Office de la Proprieté Canadian CA 2620825 C 2014/03/18

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 620 825
L.|5J|n gfgamsg'e ; 'f*fc‘j age”%y of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2006/08/31 (51) CLInt./Int.Cl. CO8F 70/02(2006.01),
(87) Date publication PCT/PCT Publication Date: 2007/03/15 CO8F 297706 (2006.01), COBL 23/06(2000.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2014/03/18 AMEYE. THOMAS F.. BE:
(85) Entree phase nationale/National Entry: 2008/02/27 JAN, DOMINIQUE, B-
(86) N° demande PCT/PCT Application No.: EP 2006/008576 SIBERDT, FABIAN, BE

(87) N° publication PCT/PCT Pubilication No.: 2007/028552 (73) Proprietaire/Owner:

o INEOS MANUFACTURING BELGIUM NV, BE
(30) Priorité/Priority: 2005/09/05 (EP05255418.5)
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : COMPOSITION DE POLYMERE
54) Title: POLYMER COMPOSITION

(57) Abréegée/Abstract:
A composition suitable for use In pressure pipes and pipe fittings Is disclosed comprising polymer of ethylene and from 0.5 to 5 wt%
of a C,-C, alpha-olefin which has a natural density of 935-956 kg/m>, a melt index Mi; of 0.15 - 0.5 g/10min, a dynamic complex

viscosity at 100 rad/s and 190 °C (n,,,) of no more than 2500 Pa.s, a relationship between m,,, and dynamic complex viscosity
measured in Pa.s at 0.01 rad/s and 190 °C (n, ,,) defined by the equation n, ,, > 115000 + 30. n,,, and an environmental stress
crack resistance as measured by a notched pipe test performed according to 1ISO13479:1997 on 110 mm SDR 11 pipes at 80 °C
and a pressure of 9.2 bar, of greater than 1000 hours, or: wherein the C,-C, alpha-olefin is 1-hexene or 1-octene.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

‘ l an a d a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




77028552 A1 0V 000 O 8 0 O 0 A AR A

—

CA 02620825 2008-02-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
15 March 2007 (15.03.2007)

(51) International Patent Classification:
CO8F 10/02 (2006.01) COSF 297/08 (2006.01)
CO8L 23/08 (2006.01)

(21) International Application Number:
PCT/EP2006/008576

(22) International Filing Date: 31 August 2006 (31.08.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

05255418.5 5 September 2005 (05.09.2005) EP

(71) Applicant (for all designated States except US): INEOS
MANUFACTURING BELGIUM NV [BE/BE]; Shelde-
laan 482, B-2040 Antwerpen (BE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): AMEYE, Thomas,
F. [BE/BE]; Spaanse Lindebaan 175, B-1850 Grimbergen
(BE). JAN, Dominique [FR/BE]; Rue Fagnery, 59, B-4052
Beaufays (BE). SIBERDT, Fabian [BE/BE]; Clos Lau-
rence Olivier, 14, B-1090 Brussels (BE).

(74) Agent: SMITH, Julian, Philip, Howard; Compass
Patents LLP, 120 Bridge Road, Chertsey, Surrey KT16
8LA (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: POLYMER COMPOSITION

(10) International Publication Number

WO 2007/028552 Al

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(57) Abstract: A composition suitable for use in pressure pipes and pipe fittings is disclosed comprising polymer of ethylene and
& from 0.5 to 5 wt% of a C4-Cg alpha-olefin which has a natural density of 935-956 kg/mB, a melt index MIs of 0.15 - 0.5 g/10min,
N , dynamic complex viscosity at 100 rad/s and 190 °C (1;00) of no more than 2500 Pa.s, a relationship between 1M1go and dynamic
complex viscosity measured in Pa.s at 0.01 rad/s and 190 °C (Noo1) defined by the equation Noo1 > 115000 + 30. M00, and an
environmental stress crack resistance as measured by a notched pipe test performed according to ISO13479:1997 on 110 mm SDR
11 pipes at 80 °C and a pressure of 9.2 bar, of greater than 1000 hours, or: wherein the C,4-Cg alpha-olefin is 1-hexene or 1-octene.



CA 02620825 2008-02-27

WO 2007/028552 PCT/EP2006/008576
l :

POLYMER COMPOSITION
The present invention relates to polyethylene resins, more particularly those suitable
for use as pipes, pipe attachments or fittings, and to a process for producing such resins.
The present invention also relates to the use of polyethylene compounds comprising such
resins for the manufacture of pipes or pipe fittings, and to such fittings themselves.

For many high density polyethylene (HDPE) applications, polyethylene with
enhanced toughness, strength and environmental stress cracking resistance (ESCR) is
important. These enhanced properties are more readily attainable with high molecular
weight polyethylene. However, as the molecular weight of the polymer increases, the
processability of the resin decreases. By providing a polymer with a broad or bimodal
molecular weight distribution (MWD), the desired properties that are characteristic of high
molecular weight resins are retained while processability, particularly extrudability, 1s
improved.

Polyethylene resins are known for the production of pipes and fittings. Pipe resins
require high stiffness (creep rupture strength), combined with a high resistance against
slow crack growth as well as resistance to crack propagation yielding impact toughness.

Polyethylene pipes are widely used as they are lightweight and can be easily
assembled by fusion welding. Polyethylene pipes also have a good flexibility and impact
resistance, and are corrosion free. However unless they are reinforced, they are limited in
their hydrostatic resistance by the inherent low yield strength of polyethylene. It is
generally accepted that the higher the density of the polyethylene, the higher will be the
long term hydrostatic strength. The classification for pipe is described in ISO 9080 and
ISO 12162. These are polyethylene resins which when used for the formation of pipes of
specific dimensions, survive a long term pressure test at different temperatures for a period
of 5,000 hours. Extrapolation according to ISO 9080 shows that they have an extrapolated
20°C / 50 years stress at a lower prediction level (97.5% confidence level - “LPL”)‘ of at
least 8 and 10 MPa; such resins are known as PE80 and PE100 resins respectively. The
density of the current basic powder used in the production of a PE100 compound is close

to 0.950 g/cm’ (typically from 0.949 to 0.951 g/cm’). Such polyethylene resins containing

conventional amounts of black pigments have densities from about 0.959 to 0.961 g/cm’.
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In addition, it is desired that resins used for the manufacture of such pipes have good
resistance to sagging, so that when the resin exits the extruder die in the form of a pipe it
does not deform under its own weight before it cools and solidifies.

WO 02/102891 discloses a high density multimodal polyethylene for use in pipes or
fittings, wherein the resin contains 0.15 ~ I mol% of a C4-C; alpha-olefin such as 1-
hexene, and typically has an MI; of 0.15 - 2 g/10min, a density of at least 950 kg/m”, and a
low molecular weight fraction comprising at least 53 wt% of the resin. This resin has

relatively poor sfress crack resistance however, as measured by FNCT.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a graph of Dynamic Viscosity eta @ 0.01 rad/s [Pas] v. Dynamic
Viscosity eta (@ 100 rad/s [Pas].

DETAILED DESCRIPTION

We have found that by selecting a particular product design it is possible to obtain
resins having both a good resistance to sag, good processability and also excellent stress
crack resistance Dynamic complex viscosity measured at 100 rad/s, n;09, which is related
to the molecular weight of the polymer, is the viscosity at shear rates of the order typically
experienced during extrusion processes, and affects extruder motor power consumption,
melt pressure genération at the die etfc; a low nygp is desirable for good processability.
bynmnic complex viscosity measured at 0.01 rad/s, no.g1, 1s the viscosity at low shear rates
which provides information regarding the sagging behavior of 2 resin. A high ngo1 1S
normally desirable.

In a first 'asﬁect therefore, the present invention provides a polymer of ethylene and
from 0.5 to 5 wt% of a C4-Cg alpha-olefin which has a natural density of 935-956 kg/m’, a
- melt index MlIs of 0.15 — 0.5 g/10min, a dynamic complex viscosity at 100 rad/s and 190°C
(M100) of no more than 2500 Pa.s, a relationship between ni¢0 and dynamic complex
viscosity measured in Pa.s at 0.01 rad/s and 190°C (n0.01), defined by the equation 1jg.01 >
115000 + 30. 00, and an environmental stress crack resistance as measured by a notched
pipe test performed according to-ISO13479:1997 on 110 mm SDR 11 pipes at 80°C and a
pressure of 9.2 bar, of greater than 1000 hours. Preferably
the C4-Cs alpha-olefin is 1-hexene, 1-pentene or 1-octene.

An alternative aspect of the invention provides a polymer of ethylene and from 0.5 to
Swt% of 1-hexene, 1-pentene or 1-octene and having a natural density of 935-956 kg/m’, a
melt index Mls 0of .15 — 0.5 g/10min, and a relationship between dynamic compiex
viscosity at 100 rad/s and 190°C (f100) and dynamic complex viscosity measured in Pa.s at
0.01 rad/s zmd’ 190°C (Mmo.01), defined by the equation 1y > 115000 + 30. 1ngo.- Preferably

the composition has an environmental stress crack resistance as measured by a notched
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pipe test performed according to ISO13479:1997 on 110 mm SDR 11 pipes at 80°C and a
pressure of 9.2 bar, of greater than 1000 hours.

It is preferred that the polymer of the second aspect of the invention has a dynamic
bomplex viscosity at 100 rad/s and 190°C (1190) of no more than 2500 Pa.s .

It is preferred that the polymers of both aspects of the invention have a dynamic
complex viscosity at 0.01 rad/s (ng.01) and 190°C of at least 190000 Pa.s.

Preferably the composition of the invention has an Mls of 0.2 — 0.32 g/10min and a
natural density ‘of 946-953 kg/m”.

In a particularly preferred embodiment of the invention the composition is formed
from a multimodal polyethylene resin which comprises from 30 to 70 wt% ot an ethylene
homopolymer (A) having a melt index MI, of 5 - 1000 g/10min and a density of at least
965 kg/m>, and from 30 to70 wt% of a copolymer (B) of ethylene and a C4-Cg alpha-olefin
having a melt index MIs of 0.001 — 2 g/10min and a density of 910 to 945 kg/m". In the
composition according to the second aspect of the invention, the C4-Cg alpha-olefin is of
course¢ 1-hexene or 1-octene; in that of the first aspect of the invention, it is preferably 1-
hexene or 1-octene. |

By "multimodal” polyethylene i1s meant polyethylene having at least two
components of different molecular weights and compositions (ie comonomer content).
Preferably the resin composition is bimodal, that is to say it has just two such components,
although each component may itself be multimodal.

In the preferred multimodal polyethylene of the invention, the homopolymer (A)
preferably has an MI, of 100-800 g/10min; the copolymer (B) preferably has a density of
920-928 kg/m’; and the block ratio A:B is preferably 45:55-55:45, more preferably 48:52-
55:45.

The present invention further f)rovides the use of such a polyethylene resin for the

- manufacture of pipes and fittings, and in a further aspect a pipe or fitting comprising the
polyethylene resin of the invention.

Preferably the high molecular weight fraction comprises from 0.1-10 wt% of
comonomer (preferably 1-hexene or 1-octene).

For the purposes of the present invention, melt flow indices MI, and Ml
respectively, denote the melt flow indices measured according to ISO Standard 1133 at a

temperature of 190°C under loads o1 2.16 kg and S kg reSpectively.' Furthermore, melt flow
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index HLMI is understood to denote the melt flow index measured according to ISO
Standard 1133 at a temperature of 190°C under a load of 21.6 kg.

The following discussion refers to the preferred embodiment of the invention in
which the resin is a multimodal resin as defined above. References to C4-Cg alpha-olefin
comonomer relating to the first aspect of the invention should be considered to refer
specifically to 1-hexene or 1-octene in the alternative embodiment of the invention in
whicﬁ the alpha-olefin comonomer is specifically one of those monomers. Similarly,
references to 1-hexene or 1-octene in the altémative embodiment of the invention may be
considered to represent C4-Cg alpha-olefin in the first embodiment.

The density of the polymer (A) present in the resins according to the invention 1s
preferably at least 965 kg/m°. The density of copolymer (B) is preferably at least 910
kg/m’. The density of copolymer (B) does not exceed preferably 930 kg/m’, more
particularly not 928 kg/m’.

For the purposes of the present invention, ethylene polymer (A) is an ethylene
polymer comprising monomer units derived from ethylene and possibly monomer units
derived from other olefins. Copolymer (B) is a copolymer comprising monomer units
derived from ethylene and monomer units derived from 1-hexene or 1-octene.

For the purposes of the present invention, hexene or octene content is measured by
RMN"C according to the method described in J.C.RANDALL, JMS-
REV.MACROMOL.CHEM. PHYS., C29(2&3), p.201-317 (1989). For example the

content of units derived from the comonomer is calculated from measurements of the
integrals of the characteristic spectral lines of the comonomer (eg for hexene 23.4; 34.9
and 38.1 ppm) with respect to the integral of the characteristic spectral line of the units
derived from ethylene (30 ppm).

The content in copolymer (B) of monomer units derived from 1-hexene or 1-
octene, hereinafter called comonomer content, is generally at least 0.4 mole %, in
particular at least 0.6 mole %. The comonomer content of copolymer (B) is usually at most
1.8 mole %, preferably at most 1.5 mole %. Particularly preferred is a comonomer content
that is between 0.7 and 1.1 mole %.

Ethylene polymer (A) may optionally contain monomer units derived from another

olefin. Ethylene polymer (A) comprises preferably at least 99.5 mole %, more particularly
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at least 99.8, mole % of monomer units derived from ethylene. Particularly preferred is an
ethylene homopolymer.

Polymer (A) according to the invention preferably has an MI, of at least 100,
preferably at least 250g/10 min. The ML, of polymer (A) generally does not exceed 1000
/10 min, preferably no more than 700 g/10 min.

The melt index MIs of copolymer (B) according to the invention is preferably at least
0.005 g/10 min. It preferably does not exceed 0.1 g/10 min. Copolymer (B) presents
advantageously an HLMI of at least 0.05 g/10 min which also does not exceed 2 g/10 min.

The resins of the invention may be obtained by any known process. In one
embodiment, the resins are obtained by polymerising ethylene in a first reactor in order to
form ethylene homopolymer (A), and then in a second reactor polymerising ethylene plus
either 1-hexene, 1-pentene or 1-octene and optionally another alpha-olefin containing from

' 4 to 10 carbon atoms in the presence of homopolymer (A) to form ethylene copolymer (B).
In an alternative embodiment the copolymer (B) is formed in the first reactor, and then
homopolymer (A) is formed in the presence of copolymer (B) in the second reactor. In a
further embodiment homopolymer (A) and copolymer (B) are formed in either order in a
single reactor. Alternatively, homopolymer (A) and copolymer (B) may be made
separately, and physically blended. All of these processes are preferably carried out as a
suspension (slurry) polymerisation in the presence of a diluenf.

The resins of the invention are preferably obtained by means of a process utihising at
least two polymerisation reactors connected in series, according to which process:

- in a first reactor, ethylene is polymerised 1n suspension 1n a medium comprising a
diluent, hydrogen, a catalyst based on a transition metal and a cocatalyst so as to form from
30 to 70% by weight with respect to the total weight of the composition of ethylene
polymer (A),

- said medium comprising polymer (A) in addition is drawn off from said reactor and
is subjected to expansion so as to degas at least part of the hydrogen, after which

- said at least partially degassed medium comprising polymer (A) and some ethylene
and 1-hexene, 1-pentene or 1-octene and optionally at least another alpha-olefin containing
from 4 to 10 carbon atoms are introduced into a further reactor in which polymerisation in

suspension is effected in order to form from 30 to 70% by weight with respect to the total

weight of the composition of ethylene copolymer (B).
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Polymerisation in suspension means polymerisation in a diluent which is in the
liquid or supercritical state in the polymerisation conditions (temperature, pressure) used,
these polymerisation conditions or the diluent being such that at least 50% by weight
(preferably at least 70%) of the polymer formed is insoluble in said diluent.

The diluent used in this polymerisation process is usually a hydrocarbon diluent,
inert to the catalyst, to the cocatalyst and to the polymer formed, such for example as a
linear or branched alkane or a cycloalkane, having from 3 to 8 carbon atoms, such as
hexane or isobutane. '

The quantity of hydrogen introduced into the first reactor 1s in general set so as to
obtain, in the diluent, a molar ratio between hydrogén and ethylene of 0.05 to 1. In the first
reactor, this molar ratio is preferably at least 0.1.

The medium drawn off from the first reactor comprising in addition the polymer
(A) is subjected to expansion so as to eliminate (degas) at least part of the hydrogen. The
expansion is advantageously effected at a temperature below or equal to the polymerisation
temperature in the first reactor. The temperature at which the expansion is effected is
usually greater than 20 C, it is preferably at least 40°C. The pressure at which the
expansion is carried out is below the pressure in the first reactor. The expansion pressure
is preferably below 1.5 MPa. The expansion pressure is usually at least 0.1 MPa. The
quantity of hydrogen still present in the at least partially degassed medium is generally
below 1% by weight of the quantity of hydrogen initially present in the medium drawn oft
from the first polymerisation reactor, this quantity is preferably below 0.5%. The quantity
of hydrogen present in the partially degassed medium introduced into the further
polymerisation reactor is therefore low or even nil. The further reactor is preferably also
supplied with hydro geﬁ. The quantity of hydrogen introduced into the further reactor is in
general set so as to obtain, in the diluent, a molar ratio betwee‘n hydrogen and ethylene of
0.001 to 0.1. In this further reactor, this molar ratio is preferably at least 0.004. It
preferably does not exceed 0.05. In the process according to the invention, the ratio
between the hydrogen concentration in the diluent in the first reactor and that in the further
polymerisation reactor is usually at least 20, preferably at least 30. Particularly preferr_ed 1S

a ratio of concentrations of at least 40. This ratio does not usually exceed 300, preferably

not 200.
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The quantity of 1-hexene or 1-octene introduced into the further polymerisation
reactor is such that in the further reactor the comonomer /ethylene molar ratio in the
diluent is preferably at least 0.05, more preferably at least 0.1. The comonomer /ethylene
molar ratio preferably does not exceed 3, more preferably not 2.8.

The catalyst employed in the polymerisation process may be any catalyst(s) suitable
for préparing the low and high density fractions. Preferably, the same catalyst produces
both the high and low molecular weight fractions. For example, the catalyst may be a
chromium catalyst, a Ziegler-Natta catalyst, or a metallocene catalyst. Preferably the
catalyst is a Ziegler-Natta catalyst. |

In the case of a Ziegler-Natta catalyst, the catalyst used comprises at least one
transition metal. Transition metal means a metal of groups 4, 5 or 6 of the Periodic Table
of elements (CRC Handbook of Chemistry and Physics, 75th edition, 1994-95). The
transition metal 1s preferably titanium and/or zirconium. A catalyst comprising not only
the transition metal but also magnesium is preferably utilised. Good results have been
obtained with catalysts comprising:

- from 5 to 30%, preferably from 10 to 20%, more preferably 12 to 18 % by

weight of transition metal,

- from 0.5 to 20%, preferably from 1 to 10%, more preferably 4 to 8 % by weight of
magnesium, |

- from 20 to 70%, preferably from 30 to 60%, more preferably 40 to 55% by weight
of halogen, such as chlorine,

- from 0.1 to 10%, preferably from 0.5 to 5%, more preferably 2 to 3 % by weight of
aluminium;
the balance generally consisting of elements arising from products used for their
manufacture, such as carbon, hydrogen and oxygen. These catalysts are preferably
obtained by coprecipitation of at least one transition metal composition and a magﬁesium
composition by means of a halogenated orgdnoaluminium composition. Such catalysts are
known, they have notably been described in patents US 3901863, US 42942200 and US
4617360. The catalyst is preferably introduced only into the first polymerisation reactor,
1.e. there is no introduction of fresh catalyst into the further polymerisation reactor. The
amount of catalyst introduced into the first reactor is generally adjusted so as to obtain an

amount of at least 0.5 mg of transition metal per litre of diluent. The amount of catalyst
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usually does not exceed 100 mg of transition metal per litre of diluent.

Particularly preferred catalysts contain 5 to 30% by weight of transition metal, 0.5 to
20% by weight of magnesium, 20 to 70% by weight of chlorine and 0.1 to 10% by weight
of aluminium, and have a residual organic radical content in the precipitated catalyst of
less than 35wt%. These catalysts are also obtained by coprecipitation of at least one
transition metal compound and a magnesium compound by means of a halogenated
organoaluminium compound, but with a ratio of transition metal to magnesium of no more

than about 1:1. They are described in more detail in our own EP 703247B. Most preferred

catalysts have the following composition:

Transition metal from 8 to 16 % by weight.
Magnesium content from 5 to 15 % by weight,
Chlorine content from 40 to 60 % by weight.
Aluminium content less than 5 % by weight.

Residual organic content less than 35 % by weigﬁt.
Total alkyl benzoate content less than 20 % by weight.

The cocatalyst utilised in the process is preferably an organoaluminium compound.
Unhalogenated organoaluminium compounds of formula AIR3 in which R represents an
alkyl grouping having from 1 to 8 carbon atoms are preferred. Particularly preferred are
triethylaluminium and triisobutylaluminium. The cocatalyst is introduced into the first
polymerisation reactor. Fresh cocatalyst niay also be introduced into the further reactor.
The quantity of cocatalyst introduced into the first reactor is in general at least 0.1x10”
mole per litre of diluent. It does not usually exceed 5x10™ mole per litre of diluent. Any
quantity of fresh cocatalyst introduced into the further reactor does not usually exceed
5x10™ mole per litre of diluent.

In the preferred process of the invention using a Ziegler-Natta catalyst, the
polymerisation temperature is generally from 20 to 130 C. It is preférably at least 60 C.
For preference, it does not exceed 115°C. The total pressure at which the process is
effected is in general from 0.1 MPa to 10 MPa. In the first polymerisation reactor, the total
pressure 1s preferably at least 2.5 MPa. Preferably, it does not exceed 5 MPa. In the
further polymerisation reactor, the total pressure is preferably at least 1.3 MPa. Preferably,

1t does not exceed 4.3 MPa. '
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The period of polymerisation.in the first reactor and in the further reactor is in
general at least 20 minutes, preferably at least 30 minutes. It does not usually exceed 5
hours, preferably not 3 hours.

In this process, a suspension comprising the resin of the invention is collected at the
outlet of the further polymerisation reactor. The composition may be separated from the
suspension by any known means. Usually, the suspension is subjected to a pressure
expansion (final expansion) so as to eliminate the diluent, the ethylene, the alpha-olefin
and any hydrogen from the composition.

This process makes it possible to obtain, with a good yield and with a low
oligomers content, a composition having a very good compromise between mechanical
properties and utilisation properties.

The compositions of the invention are well suited to the manufacttire of pipes and
pipe fittings, particularly pipes for the conveying of fluids under pressure such as water
and gas. The mnvention therefore also concerns the use of a composition according to the
Invention for the manufacture of pipes or pipe fittings. Naturally, when they are used for
the molten forming of articles, and more particularly for the manufacture of pipes or pipe
fittings, the compositions of the invention may be mixed with the usual additives for
utilisation of polyolefins, such as stabilisers (antioxidant agents, anti-acids and/or anti-
UVs), antistatic agents and utilisation agents (“processing aid”), and pigments. The
invention therefore concerns also a mixture comprising a composition according to the
invention and at least one of the additives described above. Particularly preferred are
mixtures comprising at least 95%, preferably at least 97%, by weight of a composition
according to the invention and at least one of the additives described above. The
manufacture of pipes by extrusion of a composition according to the invention is
preferably carried out on an extrusion line comprising an extruder, a sizer and a drawing
device. Extrusion is generally performed on an extruder of the single-screw type and at a
temperature of 150 to 230°C. The sizing of the pipes may be effected by the creation of
negative pressure outside the pipe and/or by the creation of positive pressure inside the
pipe. ‘

It 1s preferred that pipes manufactured from the compositions according to the

invention are characterised by:
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- good environmental stress crack resistance as measured by a notched pipe test
performed according to ISO13479:1997 on 110 mm SDR 11 pipes at 80°C and a pressure
01 9.2 bar, of greater than 1000 hours

- good resistance to rapid propagation of cracks (RCP), reflected by a halting of crack
propagation at an internal pressure generally equal to at least 10 bar, as measured at 0 C on
a pipe of diameter 110mm and thickness 10mm according to method S4 described in ISO
standard F/DIS 13477(1997);

- good long-term pressure resistance which may enable them to be attributed a higher
MRS rating than the MRS 10 rating according to standard ISO/TR 9080.

The following examples are intended to illustrate the invention.

EXAMPLES

A) CATALYSTS
Catalyst (I)

Magnesium diethoxide was reacted with titanium tetrabutoxide for 4 hours at
140°C 1n an amount such that the molar ratio of titanium to magnesium was equal to 1. The
reaction product thus obtained was subsequently chlorinated and precipitated by bringing
the latter into contact with an ethylaluminium dichloride solution (EADC) for 90 minutes
at 45°C. The EADC/Mg ratio was 6.5 mole/mole. The obtained slurry was subsequently
aged at 60°C for 45 minutes, and then cooled at ambient temperature (<35°C). The by-
products from the chlorination reaction were removed from the slurry by washing the solid
with polymerisation grade hexane at ambient temperature. The catalyst thus obtained,

collected from the suspension, comprised (% by weight):

Ti: 17; Cl: 41; Al: 2; Mg: 5.

Catalyst (I1)

Magnesium diethoxide was reacted with titanium tetrabutoxide for 7 hours at
14045 °C 1n an amount such that the molar ratio of titanium to magnesium was equal to 1.
The reaction product thus obtained (mixed alcoholate) was subsequently contacted with
ethylbenzoate (EB) at ambient temperature for at least 6 hours. The mixture of mixed
- alcoholate and ethyl benzoate was then reacted with aluminium isobutyl dichloride

(IBADIC), in two steps. The first step was performed at 45°C, the second step at 45°C.
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The amount of IBADIC introduced at the end of the first step corresponded to a IBADIC
/Mg ratio of 4.5 mole/mole. A partial elimination of the chlorination by-products was
effecteci by decantation of the solid and removal of the supernatant liquid. The amount of
IBADIC introduced at the end of the second chlorination step corresponded to a IBADIC
/Mg ratio of 2.5 mole/mole. After the second chlorination step, the slurry was aged at 60°C
for 45 minutes, and subsequently cooled at ambient temperature (less than 35°C). The
reaction by-products were then removed from the slurry by washing the solid with
polymerisation grade hexane. The catalyst thus obtained, collected from the suspension,
comprised (% by weight): '

Ti: 13; Cl: 51; Al: 2; Mg: 7. The concentration of total benzoates in the catalyst was about

10wt%.

B) COMPOSITION

The manufacture of a composition according to the invention was carried out in
suspension in isobutane in two loop reactors, connected in series and separated by a device
which makes it possible continuously to carry out the reduction in pressure.

Isobutane, ethylene, hydrogen, triethylaluminium (30-50ppm) and the above catalyst were
continuously introduced into the first loop reactor and the polymerization of ethylene was
carried out in this mixture in order to form the homopolymer (A). The said mixture,
additionally comprising the homopolymer (A), was continuously withdrawn from the said
reactor and was subjected to a reduction in pressure (~50°C, 0.6 MPa), so as to remove at
least a portion of the hydrogen. The resulting mixture, at least péﬁially degassed of
hydrogen, was then continuously introduced into a second polymerization reactor, at the
‘same time as ethylene, hexene, isobutane and hydrogen, and the polymerization of the
ethylene and of the hexene was carried out therein in order to form the ethylene/1-hexene
copolymer (B). The suspension comprising the composition comprising' ethylene polymers
was continuously withdrawn from the second reactor and this suspension was subjected to
a final reduction 1n pressure, so as to evaporate the isobutane and the reactants present
(ethylene, hexene and hydrogen) and to recover the composition in the form of a powder,
which was subjected to drying in order to complete the degassing of the 1sobutane.

The other polymerisation conditions are specified in Table 1.
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The properties of the compositions are presented in Table 2. The compositions were
made on a pilot-scale extrusion line. Dynamic Rheology Analyses were performed on the

compositions of the invention in pellet form so as to determine the complex dynamic shear

viscosity , 1, at 190°C.

Dynamic Rheological Analysis

Rheological measurements were carried out on an oscillatory rheometer (e.g., Rheometrics
RDS-Q, ARES) with 25mm diameter parallel platés in a dynamic mode under an inert
(nitrogen) atmosphere. For all experiments, the rheometer was thermally stable at 190°C
for at least 30 minutes before inserting the appropriately stabilised (with anti-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 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.

I'wo 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
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 SS
experiment was carried out with a high applied frequency of 100 rad/s to ensure that the
selected applied strain is well within the linear viscoelastic region of the polymer so that
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.

Measurement of Complex Dynamic shear viscosit 100) and n(0.01) , at 190°C
The frequency sweep (FS) experiment was then carried out at 190°C using the
above appropriately selected strain level between dynamic frequencies range of 107 to 100

rad/s under a nitrogen atmosphere. The complex dynamic shear viscosities, 1(100) in Pa.s,

at dynamic frequency of 100 rad/s, and n(0.01), at a dynamic frequency of 0.01 rad/s,
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were determined directly from the viscosity data of the frequency sweep (FS) experiment

measuregd at 190°C.

Notched Pipe Test (NPT
The notched pipe test was performed according to ISO13479:1997 on 110 mm SDR 11

pipes. The test was run at 80°C at a pressure of 9.2 bar.

TABLE 1: polymerisation conditions for selected examples of the invention

—
P

Catalyst
REACTOR 1

C2 (g/kg)

H2/C2 (mole/mole)
T (°C)

Residence ttime (h) 1.57 1.58 1.57 1.58 1.59 1.29
REACTOR 2

C2 (g/kg)

C6/C2 (mole/mole)
H2/C2 (mole/mole)
T (°C)

Residence time (h) 1.35 1.35 1.34 1.29 | 1.33 0.63

' g
r{
vy

19.2
0.347

11.3
0.546

15.9
0.458

17.6
0.462

17.4
0.464

20.7
0.374

\O
wh

Hll Hl

28.3 29.7 8.59
1.366 | 2.298 | 0.543
0.004 | 0.0032 | 0.0084

16.4
0.991
0.0055

16.4
1.019
0.003

20.2
0.98

0.0039
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We Claim:

1. A composition comprising polymer of ethylene and from 0.5 to 5 wt% of a C4-Cy
alpha-olefin which has a natural density of 935-956 kg/m’, a melt index MIs of 0.15 — 0.5
g/10min, a dynamic complex viscosity at 100 rad/s and 190°C (n;09) of no more than 2500
Pa.s, a relationship between 100 and dynamic complex viscosity measured in Pa.s at 0.01
rad/s and 190°C (noo1), defined by the equation ng o > 115000 + 30. 100, and an
environmental stress crack resistance as measured by a notched pipe test performed according
to ISO13479:1997 on 110 mm SDR 11 pipes at 80°C and a pressure of 9.2 bar, of greater
than 1000 hours, which composition is made by a polymerisation process employing a
Ziegler-Natta catalyst, and is formed from a multimodal polyethylene resin comprising from
48 to 55 wt% of an ethylene homopolymer (A) having a melt index MI; of 5-1000 g/10min
and a density of at least 965 kg/m’, and from 45 to 52 wt% of a copolymer (B) of ethylene

and a C;-Cg alpha-olefin having a melt index Mls of 0.001 — 2 g/10min and a density ot 910
to 930 kg/m’.

2. The composition according to claim 1, wherein the C4-Cg alpha-olefin is 1-hexene, 1-

pentene or 1-octene.

3. A composition comprising polymer of ethylene and from 0.5 to Swt% of 1-hexene, 1-
pentene or 1-octene and having a natural density of 935-956 kg/m°, a melt index MIs of 0.15
— 0.5 g/10min, and a relationship between dynamic complex viscosity at 100 rad/s and 190°C

(M100) and dynamic complex viscosity measured in Pa.s at 0.01 rad/s and 190°C (mo.n),

defined by the equation 1o > 115000 + 30. n;00, Wwhich composition is made by a
polymerisation process employing a Ziegler-Natta catalyst, and is formed from a multimodal
polyethylene resin comprising from 48 to 55 wt% of an ethylene homopolymer (A) having a
melt index M1, of 5-1000 g/10min and a density of at least 965 kg/m3, and from 45 to 52 wt%

of a copolymer (B) of ethylene and a C4-Cy alpha-olefin having a melt index Mis of 0.001 —2
g/10min and a density of 910 to 930 kg/m”.

4.  The composition according to claim 3, which has an environmental stress crack
resistance as measured by a notched pipe test performed according to ISO13479:1997 on 110
mm SDR 11 pipes at 80°C and a pressure of 9.2 bar, of greater than 1000 hours.



CA 02620825 2013-06-17

16

5.  The composition according to claim 3 or 4, which has a dynamic complex viscosity at
100 rad/s and 190°C (n}100) of no more than 2500 Pa.s.

6.  The composition according to any one of claims 1 to 5, which has a dynamic complex

viscosity at 0.01 rad/s and 190°C (mo.0;) of at least 190000 Pa.s.

7.  The composition according to any one of claims [ to 6, which has an Mls of 0.2 —0.32

g/10min and a natural density of 946-953 kg/m’.

8.  The composition according to any one of claims 1 to 7, wherein the homopolymer (A)

has a melt index MI, of 100-800 g/10min.

9.  The composition according to claim 8, wherein the homopolymer (A) has a melt index
MI, of 250-700 g/10min.

10. The composition according to any one of claims 1 to 9, wherein copolymer (B) has a

melt index MIs of at least 0.005 g/10 min, and or a density of no more than 928 kg/m’.

11. The composition according to any one of claims 1 to 10, which has a critical pressure
Pc for halting of crack propagation of at least 10 bar as measured at 0°C on a pipe of

diameter 110mm and thickness 10mm in the small-scale steady state (S4) test according to
ISO 13477:1997.

12. A process for preparing a composition as defined in any one of claims 1 to 11,

comprising the steps of:

either polymerising ethylene in a first reactor to form ethylene homopolymer (A), and then
In a second reactor polymerising ethylene plus either 1-hexene, 1-pentene or 1-octene and
optionally another alpha-olefin containing from 4 to 10 carbon atoms in the presence of

homopolymer (A) to form ethylene copolymer (B);

or polymerising ethylene plus either 1-hexene, 1-pentene or 1-octene and optionally
another alpha-olefin containing from 4 to 10 carbon atoms in a first reactor to form

ethylene copolymer (B), and then in a second reactor polymerising ethylene in the

presence of copolymer (B) to form ethylene homopolymer (A),
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the catalyst employed being a Ziegler-Natta catalyst containing from 5 to 30% by weight
of transition metal, 0.5 to 20% by weight of magnesium, 20 to 70% by weight of chlorine

and 0.1 to 10% by weight of aluminium.

13. The process according to claim 12, which is a suspension (slurry) polymerisation.

14. The process according to claim 12 or 13, wherein:

in a first reactor, ethylene is polymerised in suspension in a medium comprising a
diluent, hydrogen, a Ziegler-Natta catalyst and a cocatalyst so as to form from 30 to 70%
by weight with respect to the total weight of the composition of ethylene polymer (A),

- said medium comprising polymer (A) in addition is drawn off from said reactor and
IS subjected to expansion so as to degas at least part of the hydrogen, after which

- said at least partially degassed medium comprising polymer (A) and some ethylene
and 1-hexene, 1-pentene or 1-octene and optionally at least another alpha-olefin
containing from 4 to 10 carbon atoms are introduced into a further reactor in which
polymerisation in suspension is effected in order to form from 30 to 70% by weight with

respect to the total weight of the composition of ethylene copolymer (B).
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