20 July 2006 1 REACTOR COWPRI SING A CO L FOR COOLANT Cl RCULATI ON, METHOD
FOR MAKI NG SAME AND USE OF SUCH A REACTOR The invention coHtBing00$ react or
for the treatnment of a viscous nmediums or for carrying out chenica
reactions in a viscous nedium such as a polynerization, such a reactor
conprising such a coil for circulation of coolant fluid. Finally, the

I nvention relates to a nmethod for making such a reactor and to the use of
such a reactor. EP-A-O 659 476 discl oses an apparatus used for the

pol ymeri zation of 10 vinyl chloride in which coolant fluid circulation
coils are used. It is known to effect pdlynerization of polyam de
continuously or discontinuously. In the so-called discontinuous nethods,

one procéeds RiyACHAR {EOMPRISINac AdCOIbF@Rt COQLANYEEIRCUTIATIOMSe, it
‘Ii's known to evaporate the water of an aqueous solution of two nononers and
the water pr &GOEIFO%MAIGIN@SME%EN&HSE InkE$IEH ARBAGCTOR heat
supply. Such heat supply nmust be sufficient for the reaction of

pol yneri zat i onfho invarkopicaveeins argestontprdhettieasmentodia wiseows niedinen
criteria of productivity in_ force in the industrial world, The heat supply
nust ndt Belergargnagout shemienl reactiansia a vscous mediyes suphas ant r ai ni ng
one of the%rmnor.rers vm't&lthe vapour phase. 20 |f guantity.of nononers is
ent r ai nedPMYRCHZHI0ML SBeR 2FKASOT GHNRIIFGSTY rOYtfor sEcybatiomet coelartder

T kiR BB B SN i
the use of such a reactor.
EP-A-0 659 476 discloses an apparatus used for the polymerization of
10 Vinyi chloride in which coolant fluid circulation coils are used.
~ Itis known to effect polymerization of polyamide continuously or
discontinuously. In the so-called discontinuous methods, one proceeds by
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
15  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
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.
20  If'a quantity of monomers is entrained with the vapour phase, this quantity must
b_e constant in order that the characteristics of the polyamide obtained be |

reproducible. Furthermore, the supply of heat makes it possible
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to monitor the reaction of polynerization insofar as it allows the
evaporation of the water to be controlled. To supply heat 28 Jule2G06acti on
medi um coils in which a coolant fluid circul ates have been used in

| ow- capacity autoclaves, i.e. ones with a volune less than 3 n8. For
reactors of greater capacity, in particular of the order of 5to 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 coefficient of heat transfer. However, this solution cannot
be applied to high-capacity reactors, Tn particular ones with a capacity
greater than 8 nB, as it is inpossible to sufficiently increase the

- exchange surfaces constituted by the walls of the coil. In effect, if the
overal | di angpemagfitorhthec sédction of nmlgamrmtmn insofar ahat alkowes rthel onger
possi bl e to hqQuse eff.icient tator,in the vessel of the reactor. If
the di ameter OFP P@I%ﬂfetbev%?rstp qrﬁlé)lltqqie coil is decreased, the pressure

drops associ ated wg Bu)}ﬁﬂl?fhe%t ke 't'ﬁé‘}é oﬁfmeaﬁﬂngnéoﬂs' i ﬂrhiéh L&k ubes

increase significantl a coil ery el aborat'e shape I's created, the
axial re-ci r dluidtcienlasés himee bmalsedrm lowdcapacity alntoudavesdi.anshdsheith o- cal | ed
"punpi ng" effect. at the.centre of the agitator is cancelled. Finally, a

coil of el ab@r‘é‘?@%ﬁ%wgﬁq ubes of small diameter would not satisfy the

Chil o1 oo gy o P BahrS el 0 bt ath drSheniugrat g os

and/or incidents in manufa ect of exanpl e
- enbodi nents of, ittes haeaqmrsmblmwemmwgetlmu@g/arooﬂrmldtdiﬁﬁ@taddi@\t\ml&t&rby
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increasing the coefficient of heat transfer.

However, this solution cannot be applied to high-capacity
reactors, in particular ones with a capacity greater than 8 m’, as it is
impossible to sufficiently increase the exchange surfaces constituted by
the walls of the coil. In effect, if the overall diameter of the coil is
increased, it is in that case no 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 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 example embodiments of the
present invention to overcome these drawbacks by proposing a novel
reactor provided with a coil which allows an efficient heat supply to a

reactlon medium of large volume,




reaction nedium of |arge volunme, 20 July 2006 3 while being conpatible with
the di mensions of the reactor vessel and wth an agitator .20l 206 end,
enbodi ments of the present invention relates to a reactor for the
treatment of a viscous nediumor for carrying out chemical reactions in
viscous nedium this reactor conprising a vessel and a coil for
circulation of a coolant fluid, this coil conprising at |east one segnent
of tube wound along a helical generatrix, characterized in that the coi
conprises at |east a second segnent of gube wound along a heli cal
generatrix extending in parallel to the first segnent between a

distributor and a manifold, these first and second segnents being centred

on the sane trical axi Wi _t. ubst ant i al | he sane bendj ng,radi us
‘and nest ed sgﬁﬁﬁgtbe%ﬁ'%@aﬁplﬁe?”&’oﬁm iugﬂﬁé?%gf }aqu yeadlpn H‘Eﬁsietéﬁdbundl e.
Thanks to theyjthenQigithie, nested helical tube segments, it is possible that
t hese segnents each have a relatively short length, with the result that

the pressure drop Ehthatiens, epbediatonty of rthe quresent yinséntipn relatesntoi & t he

cross-section_of, t t ube ed also be snmallJ. In addition, the fact
thatsst ?le h:al iTeartof [}E’E @ggﬁggﬁ@ﬂé@ 2, VISSOUS | e 10Ty {01 SAPYHIS Miices a

relatively cohenfleilaRhgiclsOReylsbeasaledidme i tERLGY PRl 4 Resgase of a

single circul ar segnent extendi ng over the el g e coil. In
this way, in ande cadootirciletionaifancodlant fhuideitiy coiipmmprsing atdgastr phase
oD o S RES kot RS oRgerogd, LLud, nese

that the coil comprises at least a second segment of tube wound along a

helical generatrix extending in parallel to the first segment between a

distributor and a manifold, these first and second segments being centred

on the same geometrical axis, with substantially the same bending radius

-and nested so that they together form a substantially cylindrical bundle.

Thanks to the use of two nested helical ‘tub‘e segments, it is

possible that these segments each have a relatively short length, with the

result that the pressure drop that they generate is relatively slight, even if

the cross-section of the tube used may also be small. In addition, the fact

that the helical tube 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 accumulation of condensates

and less space requirement for liquid. The fact that these segments form

a cylindrical bundle avoids their significantly disturbing




and | ess space requirenment for liquid. The fact that these segnents form a
cylindrical bundle avoids their significantly disturbing 2RWuy2@006 t he
flowor re-circulation of the reaction nediumin the central part of a
reactor. In accordance with an aspect of the present invention, there is
provided a reactor for treating a viscous nediumor inplenenting chem cal
reactions in a viscous nedium said reactor conprising a vessel and a coil
for circulation of a heat exchanging fluid, said coil conprising at |east
one first tube segnment which is coiled gccording to a helicoidal generator
and at | east one second tube segnent which is coiled according to a

hel i coi dal generator and extends in parallel to said first segnent between
a distributor, a a coll ect{)r., characterjsed ip that, said first _and second
segnents are the 8r serepqBlalionoldhs feaction medmm 1a the; eentiglinarsobat antial | y
the sane radilg.gpd interlaced, such that together they forma sheet of an
overall cylindrical form In accordance with another aspect of the present
~i'nvention, there Ihacesrddncedith arpidpect 6the Ppiresbueim@ndioncaet®fs for treating
a viscous nmediumqr inplenenting chemcal reactions in a viscous medi um
said react o,prpwélpa@irﬁgctgr Versisating i viscews medsim or ppplemsmsdf a heat

exchangi ng fh.uj i d: caqi: i Sl t tube.segnent which is
coiled accor I-%qugg%&hogﬂ%i%gﬁggd’dgéﬁgggﬁbF%@%&?@E?gﬂp&'g&l& that it
includes a  sicagt andudoibfor@iicalionast A et dkehARANE Mhaidv saltl @il | east one
second tube segnent which is coiled according to a helicoidal generator

~curved with coumsising atlepst anedisshmbersggment adichnis dailedhacserdingto aso as to
~form a sheet h%I

icoidal generator and at least one second tube segment which is
coiled according to a helicoidal generator and extends in parallel to said
first segment between a distributor and a collector, characterised in that
said first and second segments are centred on the same geometric axis,
curved with substantially the same radius and interlaced, such that
together they form a sheet of an overall cylindrical form.
In accordance with another aspect of the present invention, there
is provided a method for producing a reactor for treating a viscous
~medium or implementing chemical reactions in a viscous medium, said
reactor including a vessel and a coil for circulation of a heat exchanging
fluid, said coil comprising at least one tube segment which is coiled
according to a helicoidal generator, characterised in that it includes a
stage comprising interlacing said segment with at least one second tube
segment which is coiled according to a helicoidal generator curved with
substantially the same radius as the first segment, so as to form a sheet of

an overall cylindrical form.,




" to ensure seal

‘an’ overal | lindrical form W) 03/062728 5 20 July 2006 The invention wl|
be nore re?ﬂ%l%/ﬂﬁaé'ﬁgt ood and ot her advan ages thereof wilQJuppr nore
clearly on reading the follow ng description of a form of enbodi nent of a
coil and a reactor according to the invention, of their respective

manuf acture and use, given solely by way of exanple and made with 5
reference to the acconpanying drawings, in which: Figure 1 is a

| ongi tudi nal section through a reactor accordlng to the invention equipped

coi | ohown | ﬁc o raverion %ﬁnéa”%%%%%%%%é&g“re ab0ed GhepadraHaRes act ur o
anﬁi ﬂigcg:t et Wik apneet Fiorgrclés ; j-ve'gfﬁpm 1 i BiPwiied %ﬁﬁp ol g,ff‘; the
S0 g 1eStBnpditert bfaioifafa & sErciok ST URNBRBDE iBhertifnitiell 5 Do G
ggfyfaﬁ]agte%ﬁbe@gwéﬂg@gfg@@%@ s BRI ST51Y B WEY SFRefblg aRgthade with
Cobot e ARSI the AbodupahOiid Bapie ARKEAL SMAPe L % hed 10 be
mount ed on themgaffh 1 B BiRl SRR RS cABBr el B TRt ond

I nter OI’ VO reacto respect to

the anbi el ggb&pwlﬂj[gboﬂ c%o?dﬁ’i e'l?hvteﬂ yolume V. It is driven

by a shaft 41 aI| on a centra axl's e reactor and passing
through the coWgurc™$s 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 t0 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 éentral axis X-X' of the reactor and passing through the cover. The
agitator 4 comprises | |

25




-.agi'tator 4 conprises 25 WD 03/062728 20 July 2006 substantially heli cal

bl ades mouéd08r062 7 e whi ch surrounds & coil 5. In ordet0 Iudy 2@06der t he
drawing clearer, the agitator 4 is silhouetted in dashed and dotted |ines
solely in Figure 1. Oher fornms of agitators nmay be envisaged, as |long as
they are conpatible 5 with the space available in the volune V. The vessel
2 is of double envelope type in order to allow the circulation of a
coolant fluid, this allowing the volume V to be heated. A coil 5is
installed inside the vessel 2 and is supplied with coolant fluid froma
vapori zer Subsipstialsnhalicabblages moeuvnied 9pea cageowpich sufronngassegks. Bp 10
connect the coil 5 to tubes 61 and 62 respectively allow ng supply of the
coi | 5 wit RIGRHtodssgnthe dinwingelesver: the agifator Lisrplirauattas in ﬁmdrmd
cool ant fIHi d iri. t he glir.eclt:j on qQf the vaporizer 6. In the present case,
the cool anfloftedilingssolelyqsny iWI¢dpour phase at a tenperature included

bet ween 300 and 0C. O I%{;n .vaq%our hase behaves I'kke 15 a pure bod¥. ?nd
works in | at ent bk Torips ¢l a%idatoss gray PR &NVISEEEEn 3 IQRs ap they arpermpaidle so

that t reagtjon nedi um.liag subj.ect e to‘? substantially honpbgeneous heat
suppl y “ovel Hhiq SHERvsiabls I e VellneV-and E2 represent the flow of the

the coil 5 1o roiee sy 7B faBmEE SNao5 it ta St WleithP citryios
2L D Sl R R 10 B S0l contant e
A coil 5 is installed inside 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 ?apour 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
bomogeneous heat supply over the length of coil.
Arrows E, and E, represent the flow of the oil 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;




- formed by tubes with a bending radius R2 |l ess than radius RI. The bundl es
51 and 52v0e)30bgvantial ly cylindrical and centred on a cdhtulynl008xis X5
WO 03/062728 7 20 July 2006 of the coil 5, this axis nmerging with axis X-X

when the coil is installed in the reactor 1. The bundle 51 is forned by
t hree segnments of tube 511, 512 and 513 each wound al ong a heli cal
generatrix and nested in one another, i.e. together 5 formng the bundle

51. In the sanme way, the bundle 52 is fornmed by two segnents of tube 521

and 522 each wound al ong a helical generatrix and nested in each other. As
i s visibl eof thertajlibetls axhe niengting wath axist $rXewhiy the @oslisngstalled insbgnent s
511, 512 and 513 about axis X5 which is their common central axis. 10 The
arrow Fl r@@ﬁ'&i‘ehts the interleaving of the segnment 512 in the segnment 511,

o1 BT BTk s odteiars o s EE hnd ot
segnent 513 ma e interleaved between the . segnents 511 .and 512. As is
visible i nWﬁ}lBé ragoag &{hf‘jl%ﬁ EENETAPIX; aNd Besied 1B PICRNQIBEhd - t‘?,g?&leIS
by ar v 7RG the DUURBASHne two bundi s 51 and 52 are each formed wih a
Substant oLl IEIARIGHIC Ry IERAIE 8 CE RS St T, |
ol Lt SO W ol R B BB TR 23,
axis X5. 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 axis X5. |

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

Figures 5 and 6.




" Ellenments 53 and 54 have a dianmeter greater than that of the segnents of
tube 511 t WBIE3/082Y28nd 522, with the rgsult that they nakddjuly ¥88sible to
efficiently supply these segnments with coolant fluid and to efficiently
collect 25 the fluid com ng fromthese segnents, as is represented by
arrows of flow E in Figures 5 and 6. WO 03/062728 20 July 2006 The radi us
R3 of the torus fornmed by the tank 53 is chosen to be equal to radius R2,
in the sane way as radius R4 of the outlet manifold 54. In this way,
el ements 53 and 54 are substantially aligned with the bundle 52, with the
result that théhedadivstRdpEthe torastfoomed by the tanktF3is gaosendo heeqedi fios,
such fl ow bei.n 5 represented by arrow E' in Figure 1, The tank 53 is

.ng .rep y ar, 8 'ﬁ@d .

provi ded wadiug Ko, in the sapeavay 83 rading Rspof the 0w 5t én EloisI W&y when

it is placed in pasition in the vessel 2 or when it is tracte

{her of r om Clomeits Pran 94 mEa 88 ﬁ@@t@ﬁyaixg%%@@t%@wwﬁﬁé vs@ﬁéhe&%sm her

~parts of the coil 5. 10.Atgbe 56,. sybstant i al | rallﬁl tog;ﬂ's 55, IS
housed bet ehdomntdlisardy flgwginsthe enteal NASEOREN Rglli% speB dlay deing
supply 2 he_tank 53.fromt he_passage ,59 connected to the tube 61 of the

vapori Zer @pr%ﬁﬂge@bﬁea%%w sm:tlﬁlﬁ%ﬁ?ér nal cross-section substantially

caual o that o il 385 R il AL SHEF SO Y st fr Bt 2
53,0, CoMBEASTS ol oA hp el ARGl 2 BT IR 2,
o COMTESBf il et 813 Bl ERAGASS ASaEL, 6 P ERS: B
parts of the coil 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 to the tank 53.
Furthermore, the tubes 521 and 522 are connected to this tank 53 by
cbnnections 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




-Substantially parallel to axis X5, while the connections 511x, 512a and
513a are Zﬁﬂgqgggggyzgjly perpendicul ar o this axis. |In tHelWph¥omay and
as is visible in Figure 6, the tubes 511 to 513 are connected by
essentially radial connections 511b, 512b and 513b to the rmanifold 54,
whi l e tubes 521 and 522 are connected to the manifold 54 by essentially
axi al connections 521b and 522b. 25 WO 03/062728 9 20 July 2006 The radi

R, and R2, the height h5 of the coil 5 and the positioning of the elenents
53 and 54 maybe chosen so that the segnents of tube 511 to 513, 521 and
522 present subsfimtadal Ry ahtieR 5 ahe hegglgth. offfheseoib s gmenthe pesidoning ehthe

I nternal cross-section. In that case they induce substantially the sane
pressure Elameptoh3 nhd 34 maydie chosemso thati the sepnents ef tobe§dilre J¥3,H2d,
it wll be readily understood that the segnments 511, 512, 513, 521 and 522
are nount ednidnS3apatsest substantielydbe same angthnbhess segmorisrhavecths) samaat s
53 and 54, which nakes it possible to obtain relatively slight pressure
drops, takiBtgrnakeroseseatien. Imthadcase they mduce sldwttamtuﬁily tloe sHBCqVEPIUIE
pressurg drop of the three tubes 511, 512 and 513 is substantially |ess
than that SKPRI Foweo PRt 881y a single tube in helical

The unitary 1 optibithE fofeeing il kb4t Tl Heraay wrhions tiatiBe der i ned.
e v5 noskamepts 31 P5 B, L5 aend 73] e nPuabel MRdRTeh G B .
singl e tubg, i BELI Gk BLALRNs3 U 4 RHEH MaREUS pbSiBRIS btk
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. 7
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 o, 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




* Thi's considerably reduces the risks of accumul ation of condensates inside
the segneW® (B1062®2913 and ninimzes the |iquid retention2ly A@0d ower
part of these tubes. 20 The foregoi ng observations are also applicable to
t he 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 nediumto a substantial degree. 25 In
practice, the radius Rz of the inner bundle 52 is chosen to have a val ue

i ncl uded bet ween 20% and 40% of the radius_R of the vessel Under these
condi t i on formed byttheibunsle SAonoheoesines: V of e matct)orzb@fsswfﬁ%@ Vet he
bundle 52 in the volune V of the reactQor 1 is suff£C|entIy man Eor t he

r e- ci r cul dor dhe se-cirsadatiom ofiseadiinyBrsiumegensratabby dhe agdator 4 &

efficient. |t will also be noted that the construction of the coil 5 alloms
-its geoneﬁﬁﬁcugﬁto be adapted to. that of the botton121 of the vessel

with the resu

Cwhere 1t oo &t Baliabeawied the ”eé‘dﬁ%fsﬁ?ug%mﬁﬂﬁ@af@@ cl 3 s addlicery t
e e ttwftq%q@%a G LA 2 R R 10,0
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 the radi s, gl bi 8 §4skSoum.
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 tube 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 différentiate the different parts o_f the coil 5 visually.




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 owlehulb2fdl e 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 segnents. The invention has been shown with an agitator 4
arranged around the coil 5. However, it is also applicable with an
agitator which mght penetrate in thel 20 central well of the coil 5. In
that case, the radii R and R2 of the coil 5 mght be increased and the
agitator mght take the formof an gndless screw. The.invention is

i ndependent of the exact type of vap@HP2er 6 and of the nature of the
coolant fluid enployed. In Figures 3, 4 and 7, different textures have been

used solely iln or(ii%ﬁ%)(% 2? dti.fferent iate the di.ff rent%&)arts oflt he coil 5
visual ly. 20 lul'y 9F Tenting & VAUt BIedivh qrimplegntng PLeBical medi um or
i npl enenti ng chenireadtions enatvismss mediumi, saidusacted comprisaigth vesel or
conprising a vess | i I ' 4] - exchangi ng fluid,
said coil conpri glhcr%él aé_e{?l foerggtjtcluloa&@hfo&{ras&gtt %%éﬁﬁggﬁ%ﬁplﬁﬁ%ﬁéqlt coil ed
according to a hekboyriag gidesstanedirantibatsegmant which seoaled t ube segment
which is coiled a 'Er%gt : 111G - S in
parallel to said ?leér)(glta e %ﬁ?‘%ﬁ?@?@%‘?@ﬁfr‘@tl??%tr‘%gsﬁﬁgé‘i coll ector,
characterised in segmertvhich isseoiledacsenting to edghieoids! generatonandd on t he
same geometriCc aXegtendy iy péraliel b said first segment between a distributor

and a collector, characterised in that said first and second

segments are centred on the same geometric axis, curved with

substantially the same radius and interlaced, such that together

they form a sheet of an overall cylindrical form.

2. Reactor according to claim 1, characterised in that said coil
comprises a second sheet which is formed by at least one tube
segment which is coiled according to a helicoidal geometry,
extends between said distributor and said collector and is centred
on said axis, said second sheet being of an overall cylindrical
form, with a radius less than the radius of the first sheet.

3. Reactor according to claim 2, characterised in that said second
sheet is formed by at least two tube segments which are coiled
“according to helicoidal generators, are inferlaced and extend in
parallel between said distributor and said collector.

4. Reactor according to one of the preceding claims, characterised in
that said first sheet is formed by three tube segments




substantially the sane radius and interlaced, such that together they form
a sheet of an overall cylindrical form 2. Reactor accordi rid Juby 20066 m 1,
characterised in that said coil conprises a second sheet which is forned
by at |east one tube segnent which is coiled according to a helicoidal
geonetry, extends between said distributor and said collector and is
centred on said axis, said second sheet being of an overall cylindrical
form with a radius less than the radius of the first sheet. 3. Reactor
according to claim2, characterisedlimn that said second sheet is forned by
at least two tube segnments which are coiled according to helicoidal :
generators, are interlaced and _extend in parallel between said distributor
and sai d col | ect orWhigh pgeacp pd acordingg te heliceidl genergloss eandarel ai ns,
characterised in ijhisalacedi d first sheet is fornmed by three tube segnents 20
July 2006 12 which are coiled according to helicoidal generators, and are
interlaced. 5. Reactor according to one of the preceding clains,

e e . ( . Lenath
ond or cnuse >subd SRloreOrBRE T Bhe of e pRUIHE KInhs ¥RABIGRER ih 1O
exchangi ng fl uid, theltssdpesnents bpee subsiantialnthesame lengtheanddor carsact or
~according to one QhbkRBHMECAR R§me! %H&J&'ﬂah?clgl%r RRF o V%am%eaai d coil

conprises a tube which ext'ends, according,.to. a I rection ich 1s overall
pa?gl lel to said &XF3angag hefyvgen squggdlsmbutor and said collector.

6. Reactor according to one of the preceding claims, characterised in
that said coil comprises a tube which extends, according to a
direction which is overall parallel to said axis, between said first
and second sheets, said tube being connected either to said
distributor or to said collector,

7. Reactor according to one of the preceding claims, characterised in
that said distributor and/or said collector have the form of a toroid
and are centred on said axis.

8. Reactor according to claim 7, characterised in that said distributor
and/or said collector are curved with a radius which is
substantially equal to the radius of said first sheet or, possibly, of
said second sheet, such that they are substantially in the extension
of said first sheet or, possibly, of said second sheet.

9. Reactor according to one of the preceding claims, characterised in
that it includes an agitator which is disposed around or in the
interior of said coil .




and second sheets, said tube being connected either to said distributor or
to said collector. Reactor according to one of the precedi rd biln20as,
characterised in that said distributor and/or said collector have the form
of a toroid and are centred on said axis. 8. Reactor according to claim?7,
characterised in that said distributor and/or said collector are curved
wth a radius which is substantially equal to the radius of said first
sheet or, possibly, of said second sheet, such that they are substantially
in the extension of said first sheet Io¥, possibly, of said second sheet.
React or according to one of the preceding clains, characterised in that it
I ncl udes an ed_ar.ound qr interior, of said

[ tator which is dispos I n the
coi I 20 Jul yrboodteastorcceeding 49 cgaé%?whﬁaqteﬂeqdamn&@t SRR iSsed in
that said agi fj at Ofsuhpeéld%dsiﬁmﬂﬁﬂlef rt@p1I bflesaté@prdaf;%@ahﬂdr aedora aﬁgﬁf orms a
~ cage surrounding sali Qi .t.he . and t he.di scharge t eat
exchangi ng f1uid t8W{SFY rsaflflo(fﬂlﬁgtﬁg %@PEYBB nqj‘ee‘flﬁawgﬁ Q%IﬁhS U the base

of said reactor. kkchiterng dluidtewadisng fromasaid 00id beifgaefiedted tlvedghn t hat
said agitator is d -an | ess screw which is centred on the
geonetric axis Oftﬂghﬁfenpgﬁ@rregﬁg& or of the single sheet of said coil
12. Reactor according to one of the preceding clains, characterised in
t hat the intelriorlfheet or the sinPaI.e ghei]et of .said ti;loil forns a.
. 1. eactor according fo claim 9, characterised in that said agitator is

' formed by an endless screw which is centred on the geometric

axis of an interior sheet or of the single sheet of said coil .

12.  Reactor according to one of the preceding claims, characterised in
that the interior sheet or the single sheet of said coil forms a
central well of a radius between 20 and 70% of the radius of said

- vessel, preferably between 20 and 40% of said radius in the case
of an interior sheet. |

13. Method for producing a reactor for treating a viscous medium or
implementing chemical reactions in a viscous medium, said
reactor including a vessel and a coil for circulation of a heat
exchanging fluid, said coil comprising at least one tube segment
which is coiled according to a helicoidal generator, characterised
in that it includes.a stage comprising interlacing said segment
with at least one second tube segment which is coiled according
to a helicoidal generator curved with substantially the same radius
as the first segment, so as to form a sheet of an overall cylindrical
form. '

-14.  Method according to claim 13, characterised in that said segments
- are interlaced by a screwing movement about a geometric axis
which is common to said segments. '




central well of a radius between 20 and 70% of the radius of said vessel,
preferably between 20 and 40% of said radius in the case (ﬁoﬁmygm%erlor
sheet. 13. Method for producing a reactor for treating a viscous nedi um or
i npl ementing chem cal reactions in a viscous medium said reactor
including a vessel and a coil for circulation of a heat exchanging fluid,
said coil conprising at |east one tube segnent which is coiled according
to a helicoidal generator, characterised in that it includes a stage
conprising interlacing said segnent ifith at |east one second tube segment
which is coiled according to a helicoidal generator curved with

subst anti al | yI3.he [9¢8f hadhetdr @%tht D9ofinis br a sheet
of an overall cyllndrlcﬁ%g form éi 0Ethog accor dﬁﬁoﬁﬁ$&gh{§§m

characterised in tA5PTAEg d0s ﬁé#t e glagng éPIH%é@rdyﬁﬁﬂﬁbﬂe“ﬁﬂgumnvenent
about a geonetric mediam.which is common to said segnents. 20 July 2006 14

15. Use of a reactor with a volume greater than approximately 8 n8
according to one of the claims 1 to 12 for treating a viscous nmedium 16.

Use accor di nago Wil abddtaly tb AT 139 impRAhMATEL 2P bbB el SRRk O 11

vi scous nedi um .. ] .
: reaction in a viscous medium.




