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(57) Abstract: The invention
concems a coil comprising a first
helical tube segment (511) and a
second helical tebe segment (512,
513) extending, parallel to the first
helical segment (511), between a
distributor (53) and a manifold (54),
said first and second helical segments
(511, 512, 513) being centered on a
common geometrical axis (X5), with
substantially the same bending radius
(R1) and nested, such that they form
together a globally cylindrical bundle
(51). The method comprises a step
which consists in interleaving the
helical tube segments (511-513) so as
to form a globally cylindrical bundie.
The invention also concerns a reactor
equipped with such a coil which
can be used for treating a viscous
niedium or for camying out chemical
reactions, such as 0-6 polyamide
polymerization.

{57) Abrégé: Ce serpentin comprend
un premier segment de tube hélicoidal
{511)et unsecond segment de tube hé-
licoidal (512, 513) qui s'étend, en pa-
rallele au premier segment hélicoidal

(511), enire un distributenr (53) et un collecteur (54), ces premier et second segments hélicoidanx (511, 512, 513) étant centrés sur
un méme axe géométrique (X5), cintrés sensiblement avec le méme rayon (R1) et imbrigués, de telle sorte qu’ils forment ensemble
une nappe (51) de forme globalement cylindrique.Le procédé

[Suite sur la page suivante]




second helical tube segnent (512, 513) extending, parallel to the first
hel i cal segnment (511), between a distributor (53) and a manifold (54),

comon geomer i car axi o (o OuF8IB63 a8t 2Kt - HGHNTARMLAGK ANARRARAGEA °

(RI') and nested, such that they form together a globally cylindrical
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comprend une étape consistant & imbriquer les segments hélicoidaux (511-513) de tube de fagon 2 former une nappe de forme globale-
ment cylindrique.Un réacteur équipé d'un tel serpentin peut &tre utilisé pour le traitement d'un milien visqueux ou pour la réalisation
de réactions chimiques, comme Ja polymérisation de polyamide 6-6 Figure 7



"WO 03/ 062728 1 PCT/ FRO3/ 00177 CO L FOR COOLANT Cl RCULATI ON, METHOD FOR

MAKI NG SAMY OANIZOBRAZEOR COVPRI SI NG SAME The present i nventPOA/FRIOS/@81TS a
coil for circulation of coolant fluid and to a nmethod for manufacturing
such a coil. The invention also concerns a 5 reactor for the treatnment of a
vi scous nediumor for carrying out chemcal reactions in a viscous nmedium
such as a polynerization, such a reactor conprising such a coil. Finally,
the invention concerns the use of such a reactor. is known to effect
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If a quantlt of "nmononers I s entrai ne e vapour’p e quantity

must Cx%ﬁéﬁéﬁéé% @Fe@& Mrﬁu@%ueﬁaars% {}g%{: %ﬁ;é‘% éd}ﬁl@ éé’c?cB‘r de

obt ai ned be repro erfore ‘eat rra es It possible
to noni t orcdfifrising such a coil. Finally, the invention concerns the use of such a reactor.

It is known to effect polymerization of polyamide continuously or
discontinuously. In the so-called discontinuous methods, one proceeds by
10 batches with reactors of autoclave type. In that case, it is known to evaporate
the water of an aqueous solution of two monomers and the water produced by
their polymerization, thanks to an outside heat supply.
Such heat supply must be sufficient for the reaction of polymerization to
take place in a period of time compatible with the criteria of productivity in
15  force in the industrial world. The heat supply must not be too great in order to
avoid, as far as possible, entraining one of the monomers with the vapour phase.
If a quantity of monomers is entrained with the vapour phase, this quantity must
be constant in order that the characteristics of the polyamide obtained be
reproducible. Furthermore, the supply of heat makes it possible to monitor the
20  reaction of polymerization insofar as it allows the evaporation of the water to be
controlled.
To supply heat to the reaction medium, coils in which a coolant fluid

circulates have been used in low-capacity autoclaves, i.e.



'20"reaction of polynerization insofar as it allows the evaporation of the
water to béW@OBOGET2RI. To supply heat t@®the reaction nediROT/ERIBLOIT7
which a coolant fluid circul ates have been used in | ow capacity

aut ocl aves, i.e. WD 03/062728 2 PCT/ FR0O3/ 00177 ones with a volume |ess than
3 nB. For reactors of greater capacity, in particular of the order of 5 to
6 nB, it has been possible to envisage using a coil and an agitator, the
latter aimng at inproving the honogeneity of the reaction nedium and at

i ncreasing the 5 coeffjcie a{é heat .transfer. However, this solution
cannot be &SI 9oV U@Paegf‘asé ﬁil %actors in particular ones with a

capacity greater. than it 1S i 053|ble 0 fficjently increase
the exchangs su foaésecwaﬁgfg%@féa CBjacRE wapm@lc&ﬁarwﬁ%@o@nder 305t BBt 1t ¢
t he overal || _di,anet er E@gt il is .dncreased, case no 1(%

omor Cros s R s dlle SR ed BsintA FON G 4t efle %i@fefattﬁr ag%nga )
heC  besuimrbuity AR Shodentts, doRETCARISh el b I breastng fifd, 2o

t hese fjf'beﬁob?ﬁ& %ﬁfh%hgﬂ"aﬁgﬁmly If a coil of very elaborate shape is
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In effect, if the overall diameter of the coil is 1ncreased, it 1s in that case no

10  longer possible to house an efficient agitator in the vessel of the reactor. If the
diameter of the tubes constituting the coil is decreased, the pressure drops
associated with the circulation of coolant fluid in these tubes increase
significantly. If a coil of very elaborate shape is created, the axial re-circulation
of the reaction medium is hindered and the so-called "pumping" effect at the

15  centre of the agitator is cancelled. Finally, a coil of elaborate shape with tubes

| of small diameter would not satisfy the criteria of mechanical strength allowing
it to withstand prolonged use and/or incidents in manufacture.

It is a more particular object of the present invention to overcome these

drawbacks by proposing a novel coil which allows an efficient heat supply to a

20  reaction medium of large volume, while being compatible with the dimensions
of a reactor vessel and with an agitator,

To that end, the invention relates to a coil for circulation of a coolant

fluid, this coil comprising at least one segment of tube wound along a



20 'reacti on medi um of | arge volume, while being conpatible with the

di mensi ons WF 03/062#3%r vessel and with &n agitator. To th®CBHRRO3INE177

i nvention relates to a coil for circulation of a coolant fluid, this coil
conprising at |east one segnent of tube wound along a WD 03/062728 3

PCT/ FRO3/ 00177 helical generatrix, characterized in that it conprises at

| east a second segnent of tube wound along a helical generatrix extending
in parallel to the first segment between a distributor and a nanifold,
these first and second segnents being _centred on the_same geonetrical

axis, Wit hi1§11§§1 SeReTaty, gh?e%we@emﬁhﬁg 15ComPrisss ahieast 81566084 segmentedy
together forma substantially cylindrical bundle. Thapks tq the use of two
nested hel Fekg v %@wilgl,ywaltgfr%erga@&pm@ iRgiin pavadel EuriEs SegEIeHave

a relative short l.ength, with the. ul.t that th pressure drop that
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conprises a second bund formed by at |east one segnent
10  segments have a relatively short length induces a relatively considerable slope

thereof, i.e. greater than in the case of a single circular segment extending over
the whole height of the coil. In this way, in the case of the coolant fluid being
supplied in vapour phase able to condense in the tubes, the flow of the
condensed fluid in these segments is more rapid, hence less risk of

15 accumulation of condensates and less space requirement for liquid. The fact that
these segments form a cylindrical bundle avoids their significantly disturbing
the flow or re-circulation of the reaction medium in the central part of a reactor.

According to a first advantageous and non-obligatory aspect of the

invention, the coil comprises a second bundle, formed by at least one segment

20 oftube wound along a helical generatrix, extending between the distributor and
the manifold and centred on the axis of the first helical segments, this second
bundle being of substantially cylindrical shape, with a radius smaller than the

radius of the



»20. 'of tube wound al ong a helical generatrix, extending between the

di stri but ofvan@3/0g2s2%ani fol d and centred4on the axis of t h®GT/FR03601FH
segnents, this second bundle being of substantially cylindrical shape,
with a radius smaller than the radius of the WD 03/062728 4 PCT/ FR0O3/ 00177
first bundle. In that case, the second bundle is advantageously formed by
at least two nested helical segnents of tube, extending in parallel
between the distributor and the mani fold. According to other advantageous
but non-obl i gat aspects of the 5 invention, the coil inc rpor %ﬁf one or
nore of thé rsfolpmm)ﬁﬁ I Ehatresseethestacond bundh@etSfadwﬁnt&ng@ daby
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pressure drop n the flow of coolant fluid between the dlstrlbutor and
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the distributor and the manifold.

10 - a tube is provided which extends, in a direction substantially parallel to
the axis of the first bundle, between the first and second bundles, this tube being
connected either to the distributor or to the manifold.

- the distributor and/or the manifold are toric in shape, centred on the axis
of the first bundle. In that case, the distributor and/or the manifold may be

15 provided to be curved with a radius substantially equal to the radius of the first
bundle or possibly of the second bundle, with the result that they are
substantially in line with this first bundle or possibly with this second bundle.

The invention also relates to a method for manufacturing a ceil as
described hereinabove and, more specifically, to a method which comprises a
20  step consisting in interleaving two segments of tube wound along helical

generatrices and with substantially the same bending radius, so as to form a

substantially cylindrical bundle.



'20-step consisting in interleaving two segnents of tube wound al ong heli cal
gener at ri c®OaRVO@t/M8subst antially the s§ne bendi ng radi usPCIOFRDA/001 Ff7m

a substantially cylindrical bundle. WO 03/062728 5 PCT/ FR03/ 00177 The
segnents of tube are advantageously interleaved by a novenent of

"screw ng" about a geonetrical axis conmopn to these segnments. The invention
also relates to a reactor for the treatnent of a viscous nediumor for
carrying out chem cal reactions in a viscous nedium such as a 5

pol yneri zation, this reactor. conprising, inter_alia, a coil as described
her ei nbef ore. ATbeseEmpnts of thbe sre advaraggeusly wépreavest by memovesantian,
this reactor may conprise an agitator arranged ground or inside the coil.
The agi t at o¥CrEEyNghabeukp &semetiicahAXIScCUBMAINP Biesereeidtbor and form a
cage surrounding. the 10.coil, the supply and evacuati on of the cool ant
Troraowards. ofhedakeRtien aliq reqﬁfasrﬁa QeGLRTSPT RE SRS AR TBROBE ¢ he
reactor. Accordin o anot.her form of .enbqdi nent of the inyention, the
hght ator nEAPOSRIY OF AT 8 GHOHEESIcal PR IOt & 9P HBCH e Y 26 Paxi s
of an inner bundl.e or of .the single bundl e of the ol . 45 rding to
anot hers acpeBiigrEefun it A oot e nftn e »Folis dSeATR bund o o
the coil fﬁg&ﬁ gggietral wel | of radius included between 20 and 70% of the
radi us of ¥ " which allows a good re-circulation of the reaction

e e vapselan ol R RSRR lage R Akt B S SIGR AORAERE
20 and 40%f; L8opHRE NS AtatbP 848328  around or inside the coil. The agitator may
be suspended from the ceiling of the reactor and form a cage surrounding the
10 coil, the supply and evacuation of the coolant fluid towards or from the coil
being effected through the bottom of the reactor. According to another form of
embodiment of the invention, the agitator may be formed by an endless screw
centred on the geometrical axis of an inner bundle or of the single bundle of the
coil.
15 According to another aspect of the invention, the inner bundle or the
single bundle of the coil forms a central well of radius included between 20 and
70% of the radius of the vessel, which allows a good re-circulation of the
reaction medium in the vessel. In the case of a coil with two bundles, the central
well formed by the inner bundle preferably has a radius included between 20
20  and 40% of the radius of the vessel.
Finally, the invention relates to the use of a reactor as described
hereinabove having a volume greater than about 8 m?, for the treatment of a
viscous medium or the preparation of polymers such as polyamides, in
particular 6-6 polyamide, or polyesters. This use may be discontinuous, for

25  example for manufacturing batches of polymers of large volume, or continuous.



‘Finally, the invention relates to the use of a reactor as described
her ei nabov&ytrg3H29 2%l ume greater than gbout 8 nB, for thPOT/EROFOO1GT a

vi scous nedium or the preparation of polyners such as pol yam des, in
particul ar 6-6 polyam de, or polyesters. This use may be di scontinuous, for
25 exanpl e for manufacturing batches of polyners of |arge volune, or
continuous. WD 03/062728 6 PCT/ FR0O3/ 00177 The invention will be nore
readi | y understood and ot her advantages thereof will appear nore clearly
on reading the follow ng description of a form of enbodi ment_of a coil and
a reactor accor dbggnventipe will, bamnorg resdiyhenderstexhand ofhenhahagages e and
use, given solely by way of exanple and de with 5 reference to the
acconpanyi HETEPEWIHFDPgas T sleapy on éeaﬁmgt elfgﬂﬁl“flﬁgiciﬁpr@@@ﬂ Q){:a forBugh
a reactor acgcording to the Jjnvention equi d with a.coil.acc ing to the
i nventi on. O%-ieﬁlh 1ngng of hgpil reactor a@%gr fo Elﬁ%%qulqﬂaégtg‘e . Figure
3 schematically .shows a.step of.manuf.acture of. the copl_ of Figure 10 2..
Figure 4 | Sapebiivn TRRRTAG TR Jaree i ehaio ok SraCPb gl Al dedds Sich
the coil. Figure 5 is a plan view of th oi.] of:- Figure 2. Figure 6 is a
U ew T rom TraRec e i et tig e es 5 et 05 B Gure 71 s a view in
perspective of | | - i Lgure 1
is used for t heFB@F;?M% %Lﬁ%}%ﬁ’%ﬁﬁl §8¢@%ﬁ1t%@%egq§§§i&ér é% él}?{e\ﬂg/t‘?)ft ﬁ‘%he
order of 11 - ThL S, . t rl : V@SS : substantially
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Figure 2 is a half-section of the coil shown in Figure 1.
Figure 3 schematically shows a step of manufacture of the coil of Figure
10 2.
Figure 4 is a view similar to Figure 3 for another step of manufacture of
the coil.
Figure 5 is a plan view of the coil of Figure 2.
Figure 6 is a view from underneath of the coil of Figure 2, and
15 Figure 7 is a view in perspective of the coil of Figures 2 to 6.
The reactor 1 shown in Figure 1 is used for the polymerization of
polyamide. It has a volume V of the order of 11 m?. This reactor 1 comprises a
vessel 2 of substantially cylindrical shape with a substantially truncated bottom
21. A cover (not shown) is provided to be mounted on the vessel 2 in order to
20  constitute the ceiling thereof and to ensure seal of the interior volume V of the
reactor 1 with respect to the ambient medium.
An agitator 4 is provided in the volume V. It is driven by a shaft 41
aligned on a central axis X-X' of the reactor and passing through the cover. The

agitator 4 comprises

25



.21." A cover (not shown) is provided to be mounted on the vessel 2 in order
to 20 constW@t8/062728i1ing thereof and tp ensure seal of tPETVRREB/G®D177
volune V of the reactor 1 with respect to the anbient nedium An agitator
4 is provided in the volume V. It is driven by a shaft 41 aligned on a
central axis X-X of the reactor and passing through the cover. The
agitator 4 conprises 25 WO 03/062728 7 PCT/ FRO3/ 00177 substantially helical
- bl ades nmounted on a cage which surrounds a coil 5. In order to render the
drawing clearer, the agjtator 4 is silhouetted in dashed and dotted |ines
solely in F&t}@st@ttallsdlﬂhcalfbhad@s srougiedaAsagayvbishesiurearéua casl doly as

they are conpati bl e the space available int vol u he vessel
2 is of doubusr Exven et\ﬁlwi}ewmg @%Tﬁftt\gleaﬁglwaot’ Héscsmw HSH dashegd and
cool ant flmqéﬂls al the Yoluntho be heated. A coil 5 is

installed i BR2 SY is supplled with coolant fluid froma
vapori zer 6 whi be of an k own t art ti on passages 59
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A coil 5 is installed 1n51de the vessel 2 and is supplied with coolant fluid
from a vaporizer 6 which may be of any known type. Two partition passages 59
10  connect the coil 5 to tubes 61 and 62 respectively allowing supply of the coil 5
with hot coolant fluid and evacuation of comparatively less hot coolant fluid in
the direction of the vaporizer 6.
In the present case, the coolant fluid is an oil in vapour phase at a
temperature included between 300 and 350°C. Oil in vapour phase behaves like
15  apure body and works in latent heat, with the result that it conserves its
temperature, so that the reaction medium is subjected to a substantially
homogeneous heat supply over the length of coil.
Arrows E, and E, represent the flow of the o0il in the passages 59.
As is more particularly visible in Figures 2 to 7, the coil 5 is formed by
20 two-bundles of tubes. More specifically, a first bundle 51 is formed by tubes
with a substantially constant bending radius R;. A second bundle of tubes 52 is
formed by tubes with a bending radius R, less than radius R,. The bundles 51

and 52 are substantially cylindrical and centred on a central axis X;



-honogeneous heat supply over the length of coil. Arrows E1 and E2 represent

the flow ofy{hg3mMd272R t he passages 59. Ag is nore particul @1 F/RRE3 /004 77N
Figures 2 to 7, the coil 5 is forned by 20 two bundles of tubes. Mre

specifically, a first bundle 51 is forned by tubes wth a substantially
constant bending radius RL. A second bundle of tubes 52 is fornmed by tubes
with a bending radius R2 less than radius RlL. The bundles 51 and 52 are
substantially cylindrical and centred on a central axis X5 WO 03/062728 8
PCT/ FRO3/ 00177 of the coil 5, this axis ne with axis X-X when the coi

i s instal | of theicoHed, thimexisrmergingevithratie )%i('uwhmﬂmac)ﬁystlmtélaledégﬁbﬁt s
of tube 511, 512 and 513 each wound along a helical generatrix and nested
in one anotﬁﬁﬁorﬂ=e. t oget her 5 forn1ng the bundle 5 1. In the sane may,

the bundle 52 is_farne seg of tube 52 2

al ong a helical T @@ﬁ@%@ﬁﬁs\é ﬁ%rﬁlﬁé—{\% ﬁlf?ee?tf&ﬁn@%tﬁ E%%lgl \%’ Sach
Fi gure 3, the le 5 orned. b " th t

LU 3 SR e Skl 2al SRS RLSIAT SRS ioaf; 512 e
represents_.the.inter | of the segnent 512 in the segrrent 511, th| S

i nterl eavi ﬁ%@%@qg’ é a:?]ed by an advance of the.segnment 512 parallel to

b e R D e R
gégﬁngﬁt bgg%hg%@é@%’ﬁ%@/@@%@ggﬁggﬁéﬁé epr %f%idﬁﬁ%igﬁpﬁ%%eF and
F2. As is visible in Figure 3, the bundle 51 is formed by "screwing" the
segments 511, 512 and 513 about axis X; which is their common central axis.
10 The arrow F, represents the interleaving of the segment 512 in the segment 511,
this interleaving being translated by an advance of the segment 512 parallel to
axis X, as represented by arrow F,. In the same way, the segment 513 may be
interleaved between the segments 511 and 512.
As is visible in Figure 4, the bundle 52 is formed by the segment 522
15 interleaved in the segment 521 thanks to a movement of screwing represented
by arrows F, and F,.

When the two bundles 51 and 52 are each formed with a substantially
cylindrical shape and with a predefined radius R, or R,, it is possible to connect
the segments of tube 511 to 513, 521 and 522 to a supply tank 53 forming

~ 20  distributor and to an outlet manifold 54, said tank and manifold each being of
substantially toric shape and centred on axfs Xs.

Elements 53 and 54 have a diameter greater than that of the segments of
tube 511 to 513, 521 and 522, with the result that they make it possible to
efficiently supply these segments with coolant fluid and to efficiently collect

25  the fluid coming from these segments, as is represented by arrows of flow E in

Figures 5 and 6.



-When the two bundles 51 and 52 are each forned with a substantially

cylindricalwghapeombgd th a predefined radius R or R2, it PGTHEBSIMNE 1P
connect the segnents of tube 511 to 513, 521 and 522 to a supply tank 53

formng 20 distributor and to an outlet manifold 54, said tank and manifold
each being of substantially toric shape and centred on axis X5. Elenents
53 and 54 have a dianeter greater than that of the segnents of tube 511 to
513, 521 and 522, with the result that they make it possible to
efficiently supply these segnments with coolant fluid and to efficiently

col l ect 25 the {The dhdinsRy@iithertorefensatbyrthe task S3sisrahmsesdatbededual to
arrows of flow Ein Figures 5 and 6. WO 03/062728 9 PCT/ FR03/ 00177 The
radi us R3 oadiuseRs,dndbefsanmewayyas tadivaRy cf3he outlesseanifold4efuthistveay,
radius R2, in the same way as radius R4 of the outlet manifaold 54. In this

way, el emelesests 3hansddhaes subrtenmellyaligned yibdheaihumdle s 2y widh shevesulf t n

the result _that they da, not disturb flowin the central part of the coil
5, such f| éhatdéerglo Bot difteEbat aytﬁeﬁ@wreipaﬁﬁém@lfiw@@m@ms

provided with two |jfting eﬁ,s %31 angd 532 for supporting the coil 5 when
it is pdac&ePrasepisd By 8QW b he KIBUERL- 2 or when it is extracted

heref om0 hety 11408, Toans 8 B, Y RRBesc e, ook B Qhahagher
Toussa bet\gen e Bunchge 23 A S LY SN BRH DAL, ASSSL LD
\e/gﬁg{i fo 'qrgg]ifosr{l:@?ﬁ%sﬁftga_ BTGl entis2883 SGE @ thrit'58 '3 U BtHe¥
parts of the co1l 5.
10 A tube 56, substantially parallel to axis X, is housed between the bundles
51 and 52, this tube making it possible to supply the tank 53 from the passage
59 connected to the tube 61 of the vaporizer 6. This tube 56 has an internal
cross-section substantially equal to that of the tank 53.
As is more particularly visible in Figure 5, the three segments of tube
15 511,512 and 513 are connected to the tank 53 by connections 511a, 512a and
513a extending in an essentially radial direction with respect fo the tank 53.
Furthermore, the tubes 521 and 522 are connected to this tank 53 by
connections 521a and 522a extending beneath the tank 53, i.e. in a direction
substantially parallel to axis X, while the connections 511a, 512a and 513a are
20  substantially perpendicular to this axis. |
In the same way and as is visible in Figure 6, the tubes 511 to 513 are
connected by essentially radial connections 511b, 512b and 513b to the
manifold 54, while tubes 521 and 522 are connected to the manifold 54 by

essentially axial connections 521b and 522b.

25



As.is nore particularly visible in Figure 5 the three segnents of tube 15

511, 512 angydlPs/are7egnnected to the tankp3 by connecti onspEHVFER()P0B377
and 513a extending in an essentially radial direction with respect to the

tank 53. Furthernore, the tubes 521 and 522 are connected to this tank 53
by connections 521a and 522a extendi ng beneath the tank 53, i.e. in a
direction substantially parallel to axis X5, while the connections 51 |a,
512a and 513a are 20 substantially perpendicular to this axis. In the sane
way and as is visible in Figure 6, the tubes 511 to 513 are connected by
essential |y radi Bhecadndtt and®,5thd height 2l cditie £b3b5 tandtthe posaofinigiobthe
whi | e tubes 521 and 522 are connected to the nanifold 54 by essenti al

axi al conneeleimerss 531and Hd B2y he doseo Weiles 2iescgmeptyERY3: 60120 Sihk §/21
radii Rl and R2, the height h5 of the coil,Z 5 and _the positioning of the

el ements 532me&284pneaonivsiistantially the Rametlsagtiv ghketessegmentsdayerthesame,

521 d 522 t bstantjally th th. Th h h
b P S L i T
5d t I f lant fluid. Wth the f ' '
m;"é P & o foman thagIoy AhrealatbBd: hay the  segments b11 519 a5 521
522 ' | Lel .wit.h t t h
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configurati
relatively slight pressure drops, taking into account, in particular, the fact that

10 the overall pressure drop of the three tubes 511, 512 and 513 is substantially
less than that which would be generated by a single tube in helical configuration
forming, alone, a bundle as dense as bundle 51.

In addition, the unitary slope of each of the tubes 511 to 513, which may
be defined, as illustrated in Figures 1 and 3, by angle a, between a tube and a

15 line Y, normal to axis 5, is substantially greater than the slope that a single tube,
in helical configuration, would have in order to constitute the bundle 51 alone.
This considerably reduces the risks of accumulation of condensates inside the
segments 511 to 513 and minimizes the liquid retention in the lower part of
these tubes.

20 . The foregoing observations are also applicable to the tubes 521 and 522
of the second bundle 52.

As the tube 56 extends in a direction substantially parallel to axis X-X' of
the vessel 2, it does not disturb the flow E' of the reaction medium to a
substantial degree.

25 In practice, the radius R, of the inner bundle 52 is chosen to have a value
included between 20% and 40% of the radius R of the vessel 2. Under these

conditions, the central well



fornming, alone, a bundle as dense as bundle 51. In addition, the unitary

sl ope of egg) 0%/0drg2®ubes 511 to 513, whirh may be defi ne@CRERO3/00177
illustrated in Figures 1 and 3, by angle a, between a tube and a 15 line

Y5 normal to axis 5, is substantially greater than the slope that a single
tube, in helical configuration, would have in order to constitute the
bundl e 51 alone. This considerably reduces the risks of accunul ati on of
condensates inside the segnents 511 to 513 and minimzes the liquid
retention in the |lower part of these tubes. 20 The foregoi ng _observations
are al so appioroetd by the gbedlmﬁ%snﬂzﬂ vahas2¥ ofdiletn@ac*@domst%@wmﬂ% widas
the tube 56 extends in a direction substantially parallel to axjs E-X' of

t he vessel for thetredeissulasiondeistaachonaetiuw gonesatednay hagitaion bt b t 0 a
substantial degree. 25 In practice, the radius R2 of the inner bundle 52 is
chosen to BEN@CHEtval ue included between 20% and 40% of the radius R of the

et BT S S
by ¢ he hgi tapBAdent! i thagiat top Gittoricd bt FERsPesebe: wefo s et Rt the ©
the bot t onfisad spleie Glbedelstot e T L iere iR RERAIRHOP IHABH. e
reactor | fsaﬁwg%mngﬂih%.ere little re-circulation is created, is

limted to
The invention has been shown with a coil 5 comprising an outer bundle

51 and an inner bundle 52. However, it is applicable with a coil comprising a
10  single bundle composed of at least two nested segments of fube with a helical
configuration.

In the case of a coil comprising one sole bundle, the radius of this bundle
may be chosen with a value included between 20 and 70% of the radius of the
reactor vessel. |

15 The invention has been shown with the outer bundle 51 comprising three
segments of tube 511, 512 and 513. However, it is applicable with a bundle
comprising two segments or, on the contrary, more than three segments.

The invention has been shown with an agitator 4 arranged around the coil
5. However, it is also applicable with an agitator which might penetrate in the

20 central well of the coil 5. In that case, the radii R, and R, of the coil 5 might be
increased and the agitator might take the form of an endless screw. '

The invention is ihdependent of the exact type of vaporizer 6 and of the
nature of the coolant fluid employed.

In Figures 3, 4 and 7, different textures have been used solely in order to

25 differentiate the different parts of the coil 5 visually.



*The invention has been shown with a coil 5 conprising an outer bundle 51

and an i nngyChoRdlge /2% However, it is apppicable with a coPICT/@RGI/HONT 7
10 single bundle conmposed of at |east two nested segnments of tube with a

helical configuration. In the case of a coil conprising one sole bundle,
the radius of this bundle may be chosen with a val ue included between 20
and 70% of the radius of the reactor vessel. 15 The invention has been
shown with the outer bundle 51 conprising three segnents of tube 511, 512
and 513. However, it is applicable with a bundle conprising two segnents
or, on the contrary, nore than three §ebnddtl SThe invention has been shown
with an agitator 4 arranged around the coil = 5. However, it is also

appl i cabl e lwi t hCanl fayi ciseulationiafin apglent §Brds saidecqih comprising @ heasiiongel |

of the coil 5. In that case, the radii. R and R. of the coil 5 m ght, pe .
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(511) betvees (R)) and nested so that they together form a substantially cylindrical
bundle (51).

10 2.  Coil according to Claim 1, characterized in that it comprises a second
bundle (52) formed by at least one segment of tube (521, 522) wound along a
helical generatrix, extending between said distributor (5§3) and said manifold
(54) and centred on said axis (Xs), said second bundle being of substantially
cylindrical shape, with a radius (R,) smaller than the radius (R,) of the first

15 bundle (51).

3. Coil according to Claim 2, characterized in that said second bundle (52)
is formed by at least two segments of tubes (521, 522) wound along helical
generatrices, nested and extending in parallel between said distributor (53) and
said manifold (54). |

20 4.  Coil according to one of the preceding Claims, characterized in that said
first bundle (51) is formed by three segments of tube (511, 512, 513) wound
along helical generatrices and nested.

5. Coil according to one of the preceding Claims, characterized 1n that said

segments (511,
25



-di-stributor (53) and a manifold (54), said first and second segments bei ng
centred onWe)3@g2 /@8 netrical axis (X5)I3w th substantial PCR/BROSEO0€] 77
bending radius (Rl) and nested so that they together forma substantially
cylindrical bundle (51). 10 2. Coil according to Claim1l, characterized in
that it conprises a second bundle (52) fornmed by at |east one segnent of
tube (521, 522) wound along a helical generatrix, extending between said
distributor (53) and said manifold (54) and centred on said axis (X5),
sai d second_bundl e_bei ng of substantially cylindrical shape,  with a radius

(R2) smal | ef21 hhd, $2b 2 heve subhstantialy thessme pngtihand/qminducs.  coi |
A e R0 e
(53 and  SueiaHnor 4o apd Seud Tramdgld Gddar ding o one. of t he precedi ng
SRl B T T AN T
et o0 % keSS o b5 ST I R RIS Sl
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di-stribut og; £33, &1 AbuBP(4%) 8 tP8id manifold (54).
7. Coil according to one of the preceding Claims, characterized in that said
distributor (53) and/or said manifold (54) are in the form of a torus and centred
10 on said axis (X;).
8.  Coil according to Claim 7, characterized in that said distributor (53)
and/or said manifold (54} are curved with a radius (R, R,) substantially equal to
the radius (R,) of said first bundle (51) or possibly of said second bundle (52),
with the result that they are substantially in line with said first bundle or
15 possibly with said second bundle.
9.  Method for manufacturing a coil for circulation of a coolant fluid, said
coil comprising at least one segment of tube wound along a helical generatrix,
characterized in that it comprises a step consisting in interleaving (F,, F,) said
segment (511) with at least a second segment of tube (512, 513) wound along a
20 helical generatrix with substantially the same bending radius (R,) as the first
segment, so as to form a substantially cylindrical bundle (51).

10. Method according to Claim 9, characterized in that said segments are

interleaved by a movement of



-6.. Coil according to one of the preceding dains, characterized in that it
5 conpri seW® 03M62728) extending, in a di4ection substanti ROYERGFO0E77t o
said axis (X5), between said first (51) and second (52) bundles, said tube
bei ng connected either to said distributor (53) or to said manifold (54).
7. Coil according to one of the preceding Cains, characterized in that
said distributor (53) and/or said manifold (54) are in the formof a torus
and centred 10 on said axis (X5). 8. Coil according to Claim?7,
characterized i.n that_said distributor (,53). /or said manifold (54) are
curved wi t BCTEWIRG; (s, Eéaqronmyi & BHQESHEFR) WS@ZiPO%ﬂO@H@ SMdSEEMORSS.  of

id first d 51 i bl id bund 52)., ith th
Fesult 1 hal 1t nel BT OB ROAEAED! Pha VRGO EIFCAUTLOT [otorbling Sbr 15
possi bly vviﬁh saild second. bundle. 9. t hod for nuf act uri&g a coiJ for
ci reul at i ofMGRIGAIIERFANES 11 4 VdSCUL TRediymy Séléﬁ’ﬁﬁﬁic PP HPISLAE £ G1¥EC s egment

of tube wo %ia [o]3) hel i cal generatrix, characterized in that it

conpri ses §H gk}eq:%ﬁgi sting ininterleaving (F,, F2) said segnent (511)
ith atg | : . . d 20 hel i cal
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segnent, S@lg@%fﬁ&u}géd% &Hﬁ%?ﬁ?ggquyncﬁgs@slgkgﬁ bundl e (51). 10. Method

accordi ng alm9, charac Segnents are interleaved

by a moveren! QRe%{%?%/c@@?cﬁﬁé tCHH TTOCHAHAeriReT BHAY if FdmpfRks ahound a

geonetrical axis common~to sald segnents. . Reactor
tr eat ment itgtoyi(&ygﬁ.@ngggiayahﬁa JrQﬁsi@%r§aY&'&&ipq-ﬂ). chemi cal reactions in a
vi scous nedium said reactor conprising a vessel,

13. Reactor according to Claim 12, characterized in that said agitator is

10 suspended from the ceiling of said reactor (1) and forms a cage surrounding
said coil (5), the supply and evacuation (56, 59, 61, 62) of the coolant fluid
towards or from said coil being effected through the bottom (21) of said reactor.
14. Reactor according to Claim 12, characterized in that said agitator is
formed by an endless screw centred on the geometrical axis (X;) of an inner

15 bundle (52) or of the single bundle (51) of said coil (5).

15. Reactor according to one of Claims 11 to 14, characterized in that the
inner bundle (52) or the single bundle (51) of said coil forms a central well (P)
of radius (R,) included between 20 and 70% of the radius (R) of said vessel (2),
preferably included between 20 and 40% of said radius in the case of an inner

20 bundle.

16. Use of areactor (1) of volume (V) greater than about 8 m? according to
one of Claims 11 to 15 for the treatment of a viscous medium.

17.  Use according to Claim 16 for carrying out a reaction of polymerization
in a viscous medium.

25



-characterized 5 in that it conprises a coil (5) according to one of Cains
1to 8 or \Hﬁhﬂﬁékﬂﬁﬁébd according to onel®df dains 9 or 10PCIRZFRREH00077
according to Claim11l, characterized in that it conprises an agitator (4)
arranged around or inside said coil (5). 13. Reactor according to Claim12,
characterized in that said agitator is 10 suspended fromthe ceiling of
said reactor (1) and fornms a cage surrounding said coil (5), the supply
and evacuation (56, 59, 61 62) of the coolant fluid towards or from said

coil being.,effecied thr of said reagtor. 14. Reactor
accor di ng tlg ﬁSﬁ]af@OI' aﬁf’rl ié qrnlf%&tc@@@%ﬁ%‘é&cﬂln@@ﬁﬁﬁac%?nan
endl ess scr entred .0n the eonetrl axis (X5) of an inner 15 bundle
(52) or of© fﬁ@ EF@UBH&BﬁbV%@Q?SSQC HPH coil (5). 15. Reactor according

nner. bundl e ?r
} o}
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inner 20 bundle. 16. Use of a reactor (1) of volune (V) greater than about
8 nB according to one of Clains 11 to 15 for the treatnment of a viscous
medi um 17. Use according to Caim16 for carrying out a reaction of

pol ymeri zation in a viscous nmedium 25 WO 03/062728 15 PCT/ FR0O3/ 00177 18.
Use according to Claim16 or 17 for carrying out a discontinuous reaction



-of polynerization in a viscous nedium 19. Use according to Claim 16 or 17
for carryi NgOo03/06€26@8t i nuous reaction ofl6 pol ymeri zati on i BCEA/FRO308177
medi um WD 03/ 062728 16 PCT/ FRO3/00177 CO L FOR COOLANT Cl RCULATI ON, METHOD
FOR MAKI NG SAME AND REACTOR COWPRI SI NG SAME 5 Abstract This invention
relates to a coil conprising a first helical tube segnent (511) and a
second helical tube segnent (512, 513) extending, parallel to the 10 first
hel i cal segnent (511), between a distributor (53) and a manifold (54), said
first and second helical segnents (511, 512, 513) being centred on a common
geonetrical axis (X5), with substantially the sanme bending radius (Rl) and

e e GO RORP LN ERTE ORISR Gl ARG e
et PSS ohtae ARRRAPTET OIS SR, P, 0L, T
used for treating a viscous nediumor for carrying out chem cal reactions,
such as 6-6 polyam de pol yneri zati on.

5

Abstract

This invention relates to a coil comprising a first helical tube segment

(511) and a second helical tube segment (512, 513) extending, parallel to the

10 first helical segment (511), between a distributor (53) and a manifold (54), said
first and second helical segments (511, 512, 513) being centred on a common
geometrical axis (X;), with substantially the same bending radius (R;) and
nested, such that they form together a globally cylindrical bundle (51). The
method comprises a step which consists in interleaving the helical tube

15 segments (511-513) so as to form a globally cylindrical bundle. The inventioon
also concerns a reactor equipped with such a coil which can be used for treating
a viscous medium or for carrying out chemical reactions, such as 6-6

polyamide polymerization.



