LOOP TYPE REACTOR FOR POLYMERIZATION The present

invention is concerned with olefin polymerisation in slurry phase loop
Naatrsl 3R Yarticular in multiple reactor systems.  Shiny pPEEEB2007/001862
polymerisation of olefins is well known wherein an olefin monomer and
optionally olefin comonomer are polymerised in the presence of a catalyst

in a diluent in which the solid polymer product is suspended and
transported.  This RRAENTHETFISEHERIRcAM} rRIGHEEREZpERPherisation in at
least one loop reactor of a multiple reactor system where the shiny is
circulated in the reactor typically by means of a pump or agitator. Liquid
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multiple reactor system can vary but is typically in the range 10 to 120 m® the loop reactors
of the present invention are of this generic type.

Maximum commercial scale loop reactor plant capacities have increased steadily
over the years. Growing operating experience over the last few decades has led to
operation of increasingly high slurry and monomer concentrations in reaction loops. The
increase in slurry concentrations has typically been achieved with increased circulation
velocities achieved for example by higher reactor circulation pump head or multiple
circulation pumps as illustrated by EP 432555 and EP 891990, The increase in solids

loading is desirable to increase reactor residence time for a fixed reactor volume and also



to reduce downstream diluent treatment and recycling requirements. The
increased velocity and head requirement of the loop has however led to
MerdM3itg2dump design sizes and complexity, and energy cMESuUGH3eTE)1862
as shiny concentrations increase. This has both capital and operating cost
implications.  Historically relatively high circulation velocity has typically
been maintained in the reaction loop in order to ensure good thermal,
compbsttidrvalsaemhptiltiglctastnbutiohracrdsy thaieactus. CTbs saseatiain,
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the energy consumed per unit weight of polymer produced) of the loop reactor is reduced

whilst maintaining a given reactor residence time and avoiding unacceptable reactor
fouling. The invention is especially advantageous when it is desired to design and operate
a reactor at high solids loadings when it has previously been considered necessary to use

what have now been found to be excessively high loop circulation velocities.



Typically, in the slurry polymerisation process of polyethylene, the shiny in
the reactor will comprise the particulate polymer, the hydrocarbon

Wi &R(4$8%80) monomer(s), catalyst, chain terminators suchP&GRIA878¢1862
and other reactor additives. In particular the slurry will comprise 20-75,
preferably 30-70 weight percent based on the total weight of the slurry of
particulate polymer and 80-25, preferably 70-30 weight percent based on
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operationally reliable for at least one of the reactors of a multiple reactor system. This is
contrary to what the man skilled in the art would believe to be the case in the light of
conventional process conditions where the internal diameter of the reactor is no greater
than 600 millimetres and is typically about 500 millimetres.

The solids concentration in the slurry in the at least one loop reactor is preferably
at least 20 volume %, more preferably at least 25 volume%, and most preferably at least 30
volume%s, where volume % is [(total volume of the slurry — volume of the suspending
medium)/(total volume of the slurry)] x100. The solids concentration measured as weight

percentage which is equivalent to that measured as volume percentage will vary according



We have found that operation of a polymerisation process in a multiple
reactor system where at least one of reactors has an internal diameter of
WG #ATTlimetres - ie a larger diameter reactor than is coRGaEBINATK01862
used in slurry polymerisation - can be carried out without any significant
problems, particularly with regard to fouling at the reactor walls.

Preferably greater than 50% of the total length of the loop reactor has an
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reaetatsitarahlenst«angilpapaRarton ofsaAnultiple reactor system as set
out herein above enables reactors, for example having volumes of greater
than 80 m3, to be built with a reactor length to diameter ratio of less than
500, preferably less than 400 more preferably less than 250. Reduction in
reactor length to diameter ratio minimises compositional gradients around
the reaction loop and enables production rates of greater than 25 tonnes
(per reactor) per hour to be achieved with only a single point of
introduction for each reagent around4he reaction loop. Alternatively it is
possible to have multiple inlets into the loop reactor for reactants (e.g.
olefins), catalyst, or other additives. = Where a reactor system is
designed to operate different catalyst types (eg Ziegler-Nana, chromium
and/or metallocene) or a catalyst system where the activity or production

ratio required varies significantly between reactors under different
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In a further embodiment of the present invention it is preferred that the

loop reactor has horizontal and vertical sections, and the vertical sections
VP88t least 50% preferably at least 60% more preferaB§TER48T/001862
70% of the total length of the reactor. It is also preferred that the

density span of the polymer powder particles (defined as the absolute
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is less onerous than for conventional processes.

Reactor size is typicaliy over 10m®, usually over 25m? in particular over 50m® for
example 75-200m® preferably in the range 100-175m’.,

Use of higher internal diameter reactors for at least one loop reactor of a multiple
reactor system as set out herein above enables reactors, for example having volumes of
greater than 80 m’, to be built with a reactor length to diameter ratio of less than 500,
preferably leés than 400 more preferably less than 250. Reduction in reactor length to
diameter ratio minimises compositional gradients around the reaction loop and enables
production rates of greater than 25 tonnes (per reactor) per hour to be achieved with only a
single point of introduction for each reagent around the reaction loop. Alternatively it is
possible to have multiple inlets into the loop reactor for reactants (e.g. olefins), catalyst, or
other additives. |

Where a reactor system is designed to operate different catalyst types (eg Ziegler-
Natta, chromium and/or metallocene) or a catalyst system where the activity or production
ratio required varies significantly between reactors under different operating regimes,
reactors of equal volume reactors are typically used in order to accommodate the entire
grade range with maximum flexibility. The existence of such externally imposed reactor
dimensions places constraints on the operating window available for each reactor, and thus
on the ability to balance reactor activity, product quality, throughput and cooling in each
reactor. It is generally preferred that such reactors have the same average internal diameter,

it is most preferred that the reactors are constructed to the same dimensions.



090 : value under which 90% by weight of the particles are collected. 1595

; value under which 95% by weight of the particles are collected. A
VBRI Mbodiment also maintains a particle size distribuR6H/€B#PTHAL862
(D90- D10)/D50 is less than 2, preferably less than 1.5, more preferably
less than 1.2. It is also preferred that 095 is less than 2000pm, preferably
less than 1500pm, more preferably less than 1000pm, most preferably
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D5 : value under which 5% by weight of the particles are collected;

D10 : value under which 10% by weight of the particles are collected:

D50 : value under which 50% by weight of the particles are collected;

D90 : value under which 90% by weight of the particles are collected.

D95 : value under which 95% by weight of the particles are collected.

A preferred embodiment also maintains a particle size distribution such that (D90~
D10)/D50 is less than 2, preferably less than 1.5, more preferably less than 1.2. It is also
preferred that DS is less than 2000um, preferably less than 1500pum, more preferably less
than 1000pm, most preferably less than 355um where D95, D90, D50 and D10 are defined
such that 95wt%, 90wt%, S0wt% or 10wt% of the polymer particles have a diameter of
less than D95, D90, D50 and D10 respectively. The average particle size D50 is preferably
between 100 and 1500 microns, most preferably between 150 and 1000 microns.

A particularly preferred embodiment has a particle size distribution such that D93 is
less than 355pum and (D90-D10)/D50 is less than 1.2, where D95, D90, D50 and D10.

A further independent aspect of the invention provides a process comprising
polymerising in a loop reactor of a continuous tubular construction an olefin monomer

optionally together with an olefin comonomer in the presence of a polymerisation catalyst



According to another preferred embodiment of the present invention, it
has been found that the claimed control, i.e. the maintenance of the

YO/ SIAH below certain values, was highly critical for theFh&alf3ee w1862

catalysts. A further benefit of the present invention is to improve the
speed and safety associated with start-ups and grade transitions. When
changing grades, the compositions of monomers and hydrogen and the
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1t has particularly been found that stable operation of high capacity reactors,
particularly large diameter loop reactors, can be optimised by strictly controlling the
density span of the powder within or withdrawn from the reactor.

With many catalyst systems the density span can vary significantly with particle
size and/or particle size distribution. The principal determinants of the average parﬁcle
size of the powder are the residence time in the reactor and the catalyst yield. The particle
size distribution of the powder can be affected by many factors including the type, and
particle size distribution, of the catalyst fed to the reactor, the initial and average catalyst
activity, the robustness of the catalyst support and susceptibility of the powder to fragment
under reaction conditions. Solids separating devices (such as hydrocyclones) can be used
on the slurry withdrawn from the reactor to assist in ‘control of the average particle size and
the particle size distribution of the powder in the reactor. The location of the withdrawal

point for the concentrating device and the design and operating conditions of the



An alternative is to select a specific catalyst which has been found to give
the desired particle size distribution. The advantage of catalyst systems
YRt PHAAe the desired particle size distribution is that the}CAAT3E78R1§62
at high productivity: generally the higher the productivity (as measured in

g polymer per g of catalyst) the larger the individual polymer particles
formed. Thus the present invention permits the use of catalyst systems
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g/lg)nﬂ in, ¢ %lsq ethylene polymer comprising-
The multiple reactor system can be used to make monomodal or multimodal,

preferably multimodal polymers. Preferably the process of the invention comprises making



from 30 to 70wt%, based on the total weight of the ethylene polymer, of a

first g)olg/gethglene fraction having a density of at least 950 kg/m3 and a
VWRENGWSHdex MI2 of at least 10 g/10 min, and  from 70 ¥SBER95/001862

based on the total weight of the multimodal ethylene polymer, of a second
polyethylene fraction comprising units of ethylene and optionally up to
5mol% of at least one other alpha-olefin containing from 3 to 12 carbon
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An alternative polymer is a multimodal ethylene polymer having a density between
900 and 930 kg/m’ and a melt flow index M of 0.1 to 20 g/10min, said ethylene polymer
comprising:

from 30 to 70wt%, based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of Iess than 950 kg/m® and a melt flow index ML, of
at Jeast 10 g/10 min, and ‘

from 70 to 30wt%, based on the total weight of the multimodal ethylene polymer,
of a second polyethylene fraction comprising units of ethylene, from 0.1 to 20 mol% of an
alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index M, of less than
10 g/10min.

The loop reactor utilised in the present invention is the reactor in which either the
first or second polyethylene fraction referred to above is made.

Although it may be made in more than two reactors, it is most preferred that the
polymer is a bimodal polymer made in two reactors in series. One or both of the reactors
may have an internal diameter of at least 700mm along at least 50% of its length. The first
polymer made in the first reactor may be a low molecular weight (LMW) polymer and the

second polymer made in the second reactor may be a high molecular weight (HMW)



polymer. In one embodiment, 30-70wt% and more preferably 40-60wt% of
a low molecular weight (LMW) polymer is made in the first reactor, and
VO-38/198%aAhd more preferably 60-40wt% of a high molecul REHEBNO7/001862
(HNINV) polymer is made in the second reactor. The most preferred range
of ratios of the HMW and LMW polymers is 45-55wtr% to 55-45wt%. In
an alternative embodiment, the HMW polymer is made in the first reactor
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most preferablé between 45wt% and 60wt% and the solids concentration
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average internal diameter of the HMW reactor is less 700 millimetres,
preferably less than 600 millimetres. ~ When the LMW polymer is
produced in a reactor upstream of the umw polymer reactor it is preferred
that the ratio of the average internal diameter of the HMW reactor to the
average internal diameter of the IIMW reactor is between 0.6 and 1.4,
generally between 0.8 and 1 2, mostifreferably between 0.9 and 1.1. Itis
preferred that the reactors have the same average internal diameter, it is
most preferred that both reactors are constructed to the same dimensions.
Referring generally to the present invention, in the case where the multiple
reactor system comprises two loop reactors, it is preferred that the Froude

number in at least one loop reactor is no more than 30, and the ratio of the
Eroiide niimbear in that reactoar to the Eronde niimbeaer in the other lonon



In a further embodiment of the invention, a slurry containing polymer is
withdrawn from the second reactor and transferred to a flash tank
BESUii A a pressure P and temperature such that at leasPSHHBRIY 01862
the liquid component of the slurry is withdrawn from the flash tank as a
vapour. Preferably the above process enables at least 98mol%, more
preferably 98.5mol%, most preferably 98.5mol%, of the vapour withdrawn
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50% (preferably at least 70%) of the polymer formed is insoluble therein.
Isobutane is particularly preferred as the diluent for ethylene

YENHEHSSONn.  The operating conditions can also be sucRGH&TR7/001862
monomers (e.g. ethylene, propylene) act as the diluent as is the case in

so called bulk polymerisation processes. The slurry concentration limits in
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concentrating device and the design and operating co ftions of t
concentrating device system, preferably the at least one hydrocyclone
recycle loop, also enables the particle size and particle size distribution
within the reactor to be controlled. The average particle size is preferably
between 100 and 1500 microns, most preferably between 250 and 1000
microns. 12




Where the final reactor of the multiple reactor system is a loop reactor, the
withdrawn, and preferably concentrated, polymer slurry is depressurised,
BEHiGRAy heated, prior to introduction into a primary fladi§ VEB3897/9is62
stream is preferably heated after depressurisation.  The diluent and any
monomer vapours recovered in the primary flash vessel are typically
condensed, preferably without recompression and reused in the

p030%?9%@%]{%&1@@?30%}6%@%@%3@%({&%@f§$}@%ﬂ@fﬁe¥§ﬁS?Jﬂé?tane is
pre a contro saton wi readily avallanle
?:{1 Ele}/ %das(%he?laluent a/?eng gg%ﬁip

e g. cooling'wa e iP6f the flash vapour
prlor to a?iye me@ﬁqgre@yiéwnwmdﬂy mlvmsﬁw@qnom@ (srigredhyléieesh

vesaplyibR4sdRefanRxempend @a&qneaefﬁr&iwlﬁéoiﬁ&ﬁér@udﬁfwoa@@e The

recovered fro the rimary flash vesse is prefer
sec%n?fﬁ cﬁagp vesief 5 reorl%lllcr)né3 Fesit g\)/{tjfla%f R{}lﬁ) erna e(fy ?ﬁ‘gpéllﬁrry

maydbeemsﬂmftmcdeﬂabm W@gh@ﬁmmmaeémhmahﬁ idiltieat dioers or

MeBLiaNedi QINARMESS S UBiigiald RRARRISS PHRAE ARAFER R GO nRemSent
thef recove red d Iuent lgse of a high pressure flash vessel is preferred.

"rp‘?“’&é $E° |ng §'16"the invention can be used to produce resins

Whlch exmmépeﬁmelmlwﬁiahtmwg@ BP9 30the AviSWlsw g siighler-

9304240 HBIRR &mdﬂmﬂemsétﬂal@fu%&éeﬁ}& l@g{nﬁtémm@geﬁséty)

The&r CeSS acC( he invention is relevant to all olefi
reterdl use n TESSUre resu ﬁ11n a lower aver?% mC{ﬁCUIaT weight.
poR/merls tion ca partcularly tnose chosen

ZieWhentysing ebmyet@ %w%mv%m@%m@wwwmmﬁ@ﬁwc&qm
or y@n&@ﬁm@nﬂﬁmﬁhermally activated silica or inorganic supported

chromiury, OX'dee%?}Sgi fapd L g_\ netay OCgrr‘l%sté?%raP%t%é%%e dilyeptina

metallocene %lmng a oben er ative or a transition metal,

paFter Bt mﬁﬁév%?&wwwosedmwwmekmﬁre%m recycle of the
Zieglednttp ene b siszatiod Rens oAt RiHIeSs] @mﬁpﬁﬂff@&mrﬁﬁmmﬁg&ml

ch St%cuf{? oqro%PSr“clrucbcll\{)B ’t}}éB & VL?tgf tt:]ees {1!1%915 E[,% §m the diluent
magnesium a alogen o%talr? (feby mIXIr‘Fg a magnesium compoun

witiRiceBrsban Byan@heﬁ%ﬁ?sﬁe%%ﬁ HhP LAY ehsta énaawwﬁﬁdﬂ the
Thesh aﬂlmﬂnﬁaﬁb@pﬁﬁﬁai_k}_/sé&ﬁig iRty fdtars foftbesmag aasidMe opening
COQP;Q{%HP&&E&%@ Ehz%&@ﬂﬁé%’ &a’%‘éﬁ%&oﬁ%&%‘%n settle to some extent from the

diluent or (ii) continuous product withdrawal. via a single or multiple withdrawal ports, the
location of which can be anywhere on the loop reactor but is preferably adjacent to the
downstream end of a horizontal section of the loop. Any continuous withdrawal ports will
typically have an internal diameter in the range 2-25, preferably 4-15, especially 5-10 cm
This invention permits large scale polymerisation reactors to be operated with low diluent
recovery requirements. The operation of large diameter reactors with high solids
concentrations in the slurry minimises the quantity of the principal diluent withdrawn from
the polymerisation loop. Use of concentrating devices on the withdrawn polymer slurry,
preferably hydrocyclones (single or in the case of multiple hydrocyclones in parallel or
series), further enhances the recovery of diluent in an energy efficient manner since
significant pressure reduction and vaporisation of recovered diluent is avoided.

It has been found that the slurry concentration in the reactor loop can be
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Metallocehe-type catalysts may be metallocenes activated by either an
alumoxane or by an ionising agent as described, for example, in Patent

B ANCESASEP-500,944-A1 (Mitsui Toatsu Chemicals).  Zi@§EGRA987/001862

catalysts are most preferred. Among these, particular examples include at
least one transition metal chosen from groups MB, IVB, VB and VIB,
magnesium and at least one halogen. Good results are obtained with
thoptircoed prisiegrdilor tiQae309pamjcveighir drainsphadivimeialdiprtfeiabbf the

fropgwRAR4ATaHRYAGIY flEo@.‘ B %Qﬁcgpgpg/é’twﬂggf &L Q@éﬁgi ?%r]gicle size of

preéerabl from 30 to 50%, by weight from 0.5 to 20% by wel

m GRS L6 AR et U™ 896 B! el D PRSI G IA ToRrY hdig Revder
of edaitrinftavicgyonexal)yffrom BGutting%hdpamidigite distliabalafde catalyst fed to

geprrlyGoRsiIsiRiAfSlemanis @alimga&%y{i?ﬁe%gﬁj&ﬁé% sgd Eg{afps% iguppofc

manuyfacture, such as carbon, hydrogen and oxygen. The transition metal
o e Y F4H5 BT RS PAa EARIR Gondiions. Solids scparating

devices (such as hydrocyclones) can be used on the slurry withdrawn from the reactor loop
to further assist in control of the average particle size and the particle size distribution of
the powder in the reactor. The location of the withdrawal point for the concentrating device
and the design and operating conditions of the concentrating device system, preferably the
at least one hydrocyclone recycle loop, also enables the particle size and particle size
distribution within the reactor to be controlled. The average particle size is preferably
between 100 and 1500 microns, most preferably between 250 and 1000 microns.

Where the final reactor of the multiple reactor system is a loop reactor, the
withdrawn, and preferably concentrated, polymer slurry is depressurised, and optionally
heated, prior to introduction into a primary flash vessel. The stream is preferably heated
after depressurisation.

The diluent and any monomer vapours recovered in the primary flash vessel are
typically condensed, preferably without recompression and reused in the polymerization
process. The pressure of the primary flash vessel is preferably controlled to enable
condensation with a readily available cooling medium (e.g. cooling water) of essentially all
of the flash vapour prior to any recompression. typically such pressure in said primary
flash vessel will be 4-25 for example 10-20, preferably 15-17 bara. The solids recovered
from the primary flash vessel is preferably passed to a secondary flash vessel to remove
residual volatiles. Alternatively the slurry may be passed to a flash vessel of lower pressure
than in the above mentioned primary vessel such that recompression is needed to condense
the recovered diluent. Use of a high pressure flash vessel is preferred.

The process according to the invention can be used to produce resins which exhibit
specific density in the range 890 to 930 kg/m® (low density), 930 to 940 kg/m® (medium
density) or 940 to 970 kg/m® (high density).

The process according to the invention is relevant to all olefin polymerisation

catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
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Polymerisations, particularly Ziegler catalysed ones, are typically carried

out in the presence of a eocatalyst. It is possible to use any cocatalyst
WA/ I8 art, especially compounds comprising at least BR&¢B2007/001862
aluminium-carbon chemical bond, such as optionally halogenated
organoaluminium compounds, which can comprise oxygen or an element
from group | of the periodic table, and aluminoxanes. Particular examples
woldsk lderiped dtvaatitmininmiconpo undsadfutr aldytato thanmeitg Ruektedsilica or

trigHavlal @Hﬁ%ﬂb&iﬁj&ﬁ{&l}l{(@% RS S HENAS TSRS 9&%%@:}%%&“ '

aluminium mono- and dialkoxides such as diethylaluminium’ethoxi

maE AR g arateeratigrl dririinosy ERnationamrain paiitar of
chiioridhay atligpteduimmnium mono- and dihydrides such as dibutylaluminium

hydride and. i ) Ising lithi sine a
e Cl i i E?*%%@géuy%‘ﬁé’ e

nofRsibeenatd ghete Fem snpd i ethSiaY Brifnios fg periodic table,
tri i&@@r@lﬂmﬂﬂm hatogee c&ﬁ@ﬂeﬂaih/nﬁldmgmtaggﬁnsmm cotipeund with a con?pound
chiormiumsasethaatalest RBEEGH e hIRCAMPTSEH SYRRORGHHEM AN an

oxide catalyst having a titania-containing support, for example a

colpBalREintfaranesHR SOPpOrRI AT L e dRiT prareRigpmpound
chromiuivdpdkeeheayatysttahais comniprisetifone: (3 Sattia ted By edthko mmalmnoxane
PrefiRhlY AP Sk iYL CIRTIUBE e SHGPIAS b 2t ADARERIH P Rdsed.on

the weight of the chromium-containing catalyst. The support comprises at
le ST AR SRS Peferably around 2 to 3 wt % titanium, more

preferabBigioutyge. alysetitanismdiaset Smdhg tesigbirofithe chrgieiuinrlude

CORRING LIRSy K LI RNASES SRR VPR IMAY AVAR, #RERHGm and
surface area qof from 200 to 700 m2/qg, preferably from 400 to 550 m2/g

ant BATbMRTEI8FBRY B G A PR TR ShETe PIBIFHER 2 to 3 colg.
Silica suppori@dachirhiuneightafitsissdientypicatiyeutjbcho th anZehtiay
ac@gpéfﬁn step in air at an elevated activation temperature. The activation
temperature preferably ranges from 500 to 850C, more pre ly 600 to
Ta00 - TR BRSBTSy e S PR fo LRt
connectdtbim Gétied00t hy paigiialprefarsibly, irsdiidom | inllié baveight,
series reaeiors: sk BAFIR bR SRIES iIsabRRIS WIS ¢atBlVs fagnt,
the cocattgl)%s in additiorhtot e gil%eli}t ang monomer, %nd egcqs 4 for their
subsequél§t FeHF 8 Elppifed With “at 1easE MoRomer, i particutar
etihdaniaciire with theashomhedionsy fndrexaizore Ebel irmpyidiae torta) afrbliadhpdagen
thig:ixdesensemptisingntheneaialyst, the cocatalyst and a mixture of the
polymers produced in a preceding.reactor of the series. It is aptionally .
possible o GE BB A S i A e ST e o
thefsitoos afpreesetais iniths ressibledtaiss prinehentalbe e ystin el eypdeially
preferabiadocitrasiuceathe syl vehRafthe.aecalndst £ 5e i MRl A ¢etRnally

fir tlieactotr.d In the case of at least tw .gg%ctors in series, the ;cgo!:}fmeernt
of ARTERF SIS RS B R SBRMRED ST IS e%t SRRt &Yt gpan clem
prétue et WWwbtheipgseficé i arddjairrasetBrsin tesanies wopltbgen
is MaRRneshalnkepv(Q, LreIEANGAHIRHe Bulth eHaRAIMEShium,

manufacturing the high molecular weight components, .g. hydro , .
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The reactors can equally be operated to produce essentially the same
Vgg g/mer melt index in successive reactors.  Particular sensitivit

P4 TN 1arge diameter reactors (and associated cross- §§(,Tt/8ﬁ%ﬂ°7/“01862
compositional, thermal or particulate gradients) has however been related

to production of polymer resins where polymer of either high or low
molecular weight resins has been known to lead to increased fouling
catibeiduRaitcuipdidehdvpaadadcingipolyompsodsnotgoisiag lbightsubss
thﬂmi%zlfpﬂ @&m&faﬁ%ﬂfﬁam{bms@@&m ﬂ&@%ﬁﬂ@?@ﬁ@@h@%@nmd

particularl y een confirmed, to be accentuatedat low polymer solids

coieatitt atitids Tt Rl oag. AR BRIBING BoiRTa Br iR
weights mgﬁmmﬁmwmlmﬁmmmm Psufppried|tliraenm oxide

beé&\ﬁﬂt%m% 9%\5&%&)& g@m@%&gﬁ@féw&m éme%\aﬂa titania

surprlsmgy been discovered ouﬁng is decreased when sqlids

lo&URER éraaﬁﬂ‘e%kféﬁefs%&}@%‘%‘?%e%%%ww 88‘898%6‘9}&9/5 o 3wt
EXAMRLES, prefsapleviously stedrominmof theh asl0@niageshoiriien based on

Inyeniionis.at ciRssRRclRRAESIRMIEY! “ﬁﬁéﬁﬁﬁﬁ&@ RUIONS.G3AS,

maintained within acceptable operatlng limits at high reactor dlameters

e VAT PR AL diffd ™ e R IS8 LS %ﬁ%‘ﬁéf%‘fﬂ?r 3wWt%
cotiteeintnationt disthibutight isf ot dvemsumalolsafireg tigtalyst 6‘tk¢slhpanamét€$s1

E%%%%Qf%%ﬁ?ﬁ*ﬁq%%%?mﬁ‘g @tmg eoeHyof ﬁk@ewwmgl 400 to
n tne 1olipw xample, e S erised in
o Tt ae DB FEReL A R AR BTt B AT

internal Gidirastepealion ghoveiugB9saisitste tgtoady 280 nsted e %ﬁ@lgtctlvaﬂon
CORLSNh Was 2 AuRIV AR vakpaicsalid Lanarhiefelnadaeferably

ey RGeS e g sy o o e
mass floﬁemaptgrma’@m p)ind@ng]wqﬁrp B} more loop reactors connected in series or
in parallel preferably in series.

In the case of series reactors, a first reactor of the series is supplied with catalyst
and the cocatalyst in addition to the diluent and monomer, and each subsequent reactor is
supplied with, at least, monomer, in particular ethylene and with the slurry arising from a
preceding reactor of the series, this mixture comprising tﬁe catalyst, the cocatalystand a
mixture of the polymers produced in a preceding reactor of the series. It is optionally
possible to supply a second reactor and/or, if appropriate, at least one of the following
reactors with fresh catalyst and/or cocatalyst. However, it is preferable to introduce the
catalyst and the cocatalyst exclusively into a first reactor.

In the case of at least two reactors in series, the polymer of highest melt index and
the polymer of lowest melt index can be produced in two adjacent or non-adjacent reactors
in the series. Hydrogen is maintained at (i) a low (or zero) concentration in the reactor(s)
manufacturing the high molecular weight components, e.g. hydrogen percentages including
between 0-0.1 vol % and at (ii) a very high concentration in the reactor(s) manufacturing

the low molecular weight components e.g. hydrogen percentages between 0.5-2.4 vol %.
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Volume of slurry exiting the reactor = Volume of liquid exiting volumetric

PE production rate Volume of liquid exiting the reactor = [Sum of mass
YRHYOTABEE mass production]/ liquid density The PE densit})G8/Fi48TipaEss2
on dry and degassed powder. The density of liquid is calculated based on
any suitable model (using composition, temperature and pressure).
Circulation pump power requirement The power requirement of the
cirdiateactqpsicap dnsitle thepooipd caniatits affestieliynint ey pyther melt index in
pr%ﬁgw&%%tﬁgw but also by the slurry concentration gradient. It is
partlcularly sensitive to concentration gradients because it is located at an

elbow in TREIFSSH TEstiiehy forReraafine &t laras SUmREHF R 198 SeagatiBisdof
thecftevweathict] causestivasl afiensairvtherdensi yadide shisryobeirg pempedd
WHS&ﬁoﬁ?ﬁ%ﬂ%{}&?ﬁ&éﬂ%&1&%&%8&%8%@@9&&@%‘%‘Y%b’nfo‘f&%‘i%%m ht

power demand over rime is observed ?ure shows a p lot of power and
4]

curfSHE g DFERAT B IReHarRs R oy e sonseaty, Poxicu Akt pRIpiucing
absgolute}sfencepekioddfionieda dhin 50 thelpalyon grisatidarof Hxamipies1 These

Th@o\ﬂ@&ﬁé%@{&ﬂ’ﬁ’&lﬁﬁ&%@n@&ﬁﬁﬁ{é@ AUl he REGISAIoNG DG

solvent, but is low for a polymer-containing. slurr |nd|cat|n that little or
no“s“é‘ﬁ?‘é‘@%’t?&ﬁ i8R éegmr& °‘?¥&‘&§1¥ﬁ YaYTp af igeeular weights less
than 50 kDaltons or greater than 200 kDa (or melt index below 0.1 and above 50) in large

diameter reactors it has however surprisingly been discovered that fouling is decreased

when solids loadings are increased to above 20 vol%, particularly above 30 vol%.

EXAMPLES

As previously stated, one of the advantages of the invention is that cross-sectional
slurry concentration distributions can be maintained within acceptable operating limits at
high reactor diameters, even with high solids loadings. The actual cross-sectional slurry
concentration distribution is not measurable directly, but other parameters can be measured

as an indication of the homogeneity of the slurry.

EXAMPLE 1

In the following Example, ethylene was polymerised in two reactors in series. The
first reactor had a volume of 96m> and an internal diameter along over 98% of its length of
730mm. The solids content was 27-28v01%. The volumetric solid content is defined as
(Volumetric PE production rate / Volume of slurry exiting the reactor), where:
Volumetric PE production rate = (Ethylene mass feed - Ethylene mass flow exiting
reactor)/ density of PE]
Volume of slurry exiting the reactor = Volume of liquid exiting + volumetric PE
production rate
Volume of liquid exiting the reactor = [Sum of mass feeds in — PE mass production}/
liquid density
The PE density is measured on dry and degassed powder.
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The temperature at different points in the reactor during is also affected by
the slurry concentration gradient. Absolute differences in measured
Y3877 at different points in a reactor can be due to différ&ffe@idqp/001862
calibration of the thermocouples, so in order to identify “real” differences in
temperature, the variation during a temperature transition is measured. In
an inhomogeneous slurry the trend of such temperature transitions would
vaumelﬁi@mf@ 2f Slolss seilchlact dasiion 40y ihieapiolyndetigaiigrahfosingle
hqg&% g,gg %gggﬁén Example 1 the temperature transition trend is
constant throug outt reactor, indictating good homogeneity. Heat
transfer coefficient at the reactor wall A significant effect of fouling of a
reactor iTachanaeimpheiheasdinasker coefficient across the reactor wall.

58 AL A0S TP GO L ARG MR UIAA B e P AEBKbor

(man mont an absence of a ction indicates that there is no

buhd tbb%?sﬁb‘m AbfA Stidubuer bl ﬁ%@rﬁ@%ﬁ@%ﬁwg%@%%aﬁg%@#
cosdfiiignttiorobocampien ravienta eesigd iofs25Qehydriawinidie ibearedoeor,

Se%l t:!%%é& LG5S ﬁ% E%r@g@él%ﬂ%@tﬁé Hb%vc&ﬁﬁﬂ%ﬂées[v&ﬁ%nk%the

CLAIMS 1. Process which compris %rgo ymerlsmg an olefin monomer in

at feBSEOAIdRETHRL BTSSR | S Feetnis St fping anberas Fiegiladng. @
corahrisilgchnadngprentiomdeptonabystogetier. ithrah tiefina plot of power
COQ%QQH%‘S{ 'ré S RIS SEACH LA PRLR SIS AR CARIY ShR AIUB M) over

produce a slurry comprising solid partlculate olefin polymer and diluent,
wHEPETIP g ot Rely eenriteR S thirerls ds5b GRHHORGTR TR Bt
thezeantithmauwsotidiaxieopd &actpuis satiea,stul ﬁlﬂnwrfpamﬂoalin@#rontammg

majecular weiaht S0 AQly ek 5 Badedn adirstleonisactor and a low
moleculiar weight (LMW) polymer is made in a second loop reactor, the
first loop reactor being upstream of the second loop reactor, the first
(IIMW) reetositteirgranspace time yield (defined as production of

PolveLIRkaRNe biRIYOlME QIHEACIA: BEALSE ﬁmé&%mmuﬁpd
the ratio of space time ggé}eld in the first (HMW) reactor to the s %?%eftpomts o

(LNRR PR Bslivg o EERBY T HAFERCS" Brotaala SRBRaig 6
wheredntthenfiitst (b feactorihadibrviddomidhhteis pombsestharr@eotrof

th%&@ﬁ'ﬁ@%&“'&ﬁf@%ﬁ%ﬁrﬁ %W)a’f@x@ﬁ@é ~variation during a temperature transition is

measured. In an inhomogeneous slurry the trend of such temperature transitions would

vary. Figure 2 shows such a transition for the polymerisation of Example 1. Figure 2 shows
that in Example | the temperature transition trend is constant throughout the reactor,

indictating good homogeneity.

Heat transfer coefficient at the reactor wall
A significant effect of fouling of a reactor is a change in the heat transfer coefficient across
the reactor wall. The heat transfer coefficient can be measured over a very long period
(many months), and an absence of any reduction indicates that there is no build-up of
fouling material over this time. Figure 3 shows the heat transfer coefficient for Example 1
over a period of 250 days, from which it can be seen that there is no long-term reduction in

the coefficient.
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3. Process which comprises polymerising an olefin monomer in at least
one continuous tubular loop reactor of a multiple reactor system

comprising two loop reactors, optionally together with an olefin MCSLLF

comonomer, in the presence of a polymerisation catalyst in a diluent, to
produce a slurry comprising solid particulate olefin polymer and diluent,
wherein the average internal diameter of at least 50% of the total length of
thd.AdMPuous tubular loop reactor is at least 700mm, and a high
molecular weight (HMW) polymer is made in a first loop reactor and a low
molecular weight (LMW) polymer is made in a second loop reactor, the
first looPrRsaEtoYIHERPIRStFea R bTHEEtee 6h @ Iidh Femee! tieafifgest one

HMW)JeactanhaiBg A IRBFEAIMSYiRId £9£J@899y§éﬂ9&ﬂoﬁiﬁ&gftwo loop

polymer in kg/h per unit volume of reactor) greater than 100 kg/m3/h, the
rEAEiRIS MfieRARYROsSIiRie A 38 piefia sREIWNOYST aifdheimieretrs of a

%ﬁﬁéﬁ@é‘%ﬁfcﬁiﬁ ishIeaRIaLReippraaintained- R R HR8RE BRGoulate
0

r the ratio of M CS L L P solids concentration in the tirsi reactor to that in
PlsfErpehiies 2e Abusmg whskeiibe aicnees intnaloliamgsenpbatleast 50% of the

aseoIEiRhielain.A eI g Qids caneeniratiradn7hnfinal tgadiaiis
between 45wt% and 60wt% and the solids concentration in the first

(ArslReacish < BRNEEr hawrys anrris oadBrsslopposas naedrilay tgolecular
claight(hersipsheselidsransfereediam spedishreart on i $6590being

reactor is concentrated using a settling zone and/or hydroeyelone.

oiptrss e Hbesrhn iremniTa Yy Bt Rorrssbmbrtiae afRassttime yield
MBI HFOUGR WP Po8AAYOMRE/RYRFREYE\NBme of reactor) greater than 100

kg/m®/h, and the ratio of space time yield in the first (HMW) reactor to the second
(LMW) reactor being greater than 1.

2. Process according to claim 1, wherein the first (HMW) reactor has a volume that

1s no more than 90% of the volume of the second (LMW) reactor.

3. Process which comprises polymerising an olefin monomer in at least one
continuous tubular loop reactor of a multiple reactor system comprising two loop
reactors, optionally together with an olefin comonomer, in the presence of a
polymerisation catalyst in a diluent, to produce a slurry comprising solid particulate
olefin polymer and diluent, wherein the average internal diameter of at least 50% of the
total length of the continuous tubular loop reactor is at least 700mm, and a high
molecular weight (HMW) polymer is made in a first loop reactor and a low molecular
weight (LMW) polymer is made in a second loop reactor, the first loop reactor being
upstream of the second loop reactor, the first (HMW) reactor having a space time yield
(defined as production of polymer in kg/h per unit volume of reactor) greater than 100
kg/m*/h, the reactors differing in volume by no more than 10%, and: either the

temperature of the first reactor being maintained between 60°C and 80°C, or the ratio of
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7. Process according to any preceding claim, wherein the continuous

tubular loop reactor whose average internal diameter along at least 50% .

of its total length is at least 700mm is the second (LMW) reactor, and the MCSLLP
first (HMW) reactor has an average internal diameter along at least 50%

of its total length of less than 700inin. 8. Process according to claim 4,

wherein the ratio of the average internal diameter of the first (L1MW)

redlide ceaepeiaiiorngethednshlarimdecihat théhsseopad 1oy keargopfgntained at

betwgen 9.6 and 1.4. 9. Process according to any preceding claim,
wherein the ratio of length to diameter (L/D) of the first reactor to L/D of
the second reactor is greater than 1.5. 10. Process according to any

preceding Gain WheH MobR RS ILBGERT AUARS LIRS KRB R e final reactor
tubular loop reactor is at least 20 volume %, preferably at least 25

VB IBFREosD DNt prendradiy 4 aed hatrlidurRaostirinB B dacdiss [INGWQ reactor is

anReceding claims ywhesein the average internal diameter of at least
50% o | the total length of the continuous tubular loop reactor is at least

750tmn, preferably at least 850mm 12. Process according to any

preceding @ aime WREHRIRtBR i QUIBRU BRI S\S RIEfRkABLY, BiaiRiRI ted fidstteactor

least one reactor of the multiple reactor system at or below 30, preferably

Hatthe SFeesHEBPARICHIEN SRS AAINE BeRidia 2oRg@ndor hydrocyclone.

6. Process according to claim 4 or 5 wherein a comonomer free diluent stream is

introduced upstream of the hydrocyclone.

7. Process according to any preceding claim, wherein the continuous tubular loop
reactor whose average internal diameter along at least 50% of its total length is at least
700mm is the second (LMW) reactor, and the first (HMW) reactor has an average

internal diameter along at least 50% of its total length of less than 700mm.

8. Process according to claim 4, wherein the ratio of the average internal diameter
of the first (HMW) reactor to the average internal diameter of the second (LMW)

reactor is between 0.8 and 1.4.

9. Process according to any preceding claim, wherein the ratio of length to

diameter (1./D) of the first reactor to L/D of the second reactor is greater than 1.5.
10.  Process according to any preceding claim, wherein the solids concentration in

the continuous tubular loop reactor is at least 20 volume %, preferably at least 25

volume%, most preferably at least 30 volume%.
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13. Process according to any preceding claim, wherein the total pressure

drop in the loop of the reactor is less than 1.3 bar, preferably less than 1 MCSLLP
bar, and the polymer production rate is greater than 25 tonnes per hour,

preferably greater than 45 tonnes per hour. 14. Process according to any

preceding claim, wherein at least 30wt%, preferably more than 40wt%, of

the total polymer produced in the multiple reactor system is made in said
ddntinuBtRcasharsridbis i Rrersd P elais arberein § e HPR &t dbisngy diameter

i aherein the,densityespan-ehine ARMmaIsRONIS RsHicesdArfinaes:

as the absolute value of the density difference in g/cm3 between the
Adage beinplafahieasbRARBDarticles exiting the reactor with particle
size above D90 and the average density of the material with particle size
below D10) is below 0.005, preferably below 0.003, moregreferably below

00026 RRS§epREFSYANI Bolow D oeau g Wiie iV BRLOIRRe DRy dpantipber is
Jinmelers Hadanwbich 2004 anth %Ry walhhiesRecHR O§RM at or below

particles are collected. 16. Process according to an precedi%qﬁclaim,

whePesetaBITRAGA) BiFVIEREDBIPFR ¥ HEE B Y ERBNS BerdEn D00 and
930 kg/M3 and a nick flow index MI2 of 0.1 to 20 8/10min, said ethylene
polymer comprising: from 30 to 70wt%, based on the total weight of

the: ethylEPREISAFFREFINS (2 ATt PISRRHAASHETrEhEN Rty B RIRSTHF Hfirop in the

|‘Fo°(§ptbﬁﬂ18 R ko3 andiamel Bawgrdex il R af tahieashd Oed kB pistymer
and NICSLLP . from 70 to 30wt%, based on th&totg, weight of the

rAREHIGRI R TeHEBIIAB 2 DI RER BHA BTy BERITEAD A EtisH than 45 tonnes per

geymprising units of ethylene, from 0.1 to 20 mol% of an alpha-olefin
containing from 3 to 12 carbon atoms, and a melt flow index MI2 of less
than 10 g/10min.

14.  Process according to any preceding claim, wherein at least 30wt%, preferably
more than 40wt%, of the total polymer produced in the multiple reactor system is made

in said continuous tubular loop reactor.

15.  Process according to any preceding claim, wherein the density span of the
polymer powder particles (defined as the absolute value of the density difference in
g/em® between the average density of the polymer particles exiting the reactor with
particle size above D90 and the average density of the material with particle size below
D10) is below 0.005, preferably below 0.003, more preferably below 0.0026, most
preferably below 0.0023, in which D10 and D90 are the diameters under which 10%
and 90% by weight respectively of the particles are collected.

16. Process according to any preceding claim, wherein the multimodal
ethylene polymer has a density between 900 and 930 kg/m® and a melt flow index MI,
of 0.1 to 20 g/10min, said ethylene polymer comprising:

from 30 to 70wt%, based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of less than 950 kg/m® and a melt flow index MI,
of at least 10 g/10 min, and
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from 70 to 30wt%, based on the total weight of the multimodal ethylene
polymer, of a second polyethylene fraction comprising units of ethylene, from 0.1 to 20
mol% of an alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index

MI, of less than 10 g/10min.
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