%%%&% he support
mat eri al . phyRiEAeY of RERECTEmPEBE REdiQmRYPBLRT Abeusedativt weterpipilg

hydri des, al'umnium al kyls and halides. Prior to its use the support

rzrgge{i a%SSgséelp@alyhﬁpé]@f-ed to treatment at 1000C to 10000C and preferably at
o i an_iner. .
r:rélf,.l% ac oﬁ(g}h%?tg %%%I?Jfl &k V?A{J ﬁé Rfe@QlHQﬁV%nHBE Fl'ﬁ"é(;ﬁ g)ra-\nged)%’ rous

supports are pr ra etreate or ganonet a onpoun

preferably.an organoal um ni um ¢o und_and St f bly a

tri ?I k?l aﬁ”&ﬁ’ﬁ_ i ;H’&?p‘&mg”?‘ﬁ Oge@%ﬂ}f‘@nigﬁl \E}lg’?} '.Olﬁﬁlgmg{ﬁ%po?/t material is
pretreated with t organonetal lic d,af a tenperature of -2Q0C to
1500C and pr ef é?)a?o‘? 55¥?§H§éh?@n§683%_%%§&5%l e cat ngsts for use in the

preparation of xTRR9) MRS Sned 0 hes pLe®ahin | nvention are suitabl
described in V\(S gﬁ?’%%%?qan 1V\D 05/%19275. gart icularly suitabl e catal y>s/t S

for use in the (premaitatdstnmofiuluh&’ Gpst P8RS inthe rinsei0da dAf Prrandnt i on are
metallocene Cor’EB)I e(la i’(a%% 0 cior%%ier)]( \gfganquesr}]legrrveigéo(sai e ﬁ%ﬂ).ﬁ%’%{%’)iig ﬁ‘l%l rgnge 1.5
10 t0 5.5
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
15 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
20 time to failure according to hydrostatic tests in accordance with the complete teaching of
ISO 1167 standard.
Thus according to another aspect 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 a-olefin produced in a single reactor.

25 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
may be chosen for performance with respect to the atmosphere external to the pipe and

also for performance with respect to the chlorine exposure in the interior of the pipe.

30 A first antioxidant comprising phosphites or phosphonites such as tris (2,4-ditert-
butylphenol) phosphite (Irgafos™ 168) is advantageously used in the formulation. The



nononers. Qur earlier applications WO 04/020487 and WD 05/019275 descri be
supported catal yst conpositions wherein a pol ynerisabl e nononer is used in
t he cat alyetopvmpzsrati on. Pol yneri sabl e nononers sui t abPETERPR009HESBN t hi S
aspect of the present invention includethylene, propylene, 1-butene,
1-hexene, 1-octene, 1-decene, styrene,ebutadiene, and pol ar nononers for
exanpl e vinyl acetate, nethyl nmethacrylate, etc. Preferred nonomers are

t hose having 2 to 10 carbon atons in particular ethylene, propylene, 1-

but ene or 1-hexe rnatjvel .

be. used T GPBRAEN rebrgy et crort RE R L Brk R p AP RRha Rl ferTOORRR = Y
noNomer i $fholees, nﬁoreﬂﬂﬁeﬁalwﬂ@hlos@adom TpagRBftents fivuh 0.5ty 0USequrtibeingi qui d
formor alternati vel% used in a suitable solvent. Suitable solvents

i ncl ude f artexkiylpee ﬁgdane The pol yreri sabl e nonomer may be added to the
cocatal yst before addition of the netall ocene conplex or alternatjvely the
conpl ex may be ﬁps@mnéaia@:lofvapthﬁt: hetlmﬁmﬁhﬂtsﬁmdeﬁﬁﬁéw& protfstien BoloPser s of

th t t bl
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typically uses an inert hydrocarbon diluent and tenperatures fro out Q0C
up to a ta&ﬁeblatmg@:rﬁlr&@ta geadodisnension efﬁbéﬁafwﬁl@anéﬂn%m@lm%n%éug‘%iﬁﬁﬁ

201 Vet Pesan BMESUATAARL Rk Mo kOB e g, um
copol ymer -m&ﬁ@ﬁ@Oﬂ%ﬂ afiteEmhat wite slow kinetic of hydrolysis like hydroxylamines, hindered
10  amines light stabilizers (like derivatives of 2,2,6,6-tetramethyl piperidine) or thiosynergists
organosulfides (like disteary! thiodipropionate) can also be used. Among the different
antioxidants, specific hindered phenols like 3,3°,37°, 5, 5°,5°"-hexa-tert-butyl o, o’, o’’-
(mesitylene-2,4,6-trityl) tri-p-cresol (Irganox™ 1330, Ethanox™ 1330) or 1,3,5-tris(3,5-
di-tert-butyl-4-hydroxybenzyl)-1,3,5-triazine-2,4,6(1H,3H,5H)-trione (Irganox™ 31 14)
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 from 0.15 to 0.30 part being particularly preferred.

A metal deactivator such as, for example N,N'-bis(3,5-di-t-butyl-4-
hydroxyphenylpropionylhydrazine, N,N'-diphenyloxamide, N-salicylal-N'-salicyloyl-

20  hydrazine, N,N'-bis(salicyloyl)hydrazine, 3-salicyloylamino-1 ,2,4-triazole, bis
(benzylidene)oxallyl dihydrazide, oxanilide, isophthaloyl dihydrazide, sebacoyl
bisphenylhydrazide, N,N'-diacetyladipoy! dihydrazide, N,N'-bis (salicyloyl)oxallyl
dihydrazide, N,-N'-bis(salicyloyl)thiopropiony! dihydrazide, is also advantageously used in
the composition. N,N'-bis(3,5-di-t-butyl-4-hydroxyphenylpropionyDhydrazine (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, Jrganox™ 1076, or Cyanox™ 1790. The composition preferably



are from about 300C up to about 2000C but preferably from about 6Q0C to
1000C. Loop reactors are widely used in slurry copol yneri zing processes.
The novelwoepw/oppss’s are nost suitably prepared in a gaPCpERI@®IPBE@8Ess. Gas
phase processes for the copolymerizing f olefins, especially for the
honopol yneri sati on and the copol ynerization of ethylene and a-ol efins for
exanpl e 1- butene, 1-hexene, 4-nethyl- 1-pentene are well known in the art.
Typi cal operating conditions for the gas phase are from 200C to 1000C and

nost preferably.from i t-N - j o]
100 bar . ﬁ&?&a}‘%&?séﬁa?@%?ftégﬁg’gqg%tg“%ﬁ’ggéﬁ ?g([:(gz%ger{ss%glp é t o’ggo§ e?fg{a?ln% in
a flui di zeeshieg 0. Eyatpoatntfofdess thapr(ot eas baingpertidelady ipbgfeirédh EP 89691 and
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In addition processing aids, UV stabilizers, pigments or colorants may also be used

10 in the additive package.

A typical additive package comprises 0.1 parts of the first antioxidant (Irgafos™
168), 0.25 parts of the second antioxidant (Irganox™ 1330), 0.1 part of metal deactivator
(Evernox™ MD 1024) and 0.05 parts of acid scavenger (zinc oxide) per 100 parts of the

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

(2) a density (D) in the range 930 — 960 kg/m’
(b) 2 melt index (MI,) 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
20 (d) a ratio of complex dynamic shear viscosities n*(0.1)/m*(100) in the range 1.5 to
55
and an antioxidant system comprising (2) 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  examples.
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sai d nethod conprising copolynerizing ethylene and said al pha olefins in
the presence of a catal yst system as herei nbefore descri bed. The copol yners
of the preeento/iopssenti on are particularly suitable for REFERI00POF6882 hyl enes
of Rai sed Tenperature Resistance (PE-RT)7 for use in hot water piping
systens and sinmlar. Thus according to another aspect of the present

I nvention there is provided a pipe conprising a copolyner of ethylene and
an al pha-olefin having (a) a density (D) in the range 930 - 960 kg/nB (b) a

melt inde MENTARE range 0.1 3.5 ¢g/10 min (c) a nelt elastic nodul us

G (G'= SQ%gg%¥lTn"f§E—Tange 40 to 150 Pab5and (d) a ratio of conplex

dynam c sHeempledcosities h*(0.1)/h*(100) in the range 1.5 to 5.5 The

suitabilit f Eesi ns for. such applications is subject to product standards

and perforgﬁaﬁ%@—ﬂé&&m s for exanple DIN (German I ndustrial Norm or

Deut sche |@ogsidieNObMilLi& withsiet 1hﬂﬁﬁuhy (I'nternational Organization

for Standardization, neva, SWtzer n respect of the present

i nven'lt3 iSon the dfurdedaentinenog @aZQ&QIﬂ%éso jsehexarsend39 7 derd siicadYhe

suitabilit

enbodi rrent()‘g af‘(?b%ﬁfo gﬁ?g%%ce 1\?%%151&@%@53&%%?%%?@&#12&# gg%e%eplr%}gﬁh@gct ure of

pi pe arti Cdaﬁzsneidamtlejgmﬁagéﬂs r@io@%lbfx&l@ﬁhydxnxﬁll\éramlmnﬁ1F{éqn'rrroé/g) SOr3daptflanat

200C for 50 years) according to standard,|S0O12162 t |least 8. )

P:c pe?‘ acc dPeisie 2080 (awailpble drom Innqsrss) $UWIGRN Neatagg &gélg s 51456‘9‘1“’%3 tﬁ%r s

of the ti t th
inhifte LAk ki€ 75930 101 RAIFAS03] ufecthyBbhiniBm TR 4GS

the conpl e ching o sta
10  isohexane was then slowly added over 1 hour and the mixture was stirred for 1 hour further

at 30°C. The slurry was filtered and thoroughly washed with isohexane before being
transferred to a dryer. 19 kg of an Octastat 2000 solution in pentane (2g/1) was added and
the mixture was finally dried at 60°C under vacuum. 428 kg of silica/TEA were obtained.
The aluminium content of the solid was found to be 1.3 mmol/g.
15 {b) Preparation of catalyst component 1
To 216.9 kg of a 9.58% solution of [N(H)Me(C1320H37.45)2] [B (CoFs)s(p-OHCsHa)]
(Ionic Compound A) in toluene were added over 15 minutes 17.75 kg of 11.7 % TEA

solution in isohexane. The mixture was further stirred for 15 minutes to yield a solution of

catalyst component 1.

20  (¢) Preparation of a mixture of (Cqu4SiMe2N'Bu)Ti(n“-l,?y-pentadiene) (Complex A)

with 1-hexene
To 53.0 kg of a 11.6 % solution of Complex A in heptane were added 47.8 kg of 1-
hexene.

(d) Preparation of the supported catalyst

25 288 kg of the above 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 further 30 minutes. The contents of the reactor were then
cooled to 15°C and the above prepared solution of Complex A and 1-hexene was fed over
a period of 30 minutes, and then the mixture 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%.



Thus according to anot her aspect of the present invention there is provided
a pipe having a tine to failure according to |1 SO 1167 of > 500 hours at 110
0 C and 2vO 2MPa08%7d pi pe conprising a copol yner of et hpPCEAP2EMH5E8R2
a-olefin produced in a single reactor. {ghe novel copolynmers of the present
invention are nost suitably used together with additive packages which
operate synergistically for the environnent of a pipe for use in for

exanpl e chl ori nated wat er suppl y For exanpl e anti oxi dants and ot her
additives e t e

ext er nal t‘%ﬁ%l B ﬁﬂ%&gﬂgﬁgﬁgﬁ per %rtﬁhggﬁﬁﬁgﬁégggg%?gt@ﬁe E}%Irorl ne
exposur e |bmdm&>ntelmt &r beo¥3. Diindolie apdpimalmhmumcomnmutokeddmnmmﬁpn si ng
phosphi tes, aor phosphonites such as tris (2,4-ditertbutyl phenol) phosphite
(Irgaf os(tznﬂwr—‘sﬁéﬂadvant ageously used in the fornulation. Theconposition
preferably cont@jeng 61&%}&&&&@@t&mg&tﬁi‘veﬁﬁ&%ﬂeﬁﬁe@%d@xl dant per 100
parts of polyner, n%re preferab fromO .2 part, contents fromO0. 05
to 0.15 pa;ppoipmen@tmrqﬂedlylmwﬂmeecfem w@cgasmhsf@ébndnzed beskreagtos g 3 ¢

d d f I
ot o 1y B ISF I LA o SR AT S BORURR I M.

For i nst ang@€sunh@¥ialiamab 1ni ndered phenol s bearing non-hydrol ysabl e
organi c functions are suitable to guarantee a@gﬁgod di sper5| n of ﬂtsfsjﬁ
anti oxi dant in ’EWQJOWI}M%@W neatder was cppoundedurdes Bitregsh aP’é‘i’F@ $18 10 §ity

ant 1 oxt dart GO R LFBIPNEE RHEEPE AR 10 oS RO AR TR ™ N hder ea

ani negql i gatmpstiaibh) 0.2 9418 of IrbkRsWaBBY@LS Pm oﬂrrgaxo&waim ems aartolfiydine oxide
pi peri di ne) or thlosynerglsts organosul fides (like distearyl

t hi odi pr omndrﬁ)a]tw)rtcfaﬁlveamcsﬁ” D Uddverpaderg. t he di fferent anti oxi dants,

R aaSa T EREaRk e bt et e St R Py
1330) or |E)§‘n§pﬁ3£2$‘£§ 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 pelletisation were carried out under the conditions described in
example 1 to prepare a copolymer of higher melt index with the detailed process conditions
20  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 example 1, but a
Ziegler catalyst, prepared substantially according to example 1 of EP 998503, was used
instead of the catalyst of examples 1 to 6.

25  Comparative Example 8

A commercial bimodal polyethylene copolymer used in hot and cold water pipe

applications and sold by the Dow Chemical Company under the trade name Dowlex™

2338.
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di -tert-butyl - 4- hydroxybenzyl)-1,3,5-triazine-2,4,6(1H 3H 35H)-trione
(I'rganox(tnm) 3 114) are preferred. Irganox(tm 1330 is particularly

pr ef er r edWORh®W/0F8p0Si t i on preferably contains from 0. 0BCTEP200988G88Df t he
second antioxi dant per 100 parts of polyer, nore preferably fromO0.1 to
0.5 part, contents fromO0.1 5 to 0.30 part being particularly preferred. A
net al deactivator such as, for exanple N, N -bis(3,5-di-t-butyl-4-

hydr oxyphenyl propi onyl ) hydrazi ne, N, N -di phenyl oxam de,

N-salicylal-N -salicyloyl hydrazine, N, Nr-bis(salicyloyl)hydrazine,
3-salicyloylamno-I,2,4-triazole, bis (benzylidene)oxallyl dihydrazide,
oxani l i de, isophthal oyl dihydrazi de, sebacoyl bisphenyl hydrazi de,

N, N -di acetyl adi poyl di hydrazide, N N.:Qhis (salicyloyl)oxallyl dihydrazide,
N, - N -bi s(salicyloyl)thiopropi onyl di +de, is al so advantageously used
in the cp Lrrom 1 2 |3 4 .
N, N -bis §?§§ %ét-butyl-4-h dr oxyphenyl propi onyl ) hydr azi VD
1024) . Thecopemesd tion prefer@bly ¢aatains fi1ém 0.0l 8 0.3 pddt of netal
deacti vafar per 100 parts of _polynegr —nore—pheierably—frem-0-102—+o6—0-2
part, cohTeiat gregsugsm 0. 05 to|bars parf-3bei ng pafdi cul pdd4 preféﬁ%%d.
Opt i onal H—a—thtrrd—anttoxitant—may e usedmr A+ he agdrtTve Kage. Thips
third anf PEAPEgRt i general Iy a hi|ndered phenol bearing hydrlol'ysabl e
or gani ¢ I BETS ORIl pRYARDT §bhr GaNQXEIT) 1010134 ganbi( 1 m) 1076 or
Cyanox(tm__17/90. The copnposiftion prneferablycantains Jess than 0.3 part-of
the firs{ Hydtagowkedglene pero 1(00gbandlg 06F01B0l yne0,004dr e| PPRI%r abl §00%ss t hap
0. 2 part —cont-ents—of—t-ess—than—-0-4-part—ber g pactteutadypreferred:
Opt i onal | yexens/siylenedgtQ engem 1a|9;®286 useg)‘qbﬁ theolwbg?éml at(f%g?.[; Met al
soaps, ”’?&Em&%#ﬁﬁd@ﬁa@%@ro FLciTe [ar$ Known [f30; be spsbabl e dci g scavenggr.
When such an a scavenger |is used, netal sogaps |likp zinc stlearate or
cal ci um $Regnaice tigfe et al oXihde |i Ke.Zi nc oxijdes are pééferred.4.2i nc oxi de
is the mpst_preferred acid. gc r  The-codpnositi-eh

Space time yield kg/h/mg 67.7 '85 69 69.1

Stadis 425 ppm 10 10 10 9

Examples 5 CE6 CE7

Temperature °C 83 85 85

Total pressure bar 20.3 20.3 207

Bed height m 5.7 5.5 5.5

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 | 0.0025 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 ke/h/m® | 56.9 85 80

Stadis 425 ppm 11 10 0

5

Determination of polymer properties

Density (D) of the polyethylene was measured according to ISO 1183-1 (Method A) and
the sample plaque was prepared according to ASTM D4703 (Condition C) where it was

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



preferably contains |less than 0.25 part of acid scavenger per 100 parts of
polymer, nore preferably Iess than 0.15 part, contents of less than 0.1
part bei nyoparwdoeisrarly preferred. In addition processi RGTHPAGO/ 055382
stabilizers, pignents or colorants may g so be used in the additive
package. A typical additive package conprises 0.1 parts of the first
antioxidant (lrgafos(tnm) 168), 0.25 parts of the second anti oxi dant

gl Bganoxgtr’r) 1330), 0.1 part of netal deactivator (Evernox(tm MD 1024) and
: par t oymer
conposi ti g‘rqoft ‘ﬁ? aczcor%p%%?\%%éalﬁg 9%;‘;'lrd in éggé pljog leﬁég&?ggielnltﬁ%rt\@gér\}tél on
there is pispgilggl oazpnmdmmakg,sespgcta/egopol ymer of et hyI ene and an

al pha-ol efin haV|ng a) a den5|ty (D) in the range 930 - 960 kg/n8 (b) a
mel t i ndex2YDa REA AMNAYSEE 1 - 3.5 g/ 10 nmin (c) a nelt elastic
modulus G (GR}égEJ Fa) e b Gt 8R9R Aliddout 3 aﬁ%smﬁﬁgr)(lfﬁ):mﬂeﬂéﬁ elga of

conpl ex dynam'c s gar viscosities h*(0.1)/h*(100) in the range 1.5 to 5.5
and an SantRleoirgaits m&aeﬁﬂfﬁmuhs%ngn @m)neaersuar@lbbplhiendm dynggkie mﬂde (Upjerat

| east hosph
| vent | on AIRFT R E0) AEHGRBRE o AR TaTy e Tep Dl S Herdafy RFEEEL
exanpl es. EBERINVENTAL: fo amRh& b%f&e ;ns@ﬁin%'tﬁéﬁpﬁéﬁﬂﬂﬂﬁbwﬁﬂlsé@lwﬂ_ﬁ gat-ment of

silica with triethylalum nium (TEA
oxidant additives), compression-moulded sample of resin onto the parallel 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. 0.01 to
100 rad/s) range. The first SS 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 S3
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 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 190°C using the
25  above appropriately selected strain level between dynamic frequencies range of 10 to 100
rad/s under a nitrogen atmosphere. The complex dynamic shear viscosities, n*(100) in
Pa.s, at dynamic frequency of 100 rad/s, and, n*(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 190°C.
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Under continuous agitation, 1491 L of isohexane and 397 kg of silica D948
(available fromWR Gace), were added to a reactor. (The silica had been
previ ouslwocealoqionesd under nitrogen to reach a | evel of REaAEPID§HSBUPS of
1.53 mmol /g). 19.3 kg of an Cctastat 2040 (available from I nnospec)
solution in pentane (2g/1) was then added and the mixture was stirred for
15 mnutes. 571 kg of a 12% triethylalum nium (TEA) solution in isohexane
was then slowy added over 1 hour and the m xture was stirred for 1 hour

further atvdQdfom it RadRMbabiue @stotﬂ_h?ra@qurdcy washed with
i sohexane g of an Cctastat 2000

sol ution in peniaRRg(QRySvedger Dasdeeinad id ﬂhen Baried bet MAS0PC Nsihg yhedibbed at
600C under vacuum 428 kg of silical/ TEA were obt ai ned The al um [1 r'ﬂ
€n

cont ent ofappieeristelyi s¢lested streimrgvel gng gherdysamiroheejogica) dats biys Pspsubs Y
Catal v "Sammonent, 4,0 216,9 I 6l 0.9 SR S0L 00 N kgl 210

s) 1 [B( onic tol uene were added over 15
m nut es 18ofivaky 16 tictéAnifie thelmaélt skt moﬂulum@(mtmm&) 4T h@onstartt referenas
further stirred for 15 minutes to yield a solution of catal yst component 1.
(c) Preparatiedd0®Pa)pimslt yiseougm 38 Mei N' But TUV- LS- pent adi ene Conpl ex A

with 1-hexene To 53.0 kg of a 11.6 %sol ution of Conplex A in heptane were
added 47.8 kg of 1- hexene. (d) Preparatl on of the supported catal yst 288
kg of the Gd@¢angiien aphy THAl Ve coular BEig ibpe;

above prepared,sol ution of cat al yst corrponent 1 was fed to the reactor over
45 i nut esdcigrminagign

10 Apparent 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 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

15  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
flow rate was 1 ml/min.

A relative calibration was constructed using 13 narrow molecular weight linear

polystyrene standards:

PS Standard | Molecular Weight

7 520 000
4 290 000
2 630 000
1270 000
706 000
355 000
190 000
114 000
43700
18 600
10 900
6 520
13 2 950

L . —.
SIS0 ®No oMW

20

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



m xture was then stirred for further 30 m nutes. The contents of the
reactor were then cooled to 15C and the above prepared solution of Conplex
A and 1- hweenw/oness7f ed over a period of 30 m nutes, andPCHER2Q00O5¢88Xt ur e
was further stirred for 1 hour. During4she addition the internal
tenperature increased to a maxi mum of 2§0C 34 kg of an Cctastat 2000
solution in pentane (2g/1) was then added and the m xture was dried at 45C
until the residual solvent content in the catal yst was <1% Anal ysis of the

bor on contmt 118 b S0 ey frand Lha Vst G e S aE SAORICRRITOYHY B

mmol / g. 2- ner.i s po rs accordi t tion
were pr eparggl)%‘ﬂf1 gﬁﬁ&’g}%ﬁtf %r?r%%q%fzﬁrﬁqélﬁ%o% ‘IQ ﬁ e%ael%ugaﬂ?&;{gzﬁéq%%deww
flui di zed fgohw@Pes QrbaYiEN Woerd4 m diameter and using the catal yst
system prepared above. Detailed process conditions are summarized in Table

1. The polyethyl ene powder was conpounded under nitrogen atnosphere on a

ZSK58 extruder th t e f ol
pol yet ﬁyl ene com?ogery on, mé’lle%m artea}gl?[ ﬁrér‘c\g{g’ 3%‘% i%%(PDgR%‘%) RgérrtEsrgggmél?e
I r ganox( t ngkclhddd in Qhé)aalaaraho@fofzmmﬁb@m@mgandomcmapamgm; I\/Engamix](lemq:): tMD1024

wer e added. The resulting product was submtted to detaile
char act er i ppéxm@npcaxdlmﬂg/p iMwiMpn, inTgpsier 1@ IMptoyRpiegrabiop ét 519‘?36?‘?} it i 4 dbe on

and pel | et | t:ugd i d |
M e L R R e S RS
sumar i zecbxltzﬁctilEa]bind cﬁlcul%nahylsampmmetehmr acterization are also sumarized in

Tabl e 2. Conparatjve Exanpl e 6
100 Compression molding method for tensile creep and dynamic mechanical thermal

analysis (DMTA) samples

Plaques 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. During this period, the mould is
heated up to 190°C at a rate of 20°C/min
e 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 creep at high temperature

Tensile creep tests were carried out in accordance to ISO 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 1802818 standard. After machining, the specimens are observed and dimensions are
measured according to ISO 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.



Pol ynmeri sation and pelletisation were carried out under the conditions
described in exanple 1 to prepare a copolyner of higher melt index with the
det ai | ed WOceEE®OSONdi ti ons again summari zed in Tabl e 1PGIIER200O5ER/AI ySi S
and characterization sumarized in Tablyg 2. Conparative Exanple 7 A

pol yet hyl ene conposition was prepared under the conditions of exanple 1,

but a Ziegler catalyst, prepared substantially according to exanple 1 of EP
998503, was used instead of the catal yst of exanples 1 to 6. Conparative
Exanpl e 8 S8 'ﬁicfchgmcgi’f‘ﬁgx% 1%112}%1;];1&1‘ )copolyrrer used in hot and cold
water pip catrons-and S0 tireDow Chem cal Conpany under the
trade name DowiBmainid mza&&w}ipﬁleﬁnéi aﬁellysas i avevidenusefl tgpbhigwe (sepr opekKil.es

Density (D) of the polyethyl d d -
(et ot AMere he B et darials o i el HEeieuP gL PRSIV BR703
(Condi ti opgRy 10"%?86863% r EROh&Luepdak oRURSAHBlac FropO@iki g r@ke of

15C/ mn from C.Mel't index M2 and HLM were neasur ed using the
pr oceddr esonfple3@yhddR mbdld (Hj‘(toﬁpcpimglet weraisosoillaory geghrnical deformation

t I Rheol
Car T od oRSHMAN HGE F PRI SR o OROUOEr EE R 3 ARES)
wLh 25mm g sl e efcg}ﬁ{a?ibﬁ #.gPh 3r8%iddl sﬁaﬂ%m&ugrlﬁﬂﬁ iHPGRE offthe HRle,

(ni trogen) ere experiments eoneter was thernmally

stabl e at valﬂaccafndje rabudtedfi bed@, (Ehimiltwes bbeding)e cxprad ot torgrach@ersplp mople} ait el y
stabilised (with anti  oxi dant ad t|v zv conpr essi on- noul ded sanpl e of
resin ont gheaidl thamatsrial mgdyiusds refgiively lo

10 The technique determines how a material behaves when subjected to dynamic

Illll‘-(

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 (@) = £,-sin[ot], where o is the angular applied frequency), the stress response (&
(o) = opsinfwt + 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 in
phase with the strain, and a component (imaginary part) which is out of phase by 90
degrees. Based on these 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) factor, tan 8, which is
numerically equal to E”/E’.
A typical DMTA scan measures E’, E”’, E* and tan & over a range of oscillatory
25  frequencies and temperatures. Thermograms are usually plotted to show elastic modulus,
E’, 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 sensor of 150 N. In general, the method of

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



pl ates were then closed with a positive normal force registered on the
nmeter to ensure good contact. After about 5 mnutes at 1900C, the plates
wer e | i ghwbyowdwpisessed and t he surplus polyner at the ®CTdErRI0008§882 of t he
plates trimred. A further 10 minutes wag allowed for thermal stability and
for the normal force to decrease back to zero. Two strain sweep (SS)
experinments were initially carried out at 1900C under nitrogen to determ ne
the linear viscoelastic strain that woul d generate a torque signal which is

greater than 10% 0 : EaNSHUC REothO¥ 8'minNE widthland
frequency u(glél.gga.ﬂféﬁq%iﬁetggn%b%r géﬁg)%%ﬁrg%sge&'lgﬁe ?-lﬁ{r;st S% éxpen?i rr_ent1 vvaag
carri ed outs wnt i taidkavesappfro@c donguessedsnoolded stieet aprevisvslgslescnibddt er mi ne
the sensitivity of the torque at | qw frequency. The cond eri ment
was carri ddovereripg lengthptghe %ﬁ&ﬁ%ﬁ?#\?ﬁé&ﬂﬁ%ﬁ#&?l%&i? EYo R %@ﬁgﬁlr e that
t he sel ecta%gin?% &@%uﬁ%ﬁe%é? is well wthin the Iinear viscoelastic region
of the polyner so that the oscillatory rheol ogi cal neasurenents do not

i nduce 5st r uct urBdforetihagessurantetis thoD)A ingtminggt (residuaey. alignneidpf thén, a

time sweep (TS), experinment was carrie ut . with a 4 f.-r equency of
0. 1" ad o apliansDreepee Faps Rl et An fob e BRAlIbEY O L
exper i mentg)o ol ek hittuctibabbt the Ynsthindchemsaifteredlur i ng testing. The
frequency sweep (FS) experinment was then carried out_ at 1%(1)0 um@g\gt he

above appropri atte measutentsdnselvanyli-Seanensyswens (iHENE IPPEGISATALE range

of 10"2 to 100.rag/,s under a nit t h 1 1l e G ;shear
o1 scosi ti deEine ek gReHfE ik Enllig GRGRN, BTPRBNGEE 1 T2 GORRSTIS SRS if
h*(0. Lo ahe ?ar%}é RAUI1Go oG UL NEp@fitufss btariae BomBOPE tol&3@yiundet ndticogeot | y from

the viscosity data of the frequency sweep (FES). .experi neasur ed.a
1900C. Measaimesmiste. dfftenpach (Etaldie tRmPRSRFUTELS 5S¢ 5(%'1%%&?6 aﬁfg&qg&wni% 6@%198&

I;I’bgsgency ﬁe\(a\ﬁgg ra(té: C?f 19EIRE. FITERbielS tHeBER éﬁﬂflfgrﬁﬁl Qlditfns 1Rt Hedgcy he
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.

15  The data resulting 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 (g9 =
0.12%) in order to place the sample under tension. A small dynamic strain, g; = 0.05%,

was then imposed to ensure linear viscoelastic behaviour of the specimen during the axial

20  sinusoidal oscillation measurements at each temperature.

Determination of activation frequency

(@) Minimum slope of tand at 0.1Hz, between 85 and 125°C
From each of the thermograms of tan & versus temperature thus plotted for the 8 discrete

Jtand
oT

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

25  frequencies as mentioned above, the derivatives, (T, + 2.5°C), at every 5°C from

[tan 8(Z; +5°C) ~tan 5(7})]
(7, +5°C)-(@)]

Jtand
or

(T, +2.5°C)= )




appropriately selected strain |l evel and the dynam c rheol ogi cal data thus
nmeasured are then anal ysed using the rheoneter software (viz., Rheonetrics
RH OS V4.wWogniooeiseést rat or Sof tware) to determ ne the mPCI/EPR@OHFE@SZr0dUl US
G (G M= 500 Pa) at a constant, referencg value (500 Pa) of nelt viscous
nodulus (G'). Cel Perneation Chronmatography Analysis for Ml ecul ar Wi ght
Distribution determ nation Apparent nol ecul ar wei ght distribution and
associ at ed averages, uncorrected for |ong chain branching, were determ ned
by Gel Permeation Chromatography using a PL220, withsd4 Waters HMN 6E

col utms  anhege T dghiels @2, a5, B@,f.n,aﬂOom,éBOﬂktgédng)ﬁ@?s@-if tvalised was
1,2,4 Trichl orobenzene at 1450C, which is stabilised with BHT, of
0.29/litre ag,@gﬁﬁt;@ L,ONsnd 2?i5lo&e§06pl=\q/izgq23}5c(@3_45mn Gsmonics Inc. silver
filter. Pofy sol Utions of "I.0 g/litre concentration were prepared at
1600C for one hour with stirring only at the last 30 m nutes. The nom nal

i njection volunme was set at 400nm, a th m.n flaw rate was..L m/mn. A
rel ative J&&FFRBRIEGHOMARS %%?W@éfa@ggnﬁtﬁdel%sthﬁng?t 1 tl“@c‘(fﬂ%?rea T ght

| i near cpol r. rds: The elution volunme, V5 was recorded for each
PS sta%darzé?&fggﬁsghr@}gg%cul ar wei ght was then converted to PE equival ent
using the foll ow ng Mark Houw nk paraneterskpS =1.21 x 10~4 ap s 0.707, kp
e 3.92x 10 4 , ap e = 0.725; Theg calibr ﬁ(?o urve Mv PE = f(V) was then
fitted with a f? fs(tgg_gqﬁj);[t ez );the cal cul ations are done

w th Enpower Proggoftware from \/{aﬁ%?JsZO"Cﬂe very | ow nol ecul ar wei ght

fractions (bel ow 1000 Daltons) were_ routinely excluded i nl‘uﬁel 5%€’]:| cul ation
of nunber Andthageocass is sencaied wee iy > Gugivian ghernsybecriypiive at T=27.57C as,

Jdtand
aT

(27 S°C)m [tan5(30°C)—tan§(25°C)]. cerreeeny EIC.
' [30°C -25°C] ’ ’
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From these thus calculated derivatives, or slopes, of the tand(T) spectrum at each of
the 8 discrete frequencies tested, the lowest value occurred between 85 to 115°C is then
determined.

15  For example, this lowest slope of the tand(T) spectrum at 0.1 Hz will be noted as:

Jgtand
oT

It should be noted that the term 'lowest' means lowest in value: for instance, a negative

min[ (Tl + 2=5) ];",e[ai~115°c].f f=0.1Hz
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: 0.23, 0.31,
1.15, 2.60, 5.88, 13.28, 30 Hz:

min[ Otand

(T; “*'295) ];qe[ss-115°c]f F=023Hz

. r Otand
25 n
min] or

dtand
oT

(Tl + 2’5) ]T]e[SS—llS’C]I f=051Hz

min|

(Ts +2=5) ]’I‘,E[SS—HS“C]I F=13Hz



pol ymer pol ydi spersity, MvW Vh, in order to inprove integration at the |ow
end of the nolecul ar weight curve, leading to a better reproducibility and
r epeat abiwpR910/a0035me extracti on and cal cul ati on t hese pRECAUFPLEOHS6882

Conpr essi on nol ding nethod for tensileq-greep and dynam c nechani cal thernal
anal ysis (DMIA) sanpl es Pl aques for specinen preparation were noul ded by
conpression according to | SO 293: 1996 (Pl asti cs. Conpressi on noul di ng test
speci nens of thernoplastic materials) using a 'Collin P300M hydraulic
press. Sanple noul dg sProgram is as followed: Application of pressure of
2 bars during Ifin ﬂﬁﬁeﬁTm ]gsstg;cﬁf period, the mould is heated up to
1900C at a rate of Z@E‘/mn A pressure of 50 bars is then applied during 5
m nutes at 190C, then a pressure or 150 bars was applied for a period of 3
m nutes Sanple is cooled down at a controlled speed of 15C/ m nute under
this pressure. ThS@mimumrcErweumse/dlwmdmsbb@lrteémﬁaﬂhan plotteil ggdinstdhe 350C,

Tensile creep at  hi t enper at ure Tens st.s re ca in
accordancéoﬂﬁgpp%ngggr%uem? t%i%?nn(gp g@ﬁé '@bgl %[%E’élisl‘?ﬁ e b?’hg1 gg@?:él)#r%ns
were cut fromgg ressed ul ded pl aques (4 mmthickness, simlarly

pr epar &d asiné ﬁggsngq], pcorthe Kgamfbdﬁtfh@d pudksirerpenes (-spg 18
standard. After Chl n| ng, the speci nens are observed and di nensi ons are

measur ed %ﬁeﬂﬁﬁl Adivkfonh BEwaly &?ﬁgﬁﬁatxréﬁﬁéF highRedpdrRNe RBKafideaideported in

Tabl e 4. € speci nmens were tes constant stress of 2 MPa at 95C in

air over q;eﬁennmesn(ffc i)og thmmlsmeaﬁdhetm@fméql ay thadnteiseien (TBwneE dExists) a

function at thel)?gms o% goenﬂC thta%e €quation (2) based on the minimum derivatives values
between 0.1 and 2.6 Hz.

atané'

10 A-Ln(frequency) + B = min| (T, +2.5) L ssnisecyr 2

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

6tan )
1n[

(T 2 5) ],e ss-115°C)f f ety =0 3

If equation (3) is never satisfied in the range of frequency from 0.1 to 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 critical frequency (in Hz) of
activation of high temperature performances characterised by the equations:
20
feur = 0.85 n*(0.1)ym*(100) - 0.8 (2)

four > 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 OC under different hoop stresses. Tests were carried out in



extensoneters. The full strain - time curve and deformati on neasured after
10, 100 and 500 hours are recorded. Dynam ¢ Mechani cal Thermal Anal ysis
(DMTA) Dywarmow/eeesshani cal therrmal analysis is a w dely REEEPR@OIMS§Le (see,
e.g., K P. Menard, Dynam c Mechanical Amalysis - A Practical Introduction,
CRC Press, 1999, |SBN 0-8493-8688-8) for the neasurenents of the

vi scoel astic properties (e.g., the conplex dynam c noduli, E ) of polyner
in an oscillatory nechani cal deformation experinent during a programred
tenper at Ur,eaean -%{at&@merdﬁiﬁ] £ BEHRIAGY0W)and 80P AH S0k ddkictlaf-gimat i on
(e.g., a si nusm%a strain e(w)) Ts usually inposed on the sanple, which
can be noumdaon far thmpeatufecaritdSiaddd 0%andi ng), expand or contract (tensile

mode) or shear if the materi dylus,is relativel w,The .t echni
det ez i ne}\eﬁ age Wﬂ?@ﬁ‘éﬁﬁﬂéﬁhvg "%{? hihg B{ug%?rg&v?rgﬁ%ﬁyfg%%%@ acl)lglgﬁ tjin}gésﬁ#ger a
wi de rangeu@hidesegwanci es of vibration, over a wide tenperature interval.

The DMIA al sO0 'has a frequency mul tiplexing capability which can be used for
cal cul &ting activation energies usi ngm_h& enper at ure superposition

principle and software. Wien a vi CPele"%Sl;xjo e erial is subjected to
dynam c | oading (e.qg., asinusoidM’ = ei-sin[w], where wis
the angul ar applied frequency), the stress response (s (W) = si-sin[w +

d]) will |ead the strain by a phase angle ternmed-d—For—conveni-ence—the
stress is|Esgopleed into two conponents; a cofdonent (#eal part) which
%?gLsi gni)Mﬁg ipﬁagl-::aB; VQVIOL l:;e;glrlze;L | E;ggg %I; It 7232”@ ';gg[ssucg?r%ogg:]t ls'gﬂti)s,
possi bl e Tgdgr1 ve nodulus values; the o/nhass (st orage) modulus i termed
E', the out of phase (loss) mpdulus ig terped E' andl t he conposite podul-us;
cal l ed t h¢Deosipl ex or dynami ¢ nodul us |ike/iE* . |R36dnven?Ed nedddbe | 938.1
Dynamic viscosity at 100 rad/s, Pas 1751 1497 1460 1456
n*(100)
Dynamic viscosity at 0.1 rad/s, n*(0.1) | Pa.s 7208 4967 4725 5218
1*(0.1)/m *(100) ratio - 4.12 3.32 324 3.58
G’ (G”= 500 Pa) Pa 58.6 44.0 46.4 50.0
Mw kDa 115.1 102.6 100.9 103.8
Mn kDa 28 26.3 27.5 24.8
Mw/Mn 4.1 39 3.7 42
d(tand)/dT Min @ 0.1Hz - -4.16 -4.49 -3.98 -5.23
d(tand)/dT Min (@ 0.22Hz - -3.57 -3.57 -3.36 -3.05
d(tand)/dT Min @ 0.51Hz - -2.44 -2.04 -2.41 -2.42
d(tan8)/dT Min @ 1.15Hz - -1.61 0.94 |-126 |-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
[min(d(tan8)/dT)] = 0




of the viscoelastic behaviour of a material is the loss (or danping)
factor, tan d, which is nunerically equal to E VE'. A typical DMIA scan
measur es WO,200/000%57 and tan d over a range of oscill at oP¢T/EPREYAMNSBZS and
tenperatures. Thernograns are usually pigotted to show el astic nodulus, E
and tan d versus tenperature, and major nol ecular relaxations are clearly
vi sibl e as peaks on the plot of tan d versus tenperature. For the current
invention, all dynam c viscoel astic neasurenents were perforned on an
EPLEXOR(r) 500N instrunent (supplied by GABO QUALI METER Test anl agen GrbH)
in atensile node using a force sensor of 150 N. In general, the nethod of
measurenents follows closely to thdABE@Rdnty Part 1: 2001 and Part 4 :
1994, exceptusing a single specinmen with sanple dinmensions of 55 mMm i n

| ength, 6.5 nmin width and 1.5 mmin thickness cut froma conpressed

noul ded s E%mﬁ% previously descri bed. Howeverl,s5 the [epgth ofcHhe spegignen
bet ween the sa Fe jaws (Lo) was set at 30 mmiduringl the nmeasurenments

Bef ore th¢Migasurenents, the DMIA i nst glibern (t%@ilsdui;é@ allilg¥ment | B35t he

sanpl e | a]Ls_—L-eaq;eLaf tH-e—Sensoers—and—¢onrt+relss—ete appfropgtiatet

cal i br at eflDesiiccor dance to the instr (&&%ns cfgﬁpﬁ)e |?§7t ;?{16'0 941
manuf act u Tvorve muf Ti -1jr eUENCY SWEEPS (W thin the
| i near vi sﬁgefugis&te‘lﬂé%?lz)g it 5 /SB di scieqg frequenogi ess{nameliyn7s®. 1,} 65223,

0.51, 1.1%x*2.009, S.88, 13. 28 30 Hz) {in the rlange of 0.1 to 30 Hz gt
terrperaturpq starting from200C to 130C..under nitrogen—atmsphere—-After

each test; Dyhemtcewwlsayaﬂbllr@/set*(@@b Hﬁaqher qrid1ol ngng L8é6htl’0 13841
heat i ng r dt-e—of -Gl mp—TFo—achieve—therral etrdtH-br otrch s—th ext
frequency w&b)/ﬂglg@afﬁﬁ‘éd after a wailting ti nei%q‘) sbt1d a t4hgéd new 708

tenper at ures BN oppRpedure TS Pa 451 (280  [376 | 1101
Mw kDa 392 1357|1167
Mn KDa 218 379|241
Mw/Mn 41 |39 43 43
d(tand)/dT Min @ 0.1Hz i 339 |220 |04 |-428
d(tand)/dT Min @ 0.22Hz : 305|098 056 |-343
d(tan8)/dT Min @ 0.51Hz - -1.70 | -0.19 1.25 -2.37
d(tand)/dT Min @ 1.15Hz - 063 061|239 | -144
d(tandy/dT Min @ 2.6Hz i 018|127 |219 | -0.61

Activation frequency as defined by
A-Ln(frequency) + B = Hz 2.21 0.56 0.74 4.26
[min(d(tan8)/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 temperature 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 longer the time to
failure during hydrostatic tests performed on pipe articles (Table 5).



repeated continuously until the tenperature is just below the nelting
point, nanmely 130C. The data resulting fromthese chosen frequencies, e.g
0.1 Hz, awe2haootted as a function of the tenperat uPEI/HPINOMAFSBhe
measurenents, the sanple was subjectedqgo a static tensile strain (e =
0.12% in order to place the sanple under tension. A small dynam c strain,
e - 0.05% was then inposed to ensure |inear viscoelastic behaviour of the
speci men during the axial sinusoidal oscillation nmeasurenents at each
tenperature. Determ nation of activation frequency (a) M ninum sl ope of
tanS at 0.1Hz, between 85 and 125C From each of the thernograns of tan d
versus tenperature thus plotted for tFTARBBE® screte frequencies as nenti oned
above, the derivatives, ( +2.5C), at every 50C fromdT 20 to 13Q0C can be
determned in accordance with the follow ng equation (1): dTwhere T equals
to 20, 25 Eﬁ%n e 120, 1257 I300C [qiving A n (JT1+2. 5C) g4val ues dT starting
at T = 20|+ %l%)C = 22.5C5t0 T =125 + 2.5 0C. | For exgnple, fromthe
spectrum )Mﬁ(@@égm)’;\t 0.1Hz, the fijrsg7 derjyatiye7galug @ T = 5]22.5C is
cal cul atefl ‘as:**dtan d 22 5CC [tanJ(35C)-tan<?(200)] T } |[250C 200¢] And the

process i$ Tepeated at every 5CgIVi ng thle_next | derivatii \/3§ at T -| 27.50C
as, From {Ressttlhgdnal cul ated deri (d@BPes| 9352 s| 89e&, di°He tand(T)
spectrum at each of

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

3.20 2.84 3.18 3.01

Strain after 500 h (%), {€ (500 h)]:
Creep testing under 2 MPa at 95°C

3.31 2.99 3.30 3.18

Examples 5 CE6 |CE7 CE 8
MI2 (g/10 min) 265 |58 1.1 0.85
Density (kg/m®) 939 937.8 | 936.0 941.0

Strain after 10 h (%), [ (10 h)] :
Creep testing under 2 MPa at 95°C

2.63 3.40 3.27 2.83

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

291 3.90 3.60 3.20

Strain after 500 h (%),[€ (500 h)]:
Creep testing 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



the 8 discrete frequencies tested, the | owest value occurred between 85 to
1150C i s then determ ned. 15 For exanple, this | owest slope of the tand(T)
spect r umwo 2010100b857wi | | be noted as: It shoul d be not ed PCHAP2000H5¢882 m
‘lowest' neans |owest in value: for insfpance, a negative slope of -4 wll
be considered | ower 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 tenperatureperfornmances The cal cul ati on and determ nation of the

m ni nrum sl ope denonstrated above for a frequency of 0,1Hz can be
generalized to the other 7 discrete frequencies tested: 0.23, 0.51, 1.15,
2.60, 5.88, 13.28, 30 Hz: . r tan ? ITABLEdtan d 111 d T Jr, 6[ S5-H5=C]// =
3//-These mini num derivatives val ues thus .obtained are then plotted agai nst
t he correspondi ng 8 fr edi$ERGICESHBE ceimensign and gesy conditigns o' v_ 5% s defi ned

by the values of mn[ (T1+ 2, 5) ] 1e[g5_]]5 C/ and the X-axis defined by

the frequency (f). A crltlcal activation frequency appropriating the high
t enper at uf gxs@plexat i on and perﬂornance>2(fc kt|)3 of the4pol yner i s [then
defi ned a$_the interception {(Whenever exi-stis)—at—the-—X—axi-s—eft he best
fit to theCegeabengith (0m) hased of-4lhe n1ﬁ@ﬁﬁn1cé@ﬂWat|/ ¢9%al ues batween 0.1
?gdtﬁé?e?hréﬁ¥t@m?iggﬂggzi)(rr?ﬁ;?”%hé ngfieéggﬁggrf)?bﬁ}ﬁf FH?$'¥’2T§§FT,
5_11'5. c]/ | Thicknéks (Bin) 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 8423 | 8394 |8376
5
Examples 5 CE6 CE7 CES8
Gauge Length (mm) 50.00 50.09 49.98 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



I f equation (3) is never satisfied in the range of frequency fromO0.1 to
30Hz (no interception between the considered plot and the X-axis), then it
is said twetrotwmwossarti cul ar product thus tested does noPCHEPI@AMSESTriti cal
frequency of activation of high tenperajjure perfornmances between 0.1 and
30Hz. The present invention describes polynmers that have a critical
frequency (in Hz) of activation of high tenperature performances
characterised by the equations: fc-HT 0.85 h*(0.1)/h*(100) - 0.8 (g) fc-Ht
> 2.0 (h) Pipe Creep resistance was evaluated on 50 mm SDR 17 pi pes
produced on a Krauss- Maffei extrusion line according to | SO 1167. The pi pe
pressure resistance has been neasuredABLE® 80, 95 and 110 O C under

di fferent hoop stresses. Tests were carried out ina "water-in-water" nedi um
for tenperatures of 20 and 800C, and in a "water-in-air"™ nmediumfor

terrperatur-Es—O'f—g*S andH O0C RequUI TS are su Tabl'e 5, Jhere the
val ues are¢ §%P]§§1ed fromthe failjure tines ojmﬁj\/\%ﬁggp(eg tested. TABLE 2
Pol ymer P qg]%?% JBRd A % &RRATT [The conpositions|according to the
i nvention it goﬂ processabi|l ity durfing pi pelextrusions as il|lustrated
by the vi $Wsity at |©hPas)hear rctle NbreoR/er, wi { Aout wi st ng to |be bound
by t heory (t-he—execelHept—rechani-da p. opei s—atThggh—tet aturg are
bel i eved t8%be st r ongl| U)$I nked td%he hi gh2 iti calfwreque%ges as neasured
by DMIS angpysrsT the g gner actifaiion Treguency pfhe sl f the
deformati on of the erial as ngasured by creep festing able 3),
and the | ¢nger the tijn@.4o0 n.t. >10010 |>9148 | >10010

80 5.5 n.t. > 7657 25 297

80 54 145 n.t. n.t. n.t.

80 5.3 n.t. > 10177 | > 3697 > 10176

80 5.2 > 13501 |nt n.t. n.t.

80 5.1 > 16227 | nt n.t. n.t.

80 4.7 > 12607 |nt n.t. n.t.

95 4.4 n.t. 1254 285 1153

95 4.2 n.t. > 9506 > 2602 > 7815

95 4 > 8768 n.t. n.t. n.t.

95 3.8 > 6318 n.t. n.t. nt.

95 3.6 > 6354 n.t. n.t. n.t.

110 2.9 n.t. > 988 21 43

110 2.7 1625 n.t. n.t. n.t.

110 2.6 n.t. > 3452 3253 801

110 2.5 2295 n.t. n.t. n.t.

110 2.3 n.t. > 3683 > 3693 > 3676




failure during hydrostatic tests perforned on pipe articles (Table 5). TABLE
3 The conpositions according to the invention are also characterized by
smal | er AEODEPANDIHA as neasured by creep testings at hi gaTiEPeenadsar e (950
under 2 MPa stress. TABLE 4 Creep Test Sagnpl e di nension and test
condi ti onsTABLE 5TABLE 5 con Note: Unless otherw se specified in the table,

only ductile nodefailures are observedfor these testings n .t . indicates
that the conposition has not been tested under these conditions. " >"
means product did notfail (test has been stopped or is still on-going) The

results of the pipe testings indicate that the conposition according to the
i nvention exhibit excellent pressuf@dBIgSdqtartte at hi gh tenperature.
Particularly, it fulfils the requirenents of standard DIN 16833 (mi ni num
165 h at 95C under a hoop stress of 3.6 MPa) and those of EN | SO 22391
(failure markeqry higher U] oth at 950C under a hqop stress
of 4.0 Mg, X%@e%t 800C under a r%ﬂdlgg(rl)%é;@of 5.2 MPa). The advantage of
the inventif ﬁp&gﬂ)@m tH@ gn%ssshown by the comfparison bf the resultis
obt ai ned W t h” Exanpl e nparsat i ve ExanplC&.7 (prp@ids of simlar
mel t - i ndex(“&hd densit;()\/IPa)n add|t| on, the co ar| son pf Exarrpl es 42 or 5

w th the EopparativeExaprpte—8—deroRstrates o—an—i ved—tongit erm
hydr ost at 3Ost rengt h ms of the 1®Jgnti ve gnposi t gﬁg despitg their
| ower denshpy and tTharfy & gher MZ - Wth respegl to The7MsS classif|i cation
(M ni rum RRequi red Strenqth at 20q9C for 50 vears) according to starndard | SO
121 62, tlheotinme to flaidare recorldetD0fior exanpltes in Table 5 at 200C
i nd| cate 1 hat the | nMentive CO!’TT\!‘ Cl t I ohRs—cah excecrl +he ncrfUI rafree Of
commer ci all 8#E80 pol yetfh§l enes ha\niﬁaSa VRS cll&dsifical Pdh of 8.0 NPa.
Regar di ng (esttngs—at the—fgrturetTmES glg TMVenTI,ve conposiijti ons
| argely e<§ged t he per#)%rmance of| % the sane PESO naterjals having 4 a MRS
classificagpon of 8.0 §fa or > 10179 n.t. n.t.

80 5.2 n.t. 3 n.t.

80 5.1 n.t. n.t. n.t.

80 4.7 n.t. 7079 n.t.

95 4.4 1011 n.t. n.t.

95 42 > 7343 n.t. n.t.

95 4 n.t. 198 n.t.

95 3.8 n.t. n.t. n.t.

95 3.6 n.t. n.t. n.t.

110 2.9 25 n.t. n.t.

110 2.7 n.t. 8 n.t.

110 2.6 > 3694 n.t. n.t.

110 2.5 n.t. 15 > 2100

110 2.3 > 3688 n.t. n.t.

5 Note: Unless otherwise specified in the table, only ductile mode failures are observed for
these testings. n.t. indicates that the composition has not been tested under these

conditions. “ > : means product did not fail (test has been stopped or is still on-going)



above. CLAIMS : 1. A copolyner of ethylene and an al pha-olefin said

copol yner characterized in having (a) a density (D) in the range 930 - 960
kg/ cnB, (WP 2010M8D357i ndex (M 2) in the range 0.1- 3.5 g/ PCOHEPRQ0908488A nel t
elastic nodulus G (G' = 500Pa) in the ysange 40 - 150 Pa, and (d) a ratio
of conpl ex dynam c shear viscosities h*(0.1)/h*(1 00) in the range 1.5 -
5.5. 2. A copolyner of ethylene and an al pha-olefin according to claim1l
having a nelt elastic nodulus in the range 40 - 100 Pa and nost preferably

in the range 4.th'ﬁ rZsQﬂtF)%f Ht%'pi ORI EatO Thaf B XbRREsiAbH a@RrdhPhAhe! ef i n
according to either of the preceding claims having a ratio of conpl ex
dynani ¢ sheentivh sxlbit ekedlenpresseramigien. 0 highOemperatmse tPapiedatyabiiylilh t he

o Sy of AP AES R THAUS S Aol e P en & A gkl AEEEC! O
0.0919D + BOnmYhe Blofe & BN 18092d9Nfafl Mreditksnd kDB hightr thae 108EE botadt st rai n

(%9 after 100 h”of tensile creep test at 950C under a constant stress of 2

MPa. 55 A 956Qaingersyhap siespofde anghat B0ph andirerhaep sbewsrdiSngMEd)-dws  of
claim 1 _adéanqggvei orfqhé Ql%eﬁt?\lfeaéoinﬁ)p%gﬂiiog is &0(2\?1009}}18 éoxgpgr?s%g of tier@suf R 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
10 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 PE80 polyethylenes having a MRS classification of 8.0 MPa. Regarding
15  testings at 80°C, the failure times for inventive compositions largely exceed the
performance of the same PE80 materials having a a MRS classification of 8.0 MPa or

above.

20



wherein Dis the density and e (500h) is the neasured strain (% after 500
h of tensile creep test at 950C under a constant stress of 2 MPa. 6. A
copol ynerwof2os¥degisene and an al pha-ol efin according to R0Y/EFROWI0&6sE? ecedi ng
claims having a density in the range 93f) - 945 kg/cm 3 and nost preferably
in the range 934 - 938 kg/cm 3. 7. A copolymer of ethylene and an

al pha-ol efin according to any of the preceding clains having a melt index
(M ) inthe range 1.0 ~3.0 and preferably in the range 1.0 - 1.5. 8. A
copol ymer &Aﬁﬁgyl ene and an al pha-ol efin according to any of the preceding
cl ai ms havimg—a nol ecul ar wei ght distribution (MM M) in the range 3.5 -
10.9. A cadpol ynecomflyreétufletingerrnuidan aihprdefol ®id cormbooerdhagetedzehip of the
preceding clains having the relationship: fc-HT> 0.85 [h*(0.1)/h*(100)] -
0._8tyvhe|re:cn h*(l”@.“I’)g/ h*(100) is as defined before and FC HIrepresents the
critica requ dddsgy (191 3 LMk o9 — L3t enper at ure performance. 10.
A copol yner of %gjt:%y I{;%%a(ajnléﬁg% ézgll%pr?g‘?m@g?%gaccbrg})ng to cl gi m 9 wherein
fc.HT 5 2 Hz 1Xb) Anebpodexr(dfls) infthetangt 6de- hh¢/1@pPha- ol ef ns sai d copol yners

characterized in havj : RV i N
o et ndex (NP el koS o pE e ¥ Ll e R BR8P Fe R o7 T g
tenperature cr E@P? R STBMpRxAAaRi Oghal wisdobignes §#{0. 1)¥h Rend)an eance

characterized b e equation,

range 1.5—-5.5.
2. A copolymer 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 — 4.5.

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

claims having the relationship:

g (100h) - 0.0919D + 89.5
wherein D is the density and € (100h) is the measured strain (%) after 100 h of
tensile creep test at 95°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:

g (500h) <-0.124D + 119.75
wherein D is the density and € (500h) is the measured strain (%) after 500 h of
tensile creep test at 95°C under a constant stress of 2 MPa.

25 6. A copolymer of ethylene and an alpha-olefin according to any of the preceding
claims having a density in the range 930 — 945 kg/cm® and most preferably in the
range 934 — 938 kglem®.

7. A copolymer of ethylene and an alpha-olefin according to 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 distribution (Mw/Mn) in the range 3.5 — 10.



e(100 h) < - 0.0919 D + 89.5 where Dis the density (in kg/m3) and e(100
h) is the nmeasured strain (in % after 100 hours of tensile creep test at
95C, undewoaowgmeisant stress of 2 MPa. 12. A copol yner s POI/EPRenplogsse2 and

al pha-ol efins said copol ymers characterjszed in having (a) a density (D) in
the range 930 - 960 kg/m (b) a nelt index (M 2) in the range 0.1 - 3.5 g/1
0 mn (c) a balance of high tenperature creep resistance and products
flexibility performance characterized by the equation, e(100 h) - 0.135 D

L 20- 86 dher e Dediife NS ol inkGhORINARO R oy of rcleccRasur od

. s of tensile creep tes 50C, under a
const ant st r es<laifs BaWRathel8latidnshgpol ymer s of et hyl ene and al pha-ol efins

sai d copol ynmers characterj zed in hayi it D) inth
- 960 kg/m3 (b) a nmelt ifﬁdé%0(%["1)%{(1%9’1”@39)3@?8'_ 1y-(3? 5 3/ 10 i ﬁn(gg) 920

bal ance of high.te # e } AT
per f or mance chﬂ%&%}gr%i g%g)r/ﬁ*ﬁ {@e@eaéggklfeg?ﬂ@go?%Wﬁ?gﬁgy&g&%gﬁé&@%}hg75
where B is the fEEQ[léﬂ(?f)(H(z'y of ¥@ivation efidgle (bfRramreiperfoheameasur ed strain (in
% after 500 hours of tensile creep test at_950C _under .a constant stress
of 2 MPa. 104, A eensdyyerafstivilensiandiaspharpielin seardine oty §Pe6Hb! yirer s

characterized in having forr =2 Hz

11. A copolymers of ethylene and alpha-olefins said copolymers characterized in
having
10 (a) a density (D) in the range 930 — 960 kg/m3
(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,
€(100 h) <-0.0919 D + 89.5
15 where D is the density (in kg/m’) and £(100 h) is the measured strain (in %) after
100 hours of tensile creep test at 95°C, under a constant stress of 2 MPa.
12. A copolymers of ethylene and alpha-olefins said copolymers characterized in
having
(a) a density (D) in the range 930 — 960 kg/m’
20 (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,
g(100 h) <-0.135 D + 129.86
where D is the density (in kg/m’) and (100 h) is the measured strain (in %) after
25 100 hours of tensile creep test at 95°C, under a constant stress of 2 MPa.
13. A copolymers of ethylene and alpha-olefins said copolymers characterized in
having
(2) 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
30 (c) a balance of high temperature creep resistance and products flexibility

performance characterized by the equation,



(a) a density (D) in the range 930 - 960 kg/nm8 (b) a nelt index (M ) in
the range 0 .1- 3.5 g/ 10 mn (c) a balance of high tenperature creep

resi st ancwoand/qepssduct s fl exi bility performance charact @CrZzedoispseshe
equation, e(500 h) < - 0.149 D + 143.2here D is the density (in kg/n8)
and e(500 h) is the nmeasured strain (in % after 500 hours of tensile creep
test at 950C, under a constant stress of 2 MPa. 15. A copol yners of

et hyl ene and al pha-ol efns said copol ynmers characterized in having (a) a

density (D) in the rangesﬁ%% hgsg_qg%iggb@%l(gb)s a nelt index (M2) in the

range 0.1 - 3.5 g/10 mn cri'tical frequency (in Hz) of activation of

hi gh t enper at urgRENFOMIRBEEE @GNRY/ALT &id &80 Byis themeguedi saai: (if %) Hfter> 0. 85
h*(0.1)/h*(100) 0.8 16. A _copoﬁ yners OE et hyl ene and al pha- ol ef mg sai d
copol ymer s charfe evis pétenisite eiaop fegt ¢t QP°G undpisg egnsiapy stress ohé MEthge 930 - 960

freauency i n Fesorti et Fhatyishe b RPRRO Sidechd flarnedegl @ or! t el
characterised hyvihpe equations: fc-iit > 2.0 17. A copolyner of ethylene
and an alpha- ol et i A i tRe ranza 8%0 2 o6b e/l eced! ng
(b) a melt index (MI;) 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,
10 g(500h)<-0.149D +143.2
where D is the density (in kg/m*) and (500 h) is the measured strain (in %) after
500 hours of tensile creep test at 95°C, under a constant stress of 2 MPa.
15. A copolymers of ethylene and alpha-olefins said copolymers characterized in
having
15 (a) a density (D) in the range 930 — 960 kg/m3
(b) a melt index (M) in the range 0.1 —3.5 g/10 min
(c) a critical frequency (in Hz) of activation of high temperaturc performances
characterised by the equations:
fo.nr= 0.85 *(0.1)Y/n*(100) - 0.8
20 16. A copolymers of ethylene and alpha-olefins said copolymers characterized in
having
(2) 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 critical frequency (in Hz) of activation of high temperature performances
25 characterised by the equations:
feur > 2.0
17. A copolymer of ethylene and an alpha-olefin according to any of the preceding
claims wherein the alpha-olefin has C4 — C10 carbon atoms.
18. A copolymer of ethylene and an alpha-olefin according to claim 17 wherein the
30 alpha-olefin is 1-hexene.
19. A copolymer of ethylene and an alpha-olefin according to any of the preceding

claims having a unimodal composition distribution.



clainms wherein the al pha-olefin has C4 - O O carbon atons. 18. A copol yner
of ethylene and an al pha-olefin according to claim 17 wherein the

al pha- ol evpreoiogodssiiexene. 19. A copol yner of et hyl ene aRdTaR2@0mS8D] ef i n
according to any of the preceding clainmg having a uni nodal conposition

di stribution.20. A copolyner of ethylene and an al pha-olefin according to
any of the preceding clains prepared by use of a single site catalyst. 2 1.
A copol yner of ethylene and an al pha-ol efin according to claim20 prepared
by use of met t - MRk 0P theatrBoed and an
al pha ol eleah ac%%é ?}ﬁg&tﬁ é?%aﬁ)é%agﬁgi%&%nhécﬁeta Iocgne ce?rrpl eg@ﬁas t he
gener al for nul alaimkerapared by \Re of asinglectarcatelyse i s i ndependent |y sel ected

from hydrqggen, hydrocarb ilyl, ge I al o an0,..: i [,ONS

thereof . o d b Cerlimny Qi naensr Ry sl e ond et BRERHS LS
groups (where Rf jiSetfificehdy 84t996sysBal 0 or cyano) together forma dival ent
derivative thereof connected to adjacent positions of the cycl opentadi enyl

ring té f2m a 4 oepdymemaf cthylenstandan aJphiaglefinacgeiding Relaprdeyhardibe gr oup
having up to 30 - hydr ogen : ' ms a p-conmplex with M Y is
-0, -S, -NR*-I?QE%E%@E{?C%ﬁﬁgxﬁ%fﬁig\ﬁ%&é}gﬁﬁ&z&lr&%bni umin the + 2 fornal
oxidation state; Z* is SIR2, CR2, SIR2S R2, CR2CR*2, CR*=CR*,

CR*2Si R*2, or GeR*2, wherein:R* each occurrence is independently hydrogen,
or a nenber selected from

" Z*\
R' @\\\M Vs
A

X

Rl

R!

wherein:-

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

positions of the cyclopentadienyl ring to form a fused ring structure;

15 X is a neutral n* bonded diene group having up to 30 non-hydrogen atoms, which
forms a m-complex with M;
Y is —O-, -8-, -NR*-, -PR*-,
M is titanium or zirconium in the + 2 formal oxidation state;
7* is SiR*,, CR*,, SiR*,SiR*,, CR*;CR*;, CR*=CR*, CR*;8iR*,, or
20 GeR*,, wherein:



hydrocarbyl, silyl, hal ogenated al kyl, hal ogenated aryl, and conbi nations
thereof, said R* having up to 10 non- hydrogen atons, and optionally, two R*
groups fremEr/00sen R i s not hydrogen), or an R* groupPCromwe@/0asd2 an R*
group fromY forma ring system 23. Aqyocess for the preparation of

copol ymers of ethylene and al pha-ol efins according to any of the preceding
clains said process perforned in the gas phase. 24. A pipe conprising of a
copol ynmer of ethylene and al pha-ol efins said copolyners according to any of

the precedi ng gl:aljth chL§TenA\e RiiR éféﬁﬁ@ﬁﬂysﬂyaﬂ)%n CARGh¥HBY: sefeciel iphene and an
al pha-ol efm said copol ynmer characterizéd in having (a) a density (D) .in the

range 930 - 9601ykig)’caﬁ)y( b)lyhhmiegtnatadcbélwl(bm@enmnd@hé angrrgenbinations tierofy/ 10
mn (c) a melt gJastlc nmodulus G (G '= 500 Pa) in the range 40 to 150 Pa,
and (d) a rati 6 conpl ex dynani ¢ shear viscosities h*(0.1)/h*(100) in the

range 1.5 t0 5.16: hafng dp B RENALRRIdenGitdrds, @hdb or&‘ﬂly,tv%'SR’F grdube frogodpr i si ng
an anti oxi dant syst em conprising (a) a Si ngI e ndered henol (b)_.at |east
one phdsphite dmticg &} ianot kydsagegher %Rﬁlgf@iﬁh@@mv?at%}d  Zraup ot X%E’S’P di ng

to claim26 mhg{gﬂégﬁgue_ant|OX|dant system conpri ses

23. 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.
24. A pipe comprising of a copolymer of ethylene and alpha-olefins said copolymers
10 according to any of the preceding claims.
25. 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/m3
(b) a melt index (ML) in the range 0.1 —3.5 g/10 min
15 (¢) a melt elastic modulus G’ (G”’= 500 Pa) in the range 40 to 150 Pa, and
(d) a ratio of complex dynamic shear viscosities 1*(0.1)/n*(100) in the range 1.5to
5.5.
26. A pipe according to claims 24 - 25 further comprising an antioxidant system
comprising
20 (a) a single hindered phenol
(b) at least one phosphite and
(c) at least one metal deactivator.
27. A pipe according to claim 26 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
25 polymer composition.
28. A pipe according to claim 27 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.
29. A pipe according to any of claims 25 — 28 having a MRS classification according to
30 ISO12162 of at least 8.0 MPa.



(a) 0.05 - 1.0 parts, (b) 0.01 - 0.3 parts and (c) 0.02 - 0.2 parts per 100
parts of the polynmer conposition. 28. A pipe according to claim27 wherein
t he anti owDaarwo0sss3t em conpri ses (a) 0.25 parts, (b) 0. kCpareeoanssic) 0.05
parts per 100 parts of the polymer conmpgsition. 29. A pipe according to any
of claims 25 - 28 having a MRS cl assification according to |SOL2162 of at

| east 8.0 MPa. 30. A pipe having a tine to failure according to | SO 1167 of

> 500 hours at 110 OC and 2.6 MPa sai d pipe conprising a copolynmer of

ethylene apd an & ohefii 0 RIANGE L DedbidinBY RS §86F &> 500 hours at 110 °C and
2.6 MPa said pipe comprising a copolymer of ethylene and an a-olefin produced in

a single reactor.

10



