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1 REACICﬁPﬁEAT EXCHANGE SYSTEM Background of the Invention This invention
relates to a heat exchange systemin a reactor such as a polynerization
reactor. Sone polynerization reactions produce a considerabF%&éhﬁﬁn@gxﬁ =1
heat. Heat exchange systens nust be placed in the reactor to 5 cool ‘the
contents of the reactor. A prior heat exchange system conpriseg #gyp and
bottom headers and a plurality of tubes extendi ng between and cdnnecting
the headers. An axial or partially axial flow agitator with inpellers
produces a verti cal-ftew-patt-ern...lt..can.be _downward_to the reactor bottom
where the 10 flow pattern turns and flows upwar d outsi de the I npel | ers.
Some flow is between the tubes and the reactor wall, and sone is between
the inpellers and the tubes. Dead spots with [ow or no flow are observed in
bet ween the tubes. This cools the reactor contents excessively in these
areas, leading to undesirably high 15 viscosities of portions:of the
final product and a conseqguent 2 adverse effect on the honogeneity of
the final product. It also

REACTOR HEAT EXCHANGE SYSTEM

This invention relates to a heat exchange system in a
reactor such as a polymerization reactor;
Some polymerization reactions produce a considerable amount
of heat. Heat exchange systems must be placed in the reactor to
5 cool the contents of the reactor. A prior heat exchange system
comprises top and bottom headers and a plurality of tubes
extending between and connecting the headers. An axial or
partially axial flow agitator with impellers produces a vertical
flow pattern. It can be downward to the reactor bottom where the
10 flow pattern turns and flows upward outside the impellers. Some
flow is between the tubes and the reactor wall, and some is
between the impellers and the tubes. Dead spots with low or no
flow are observed in between the tubes. This cools the reactor
contents excessively in these areas, leading to undesirably high

15 viscosities of portions of the final product and a consequent



| eads tO0*poor heat transfer between the coolant in the tubes and the
pol ymer solution. Further, these dead spots represent areas where m xi ng or
bl endi ng of the.teactor. contents is inhibited and, 5 hence, there is

not thorough mxing of the reactants WTHH the reactor-Summary of the
Invention It is, therefore, an object of the invention to provide an
| nproved heat exchange system for a reactor which achieves 10 | mpr oved
flow patterns, nore heat transfer, as well as nore uniform heat transfer.
It is a further object of the invention to provide a reactor having an
| nproved heat exchange system wherein t?he I nproved heat exchange system
allows for inproved fluid velocity 15  around the_ heat exchange tubes
and nore unidCYeRFeiafbeicsuer dicohornegensitys of othp fined BRPdtfted AFxakheP and
qui cker reactions or blending within the reactor. The above object is
real i zed by 18RIFng? Reed heatt tarohfeydeppseanthe eeolaget b Bfe thbes yprd
havi ng a vessel and an agitator 20 for agitating the contents of the
vessel, wherdenpehanere solesdidrangBustrmmebonprdenss spat$ i renresgbst areasl | y
annul ar header which  conprises pipe; a second substantially annul ar header
conpri si ng pihpgeamiding ny biendddgf obHmhehaeficter denigrts s timhibited and,
substantially annul ar header conprising pipe and bei ng spaced from
5 hence, there is not thorough mixing of the reactants within the
reactor.
Summary of the Invention
It is, therefore, an object of the invention to provide an
improved heat exchange system for a reactor which achieves
10 improved flow patterns, more heat transfer, as well as more
uniform heat transfer.
It is a further object ,of -the invention to .provide .a
reactor having an improved heat exchange system wherein the
improved heat exchange system allows for improved fluid velocity
15 around the heat exchange tubes and more uniform distribution of
reactants to produce enhanced mixing and quicker reactions or
blending within the reactor.
The above object is realized by an improved heat exchange
system in a reactor of the type having a vessel and an agitator
20 for agitating the contents of the vessel, wherein the heat
exchange system comprises: a first substantially annular header
which comprises pipe; a second substantially annular header

comprising pipe and being spaced from the first header; a third

substantially annular header comprising pipe and being spaced from



3 the first header and adjacent to the second header; a first set of tubes
ext endi ng between and connecting the first header and the second header;
and a second set of tubes extending between and connecting the first header
and the third header. 5 According to a preferred enbodi nent, a
fourth header is also provided which is positioned between the first and
second set of tubes and adjacent to the second and third header. A third
set of tubes extends between and connects the fourth header and the first
header. 10 The invention reduces or elimnates the problem of
dead spots around the interior tubes bét ween the inner and outer tubes.
Excessive cooling of stagnant areas is avoided, a nore honpbgeneous product
i s producedthanfil¥styhierdreaand adisaent Soashe csrePndphrafe e & L6 ofrtoPLt he
Drawi ngs 15 FIG 1 is a cross-sectional view of a reactor

havi ng a hesubescertrpdisgshesiaen aed crumecting tthen firsstheadesdpné mbeof t he

invention. FIG 2 is a cross-sectional view of the reactor of FIG 1 as
vi ened al ongetem@ Ieapler; and a second set of tubes extending between and

connecting the first header and the third header.

5 Acgording to a preferred embodiment, a fourth header is
also provided which is positioned between the first and second set
of tubes and adjacent to the second and third header. A third set
of tubes extends between and connects the fogxth header and the
first header.

10 The invention reduces or eliminates the problem of dead
spots around the interior tubes between the inner and outer tubes.
Excessive cooling of stagnant areas is avoided, -a more homogeneous

product is produced, and higher heat removal is achieved.

1s FIG. 1 is a cross-sectional view of a reactor having a heat
exchange system in accordance with a first embodiment of the
invention.
FIG. 2 is a cross-sectional view of the reactor of FIG. 1
as viewed along line 2-2.
20 FIG. 3 is a view of the reactor of FIG. 1 as viewed along

line 3-3,



20 ° ' FIG 3 is a viewof the reactor of FIG 1 as viewed al ong

line 3-3. 4 FIG 4 is a cross-sectional view of a reactor having a heat
exchange systemin accordance with a second enbodi nent of the invention.
FIG 5 is a cross-sectional view of the reactor of FIG 4 5 as vi ewed

along line 5-5. FIG 6 is a view of the reactor of FIG 4 as viewed al ong
line 6-6. Detail ed Description of the Invention Referring to FIG 1, there
is shown a reactor 10 which 10 conprises a vessel 12, an agitator 14,
and a heat exchange system 16. This parficular reactor is disclosed as
bei ng..used. to polynerize styrene and but adi ene. However, the invention

xchange system 151 281 WRolTEEe LG AP ITsbeofWfibark Fral™
5 e o2l BB HoelEoBE s R L S, HOLELE Rleon e 2R and 28
invention.
FIG. 5 is a cross-sectional view of the reactor of FIG. 4
5 as viewed along line 5-5.

FIG. 6 is a view of the reactor of FIG. 4 as viewed along

line 6-6.

Dg:aLuzLiEﬁs;intustgLsng_Lﬁﬁumign
Refgrring to FIG. 1, there is shown a reactor 10 which
10 comprises a vessel 12, an agitator 14, and a heat exchange system
16. This particular reactor is disclosed as.being.used.to
polymerize styrene and butadiene. However,. .the invention is
applicable to other reactions which require cooling or heatipg by
a heat exchange system.,
1s Vessel 12 has a longitudinal axis 18 that is vertically
oriented. Vessel 12 further has inlets 20, 22, 24, 26, and 28 at
its upper end 30 and an outlet 32 at its lower end 34. Solvent,
coupling agent, styrene, initiator, and butadiene can be
introduced into vessel 12 through inlets 20, 22, 24, 26, and 28,
20 respectively. Product, styrene-butadiene copolymer in solution,
is withdrawn from vessel 12-through outlet 32.
Agitator 14 comprises a shaft 36, which is aligned with

longitudinal axis 18, and three impellers 38. Fewer or more



coupling agent, styrene, initiator, and butadi ene can be introduced into
vessel 12 through inlets 20, 22, 24, 26, and 28, 20 respectively.
Product, styrene-butadi ene copolyner in solution, is withdrawn from vessel
12 through outlet 32. Agitator 14 conprises a shaft 36, which is aligned
with longitudinal axis 18, and three inpellers 38. Fewer or nore 5
I npell ers could be enployed if desired. Agitator 14 is preferably an axi al
flowor partially axial flow agitator driven by a notor 40 at 30 to 350
r.p.m, which could be | ower or higher with varying viscosity of the
pol ymer solution. 5 Heat exéhange system 16 conprises: an upper
substantially annul ar header 42 which conprises pipe; a |lower substantially
annul ar headerpeidexenpriid Ry prprevadd i§pdeetrad-onPHit@ror 49 is, Prafierably
substantial 'y annul ar header 46 conprising pipe and bei ng spaced from
header 42 andn adfi@defilov Ptheageialdy: axhal nﬁ&‘f‘r@ﬂ#é%‘é’rl@rwen RYadeRorsr
conprising pipe and being adjacent to but vertically offset fromand above
headers 44 a#@ a6;30at9edS®fr.-Pubes WO.chxrcentd e Beverar haghemishting
header 42 and header 44; a set of tubes 52 extending between and connecting
header 42 andaigizgevi4Bpsity of the polymer solution.
5 Heat exchange system 16 comprises: an upper substantially
annular header 42 which comprises pipe; a lower substantially
annular header 44 comprising pipe and spaced from header 42; a
lower substantially annular header 46 compriging pipe and being
spaced from header 42 and adjacent to header 44; an intermediate
10 header 48 comprising pipe and being adjacent to but vertically
offset from and above headers 44 and 46; a set of tubes 50
extending between and connecting.header 42 and header 44; a set of
tubes 52 extending between and connecting header 42 and header 46;
and a set of tubes 54 extending between and connecting header 42
15 and header 48. Header 42 surrounds longitudinal axis 18 at a
position near upper end 30, and headers 44, 46, and 48 surround
longitudinal axis 18 at positions near lower end 34. Tubes 50
comprise two rows of tubes where the tubes of each row are
annularly spaced. Similarly, tubes 52 comprise two rows of tubes
20 where the tubes of each row are annularly spaced. Tubes 54
comprise one row of annularly spaced tubes. Tubes 50, 52, and 54
are substantially vertically oriented so as to be substantially

parallel to longitudinal axis 18. As can be seen from FIG. 1,

header 48 is positioned between tubes 50 and S52.



and a sét of tubes 54 extending between and connecting header 42 15 and
header 48. Header 42 surrounds |longitudinal axis 18 at a position near
upper end 30, and headers 44, 46, and 48 surround | ongitudinal axis 18 at
positions near |ower end 34. Tubes 50 conprise two rows of tubes where the
tubes of each row are annularly spaced. Simlarly, tubes 52 conprise two
rows of tubes 20 where the tubes of each row are annul arly spaced.
Tubes 54 conprise one row of annularly spaced tubes. Tubes 50, 52, and 54
are substantially vertically oriented s as to be substantially parallel to
| ongi tudi nal axis 18. As can be seen fromFI G 1, header 48 is positioned

bet veen 1ubes ©0 adag2e 44wl HERIARA0s 96 Joihe ol 95 550:5PaGACnAZ0LE" T

apart, and header 46 S|m only one ‘which
tiall 8: has f
"ol ete (onl v et dey e %%z%%%%%ﬁ“’?nﬁﬁ[% %fa‘%?ihpaﬁ%‘*%(’sreﬁr e
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n- pent ane, an
5 apart. Header 42 has two outlets 62 spaced 180° apart.

Therefore, coolant flows upwardly thrpugh tubes 50, S2, and 54
from headers 44, 46, and 48 to header 42. Suitable coolants
include a hydrocarbon, such as n-pentane, and water.
Fluid in vessel 12 is forced downward gy the rotating

10 impellers 38. The fluid flows to the bottom of vessel 12 and then
turns and flows upward outside impellers 38. Fluid flows between
headers 44 and 46 and then into and around header 48. This causes.
fluid to flow between tubes S50 and S2, as well as Setween the tube
rows of tubes S0 and 52. Fluid continues to flow upwardly to the

15 top of vessel 12, where it then flows back down in response to the
rotation of impellers 38. Stagnant areas are minimized and fluid
velocity is maximized among the interior tubes to produce a
desirably homogeneous product as previously discussed. 1In
addition, blend time is minimized by the invention,.

20 Referring te FIG. 2, this view more clearly shows the
arrangement of tubes 50, 52, and S4, and more particularly the
annular spacing of the tubeé in each tube row. Headers 44, 46,

and 48 can also be seen to be annular in shape.



Fluid in vessel 12 is forced downward by the rotating 10 I npel l ers 38.
The fluid flows to the bottom of vessel 12 and then turns and flows upward
outside inpellers 38. Fluid fl ows between headers 44 and 46 and then into
and around header 48. This causes fluid to fl ow between tubes 50 and 52, as
wel | as between the tube rows of tubes 50 and 52. Fluid continues to flow
upwardly to the 15 top of vessel 12, where it then flows back down in
response to the rotation of inpellers 38. Stagnant areas are mnim zed and
fluid velocity is nmaxim zed anong the ignterior tubes to produce a desirably
honbgeneous product as previously di scussed. In addition, blend tine is

inimzed by th f F hi '
?Dplemclzgarlz shgvvlsﬁl%/ argangemant ofthtll?b‘ens'gz(5[%&{\%'2%&4 YSIiﬁ%"észn(fhtr?oer e
particularl %rtrQS e §R gsOfsé hg Lubgs 'dlhggci}rtaéggmé% aﬂéadggs 44,

46, and 48 can e Seen e’annular 1n sha erring to
this view nore cI eaél s3ysz_§,lj'|_ows the arrangenent of inlets 56, 58, and 60.
o]

Q her arranﬁgﬁgﬁ?s course, possible. Referring to FIG 4, the

| I'lustrated secongﬁ: %b%qhge )?lclgpt , the 1imstarate8 &Jondeg&?occfl%\eng tge

first enbodi ment

5 similar in all respects to the first embodiment of FIG. 1, except
for a larger intermediate header, header 64, and an associated set
of tubes 66 which has two rows of tubes where the tubes of each
row are annularly spaced. This provides an extra row of tubes as
compared to the embodiment of FIG., 1, and théréfore provides more

10 heat exchange area and more effective cooling of the fluid in the
vessel in some cases.

Referring to FIGS. S5 and 6, these cross-sectional views of
the embodiment of FIG. 4 are similar to FIGS.. 2 and 3 for the
embodiment of FIG. 1,

15 . Obviously, many modifications and variations of_the preéent
invention are possible in light of the above teachings. For
example, according to broad aspects of the invention, the
intermediate header could be eliminated. Or, the upper header
could be split into multiple headers. Finally, the coolant inlet

20 piping could be changed. It is, therefore, to be understood the
within the scope of the appended claims, the invention can be

practiced otherwise than as specifically described.



for a larger internediate header, header 64, and an associ ated set of tubes
66 which has two rows of tubes where the tubes of each row are annularly
spaced. This provides an extra row of tubes as conpared to the enbodinent
of FIG 1, and therefore provides nore 10 heat exchange area and nore
effective cooling of the fluid in the vessel in sone caSﬁEmmnmmmﬂm,mL
FIGS. S and 6, these cross-sectional views of the enbodi

simlar to FIGS.. 2 and 3 for the enbodinent of FIG 1. 15 ¢ - "% * *
Gbvi ously, many nodifications and variagi ons of the present invention are
possible in light of the above teachings. For exanple, according to broad
aspects of the invention, the internedi ate header could be elimnated. O,

t he upper header could be split into nultiple headers. Finally, the cool ant

inlet 20 THRT PfErC 94! S bjephagged. It is, therefore, to be understood
the within the scope of the appended clains, the invention can be practiced

ot herw se than as eCkfi sed iWhed r t he
specikhi £aldakedessyd ithe Eype ih%ﬂ(‘z%’? Yessef ﬁ?%ﬁ?%a{?&r

type having a vessel, an agitator for agi contents o e vessel

and a heat exghangg 3YsLeRIMJRALS Qs ERSVlessel, and a heat exchange

system within the vessel, the improvement wherein tHe heat
exchange system comprises:
] a first substantially annular header which comérises pipe;
a second substantially annular header comprising pipe and
being spaced from the first header; |
a third substantially annular header comprising pipe and
being spaced from the first header and adjacent to the second
10 header;
a first set of tubes extending between and connecting the
first header and the second header; and
a second set of tubes extending between and connecting ﬁhe
first header and the third header.
2. 1In a reactor as recited in claim 1, further comprising:
a fourth substantially annular header comprising pipe and
positioned between the first set of tubes and second set of tubes
and being adjacent to the second and third headers; and a third
5 set of tubes extending between and connecting the first header and
fourth header.
3. 1In a reactor as recited in c¢laim 2 wherein the vessel

has a longitudinal axis that is vertically oriented, an upper end,
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wherei n the heat exchange system conprises; 5 a first substantlally
annul ar header which conprises pipe; a second substantlalLy—annuLatheader
conprising pipe and being spaced fromthe first header;

substantial |y annul ar header conprising pipe and being spa ﬂ“l”lm\*lumﬁl,uml,
first header and adjacent to the second header; 10

t ubes extendi ng between and connecting the flrst header and thé secdhd® *
header; and a second set of tube oxtondig beteen and connecting the first

header and the third header. 2. A reggtor as recited in claiml, further
conprising. 15 a fourth substantially annul ar header conprising

pi pe and p03|t qQned bet ween e first set .of es, an t of tubes
and bei ng afa‘%:en SrE" e ‘secon&’%ﬁﬁnt%’er 5"ﬁga§eerasderg ggget of

b d he fi head f h head
ubes et enc i ety @%QFnaC§P%%‘é%%’t’%a%rﬁ%ep@%gi%& a0 b0 1 adi na

axis 20 that is vertjc i ented, an up end end, and
wherei n t Re §§98E nER; é? &8 P?ﬁ?qq§n§$ Fhﬁgfép geﬁ6§|?¥%ﬁ1 near

the upper end, and the second third and fourth headers surround the

| ongi t udi nala"a>8°§15f'°%§’ief“7‘o‘?fée MR t$R8| ARBr TRTPeTaRR T IEh SR WRER R i t he
first, second and third sets of tubes are substantlally vertlcally oriented
so as to be ¥WANCantPhIT} RIS OF FEPIherFofitfT rdhat vaerticallyy A

reactor as recjted _in any one of preceding clains _2-4, wherein the fourth
oriented so as to be substantially parallel to the longitudinal

axis.

4. In a reactor as recited in claim 3 wherein the fourth
header is vertically offset from and above the second and third
headers.

5. In a reactor as recited in claim 4 wherein the first
set of tubes comprises two rows of tubes where the tubes of each
row are annularly spaced, the second set of tubes comprises two
rows of tubes where the tubes of each row are annularly spaced,

5 and the third set of tubes comprises one row of annularly spaced
tubes.

6. In a reactor as recited in claim 5 wherein the third
set of tubes further comprises a second row of annularly spaced
tubes,

7. In a reactor as recited in claim § wherein the agitator
is an axial flow agitator,

8. In a reactor as recited in claim 7 wherein the reactor

is for polymerization of styrene and butadiene.
-
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header -is vertically offset fromand above the second and third headers.
A reactor as recited in any one of preceding clains 2-4, ‘mhereln the flrst

set -9- of tubes conprises two rows of tubes where the W
are annul arly spaced, the second set of tubes conprises t wu“
where the tubes of each row are annul arly spaced, and the setnos

t ubes conprises one rQw-of--annul-arty--spaced -tubes;” A reactor as
recited in claimb5, wherein the third set of tubes further conprises a
second row of annularly spaced tubes. 1@. A reactor as recited in any one

of preceding clains, wherein the agitator is an axial flow agitator. 8.
A reactor as reci ged 30 APaOP6r Gfs REECESU N chlaimss whiegrénnthhegisatoor is
10 for polynerization of styrene and butadi ene. 9. A reactor as

recited in cI ¥ﬁﬁf%bﬁ ihﬁhﬁgh @EQﬁotS a partially axial flow
agitator. %'ghQFEactor ag recited in claim9, wherein the reactor is for

pol ymer i Zat' on of ,gtysene ,andeHHtadr@Bered in claim 9 wherein the reactor

is for polymerization of styrene and butadiene.
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