
)

(
0

(51) International Patent Classification: EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
C08F2/00 (2006.01) C08F 210/16 (2006.01) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
C08L 23/04 (2006.01) TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,

KM, ML, MR, NE, SN, TD, TG).
(21) International Application Number:

PCT/EP20 19/055210
Published:

(22) International Filing Date: — with international search report (Art. 21(3))
0 1 March 2019 (01.03.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
18159824.4 02 March 2018 (02.03.2018) EP

(71) Applicant: BOREALIS AG [AT/AT]; IZD Tower, Wa-
gramerstrasse 17-19, 1220 Vienna (AT).

(72) Inventors: GALGALI, Girish Suresh; Borealis Polyole¬
fine GmbH, St.-Peter-Stralk 25, 4021 Linz (AT). JERE-
MIC, Dusan; Borealis Polyolefine GmbH, St.-Peter-Stralk
25, 4021 Linz (AT). ALBRECHT, Andreas; Borealis
Polyolefine GmbH, St.-Peter-Stralk 25, 4021 Linz (AT).

(74) Agent: CAMPBELL, Neil; Dehns, St Bride's House, 10
Salisbury Square, London EC4Y 8JD (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available) : AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, 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, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: PROCESS

(57) Abstract: A process for preparing an ethylene terpolymer comprising the steps of: (a) pre-polymerizing ethylene and at least one
C4-C12 comonomer to produce a copolymer component (i ) having a MFR2 in the range of 30 to 80 g/lOmin; (b) in the presence of
component (i ), copolymerizing ethylene with a C4- C12 comonomer to produce component (i) wherein the MFR2 of component (i)

is in the range of 30 to 80 g/lOmin; (c) in the presence of component (i), polymerizing ethylene and at least one C4-C12 comonomer
to produce component (ii); wherein the MFR2 ratio of (i)/(i ) is in the range of 0.5 to 2.5; wherein the MFR2 of the terpolymer is 1.5

to 10 g/lOmin, and wherein the density of the terpolymer is 905 to 940 kg/m3 . An ethylene terpolymer, such as a multimodal ethylene
terpolymer, comprising: (i ) 0 .5-5.0 wt.% of a copolymer of ethylene and at least one C4-C12 comonomer having an MFR2 of 30 to
80 g/lOmin; (i ) 25-69.5 wt.% of a copolymer of ethylene and at least one C4-C12 comonomer different from (i ) wherein the MFR2

of components (i ) and (ia) combined is 30 to 80 g/10 min and wherein the MFR2 ratio of (i + i )/(i ) i i the range of 0.5 to 2.5; and
(ii) 30-70 wt.% of a copolymer of ethylene and at least one C4-C12 comonomer different from (i ) and (i); wherein the MFR2 of the

terpolymer is 1.5 to 10 g/lOmin, and wherein the density of the terpolymer is 905 to 940 kg/m .



Process

The present invention relates to a process for preparing an ethylene

terpolymer and an ethylene terpolymer which can be obtained in such as a process.

The invention also relates to an article comprising the ethylene terpolymer, such as

a film.

Background to the invention

It is known that a bimodal polymer offers certain advantages over a

unimodal polymer in particular with regard to its processability. Bimodal polymers

tend to have broad molecular weight distributions which allow processing conditions

to be more rigorous than those typically employed when unimodal polymers are

employed.

Unfortunately, the increase in processability is associated with a reduction in

optical properties in films formed from the polymer. Moreover, the increase in

density required to achieve high stiffness in a bimodal polymer causes a reduction

in optical properties and some mechanical properties such as impact.

Thus, the problem faced by the film manufacturer is that by trying to improve

one property, another equally important property tends to be detrimentally affected.

Many inventors have therefore sought to maximise the film properties they obtain

by mixing components. For example, the addition of low density polyethylene

(LDPE) gives rise to films having excellent optical properties (low haze, high gloss)

which can be processed at low temperatures and pressures, however, films made

from LDPE have low stiffness.

Optical properties have been improved by using linear low density

polyethylenes produced using metallocene (mLLDPE's), but at the expense of

processability. Furthermore, the bubble stability during film blowing is

compromised.

Various blends of these materials have therefore been proposed in the art to

try to maximise film performance by combining the advantageous properties of

certain polymers. Thus for example, LDPE and mLLDPE have been blended to

form films. However when mixtures of polymers are employed, there is a potential

issue of polymer compatibility, e.g. whether a homogeneous mixture will be formed

between the components.



There is thus a need for a polymer that is homogeneous and can provide the

necessary balance of properties without having to automatically resort to

mechanical polymer blends. Homogeneous polymers are readily processable and

offer desirable properties such as good optical properties.

The object of the present invention is to provide polymers with an unexpected

property combination which offer a desirable alternative for film applications in

particular. The inventors sought a polymer with low gels. Low gel content in the

polymer is advantageous as the polymer is more homogeneous and more readily

processed. Lower gels also means fewer defects, lower extractables and hence

generally improved mechanical and optical properties.

The present inventors have surprisingly found that a three-stage

polymerisation process which produces a high-MFR prepolymerised component

(e.g. with an MFR2 of 30-80 g/1 0 min) of similar MFR to the first component results

in an ethylene terpolymers with unexpectedly low gel counts. These polymers are

therefore very homogeneous and are exceptionally processable.

In particular, good results have been achieved when the MFR of the

prepolymerised component is similar to the MFR of the component produced in the

first polymerisation stage in the context of an ethylene terpolymer. A further benefit

of the present invention is that these terpolymers can be obtained without the need

for TEAL in the GPR phase.

WO 2016/083209 relates to films with beneficial hot tack properties. The

copolymers described therein have a loop component with a low MFR.

EP3015502 relates to polyethylene films with large stretch ratios and high

film forming rate, achieved by control of the molecular weights of the polyethylene

compositions.

Summary of the invention

In a first aspect, the present invention provides a process for preparing an

ethylene terpolymer comprising the steps of:

(a) pre-polymerizing ethylene and at least one C4-C12 comonomer to

produce a copolymer component (i0) having a MFR2 in the range of 30 to

80 g/10min;



(b) in the presence of component (i0) , copolymerizing ethylene with a C4-

C12 comonomer to produce component (i) wherein the MFR2 of

component (i) is in the range of 30 to 80 g/10min;

(c) in the presence of component (i), polymerizing ethylene and at least one

C4-C12 comonomer to produce component (ii);

wherein the MFR2 ratio of (i)/(i0) is in the range of 0.5 to 2.5;

wherein the MFR2 of the terpolymer is 1.5 to 10 g/1 Omin, and wherein

the density of the terpolymer is 905 to 940 kg/m3.

In a further aspect, the invention provides an ethylene terpolymer

comprising:

( 10) 0 .5-5.0 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer having an MFR2 of 30 to 80 g/1 Omin;

(ia) 25-69.5 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer different from (i0) wherein the MFR2 of components (i0) and (ia)

combined is 30 to 80 g/1 0 min and wherein the MFR2 ratio of (ia + i0)/(i ) is in the

range of 0.5 to 2.5 and

(11) 30-70 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer different from (i0) and (i);

wherein the MFR2 of the terpolymer is 1.5 to 10 g/1 Omin, and wherein

the density of the terpolymer is 905 to 940 kg/m3

In a further aspect, the invention provides an ethylene terpolymer obtainable

or obtained from the process described above, below, or in the claims.

In a further aspect, the invention provides an article comprising an ethylene

terpolymer as defined above, below, or in the claims, preferably a film.

The features of the aspects and/or embodiments indicated herein are usable

individually and in combination in all aspects and embodiments of the invention

where technically viable, unless otherwise indicated.

Detailed description of the invention

The process according to the present invention is a process for the

preparation of an ethylene terpolymer, in particular a multimodal ethylene

terpolymer. Herein, the wording ‘the terpolymer’, ‘the ethylene terpolymer’, the

‘terpolymer of the invention’ are used interchangeably.



The term "multimodal" in the context of the ethylene terpolymer means

herein, unless otherwise stated, multimodality with respect to molecular weight

distribution and includes also bimodal polymers. Generally, a polyethylene

comprising at least two polyethylene fractions, which have been produced under

different polymerization conditions resulting in different (weight average) molecular

weights and molecular weight distributions for the fractions, is referred to as

“multimodal”. The prefix “multi” relates to the number of different polymer fractions

present in the polymer. Thus, for example, multimodal polymer includes so called

“bimodal” polymer consisting of two fractions. In a particular embodiment, the

multimodal ethylene terpolymer described herein is a bimodal ethylene terpolymer.

The form of the molecular weight distribution curve, i.e. the appearance of

the graph of the polymer weight fraction as a function of its molecular weight, of a

multimodal polymer will show two or more maxima or is typically distinctly

broadened in comparison with the curves for the individual fractions. For example, if

a polymer is produced in a sequential multistage process, utilizing reactors coupled

in series and using different conditions in each reactor, the polymer fractions

produced in the different reactors will each have their own molecular weight

distribution and weight average molecular weight. When the molecular weight

distribution curve of such a polymer is recorded, the individual curves from these

fractions form typically together a broadened molecular weight distribution curve for

the total resulting polymer product. In the present invention, the at least three

polymerization steps (a)-(c) result in a multimodal ethylene terpolymer.

A terpolymer is a polymer comprising three different monomers. A n

ethylene terpolymer is therefore a copolymer of ethylene with two different

comonomers. In the sense of the invention, terpolymer may thereby also

encompass a multimodal ethylene composition(s) comprising three different

monomers. Preferably, in the ethylene terpolymer of the invention, the ethylene will

be the most abundant monomer present. Preferably, at least 50 wt% of the

monomers are ethylene, even more preferably at least 60 wt%, such as at least

70 wt%, such as at least 80 wt%.

Prepolymerisation step (a)

The process of the invention features a prepolymerization step, in which

ethylene and at least one C4-C12 comonomer are prepolymerised to produce a



copolymer component (i0) . The purpose of the prepolymerization is to polymerize a

small amount of polymer onto the catalyst at a low temperature and/or a low

monomer concentration. By prepolymerization it is possible to improve the

performance of the catalyst in slurry and/or modify the properties of the final

polymer. The prepolymerization step may be conducted in slurry or in gas phase.

Preferably, the prepolymerization is conducted in slurry, preferably in a loop reactor.

The prepolymerization is then preferably conducted in an inert diluent, preferably

the diluent is a low-boiling hydrocarbon having from 1 to 4 carbon atoms or a

mixture of such hydrocarbons.

The temperature in the prepolymerization step is typically from 0 to 90 °C,

preferably from 20 to 80 °C, more preferably from 40 to 70 °C, more preferably from

40 to 60 °C.

The pressure in the prepolymerisation step is not critical and is typically from

1 to 150 bar, preferably from 10 to 100 bar (1000 to 10000 kPa), e.g. 30 to 80 bar

(3000 to 8000 kPa).

Hydrogen may be fed into the reactor to control the molecular weight of the

polymer as known in the art. Hydrogen may thereby be preferably fed during one or

more polymerisation steps, preferably during all polymerisation steps. Furthermore,

one or more alpha-olefin comonomers are preferably added into the reactor e.g. to

control the density of the polymer product. The actual amount of such hydrogen and

comonomer feeds depends on the catalyst that is used and the desired melt index

(or molecular weight) and density (or comonomer content) of the resulting polymer.

Preferably, in the prepolymerisation step the ethylene is copolymerised with

a first C comonomer, such as a C4-i2 alpha-olefin Preferably this comonomer is

selected from 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene or 1-decene.

Preferably, in the prepolymerisation step, the ethylene is copolymerised with 1-

butene. Typically, the prepolymerised component (i0) will have a comonomer

content, preferably a C4 content, of 1-10 wt%, such as 1-6 wt% or 2-5 wt%.

Preferably, the polymer (i0) produced in the prepolymerisation stage has an

MFR2 of 30-80 g/1 Omin, especially 40-60 g/1 Omin.

In a particular embodiment, component (i0) forms 0.5 to 5.0 wt% of the

terpolymer.

First polymerisation step (b)



In step (b), ethylene and at least one C4-C12 comonomer are polymerised in

the presence of component (i0) to produce component (i). Preferably, the same

catalyst is used for the first polymerisation step (b), e.g. a single site catalyst.

Preferably the terpolymer is made using a slurry polymerization in a loop reactor

followed by a gas phase polymerization in a gas phase reactor (step (c).

The first polymerisation step (b) is typically a slurry polymerization which

may be conducted in any known reactor used for slurry polymerization. Such

reactors include a continuous stirred tank reactor and a loop reactor. It is especially

preferred to conduct the first polymerization in a loop reactor. Thus, in a typical

embodiment, both steps (a) and (b) are carried out in a loop reactor. In such

reactors the slurry may be circulated with a high velocity along a closed pipe by

using a circulation pump. Loop reactors are generally known in the art and

examples are given, for instance, in US4582816, US3405109, US3324093,

EP479186 and US5391654.

It is sometimes advantageous to conduct the slurry polymerization above

the critical temperature and pressure of the fluid mixture. Such operation is

described in US5391654. In such operation the temperature is typically from 85 to

110 °C, preferably from 90 to 105 °C and the pressure is from 40 to 150 bar,

preferably from 50 to 100 bar.

Typically, however, polymerisation stage (b) will be carried out at

temperatures of 50-1 20°C, such as 60-1 10°C or 70-1 00°C. The pressure in this

step is typically from 1 to 150 bar, preferably from 10 to 100 bar (1000 to 10000

kPa), e.g. 30 to 80 bar (3000 to 8000 kPa).

The slurry may be withdrawn from the reactor either continuously or

intermittently. A preferred way of intermittent withdrawal is the use of settling legs

where slurry is allowed to concentrate before withdrawing a batch of the

concentrated slurry from the reactor. The continuous withdrawal is advantageously

combined with a suitable concentration method, e.g. as disclosed in EP1310295

and EP1591460.

Hydrogen may be fed into the reactor to control the molecular weight of the

polymer as known in the art. Furthermore, one or more alpha-olefin comonomers

are preferably added into the reactor e.g. to control the density of the polymer

product. The actual amount of such hydrogen and comonomer feeds depends on

the catalyst that is used and the desired melt index (or molecular weight) and

density (or comonomer content) of the resulting polymer.



In the first polymerisation step (b), ethylene is copolymerised with a C4-C12

comonomer, e.g. 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene or 1-decene.

Preferably, in the first polymerisation step (b), the ethylene is copolymerised with 1-

butene or 1-hexene, typically 1-butene. Typically, ethylene will be copolymerised

with the same comonomer as that used in the prepolymerisation step. Typically, the

comonomer used in the prepolymerisation stage (a) and first polymerisation stage

(b) will be a different comonomer than the one used in the second polymerisation

step (c). Typically, the comonomer used in the prepolymerisation stage (a) and the

first polymerisation stage (b) will be a lower alpha olefin than the one used in the

second polymerisation step (c).

The comonomer/C2 ratio in polymer (i) is preferably in the range of

50-300 mol/kmol, e.g. 100-250 mol/kmol. This ratio will typically be a C4/C2 ratio.

The MFR2 of component (i) (which incorporates i0) is in the range of 30 to

80 g/min, preferably in the range 40-80 g/10min, such as 50-70 g/10min.

The MFR2 ratio i/i0 may be in the range 0.5 to 2.5, preferably 0.5 to 2.0,

more preferably 1.0 to 2.0, i.e. the MFR2 of the first polymerised component (i) is

preferably about the same as the MFR2 of the prepolymerised component (i0) .

The density of component (i) is preferably greater than 920 kg/m3, more

preferably greater than 930 kg/m3 or 940 kg/m3. Suitable ranges include 920-

960 kg/m3 or 930-950 kg/m3.

In a particular embodiment, component (i) (which incorporates component

i0) forms 10-70 wt% of the terpolymer, such as 20-60 wt%, 30-70 wt% or 30-50 wt%

of the terpolymer.

Second polymerisation step (c)

In polymerisation step (c), ethylene is copolymerised with at least one

C4-Ci 2 comonomer in the presence of component (i) to produce component (ii). In

step (c), ethylene is polymerised with at least one C -Ci 2 comonomer, preferably a

C6-Ci 2-alpha-olefin typically selected from the group consisting of 1-hexene, 4-

methyl-1-pentene, 1-octene and 1-decene, preferably 1-hexene.

In a particular embodiment, step (c) is carried out in the absence of

triethylaluminium (TEAL). In a particular embodiment, step (c) is carried out in the

absence of an alkylalumium cocatalyst. The combination of the absence of TEAL in

the gas phase step (c) and the relationship of the MFR of the prepolymer



component and the component (i) is especially important and this combination

forms a particular aspect of the invention.

The polymerization in the second polymerization zone is preferably

conducted in the gas phase, (i.e. in a gas phase reactor, or GPR), preferably in a

fluidized bed reactor, in a fast fluidized bed reactor or in a settled bed reactor, or in

any combination of these. The polymerization in the second polymerization zone is

more preferably conducted in a fluidized bed gas phase reactor. In this step,

ethylene is polymerized together with at least one C4-C12 comonomer in the

presence of a polymerization catalyst. The polymerisation step (c) is carried out in

the presence of the reaction mixture (i) from the first polymerization step. The

reactor typically contains a fluidized bed comprising the growing polymer particles

containing the active catalyst located above a fluidization grid.

The polymer bed is fluidized with the help of the fluidization gas comprising

the olefin monomer, eventual comonomer(s), eventual chain growth controllers or

chain transfer agents, such as hydrogen, and eventual inert gas. The fluidization

gas is introduced into an inlet chamber at the bottom of the reactor. One or more of

the above-mentioned components may be continuously added into the fluidization

gas to compensate for losses caused, among other, by reaction or product

withdrawal. The fluidization gas passes through the fluidized bed. The superficial

velocity of the fluidization gas must be higher that minimum fluidization velocity of

the particles contained in the fluidized bed, as otherwise no fluidization would occur.

On the other hand, the velocity of the gas should be lower than the onset velocity of

pneumatic transport, as otherwise the whole bed would be entrained with the

fluidization gas. When the fluidization gas is contacted with the bed containing the

active catalyst the reactive components of the gas, such as monomers and chain

transfer agents, react in the presence of the catalyst to produce the polymer

product. At the same time the gas is heated by the reaction heat.

The unreacted fluidization gas is removed from the top of the reactor and

cooled in a heat exchanger to remove the heat of reaction. The gas is cooled to a

temperature which is lower than that of the bed to prevent the bed from heating

because of the reaction. It is possible to cool the gas to a temperature where a part

of it condenses. When the liquid droplets enter the reaction zone they are

vaporised. The vaporisation heat then contributes to the removal of the reaction

heat. This kind of operation is called condensed mode and variations of it are

disclosed, among others, in WO-A-2007/025640, US-A-4543399, EP-A-699213 and



WO-A- 94/25495. It is also possible to add condensing agents into the recycle gas

stream, as disclosed in EP-A-696293. The condensing agents are non-

polymerizable components, such as n-pentane, isopentane, n-butane or isobutane,

which are at least partially condensed in the cooler.

The gas is then compressed and recycled into the inlet chamber of the

reactor. Prior to the entry into the reactor fresh reactants are introduced into the

fluidization gas stream to compensate for the losses caused by the reaction and

product withdrawal. It is generally known to analyze the composition of the

fluidization gas and introduce the gas components to keep the composition

constant. The actual composition is determined by the desired properties of the

product and the catalyst used in the polymerization. The catalyst may be introduced

into the reactor in various ways, either continuously or intermittently. Where the gas

phase reactor is a part of a reactor cascade the catalyst is usually dispersed within

the polymer particles from the preceding polymerization stage. The polymer

particles may be introduced into the gas phase reactor as disclosed in EP-A-

1415999 and WO-A-OO/26258. Especially if the preceding reactor is a slurry reactor

it is advantageous to feed the slurry directly into the fluidized bed of the gas phase

reactor as disclosed in EP-A-887379, EP-A-887380, EP-A-887381 and EP-A-

991684. The polymeric product may be withdrawn from the gas phase reactor

either continuously or intermittently. Combinations of these methods may also be

used. Continuous withdrawal is disclosed, among others, in WO-A-OO/29452.

Intermittent withdrawal is disclosed, among others, in US-A-4621952, EP-A-

188125, EP-A-250169 and EP-A-579426.

Also antistatic agent(s), such as water, ketones, aldehydes and alcohols,

may be introduced into the gas phase reactor if needed. The reactor may also

include a mechanical agitator to further facilitate mixing within the fluidized bed.

Typically the second polymerisation stage (c) is operated at a temperature

within the range of from 50 to 100 °C, preferably from 65 to 90 °C. The pressure is

typically from 5 to 40 bar, preferably from 10 to 30 bar.

In a particular embodiment, component (ii) forms 30 to 70 wt% of the

terpolymer, such as 40-70 wt% or 50-70 wt% of the terpolymer.

Catalyst



Any catalyst may be used to prepare the terpolymer of the invention, such a

Ziegler Natta or single site catalyst. Preferred Ziegler-Natta catalysts comprise a

transition metal component and an activator. The transition metal component

comprises a metal of Group 4 or 5 of the Periodic System (IUPAC) as an active

metal. In addition, it may contain other metals or elements, like elements of Groups

2 , 13 and 17. Preferably, the transition metal component is a solid. More preferably,

it has been supported on a support material, such as inorganic oxide carrier or

magnesium halide. Examples of such catalysts are given, among others in WO

95/35323, WO 01/55230, WO 2004/000933, EP 810235 and WO 99/51646.

Preferably, terpolymer is produced using a single site catalyst, which

includes metallocene catalyst and non-metallocene catalyst, which all terms have a

well-known meaning in the art. The term "single site catalyst" means herein the

catalytically active metallocene compound or complex combined with a cocatalyst.

The metallocene compound or complex is referred herein also as organometallic

compound (C). The organometallic compound (C) comprises a transition metal (M)

of Group 3 to 10 of the Periodic Table (IUPAC 2007) or of an actinide or lanthanide.

The term "an organometallic compound (C)" in accordance with the present

invention includes any metallocene or non-metallocene compound of a transition

metal which bears at least one organic (coordination) ligand and exhibits the

catalytic activity alone or together with a cocatalyst. The transition metal

compounds are well known in the art and the present invention covers compounds

of metals from Group 3 to 10, e.g. Group 3 to 7 , or 3 to 6 , such as Group 4 to 6 of

the Periodic Table, (IUPAC 2007), as well lanthanides or actinides. In an

embodiment the organometallic compound (C) has the following formula (I):

(L)mR MXq (I)

wherein "M" is a transition metal (M) transition metal (M) of Group 3 to 10 of the

Periodic Table (IUPAC 2007),

each "X" is independently a monoanionic ligand, such as a o-ligand,

each "L" is independently an organic ligand which coordinates to the

transition metal "M",

"R" is a bridging group linking said organic ligands (L),

"m" is 1, 2 or 3 , preferably 2 ;

"n" is 0 , 1 or 2 , preferably 1 ,



"q" is 1, 2 or 3 , preferably 2 and

m+q is equal to the valency of the transition metal (M).

"M" is preferably selected from the group consisting of zirconium (Zr), hafnium (Hf),

or titanium (Ti), more preferably selected from the group consisting of zirconium (Zr)

and hafnium (Hf). "X" is preferably a halogen, most preferably Cl.

Most preferably the organometallic compound (C) is a metallocene complex

which comprises a transition metal compound, as defined above, which contains a

cyclopentadienyl, indenyl or fluorenyl ligand as the substituent "L". Further, the

ligands "L" may have substituents, such as alkyl groups, aryl groups, arylalkyl

groups, alkylaryl groups, silyl groups, siloxy groups, alkoxy groups or other

heteroatom groups or the like. Suitable metallocene catalysts are known in the art

and are disclosed, among others, in WO-A- 95/12622, WO-A-96/32423, WO-A-

97/281 70, WO-A-98/32776, WO-A-99/61 489, WO-A- 03/01 0208, WO-A-03/051 934,

WO-A-03/051514, WO-A-2004/085499, EP-A- 1752462 and EP-A-1739103.

The use of bis(1-methyl-3-n-butylcyclopentadienyl) zirconium (IV) chloride is

especially preferred. Most preferred single site catalyst is a metallocene catalyst

which means the catalytically active metallocene complex, as defined above,

together with a cocatalyst, which is also known as an activator. Suitable activators

are metal alkyl compounds and especially aluminium alkyl compounds known in the

art. Especially suitable activators used with metallocene catalysts are

alkylaluminium oxy-compounds, such as methylalumoxane (MAO),

tetraisobutylalumoxane (TIBAO) or hexaisobutylalumoxane (HIBAO).

In a particular embodiment, the polymerisation in steps (a) to (c) in the

process of the invention is carried out in the presence of the same catalyst.

Typically, therefore, the catalyst components are preferably all introduced to the

prepolymerization step.

Terpolymer

The terpolymer may be formed from ethylene along with at least two C4-C12

comonomers, e.g. 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene or 1-decene.

In all embodiments of the invention, the term comonomer will typically refer to

alpha-olefins. Preferably, the terpolymer contains ethylene and two comonomers



selected from 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene or 1-decene,

preferably 1-butene and 1-hexene. Typically, the terpolymer will comprise 1-butene

and one higher alpha olefin comonomer. Such higher alpha-olefin comonomers are

preferably C6-C1 2-alpha-olefins selected from the group of 1-hexene, 4-methyl-1-

pentene, 1-octene and 1-decene, more preferably 1-hexene or 1-octene, most

preferably 1-hexene is used as second comonomer along with 1-butene.

Whilst it is possible for any component to comprise two or more

comonomers, it is preferred if the components i0, i and i i comprise a single

comonomer to ethylene. A further option is an ethylene butene copolymer as

component i0 and i and an ethylene butene hexene terpolymer as component ii.

In a particular embodiment, the combination of ethylene and the two

additional comonomers make up 90% by weight or more of the terpolymer,

preferably 95% or more, more preferably 99% or more. In a particular embodiment,

ethylene and the two further comonomers make up the entirety of the terpolymer.

Preferably, the terpolymer comprises an ethylene-butene copolymer and an

ethylene-hexene copolymer component. In a particular embodiment, in the

terpolymer:

component (i0) is a copolymer of ethylene and 1-butene;

component (ia) is a copolymer of ethylene and 1-butene; and/or

component (ii) is a copolymer of ethylene and 1-hexene.

Typically, the MFR2 of the terpolymer is in the range of 1.5 to 10 g/10min,

preferably 1.6 to 10 g/10min or 1.6 to 8 g/10min. Other suitable MFR2 ranges are

1.5 to 8.0 g/1 Omin, 1.5 to 6.0 g/1 Omin, or 2.0 to 6.0 g/1 Omin. The polymer produced

in step (c) (i.e. component ii) typically has a lower MFR2 than the polymer produced

in step (b) (i.e. component i)

Typically, the MFR 2I of the terpolymer is in the range of 30-200 g/1 Omin,

such as 50-150 g/10min, 50-130 g/10min or 60-120 g/10min.

Typically, the terpolymer will have an FRR (MFR2 1/MFR 2 ratio) in the range

of equal to or greater than 20. Other suitable FRR ranges include 15 to 35, such as

18 to 28 or 20 to 25.

The terpolymer preferably has a density in the range of 905 to 940 kg/m3.

Other suitable density ranges include 910-935 kg/m3, preferably 910-930 kg/m3,

especially 915-930 kg/m3.

One advantageous property of the terpolymers produced by the process of

the invention is that they possess low gel content. It will be appreciated that the



specific gel level in a polymer depends on the nature of the process, e.g. whether

pilot or industrial scale, however the gel counts observed in the present invention

are low compared to an equivalent process in which, for example, the MFR of the

prepolymer component does not meet the requirements of the invention.

In a particular aspect, the invention provides an ethylene terpolymer

comprising:

( 10) 0 .5-5.0 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer having an MFR2 of 30 to 80 g/1 Omin;

(ia) 25-69.5 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer different from (i0) wherein the MFR2 of components (i0) and (ia)

combined is 30 to 80 g/1 0 min and wherein the MFR2 ratio of (ia + i0)/(i ) is in the

range of 0.5 to 2.5; and

(11) 30-70 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer different from (i0) and (i);

wherein the MFR2 of the terpolymer is 1.5 to 10 g/1 Omin, and wherein

the density of the terpolymer is 905 to 940 kg/m3

In a particular embodiment, the terpolymer has a ratio of Mz+1/Mw of at

least 3.0 such as in the range 3 .0-4.5 , preferably 3 .0-4.4 .

In a further particular embodiment, the terpolymer has Mz/Mw of at least 2.0

such as in the range 2.0 to 4.0, more preferably in the range 2 .0-3.8 .

The terpolymer of the invention is also believed to have a unique molecular

signature. This can be characterised using crossfractionation chromatography

(CFC). The Mz(max) is maximum Mz value of the fraction eluting in CFC at a

temperature of 30 to 82°C. The Mz (>90°C) is the maximum Mz of the fraction

eluting at >90°C or more in CFC. It is especially interesting, if the terpolymer of the

invention satisfies the equation:

Mz(max) / Mz(>90°C) > 1.5.

Values for the Mz(max) may be in the range of 180,000 to 250,000. The

Mz(max) preferably occurs at an elution temperature of between 65 and 82°C in

CFC. The Mz>90°C is typically in the range of 80,000 to 130,000. The CFC

method is described in Macromol. Symp. 2007, 257, 13-28 Ortin et al.



In particular, the combination of MFR2 of 2.0 to 6.0 g/1 Omin, a density of 9 15

to 920 kg/m3 and an Mz(max) / Mz(>90°C) > 1.5 is advantageous.

Article

The terpolymer of the invention may be used in the manufacture of any

article such as a pipe, moulded article (blow, injection or rotomoulded articles) such

as a cap or closure, artificial sports surface, geomembrane, and so on. The

terpolymer of the invention is particularly suitable for use in films.

Typically, the film of the invention comprises at least one layer comprising

the ethylene terpolymer of the invention. The film can be a monolayer film

comprising the terpolymer or a multilayer film, wherein at least one layer of the film

comprises the terpolymer. The terms "monolayer film" and multilayer film" have well

known meanings in the art.

The monolayer film or layer of multilayer film of the invention may consist of

the terpolymer as such or comprise a blend of the terpolymer together with further

polymer(s). In case of blends, any further polymer is different from the terpolymer

and is preferably a polyolefin such as an LLDPE or LDPE.

Preferably, the at least one layer of the invention comprises at least 50 wt%,

preferably at least 60 wt%, preferably at least 70 wt%, more preferably at least 80

wt%, of the terpolymer of the invention. More preferably said at least one layer of

the film of invention consists of the terpolymer of the invention.

In this regard, it will be appreciated that the below mentioned additives, like

processing aids, can optionally be added to any layer during the film preparation

process. A film layer which “consists of the terpolymer of the invention may still

contain standard polymer additives, e.g. 0 to 10 wt% of such additives. The term

“consists of” excludes the presence of other polymer components (other than

polymers that act as additive carriers, i.e. a masterbatch).

Accordingly, the films of the present invention may comprise a single layer

(i.e. monolayer) or may be multilayered. Multilayer films typically, and preferably,

comprise at least 3 layers.

The films are preferably produced by any conventional film extrusion

procedure known in the art including cast film and blown film extrusion. Most

preferably, the film is a blown or cast film. E.g. the blown film is produced by



extrusion through an annular die and blowing into a tubular film by forming a bubble

which is collapsed between nip rollers after solidification. The film can then be slit,

cut or converted (e.g. gusseted) as desired. In a preferred embodiment, the film is a

cast film.

Conventional film production techniques may be used in this regard. If the

preferable blown or cast film is a multilayer film then the various layers are typically

coextruded. The skilled man will be aware of suitable extrusion conditions.

The resulting films may have any thickness conventional in the art. The

thickness of the film is not critical and depends on the end use. Thus, films may

have a thickness of, for example, 300 pm or less, typically 6 to 200 pm, preferably

10 to 180 pm, e.g. 20 to 150 pm or 20 to 120 pm. If desired, the polymer of the

invention enables thicknesses of less than 100 pm, e.g. less than 50 pm. Films of

the invention with thickness even less than 20 pm can also be produced whilst

maintaining good mechanical properties.

The films of the invention can be employed in a wide variety of end

applications however they are of particular interest in the manufacture of food, drink

and medical packaging. In particular the films may be utilised in lidding films,

especially in conjunction with thermoformed containers made from a multilayer

structure similar to that of the lid.

The films are of particular use in the packaging of products in which a tray is

formed by thermoforming and a film applied across the top of that tray. Such

packaging is common for cold meats, fish, fruit and so on. The low gel content

leads to low extractables and hence a film that is attractive for food contact.

It is also possible to laminate the films of the invention to a substrate.

Lamination techniques are well known in the art and substrate options include metal

foils, other polyolefins, polymeric supports based on barrier films such as

polyamides and so on.

Brief description of the Figures

Figure 1 shows molecular weight averages (Mw, Mz, and Mz+1 ) for

inventive examples 1 and 4 in CFC.

Examples

Melt Flow Rate



The melt flow rate) is determined according to ISO 1133 and is indicated in g/10

min. The MFR is an indication of the melt viscosity of the polymer. The MFR is

determined at 190°C for polyethylene. The load under which the melt flow rate is

determined is usually indicated as a subscript, for instance MFR2 is measured

under 2.16 kg load (condition D), MFR5 is measured under 5 kg load (condition T)

or MFR 2I is measured under 2 1 .6 kg load (condition G).

Density

Density of the polymer was measured according to ISO 1183 / 1872-2B

Molecular weight

Molecular weight averages, molecular weight distribution (Mn, Mw, Mz, MWD)

Molecular weight averages (Mz, Mw and Mn), Molecular weight distribution

(MWD) and its broadness, described by polydispersity index, PDI= Mw/Mn

(wherein Mn is the number average molecular weight and Mw is the weight average

molecular weight) were determined by Gel Permeation Chromatography (GPC)

according to ISO 16014-1:2003, ISO 16014-2:2003, ISO 16014-4:2003 and ASTM

D 6474-12 using the following formulas:

For a constant elution volume interval AVj, where A;, and M; are the

chromatographic peak slice area and polyolefin molecular weight (MW),

respectively associated with the elution volume, Vi, where N is equal to the number

of data points obtained from the chromatogram between the integration limits.



A high temperature GPC instrument, equipped with an infrared (IR) detector IR5

from PolymerChar (Valencia, Spain), equipped with 3 x Agilent-PLgel Olexis and

l x Agilent-PLgel Olexis Guard columns was used. As the solvent and mobile phase

1,2,4-trichlorobenzene (TCB) stabilized with 250 mg/L 2,6-Di tert butyl-4-methyl-

phenol) was used. The chromatographic system was operated at 160 °C and at a

constant flow rate of 1 mL/min. 200 L of sample solution was injected per analysis.

Data collection was performed using PolymerChar GPC-IR control software.

The column set was calibrated using universal calibration (according to ISO 16014-

2:2003) with 19 narrow MWD polystyrene (PS) standards in the range of 0.5 kg/mol

to 11 500 kg/mol. The PS standards were dissolved at room temperature over several

hours. The conversion of the polystyrene peak molecular weight to polyolefin

molecular weights is accomplished by using the Mark Houwink equation and the

following Mark Houwink constants:

K p = 19 x 10 3 mL/g,aps = 0.655

0.725

K pP = 19 x 10 3 mL/g,app = 0.725

A third order polynomial fit was used to fit the calibration data.

All samples were prepared in the concentration range of 0.5 - 1 mg/ml and

dissolved at 160 °C for 2.5 hours for PP or 3 hours for PE under continuous gentle

shaking.

Description

Quantification of microstructure by NMR spectroscopy

Quantitative nuclear-magnetic resonance (NMR) spectroscopy was used to quantify

the content of unsaturated groups present in the polymers.

Quantitative 1H NMR spectra recorded in the solution-state using a Bruker Avance

III 400 NMR spectrometer operating at 400.15 MHz. All spectra were recorded

using a 1 C optimised 10 mm selective excitation probehead at l25°C using nitrogen

gas for all pneumatics. Approximately 250 mg of material was dissolved in 1,2-



tetrachloroethane-<i 2 (TCE-<7 ) using approximately 3 mg of Hostanox 03 (CAS

32509-66-3) as stabiliser. Standard single-pulse excitation was employed utilising a

30 degree pulse, a relaxation delay of 10 s and 10 Hz sample rotation. A total of 128

transients were acquired per spectra using 4 dummy scans. This setup was chosen

primarily for the high resolution needed for unsaturation quantification and stability

of the vinylidene groups he lOa, busico05a} All chemical shifts were indirectly

referenced to TMS at 0.00 ppm using the signal resulting from the residual

protonated solvent at 5.95 ppm.

Characteristic signals corresponding to the presence of terminal aliphatic vinyl

groups (R-CH=CH 2) were observed and the amount quantified using the integral of

the two coupled inequivalent terminal CH2 protons (Va and Vb) at 4.95, 4.98 and

5.00 and 5.05 ppm accounting for the number of reporting sites per functional

group:

Nvinyl = IVab / 2

Characteristic signals corresponding to the presence of internal vinylidene groups

(RR’C=CH 2) were observed and the amount quantified using the integral of the two

CH2 protons (D) at 4.74 ppm accounting for the number of reporting sites per

functional group:

Nvinylidene = ID / 2

When characteristic signals corresponding to the presence of internal cis-vinylene

groups (£'-RCH=CHR’), or related structure, were observed, then the amount

quantified using the integral of the two CH protons (C) at 5.39 ppm accounting for

the number of reporting sites per functional group:

Ncis = IC / 2

When characteristic signals corresponding to the presence of internal cis-vinylene

groups (£'-RCH=CHR’), or related structure, were not visually observed, then these

groups were not counted and the parameter Ncis was not used.

Characteristic signals corresponding to the presence of internal trans-vinylene

groups (Z-RCH=CHR’) were observed and the amount quantified using the integral

of the two CH protons (T) at 5.45 ppm accounting for the number of reporting sites

per functional group:

Ntrans = IT / 2



Characteristic signals corresponding to the presence of internal trisubstituted-

vinylene groups (RCH=CR’R”), or related structure, were observed and the amount

quantified using the integral of the CH proton (Tris) at 5.14 ppm accounting for the

number of reporting sites per functional group:

Ntris = ITris

The Hostanox 03 stabliser was quantified using the integral of multiplet from the

aromatic protons (A) at 6.92, 6.91, 6.69 and at 6.89 ppm and accounting for the

number of reporting sites per molecule:

H = IA / 4

As is typical for unsaturation quantification in polyolefins the amount of

unsaturation was determined with respect to total carbon atoms, even though

quantified by 1H NMR spectroscopy. This allows direct comparison to other

microstructure quantities derived directly from 1 C NMR spectroscopy.

The total amount of carbon atoms was calculated from integral of the bulk aliphatic

signal between 2.85 and - 1.00 ppm with compensation for the methyl signals from

the stabiliser and carbon atoms relating to unsaturated functionality not included by

this region:

NCtotal = (Ibulk - 42*H) / 2 + 2*Nvinyl + 2*Nvinylidene + 2*Ncis + 2*Ntrans +

2*Ntris

The content of unsaturated groups (U) was calculated as the number of unsaturated

groups in the polymer per thousand total carbons (kCHn):

U = 1000*Ν / NCtotal

The total amount of unsaturated group was calculated as the sum of the individual

observed unsaturated groups and thus also reported with respect per thousand total

carbons:

Utotal = Uvinyl + Uvinylidene + Ucis + Utrans + Utris

The relative content of a specific unsaturated group (U) is reported as the fraction or

percentage of a given unsaturated group with respect to the total amount of

unsaturated groups:

[U] = Ux / Utotal
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Cross Fractionation Chromatography (CFC):

The chemical composition distribution as well as the determination of the molecular

weight distribution and the corresponded molecular weight averages (Mn, Mw and

Mv) at a certain elution temperature (polymer crystallinity in solution) were

determined by a full automated Cross Fractionation Chromatography (CFC) as

described by Ortin A., Monrabal B., Sancho-Tello J., Macromol. Symp., 2007, 257,

13-28.

A CFC instrument (PolymerChar, Valencia, Spain) was used to perform the cross-

fractionation chromatography (TREF x SEC). A four-band IR5 infrared detector

(PolymerChar, Valencia, Spain) was used to monitor the concentration. Around 40

mg of the polymer sample was dissolved in 25 ml TCB in the stainless steel vessel

for 150 min at 150 °C. Once the sample was completely dissolved an aliquot of 0.5

ml was loaded into the TREF column and stabilized for a while at 110 °C. The

polymer was crystallized and precipitate to a temperature of 30°C by applying a

constant cooling rate of 0.1 °C/min. A discontinuous elution process is performed

using the following temperature steps: (30, 40, 45, 50, 53, 56, 59, 62, 64, 66, 69,

72, 76, 79, 82, 85, 89, 9 1, 93, 95, 97, 100, 110, and 120)

In the second dimension, the GPC analysis, 3 PL Olexis columns and 1x Olexis

Guard columns from Agilent (Church Stretton, UK) were used as stationary phase.

As eluent 1,2,4-trichlorobenzene (TCB, stabilized with 250 mg/L 2,6-Di tert butyl-4-

methyl-phenol) at 150 °C and a constant flow rate of 1 mL/min were applied. The

column set was calibrated using universal calibration (according to ISO 16014-

2:2003) with at least 15 narrow MWD polystyrene (PS) standards in the range of

0.5 kg/mol to 11 500 kg/mol. Following Mark Houwink constants were used to

convert PS molecular weights into the PE molecular weight equivalents.

K S = 19 x 10 3 ml_/g, a PS = 0.655

K pE = 39 x 10 3 mL/g, a PP = 0.725



A third order polynomial fit was used to fit the calibration data. Data processing was

performed using the software provided from PolymerChar with the CFC instrument.

Mz ratio:

The Mz ratio is calculated in the following way:

Mz ratio = (Mz(max)/Mz>90°C)

Mz(max) is the Mz value of the molecular weight distribution at the peak maximum

of the CFC fraction eluting between 30 and 82°C, where Mz>90°C is the Mz value

of the molecular weight distribution at the peak maximum of the CFC fraction

eluting above 90°C.

If there is no peak maximum for the fraction eluting below 82°C, the elution

temperature for the corresponded molecular weight distribution to determine

Mz(max) is 82°C. The Mz (max) or Mz>90°C is the z-average molecular weight of

the polymer fraction eluting at the corresponded peak maximum or if the peak

maximum is between two CFC fractions, the Mz is obtained by a linear regression.

Catalyst preparation

130 grams of a metallocene complex bis(1-methyl-3-n-butylcyclopentadienyl)

zirconium (IV) dichloride (CAS no. 151840-68-5), and 9.67 kg of a 30% solution of

commercial methylalumoxane (MAO) in toluene were combined and 3.18 kg dry,

purified toluene was added. The thus obtained complex solution was added onto 17

kg silica carrier Sylopol 55 SJ (supplied by Grace) by very slow uniform spraying

over 2 hours. The temperature was kept below 30°C. The mixture was allowed to

react for 3 hours after complex addition at 30°C.

Table 1: Preparation of inventive examples 1-4





Comparative polymers were prepared following the protocols in table 2 using the

same catalyst.

Table 2





Table 3b



In Table 3a/b, the inventive examples with the high MFR for component (i0) produce

terpolymers with lower gel counts. In comparative examples C 1 to C4, the

prepolymer fraction has an MFR of ~5 g/10min, and triethylaluminium (TEAL) was

used as a cocatalyst in the GPR phase to scavenge impurities and activate the

catalyst in the GPR. In the inventive examples 1-4, no TEAL was used. By

matching the MFR of the prepolymerised component (io) to the polymerised

component (i), beneficial gel count properties are obtained.

When employed as a layer in a multilayer film, the inventive examples

produce films with better processability than competitor materials with comparable

MFR, density and comonomer content. See Table 4 below:

Table 4 : Comparison of competitor grades with inventive examples

Exceed 351 8CB is a metallocene ethylene hexene copolymer.

ELTEX PF6130AA is a metallocene ethylene hexene copolymer.

Exceed 3527PA is a metallocene ethylene hexene copolymer.

Table 5 : Molecular weight data for the terpolymers of the invention



where Mz(max) is the highest Mz value determined by GPC of TREF fraction

obtained by CFC analysis which are eluting between 30 and 82°C.



Claims

1. A process for preparing an ethylene terpolymer comprising the steps of:

(a) pre-polymerizing ethylene and at least one C4-C12 comonomer to

produce a copolymer component (i0) having a MFR2 in the range of 30 to

80 g/10min;

(b) in the presence of component (i0) , copolymerizing ethylene with a C4-

C12 comonomer to produce component (i) wherein the MFR2 of

component (i) is in the range of 30 to 80 g/10min;

(c) in the presence of component (i), polymerizing ethylene and at least one

C4-C12 comonomer to produce component (ii);

wherein the MFR2 ratio of (i)/(i0) is in the range of 0.5 to 2.5;

wherein the MFR2 of the terpolymer is 1.5 to 10 g/1 Omin, and wherein

the density of the terpolymer is 905 to 940 kg/m3.

2 . The process as claimed in 1, wherein step c) is carried out in the absence of

TEAL.

3 . The process as claimed in claim 1 or 2 , wherein the polymerisation in steps

(a) to (c) is carried out in the presence of the same single site catalyst.

4 . The process of claim 1 to 3 wherein component (io) forms 0.5 to 5.0 wt% of

the terpolymer, component (i) (which incorporates component i0) forms 30 to 70

wt% of the terpolymer and component (ii) forms 30 to 70 wt% of the terpolymer.

5 . The process of any preceding claim in which steps (a) and (b) are carried

out in a loop reactor and step (c) in a gas phase reactor.

6 . An ethylene terpolymer, such as a multimodal ethylene terpolymer,

comprising:

(i0) 0 .5-5.0 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer having an MFR2 of 30 to 80 g/1 Omin;

(ia) 25-69.5 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer different from (i0) wherein the MFR2 of components (i0) and (ia)



combined is 30 to 80 g/10 min and wherein the MFR2 ratio of (ia + i0)/(i ) is in the

range of 0.5 to 2.5; and

(ii) 30-70 wt.% of a copolymer of ethylene and at least one C4-C12

comonomer different from (i0) and (i);

wherein the MFR2 of the terpolymer is 1.5 to 10 g/1 Omin, and wherein

the density of the terpolymer is 905 to 940 kg/m3

7 . An ethylene terpolymer as claimed in claim 6 having a ratio of Mz+1/Mw of

at least 3.0 such as in the range 3 .0-4.5 ; and /or satisfying the equation

Mz(max) / Mz(>90°C) > 1.5.

8 . An ethylene terpolymer as claimed in claim 5 to 7 having an Mz/Mw of at

least 2.0 such as in the range 2.0 to 4.0, more preferably in the range 2 .0-3.8 .

9 . An ethylene terpolymer as claimed in claim 6 to 8 , having a density in the

range of 910-930 kg/m3.

10. An ethylene terpolymer as claimed in claim 6 to 9 having an MFR2 of

1.5-8.0 g/1 Omin, preferably 2 .0-6.0 g/1 Omin.

11. An ethylene terpolymer as claimed in claim 6 to 10 having an FRR

(MFR21/MFR2) equal to or greater than 20.0.

12. An ethylene terpolymer as claimed in claim 6 to 11, wherein component (i)

has a density in the range 920-960 kg/m3, preferably 930-950 kg/m3; and/or an

MFR2 in the range 40-80 g/1 Omin.

13. An ethylene terpolymer as claimed in claim 6 to 12 wherein said terpolymer

comprises 30-50 wt% of component (i) and 50-70 wt% of component (ii).

14. An ethylene terpolymer as claimed in claim 6 to 13, wherein component (i0)

is a copolymer of ethylene and 1-butene;

component (ia) is a copolymer of ethylene and 1-butene; and/or

component (ii) is a copolymer of ethylene and 1-hexene.



15 . An ethylene terpolymer obtainable by the process of any of claims 1-5.

16 . An article comprising an ethylene terpolymer as claimed in any of claims 6

to 14, or, 15, preferably a film.
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