POLYMERISATION PROCESS The present invention relates to a

process for the treatment of a reactive fluid stream, and more particularly

to a process for treating a stream of.gas and/or liquid containing active

polymer withdrawn from a polymerisation reactor so as to remove

reagents and/or impurities therefrom. Options available to treat reactive

fluid streams can be constrained by the potential for fouling, blockages

etc caused by solids polymerized or carried in the fluid stream. The

present invention aims t@.@l@/}\q% A 91?536 %for treating diluent

streams in the production of polyolefins: are useful where
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an a second reactor in series with the first. The polymer from an upstream reactor to
be fed to a downstream reactor in series is typically withdrawn with diluents (gaseous
| and/or liquid), catalysts and reagents such as monémer(s), comonomer(s), molecular
weight control agents such as hydrogen, and cocatalysts. Various technical solutions
are known to remove these undesired diluents and/or reagents, including hydrogen,

either fully or partially from the polymer prior to its entry into the downstream



weight. There is no discussion of how to remove residual hydrogen
between the reactors. In EP 192427A and EP 897934A a significant
pressure reduction between the two reactors is employed to remove at
least a portion of the hydrogen present. This process is acceptable when
the diluent remains substantially in the liquid phase under the pressure
reduction conditions required to achieve the desired removal of hydrogen:
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to such a high level that the slurry may no longer be pumpable. If solvent flash-off is
reduced, hydrogen separation is poor. A further difficulty is that polymer entrained in
the flash gas 1s still catalytically active and may polymerise further, causing problems
with fouling of any aﬁparatus employed for hydrogen removél or other separation. Thus
it 1s necessary either to remove or to deactivate the residual polymer. Hence it can be
seen that for this type of polymerisation reaction there is a need for an improved process
for removing hydfogen between stages.

In US 2003/0191251 two flash vessels are used for the separation of hydrogen
from a light diluent between polymerisation reactors.. Each vessel has only one
equilibrium stage. Significant diluent make-up is required after the first flash step due to
a high diluent loss.

In US 3658780 a polypropylene slurry withdrawn from a polymerisation reactor

is treated with catalyst removal agents and the catalyst then washed out, thereby
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removed in a cyclone. At least a portion of the vapour is then compressed
before being passed to a fractionator to separate the components. in this
process it is stated that removal of entrained solids ensures that the
fractionated material is not catalytically active. The present invention aims
to provide an improved process for treating catalytically active streams of
poiyolefins, particularly polyethylene. Accordingly, in a first aspect the
present invention provides a process for the polymerisation of olefins
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case the polymer contains the active cataiyst. Such solid polymer usually has a particie
size such that at least 50% of ;the polymer has a particle size of at least 10pm. In one
embodiment the polymer concentration consists of fine particles having a mean
diameter of less than 100 microns, preferably less than 50 microns. In another
embodiment of the invention the concentration of polymer fed into the fractionation
stage is at least 30vol%, and may be higher than 40vol%.

In an alternative aspect, the invention provides a process for the polymerisation
of olefins wherein at least part of a stream withdrawn from a polymertsation reactor 1s
fractionated. References to a “catalytically active” stream hereinbelow are also intended
to cover any stream in this aspect of the invention.

In this specification fractionation means separation in a vessel (1) having more
than one equilibrium stage (ii) in which lquid and gas come at least partially into
contact in each equilibrium stage, and (iii) within which the fluid stream is vapourised
more than once, preferably more than twice. “Fractionator” means a vessel or column in

which fractionation takes place.



The fractionation of the catalytically active stream is preferably carried out
in a fractionator at a pressure lower than that in the preceding
polymerisation reactor(s) and such that the principal fluid in the stream is
condensable without recompression. by heat exchange with a cooling
medium in the temperature range of about 15-60C. Most preferably the
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high pressure with more than one equilibrium stage, rather than a lower pressure singie
flash drum, is that less recompression of the polymer stream and/or recovered light
materials 1s required, and a more efficient separation operation is also possible. |
Particularly when separating undesired light components from desired light diluents, the
loss of diluent from the separation process is significantly reduced.

The process of the invention includes within its scope the treatment-of
cataiyticaﬁy active polymer streams withdrawn from more than one reactor. In a
preferred embodiment of the invention a fractionator is able simultaneously to treat
diluent streams from a combination of reactors (in series or parallel) and return diluent
to those reactors that is essentially free of light and/or heavy components, for example

streams that are free of hydrogen, or free of comonomer, or free of the principal
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4 monomer, or free of all monomers. F laving the ability to withdraw
treated diluent from any equilibrium stage within the fractionator gives
significant flexibility to optimise the quantity and purity of each recycle
stream in an economic manner. This invention is particularly suited to
polymerisation of olefins in slurry or suspension reactors. In this case
olefin(s) are continuously added to a hydrocarbon diluent (which may be
principally inert or principally monomer and be principally a liquid or a
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In both cases, . solvent slurry medium is remaved along with the pro
Xéﬁ’%l'}rﬁ‘fu%ﬁttB‘é’E?B‘fﬂi’@nsed and/or repressurised and reintroduced into the
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drive the reactor contents around the loop at relatively high velocity, in order to promote V
good heat trgnsfer_. maintain the solids in suspension, and to minimize reactor fouling.
The loops may be oriented horizontally or vertically. Product take-off from a loop
reactor may be continuous, or via periodically opened settling legs. In both cases,
solvent slurry mgdium is remaved alang with the product, and must be condensed
and/or repressurised and reintroduced into the reactor. .

In a typical polymerisation process to which the present invention is particularly
applicable, the homopolymerisation and copolymerisation processes are carried out in
the liquid phase in an inert diluent, and the reactants comprise ethylene and hydrogen in
the case of homopolymerisation, and in the case of copolymerisation they comprise
ethylene, alpha-olefinic comonomer(s) comprising from 3 f@ 8 carbon atoms and
optionally hydrogen.. The comonomer may be selected from propylene, 1-butene, 1-
pentene, 1-hexene, 4-methyl 1-pentene, I-heptene and 1-octene. The inert diluent may

comprise (iso)butane, pentane or hexane. The homopolymerisation and

N



ethylene, alpha-olefinic comonomer(s) comprising from 3 to 8 carbon
atoms and optionally hydrogen.. The comonomer may be selected from
propylene, | -butane, I- pentene, 1-hexene, 4-methyl | -pentene, 1-heptene
and 1 -octene. The inert diluent may comprise (iso)butane, pentane or
hexane. The homopolymerisation and copolymerisation processes are
typically carried out at a temperature of from 50 to 120C, at an absolute
pressure of | to 100 bar. Such a process can be used to make multi-modal
copediiyresstigithechysassing lepredbtonoidn mukipléecreactorsconfrested in
12Beries A dhspafe el which gags qfy. reactor may be preceded or
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emgﬂ%}’ﬁ}éﬁf:cf’é more reactors in series. It is also possible to employ two or more slurry
reactors 1n series along with one or more slurry reactors operating concurrently in
parallel. In this preferred operation of the present iﬁventiom a fractionator is employed
- to remove hydrogen and also separate other components of the stream.

In a preferred embodimem of the invention, the polymer stream withdrawn from
the polymerisation reactor is treated prior to fractionation so as to either minimise the
quantity of diluent to be treated and/or to control the average particle size and particle
size distribution of the catalytically active material in the diluent stream. The polymer
stream is preferably concentrated to achieve solids concentrations of 50-70 wt%.
Preferably the treatment comprises feeding the polymer stream to a hydrocyclone
separator prior to fractionation, most preferably with a fresh diluent feed upstream of

the hydrocyclone separator, for example as described in our patent number EP
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size distribution of the catalytically active material in the diluent stream.
The polymer stream is preferably concentrated to achieve solids
concentrations of 50-70 wt%. Preferably the treatment comprises feeding
the polymer stream to a hydrocyclone separator prior to fractionation,
most preferably with a fresh diluent feed upstream of the hydrocyclone
separator, for example as described in our patent number EP 11 18624A.
. 1AI6(t§£nativel_y a sufficiently high solids concentration may he achieved by
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stream withdrawn from the reactor is heated, optionally after
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fra6fionation column feed vessel or atternatively directly to the fractionation column.

. If a fractionator feed vessel is used, it is preferred in one embodiment that the
pressure therein is adjusted so as to flash off sufficient diluent from the feed vessel and
leave an unsuspended polymer in the base. The flashed diluent stream is then fed to the
fractionator vessel, the base of which may be heated if necessary. Other than the use of
the shurry line heaters and the column base or feed vessel heat'mé Jjacket, it is preferred
that no external energy is added as reboil for the fractionator column.

Where a suspension is maintained in the fractionator feed vessel the pressure is
dictated by the need to minimize the coﬁcentration of undesired components in the
liquid phase whilst also being able to condense the principal diluent without

- compression using only cooling medium, preferably water, at a temperature between 15

and 60°C. The flash may be assisted by heating in the feed vessel if necessary.
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the slurry line heaters and the column base or feed vessel heating jacket it

is preferred that no external energy is added as reboil for the fractionator
column. Where a suspension is maintained in the fractionator feed vessel

the pressure is dictated by the need to minimize the concentration of
undesired components in the liquid phase whilst also being able to
condense the principal diluent without compression using only cooling
medium, preferably water, at a temperature between 15 and 60C. The
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cflmex'rfﬂ%ﬂﬁ&?ty lﬁbﬁfﬂﬁlwad&taaﬁra@aﬂmia iR ?@Ma h@ﬁe{@ Igﬁt@iry&@st@&t at least
east 4 actual equilibrium. st , and it is_preferred that at least_ two
S N e b o e eagec o
hyadigselidto Thasaiprietidguithe sstriBpindu idusdmassiifofirinithisipartdftie
draeHanaias calimih. BHRIRARbE T augRan the Has toRAR #SHRIGIBER Mass
fﬁ% least Igg%vg/o of the vapour mass flow raté. The fractionator may have

T TR (OB TS B AY At e tPayRonesy & pa disviopaB sTays
(saps.dbuglioutshunbinayeduadyibe packed, qarefiyailpaitsd |preRianering
BRekings T Rartonal s iacienalipn columnbelow e feed 0ot i,
_particularly designed to accommodate a?’ugﬂ Sofds concen%ratlon ang%’

15, PaTHcadHds dertiRBehioTare Frme dsterehish rpkidscopergietiqp andsigravaidigptids
lﬁlﬂl_iﬁd;pveﬂﬁe_ilﬁy@c;ﬂﬁécbo‘ﬁ@dl_d iy Qaﬁaﬂ,ﬁ&l@&ddﬁﬂﬁ}@%&ﬁ@&§iﬂ%§%£@%ﬁ tmlﬁmid
residence time .of any solids in the. column is preferahly maintained at less
ot S B 2 Ao SRS ot RS g PRy oL i he
dehempnanticcaibmmailitpng betioss Sherodd steoodt aimirfiergoiy noex i uleat 90 -
fBg.heavier hydrocarbons and/or comonomers, is withdrawn from the

base qf the column. This may gptionally be recycled to the fractionator

feed voSE¥ TBYRORERT CRlpBE HORARE BRI R &5icany RBrRgRGymer, diluent
dynegearr auydrmartomesn SidediavnsireaNs Witihakeo herdakenedt, of the

INHAG Varyj osili lluent and.monomer. These -may b '
o b R A R R e
msﬁ@glﬂlgi APAWER typieadlst contains hydrogen and monomer. Sidedraw streams

may also be taken off, containing varying compositions of diluent and monomer. These

may be recycled to the reactor.

The fractionation column base temperature should always be maintained at least
5°C below the sintering temperature or solubility teniperature of the polymer produced
in an upstream reactor. The design and reliable operation of the separation process is
optimised through careful equipment design and selection and control of the fluid
flowrates and temperature and pressure conditions through the fractionation column to
ensure that the solids do not collect at any point in the fractionator and that fouling of
the internals is avoided or at least minimized to such an extent that any required

_ cleaning operations do not in themselves reduce plant availability. Typically the
fractionator design is optimized with a base temperature of above 50°C. In one

preferred embodiment of the invention the profile of the column temperature and
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5C below the sintering temperature or solubility temperature of the
polymer produced in an upstream reactor. The design and reliable
operation of the separation process is optimised through careful
equipment design and selection and control of the fluid flowrates and
temperature and pressure conditions through the fractionation column to
ensure that the solids do not collect at any point in the fractionator and
that fouling of the internals is avoided. or at least minimized to such an
CO%%%{&%%?W RSt eRES MG SPETRTBHE I HIEIH tHeHRENEs Tettice
ex@rantegvaitabilitic Typicallyathyifractioyatordesigsugopfithizedunith a base
temperature.of ahave 205 My N REISIEd STRoAMEeIqf IS By enfipn

the profile- of the column’temperature and 8 concentration of the principal
PresrsETTEr Leh EENETRGOR HhENIE G4 e SRRt aTE B Xe@s SV BEks in

the catalytie-~aativityiasany partisttanstagealthe salufsrieembodiments in

fractionatiop is preferably.carried.our a.pressure lower than. that in the
e B T S A s R L s, anc
is wardly Plyetashdriyith drtibascotver framtiorrdtomesiveinraditooeaibe
su§ihedimentadn e.Brsealds haglignator feed vessel, is preferably

kept_in suspension at all times, and is usually agitated with a stirren

how &b eI CAia Bt HEREISGF LB eHBIARP BECE HsBaHHB LR ghg fractionator
featxiessd) tiechiadionpbmgesigribecasabid e iistispandad pelymee

owder is. mainfained in the fractionator feed vessel, the base ma
o R S R B Ve
baggl ls\pRaEETahYisoBiss o dlsmsrivib s dale ofitief thaa/eybéie PHEehagerls

dieieraoba canicad Mahane withdhe analeLfdherone And ievauiietaling into

nozzle diameter sized so as to maintain plug or mass flow for the<ran%e of
AR s AR AT RS REER R RS s R R R oS Al BOERS™ T
ha@dlatent) that the vessel is designed to handle. In a preferred

embodiment, the fractianator hase is discharged to a slurr S

el LA RS SR R I 8 A TR osel
thejragaBigs peHY susy [fgsdrapmt e fractonaifr Yastapdsdey Bagenictis case
uifiBRelids baitkae dRcinpaiiasryesselatsprrierabhihiisi4spROdeHds in the

. Fresh dilyent may be added to the transfer line befween the fracuonatar
TRERPGRESE? §§§Sa‘rﬁﬁﬁ3ée§ﬁﬁﬁ‘?%‘§§8ﬁﬂﬁlﬁ?&c§§85%1é’rféﬂiﬁéa?’$?&ﬁo%5’ bio e
rigsfepiarairyade etk sireainnterfaetiatadiimpolymertsationy vessel. In the case

where the fractionator is separating a feed stream intermediate two polymerisation
reactofs in a bimodal polymerisation, the slurry vessel discharges to the second reactor.

A specific example of a process for application of the present invention is a
suspension polymerisation process for the production of a bimodal high density
polyethylene comprising an ethyiene homopolymer (A) and a copolymer of ethylene
and 1-hexene (B) formed in two reactors in series. Such a process may be carried out
using the apparatus shown in Figure 2 (see below).

The diluent used in this particular polymerisation process is usually a
hydrocarbon-comprising diluent which is inert with respect to the catalyst, the
cocatalyst and the polymer formed, such as, for example, a linear or branched alkane or
a cycloalkane having from 3 to § carbon atoms. The diluent which has given the best
results is isobutane. One advantage of the use of isobutane lies in particular in its ready

recyciing. This is because the use of 1sobutane makes it possible to recycie the dijuent
3 T
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reactors in a bimodal polymerisation, the slurry vessel discharges to the
second reactor. A specific example of a process for application of the
present invention is a suspension polymerisation process for the
production of a bimodal high density polyethylene comprising an ethylene
homopolymer (A) and a copolymer of ethylene and | -hexene (B) formed
in two reactors in series. Such a process may be carried out using the

re@ﬁ’f@?é@gﬂ e @ng %E'Q}H &gs glsc%%r%%!x?@tﬁée dﬂila'é%%tnus%gei %rts i%ea&tcr without

particular polymerisation process is usually a hy rocalﬁt)on-comprlsmg
hayifseit HRICATS TG Pusiisetinntecsatalstemy ccbearalysrhheiens. This
is pelymerdoaed;isue fapdanexasini@ e anebbrRRChed aANG L, Meir

e (%ilé%g%g]aa\gquf%orp 3 tdo1 3. carbon atoms. The diluent which has given
€ best results 1a |soBqunei ﬁ%ogdvantage of the use of isobutane lies
in pd@ié@@fﬁﬁmweﬁacydi@oﬁht&@ﬁmmﬂwm ofiis disuifane
poaeRdtBRRSIbIE PRI BN AR {SRANIRA B NE SR LIy

process according to the invention in the first reactor without gt
ad{37rg 60 £5 RHATEHYE FEFHRATBIP G e G reBve IHETESTuED AEERD.

etifltseiseh&gaifsijastEnboilingte mipeyatuses afisebiianaand eirhiexeper is

eir _separation can he carried out by distillation. In this
B e e T e S e BEEP R RS 1 e
of ffyritetisativniezrystian enintoche sulbsebivdrigeeymerisstio. feagtarislarly
préenerally adjusted so as to obtain a concentration of ethylene in the
diluent of 5 to 50 g of ethylene per kg of diluent The amount of hydrogen

introdeSR RIS REtRALR L ERIP ihe BF rarg ek jrddisipaal i emphiaimg in

hﬁh%pﬁlm@t(amlaﬁwﬁeeﬁbmg?@#@ EiBY@&ﬁe%B(dﬁéé% Rrhobe (dlegzrs) at
ro n/et ene molar ratio. whic 0es not excee .0 IS arthU r Yy
e B B 0 o R ORIy o present

mgeRtipnsig méﬂwpulmiﬂ%eigamausayrmdeﬂmﬁ AtpressyreTe of
le8Sdiad %F&Y&(&e@ﬁ)c@&%ﬁ%&o&%ﬂ{}eﬁtﬂ}g Q&ytgléo ré’XEﬂgP T3 Pe%lperature

conducted in accordance with the present invention. The reduction in
atyBich fhe e dRRTnRAp BBTSHT e it SaTrst ot i el atlresdr0cSs tRmrsessure at
whithiahtadhecriolymenisalian iesapesatvie e kst #paslul g, the first reactor,

temperature at which the reduction in pressure is_carried out is usually at
eSSy %%%erﬁ& gl %Wﬁxﬁ%%a?&&m?ﬁ%%%%ﬁﬂé% BEFHERT Bute at
lepstipagigibndteagsrssdureyinlidne ditso g obdture is generally less than 1% by weight
of the amount of hydrogen initially present in the mixture withdrawn from the first

polymerisation reactor; this amount is preferably less than 0.5%. The amount of

hydrogen present in the partially degassed mixture introduced into the subsequent

polymerisation reactor is consequently low, or even zero. The subsequent reactor is
preferably aiso fed with hydrogen. The amount of hydrogen introduced into the
subsequent reactor is generally adjusted so as to obtain, in the diluent, a molar ratio of
hydrogen to ethylene of 0.001 to 0.1 in the reactor, typically between 0.004 and 0.05. In
this process, the ratio of the cbnce;ntration of hydrogen in the diluent in the first reactor
to'the coneentration in the subsequent polymerisation reactor is usually at least 20,
preferably between 40 and 200.

The amount of 1-hexene introduced into the subsequent polymerisation reactor.
is such that, in this reactor, the hexene/ethylene molar ratio in the diluent is at least 0.05,

preferably at least 0.1. The amount of hexene introduced into the subsequent reactor is
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and is usually between 0.1 and 1.5 MPa. The amount of hydrogen still
present in the at least partially degassed slurry (liquid+solid) mixture is
generally less than 1% by weight of the amount of hydrogen initially
present in the mixture withdrawn from the first polymerisation reactor; this
amount is preferably less than 0.5%. The amount of hydrogen present in

SU_(EQ %]R% @ﬂé&g&g@ﬁ%@g rénlll)](g 2&? I‘Ig'][t rOd ug eg n tg Itlgtelg %XCL@ nf“n e Trst Teacipr

po ymerlsatlon reactor Is consequenstﬁ} OW or even zero. The su sequent

1s vaudtoPi TpfaterabRreansoirsigsaith Wyerogenl TRetaniosimeathydrogramtally

deiRtEOStICRe RS thensiRsaaVent IGReLar isarnetally@didsted 50,880which
obtain, | %gdjlluenta olar ratio of hydrogen to ethylene of 0.001 to 0.1

dr
A PRS FEA RSB AR D ?\ﬂéﬁ'éﬂydiﬁéif AdOPEECTFr ThisProTE BRI T Efi gt

€ reacto
ﬁl@ﬁtﬁe@@tmemﬂ%t@ﬁmé@dmgbm iththeidila @pmmﬂ’r&r{mi reacioidtalihe

es&gggﬁgtﬁ@gg@ﬂlg{ggesubsequent polymerisation reactor is usually at least
re erably between 40 and 200. The amount of 1-hexene introduced

|nto the 88 PR ABORRRSFRFROI 1eersstly iEncH teatd fh thisreaskor not
extheibexereletiye wp&aés@a QdvHierdilenbis AtleastiRoR, REgHR@RIN is

atI as 0.1. Th un ene duce the ubsequent reactor
o R PN T A APy BNl P o5t SRLRFRGH ks axpeiaty e
'COWGF&%W@%\GMB @tsl@aﬂyi’ni)tv{é@l, \ith rive xeergeri toteet MFs:. dssatiafiisguent
po?:%éﬁ%ﬁ@@?é%ﬂ&e&ﬁet@% rbéegi&;f@% Ul R*ENE L OSEANEBIY 8 cater than

ent introduced into the first reactor, which can be recycled diluent,
fbe highly depleted in hexene. 'Inc diluent introduced into the first

reacmrm@me?cﬁpmam liﬁ%ﬂ@ﬂﬁl&@@@lﬂﬂmu@f hesenpsans @o&g@ﬁ&mg
e of hexene. The ris erature neral
o ntfa}?é 0'C gﬁlca y noF%Qggrﬁ §§§§$E?t0§3P3£§§; ém of
thmmil’mp@béss@m«d mgdtg Qhéanvémmwiseqmnepbm'gmwaﬂ;cmr
TR MR Npﬁﬂyﬂﬁﬂ%@é@ﬂéﬁ%@%&t‘ﬁm@& ension

pressure is usuaIIy at least Pa; but not greater than S HP a. In

Ys%’s?&%ﬁ@ﬁ%ﬂﬁn@ﬁs‘a{?@ﬁ%%fé rrHalk EiTeisd fPer s Gu ey Bt REaRTe
(fik3 M@idlbnetgreatesthano4ealdha it thik e her ethPrOGe S%: exene and,

us n co r|5| osition comprlsmg from 30 to 70%:-by
O‘”vstv‘eﬂgﬁé’oﬁ hé ho opo mere(Adg) ARd Trom-30 to 70% by weight of the

copolnserdiBy ks coldttodrartferoutié tivt thesubseduent petyinigrgatiohen the
aifea Y isobutane, the gases exiting frorn the first reduction in pressure (intermediate

reduction in pressure between the two pol ymerisation reactors) and from the final
reduction in piessure are mixed, and conveyed to a distillation unit. This distillation unit
is advantageously composed of one or of two distillation columns in series. Ethyiene
and hydrogen are withdrawn at the céiumn top, a mixture of isobutane and of hexene is
withdrawn at the column Abotto'm and isobutane devoid of hexene is withdrawn from an
intermediate plate. The isobutane-hexene mixture is then recycled in the subsequent
polymerisation reactor, whereas the isobutane devoid of hexene is recycled in the first
reacior.

The catalyst empioyed-in the polymenisation process may be any catalyst(s)
suitable for polymerisation reactions, but is typically a chromiurm catalyst, a Ziegler-

Natta catalyst, or a metallocene cataiyst. Usually the catalyst is a Ziegler-Natta catalyst.
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The composition comprising ethylene polymers can be separated from the
suspension by any known means. The suspension is usually subjected to
a reduction in pressure (final reduction in pressure), so as to remove the
diluent, the ethylene, the hexene and, optionally, the hydrogen from the
composition. According to an alternative form of this process and more
particulay wihenitherdinentisisebutanaihegasesexingframndhedisst
wanfSUUEURRT PUSSSHEE RIS MEHIate icdcion [ pressure Beesr g wo

_polymerisation reactor and from the final reduction in pressure are
TaopgiRedlcarfate shtcyeanebadistiighomisni. SIS istialioh efinds. 1994-95).
Theaﬂé&@ilﬁi@gl e@asjd r}}ls@ﬁ@ﬁ&@ﬁ@ﬂtﬂﬁ& rﬁ}?l%mcty\eghﬁ&ﬁ%lﬁnm COUIMNS M SEEI8S not

Ethylene . an rogen are withdrawn at the colump top.. a mjxture o
R D e Sk S
beejsobigiane Wdlyoidbishex@anerisimgthdrawn from an intermediate plate. The

isobrsanayexeve MKt isdhen recysied in the ﬁé%%%@%% t0 18 % by

Ppolymerisation reactor, whereas the isobutane d exene is
welght W SaHFHAR Fidtlreactor. The catalyst employed in the polymerisation

progess ooy eany-eatabistEinsuitabletRaly prefisalionireastions, Wbt
Ofélsa%fi%gc‘a}gy a chromium catalyst, a Ziegler- Natta catalyst, or a metallocene

catalyst. ~Usually the catalyst is a Ziegler-Natta catalyst. tt In the case of a

ZiegtemNéta CHtalysicbir dtalyst @ise A6 mpoisasettdasthe 4Rhdition

wei@}ﬁtéfﬁ[@%ﬂﬁi%mt@ﬁﬁws a metal of groups 4, 5.or 6 of the Periodic
Table of elements (CRC Handbook of Chemistry and ph){/sics, 75th

TR fg0. 08+ PHRATAEIGRAetdP & pretera By BeaRitim W/pPy weieht

of atireoniuwm, A catalyst comprising not only the transition metal but also

magnesium is preferably utilised..Good results have been obtained.with_.
B B S B TS SR
mABHERE FISH AU RS TS b By dreigint axidranvdtion Bietsl cathloRisOus rretomply

obiiedarsb b Reldack b Mmore eﬁ%fa@eix&t&éﬂ%%gm%h aa
magnesium, - from 20 to 60%, preferably from 30 to 50%, more preferably
ma %‘ﬂ%%”ﬂ?"é&‘é? Yo’?lﬁa?égoé% RRIO8 RS ERIBTRIROA BT t61 1895 O

Sugrefgriptis a6t hmeradgubieradly 2:te:3¥d byparightUs 3901863, US
42942200 and US 4617360. The catalyst is preferably introduced only into the first
poiymerisation reactor, i.e. there is no introduction of fresh catalyst into the further
polymerisation reactor.

The cocatalyst utilised in the process is preferably an erganoaluminium
compound. Unbalogenated organoaluminium compounds of formuia AIR; in which R
represents an alkyl grouping having from 1 to 8§ carbon atoms aré preferred.

Particularty preferred are triethylaluminium and triisobutylaluminium. The cocatalyst is
introduced into the first polymerisation réactor. Fresh cocatalyst may also be
introduced into the further reactor. The guantity of cocatalyst introduced into the first
reactor is in general at least 0.1x10™ mole per litre of diluent. It does not usually exceed
5x%10° mole per litre of diluent. Any quantity of fresh cocatalyst introduced into the
further. reactor does not usually exceed 5x10~ mole per litre of diluent. |

Specific embodiments of the present invention will now be described with

reference to the accompanying drawings.
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of aluminium; the balance generally consisting of elements arising from
products used for their manufacture, such as carbon, hydrogen and
oxygen. These catalysts are preferably obtained by coprecipitaiion of at
least one transition metal composition and a magnesium composition by
means of a halogenated organoaluminium composition. Such catalysts
are Krown | thiesph avieonoizeshyfbeepcdescribaddn patents w8 8901 86812l4S
siufi29422001908 LS A6 12360. The £atalystisHugferahly introduced only into

the first polymerisation reactor, i.e. there is no introduction of fresh
catalySEtBe e fifter - olyHiaHSHRGH EREMb Frhigecatan A Etitsed in
poitheceadessdsqareferadly Ba o janoaltitinitoieehpesdzntally not soluble in
theléﬂﬁéx'{%%ﬁ%tr%dsor anrcllgglgwp ILHEB% @&%‘Q&é o ]:)OI%B%I Iao@n@éi@a%@%@a@oz 1
represents an alkyl grouplﬁg having from I to §'Carbon Atoms are
cOBRETEtT ol PRACHTEHY BreTErracs ire e th atuen reilAs samgther with residual
caﬁfﬂ%@ QH@M@%EH WiRn TR %%Sﬁiélbé‘},t &)ﬂf@)ﬁ@gﬂ?@tﬁl, iRtG1dhe firsteiont conmol
polymerisation reactor. Fresh cocatalyst may also be introduced into the
2R EF S A PR TSRSG5 Bt ataivst introduced into the first reactor

is in Denefihahieasif). ixdfidmnoteipen litkerebctbuetd. iihel 6 esonowhisuatlpasses
£x6eed oxlo mole perlitre of diluent, Any quantity of fresh cocatalysty -6 .o,
mig acnfar ggc?one v@%bg conce:%r S the qug%r%o a\%?u %eveg %ct);( ?l. tSStO T0wt%.

(8} O
introduced into the rther. reactor does not usually excee 0-3 mole

Thpeskite & Bifrerruaiycuifiicanioodimreatsof helprasaint.ifanfonsefivow
pr¥eelessrRedivith velsrenceriodhe accormpanyintgrawingsy 12 kigiee 1
snows a flowsheet for a polymerisation system comprising a single slum
CO%SB%%@%M%%?o?%%&%&%%&%&%%ﬁ &FSFrg T °°
bobigutt 31 siandtifuent isaraintdn eddrea ditfia: phaseddsigngicopalymiidsation
reaction where the polymer soli roduced are.essentially not soluble in
e B s S e
PrpishaiaTBatRIATE SE659T| CEO MTPHIsEaardichsowiiioler Eafhyingra riurjeaiperature
olRlymensaiids toostheruith residual catalyst and reagents such as
monQ er(%), comonomer(smolecular weight control agents such as
hydrég’eéns, ‘

TFFCOCRERIETS TR SRTLTRAT SR iSSRith draw R TR IS o the
ferdaciorlid [ned dson swhere ifipassEsufiicenhdirety ctorevs whiesuspended

pSPREE W AEHINE SHIKIRARRUGR eV RL Rl AP RLIAMIR 15, |

The flashed diluent stream is then fed via line 15 towards the fractionator
column 17, preferably at the base. The base of the column may be heated if the solids
content of the stream is insufficient to provide enough heat for fractionation. The
pressure at which column 17 operates can be in the broad range of 1 barg to 30 barg or
more. Preferred temperature conditions in column 17 include an overhead temperéture
(temperature at the top of the column) of 30-50°C and a bottoms femperature
(temperature at the bottom of the column) of 65-95°C. The ﬁacﬁonaror has between 5
and 25 sieve and/or dual flow trays.

Liqud botioms product, typically containing diluent rich in heavy
comonomer(s), 1s withdrawn from column 17 througk line 19. If additional heating s
required, some of the bottoms product 1s passed through line 19 1o a heater (reboiler) 21,

and from there through line 23 as vapour back to column 17. Alternately, the bottom of

Column 17 can be heated with a jacket.



The siren is then usually subjected to a pressure let-down at 7, from the
reactor pressure (typically 40 barg) to a pressure of 7-10 bars- Depending
on the solids concentration and temperature of the stream, the heat
content of the stream may be boosted by slurry line heater 9; the degree
of heat input designed or controlled to maximize vaporization of liquid
whilst avoiding risi of sintering in the. heater. Preferably the slurry heater
exit BRI HiroTRePfIngTd e proithaa Hierdsiume: ofthefsttdam
vapbituig viihigsavarbhensiresndhan Passesdria A fraslionaiar feegvesseln.
251]f Tgﬁ %e‘%sst{%g in %cﬁﬁ?d vetssel i 1is adjusted so as to flash off
sufficient diluent fo lesve an GrSassenaad SURFRbIFRH B msE $8fd

sigrgipmsriawithepalen thfouglddimed 3nd eeflashed il tetiestsaant iS(HieBhown).
1 {86 4o Waedddonards e ecpnaler. soldin i PIRIRIANN aLing ase

The base of the column may be heated if the solids content o1p'ﬁ(ieflslt][r1 am
SUERSERTISh ESRAMIE BB iy hesToiheattshatiomiThe spresg dies dutfer
caytich cfalomundrh eferateseean pe el eadirangesabihanaip 38uoakge
: re..Preferred te rature conditions in column 17 include an
B R a0 S IR B ARTIDY 20-50C

and &voherf s tenpdrameitnmpararicallt thetoiomdite, coksacsdof

mbReRRC nidisdeactinnainhasRehuash B ANd-2%:isye, and/9s dual flowso.
trays. Liquid bottoms product. typicafly containing diltent rich in heavy

WAShIbRORITES o iRk dRsWe Sielut Frbecatrsee i Tiree 1B hdditisie
veheatimdhrisaker e . tho rumdddde. bottoms product is .passed through line
19 to ater. (reboiler. nd from there through line 23 as vapour .
pack O S TRk Gt o BB BT C SRR b
re{giAg§ckimodal molven ersnsi whisreritkeh fydrogemerisniead drctinahethe
pélliRibadRLelEaDby ¥ aherHSLe AN SIAAM MAARIRN Y .0

withdrawn from column 17 through line 25. The sidedraw stream typically

R h AP At SR CTeF it B S eReETR S S hTeTe el Sitre Aniiis numerais
areabtedmadscoriiensetl amhd phesiparyiiReie dRJRAMOEELS W Figire 1 is
oSPR A R RS SIS UL TIC OB
Tragiipeaien fppé vienne) Buffer lngpacity bicomotonrelyoam stréarhstprovides: feed
vébrfacilfyntersubsianti aiy-raduea e diuent by a stirrer 35, and this suspension
is withdrawn from the base of the feed vessel via line 13 and pumped by pump 37 to the
second reactor (not shown). The liquid portion of the stream withdrawn through line 13
may be recycled to the feed vessel 11 via line 39, which may contain a heater 40. The
feed vessel 11, having a well agitated solids suspension, may be heated by a heater 43.

Regarding the fractionator 17 in the embodiment of Figure 2, this operates as in
Figure 1 without any sidedraws except that hydrogen is vented from the overhead
stream, line 27, when the stream is otherwise condensed in the cooler 29. Thus the
recycled stream 31 has a substantially reduced leve] of hydrogen. Stream 33 recovers.
the vast majority of diluent, comonomers and even monomer flashed in vessel 11 whilst
being lean in hydrogen. This fractionator design typically has about 5 sieve and/or dual
flow trays.

eferring to Figure 3, this shows a further embodiment of the invention relating |

to a bimodal polymerisation in two reactors, in which a single fractionation column is
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time for product transitions between polymer grades of differing density.
Overhead vapour from column 17, typically containing diluent, unreacted
monomer, hydrogen, nitrogen, and other lights passes through line 27 to
cooler 29, where it is condensed to be recycled as reflux to the column 17
via line 31. A lights vent may be taken from the condenser. Referring to
Figure 2, this snows an alternative embodiment of, the invention relating

ud@iachireodatipaly pekisation g AM0geR LRV eAd A 1€ fnal stream
ﬁg’%l)gggggggt!{)pe stgear?nb% ea ractionator located between the reactors. The

secon re%cto?,?soﬁo SHSWT 1Y THBSERGSFEP TP I SAarRrAdHrERsWAv N
mpjegHaverE oI relss aradthenshmBrasdackiguievlevEnehpyiaeinal configuration
cidifferensefmmthg Ailangemgnt of Figure 1 is_that in this embodiment the

bottoms product?%m the frgﬁ”?orﬁ1 3}% %fg‘&%ﬂ%&%’ﬂ%ﬁé%}%ﬁ%ﬁa %%%Onamr’

e E e S0P e A A gheme e ghl eniweinke nhrsiwellyeries iretvein S frgsfrtactor.
feed AeastldniboiRitaNSHHLRHSPERSION mﬁgﬁigﬁgﬁpﬁgﬁ%@ﬁéﬁreacmr

, and.this suspension is withdrawn from the. base of the feed vessel via
fine 15 and pumped by BampS7s THECLaERFE HeRrses (HEP shioniprpte feed
vefgelid boitledscihiprersinezigs Withadr awmitisdughelinesi 3n thaypbefegycled to
dhedsedvessglt via ling: hich may contain a heater. 40. The feed
N vessel I1, haviné&g%v%%&%%?t% yggrff&g%%%%él ﬁ%srlsfl Irﬁ%/tbfieo‘ﬁéla %%gyggwnﬂ
DREAERAZS FOgE MG R Sraclionatell be rpthisbmitiodimennof Figuis®,
this apRiatessaRiheFigue huibautan sidedrans exeeRtdhak bydtog8hiumn

ted from_the overhead, stream, line 27. when the stream is

" ' ’
1 RO R CRBBR T e B ALY SR ey 6o R o avramedkie gessel
1 lsulestiantidllySreghandell evehabhydiagana o 6am A3 esavers i vast vessel 11

Vi jarity of di t omonomers and,even .mqnomer flashed in .vessel 1 1
R S T ator TSI Ay Ry R mav

bengiaseaadaysedual flow trays. Referring to Figure this shows a further

embockment atdhe BYRNHANRIA i olymerisation in two _.
_reactars, in which a single fracti%rrllﬁ;g%ar{:(eggﬁrr%qlgs%%%%s%?t%z?rle&gtrggttor via

lipgd D SO SPSHe L RiTRS B PapecpidrEactorsion desb yatrekéhal Srimthe case of

thirdinthesecondoieaeiestbhtedol aving.descupliondtdsrassumag gl the
W m?k({:-c lar wei htl}g‘roductl made in the first reactaor, however this
a onal neaj lngrg € S

esign configaration ‘gves fohi BRI B RYIS Ay Ris b B Rsfeond effluent
stregyclerstraratisArpowtive feaelionatantained in second fractionator feed vessel 51

and the unsuspended, final polymer product essentially absent of free ﬁQuid, 1S
withdrawn via line 55, whilst the vapourised diluent étream 1s then fed via line 53 to the
fractionation column 17. |

The temperature profile and pressure of column 17 is adapted so as to remove
- separate the full spectrum of components of the incoming stream. Preferred temperature
conditions in column 17 include an overhead temperature (temperature at the top of the
column) 0f 35-55°C and a bottoms temperanure (teﬁperature at the bottom of the
column) of 65-95°C. Liquid bottoms product, together with any polymer fines, typically
contaihing diluent and rich in comonomer, is withdrawn from column 17 through line
57. Optional sidedraw stream 61 takes off diluent free of monomer if required for
example for transport of catalyst to reactor 1. Sidedraw stream 63 consists of a diluent
stream free of comonomer that may be recycled to reactor 1. Overhead vapour from

column 17 withdrawn m line 27 and a stream rich in hydrogen, together with some
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to equally enable the high molecular weight product to be made in the first
reactor. As in the embodiments of Figures 1 and 2, effluent stream from
the first reactor 1 is withdrawn from the reactor via line 3 from where it
passes into a fractionator feed vessel 11 (details shown in Figs 1 and 2
omitted here). As in the previous embodiments, concentration with a
VG ressure let- nan ditional, heating (none shown in, .
B O T Wore i G T T gHBen in
thefrglirpie feunivasabbl Profatinly 18 tol e irattionaticnesitmmmomrnal fom the
dinmeestelemanemerdisadivent stream from column 17 is returned to
ves Ifll via Iiﬁle 57. Suspended polymer is withdrawn from the bottom of
the feEGVEESEI 1 FYRTitR!e ShaNs AFRRISHREPIG ter dRLEHPPISABRY O 2
bimyhie palsioitiosaiccamenichetytiayeh ésadded@stns itedpiftuentsteaameam
by MR AR ARSIl B e e Yot M BRI of
~ where it passes into a second fractionator feed vesse CAS IR cases
Figyretheapesviese ap1ominie spfestion witheashy drodyclones, Trediurat stream

padedsdrvin eadoAdditional heating Lnorssshoivg, g dhe Fignie) may alkhe

mﬁ}g Jied tgoag is second effluent stream if required. A powder levelis .
© a@%‘m} HESE Gnd AF RSl Baaitrk varssl 1A e atintird 5 pe s dash off
suffinamclimest pracifesarsentally elsent 0f teedoit, issubasewpolianer in

li whijl vV rised diluent stream is.then fed via line, 53 to th
B et 5 4 g o
SepRTRRoRd dieeple nelvenfersovihdeyamateahebfiins fédtm sicopmpomentessel
69 OlvHiEni ARATRIBEHRR RRObIRER IR RSHIRT R R CHEORSIURRS Ry 17 4

include an overhead temperature (temperature at the top of the column)

TGS 58 LSt PSSR AG I AR 76 OB AR SRS BEREGRIOR IAdD:
colmu o @PadhGh thebisttoattoMbeiREClARgPHIaE Wikhah Rl Hehe

‘ ' typically containing diluent.and rich.in comanomer, .is withdraw.
b S S PP e 0 o QLR
Ye@ﬁﬂhéﬁt%é@f?ﬁ@némmqmpemm7mmmndmasmnbfxmmion
of 18AGHLT WIHRALW BIFeRMM %&%%@%%H@@Eﬁﬂgg%%ﬁ%g el 69 via line

comonomer that may be recycled to réactor I. Overhead vapour from
column 1:% withdrawn in line 27 and a stream rich in hydrogen, together
EXiilBDEe is monomer is vented from condenser 29 through line 65. The

numll:gggé g%@é?ﬂce %Exelglicnof the invention in which a fracﬁonétor 1s employed
between two reactors in 2 bimodal dual-reactor system such as described in Figure 2,
the fractionator is fed with a stream comprising isobutane, ethylene, hydrogen, hexene-1
and polyethylene issuing from a first polymerisation reactor. This stream is first
concentrated in a hydrocyclone, after which it is passed through a shurry heater before
entering the base of the fractionator.

In this paﬁicula: example, a flow rate of 10090 kg/h of polyethylene and 9685
kg/h hydrocarbon enters the base of the fractionator. The hydrocarbon in this case
comprises mainly isobutane but also contains about 3.22 kg/h of hydrogen, 116 kg/h
ethylene, about 10kg/h of solid polymer which contains some active catalyst, and minor
amounts of other componenits.

As the stream enters the base of the fractionator, the hydrocarbon portion is
about 75% vapour. Upon entering the base, the residual liquid and aimost all of the
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the column is minimised by preferably not designing it to separate
monomer from the diluent streams recycled to either reactor. Referring to
Figure 4, this shows an embodiment of the invention .relating to a
bimodal polymerisation in which hydrogen is removed from the
polymerisation stream by a fractionator located between the reactors.
Thus this is similar to the embodiment of Figure 2, and where appropriate
solic'ief rerttgir num {als are th}g. same. The effluent stream passes from

réacior 1 1o re??: PRSI RS AR B0k ar s RS SRF S e xample
is hesieddimisakef Wigelr v ee hrdssurimthafeainbsttickbisratjustetso

flovasdQ flaghodiswiieiant gy 1ggel;ogglféactionator 17 via line 15 to leave

an unsuspended polymer in the base. Line 15 enters the fractionator 17
aboVRe R BYREIRS S BE fooaRHAh BBy tho Fratvi Serea SAmPIReS Biith the
boilpglyroar isvbitkithiawiutyrough fiaedhiite Ba56SeRdEIME Y MR8 080 f about

HSW&C also receives the bottoms produgt.from the fractionator 17 via lin
S e RSP e P (oAl

actiep pelationfinahe bitiwamy T Folymier iptiredootiquipofdiie Sheyavessetion
colBhiSs BB R ERSI KRG Y A0S RA SRR qgﬂﬁﬁ%@'ﬂ?q}?' SRR 2y %)out

., Withdrawn from the base of the slurry vessel 69 via line 73 and pumpe
9% GO AT SRR SUsE Shd TeR tirmetn iGhia lsrat dpleotiprecttranimportant
to emgithelraaybiduianglislinenifdisea@y be recycled to the slurry vessel 69 via line

39.&)@%@1&5&@ one s ecific extattr\r:vple fthegipfﬁenti nin which a.-
fraction&tor 1s amployad bafvaR 15SCTERRES % SABMTEd A QRS or
remgyesdinesivhcastdesnsitezas/Bipsret@athavithaetionatortsafe dvivith. & Shridam

dovRPIRPESIg-SORtANG, AENS, Jidinges, hexe ﬁgg&idm&o%m%%%e

~issuing from a first polymerisation reactor. This stream is first
colympycentrated in a hydrocyclone, after which it is passed through a slurry

g o L L 0AR I LS BARotlly

o exam s 0. (0] t y ene an g

o e o 88 D0TSF A ER O ATy CTRGRR SRR Py
hydgegsn. cbilirises niwi niytadpdutathes tﬂﬂt&ﬂbﬁ@@mﬂiﬁiﬁ smﬁdmt&ﬁifé{@‘fﬁofency of
e AR AB UL PANIE0E A0 UGB SO BOMTIEI NI ¢ e

contains some active catalyst, and minor amount er components.
Adgidanallsy hsrinplicarsihe rey oot zaopelisthriens o e aensepistion:
haviSthey experienced any sort of fouling. These observations confirm the excellent
performance of the system in handling active fines.

The liquid which is condensed is returned to the ﬁéctionator and falls back down
each tray. By the time it reaches the bottom of the fractionator the liquid has been
depleted of hydrogen; and any active fines are recycled back to the base liquid.

It should be noted that since almost all the liquid is condensed and returned back to the
fractionator base, there is no need for liguid make-up in the base to maintain solids
concentration. The essentially hydrogen-free slurry is agitated to minimise settling, and
is then pumped to the second reactor. A slip stream is taken off this pump discharge
and returned to the surry base to aid in siurry homogeneity. The typical hydrégen
content of the shurry going to the second reactor is below 100 g/h. Thus, considering
the initial hydrogen flow rate leaving the first reactor of 3.22 kg/h, it can be seen that
the process of the invention is very efficient at removing hydrogen from the feed stream

and aiso removing active fines from the purge gas at the top of the column. This simple
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about 75% vapour. Upon entering the base, the residual liquid and almost
all of the 76 solid polyethylene falls into a boiling and agitated pool. The
base slurry in this example is heated by a jacket which provides the heat
for about a third of the column’s vapour flow, and is at about 700C and 10
barg pressure. The hydrocarbon vapour coming from the reactor stream
combines with the boil-up from the boiling slurry in the fractionator base
egupmthatizeaposnflowtoftabontidilsadkethnentermthafraciionatiandirogen
SRS MARQUE 9?51@&%&9@?&9%%%@9% CUYG PolineL | 8% of

which carry over from the upstream equipment. The fractionation column

qadiont THEGE ik thafetdeaaina hasamehniarsios dibipsteabicheny Memour

whetim@dphpenaieiiand basiheliesof @smudiamatenidhis RReole as 1o
Dg.iamgge&lgs im&)uc%lrgargte&(x) fnsqredté}gt bl%) king is minimised. The gas '
Stream works its W%y ur?' e <efubbET A f§each tray progressively
removes fines by contacting the gas/fines stream with a liquid stream
which is failing down the column. This also removes hydrogen from the
liquid which falls down the column. At the top of the column, the stream
enters a condenser and is almost totally condensed at about 30C. A gas
purge is taken off this condensed stream to remove hydrogen. A filter
may be installed in this stream to test the solids removal efficiency of the
column: the Applicants have never found any trace of polyethylene in such
a filter. Additionally, the Applicants have never found any polyethylene in
the condenser, nor have they experienced any sort of fouling. These
observations confirm the excellent performance of the system in handling
active fines. The liquid which is condensed is returned to the fractionator
and falls back down each tray. By the time it reaches the bottom of the
fractionator the liquid has been depleted of hydrogen, and any active
fines are recycled back to the base liquid. It should be noted that since
almost all the liquid is condensed and returned back to the fractionator
base, there is no need for liquid make-up in the base to maintain solids
concentration. The essentially hydrogen-free slurry is agitated to minimise
settling, and is then pumped to the second reactor. A slip stream is taken
off this pump discharge and returned to the slurry base to aid in slurry
homogeneity. The typical hydrogen
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content of the slurry going to the second reactor is below 100 g/h. Thus,
considering the initial hydrogen flow rate leaving the first reactor of 3.22
kg/h, it can be seen that the process of the invention is very efficient at
removing hydrogen from the feed stream and also removing active fines
from the purge gas at the top of the column. This simple 17 equip D WiSE
ciifgieby demonstrates a reliable and economic means to control hydrogen
concentration and hence molecular weight in the second reactor

1. indeBeasgentiy 8ic cohdnioimtieguifedeiintrelimstineadtast mreofwkeamiysicgdly
acfiaRlRIERRG A ARG HORRTAmRSR RS S9rdlions furthermor
the column may also be adjusted $o as toe%glgﬁlrrﬁsléjeaﬁeegé%%% .a(r)%r actionator
havipg #é g ioeanilédnivosstars. LOYD WISE Claims 1. Process for the
polymerisation of olefins wherein at 'east part of a catalytically active
stream withdrawn from a polymerisation reactor is passed through a

2. fractiohersT apeRitigatqesains bavhishiism eagoyons Prewsssincduditigsto
cat§liPatiy WHISR BrerTdIRNAHS B nifkyvhich the catalytically active

stream Is continuously withdrawn. 3. Process according to claim 1 or 2,
wherein the catalytically active stream leaving the polymerisation reactor

3. CONtpiPSea a%eé;d@%vai%m{iq epb/,%@rémﬁﬁ%%aﬁagg%[gig&% claim,3:

wherein the solid polymer fed into the fractionator article size such
leayjing the @abymensabiomEcpERTsERains atpeasicl® i sphid ipakymem. 5.

Process according to claim 3 or 4, wherein at least 50% of the solid

polymer has a particle size less than 100m. 6. Process according to claim

4. 5, whiaesss aereadingdo.clime suhiarpiihsseHdalyparifid bise tesSapdenator
has2Dpaficie f7056SS RGERT WG BHANYFRAE ‘iﬁﬁjﬂﬂe? AT, PRREISIAE of at Teast

concentration of polymer in the stream ted into the fractionator is at least
H3Bovol%. 8. Process according to claim 7, wherein at least 50% of the solid
polymer has a particle size less than 1000m.

5. Process according to claim 3 or 4, wherein at least 50% of the solid polymer has

a particle size less than 100um.

6. Process according to claim 5, wherein at least 50% of the solid polymer has a

particle size less than 50 pm.

7. Process according to any preceding claim, wherein the concentration of polymer

in the stream fed into the fractionator is at least 30vol%.

8. Process according to claim 7, wherein at least 50% of the solid polymer has a

particle size less than 1000pm.
9. Process according to any preceding claim, wherein the heat content of the stream

entering the fractionator is sufficient to provide at least 60% of the heat necessary for

fractionation.
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9. Process according to any preceding claim, wherein the heat content of
the stream entering the fractionator is sufficient to provide at least 60% of
the heat necessary for fractionation. 19 LLOYD WISE 10. Procesg; ovp yisg
according to any preceding claim, wherein the stream withdrawn from the
polymerisation reactor is fractionated at a pressure such that the principal
dilu ' | en without compression
O e ol e Pl S e SRR B rom
thepelyseriseiondrigiey idisrionatttbabinptivesarissnoly duuctioprimgpedsiiivent of
R R S b S e
and the fractionator. 12. Process according to any preceding claim, ’
at ISBHSFATHE SRS Bdg¥SGh the fractionator comprise sieve trays
and/or dual flow trays. 13. Process according to any preceding claim,
. wherein at least the first two equilibrium stages in the fractionator above
Hine BEIsTAtRMBRETE slrimn havkersinthersngniytaduwsianhapisssutfedst

belb % G ihGovAResIOULIAIE IHIRQRESS %%éﬁqget_?eﬁﬁ%%}\ ynerein

every equilibrium stage in the fractionator has a stripping ow that
fragtighatolst 1 Owt% of its vapour flow rate. 15. Process according to any
preceding claim, wherein the residence time of any solids in the
fractionator is maintained at no more than 90 seconds. 16. Process
12 accdrifRg iy iRa dediny RIssRding-Fiiprodissinsthapaeiisitan giages in the

frayien6risatipn f ﬁé’%'ﬁﬁ?s@nﬁ?@P&lﬁ‘a’l‘ﬁW‘@}g.more than one reactor in
series, and the principal diluent is an inert diluent or monomer. 17.

Process according to claim 16, wherein hydrogen and/or comonomer is

13 empleyeskin@idrnst enamf tRe aalmesisatioRreRCIPISaaNHfRsHRpation

r,% Qves at least some of the hydrogen and/or comonomer from at least
eqy IEW%%&%HME@ ESHaRRier FROBFiMS erdieratioprirths Hy et Bttion
strifspih g Oimgtreanieester 23 LULIRYR WIRE d3uPIREesst@ccording to

claim 17, wherein both comonomer and hydrogen are at
14. Process according to claim 13, wherein every equilibrium stage in the

fractionator has a stripping liquid flow that is at least 10wt% of its vapour flow rate.

15. Process according to any preceding claim, wherein the residence time of any

solids in the fractionator is maintained at no more than 90 seconds.

16.  Process according to any preceding claim, which process is a process for the
polymerisation of ethylene or propylene utilising more than one reactor in series, and

the principal diluent is an inert diluent or monomer.

17.  Process according to claim 16, wherein hydrogen and/or comonomer is
employed in at least one of the polymerisation reactors, and fractionation removes at
least some of the hydrogen and/or comonomer from at least one of the streams

containing the principal diluent prior to its distribution to a downstream reactor.
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least partly removed from the principal diluent in the same fractionator. 19.
Process according to any of claims 16 to 18 wherein the fractionator is fed
from more than one reactor and/or the fractionator feeds purified prinﬁ&@l@
diluent to more than one reactor. 20. Process according to any .
16 to 19, wherein the ethylene is polymerised to form a polymer

18 COMPSIBG: a&&%m%%v@(aiﬁt @7‘%@%9!&%%%&1896&%?%%%}}}6%

: \4%9@%&
density of at least 0.965 g/cm3 and an MI2 of from51to 1 In, an

leagt parilat s drannibp Prsripalslilengin denspoadrachiavigra density of
from 0.910 to 0.940g/cm3 and an MI5 of from 0.01 to 2 g/IOmin. 21.
Process according to claim 20, wherein the low molecular weight

19combBtfert recridg i ansaédripsieimt drdverintdrerfrariinnater isghd from
mdROIREEH WIS, aaTBPIRYractbnator feeds purified principal diluent to more

than one reactor.

20.  Process according to any of claims 16 to 19, wherein the ethylene is polymerised
to form a polymer comprising at least 30wt% of a low molecular weight component
having a density of at least 0.965 g/cm® and an ML, of from 5 to 1000 g/10min, and at
least 30wt% of a high molecular weight component having a density of from 0.910 to
0.940g/cm’ and an MI; of from 0.01 to 2 g/10min.

21.  Process according to claim 20, wherein the low molecular weight component is

made in a reactor upstream of a reactor making the high molecular weight component.

21



