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20A heater (not shown) is usually incorporated in the
coolant circuit to enable heating of the reactor
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(nmB/ hour) Tenperature (C) 6 2500 30.0 8 2500 42.8 A
1200 37.8 B 34.7 417 37.8 C 65.3 783 37.8 B 42.4

W@IBIAB0B C 57.6 922 41.8 D 42.4 678 71. 6 BPGIER09RE51250
59.1 F 1600 64.4 4

In the case where there is more than one heat exchanger, a portion of the return flow
usually bypasses all 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
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 if
each reactor had its own separate cooling circuit. This can result in significant capital cost
reduction and energy savings. Furthermore, despite having only a single cooling circuit to
cool all the reactors, we have found that the cooling circuit of the invention is flexible
enough to be able to 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 a single heat exchanger.
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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G 75.0 1200 64.4 H 25.0 400 64.4 J 65.4 261 64.4 K
34.6 139 64.4 As can be seen, the heat

wewbages is required to cool 1200 nB/ hour of PGEERI09/051250

from64.4C to 37.8C, using a 41 ow of 2500 n8/hour of
wat er having a tenperature of 30C. 5This is cal cul ated
to require a heat exchange area of 915n2. EXAMPLE 2
(Figure 1) In this Exanple according to the

col MHERHR be 4dA8d RATE ¥, ru@@a‘?fgioa[t I% ggiﬁt i Brofet A BRY lfeaflexcge.lngers and

operati ng under the same con , are considere
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details of the various flows labelled in Figure 1 are
gi iR reacBcpolmgrysten s asettwohlyof jaglst pr jackeinsyregunding the reactor

oxggg%q @Izaqlg(gfq% ﬁ%é&% T-ﬂg TRRIR leerensél%s a6re pgégr%bI%Qng I%actors, 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 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.
The 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 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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38.3 B 36.7 441 38.3 C 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
wWGA09/101808 1600 65.0 G 75.0 1200 65.0 H 25. 0 4BOI/BB2009/051250

J 81.9 327 65.0 K 6

Figure 2 1s a schematic diagram of an alternative cooling arrangement for two
reactors utilising a separate cooling circuit for each reactor, which is outside the scope of
the invention.

Figure 1 shows two loop reactors 1 and 2 and the single cooling circuit which cools
both 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
water A. Ilow 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 G) to be re-
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 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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18.1 73 65.0 5It can be seen that the slight change

inthe split of flow Aresults in a significant
walrdopaewoe in flows J and K conpared w th ExaPgi/BPz09/051250

In this Exanple, the heat exchanger is required to

cool 1200 nB8/hour of water from 65.0C to 38.3C, which

requi res a heat exchange area of 874n2, less than in

Exanple 1. This shows how it is possible to reduce the
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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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70.2 Q75 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
W®20210108%75 600 60.2 T 25 200 60.2 10 ASPCHFP1969/051250

seen, each heat exchanger is gequired to cool 600

n8/ hour of water using a flow of 1250 nB/hour of water

having a tenperature of 30C. In the case of Reactor 1,

the required cooling is from70.2C to 43.6C, which is

I ' . f.
ooy ML s SO OE R 1 IRy,

red@fri2Ombo: @B1i6E, thd ewpectuicson@blbu ITAt lecbipardsabigibet ot S to the
heat _.exchange area 710n?2. . Thus the total heat
MERURA HGSIOT WIBRHBIe A 08 BERE EP2 889! 06 higsgolant temperature

controller TC2 to reduce the temperature set point. This controller compares the reduced
set 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 FE1 and FE2, and sends the resulting lower signal to the “warm” coolant flow
valve 26. The valve 26 closes further, resulting in a reduced “warm” flow J.

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.
The temperature of the polymerisation 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.



12 area required using two separate cooling circuits
is 1025n2, conpared with 915n2 in Exanple 1. EXAMPLE 4

W@ B0guewo8 - conparative) 5In this Exanpl e, tPE&I/BRIWR/051250
two reactors as in Exanples lgto 3 are considered.
Again they are operating a slurry polynerisation at a
production rate of 40000 kg pol ynmer/ hour. The
tenperature of the polynerisation in Reactor 1 is

TRBLRG and the tenperature in Reactor 2 is 85.0C

rner 1T proportion of total production is the sanme, 50%

Flasy il n Hexaroplod 1|, tHiewmtd s |a Tenpgtaubeat exchanger,

wi t h sphieflewi(®) |f | ow//Béurgol |d wai®r) from the cooling
ower 101 xed gt ZSMOWB/ hour ap@ 1 ts|tenperature is

15 XTG at 30.0C. r-lov%()@r T gz%ase nstead of the
bypass—arrangetent Frgures—1—and—2; the arrangenent
r\f l_i g-n— A 2 3 S nvml r\\le‘I Thno t hr ee b pass fl ows U, V

bs part of the
flowfroma single reactor, rather than part of the

Bonbi nedB4%T ow flrom #hé two read?8rs (s is the case in
Exanpl e @3 15Iin TaBf® 4 bel ow378he details of the
various flows labelled in Figure 3 aré given. TABLE 4
Bl oW Fragfaon gf spkhg TIow (g owrate (nB/ hour)
enperat (k,) 6 03008474500 42.8 A 100 1200
%6.4 B ﬁ"@ 454 36??8 622 72\) 364 B 42.4 678
—ﬁs. o€ . 224318

4 678 71.6
E 57.6 922 59.1
F | [ 1600 | 64.4
G 75.0 1200 64.4
H 25.0 400 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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D55.7 378 71.6 E 89.2 822 59.1 U 33.0 224 71.6 W

11.3 77 71.6 V 10.8 100 59.1 F = G 100 1200 63.1 WO
WQ29INMOIDO08PCT/ EP2009/ 051250 13 In this ExanpP@l/EP1989/051250

heat exchanger is required t?OCOO| 1200 nB/ hour of

water from 63.1C to 36.4C, which requires a heat

exchange area of 1029nR2, conpared with 915n2 in

Exanple 1. 5EXAMPLE 5 (Figure 3 - conparative) 1In

t his eact or si .Exanpl e 2

| o L pF e By, W R Sha Gk e TRy iR eflen
The si ngle dlfference from Exarrple 4 is that in the
cool i ng circuit, the split between flows B and Cis

ch rom 34. 7/653to 36.7/63. 3. In Tabl e
U&ldl f—the i ows labelled in

Fl i“ﬁur}ﬁ%%tl‘ofggi P fBL & Hﬁe Fraction of split
f!o‘vpf" ‘E’w&:w‘? TRSuely Te e (C) 6 2500
805 & 3500 i lif

8 2500 42 .8

A | | 1200 [ 38.3

B 36.7 441 383

C 63.3 759 38.3

B’ 48.0 768 497

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 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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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 832 40.7 D 63.1 485 70.6 E
w@0917088 59.9 U 36.9 283 70.6 WO 0 - V 117 BI/DPE99/651250
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Reactor 2 is 85.0°C. Their proportion of total production is the same, 50%. However in
this case each reactor has its own independent cooling circuit and heat exchanger. As in
Example 1 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
heat exchanger at 1250 m*/hour.

In Table 3 below, the details of the various flows labelled 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 1
9 1250 30.0
10 1250 42.8
L 600 43.6
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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F = G 100 1200 64.2 In this Exanple, the heat

exchanger is required to cool 1200 nB/ hour of water
WO e @R C t o 37.5C, which requires a heat exRCERPRI09/051250

area of 932n2, conpared with;874n2 in Exanple 2. WO

2009/ 101008PCT/ EP2009/ 051250 14 EXAMPLE 6 (Figure 1)

In this Exanple according to the invention, the sane

two reactors as in Exanple 1 are considered, but

co ; St _ o i ).

s S e A SO
Expmpper.at ure (92. 0C), but Reactor 1 is taking 60% of

t he 5production, and Reactor 2 the renmining 40% As a
result, Reactor 1 has a greater cooling requirenent

thayx AORSI08 (RiguhB 318BhfHaPalied)ow. the details of the
varrt ous OWS TabelTed in Figure 1 are given. TABLE 6

FI &wihisy Bxamimde, thé saspd two fehaors(as @) Erdropleat ¢ 3 aB/doosidyred. Again
odBTRSHESALE. b9 S el o0yt
Thé Yerdperature of the polymerisation in Reactor 1 is 95.0°C, and the temperature in
Reactor 2 1s 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 cold water from the cooling tower
fixed at 2500 m*/hour and its temperature 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).

In Table 4 below, 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 55.7 378 71.6
E 89.2 822 59.1
§] 33.0 224 71.6
W 11.3 77 71.6
v 10.8 100 59.1
F=G | 100 | 1200 | 63.1
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C 36.8 588 52.6 D 63.3 1012 60.2 E 36.8 588 74.4 F

1600 65.4 G 75.0 1200 65.4 25.0 400 65.4 J 23.5 94
W®2004/1K07%6. 5 306 65.4 10In this case, the greBEBEP2009/051250

degree of cooling required fqs Reactor 1 is addressed

by having a nmuch greater flowate of cooling water in

that reactor (flow B') conpared with Reactor 2,

together with a rmuch hi gher proportion of cold water

(fl

e chrample P b SRR Feog ol &7 1 RS of e fom
6338 CT6, 36Wh e vhich qeduies adichieachage hangd 102@a°, @bmPa@dRvith 915m>
. 9/ 101008PCT/ EP2009/ 051250 15 EXAMPLE 7 (Figure 2
I =xa ‘ative) In this Exanple, the sane two

reactors as in Exanple 6 are considered, operating

under the sane condltl ons - both reactors are

: 3TARS e ure (92.0C), but Reactor

] 6000 of t he rouct| on and eact or,
retBiif 63”3%‘% '4%%%%80 FRi B g7 EXEBPIS oI Bovith the
mﬁﬁ%&lnérﬁ@@‘l:@ur@ﬁsf Hels$n _I%é‘\ﬂlffeﬂﬁl@@ GRALPLangNe Uiifthalin'tBélkdoling
heat exchan us the total flow of cold water

cigcpnthe BRiitbsBden Ot%*vﬁeand S ingunge@Bon 3961/Ada0 hd/6B3s
t e"fp%gl%%rb%}]d»ﬁ tf‘f’% d&gl &u[ e %]f \Q?][Qe lé}{f}lﬁ@ lt*“lgur%%aare%wen

bet ween "éac axch anger  a
| n TReBLE 57 bel ow, the details of the various flows

| ah\l led tn Fi.gure 2 are g ven. 10TABLE 7 Fl ow

Flow Fraction of Flowrate Temperature
split flow (%) (m’/hour) (°C)

6 2500 30.0

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 832 40.7

D 63.1 485 70.6

E 86.0 715 59.9

U 36.9 283 70.6

W 0 0 -

v 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.



Fraction of split flow (% Flowate (nB/hour)

Tenperature (C) REACTOR 1 9 1250 30.0 10 1250 45.4
WQ200600080. 3 , 800 38.3 N 800 62.3 Q 75 60BCBGEPB®0OR51250

25 200 62.3 REACTOR 2 17 123) 30.0 18 1250 40.2

EXAMPLE 6 (Ficure 1)

In this Example according to the invention, 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 (92.0C), but Reactor 1 is taking 60% of the

5  production, and Reactor 2 the remaining 40%. As a result, Reactor 1 has a greater cooling
requirement than Reactor 2.

In Table 6 below, the details of the various flows labelled in Figure 1 are given.

TABLE 6
Flow Fraction of Flowrate Temperature

split flow (%) (mm’/hour) (°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’ 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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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
WO 290i10%08 t 0 cool 600 nB/ hour of water using aP¢T/BR2009/051250
1250 nB/ hour of water havinglﬁ tenperature of 30C. In
the case of Reactor |, which has 60% of the
production, the required cooling is significant and
requires flows L 15and L' to be at a particularly |ow
4 , ag.required by the heat WO

] 05125016 exchanger is from
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R R AR E i or U RE A ard R Py p B iRk Mowever
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the tenperature of flowL is too close to that

12608’ fheyr.t oner water. It would be theoretically

R B R Ty SRR AP e ven

thgn@Iok ¢ 10be at a hi gher tenperature However this

has_mm es for conti.nuous oper ti on because the

Flgypas$Taqiewof s |r edigwia f qr Tem@RiabitEi ty. EXAMPLE 8
( Fi gaplét ow (Bodnpatmathars) This E%Anpl e| consi ders the

sane two reacRBASTéRRt ati ng under the| same conditions

95 as in Exanplle 7 1@kbove, |excepp.othat|in order to try

too pvercone the problkgm i Exagphe 7 relating to

Reactor I, the anount of cooling water flowin the

coof TNy CiTrcuit IUI6h actor—1 963 been i ncreased from
800+ f-heour—to+12060 g/ho f— “+nr—TFabl e 8 bel ow, the
details—of theﬁ¥ari%¢5 fl ows | in Figure 2 are

aiven The details for. _Reactaor 2 are the sane as in

ahpl e 7. 20 25 \89®009/[101068PCT/ EP2009/ 051250 17

TABLE 8 Flow Fraction of split flow|[% Flowate

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 75 600 722
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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(nB/ hour) Tenperature (C) REACTOR 1 9 1250 30.0 10
1250 45.4 L 900 37.6 L' 1200 42.9 N 1200 58.9 Q

W@ 2009001088. 9 S 25 300 58.9 REACTOR 2 17 1250 BOI/OP2D89/051250
1250 40.2 M 600 16

exchanger is from 62.3°C to 30.3°C, which is close to the cooling tower water temperature
0f 30.0°C. Consequently, the calculated heat exchange area is very considerable, at
ﬁ@ﬁ. In the case of Reactor 2, the required cooling is from 72.2°C to 50.8°C, which is
calculated to require a heat exchange area of 191m”. Thus the total heat exchange area
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 possible to address
this by reducing the amount of bypass flow S such that flow L is greater and can therefore
be at a higher temperature. However this has disadvantages for continuous operation

because the bypass flow is required for flexibility.

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.



50.8 M 800 56.2 P 800 72.2 R 75 600 72.2 T 25 200
72.2 1In this case, the cal cul ated heat exchange area
WO 290101008 f or Reactor 2 remains at 191n2 as i nPENEPFIDE051250
7. For Reactor 1, the t enper giur e of flowL is now
37.6C instead of 530.3C, and consequently the
cal cul at ed heat exchange area is reduced to 723n2.
Thus the total heat exchange area required using two
seppiRiE g:ool ing circuits is reduced to 914n®,
conmpared - w th 2054n2 in Exanple 5 and 849n2 in the
Foowd| eFraaidn ¢fy (Ci rElbvtaty er 5i Dyingdatimeanpl e 6. Clearly
thi g sk apeeepnt i’ AuReri pr tgedhat of Exanple 7.
However the 1 g, riN cooting crrcuit flow from 800
B hour —to 1200 87 resuttsyqran|increase in
I&:' er-gy—consHip ; Lgiﬂ erve a'ged eeoli ng water punp,

ahd-thetotal heat eXxchange : fred is still
greater than that utilised by the invention, as shown
iln Exanpl e 6. VPI9B09 (F| 2ur87® - conparative) In

iLhi g Exanple, the s&i® two|reaclldrs operating under
the sane conditions as in 15Exanples 6 - 8 are

epngi dered, but] in {Jigs cape utsglg sing the cooling
arrangement of Figure WO 20097/101T008®CT/ EP2009/ 051250

o

4-0O + [

3—Th because Bggctor T i% takrng 60% of the
proguetiofi—and—Reactor—2the—+crbtning 40% Reactor 1
Uy Y
has-la—grdater cooliAgd-requ renml_han Reactor 2. In
Table 9 below, the details of the varijous fl ows
| abel l ed in FREMHETARZr e given. TABLE|9 Fl ow Fraction
of gplit flow (|9 FlZ8erate| (nB/3@aur) Tenperature (C) 6
2600 30.0 8 2500 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

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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42.8 A 1200 39.3 B 76.5 918 39.3 C 23.5 282 39.3

B 63.3 1012 41.2 C 36.8 588 52.6 D 70.6 715 60. 2
wWE2@21610485 74.4 U 9.3 94 60.2 W20.0 203 60. BCNERZDOH051250

103 74. 4 18

3. Thus because Reactor 1 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 1 are given.

TABLE 9
Flow Fraction of Flowrate Temperature
split flow (%) |  (m’/hour) (°C)
6 2500 30.0
8 2500 42.8
A | 1200 | 39.3
B 76.5 918 39.3
C 23.5 282 39.3
B’ 63.3 1012 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
Vv 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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heat exchange area required is 817n2,

In this Exanple, the total
conpared with

W@2®pR01008 Exanpl e 6. This is the only instanceP@BP209/051250
the arrangenment of Figure 3 jg§ beneficial conpared

with that of the invention,
cool i ng requirenent than Reactor

has

a | ower

EXAMPLE 10 (Figure 1)
to»[tm]k%enti on, two smaller reactors connected in
seFfes™are consi dered,

and i s because Reactor 2
1. 10

In this Exanpl e according

operating a slurry

Flpol ymétracsiahiobn |at Flovpmeduct iTempeatigeof 25000 kg
pol yrpri{ fiou(%) Theh¥hgey atjure ¢ic)t he pol ynerisation in
Reactor I 1s I00.0Gj5pgnd tjhe Ibfgnperature in Reactor
$ 85. 0C Therr P59 ortijom okgkotal production is
the—same;—50%—tn—Tabtre—10—betow—the details of the
vart o, flane | ahallad 1 n i ynira 1 Ay i
AT TUUOO 1 OVVO T CT A ) T T 1 O = T gl Ven. 19
FABLE 10 Flow Fract :7$;Q1 of |Qpi:di §§PI oW % Fl owr at e
(nB/ hour) Tenperature (C) 6 1500 25.0 8 1500 38.3 A
350/39. $7.8 27.]8 208089.9 |C 72399542 B9.9
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 59.3
F | | 1000 l 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

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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B 38.9 389 52.3 C 61.1 611 43.0 D 38.9 389 78.0 E

61.1 611 59.3 F 1000 66.6 G 75.0 1200 66.6 H 25.0
WelgpIBees J 172.3 181 66.6 K j27.7 69 66.6  PCT/EP2909/051250

this case, the greater degregmof cooling required for

Reactor 2 is addressed by haV| ng a nuch greater

flowate of cooling vvater in that reactor (flow C)

conpared with 5Reactor 2, together with a much higher

r f f tehi .

AR A1 oy Bt B8 i laBlu o labgiodin il 2 gpp aiven.

rnB‘MBILEId)f water from66.6C to 39.9C, which requires

nron of 370p2 —EXAMPLE 11 (Figure 2 -

T

Fléﬁmagpéb,\l\‘éé;? 101 rlf‘;"ﬁ"lage Exaﬁﬁp’@eraf‘ﬁ% same two reactors
as i nPEBa(%) 10 Gréhewshsilder efCloper ht i ng under t he

same_condi ti oREACTE®R h reactors are taking 50% of the

Pproducti on, but] ReaZfr 1 |is op&fati ng at 100C and

Reactor 2 1s operatysg at [85. 0¢g3However in this case

as 1 n the previous conpar atrve exan‘pl ps, each reactor

flasTrts owr N EpEIISI C UI | ngg?l rcu t and heat
xehanget—Thus—the t al f--ow €61 water fromthe
oolina t Aoy 1 S aﬂ'§¢¢: n 1 Rizghm.r and | ts

\YAvAw T ||3 CUVVCT T UgUT 1T L 9UU LYo 1mooaTr

| _tenmperature s 25 n(‘ hnf the water i5 split equally

Het heen each heat eXéhanger at 7380 n8 hour .

Q 75.0 375 75.8

S 25.0 125 75.8

REACTOR 2

17 750 25.0

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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WO 2009/ 101008PCT/ EP2009/ 051250 20 In Table 11 bel ow,

the details of the various flows |abelled in Figure 2
wae@giwen. TABLE 11 Flow Fraction of split fPCHEPZHI/051250

FIl owr at e (nB/ hour) Tenperaturzg (O REACTOR 1 9 750

25.0 10 750 38.3 L 375 492 L' 500 55.8 N 500

75.8 Q 75.0 375 75.8 S 25.0 125 75.8 REACTOR 2 17

750 25.0

TABLE 12
Flow Fraction of Flowrate Temperature
split flow (%) |  (m’/hour) (°C)
6 1500 25.0
8 1500 383
A | 750 | 39.1
B 34.2 257 39.1
C 65.8 493 39.1
B’ 38.9 389 52.3
C 61.1 611 43.0
D 66.0 257 78.0
E 80.7 493 59.3
U 34.0 132 78.0
W 0 0 -
v 19.3 118 59.3
F=G 100 750 65.7

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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[5

18 750 38.3 M 375 34.2 M 500 40.8 P 500 60.8 R
75 375 60.8 T 25 125 60.8 As can be seen, each heat
wewbages is required to cool 375 nB/hour of REE/EP2009/051250
using a 5fl ow of 750 n8B/hour ,9f water having a
tenperature of 25C. In the c% e of Reactor 2, which is
operating at 85.0C, the required cooling is
Si gnificant and requires flows Mand M to be at a
low te ure. ..Thus .t he, coo
oL e r@ha SR 2F Bledh P R SrinE 625 et haaxchanger o

be\MéﬂlfeBd %dtﬁﬁorﬁll? ailf gArAt ebeleRtre@ien an Q;ﬁ)ly'flfrﬁﬁlr@lflm 26dIi#: capacity
e

In the case of Reactor 2, the requir coolin
to pathgeaciors, in shepesss af te iBvenien iliis @leh@meswscmhg@off a valve to

ci&%%@e b:}g)ggs limed® d tﬂ-@@ﬁg‘g h}elu]ieolg @)111 Qtﬁﬂlav%)%ﬁggaqgﬁegg\g %gir?ﬁthrough

requi using two s cool’i ng circui

it. ddxlsmareedq e blraidoearat blei@iw’Ep ek stng theakElide U, F\i’ gmtt @ Bieans
npar ative In this Exanple, the

that s U fne il BrREKianEn higherdiny pad g neskigibanaigted. This
caltjr ﬁégﬂ;g E)?cfﬂléhgs sndetequltsa ﬁ%‘ﬂ?r RPN ﬁdt‘&@ﬁv%\%%sféﬁfahénﬁjsﬂg meaning

INng arran enment |gur
th@@l@@veml@namm@e@@gh@ 54260y X2l PRI Belleeréd mataRtaacdshn

of Sl%rtlher advan aég/gf tE!a ?ﬁl\\{fregttign ownilgléalgg w?th therg)n?arn%gl%énet o(fagure 3is
that it 1s 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.
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1500 25.0 8 1500 38.3 A 750 39.1 B 34.2 257 39.1 C
65.8 493 39.1 B 38.9 389 52.3 C 61.1 611 43.0 D
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CLAIMS

1.

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 95% 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 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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19.3 118 59.3 F = G100 750 65.7 In this case the
cooling required by the heat exchanger is from 60. 8C

W0 20034@0,008\hi ch gi ves a cal cul ated heat exchangeCHER20D651250
387n2, conpared with 370n2 ipyExanple 10. 5 In
summary, the above Exanpl es above show clearly that
using a single cooling circuit for a two (or nore)
react or polymerisation systentrather than two circuits
ca C I

o b R LB S P8R ol BBk e rcrors
ex ehahgerm sy khs mart©f del pﬁ)@nﬂﬂ‘ﬁﬁﬁom sbrmemhkt preginde atllsast one
potentially.in ener consunptlon 10Conpared with the
arFQﬂ@@W@ﬁgf%Psﬁpﬁﬂgél . a significant benefit of the
invention is its flexibility. The maxi mum heat
exchange area required by the arrangenent of the

5.1 ntceplipgeirdunt aripeocsssasoidingotang pecteding vkimswhdsimhe reactors

Exanple. 1 ereas i.t, i s.1029 in anpl.e.4.. Any.
codgoty el BRTRAS of b dag g Ren SRR ELH Fenr a
range of reactor conditions and sizes, and therefore
nmust be sized to cope with the maxi mum | i kel cool i ng
6. | 0SQOlMHEIECUIBT PeassT dr60glNg t@eanammﬁ@]eeelwmow @'ﬁgmaét o the
ca
oﬁgn%?%ﬂgﬁlpﬁgg%gﬂga‘?ﬁﬁas est e%ée%g %ﬁa@ée?%?a%%s 1nt% th%coolmg
V\Dslj/sderﬂi] ay thetfstreadi@t get pdarhafit pah;aés iafo the gwlﬁ}gkyt;t@m(lff(ﬂlﬁ second
to be able to deal with reactor conditions such as
t h§EETn Exanples 1 and WO
2009/ 101008PCT/ EP2009/ 051250 22 4. Thus utilising the
arrangenent of the invention enables the size of the
7. heéft)oéu@timmgerr pracebeaccedliigetd. anpgdiceding aldim, whéremtthangoling
sta% Lt z §EU|red to apply maxi mum cooling capacity
BEHS ASIEESFECY - t he process of the invention it
is sinply necessary to shut off a valve to close the
by ass line H and the punp in line Fwll still have
8.t h@oela%quuetwr@mwgs acplingtomny precedingwlim; wheria the cooling
C 03|n t.he b ss lines U, V
Rt 1y B S e R R R BP BR e T ence
hlgher rom; and wil | need to be adjusted. This can
& e.praoblens as the reqU|red hi gher flqow is not
9. del-PORRRHTHY RRREHLAELIN l“n% wheEin theumgyigilecated in the
metmm&eat,;)mng@g mea% RIR Qs ARl 6 FELSbrs.
i nst ant aneous urther a vantage 0 e I nvention
conpar ed mﬁth the arrangenent of Figure 3 is 10that it

i s, siymple fewer |ines his | eads t
10 AP R S i pracers RoQCRap I S HIER BF RHHOR P4 e
Vapp@kam dMBSsdpAralibS BF Bre3etutn ﬁtns @ntHW«B pBR[Rsvari abl e
than that through the lines of the |nvent|on whi ch
nmeans that variable speed rather than constant speed

R 0 A SRR 53l o

Cl_ég]rsh@l fak. ea@@ﬁdabtﬁﬂlsc‘d jackst br fagket@burtRAgingltMOreaSRE b Part or all
which format |east part of a polynerisation reactor

sy8t Bnyurfgsech circuit conprises: one or nore
heat exchangers whi ch provide at |east 95% of the
cooling requirenment 5for the cooling circuit; a cold
12f | Qoobiig ciowlit oy@rddess atbcexting dgint; peccedidg @laimpivRerathe reactors are
exrhan ers part of which cold flow passes into a
i TEAIUE flow directed to the cooling system of a
first reactor, and part of which passes into a second
i nl et fIOM/directed to the cooling systemof a second
reactor; 10a return flow conprising the conbined exit
flows of the cooling fluids used to renove the heat
fromeach of the reactors; wherein a portion of the
return flowis diverted to bypass at | east one of the
heat exchangers, and is wholly or partly incorporated
into at |east one of the first and second inlet flows.
15 2. Process for renDV|ng heat frontat Ieast tmo

e r oy o - .



3. Cooling circuit or process according to claim1l or
2, wherein a portion of the return 30fl ow bypasses all
w@Roovhelobeeat exchangers. WO PCT/EP2009/051250
2009/ 101008PCT/ EP2009/ 051250 5,24 4. Cooling circuit or
process according to any preceding claim wherein the
reactors which format |east part of the
pol ynmeri sation systemall produce at |east one
0 ent.. of- . : c : r
R e e L e L
r egotyongisativrcieadtor spstim Isefass mpdtirhod, priferably a bimodal
poh%ﬁﬁéisation systemare linked in series. 6. Cooling
ci Bk ocess according to any preceding claim
wherein part of the portion of the return flow which
bypasses the heat exchangers passes into the cooling
5 140dymtisgreotuit oreprbeass kecaoediog by anyandcedarg clafn, wtheras thegotal
into the coaling, system.of the second actor. 7. e
CodPPEE SRt D15 Hi GEHRBESTS GolEth e L0 Qg Bt pdividual
cl ghaRimwhedoBlifg daireaehts BPedchloftid reh§oid. Cl 0sed
circuit. 15 8. Cooling circuit or process according to
any preceding claim wherein the cooling circuit is
powered by no nore than one punp at any one tinme. 9.
Cooling circuit or process according to claimS8,
10 wherein the punp is located in the 20return flow
conprising the conbined exit flows fromthe two
reactors. 10. Cooling circuit or process according to
claim9, wherein the punp is |ocated upstream of the
separation of the return flowinto two portions. 2511.
Cooling circuit or process according to any preceding
claim wherein the cooling systemfor each reactor is
a jacket or jackets surrounding the reactor over part
or all of its surface. WO
2009/ 101008PCT/ EP2009/ 051250 25 13. Cooling circuit or
process according to any preceding claim wherein the
pol yneri sation reactor systemis for a nultinodal,
preferably a binodal polynerisation. 514. 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
i ndi vi dual nmaxi mum cool i ng requi rements of each of the
reactors. 10



