REACTOR COOLI NG SYSTEM The present invention rel ates

generally to a cooling system for renoving heat from
weoloynendsat i on reactors, and nore parti cul ar | BCT/BP209/051250

system for renoving heat fromat |east two

pol yneri sation reactors which produce at |east sone of
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reactors, the products
systems to remove the heat.

A typical form of coolant system comprises a jacket surrounding the polymerisation
reactor through which is passed coolant to remove the heat from the reactor. The coolant
itself usually circulates via a heat exchanger, where the heat removed from the reactor is
given up.

Although many polymerisation processes involve the use of only a single
polymerisation reactor, increasing numbers utilise two or more reactors, the products of
which are combined. The reactors may produce identical or different products, and may be
arranged in parallel or in series. A common application is to make one polymer in a first
reactor, and then transfer the polymer to a second reactor where a further polymer is made
in the presence of the first polymer (so-called “multimodal” polymerisation). Such reactor
systems may comprise liquid-phase or gas-phase reactors or a combination thereof.

Many multiple reactor systems employ one or more loop reactors, which are of a
continuous tubular construction comprising at least two, for example four, vertical sections
and at least two, for example four, horizontal sections. In such a reactor, reactants are fed
into the continuous tube containing a solvent and a catalyst. The admixture of diluent,
reactants, and catalyst are continuously recycled around the tube, with the reaction product
being continuously removed. The heat of polymerisation is typically removed using
indirect exchange with a cooling medium, preferably water, in jackets surrounding at least

part of the tubular loop reactor. A typical loop reactor is shown in Figure 8 of WO
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whi ch are conbi ned. The reactors may produce identica

or different products, and may be arranged in parall el
W@roovnowes i es. A conmon application is to nakePOHEP2009/051250

pol ymer in a first reactor, d then transfer the

pol yner to a second reactor ere a further polyner is

made in the presence of the first polyner (so-called

“nul tinodal " polymerisation). Such reactor systens may
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cooling system.

Accordingly in a first aspect the present invention provides a cooling circuit for at
least two reactors which form at least part of a polymerisation reactor system, which circuit
comprises:
one or more heat exchangers which provide at least 90% of the cooling requirement for the
cooling circuit;

a cold flow of cooling fluid exiting the one or more heat exchangers, part of which cold
flow passes into a first inlet flow directed to the cooling system of a first reactor, and part
of which passes into a second inlet flow directed to the cooling system of a second reactor;
a return flow comprising the combined exit flows of the cooling fluids used to remove the
heat from each of the reactors;

wherein a portion of the return flow is diverted to bypass the heat exchangers, and is
wholly or partly incorporated into at least one of the first and second inlet flows.

A further aspect of the present invention provides a process for removing heat from

at least two reactors forming at least part of a polymerisation reactor system, comprising:
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the circulating coolant (usually water) in the circuit

can be treated. It is usual for the reactors in
worzdovfploes r eact or pol ynmeri sati ons each to havePCT/BP290#1051250

I ndependent cooling circuit and heat exchanger, since

the cooling requirenents of each reactor, where

different polynerisation reactions are taking place,

are usually different. However in US 6235852 a single
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pags@agcw&k thrusine tehtek chahgtls Qe gb@s;%pn%gm%n&p@mﬁe
hat it is possible to inprove the above design
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sy siherdin e Getbxbigdngelsrévifié 5tbast QBT tlﬁef%oﬂlh? $&@firement for the
i nvention provides a cooling circuit for east two

regeiiptepf § PRI TG sAmalinedeay ﬂ@w fromftharegsloymipiresgs pldgast one
o TR o By o SRR 1 O TG o

rewtws.i ng requirenent for the cool ing circuit; a cold
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first reactor, and part of which passes into a second
befon¢ by-physeitie lmt: exshiangert Bre codobi ind)$ §215842 die lxasewbager is
bypas%gé Slrer 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 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
pump, 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 all
require maximum cooling at the same time: this is more especially the case when the

reactors form part of a multimodal polymerisation system.
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the cooling fluids used to renove the heat from each
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is diverted to bypass the heat exchangers, and is

whol Iy or partly incorporated into at | east one of the

first and second inlet flows. A further aspect of the

present invention provides a process for renoving heat
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(t:apitai cost

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 invention is not so limited: it is possible that three or even four reactors may be
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 more than
two reactors being cooled by the cooling circuit of the invention, the bypass portion of the
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
tflow into two portions. A standby pump is always employed, in order to ensure that
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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directly to the cooling jacket of the other reactor,
and/or by sinply returning the exit flow of each
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that the reactors whi ch ormat |east part of the
ingiyidyatrqlyaes ohusyBe Befymerisation 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 cooling requirement. As a
result of this, a polymerisation plant constructed with a single cooling circuit according to
the present invention is sufficiently flexible to be able to accommaodate 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 in 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
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polynmer: this nmeans that their production is |inked.

WO 2oopgonees ti cul arly preferred that the react orBCEHER2009/051250
l'inked in series. W have foynd 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

exp@&g@ﬁs Samamhbid &%gxtaﬁ%fa‘i\loﬂ efhabSe E?‘%&aﬁ‘% Qe tﬁ@r tg

sane pol ynmeri sation actor system:i act or
redctas mmsmgpawmtaee cadingregcait fareach reibtos vdach sestside the] scope of
thsi}}gm fi cant capital cost reduction and energy savings.
¥'nore, despite having only a single cooling

Ci Fgdird 1 EB0w6ORo 18bp retaﬁt%rg eadd Phid th\é’%ﬂ@?é’@ooilﬁg' Bﬁim}lh@fnch cools

the cooling circuit of the invention is flexib
bOﬂh@ﬁI@ﬁntBhfb@laélbhénp betme@vt}@éwgmﬁa‘dtms &ntot slmmfn rmg tlteee Bkamples,
ven t.hei.r rel.ative
SRR TR e Bl ook PR L s ing? apaspangers 4 Conty
on%ﬂﬁiahgertlb ﬁicﬁﬁoiﬂdr’tgscﬁlts.‘fe@ Wbt si@iplitife Hav@nhiife: TONBang @Stlet
a single heat exchanger Alternatively two or nore

flomed romy sRReReR fcoMhY 28 Sueh 25 eeling tawsr Thaothersidsoighe heat

I
o SRR S NPRRD R, bAERY i or o
watgal.tldow A 1 'Ersplinimtrbe'ro Béws Baat @, ﬂloa»ola leethghiy Rteht&%zcbmid figw C
gOfn'r%f;é iﬁ%ﬂ?}Of : Bt B Bve% %@é’f’? A é 16%’:’?%%% 125% g0spas bsdow, and
pa8y thRYER j4Rufs sﬁﬁ@iﬁc@ﬁgﬁh%&’sp@&ﬂe&@ﬁ(ﬁg s®¥s {orb%oﬁﬂh@ gb&gnensatlon

circurt; in which case the cold flowis split
reee;hbn&)ﬁletehe Thepnertiv the redatordaghetsfasrilosd 2 abd B weich marge to form a
ortlono flow sesthe

f t
e 008 R A - BT L EO s o e B ARSI Y0 o bere
coblleﬂ shd bemd Dow ﬁ%gfairf $loweRaCHRH of WF@@&ﬁ/e@éd 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 it is further split to form
uncooled flows J and K. J merges with cooled flow B to form flow B’, and K merges with
cooled flow C to form flow C’.

A heater (not shown) is usually incorporated in the coolant circuit to enable heating
of the reactor before or during start-up. The circuit 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
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 cold 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 (S, T) bypasses the heat exchanger to pass
directly back into the inlet flow (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
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the bypass portion passes into the second flowto the

second reactor. If there are nore than two reactors
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the bypass portion of the return flow may be split

between the inlet flows for sonme or all of the

reactors. Transport of the fluid around the cooling

circuit is typically powered by one or nore punps.
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Referring to Figure 4, one or a number of temperature transmitters located in Reactor
1 generate a signal or signals TE1 corresponding to the reactor temperature. The signal, or
an average of a number of signals, is transmitted to the reactor temperature controller TC1.
In response to this signal and its comparison with a preset temperature value S, the
temperature controller TC1 sends an output signal to the first reactor coolant temperature
controller TCZ. This controller compares the signal with the input signal TE2 from a
temperature transmitter located in the first reactor coolant line 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 controller FC.

In response to this output signal from the first reactor coolant temperature controller
TC2, 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 FE1 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 controlling the “warm” flow J, 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.
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pol ynerisation reactions involving two nore reactors

connected in series. Binodal slurry polynerisations
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t eRRE{ Py TP (% LRythe two reactors depending on t he

ex . made). Specific enbodi nents of the

i nlrethgs ommplé heaoating ® e siwventied th ﬁvha uee«ftemammrmectbdhm series

cconpan: draw . ngs,. i.n which:
o0 GBI e b PAM B ciwOe bt PrgucrPate ot dhDefke potymerhour
ThieNMepdrhtan: (foﬁe b¥¥merisation in Reactor 1 is 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. Therefore the size of the heat exchanger is dictated solely by the cooling

requirements of the two reactors.
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reactors,

andFigure 2 is a schematic diagram of an

al ternative cooling arrangenent for two reactors

waiedobfigiopry a separate cooling circuit for eachPCEHER2009/(51250
which is outside the scope o;

shows two | oop

reactors

the i nvention.
2 and the single cooling

Figure 1

circuit which cools both of them The rel ationship

between the two reactors is not shown:
they are connected in series.
—conprises a_heat exchanger or exchangers 4 (only one

TEBEEPI es,

in these
The circuit

Flexc harfgastionofs h
havi nglieflow (¥t

owTiantktedi S
f (1@%héurand

C ieagerdae
out ket flo

5inplicity)
w 8 from a source

@f ¢old water,

suchsp a c

00T T A of OVef .

The ot her side

Qf The heat—ex

nan 00 S P

art QQ 8[ he

cooling circuit,

dllU lIIB UUL [.Jut
A l_l

t IICI Cr1TuUlirpy

| f |nfr\ f\A

I UUULCD A

n Fl Fatty o

D T

ow of cold water
hd C, flow B

2\ A
T\. OW—"——1S op

Elows B and C

econe B' an

React or 2.

Ba
N_C anf
d.C respect

vely as

Bi scussett-bel ov

), _andlpass

t hr od@# | ac

ket s surroundi ng

Che|respeciive

react®d s so

as 88.8coo

t he

pol ynmeri sation

reactions t

herein. The

y exit the

ch merge to form
flow F returns

rovd norf

recool ed and
low F is

ss t ﬁ;\ 6hp::n‘

El t get W6 | n

some 9%modi

ment §94f th

exchanger
e i nvention, flow

H passes direct

into eithe

r flow B or

fl ow C. However

Fn this enbodi

ment i600i s flurthéd4split to form

uncooled flows J and K J nerges wth

cooled flow B to

GormfT ol @, gnd KJgergesf wipgggooled flow Cto form
HOWVY 250 400 64.4
J 65.4 261 64.4
K 34.6 139 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 flow of 2500 m’/hour of water having a temperature of 30°C.

This is calculated to require a heat exchange area of 915m>,

EXAMPLE 2 (Figure 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 Example 1
1s that in the cooling circuit, the split between flows B and C is changed from 34.7/65.3 to
36.7/63.3.
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A heater (not shown) is usually incorporated in the

coolant circuit to enable heating of the reactor
whefooneloos during start-up. The circuit may bePCI/ER2M9/051250

by a single punp, which is t gically | ocated in line

F. Figure 2 is an alternative arrangenent outside the

scope of the invention, where each reactor has its own

i ndependent cooling circuit. In this case reactors 11

o R3S A PRI B RRR Bl g

cold water L and M The heat exchangers 14 and 16 have
respective |nIet and outl et supplies of cold water
fraﬁﬂﬂda_cold wat er source (9 10 and 17, 18). The

oGS PEE I e SF 1T T 19 é{\dlu Leactors 11 and 12
?Ls $ﬂgwf%geﬂoan [ hat #g R) returns through

arts
he et 5-t-hHe—re (S, T) bypasses
fhe _h_eat pyr‘hargpr Qtsnonacc dire®Ply back into the

Bolet flow (L, [M t2%ormlfl ow?28 and M. Figure 3 is

a further alternative arrangenent out si de the scope of

thelinvention, |[basel®0on tHe ar gagenept disclosed in

US 6235852. This arrangenment utilisesja single

Beatexcnﬁpger as ki Figure TggRUT Th this case there

ooy%d3ss ftow |-|75 nstead; freexI .flovvs D and E
rofmeac eactor—can—be recyc?c§~sf+alght to the
ép!cf f'%“? B—anéd C f spec*'"c'v7"ia ines Uand V
;_er‘fl e\/ %d ally pnft'-nf the exit flow D
@rrnntiuﬁ%@rst reac?%@ can be f8dsed Hirect to the

inlet flow C of the second reactor via line W The key

Dequi rem@mM for the7é®oling cifgBit ipn the arrangenent

of Figssbdo 3|is thgtenperatgoe of flows B and C or

L and M which are dictated By the copling

eq\ul TEMENTS 9,1 [neldgwo reld(,t UB§0| mepch case. The

ot UWIHg EAaHpICD showhowthe—cooH g is
G 75.0 1200 65.0
H 25.0 400 65.0
J 81.9 327 65.0
K 18.1 73 65.0

It 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 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
of flows, subject to certain contraints such as the desire never to reduce any of the flows to

ZCro.

EXAMPLE 3 (Figure 2 - comparative)

In this Example, the same two reactors as in Examples 1 and 2 are considered. Again
they are operating a slurry polymerisation at a production rate of 40000 kg polymer/hour.

The temperature of the polymerisation in Reactor 1 is 95.0°C, and the temperature in
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controll ed by adjusting the various flows, and al so

how a particular cooling requirenent dictates the
wWQapaao0y8 of t he heat exchanger which is requi PEHEP20A9/051250

the Exanples below, the tenpgfatures and flowates in

the cooling circuits have been cal cul ated based on

particul ar scenarios for a slurry polynerisation

conducted in two reactors operating in series, both of

S : A : ‘. : _

R i P £ Pl BEecr R0 bR Glor R M, Howeverin
thid es i daclwicabtor bdsatserereinidepdrdentroeodng vieriteantl heatvachangsr. As in

control,l ers, and signals involved are shown_
Exa}naiﬁ gh&fﬂ?f&%ﬁw of it B el ne Erens g 3 4500 m’/hour and
itstbEperBtufh is HR8d Y 3ROTUBRER tRfs hERE Al fEsplik @(ﬂﬁiﬂ}rtb%ﬁ&?e%n each

| ocated in React3or 1 generate a signal or signals TEl
hegtoekangendi 1I3§0 no/hows r eact or tenperature. The signal,

0 S S I e P BB M AT e e

siZe@F pRMSRat exchider & doaled 301R1Y By5the QBPIAId 2QMirath dfd ofithe reactor
Er eset .tenperature value S, the tenperature controller
W1

high ids canesiglput signal to the first reactor
coglgiftp henperature controller TC2. This controller
conpares—the signal with the input signal TE2 froma

Floenpefadatioa of r ansFidvwate | oc Jeagheranuthp first reactor
cool aplit o e%P|, @ﬁﬂh@g)sed on tdrg di fference between
the Two Signagpaggiesis jan output signal] to valve 22
gonyTot g cofrd fi&%B, md agﬁg tothe first reactor

otant—ftow—cont FoET FE&—n i’gspon e to this output

stghal—froemthe firs?".s reactor—&88hant tenperature
controller TC2 the cold.flow controll valve 22 for
Llow B opens (qr cl 6%ds) IMeandhble the first

L’ 800 50.2

N | | 800 | 70.2

Q 75 600 70.2

S 25 200 70.2

REACTOR 2

17 1250 30.0

18 1250 42.8

M 600 33.6

M’ 800 40.2
P | | 800 i 60.2
R 75 600 60.2
T 25 200 60.2

As can be seen, each 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, the
required cooling is from 70.2°C to 43.6°C, which is calculated to require a heat exchange
arca of M In the case of Reactor 2, the required cooling is from 60.2°C to 33.6°C,

which is calculated to require a heat exchange area of 710m”. Thus the total heat exchange
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reactor coolant flow controller FC subtracts the
recei ved output signal fromTC2 fromthe sum of the
wW@opne1088 gnal s conming fromthe fl ow nmeasures FE/ER2909/051250
FE2 of the cold and the "warg$ coolant flows B and J
to Reactor 1, and sends the resulting value as a
signal to control valve 26 controlling the "warnt flow
J, which in turn closes (or opens). The flow
. | 3 . 2t 2.
o R Bl oS PREE S b i olfls N TS e P i
Exampid hs unchanged. As an exanpl e, when the tenperature
set point S of the reactor is decreased, requiring
nore cooling, the tenperature controller TA conpares
thexseirpd @ PHrure 3t_h:gr_,@§-1§ﬁw§d reactor tenperature
TEIrrtesulting in a signal to the cool ant tenperature
cofit thid Exxrmpt€ahe samectoipcieadtons as énpramplos & tesdareponsitiered. Again
This controll.er conpares.the reduced set ' Wi t
oba® pEdEnEa By AR SR it el etiehsn 25 aPRURY aghmperour.
Thee&fiperatird STALEBSIOhefibAidalin Readthe] Ba)SH Ccoahd@iMe tdthfature in
val ve 22. The valve 22 opens further, resulting in

Regeipe é08 101G deir pronssticn ofdptal pregugtianis sisrrame) $@&p. Aein Example
| . _ ! » | |
! BRSPS N LR BE Bl RO RSB R e g pgfine v

fixedbt2300ah’/hdre ahdl etevtdnnmenstogetis dixsd HE0.G00 HokRyerdf ghis em@snstead
the resulting lower.signal to the "warm' cool ant flow

of JiR YR ASETOTEE K 04 61D Beh U ATARBFTCHES igurng if smaloyed.

THuS e 28@fiikls T QWnd w elle SarRECH &Rl ﬁ?ﬁ?ggﬁ_aiﬁ)f the flow
applied to Reactor 2. EXAVMPLE I (Figure P nthis

frofx a npiks raaxoy, titiey than panteofithe eorbbioed flowdranwhertwactatas (as is the

cadl:8 onngc )ed in series and are operating a slurry
%P;ﬁ%ﬁ@ﬂp at'ton at a production rate of 40000 kg
POl TEY1E B®elow, the details of the various flows labelled in Figure 3 are given.
TABLE 4
Flow Fraction of Flowrate Temperature
split flow (%) |  (m’/hour) (°C)
6 2500 30.0
8 2500 42.8
A 100 | 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 55.9 378 71.6
E 89.2 822 59.1
U 33.0 224 71.6
W 11.3 77 71.6
\Y 10.8 100 59.1
F=G | 100 | 1200 | 63.1
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The tenperature of the polynerisation in Reactor 1 is
95.0 0C, and the tenperature in Reactor 2 is 85. QC
wak@pmolepportion of total production is the sBEEEP089/051250
50% . In Table 1 below, the dgtails of the various
flows labelled in Figure 1 are given. The flow of cold
water 6 fromthe cold reservoir is fixed at 2500
nB8/ hour, and its tenperature is fixed at 30.00C
Theg, ﬁﬁ@g%ﬁ@ by t%ﬁe{agem?é uf%6 F@{&‘Fﬁzd)(f InGhAd S hter from
sol el e coo Ui'T ement s th
63 @éfctbdbsﬂ:"ﬂiAﬁhEhleqﬁmres amebieexskane atdaelO28mexompmgd withso15m’
égg ed to cool 1200 nB/hour of water from 64.40C to
in bising a flow of 2500 n8/hour of water having a
tenperature of 300C. This is calculated to require a
heat exchange area of 915n2. EXAMPLE 2 (Figure 1 In
X & ' mrptiee)i nventi on, the same two

“Ex t . .
T G T AT ERA T -
mﬁiﬁgﬂ’ﬁérﬁ of Figard Dafhel s g]@@lffe@éﬂcb ﬁﬂlrpﬁié%ﬁ‘;blb 4 i hat ﬁﬁhé Eoohng

bet ween fl ows B and is changed from34.7/65

cirggit.the spig. bleﬁvepaﬁl%vsﬁ ped G changediBoni 14s7/63. 3ttché6 Géﬁﬁﬁous
fl
pe S aae e SO APt s VB P T i B en

reSUABEEIS" a si gnlflcant dlfference in flows J and K

comared with Eyx n this Examj| e, t he heat
FEW%raH:@ﬁmméfrequéﬂgﬂﬂ¥% cooleMPEREN® [ hour of water

frof (Yo [38(@ /bor)whi ch (#Juires a heat exchange

&rea of 874n2 lless 13n i n| Exadploe 1.

8 2500 42.8

A | 100 | 1200 | 37.5

B 40.4 485 37.5

C 59.6 715 37.5

B’ 768 49.7

C 332 40.7

D 63.1 485 70.6

E 86.0 715 59.9

U 36.9 283 70.6

W 0 0 -

A% 117 14.0 59.9
F=G | 100 | 1200 l 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.



This shows how it is possible to reduce the heat
exchange demands by optimsing the split of flows,
W@ aBpaetog o certain contraints such as the desPCEEPRIIEIS1250
to reduce any of the flows te,zero. EXAMPLE 3 (Figure
2 - conparative) In this Exanple, the sanme two
reactors as in Exanples 1 and 2 are considered. Again
they are operating a slurry polynerisation at a
pr i f ;40000 kg pol yner/ hour. The
te kb e 1 ol ynerisation in Reactor 1 is
95 100G Examibl hecotding e ik ihveniioReReidie t20 18a@&s @& Example 1
Their proportion of total production is the same, 50%
argepns\dsred; ﬁutmp@tlggggdeééléqqdliﬁ’@' { gpndyings; ]tnsthl(gvﬁa,;ampie, both reactors

. Li it ot . o .
RN SRR 1 oy L P BB 00

5 probotiomgnt Bwector B tifd xmdinidg ABO0ANBrdsoliy Remotbril thas a greater cooling
ter eraélur is fixed at 30.0 OC, but in this case the
reqieaient way ef"‘ft‘)"e%ually bet ween each heat exchanger at

1250THRE BWlow, i JRAISInde) s 1H08 18R118d |SFighireliNBe given.
flows | abelled in The

vari ous Figure 2 are given. si'ze
of TedBliF l6eat exchanger is dictated solely by the
Flwu: g regti-rerent—of—th r“actof[ wH h which it is
83’nnef€%?‘.o fﬁELEéﬁ e bg%g%;%?,urgach heat exchanger
is réa 1 o (Yo [P ) n8l hou f warer using a flow
8f 1250 nB/hour| of W8Per Havi nd%A tenperature of 30C0C.
Bn the case of |[React®P 1, |the A2§uired cooling is from
70.20C to 43.6 0OC, which is calculated to require a
heai exchange drea @00315n2. IBgrhe chse of Reactor 2,
the Tequired cooling is fromo60.2Z OC o 33.6C,

B 76.5 918 38.7

C 23.5 282 38.7

B’ 63.3 1012 41.2

C 36.8 588 52.6

D 63.3 1012 60.2

E 36.8 588 74.4

F | | 1600 E 65.4

G 75.0 1200 65.4

H 25.0 400 65.4

J 23.5 94 65.4

K 76.5 306 65.4

10 In 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).
In this Example, the heat exchanger is required to cool 1200 m*/hour of water from
65.4°C 1o 38.7°C, which requires a heat exchange area of 849m”.
15
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which is calculated to require a heat exchange area of

710n2. Thus the total heat exchangearea required using
WQ M993e4008 at e cooling circuits i s 1025m conparRCI/@P20n9/051250

915min Exanple 1. EXAVPLE 4{Figure 3 - conparative)

In this Exanple, the same two reactors as in Exanples

1 to 3 are considered. Again they are operating a

slurry polynerisation at a production rate of 40000 kg

pogm%g.[gﬁg tze_rmgﬁgwtriﬁegof the polynerisation in
Re nperature in Reactor 2

i sIBHIIDGAmpTaahe spiopariiacsal ii Bkahplprosticdiserdds opdigting
aanﬁ, 50% .in ?rrpl e 1, there is a single heat
unger G $RgeT Congiians r RBMTERCAETS RTERIPCHIINGSE He\iame tempespiita{g2.0C),

i : fo t l4i ' s 0
LTS, B P SRR g v

in instasads of Exdmepl b pacsreactoalmgetsamtn inflefendent esolingamabui and heat

t.he arran t. of FiLguyre 3 i.s enployed. Thus thr
oxefiads TR a! ARl Sfcaitions i ol ighvet fegrin 2500 mhour
an€ QE R ReAURAE 80.0°C e tel voe: & QP8 hINIb&wEG&PGIR hieat exchanger at
rather than part of the conbined flow fromthe two

12p@acfhers (as is the case in Exanple 1). In Table 4

o P L 08 U B0 B

exgaBIger7 is required to cool 1200 nWhour of water
from63.-1C tg 36.4C which-requires a heat exchange

Flgren dfactiopoip| céifyaried Wi IsmeesaEei h Exanpl e 1.
EXAMERIE v oy ur e(B/howsbnpar at (%8) 1 n| this Exanpl e,
the sanme reacRBACI€IR ip as in Exanplel 2 i s considered,
but |with the 1250 30.0
10 1250 454
L 600 30.3
L 800 38.3
NI [ 800 | 62.3
Q 75 600 62.3
S 25 200 62.3

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 25 200 72.2

As can be seen, each 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

and L’ to be at a particularly low temperature. Thus the cooling required by the heat
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20

25

30

arrangenent of Figure 3. The single difference from

Exanple 4 is that in the cooling circuit, the split
wh2irogeno$ | ons B and C i s changed from 34. 7/ 65PGI/ER2009/051250

36.7/63.3. In Table 5 below, ;ghe details of the

various flows labelled in Figure 3 are given. TABLE 5

In this Exanple, the heat exchanger is required to

cool 1200 nB8/hour of water from 64.2C to 37.50C, which

ex%lgagl#%rr 1@%0%(61@' : %1@1}%@ (CEI e 9031%@%901?::1%’Y8ﬁ7 e fethperature

of BRAAP| €omequandy nhe t:aicnlh&dﬂmmeaxbhmgs atdads sayeohsiterable, at
reagtors as i le 1 are considered, but
18550 fifeca ¢ ?aémrng drquisdooling 1S %&%%55 @éi frhich is
cafcﬁﬁ@édocf) Srec%ﬁl% A&l @Jché]%e%tfeatmﬁﬁfqel HETREIBH HES exchange area
(9 React or is taking 60% of the
remn@dusmlgcﬁwp seprdatRead ingrciuithis 2084mf, mong)a%%'ltlﬁ&‘l%n in Example
6. result, Reactor 1 has a greater cooling requirenent
than Reactor 2. In Table 6 bel ow, the details of the

VarrhaUskaildewohidhet bepracficdt htgiﬁéﬁﬁty]be@ﬁ%e S VBRhperhBb &f flow L is
In this case, the greater degree of coolin reqU| red

tog glosebated e qosling thveas svaterblf vead brjthgotstiedlygrossiblsrto address

th]fs lbg‘\g&ﬁ}cglg?\cﬂfl? %}%&éﬂ&%&%&g : o3 s e%vgc%tth%ﬁ?ﬁa; pPf %érf %t%}h?naqc}an therefore

befal @pightt @mpafatae) Mowetee thi§ hhsodisd) anthgestibi Sonbixadml deration
t he heat exchanger is required to cool 1200 m/hour of
beggise her yaﬁsseféma@r%n@é fonlbexiiiteh requires a heat
exchange area of 849n2. EXAMPLE 7 CFigure 2 -
conpar at i ve)
EXAMPLE 8 (Figure 2 - comparative)

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

as in 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 2 are given. The

details for Reactor 2 are the same as in Example 7.



In this Exanple, the sane two reactors as in Exanple 6
are consi dered, operating under the sanme conditions -
Whoiok/10Wet ors are operating at the sane tenpePG/BP209/051250
(92.0C), but Reactor 1 is taki,ng 60% of the
production, and Reactor 2 the renmaining 40% However
in this case as in Exanple 3 each reactor has its own
i ndependent cooling circuit and heat exchanger. Thus
thepAgf plg fl ow of cold water fromthe cooling tower is
n3/ hour and its tenperature is 30.00C, but
Fldwe |warectidrsofspl i tFleguad | y| bRinyeestuea¢h heat exchanger
at 1250 aBéAonyr | Im’/habhe [ belewy the details of the
various TTows g@Eerhrg 1N |gure 2 arg given. TABLE 7

AS garm be SEeer; T edac exchanger—13$ required to
?Su. 666—+B1hot PEliga er—Hst nﬁda oy of 1250 nB/ hour
t r

U
of—vater—having a tefperatUre 31‘54’3(“(‘ In the case of
Reactor 1, \Ahlr‘h has 60%of the produgtion, the
dequired cooling js980gnif|canB37énd reéquires flows L
and [L' to be at| a p&2Gd cul arl y 428w t epper at ure. Thus

the cooling required by the heatexchamger is from
®2. 3C to 30. 300, whizmip 1S flosegip the cooling tower
water Tenperarure of 30.00C Consequently, the

qut—=at % heat exui@@ ge—area i grery consi derabl e, at
ba loacn “8¥ Danht Ay t he i d li
JSOU\.III — trne-ease U neattod —treqrequlre cool 1 ng
' rom 72 20C o 58 0.C—Whi c!ﬁ.gigs callculated to

require a heat exchange area of 191n2| Thus the total
heat exchange R&¥€al PRdui r ed usi ng two|separate cooling
t¥rquits is 2054n2, 1Z3npar ed wi3ol) 849n2 i n Exanpl e 6.
Thi § Exanpl e woul d nggp be pracupeal T reality because
the tenperaturé of fTow L IS

M 600 50.8
M’ 800 56.2
P | | 800 | 72.2
R 75 600 72.2
T 25 200 72.2

In this case, the calculated heat exchange area required for Reactor 2 remains at
12_1_@2 as in Example 7. For Reactor 1, the temperature of flow L is now 37.6°C instead of
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
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 (Figure 3 - comparative)

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

Examples 6 - 8 are considered, but in this case utilising the cooling arrangement of Figure
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too close to that of the cooling tower water. It would
be theoretically possible to address this by reducing

wa Aot of bypass flow S such that flow L PGI/EP2009/051250
greater and can therefore be gt a hi gher tenperature.
However this has di sadvantages for conti nuous
oper ati on because the bypass flowis required for
flexibility. EXAMPLE 8 (Figure 2 - conparative) This

3. %ﬁ!%s ec&;} %qge%ﬁtg)? izsn%{g%nlg%ﬁ?%%’ e oéi gttxr(%{ %d?i? %) gqge remaining

408 Gepttot habs 4 fregededoling 1§q1ﬁreh@nﬂt\haﬁ Res@ot e problemin
Exanple 7 rel ati to Reactor 1, the anount of cooling
n?ﬂblp gwelow. ﬁhfet?eé@lﬂ qfhlae variogs flows dbeledint gure 1rpse given.
beg&g@geased from800 m/hour to 1200 n8/ hour. In
Ta el ow, the details of the various flows

Floabe! |Festtion oFi gur Fl@vratee di Memperbgedetail s for
Reactsglit ova(®) t heatngurps i n Exayple 7 . TABLE 8 In

Bhi § case, 1he[cal cjpat ed [neat 3gxchanpe area required

GoT Reactor 2 ETTHI 55 at J.&JJ.III gogim Exanple 7. For

eactor—i—thetemperature—of +rowt4 s now 37.6C
i-Astead—ot—30-30C—and-consequentty— he cal cul at ed

P. Thus the total
heat exchange area required using two| separate cooling

Bircui ts/6% reduced9t® 914m codpdred With 2054min
Exanpl e B.:And 849m P82 t he |si ngB®3cool jng circuit
version of Exanple 6. Cearly this arfangenent is
BUPEriorg3lp That ofjgipganple 7. 4flewevef the increase in
goolTng L gcurty—ft ug\gg ronm 800 g@fghvm- to 1200 nB/ hour
resttts—Thantncrease—+n energy CONS nption to drive
the—cooltng—water ane-the totall h h
ok PHIP 80 eat exchange

E 82.5 485 74.4
U 9.3 94 60.2
W 20.0 203 60.2
\%4 17.5 103 74.4

F=0G 100 1200 65.9

In this Example, the total heat exchange area required is 81 Tm’, 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 1.

EXAMPLE 10 (Figure 1)

In this Example according to the invention, two 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
temperature in Reactor 2 is 85.0°C. Their proportion of total production is the same, 50%.

In Table 10 below, the details of the various flows labelled in Figure 1 are given.
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required is still greater than that utilised by the
i nvention, as shown in Exanple 6. EXAMPLE 9 (Figure 3
WO 2eonpasdat i ve) In this Exanple, the sane two PEBEP29PH051250
operating under the same condjtions as in Exanples 6 -
8 are considered, but in this case utilising the
cool ing arrangenent of Figure3. Thus because Reactor 1
is taking 60% of the production and Reactor 2 the
r e Y R9040% Reactor 1 has a greater cooling

regqurrement than Reactor 2. In Table 9 bel ow, the
Fidet ai [Fsactiontolie |vaFloustd | owSehpeekired in Figure 1 are

gi veRrplitiiBL B9 In(ﬁqhh@rﬁx mpl eccq)he total heat

gxchange area requifsgpg 'S [B1/npggnpared with 849n2 in

EXampre 6. Thig is 1[5'08 onty |l|385mu—_‘ ere the

arrangenent—of F|QU|C 3 |a ucucnnunan conpared with

+ hat t+thn | Nnvnant

T Gf LA YZ Ty CTTe | ullu 9 Ao C ReaCt Or 2 haS a
Power cogling np Hlﬁglﬁnf hhan§ﬁgarfn 1. EXAMPLE 10

TEigure 1) In t his Exanpl e according to the invention,

Bwo|smald7eé¥ react or 30%onnect ed39.8 serjes are

€onsi der@d} operati 2 a sliurry3pél ynerisation at a

production rate of 25000 kg pol ynmer/hpur. The

BENper atygie of [TNe pgy ymerjsaikpy In Reactor 1 is

‘UU UUL,61dflu ttre teg ratare |43 O(Eou,tar 2 is 85. Q0C

IHCII pIUpUIlIUI of —totat—productton— s the sane, 50%

otai
t-he--detaitls—of the vari ous fl ows

Ahl.a 10 haol ow
Figure re |vpn7§QRIF 10 In this case,

|| IuIJI \tgl-l-g\
Ehe gredtlel dedree 6! coolling PR4uired for Reactor 2

is addressed by having a nuch greater| fl ow ate of

Eooling water i[n th@00reactor 66kow C) conpared with

G 75.0 1200 66.6
H 25.0 400 66.6
J 72.3 131 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
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 from

66.6°C to 39.9°C, which requires a heat exchange area of 370m’.

EXAMPLE 11 (Figure 2 - comparative)

In 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 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
m*/hour and its temperature is 25.0°C, but the water is split equally between each heat

exchanger at 750 m*/hour.
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Reactor 2, together with a nmuch higher proportion of

cold water (flow C). In this Exanple, the heat
wewbages is required to cool 750 nB/hour of REE/EP2009/051250

from 66.60C to 39.9C, which sgquires a heat exchange

area of 370n2. EXAMPLE 11 (Figure 2 - conparative) In

this Exanple, the sane two reactors as in Exanple 10

are consi dered, operating under the sane conditions -

bo AN .

bOPTARR BRI A8 Rl S BEBSUED S P siven
opMIL]hg at 85.00C. However in this case as in the

p:—c 1| ous—compara ot : Ve axan | es onr\h r-eact or has | ts
FigWn | Bﬂéignt ccﬂﬂ"i’rﬁﬁf cilr dGMPeRiEe heat exchanger .
Thus SP]F] %) |f | Gw/efurkolld waf€D) from the cooling

tower is agai REASO®R®B/ hour and its tenperature is

95.00C, but the wat@s0is gplit2&equally between each

heat exchanger |at 75%€p nB/ hour. §g3Tabl g 11 bel ow, the

details of the various fIows Tabelted|in Figure 2 are

= A

Ei VENM TABLCE 11 /:\b (,34,5 be bEEII,4§2LII fieat exchanger is

L,cq,lilcu to—cool S;WS/hu. uﬁﬁa{—eﬁusingaflowof
50 mvhotr—of—wat-er Q\ >AVIM E eratlire of 25C. In

LA AR R\ ARACAY )] \v A T u T CT

At_hg_rgaqp of Reactor 2 which is nnpra |ng at 85. 00C,
Yhelrequired cooling® s silgnif78&nt ahd requires flows

Mand M to be at a particularly |ow fenperature. Thus

Qhe| cool?5ty requi red7dy the hedf.8exchpnger is from

§0. 80C tx3.(840C,| whi ¢fs gl ves a ggRkcul af ed heat exchange

area of Ze6InZ. I'n the case of React©r| 2, the required
cooling is |legg Cq@g{wgs cal cul ated to|require a heat

exehanrge—area—- Thus—the—toetal heat exchange
S)

@edrequ-red Lclnnﬁ(\’_n- 9 Ing circuits is
18 ~750 38.3

M 375 342

M’ 500 40.8

P | | 500 i 60.8

R 75 375 60.8

T 25 125 60.8

As can be seen, each heat exchanger is required to cool 375 m’/hour of water using a
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 temperature. 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
of 128m’. Thus the total heat exchange area required using two separate cooling circuits is

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

EXAMPLE 12 (Figure 3 - comparative)

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

operating under the same conditions, but ufilising the cooling arrangement of Figure 3.
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3892, conpared with 370n2 in Exanple 6 . EXAMPLE 12
(Figure 3 - conparative) In this Exanple, the sane two
WO 2menemes as i n Exanpl e 10 and 11 are consi derBdI/EP2009/051250
operating under the sane congltlons but utilising the
cooling arrangement of Figuré 3.TABLE 12 In this case

the cooling required by the heat exchanger is from
60.80C to 34C, which gives a cal cul ated heat exchange

arelaAﬁiEﬁgﬂrQ conpared with 370n2 in Exanple 10. In

e above Exanpl es above show clearly that

Flssi N9 Bragidhgife COHIbREE! I CUlFdmfepsou@ {Wo (or nore)
react it ROWY B || S@PMBugY St em r(@(t:)her f han two circuits

Gan [Tesult T Srgnt [4geant SaviBgy) both in capital

@ost (construction 0 ol oneR oot+ng circuit, heat
Sveal

>
exchanger—system—egorng—water—purp—etc) and al so

__nginL%allv LN _energv nnncvﬁﬁflnn thpared wth the
ArrAngenent of IFigur@®3,_ al si gePfli cani{ benefit of the
invention is its flexibility. The maxinmum heat

&xchange34lea riequi 28@d by  he &®Orlangement of the

inventi ops.gn the cages il ustrapad above is 9 15n2 in

Exanple 1, whereas it is 10292 in Exanple 4. Any

OO Ny sygtemas g 9b_e dEsi ggg% to-Phe suitable for a

ange—of actor—condit+ong—and=-S+zes] and therefore
1 6 o colll 30

1St 5tzed-t'o pe—wi-thi the—raximm | i kel y cooling
|| pad. - Thus eve fhnunh the . arrangenenf of Figure 3 can
B henet®®fal iln spdeific | nstd8des slich as the set-up

&f Exanpd®% 6-9, t hd%heat pxchadfdger of Figure 3 woul d
have to be larger than that of Figure|l in order to be

able to geal with reagtor tondifkigons such as those in

fxanples § and4. Thug utiT|sing the arrangenment of the

|\/nv i oTY gnaol €S t'rﬁgsi Ze| of 15@% heat exchanger to be

reduced: HMUILIUHaIIy, gt auy stage it is required
o apphy fod-ram-cogli-rg—eppaci-ty
F=G 100° 750 65

In 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 cooling circuit, heat
exchanger system, cooling water pump etc) and also potentially in energy consumption.
Com;pared 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
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 1 order to be able to deal with reactor conditions such as those in Examples 1 and
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to both reactors, in the process of the invention it

is sinply necessary to shut off a valve to close the
Whypaselohs ne H, and the punp in line F wll stPCT/EPR0E051250

the sane fl ow going through i 5. However in the

arrangenent of Figure 3, cloSing the bypass lines U, V

and Wneans that the punp in line F wll experience a

higher flow, and will need to be adjusted Thi s can

ob ens_as th

08 GuPuR R oL A I EliaP s inae Phe P ponaner o

beﬂ‘&lﬁcblm&m{allﬂlgif gepRGtdge il & réfused ®hpfetaxBh@d cooling capacity
i nst ant aneously. A further advantage of the inventiagn

to pethpstcers.vin the RrpgesaPf tiedevasken sfis Finply secsssasy forphut off a valve to
th.f
8 ) e inett R 6 Bl W RO TR e i B80S0 o

it. Vi oues il theesangenfengof Biglrd 3 chlsig tl‘i&l‘ﬁipaﬁsl)ﬁlees\l_af\l’ allili @ means
t han t hat througEPthe lines of the invention,

th e gt g WEb PR RS 1?1§]E“ﬁé]r°“f>ﬁ5ﬁwé]6ﬁ§?datﬁtbe§6@é@d This
cai?k‘ﬂf%% ?ab?elﬁse&tthé ?éamrwh (%H@fﬂ&g%ﬁlﬂdfe ér&ﬂn‘gﬁﬁfan@&fély, meaning

conpl ing CIrCUIt or at | east
thatelmzlteqmed/whamhmhmmoang camstty paalto wit dalipwed imstehmatasty.

o e S b oD B S e 3 1

thzﬁ@ﬂls sl 1€ Hith F8RENInek 9hd bhigpe qqahss 18815 %%Hiﬁcantacaﬁﬁlﬂdzost savings.
fl ow of coollng fluid exiting the one or nore

Thexttonatgered, theearious finghindhigee3ds flsowysh sewe vamahl»e ‘élan that through
t t
od B B BB B RS SHRLL 0 AR Sl e

pubripk @te felpeivedd furget edtlih®td he ceQahd sgnpl¢sitgm of a second
reactor;
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a return flow conprising the conbined exit flows of
the cooling fluids used to renove the heat from each

w@Roovhelopeact ors; wherein a portion of the retRBCHEPI009051250

is diverted to bypass at |eagt one of the heat
exchangers, and is wholly or partly incorporated into
at | east one of the first and second inlet flows. 2.
Process for renoving heat fromat |east two reactors

Cﬂgfﬁsng at | east part of a polynerisation reactor

m conprising: cooling a streamof fluid in one

1. or Coolieg bieatit fex atlamy evs raandryabish figrpatritasopart df 4 polilnerisation

coolin s%steni}io{% a first reactor and part of it to
théeag@gpy GRsYLCRMTEH SPTRRIESEHI reactor, so as to

r egRY 6r fbR M8adxchiBSehidh ?ﬁg@&@z{t%as{:’ o Qle%‘éﬁn% rneéluigement

t hrough t he heat extchanger return flow conpris
poifertecaflinglgceinbi ned exit flows of the cooling

fluid ed.to.re t.he heat from each of the .

! oD R A G U g TR Eexi B 0 Bon bf SOFERG siknahdtSs, pp ggpehich

9 0%@1@fﬂM?as§Qtho@ﬁfsﬁﬁlwt FRWEfkectcdlto FRECJoBAE bRkdn oPRBrd reactor,
portion of the conmbined exit flows fromthé reactors

by pad &t obwhich agsscd o ppeaohe iMeldiovedierieortse erndingsystem of a

pa i.rectly to the cooling systemof one or nore
of §§ﬁ§gd?éea§§)%’ors. 3. Cooling circuit or process

acaoetdimow compasing Theafombinadheitel owsao kg Edoding BhidshBed to
return f] ow bypasses all of the heat exchangers. 4.
Co b9 the heabifiombeachob dedageidor di ng to any precedi ng

Cl 3nBeiVDBER0A oF iR LRATHOKSs diverted to bypass at least one of the heat

exchangers, and is wholly or partly incorporated into at least one of the first and

second inlet flows.

Process for removing heat from at least two reactors forming at least part of a
polymerisation reactor system, comprising:

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;

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 least
one of the heat exchangers and is passed directly to the cooling system of one or

more of the reactors.

Cooling circuit or process according to claim 1 or 2, wherein a portion of the return

flow bypasses all of the heat exchangers.
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which format |east part of the polynerisation system
all produce at |east one conponent of the sane
w@logtero8 5. Cooling circuit or process accor dPCEP2909/051250
any preceding claim whereingfhe reactors which form
at | east part of the polynerisation systemare |inked
in series. 6. Cooling circuit or process according to
any preceding claim wherein part of the portion of
th n. & [ C r
b SRRl R R e R R SRy SRR e A RBER B ractors
anehpdirformfat letst pag o€ thel pul ymedaticwo eysteng alé paidace afledshene
second reacl{)%r. 7. gool ing circuit or process
ac EYPRYIRY! PoEAYHPRYEG -ng claim wherein the cooling
circuit is a closed circuit. 8 Cooling circuit or
process according to any preceding claim wherein the
5. cobbpheg direueiuir tproasspanerdat foyanperevediagichan, wherciputhprattors
any.one. t i : l.ing.circuj.t or proces ccordi ng
t o R PPigadeat AP s Ghrtorkion SteuPo e e R REES -
flow conprising the conbined exit flows fromthe two
reactors., 10. Cooling circuit or process according to
6. c| SPMing Cijfvél G iproacheacsoifing © ang esgceding simenherein nareof the
se [ f 0t ' 1. .
o B of e o ST el ¥ et URHBRIS (s it g cootine
cl aysmam whthedirst redvgore aal pargofSy piseen iher the aedlingagetrofitise second
a jacket or jackets surrounding the reactor over part
or "8FI0Tof jts surface.

=

Cooling circuit or process according to any preceding claim, wherein the cooling

circuit is a closed circuit.

8. Cooling circuit or process according to any preceding claim, wherein the cooling

circuit is powered by no more than one pump at any one time.

9. Cooling circuit or process according to claim 8, wherein the pump is located in the

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

10. Cooling circuit or process according to claim 9, wherein the pump is located

upstream of the separation of the return flow into two portions.

11.  Cooling circuit or process according to any preceding claim, wherein the cooling
system for each reactor is a jacket or jackets surrounding the reactor over part or all

of its surface.

12, Cooling circuit or process according to any preceding claim, wherein the reactors are

loop reactors.



10

12. Cooling circuit or process according to any

preceding claim wherein the reactors are | oop
WO e@onorgs 13. Cooling circuit or process accorBiTgP1009/051250

any preceding claim whereinqkhe polynerisation

reactor systemis for a nmultinodal, preferably a

bi nodal pol ynerisation. 14. Cooling circuit or process

according to any preceding claim wherein the total

OQH Lty i: : n
0% S EACAEH Mo Clss e ARl HARNMRILS R, LfRRin R

r equiynesrsatien whetengBtent istfhea madthadad, preferably a bimodal

polymerisation.

14.  Cooling circuit or process according to any preceding claim, wherein 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.



