REACTOR COOLING SYSTEM The present invention relates generally to a cooling system for
removing heat from polymerisation reactors, and more particularly to a system for removing heat from
at least two polymerisation reactors which produce at least some of the components of a single
polymer. &;}Hﬁ%@@@ﬁ%h as polyethylene or polypropylene are generalﬁfﬂfgﬁ{?egﬁs?ﬁﬁ%dustrial
guantities by petrochemical facilities, which have ready access to the monomeric feedstocks. The
polymerization process itself is usuallggxetheimic andis ypisaly: performed in closed systems where
temperature and pressure can be regulated to maximize production. As with any such closed system
where heat is generated, it is necessary to remove most of the heat in order to control the
polymerization temperature. Thus the reactors in which the polymerisation is conducted are usually

provided with coolARPEsSIERY tatienecHsHaaly to Aqplieal forierofecsokmiryseshfieomprises a
jacket surroynging.fagpRhRessatonHeackar BroRg ich 5 Rasaercaglanl tasemeNathe heat from

the reactor. The cqolant itself usually circulates via a heat exchanger, where the heat removed from
_the reactor SR TS S R SR A A I THER 8LkiaH sroeedds sAumoRsieissBEsnly a single

polymerisatigalyasetor, increasing numbers utilise two or more reactors, the products of which are

combined. The reactors may, produce jdentical or. different products, and may be arranged in parallel
or in series. A coefrrgle(i onehsp%%gat%)ﬁ 'r‘ée%y?ﬁg%ldjﬁéy%q{}aeé}glﬁ%35%?? ﬁéfbci?‘ifﬁg %Bﬁ‘fgg?%lfer the
polymer to agsectine reautoshbmiead fuithes pehjchdris madedo:thetprasenaenkike first polymer
(so-called " ' [" iSal] ! : r systems may.comprise liquidsphase or
gas-phase %&%@gﬁ%ﬁ%ﬁ%ﬁﬁ% g?ﬁgaf%/sr‘r%u ti% 5 ?@gg{f)r}%ys]}(e?rlﬁé Hcffo} dy one or more
loop reactordsiipicishiic Yatartinbousaranpvestrudipresompasibgragiidst tvoafomexample four,
vertical sectignsand:atdeastiwy (arexRmAlS e tizarialsealions! R sUplaeaglor, reactants are

fed into the continuous tube containing a solvent and a catalyst. The admixture of diluent, reactants,

and catalyst GRCEBAMRIGHLIS FetyRISHs SurrPi fubeelWne i e Aeno R prEBUTESEIRY continuously
removed. Thedest of palymasationistypicallysiemavedrysinglipdrestiexchangamith a cooling
medium, presfertablg/ wateré ig(g?%ets surrounding at least part of the tubular loop reactor. A typical loop
reactor is shOWIY if ﬁéﬁ% 3 8”:'2006/026493, and a conventional system for cooling such a
reactor is shown i fFigeakfénof dhensme patentapplisatiopcldisshowda daotisigheiktitt @omprising a
cold coolant supply;to. th i %F S, return su ofwarmer coolant.from the jackets,
“carrying" thre% %%g%t tflﬁgorﬂ} ?h{éﬁﬁé%gt%% ﬁ%cﬁggg'ﬁ ?e?%ﬁ%%egﬁ%%%%%}or@%ﬁa?n 'gltal%ee%(%%ﬁgers, and the
Sre-cooled cB¥AmEYaticiiataiitls thecresxtbrigeketseretibedsetantisved et iidheatiexshangers and
recirculated gatheqthan being supplied directly from a cold source such as a cooling tower so as to
avoid fouling caused by untreated or only partially treated water: the circulating coolant (usually water)

in the circuit can be HEEEEE 2Ry IR A HERSRL S Y Phinthie T aE RS hBIA%Fisations each to have
its own 10ingepengdati coaling giisuitand heatexchangewsncadhe cealivareqgrirements of each

reactor, where different pol isation reactions are taking place, are usually different. However in US
5735352 2 S0 Rt SRR LT AL SR th CODR PR E o ARG B B eBrors, This i
said to be possihtedbeqausicbithesowerheatreoncyalreguirémentskiasubseguentrefetors due to
ageing of the V. ; i ir rom_the.cooling.circuit. of.one reactor to the other is
also disclose(ejggvtt(\% ﬁgv%%gggg%gﬁ? s%%%ri]tg%egt%é?%nprg?{%?t ré% g ove e%%ﬁ%?/’nﬁr?{elsg}%%eg the two
cooling circuiisaRrsrEs tHabtHey: ardvarrsdavenlladsingivvivdalt, thibrebyspriovid hglarsivipter and more
controllable ¢agling 1%!?%@@&%9@&51&%%{%%&%%@ RlgRIQides A.£0ling, GGl for at least two

reactors which form at Ieasérfart of a polymerisation reactor system, which circuit comprises: one or
more beat exchaf§ers WHIBHGIFEvINE St B CO0RYOTIh & CBIFgTR EtaFteDIoR Biodoling circuit; a

cold flow of eonlingflyidexiingthe:ene enmaeeatiexchangprsRateiwhich cold 25 flow passes
into a first inlet fl(gév directeg to the Qor?fli%g Eé/stem agf a first reactor, and part of which passes into a
X ySfaH Bt

second inlet HSW AR EEE 1 HE HBBIFY CELORY T HABE B ROR S Tpding the
combined exittfl oescofitheoos olingctuidsingedtovamade the:heatTremieachnefthgiragtors;
wherein a partion of the,return flow is diverted to b s the heat exchangers, and is 30wholly or partly
ncororated e R S B A o W process
for remo_vin@h@a;@@ﬁﬂ‘mﬂéagﬁw%é&t@mﬁboﬁ@nwms‘bpéﬂtgﬁwbplgamem’efhtisingeactqr system,
comprising: ifgRlag a siiamal fuid i eneanm e et SahanasisANd.pasaNApA gl o the

cooling system of a first réactor and part of it to the cooling systém of a second reactor, so as to
remove the REACHEIR Ehiderdavhdracastifgisaclothisagionirshesn éxBizmgérefa¥eturn flow
comprising a portion of the combined exit flows of the cooling fluids used to remove the heat from each
of the reactors;  wherein the heat exchangers provide at least 90% of the cooling requirement for
the reactors, and a portion of the combined exit flows from the reactors bypasses at least one of the
heat exchangers and is passed directly to the cooling system of one or more of the 10reactors.  One
aspect provides a process for process for removing heat from at least two reactors forming at least

part of a polymerisation reactor system for a multimodal polymerisation in which the reactors are linked
N cariec and all nrodiice at leact nne comMmnonent Nnf the came nolvvmer comnricina: conlina a ctream nf



A significant difference between the arrangement of the present invention and that of US 6235852 is
that in the present invention the exit flows from the reactors are combined before by-pass of the heat
exchanger. By contrast in US 6235852 the heat exchanger is bypassed either by passing some of the
flow exiting the cooling jacket of one reactor directly to the cooling jacket of the other reactor, and/or by
simply returning the exit flow of each cooling jacket direct to the entry flow of that jacket. The
advantage of the present invention is that by first combining the exit flows from the reactors, a return
flow is obtained having a temperature which is a weighted average of the two exit flows, thereby
allowing the i ' *g < ﬂ:h cqol ejther. ar re s. In.US 852 such
flexibility is n%?%@%ﬁgi%ﬁégéﬁ y%%c%{m Fr%ﬁlg t }Zs ae()?(ﬁlﬁévd\/}g &g%)r@(éa %%E,é% éflﬁﬂel%gg?}ze%ihanger
allows the reth#rsafonpalso! bypagsion. Dehsohaolidd-byi iashgid pompriiereeslinao 86 285852 an
additional pup,isEgairaailn Otdar.Ia.pRT WS INALSOMmE dlow.entets the by:pass ingIhjs-preferred

therefore in the ?éesent invention that the cooling circuit |S£Ié)wered by no more than one pump at any

one time.  BrefépabigririacrieatiexchanGars provitel dtaeaseosokist tha s shPprEs SR e for the

reactorss and-4neg-Rrefskabdhey REoviseat leashDiteA significantadvaaiage atthe invention is
that the total c%%gt%%eca city. of ﬁﬁhe h%f}t exchanger(s) can often be less than 90% and sometimes
less than 8093 BIARESUTH OF IRE AL KR (kiR SoBITG PaGtimeHERE Br SSURGIHHE Aactors. This
is because theceediatorssdosnat geresallfoall e quikedbaxinmsmedae| gaidhaibamadineatdits is more
especially the case when the reactors form part of a multimodal polymerisation system. WO
2009/101005?3%(?'7 Bﬁgﬁ%aﬁi%sﬁﬁlylﬁ ?1%? (]:%ghee\ﬁ Célﬁté %neqr?g tEear‘r%]/{%)dr'e than one heat exchanger, a
portion of the retukniflowalsusily Pppassesmalityf theatteapelrhangarss cathiv pmferedthat the
reactors which i ahleast pact,of the palvmerisation system.all Bradyce aLIeas, ape.component of
the same polymer: this means that their productionis 5I|nked._ It is particularly preferred that the
reactors are liféerifv seadsivraimaatoirdinatintisusredses gmtapressrsibndidhimespecially

advantageoug hecarse e tatal napasit elkibe.Reatxchangersteaugd fanine sealingrgircuit is less
than the sum of the heat exchanger capacities that would be required for the same polymerisation

reactor systelfTrEEHTEHRCBFhANITE 63f Srhateupbhreselibethre ARt dstr YA significant capital
cost 10reduciipisnskenengyisayirgsrdauishefirares gospierayingyeniy 8 singlacoglingigircuit to cool
all the reactors, we have.found that.the cooling circuit.of the.inventjon i ible enough to be able to
providefs%ﬁic%n ggoﬁ?r% 1% %ﬂcﬁ%te‘}%eoélg’tg%cg\% %i%%ﬁ’él?? rréﬁa?%ﬁ?e r%‘fie{? %? é#%%‘é’ﬁ% u{ﬁﬁ%aﬁgnce cooling
requirementsy change it suaily e edoliag siguityohtbeanue tomnvoamprisesasinglaiireat exchanger.
15 Alternatively.two ar . lised. either in seri rin _However in
most arange e A o B e ™ The
number of re&@iE 688 by the cooling circuit of the invention is usually two, but the invention is not
so limited: it is possible that three or even four reactors may be 20treated by the single circuit, in which
case the cold flow i ' [lof the reactors.  In.a preferred embodiment, parf of the portion
of the réflrn flow w%%%ug%%gsggf %ﬁg arel% tfeee%%valtﬁ%see}g O(Qg%é%l:sc%g? 1oh" eﬁ%%’é“é%ﬁ%a‘t%%f%e first flow to
the first reactdfhishdoparrblessensyipass pdrtionipassesiote theteecoriddiourtoitiverspdend reactor. If
there are more than two_reactoys being cooled by the cooling circyit of the invention, the bypass
portion of the 35 ERAHER Sy BESpiTt BEERATRHA (K15t Ao TaRS IRt G S SPGB,
Transport of thelihgd@anaund the cooling circuit is typically powered by one or more pumps. Preferably
a pump is located in the cooling circuit return flow formed from the combined exit flows from the two
renctors, us A e O e et & W purmp e
always Empldyed passordein o fesisuret thay 30cotstiriode: cooling trkes plact:m ttrsienemtigfa pump
failure. It is,prafesred.that the, coolino: et s . clased glreuitihal s Lo,say, abne, fyid is added to
or removed from the Circuit at any point. However it is possible that'additional WO
2009/101008PEHVE Hop0wDB1sng Beceta ) vagddy eothacfieids ussdayeamarpbint between
the heat exchapggrmand-themotaiebgeparation of the cold flow. Obviously in such cases a
corresponding amount of fluid is extracted from elsewhere in the cooling circuit after it has passed
through the reacto? BSBHRPSyten! SPReTaRlior SoblirtedyeRmass sreferalsly ajaewet Bidkckets
surrourgling thadieasiyaanehparopiad @kdts: seufase: Jhad eagtors ibemselvasiares preferably loop
reactors, in which case the reactor cooling system fofrﬂ{each reaci%rac?mpris«ﬁs a series of concentric

jacicets enclosing the &tPaIGHE PSR 61 EhE RERFSAIITSETR HiRe ASALEFR SO ROt invention
may be appligstiaany kapalmerisatinrysteion nvahding seane dhapranesreactor, it is most suitable for
multimodal polymerisation reactions involving two more reactors connected in series. Bimodal slurry
polymerisations utilising just two reactors in series are most preferred. In such polymerisations, a first
polymer is made in one reactor, and the reaction mixture transferred to a second reactor where a
second polymer is made in the presence of the first. 15The properties of the final polymer depend on
the properties and relative proportions of the individual polymers. Thus the polymerisation conditions in

the two reactors are linked, which means that there is also a linkage between the cooling requirements
nf the hwo reactore It ic nffen the frace that an increaace in the conlina redriirameant iNn oNne raactar 1o



Figure 1 shows two loop reactors | and 2 and the single cooling circuit which cools 5both of them. The
relationship between the two reactors is not shown: in these Examples, they are connected in series.
The circuit comprises a heat exchanger or exchangers 4 (only one exchanger is shown and discussed
for simplicity) having an inlet flow 6 and outlet flow 8 from a source of cold water, such as a cooling
tower. The other side of the heat exchanger is part of the cooling circuit, and the output therefrom
produces a flow of cold 10water A. Flow A is split into two flows B and C, flow B going to Reactor 1
and flow C going to Reactor 2. Flows B and C become B' and C' respectively as discussed below, and
pass through j h%t] . i e i S.ta cogl-the polymerisation reactions
therein. Theyagg(qitt %%%%%%e%%s% ?&%vgé%%a%%g%é%ﬁv%f%%%%r%%gpg%ﬁ% ﬁ%agfg tﬁ?nﬁiﬁow of warm
water F Part 874181 Fyvemonis rsheetnsatadatahelyt MocG)abnge yeem3dantetbanhdebeonrste flow A
again. However part of fipwife is diverted.as flow H to bypass the heat exchanger altogether. In some

embodiments of the invention, flow H passes direct into either flow B or flow C. However in this

embodiment AESHEHEK SuRah iBrmcahssbreRs wsTEndiRy Jorersrewineeissied hlow B to form flow
B', and ks metgamiilh seoted flone dostatpriion 2@ rhealerinatshomn)isiistally incorporated in

the coolant circuit to enable heating of the reactor before or during start-up. The circuit may be driven
by a single p&Fphich is typically located in line F.  Figure 2 is an alternative arrangement outside
the scope of the investionhwhere eash-eastoriaasiteauaondanragenicoeing sireuitoluthis case
reactors 11 and 12 each ha\qe ZStF%ir own he texcgan, r(% 4 and 16 respectively, which provide
 respective infeETIows BF CRIWHEY Faf l.n‘f%gxﬁte f’%ggﬁ é&gﬁ%%{ﬁ}]@gﬁ%gﬁ,@f 185)88five inlet and
outlet suppliesf ¢f Ciotet watemfrematiic colebwdatresbu reeh@qdddiangly iZmld) odder raspestive exit flows N

and P frﬂfn r«%gg rs 11 and 12 are both divided such that part (Q, R) returns through the heat
exchanger, and the remainder (5, T) bypasses the heat exchanger to pass 30directly back into the

inlet flow (L, M) to farm flow L' and M'. Figure 3is a further alternativeratiangemertyiside the scope
of the invention, bas?,gerbﬁ(%r%p Fr?lgpar?ﬁfa{%seﬁen%eglsscﬁogreg |En U% 6235852. This arrangement utilises a

single heat \W@:2069{:01i00 3PSFHR2009/08 Y250 sréveeastssasiEi iy metdmedthn this case

there is no bypass flow H. Inst t ' ARdiEfram eachfeastancan hasasycled straight to

the inlet flows %)E%nda %S?gg%é%ﬁlggﬁl} \t}% ﬁ%%ﬁ%%rﬁ%%espe_otively. Add%ionally, part of the exit flow D

from the first reactorcandehpasssddiEt e ATHHIEEH S0P s RSB IS 4B BPAA TEW. 5The key

requireriént for s eaaling, ucbinthe Asandement aldiige & ied iy htemparatuse akfotys B and C
IC

or L and M, which are ated by the cooling requirements of the two, reactors in,;ach case. The

following Exaniplas et enect sGRAERIS TearnIREHICAaIEtR P VT TESHOVEANT also how a
particular coolipg reguiremenldictates.the-eaBaciy atihahaatexshpngas whistida téduired. 10In the

Examples below, the temperatures and flowrates in the coolin cirgji{%h ve beerf1 cﬂglélated based on
particular scereHoRrsE SISV b ol B RTEH SRR IRV $EXCHSH B8 S8R h' Series, both of
which require GeQling:: wherReRatiRR ok thengerling-dideuit saawnindFigireobiap lsquiestribéd in more
detail wifi reference to Figure 4, where %ti%e various conirollers and signals involved are, shown
15diagramaticAry IGCRER TS 4 BIKPR ORBFSHIRGIS ERGUE 4 bR or & humber oftemperature

transmitters logategrimReactachganreratd & pignal dirsighals REtadinespotuing totve rexetdr
temperature. The signal, or gn average of a.number of signals, i$ fransmit et%—l r
temperature coRfrBiREFoFE 1 W?é?ﬁ%’nqgs FBYRE gﬁ%ué? lasﬁg) its rggf%ﬁ gﬁsl}g%\%vnaggotgip;%tﬁ%%naggrature
value S, the 20tgenpaeature controller TCI sends an output signal to the first reactor coolant
temperature controller TC2. This controller compares the signal with the input signal TE2 from a -
temperatsire transmifieatosatedinatiesfpstiremofcheoskmt v Brpasasdiseltlmbin GeRgsE: between
the two signals sends an output signal to valve 22 controlling cold flow B, and also to the fér('% reactor

coolant flow controlldn BCembhdirmsponseric s BOTHAP SRS FEM FRFHREIBITEL R
temperature Cogliéﬁuﬁgé%s&@siﬁﬁd%%o@ﬁfgt@keéﬁhv&%?efﬁfsﬂMc%@aﬁa%éﬁrcﬁiﬁfzﬁsaemnwhi|e the
first reactor coolant flow controller FC subtracts the received output signal from TC2 from the sum of
the output sign#is @@Pﬁnﬁgsﬂ%?ﬁltﬁﬁth%W%ﬁﬁ“é%rFBl and FE2 of the cold and the "warm" coolant
flows B and J to Reactor 1, and sends the resultinlg value afoaeii%g{i 0 30control valve 26 controlling
the "wagp" flow |, whiB 3 FRRACTREEs P PEP RS TITRE R CSRUBIEF FC ensures that the sum of the
cold and "warm" coolant flows to the first reactor typically remains unchanged. WO
2009/10100NPCT/EP2009/051250 As an example, when the temperature set point S of the reactor
is decreased, requiring more cooling, the temperature controller TC | compares the set point S to the
measured reactor temperature TEI resulting in a signal to the coolant temperature controller TC2 to
reduce the temperature set point. This controller compares the reduced 5set point with the measured
coolant temperature TE2, and as a result sends an increased signal to the cold coolant flow valve 22.
The valve 22 opens further, resulting in more cold flow. In parallel, the flow controller FC subtracts the
increased value received from the temperature controller TC2 from the sum of the output values of the

flow transmitters FEI and FE2, and sends the resulting lower signal to the "warm" coolant flow 10valve
2726 The valvve 26 cloceace fiirthear reciiltina in a rediriced "warm" flow 1 The ecame control echeme ic



Reactor 2 is 85.0C. Their proportion of total production is the same (ie 50%). In Table 1 below, the
details of the various flows labelled in Figure 1 are given. The flow of cold water 6 from the cold
reservoir is fixed at 2500 m3/hour, and its temperature is fixed at 30.0C. Therefore the size of the heat
exchanger is dictated solely by the cooling 20requirements of the two reactors. 25 WO
2009/101008PCT/EP2009/051250 9 TABLE 1 Flow Fraction of split flow (%) Fiowrate (m3/hour)
Temperature (C) 2500 30.0 250042.8 20037.8384.7.417F37.8 C 65 783F37.8 B' 42.4678 48.0 C'
57.6922 41.8 D42.4 67871.6 E57.6 92259.1

In an embodiment, the pump is located in the return flow comprising the combined

exit flows from the two reactors.

In an embodiment, the pump is located upstream of the separation of the return

flow into two portions.

in an embodiment, the cooling system for each reactor is a jacket or jackets

surrounding the reactor over part or all of its surface.
In an embodiment, the reactors are loop reactors.

I an embodiment, the total cooling capacity of the heat exchangers is less than

90% of the sum of the individual maximum cooling requirements of each of the reactors.

A significant difference between the arrangement of the present invention and that of
US 6235852 is that in the present invention the exit flows from the reactors are combined
before by-pass of the heat exchanger. By contrast in US 6235852 the heat exchanger is
bypassed either by passing some of the flow exiting the cooling jacket of one reactor
directly to the cooling jacket of the other reactor, and/or by simply returning the exit flow
of each cooling jacket direct to the entry flow of that jacket. The advantage of the present
mvention is that by first combining the exit fiows from the reactors, & return flow is
obtained having a temperature which is a weighted averﬁge of the two exit flows, thereby
allowing the bypass portion of this flow to be used to cool either or both reactors. In US
6235852 such flexibility is not available. Additionally, combining the exit flows before
bypass of the heat exchanger allows the return flow and bypass to be controlled by a single
pumip, whereas in US 6235852 an additional pump is required in order to ensure that some
flow enters the by-pass line. It is preferred therefore in the present invention that the
cooling circuit is powered by no more than one pump at any one time.

Preferably the heat exchangers provide at least 95% of the cooling requirement for
the reactors, and more preferably they provide at least 97%. A significant advantage of the
invention is that the total cooling capacity of the heat exchanger(s) can often be less than
90 and sometimes less than 80% of the sum of the individual maximum cooling
requirements of each of the reactors. This is because the reactors do not generally 2ll
require maximum cooling at the same time: this is more especially the case when the

reactors form part of 2 multimodal polymerisation system.



F1600 64A 0 75 1200 64.4 25.0 400 64.4 65.4 261 64.4 34.6 139 64.4 As can be seen, the
heat exchanger is required to cool 1200 m3/hour of water from 64.4C to 37.8C, using a flow of 2500
m3/hour of water having a temperature of 30C. 5This is calculated to require a heat exchange area of
915m2, EXAXPPE M 8ure 1)  In this Example according to the inverftfdriERR¥YEHE4wo reactors
as in Example 1, operating under the same conditichs, are considered. The single difference from
Example 1 10is that in the cooling circuit, the split between flows B and C is changed from 34.7/65.3 to
36.7/63.3. WO 2009/101008PCT/EP2009/051250 10 In Table 2 below, the details of the various flows

labelled in Figure | QY SRIARKE:2-FIRNGEIRSINATRAILIRY CRERNA (o)
Temperature (C) 6 2500

usually hypasses alE of the heat exchangers.
It is preferred that the reactors which form at least part of the polymerisation system
all produce at least one component of the same polymer: this means that their production is
5 linked, It is particularly preferred that the reactors are linked in series. We have found that
in such cases the present invention is especially advantageous because the total capacity of
the heat exchangers required for the cooling circuit is less than the sum of the heat
exchanger capacities that would be required for the same polymerisation reactor system i
each reactor had its own separate cooling circuit. This can result in significant capital cost

10 reduction and energy savings. Furthermore, despite having only a single cooling circuit to
cool all the reactors, we have found that the cooling eircuit of the invention is flexibie
enougl to be able o provide sufficient cooling to all the reactors even if their relative rates
of production (and hence cooling requirements} change.

Usually the cooling circuit of the invention comprises 4 single heat exchanger.

15 Alternatively two or more heat exchangers may be utilised, either in series or in parallel.
However in most arrangements the cooled flows are combined before being split between
the two reactors,

The number of reactors cooled by the cooling circuit of the invention is usually two,
but the inveniion is not so lmited: it is possible that three or even four reactors may be

20 treated by the single circuit, in which case the cold flow is split between all of the reactors.

In a preferred embodiment, part of the portion of the return flow which bypasses the
heat exchangers (“bypass portion”) passes into the first flow to the first reactor, and part of
the bypass portion passes into the second flow to the second reactor. If there are mote than
two reactors being cooled by the cooling circuit of the invention, the bypass portion of the

25 return flow may be split between the inlet flows for some or all of the reactors.

Transport of the fluid around the cooling circuit is typically powered by one or more
pumps. Preferably a pump is located in the cooling circuit return flow formed from the
combined exit flows from the two reactors, usually upstream of the separation of the return
flow mto two portions. A standby pump is always employed, in order to ensure that

30 continued cooling takes place in the event of a pump failure.

it is preferred that the cooling circuit is a closed circuit: that is to say that no fluid is

added to or removed from the circuit at any point. However it is possible that additional
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cold fluid may be added to the circuit, usually at a point between the heat exchangers and
the point of separation of the cold flow, Obviously in such cases a corresponding amount
of fluid is extracted from elsewhere in the cooling circuit after it has passed through the
reactor cooling system.

The reactor cooling system is preferably a jacket or jackets surrounding the reactor
over part or all of its surface. The reactors themselves are preferably loop reactors, in
which case the reactor cooling system for each reactor comprises a series of concentric
jackets enclosing the straight portions of the loop.

Although the reactor cooling circuit of the invention may be applied to any
polymerisation system involving more than one reactor, it is most suitable for multimodal
polymerisation reactions involving two more reactors connected in series. Bimodal slurry
polymerisations utilising just two reactors in series are maost preferred. In snch
polymerisations, a first polymer is made in one reactor, and the reaction mixiure
transferred to a second reactor where a second polyimer is made in the presence of the first.
The properties of the final polymer depend on the properties and relative proportions of the
individual polymers. Thus the polvmerisation conditions in the two reactors are linked,
which means that there is also a linkage between the cooling requirements of the two
reactors. It is often the case that an increase in the cooling requirement in one reactor is
linked to a reduced cooling requirement in the other reactor, for example if the majority of
the polymer is made in one reactor. The present invention is particularly suitable for such
arrangements, because it makes more efficient use of the total coeling requirement. As a
result of this, a polymerisation plant constructed with 2 single cooling cireuit according to
the present invention is sufficiently flexible to be able to accommodate production of a
range of different bimodal products for which there are different cooling requirements in
the two reactors {(due to different production rates, temperatures etc m the two reactors
depending on the exact product being made).

Specific embodiments of the invention will not be described with reference to the
accompanying drawings, in which:

Figure 1 is a schematic diagram of the cooling circuit of the invention for two

reactors, and



K 18.173 65.0 5It can be seen that the slight change in the split of flow A results in a significant
difference in flows J and K compared with Example 1.  In this Example, the heat exchanger is
required to cool 1200 m3/hour of water from 65.0C to 38.3C, which requires a heat exchange area of
874m2, lesSYRZAMH EY S ple 1. This shows how it is possible to reduce tHefHEa!EXEHage demands
by optimising the split 100f flows, subject to certain €ontraints such as the desire never to reduce any
of the flows to zero. EXAMPLE 3 (Figure 2 - comparative' In this Example, the same two reactors
as in Examples 1 and 2 are considered. Again 15they are operating a slurry polymerisation at a

production rate o 4000 k9 palmeINAMIhe-sranetalLe alihs.nalymetisalipy iy Reactor 1is

95.0C, and the temperature in WO 2009/101008PCT/EP2009/05 T Reactor 2 is 85.0C. Their
proportion of QY FEHSSEChSRP ISP SO HoveararRReis witd eachivdadiontrns ied own
independenticopliRg:giscuit and heat exchanger. As in Example 1 the total flow of cold water from the
cooling tower is fixed at 2500 m3/hour and its temperature is fixed at 30.0C, but in this case the water

is split equally bebieaEh ROR S REAIORARAFGEr btrtbbenthdmsag'e coplirgmiscsibaliah $aeetails of the

various flowsdabetied:in Figute:2caaig iy@meangl&m%m@é@ heak @%@h@{}geme@ﬁ@ﬁ@g@,o:el% by g}e)
cooling requjyement of the reactor with which jt is connected. TABLE 3 Flow Fraction plit flow (%
Flowrate (oL FIRGEA ey HEACHOR TR T80 50 95 12500 8 s B3

800F50.2 one exchanger is shown and discussed for simplicity) having an inlet flow 6 and outlet
flow 8 from a source of cold water, such as a cooling tower, The other side of the heat
exchanger is part of the cooling circuit, and the output therefrom produces z flow of cold
10 water A, Flow A is split into two flows B and C, flow B going to Reactor 1 and flow C
going to Reactor 2. Flows B and C become B’ and C” respectively as discussed below, and
pass through jackets surrounding the respective reactors so as to cool the polymerisation
reactions therein. They exit the reactor jackets as flows D and E, which merge to form a
return flow of warm water F. Part of flow F returns to the heat exchanger (flow ) to be re-
15 cooled and become flow A again. However part of flow F is diverted as flow H to bypass
the heat exchanger altogether. In some embodiments of the invention, flow H passes direct
into cither flow B or flow C. However in this embodiment it is further sphit to form
uncooled flows J and K. J merges with cooled flow B to form flow B, and K merges with
conled flow C to form flow C°.
20 A heater (not shown} is usually incorporated in the coolant cirenit to enable heating
of the reactor before or during start-up. The c¢ircuit may be driven by a single pump, which
is typically located in line F.
Figure 2 is an alternative arrangement outside the scope of the invention, where each
reactor has its own independent cooling circuit. In this case reactors 11 and 12 each have
25 their own heat exchanger(s) 14 and 16 respectively, which provide respective inlet flows of
cold water L and M. The heat exchangers 14 and 16 have respective inlet and outlet
supplies of cold water from the coid water source (9, 10 and 17, 18}. The respective exit
flows N and P from reactors 11 and 12 are both divided such that part (Q, R) returns
through the heat exchanger, and the remainder (8, T} bypasses the heat exchanger to pass
30 directly back into the inlet Qow (L, M) to form flow L’ and M.
Figure 3 is a further alternative arrangement outside the scope of the invention, based

on the arrangement disclosed in US 6235852, This arrangement utilises a single heat



80070.2 75 60070.2 S25 200F70.2 REACTOR 2 17 125030.0 18 125042.8 60033.6 M'
80040.2 P 80060.2 R 75 600 60.2 T 25 200 60.2
WO 2009/101008 PCT/EP2009/051250
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exchanger 4 as in Figare 1, but in this case there is no bypass flow H. Instead, the exit
flows D and E from each reactor can be recycled straight to the inlet flows B and C
respectively via lines U and V respectively. Additionally, part of the exit fiow D from the
first reactor can be passed direct to the mlet flow C of the second reactor via line W,

The key requirement for the cooling circutt in the arrangement of Figs 1 to 3 is the
temperature of flows B and C or L and M, which are dictated by the cooling reguirements
of the two reactors in cach case. The following Examples show how the cooling is

controlled by adjusting the various flows, and also how a particular cooling requirement

dictates the capacity of the heat exchanger which is required.

In the Examples below, the temperatures and flowrates in the cooling circuits have
been calculated based on particular scenarios for a slurry polymerisation conducted in two
reactors operating in series, both of which require cooling,

Operation of the cooling circuit shown in Figure 1 can be described in more detail
with reference to Figure 4, where the various controllers and signals involved are shown
diagramatically for Reactor | only.

Referring to Figure 4, one or a number of temperature transmitters located in Reactor
1 generate a signal or signals TE1 corresponding fo the reactor temperature. The signal, or
an average of a number of signals, 1s transmitted to the reactor temperature controller TC1.
In response to this signal and its comparison with a preset temperature value S, the
ternperature controlter TC1 sends an output signal to the first reactor coclant temperature
controlier TCZ. This controller compares the signal with the input signal TE2 from a
temperature transmitter located in the first reactor coolant hine B’, and based on the
difference between the two signals sends an output signal to valve 22 controlling cold flow
B, and also to the first reactor coolant flow conirolier FC.

In response to this cutput signal from the first reactor coolant temperature controller
TCZ, the cold flow control valve 22 for flow B opens (or closes), Meanwhile the first
reactor coolant flow controller FC subtracts the received output signal from TC2 from the
sum of the output signals coming from the flow measures FE] and FE2 of the cold and the
“warm” coolant flows B and J to Reactor 1, and sends the resulting value as a signal to
control valve 26 controliing the “warm” flow I, which in turn closes (or opens). The flow
controller FC ensures that the sum of the cold and “warm” coolant flows to the first reactor

typically remains unchanged.



10 As can be seen, each heat exchanger is required to cool 600 m3/hour of water using a flow of
1250 m3/hour of water having a temperature of 30C. In the case of Reactor 1, the required cooling is
from 70.2C to 43.6C, which is calculated to require a heat exchange area of 315m2. In the case of
Reactor 2, tRePr&@ltiH ¥ %®ooling is from 60.2C to 33.6C, 15which is calculBfdd e iite 4 heat
exchange area of 710m2, Thus the total heat exchdnge WO 20091101008PCT/EP2009/051250 area
required using two separate cooling circuits is 1025m2, compared with 915m2 in Example 1.
EXAMPLE 4 (Figure 3 - comparative) 5In this Example, the same two reactors as in Examples 1 to 3
are considered. Again they are aperating a slurry polymerisation at a praduction rate of 40000 kg
polymer/hour. The g%%g}ﬁ?%efew%%%&ew&gw%%?l@é isoer% Hlﬁ[e%(c)tgtg 980 ,egﬁeél st??ié temperature in
Reactor 2 isi85i@eThelr pdpatibn teftotaipocudtidleid thecsamae 5 0% sAgtmEXanipte 1, there is a
Single heat exchana it hslolalfaw olsalb-uslar o e coalng IagiAQlied at 2500 maour

and its temperature is fixed at 30.0C. However inthis case instea ass arrangement of

Figures 1 arfP2reHe dirdrigEifess Be EIgorene shisioyctiT R vireechyrates fliswaduced and W exist,

and each of {hespicomipriaespal:of theHawdrom asingte reaetars ratherthanpart of the combined
flow from the two reactors (as is the case in Example 1), 15In Table 4 below, the details of the various

flows labelleBFERTuFER R REREIR 1Bl Bradficr 8 & tHORFISHP RISt HR8 our)
Temperaturenzy 612506 30.faB12R004 & cD@AROOCG bt B3 718 ok 38 Hl2rédh36.4

from the temperature controller TC2 from the sum of the output values of the flow
transmitters FET and FEZ, and sends the resulting lower signal to the “warm” coolant flow
10 valve 26. The valve 26 closes further, resulting in a reduced “warm™ flow .
The same control scheme is applied to Reactor 2.
EXAMPLE 1 (Figure 1)

In this Example according to the invention, the two reactors are connected in series
and are operating a slurry polymerisation at a production rate of 40000 kg polymer/hour.
15 The temperature of the polymerisation in Reactor 1 15 95.0°C, and the temperature in
Reactor 2 is 85.0°C. Their proportion of total production is the same (ie 50%).
in Table 1 below, the details of the various flows labelled in Figure 1 are given. The
flow of cold water 6 from the cold reservoir is fixed at 2500 m*/hour, and its temperature is
fixed at 30.0°C. Thercfore the size of the heat exchanger is dictated solely by the cooling

20 requirements of the two reactors.

25

30



13'42.4 678 48.0C'57.692241,8 D55.737871.6 E89.282259.1 U33.022471.6 11.37771.6
VvV 10.8 100 59.1 r 1= G100 1200 63.1 13 In this Example, the heat exchangers required to cool
1200 m3/hour of water from 63.1C to 36.4C, which requires a heat exchange area of 1029m2
compared Wit 3481’ xample 1. EXAMPLE 5 (Figure 3 - comparativey YW ¥R ERaHHle, the same
reactor set-up as in Example 2 is considered, but wih the

TABLE 1
Flow | Fraction of Flowrate Temperature
gplit flow (%) {m’/hour) {°C)
6 2500 30.0
8 2500 42.8
A i 1200 | 37.8
B 34.7 417 37.8
C 65.3 783 37.8
B’ 42.4 678 48.0
c 57.6 922 41.8
D | %4 678 76
E | 57.6 922 50.1
F f 1600 L 64.4
G 75.0 1200 64.4
H 250 400 64.4 *
J 65.4 261 64.4
K J4.6 139 | 64.4

As can be seen, the heat exchanger is required to cool 1200 m /hour of water from
64.4°C to 37.8°C, using a fiow of 2500 m’/hour of water having a temperature of 30°C.

5  This is calculated to require a heat exchange area of 915m”.

EXAMPLE 2 (Fiouye 1}

in this Example according to the invention, the same two reactors as in Example 1,
operating under the same conditions, are considered. The single difference from Exampie 1
10 15 that in the cooling circuit, the split between flows B and C is changed from 34.7/65.3 to
36.7/63.3.

15



arrangement of Figure 3. The single difference from Example 4 is that in the cooling circuit, the split
between flows B and C is changed from 34.7/65.3 to 36.7/63.3. In Table 5 below, the details of the
various flows labelled in Figure 3 are given. TABLE 5 Flow Fraction of split flow (%) iFlowrate
(m'/hour) leMPet*itita1t8% 6 2500 30.0 8 12500 42.8 A100 1200 37.5 PAIEXHEE 528059 6 715 37.
5 76849.7 C' 83240.7 10

In Table 2 below, the details of the various flows labelled in Figure 1 are given.

TABLE 2
Flow Fraction of Flowrate Temperature

split flow (%) | (m’/hour) °C)
6 2500 30.0
8 2500 ! 42.8
A ! 1200 i 38.3
B 36.7 441 38.3
cC | 63.3 759 38.3
B’ 48.0 768 49.7
C 52.0 832 40.7
D 48.0 768 70.6
E 52.0 832 59.9
F ] | 1600 | 65.0
G 75.0 1200 65.0
H 25.0 400 65.0
J 81.9 327 65.0
K 8.1 73 65.0

5 It can be seen that the slight change in the split of flow A results in a significant

difference in flows ] and K compared with Example 1.
In this Example, the heat exchanger is required to cool 1200 m*/hour of water from
65.0°C to 38.3°C, which requires a heat exchange area of 874m’, less than in Example 1.
This shows how it is possible to reduce the heat exchange demands by optimising the split
10 - of flows, subject to certain contraints such as the desire never to reduce any of the flows to

2era.

EXAMPLE 3 (Figure 2 - comparative)

In this Example, the same two reactors as in Examples 1 and 2 are considered. Again

15 they are operating a slurry polymerisaticn at a production rate of 40000 kg polymer/hour.

The temperature of the pelymerisation in Reactor 1 is 95.0°C, and the temperature in



63.1 485 70.6 86.0 71559.9 36.928370.6 0 14.011759.9 = G100 1200 64.2 In this
Example, the heat exchanger is required to cool 1200 m3/hour of water from 64.2C to 37.5C, which
requires a heat exchange area of 932m2, compared with 874m2 in Example 2. WO 2009 0
108PCT/EPPBOYIH24 14 EXAMPLE 6 (Figure 1) In this Example aEE3tBREHETAE hvention, the
same two reactors as in Example 1 are considered] but operating under the different conditions. In this
Example, both reactors are operating at the same temperature (92.00), but Reactor 1 is taking 60% of
the 5production, and Reactor 2 the remaining 40%. As a result, Reactor 1 has a greater cooling

requirement{uag R eacil ddnrable & Relo s ARIBISRLIR Y 'gHs Maws 1aRgigd g Fioure fare
given. TABLE 6 Flow Fraction o spli t ?51 Sj

this case each reactor has its owrz mdependent cooling circuit and heat exchanger. As in

Example ! the total flow of cold water from the cooling tower is fixed at 2500 m*/hour and

its temperature is fixed at 30.0°C, but in this case the water is split equally between each

5 heat exchanger at 1250 m’/hour,
In Table 3 below, the details of the various flows labelied in Figure 2 are given. The
size of each heat exchanger is dictated solely by the cooling requirement of the reactor

with which it is connected.

TABLE 3
Flow Fraction of Flowrate Temperature

split flow (%) | (m’/hour) (°C)

REACTOR | .
9 | 1250 | 30.0
10 ; 1250 é 42 .8
L 600 43.6
il 800 50.2
NI [ 800 i 70.2
Q 75 600 70.2
S 25 200 702

REACTOR. 2

17 ! 1250 ff 30.0
18 1250 42.8
M| 600 33.6
M 300 ; 40.2
P ] 800 ; 502
R 75 600 50.2
T 25 200 50.2

16
As can be seen, each heat exchanger is required o cool 600 m*/hour of water nsing a
flow of 1250 m’/hour of water having a temperature of 30°C. In the case of Reactor 1, the
required cooling is from 70.2°C to 43.6°C, which is calculated to require a heat exchange
area of 315m°. In the case of Reactor 2, the required cooling 1s from 60.2°C to 33.6°C,

15 which is calcutated to require a heat exchange area of 710m?, Thus the total heat exchange



Flowrate (m2/hour) Temperature (C) 6 2500 30.0 8 2500 42.8 A 1200 38.7 B 76.5918 38.7 C 23.5
282 38.7 B' 63.3101241.2 C' 36.8588 52.6 63.3101260.2 36.858874.4 F 1600 65.4 G75.0

WO 2009/101008 PCT/EP2009/051250
12

area required using two separate cooling circuits is 1025m°, compared with 915m” in

Example 1.

EXAMPLE 4 (Figure 3 - comparative)
3 In this Example, the same two reactors as in Examples | to 3 are considered. Again

they are operating a shurry polymerisation at 2 production rate of 40000 kg polymer/hour.
The temperature of the pelymerisation in Reactor 1 18 95.0°C, and the temperature in
Reactor 2 is 85.0°C. Their proportion of total production is the same, 50%. As in Example
1, there is a single heat exchanger, with the total flow of coid water from the cooling tower

10 fixed at 2500 m*/hour and its termperature is fixed at 30.0°C. However in this case instead
of the bypass arrangement of Figures 1 and 2, the arrangement of Figure 3 is employed.
Thus three bypass flows U, V and W exist, and each of them comprises part of the flow

from a single reactor, rather than part of the combined flow from the two reactors {as is the

case in Example 1).

15 In Table 4 below, the details of the various flows labelied in Figure 3 are given.
TABLE 4

Flow Fraction of Fiowrate Temperature
split flow (%) | (m’/hour) °Cy
6 2500 30.6
8 2500 42.%
A 100 g 1200 | 36.4
B 37.8 454 36.4
C 62.2 746 36.4
B’ 42.4 678 48.0
C 57.6 922 41.8
D 55.7 378 71.6
B 89.2 _ 8§22 59.1
U 33.0 224 71.6
LW 11.3 77 71.6
Y 10.8 100 59.1
F=0 | 100 1; 1200 [ 63.1




1200 65.4 HI25.0 400 65.4 JI23.5 94 65.4 1C76.5 306 65.4 10In this case, the greater degree of
cooling required for Reactor 1 is addressed by having a much greater flowrate of cooling water in that
reactor (flow B') compared with Reactor 2, together with a much higher proportion of cold water (flow
B). Inthis Example, the heat exchanger is required to cool 1200 m3/hour of water from 65.4C to
38.7C, which requires a heat exchange area of 849m2. WO 2009/101008PCT/EP2009/051250 15
EXAMPLE 7 (Figure 2 - comparative)  In this Example, the same two reactors as in Example 6 are
considered, opera ing __nderlth same conditions - both reactor 6,0 ating at the same
temperature (92'0C) BOPRRSOH 11 (A MG 5005 BPLHS bIOAUROR LRt FU o 25 A Pmaining 4056
However %inl tiisccasdds inkample:3 eheh tedetosdhas-itsiowndindependent coolinsaifcuit and heat
exchanger.mTll;urs t@e Eotal flow of cold water from the cooling tower is again 2500 m3/hour and its
temperature i€"30" 8, but the water is split equally between each heat exchanger at 1750 m3/hour,

In Table 7 below, the details of the various flows labelled in Figure 2 are given. 10TABLE 7 Flow

Fraction of splitﬂg\ﬂﬁ%}&ﬂQ\N@}&Q@%/ﬁg&%ﬁmggature (C) REACTOR | O 1250 30.0 101250 45.4
L 600 30.3 L' -

In this Example, the same reactor set-up as in Example 2 is considered, but with the
arrangement of Figure 3. The single difference from Example 4 is that in the cooling
circult, the split between flows B and C is changed from 34.7/65.3 to 36.7/63.3.

In Tabte 5 below, the details of the various flows labelled in Figure 3 are given.

TABLE 5
| Flow Fraction of | Flowrate . Temperature
split flow (%) {m’/hour) (°C)

6 2500 30.0
8 | | 2500 | 42.8
A 100 i 1200 | 37.5
B 40.4 485 | 37.5
C 59.6 - 715 37.5
B’ 768 49.7
C | 832 , 40.7
D 63.1 485 70.6
E 86.0 715 59.9
U 36.9 ‘ 283 70.6
W 0 -
v 14.0 117 59.9

F=G | 100 1200 | 64.2

In this Example, the heat exchanger is required to cool 1200 m’/hour of water from
64.2°C to 37.5°C, which requires a heat exchange area of 932m”, compared with 874m*

in Example 2.



800 383 800 62.3 Q 75600 62.3 S 25 200 62.3 REACTOR 21 1250 30.0 8 1250 40.2 600 50.8
M' 800 56.2 P800 72.2 R 75600 72.2 T 25 200 77.2

WO 2009/101608 PCT/EPZG09/051250
14

EXAMPLE 6 (Figpure 1)

In this Example according to the invention, the same two reaciors as in Example 1
are considered, but operating under the different conditions. In this Example, both reactors
are operating at the same temperature (92.0C), but Reactor 1 is taking 60% of the

5  production, and Reactor 2 the remaining 40%. As a result, Reactor | has a greater cooling
requirement than Reactor 2.

In Table 6 below, the details of the various flows labelled in Figure | are given.

TABLE ¢
Flow | Fraction of Flowrate Temperature

split flow (%) {1:13f110ur) {°C)
6 2500 30.0
8 2500 42.8
A | | 1200 | 38.7
B 76.5 918 38.7
C 23.5 282 38.7
B’ 3.3 1012 41.2
C’ 36.8 S8 52.6
D . 633 L1202
E 36.8 | 588 | 74.4
F | [ 1600 65.4
G| 75.0 1200 65.4
H 25.0 400 65.4
] 235 54 554
K 76.5 306 65.4

10 In this case, the greater degree of cooling required for Reactor | is addressed by

having a much greater flowrate of cooling water in that reactor (flow B”) compared with
Reactor 2, together with a much higher proportion of cold water {flow B).
In this Example, the heat exchanger 1s required to cool 1200 m’*/hour of water from

65.4°C to 38.7°C, which requires a heat exchange area of 349m°.
15



As can be seen, each heat exchanger is required to cool 600 n3/hour of water using a flow of 1250
m3/hour of water having a temperature of 30C. In the case of Reactor 1, which has 60% of the
production, the required cooling is significant and requires flows L 15and L' to he at a particularly low
temperature™ P Woling required by the heat WO 2009/101008P CRYEBBHHSNIEAD5 if
exchanger is from 62.3C to 30.3C, which is close td the cooling tower water temperature of 30.0C.
Consequently, the calculated heat exchange area is very considerable, at 1863m2. In the case of
Reactor 2, the required cooling is from 72.2C to 50.8C, which is calculated to require a heat exchange
area of 191m2. Thus th at %xﬂ]% required using two separate cooling circuits is
2054m2, comparet SASMZ M EXampiteo: s Example would not be practical in reality
because the tempethiubsafiflowtie mivotelosatethat of Ehercpieling ¢owed desddropemwondd be
theoretically,paseiRieImaddianR s fbuf feldRinOL s ametehvaRss o3 s hat flow L is

greater and can therefore 10be at a higher temperat ever this has disadvantages for
continuous SPEFISHhEEAEE Oy pabs Frwtieteyand 8 taetfieXititingriing PO%. Si(Rigvre 2 -
Comparativei)nﬁﬁi@cﬁé@@Rl%ﬁ%%i@%@a@@r%@ﬁ&‘é%%q{ﬁ&%ﬁ%ﬂf‘%Hﬂggﬁiﬁféﬁﬁﬁm%é‘a‘?”ditions 15

as in Example 7 above, except that in order to try to overcome the problemn Example 7 relating to

Reactor 1, tﬁé@ﬂ%%?@%gﬁiﬁ&m&‘fﬁﬁﬂ‘/l%"fﬁ@'c%%‘l‘i’r@ecﬁ‘&ii%lﬁfpﬁ%fdét%ﬁaifh%%{’@@éj@m&reased from

800 m3/hourta it2@Mirddanuts 30.0CTabla1R belews thedatails,ofdhe ypsirunilowsdabeled in Figure 2
are given. Thgg{eta}és for Reactor 2 are the same as in Example 7. 20 25 WO

2009/10111(58 C1/EPY009/051250 17 TABLE 8 Flow Fraction of split flow (%) Flowrate (m3/hour)
Temperature (C) REAGTORIDE, 1256t30s@Dtht 256045 .40v80aH3TA iR@0AR2 are given.

10 TABLE 7
Flow Fraction of Fiowrate Temperature
split flow (%) | (ni’/hour) (°C)
REACTOR 1
9 1250 30.0
10 1250 454
L | 600 30.3
L | 800 38.3
N | ! 800 ) 2.3
Q 75 600 62.3
S 25 200 62.3
REACTOR 2
17 1250 30.0
18 1250 40.2
M 500 508
M’ 800 56.2
P | | 800 l 72.2
R 75 600 722
T 25 200 72.2

As can be seen, cach heat exchanger is required to cool 600 m*/hour of water using a
flow of 1250 m*/hour of water having a temperature of 30°C. In the case of Reactor 1,
which has 60% of the production, the required cooling is significant and requires flows L

15 and L to be at 4 particularly low temperature. Thus the cooling required by the heat



1200 58.9 Q 75900 58.9 25 300 58.9 REACTOR 2 7 1250 30.0 8 1250 40.2 60050.8 M' 80056.2
P 800 72.2 R 75600 72.2 T 25200 72.2  In this case, the calculated heat exchange area required
for Reactor 2 remains at 191m2 as in Example 7. For Reactor 1, the temgerature of flow L is now
37.6C insteX A48 88 ind consequently the calculated heat exchange AréFISHERGLEY to 723m2.
Thus the total heat exchange area required using tWo separate cooling circuits is reduced to 914m2
compared with 2054m2 in Example 5 and 849m2 in the single cooling circuit version of Example 6.
Clearly this arrangement is superior to that of Example 7. However the increase in cooling circuit flow

from 800 m3gy 191200 M3hour ey nandnerease I 40snargy cansymation fg diye the cooling
e

water pump, an e tota at EXC ange area requwe IS sti greate"r‘ an t at ut
invention, aS?%m)ﬁ/rﬁferEfﬁ@mﬁféiB 'iEﬁ)@MWlEﬁ@léﬁiwﬁé@gmpa@fVémﬁl@hm@ample the same

two reactors, gperRlingindRE e same RIS AsArEXamAIes 6-8 Arenaeasidaiadibut in this
case utilising the cooling arrangement of Figure
calculated to Tequire a heat exchange area of 191m”. Thus the total heat exchange area

5 required using two separate cooling circuits is 2054m?, compared with 849m” in Example
6.

This Example would not be practical in reality because the temperature of flow L is
too close to that of the cooling tower water. It would be theoretically possibie to address
this by reducing the amount of bypass fiow S such that flow L is greater and can therefore

10 be at 2 higher temperature, However this has disadvantages for continuous operation

because the bypass flow is required for flexibility.

EXAMPLYE 8 (Ticure 2 - comparative)

This Example considers the same two reactors operating under the same conditions

15 asin Example 7 above, except that in order to try to overcome the problem in Example 7
relating to Reactor 1, the amount of cooling water flow in the cooling circuit for Reactor 1
has been increased from 800 m*/hour to 1200 m’/hour.

In Table 8 below, the details of the various flows labelled in Figure Z are given. The
details for Reactor 2 are the same as in Example 7.
20
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WO 2009/101008PCT/EP2009/051250 18 3. Thus because Reactor | is taking 60% of the production
and Reactor 2 the remaining 40%, Reactor 1 has a greater cooling requirement than Reactor 2. In
Table 9 below, the details of the various flows labelled in Figure | are given. TABLE 9 Flow Fraction of
split flow (%Y RISHIPAE (#3/hour) Temperature (T) 30.0 6 Boo 250042.8 AP EEGS B 76.51918
39.3C 23.51282 39.3 B' 63.3101241.2C' 36.858B852.6 D 70.671560.2 E

TABLE 8
Flow | Fraction of Fiowrate Temperature

split flow (%) (m’ hour) °C)

REACTOR 1
g 1250 30.0
10 1250 45 .4
L | 900 37.6
L 1200 42.9
N [ 1200 l 58.9
Q 75 900 58.9
S 25 300 58.9

REACTOR 2
17 1250 30.0
18 1250 40.2
M 600 50.8
M’ 800 56.2
P 800 | 72.2
R 75 600 72.2
T 25 f 200 72.2

In this case, the calculated heat exchanpe area required for Reactor 2 remains at

191m” as in Example 7. For Reactor 1, the temperature of flow L 1s now 37.6°C instead of
5 30.3°C, and consequently the calculated heat exchange area is reduced to 723m”. Thus the

total heat exchange area required using two separate cooling circuits is reduced to 914m’,

compared with 2054m” in Example 5 and 849m” in the single cooling circuit version of

Example 6. Clearly this arrangement is superior to that of Example 7. However the

increase in cooling circuit flow from 800 m*/hour to 1200 m*/hour results in an increase in
10 energy consumption to drive the cooling water pump, and the total heat exchange area

required is still greater than that utilised by the invention, as shown in Example 6.

EXAMPLE 9 (Fioure 3 - comparative)

In this Example, the same two reactors operating under the same conditions as in

15 Examples 6 - 8 are considered, but in this case utilising the cooling arrangement of Figure



82.548574.4 U9.394 60.2 20.020360.2V 17.510374.4 F =G 1100120065.95 Inthis
Example, the total heat exchange area required is 817m2, compared with 849m2 in Example 6. This is
the only instance where the arrangement of Figure 3 is beneficial compared with that of the invention,
and is becafs8 BEUUHI"® has a lower cooling requirement than Reactor PAERMANPI2EY 10 (FiEure 1)
In this Example according to the invention, two smalfer reactors connected in series are considered,
operating a slurry polymerisation at a production rate of 25000 kg polymer/hour. The temperature of
the polymerisation in Reactor 1 is 100.0C, and the 15temperature in Reactor 2 is 85.0C. Their

proportion of,tgtal production is the same, 50%, In Table 10 below, the details of the various flows
labelled in Fi’gﬁﬁu{)ﬂffé’mg&ﬁ%%?c &ﬁdwﬁ%ﬁ%wﬁﬁ%ﬂf@%%%&%ﬁwm Fraction of
split flow (Yo}levivrese oim 3ihou ) chemperiatg nen (GG e506h Aoefotor 2. ' _

[n Table 9 below, the details of the various flows labelled in Figure 1 are given.

TABLE 9
Flow Fraction of Flowrate Temperature
split flow (%) {m*/hour) *Cy

6 2500 30.0

8 2500 42.8

A | 1200 1 39.3

B 76.5 918 39.3

C 23.5 282 39.3

B’ 63.3 1612 41.2

C 36.8 588 52.6

D 70.6 715 60.2

E 82.5 485 74.4

U 9.3 94 60.2

W 20.0 203 60.2

v 17.5 103 74.4
F=G 100 1200 65.9

5
In this Example, the total heat exchange area required is 81 7m®, compared with
849m? in Example 6. This is the only instance where the arrangement of Figure 3 is
beneficial compared with that of the invention, and is because Reactor 2 has a lower
cooling requirement than Reactor I.
10

EXAMPLE 10 (Figure 1)

In this Example according to the invention, twe smaller reactors connected in series
are considered, operating a slurry polymerisation at a production rate of 25000 kg
polymer/hour, The temperature of the polymerisation in Reactor 1 is 100.0°C, and the

15 temperature in Reactor 2 s 85.0°C. Their proportion of total production is the same, 50%.

In Tabie 10 below, the details of the various flows labelled in Figure ! are given.



1500 38.3 A 75039.9 B 27.8208 39.9 C 72.2542 39.9 B' 38.938952.3C' 61.161143.0 D 38.9
38.978.0E61.161159.3 F 1000 66.6 G 75.01200 66.6
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TABLE 10

Flow | Fraction of Flowrate | Temperature |

split flow (%) (msfhour) (°Cy f

6 1500 25.0

8 1500 38.3

A O R
B 27.8 208 39.9
C 72.2 542 39.9
B | 38.9 389 52.3
c 61.1 611 43.0
D 38.9 389 78.0
E 61.1 611 58.3
F | t 1000 | 66.6
G 75.0 1200 66.6
H 25.0 400 66.6
J 72.3 181 66.6

K 27.7 69 66.6 |

In this case, the greater degree of cooling required for Reactor 2 is addressed by
having a much greater flowrate of cooling water in that reactor {flow C”) compared with
5 Reactor 2, together with a much higher proportion of cold water (flow C).
In this Example, the heat exchanger is required to cool 750 m*/hour of water fom

66.6°C to 39.9°C, which requires a eat exchange area of 370m”.

EXAMPLE 11 (Ficure 2 - comparative)

10 In this Example, the same two reacters as in Example 10 are considered, operating

under the same conditions - both reactors are taking 50% of the production, but Reactor 1

is operating at 100°C and Reactor 2 is operating at 85.0°C. However in this case as in the

previous comparative examples, each reactor has its own independent cooling circuit and

heat exchanger. Thus the total flow of cold water from the cooling tower is again 1500
15 m'/hour and its temperature is 25.0°C, but the water is split equally between each heat

exchanger at 750 m*/hour.



H 25.01400 66.6 J 72.3 181 66.6 K 27.7 69 66.6  In this case, the greater degree of cooling
required for Reactor 2 is addressed by haying a much greater flowrate of cooling water in that reactor
(flow C") compared with 5Reactor 2, together with a much higher proportion of cold water (flow C).

In this Exanmpie2¥RE 8%t exchanger is required to cool 750 m3/hour of WtdHFHPEE8T to 39.9C,
which requires a heat exchange area of 370m2. EXAMPLE 11 (Figure 2- comparative) 10In this
Example, the same two reactors as in Example 10 are considered, operating under the same
conditions - both reactors are taking 50% of the production, but Reactor 1 is operating at 100C and
Reactor 2 is opeiling a,85,06, Hpweves I (his case a5 in, he preyious; comparative examples, each
reactor has its own in epenc?ent cooling circuit and hea excshanger. Thus'the totaftiow of cold water
from the cooling fddBkksIdgain 1500 15m3/hour and its temperature is 25.0C, hut the water is split

equally betwgen, each, ARomsfhonr  We 20091101008PCT/EP2009/051250 20 In
Table 11 below, thedefailz,abife vapipugfiows jabelled-in Figure 2 are given. TABLE 11 Flow
Fraction of Splitfiow (%) Flowralg Asihwyr) Temperatare (C)'REACTOR 1 9 75025.0 10 75038.3
37549.2 L' bU(@bb.5 750 25.0

10 750 38.2

L 375 49.2

L 500 , 55.8

N | | 500 f 75.8

Q 75.0 ‘ 375 75.8

S 25.0 125 75.8

REACTOR 2

17 750 25.0

18 | 750 ‘ 38.3

M 375 i 34.2

M 500 40.8

P | } 500 60.8

R 75 375 60.8

T 25 125 60.8

As can be seer, each heat exchanger is required to cool 375 m*/hour of water using a
5 flow of 750 m*/hour of water having a temperature of 25°C. In the case of Reactor 2,
which is operating at 85.0°C, the required cooling is significant and requires flows M and
M’ to be at a particularly low temperatere. Thus the cooling required by the heat exchanger
is from 60.8°C to 34°C, which gives a calculated heat exchange area of 261m°. In the case
of Reactor 2, the required cooling is less, and is calculated to require a heat exchange area
10 of 128m’. Thus the total heat exchange area required using two separate cooling circuits is

389m?, compared with 370m” in Example 6.

EXAMPLE 12 (Fizure 3 - comparative)

In this Example, the same two reactors as in Example 10 and 11 are considered,

15 operating under the same conditions, but ufilising the cooling arrangement of Figure 3.



N1 1500718 Q 75.0 375 75.8 S 25.0 125 75.8 REACTOR 2 17 75025.0 18 7501383 M 37534.2 M’
50040.8 P 50060.8 R75 375 60.8 T25 125 60.8 As can be seen, each heat exchanger is required to
cool 375 insihour of water using a 5flow of 750 m3/hour of water having a temperature of 25C. In the
case of Rea¥fdr¥*WHI is operating at 85.0C, the required cooling is sighifiCart8latrafuires flows M
and M' to be at a particularly low temperature. Thugthe cooling required by the heat exchanger is from
60.8C to 34C, which gives a calculated heat exchange area of 261m2. In the case of Reactor 2, the
required cooling is less, and is calculated to require a heat exchange area 10of 128m2. Thus the total

heat exchange ar, uired using two separate cooling circuits is 389m2, compared with 370m2 in
Example 6, EXAMFIpure 3 - comparative) In this Example, the same two reactors as in
Example 10 &hevl]l aFeacoosiclered, Flowrate Temperature
split flow (%) (m>/hour) )
6 _ 1500 ' 25.0
8 : 1500 38.3
A | 750 | 39.1
B 342 257 39.1
C 63.8 493 39.1
B’ 38.9 389 52.3
95 61.1 611 43.0
D 56.0 257 78.0
E 30.7 493 59.3
U 349 132 78.0
W 0 0 -
Vi 19.3 118 59.3
F-G 100 750 §5.7

I this case the cooling required by the heat exchanger is from 60.8°C to 34°C, which

gives a calculated heat exchange area of 387m’, compared with 370m” in Example 10.

In summary, the above Examples above show clearly that using a single cooling
circuit for a two (or more) reactor polymerisation system rather than two circuits can result
in significant savings both in capital costs {construction of only one cocling circuit, heat
exchanger systemn, cooling water pump ete) and also potentially in energy consumption.

i0 Conipared with the arrangement of Figure 3, a significant benefit of the invention is its
flexibility. The maximum heat exchange area required by the arrangement of the invention
in the cases illustrated above is 915m? in Example 1, whereas it is 1029m” in Example 4.
Any cooling system has to be designed to be suitable for a range of reactor conditions and
sizes, and therefore must be sized to cope with the maximum likely cooling load. Thus

15 even though the arrangement of Figure 3 can be beneficial in specific instances such as the
set-up of Examples 6-9, the heat exchanger of Figure 3 would have to be larger than that of

Figure 1 in order to be able to deal with reactor conditions such as those in Examples 1 and



150perating under the same conditions, but utilising the cooling arranuement of Figure 3. WO
2009/101008PCT/EP2009/051250 2! TABLE 12 Flow FFraction of split flow (%) Flowrate (m3/hour)

Temperature E}CQ 6 1500 25.08 150038.3 A 75039.1 B 34.225739.1C65.849339.1 38.9389
523 C' WO 2009/101008 PCT/EP2009/051250
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4. Thus utilising the arrangement of the invention enables the size of the heat exchanger to
be reduced. Additionally, if at any stage it is required to apply maximum cooling capacity
to both reactors, in the process of the invention it is simply necessary to shut off a valve to
clese the bypass line H, and the pump in line F will still have the same flow going through
5 1t Howeverin the arrang&mént of Figure 3, closing the bypass lines U, V and W means
that the pump in line F will experience a higher flow, and wiil need to be adjusted. This
can cause problems as the required higher flow is not delivered instantaneously, meaning
that the required maxiumum cooling capacity is also not delivered instantaneonsty.
A further advantage of the invention compared with the arrangement of Figure 3 is
10 thatitis simpler, with fewer lines and pumps. This leads to significant capital cost savings.
The flow through the various lines in Figure 3 is also much more variable than that through
the lines of the invention, which means that variable speed rather than constant speed

pumps are required, further adding to the cost and complexity.

15



61.1 611 43.0 D 66.0257 78.0 80.7 49359.3 U34.013278.0 00-V19.311859.3 F=G,100
750 65.7 In this case the cooling required by the heat exchanger is from 60.8C to 34C, which gives a
calculated heat exchange area of 387m2, compared with 370m2 in Example 10. 5 In summary, the
above Examples above show clearly that using a single cooling circuit for a two (or more) reactor
polyinerisation system rather than two circuits cad¥esult in significant savings both in capital costs
(construction of only one cooling circuit, heat exchanger system, cooling water pump etc) and also
potentially KAGEIY consumption. 10Compared with the arrangement of Figure 3, a significant benefit
of the invention Is its flexibility. The maximum heat exchange area required by the arrangement of the
invention in the cases illustrated above is 915m2 in Example 1, whereas it is |I029m2 in Example 4.

Any cooling. systesadiasiahecdasigraditorhersuiiable fonasangenthpeactasgandiians and sizes, and
therefore must be sized to cope with the m xmunlillke%%coollggf; load. Thus 15 eé n though the

arrangement of BT SAUAR FABRNEREHT 1 <hEUAIRRARRELISIIERIRL IR B IR of Examples 6-9,
the heat exchangenef kiguheddviouddidrave! tdipeddngenthant that afrpgucet binkerderdo be able to deal
with reactor condlfg/onfzs1 sggc}:@p%sm%hose in Examples 1 and
cooling a stream of fluid in one or more heat exchangers and passing part of it to the
cooling system of a first reactor and part of it to the cooling system of a second
reactor, so as to remove the heat from said reactors;
10 passing back through the heat exchangers a return flow comprising a portion of the
combined exit flows of the cooling fluids used to remove the heat from each of the
reactors;
wherein the heat exchangers provide at least 90% of the cooling requirement for the
reactors, and a portion of the combined exit flows from the reactors bypasses at
15 least one of the heat exchangers and is passed directly to the cooling system of one

or more of the reactors, and wherein the cooling circuit is powered by no more than

one pump at any one time.

2. Process according to claim [, wherein a portion of the return flow bypasses all of

20 the heat exchangers.

Process according to claims | or 2, wherein part of the portion of the return flow

Lsd

which bypasses the heat exchangers passes into the cooling system of the first

reactor, and part of it passes into the cooling system of the second reactor.

4. Process according to any preceding claim, wherein the cooling circuit is a closed

circuit.

L

Process according to any preceding claim, wherein the pump is located in the return

30 flow comprising the combined exit flows from the two reactors.



WO 2009/101008PCT/EP2009/051250 22 4. Thus utilising the arrangement of the invention enables
the size of the heat exchanger to be reduced. Additionally, if at any stage it is required to apply
maximum cooling capacity to both reactors, in the process of the invention it is simply necessary to
shut off a valve to close the bypass line and the pump in line F will still have the same flow going
through 5 it. However in the arrangement of Figur&t3, closing the bypass lines U, V and W means that
the pump in line F will experience a higher flow, and will need to be adjusted. This can cause problems
as the req%ired pllgglesfsgggvggl n(p%odgli}/rgr dwj esrteaggtﬁ\]ne%uslyi %%&Qi t?r%%%'el‘{%%u"ed maxiumum
cooling capacity is also no efvered'instan aneousf);.] ﬁﬁﬂ?her advanhtage of the invention compared
with the arrangesrenttobhFigtrer8tisnlbtvaintisveimplermwith fewer lines and pumps. This leads to
significant capital cost savings. The flow through the various lines in Figure 3 is also much more
variable than that through the lines of the invention, which means that variable speed rather than
constant speed Pureps o ndn e funtred iddifigioviherensthasacd o presiny faseach AIMS  Process
for renoving heat, from ) |eask Wo.rReiars-fommng At leaskPatkPha-RaIVNsFiRatgR eactor system for
a multimodal polymerisation in which the reactors are linked in series and all produce at least one
component of the same polymer, comprising: cooling a stream of fluid in one or more heat exchangers
and passing parft,gfikiothe-@elina sy pieraohadisshrearionAnd RALGL LB raRliNg system of a
second reactor, so as to remove the heat from said reactors: passing back through the heat
exchangers a return flow comprising a portion of the combined exit flows of the cooling fluids used to
remove theyheapfresieachrefihe reactesscaeseimthenhesh exchangeksippdse at least 90% of the
cooling requirement for the react]t%rs, ndg gportiﬁtr% of the com.k%llnea %Iit flows from bhe reactors
bypagges at lealtBrre DRSS SRS W§n§ PLLAY RIPaEsRE SRS BB EStem of one or
more of the reactoisranchwbereth thfeleoelingeircuit is powered by no more than one pump at any one
time. Process according to claim 1, wherein a portion of the return flow bypasses all of the heat
exchangers. Process according to claims 1 or 2, wherein part of the portion of the return flow which
bypasses the heat exchangers passes into the cooling system of the first reactor, and part of it passes
into the cooling system of the second reactor. 4. Process according to any preceding claim, wherein
the cooling circuit is a closed circuit. 5. Process according to any preceding claim, wherein the pump is
located in the return 30flow comprising the combined exit flows from the two reactors. 6. Process
according to claim 5, wherein the pump is located upstream of the separation or the return flow into
two portions. 7. Process according to any preceding claim, wherein the cooling system for each
Sreactor is a jacket or jackets surrounding the reactor over part or all of its surface. 8. Process
according to any preceding claim, wherein the reactors are loop reactors. 9. Process according to any
preceding claim, wherein the total cooling capacity of the 10heat exchangers is less than 90% of the
sum of the individual maximum cooling requirements of each of the reactors.



