1 Process for the manufacture of polyam de The present invention relates to
a process for the manufacture of polyam de. The 5 polyamde is of the type
of those obtained by pol ycondensation from di aci ds and di am nes and/or of
the type of those obtained by pol ycondensation fromlactanms and/or am no
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main monomer is caprolactam. However, these monomers can comprise up to 25 moi%
of other amino acid or lactam monomers or even diamine or diacid monomers.

The class of polyamides resulting from two different monomers is generally

manufactured by using, as starting material, a salt obtained by mixing a diacid with a
25 diamine in stoichiometric amount, generally in a solvent, such as water.

Thus, in the manufacture of poly(hexamethylene adipamide), adipic acid is mixed
with hexamethylenediamine, generally in water, to produce hexamethylenediammonium
adipate, better known under the name of Nylon salt or "N salt".

The solution of the N salt is optionally concentrated by partial or complete

30  evaporation of the water.

The class of polyamides resuiting from a single monomer is generally manufactured
by using, as starting material, a lactam and/or an amino acid, and a smali amount of
water; the proportion by weight of water is generally between 1 and 15%.

The polyamide is obtained by heating, at high temperature and high pressure, an

35 aqueous solution of the monomers (for example, a solution of Nylon salt as described
above) or a liquid comprising the monomers, in order to evaporate the water while

avoiding any formation of solid phase so as to prevent the mixture from setting solid.



above) or a liquid conprising the nononers, in order to evaporate the water
whil e avoiding any formation of solid phase so as to prevent the m xture
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are known for the manufacture of pol yam des. Processes are known during
whi ch the pol ycondensation is carried out?in the nolten phase conpri sing

the solution ofo N salt or the the none

oaction streanPrrPrrEre Sund Bl WRER T B ar Bed RO to" kB B,
hori zont al aipolyamides. upper part of the react or corrprlses st eam evaporat ed
fromthe starti sol ution or roduc ol densation, reacti

The nolten reafrg?) sgeraég%r]ogvni Ui W Elhe gnecgytgqndénﬁaglgn 'ﬁa%ae”%l 'M‘Pﬁ bits
subst anti al thyltetrtmaerasempnaeg thieesdidtionLod Nos&it dr ttee liquithedrowrisinthite Shar@mmers the
parti al l evacuat

control.the ress The ,10. pol ycondensati o
Fanct | off i JERINE Sipan Heida et 4 2PErb s HEdOHE b FbRHERE! § O BTN BRR. | of
a tenper at urie ofpeRpRItfithateicior bmpreestedme el garteairodt frRostalting SulEesgent | y
subj ect ed topaqnon di batlc pressure reduct_ﬁp down to atnospheric pressure

by passi ng PPPRYGAgRY & F‘I Byrandensation; eaghipns olne, mlien o tpactifflIsiFame i &b th

exhi bi ting & e%ﬁc&'&'ﬁ%ﬁ s Bradeansien esmbitsAsbstarBallyt el Plesstineshdubhddkhon of
the product. Durin I s operation, the residual 15 water present in the

material stieaEA §ﬂ%v§t66'ﬁ‘at'%cpa”ﬁtb‘ PupB@tedante t #e tPi GOMtEP! sthce Rresgee. The
subsequgnt | b/olyfc%ﬁéér%aﬁéin tdhcBod ASthlid @4tridd %@’pﬁr@br‘é%suryb? aBBHJOXMQ? QSR 54 S

continued in he nolten phase at atnospheric_or reduced pressure so as to
achi eve t heatdestem@erattﬂeg@feemamx'ma@y &48139R°C.Of he rrepetivpesiseam 48 esukpeAMetlr i ng

whi ch the pﬁd&%ﬂ%%ﬁéda@%bbﬁ%ﬁ%éer@qe&ﬁlorH eomt‘oat%%ssﬁért@ egaﬁé pasétng

tubul ar reactor exhibiting a engt h/ di ameter rati o. e rea |on
st ream f | ovbraaghtd iashepdeat is é@éebp9|h¢9tetdﬁéb@m de\ecec@m@tl@etsuﬁlﬁleot exdghange

react or. Tr@ﬁa@gg;@ad%n@g\,gms&gg@@,gg %\';mﬁqe{]&%%&r Dhﬁn st Eg%tnori Nfe $&

resulting fromthe reaction I ( a materia exanple in
the forta of waiabpiesent iTthe mptasid! straeen iscyaporatad: dhe vah@rmfelstbetlewdﬁmeam@re

t emper at ur e % Izts \Agg‘?aga%sm {]géﬁh Lﬁ‘c'f 58 arg‘topnﬁtea?cﬁégo‘rr‘\dEﬁ?a(ﬁtoRr? c&ﬂﬁué&”rx ace

area for exc en reac and Xch
whi ch pr ormthesmoltanphm abfatrhespherid loe re@medewreesure re®s asirte ag:darweethb ydeshed t er

than in the ri bed above. Tubul ar reactors are generally coils
I ncl uded | ndéa%t’ %%gﬁ%g?reggﬁ‘%ri sing a heat- exchange fluid or included in a
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stream flows at high speed, occupying the entire cross section of the reactor. The
hydrodynamic state of this reactor is such that the steam resulting from the reaction is
mixed with a material stream, for example in the form of bubbles. The speed, the
composition, the pressure and the temperature of the steam gas phase varies along the
25 reactor. The surface area for exchange between reaction medium and heat-exchange
fluid is high, which promotes transfers of heat. The residence times are generally shorter
than in the processes described above.
Tubular reactors are generally coils included in a chamber comprising a heat-
exchange fluid or included in a jacket for circulation of heat-exchange fluid. Such plants
30 exhibit the advantage of being highly compact.
Processes for the manufacture of polyamide in a tubular reactor are described in
the documents FR 1505307, FR 1352650 and FR 1520 190. In the processes
described, a stream of a solution of N salt is injected at a pressure of the order of 1 to 5
MPa into a coil, the diameter of which gradually increases.
35 The stream of bulk material undergoes polycondensation, releasing steam. It
undergoes a gradual pressure reduction along the reactor by head loss.

The polyamide exits from the coil at atmospheric pressure with a high degree of



t he docunents FR 1 505 307, FR 1 352 650 and FR 1 520 190. In the processes
described, a streamof a solution of Nsalt is injected at a pressure of the
order of 1 to 5 MPa into a coil, the dianeter of which gradually increases.
35 The stream of bul k material undergoes p@l ycondensation, rel easing steam
It wundergoes a gradual pressure reduction along the reactor by head | oss.
The pol yanm dérestessiort obmpotynerizatidn apd dbwm aphighi roelp vissssitye svificiantatchegsureetyr ee
of 3 progre f ' | [

U i cf ent Sk AYRHUATE LS @ Ao, THls pEkkedt SRy aavartcoe
These processésmelolingitighiheoraphch Rtaatreandadf beinglven erpYHP galry odlorpact pl ant s

d of b .
A the ond of 'tniioRREr Wb ONEHRadBAENES AAEndir FEDCR e BEEARMARET.
and g haz bf ttfh&an‘@tt%nolvammgh lowrmd thabef the steancisrhigie Témrf}wastate cantbe annuiry

ream V,
ol ten pory it PP HEbugatl of SLP B cBofis B B IoRPR i ¥Eioh USEAR Hotep,

form by accuyolybatideoratotter gderipberyn $dlie \Wepbsts 'blheet«a:odmmssdt polaaraldea[ﬁcabi ebyof
unexpectedly _detac t hus detyri nent al affect1 n the f | nal
PR Buet b

[t f
the pol yani d&CE] o B0 O b Wel 1 esR 99RO IR 2in FHPRRE  of dnexpectedy
f :Jnc: i oni ngt (ﬁi%tdc:\mgpameganm%ﬁw aEflsetingt thagmes aaal)g; tod thé rpety;a?lﬁttd Y uethe@toré he
ants a us (0] own r on .an nman e SuU
Pt enanle! G, boaRRE fERRarl Ris belsreah QeI acss, THRY [Pk g, iehessaniih ¢
is because tfmuémwodléa:rmhagoléMe@aafthdsotromudewn tpﬁcbmt’@‘t Hhe dispiapge, e@sun@rﬁ@ inl S

o di tl I d t th t f th t di f ti t. t
thr oughput o AR PIREPGe Pt T RS, dlRser BRERISeS iR 14t ot RexBieouh

heat exchang&esidetthe fdmunemhg ltrcaué@rr(prefsgjreategip\émureg@@g%séwn) m@r@cmw@ated to
t hroughput decreases, the flow state has a tend encx paﬁ ?rmte

~formation of t%ﬁégmﬁgy offee predkerft MdEAIeLIP Breotlr ‘??BFQH’\R&BO EEtritous

- process fgr tBguireiomey afddile8 Bk MY Vb Kkt éx@hwet 5@ phrediatP¥dras given
reactor. The process enploys a 20 conpact plant. The process is fl eX|gb

- and easy to &&Pwtr%dﬂhe”l'@etth"%gﬁﬂd deFf?é‘S?%\F%f"P‘%ﬁt%? §3% adandensy 6‘2:8%“511%#‘9( he
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To this end, the invention provides a process for the continuous manufacture of a
polyamide comprising at least the following stages:
- Stage 1: Polycondensation in a reactor of a liquid stream comprising the
monomers, at a pressure P1 greater than atmospheric pressure, the stream of
25 material at the outlet of the reactor being composed of a vapour phase comprising
at least steam and of a liquid phase comprising at least the polycondensation
product
- Stage 2: Feeding the stream of material to a chamber, evacuating at least a
portion of the vapour phase from the chamber and recovering at least the liquid
30 phase comprising at least the polycondensation product, the pressure P2 in the
chamber being regulated at a set value such that it is greater than atmospheric
pressure and that the residence time of the liquid phase in the chamber is less
than 5 minutes, preferably less than 1 minute
- Stage 3: Pressure reduction of at least the liquid phase comprising at least the
35 stream of polycondensation product recovered during Stage 2.
The manufacturing process according to the invention is a process for the
manufacture of polyamides of the type of those obtained from dicarboxylic acids and



- Stage 2: Feeding the streamof material to a chanber, evacuating at |east
a portion of the vapour phase fromthe chanber and recovering at |east the
liquid 30 phase conprising at |east the polycondensation product, the
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parts. The qmreaﬂmetadmbgmeps Tae drefaséed tamiteis dexarmettglessdisamirgt ages descri bed

above. Z'Bhey Canl'h(l)sb\llsI ou<§c|> inuou Ha%ﬁfa%%urr]%ésprggessts,r ?haemcgrrwersion is taking place on
streams of material. The streams of material undergo conversions during the various
stages carried out in one or more parts. The process comprises at least the three
successive stages described above. They can obviously comprise others upstream or
downstream of them or even between them.

25 The main conversion carried out during the implementation of the process is
generally the polycondensation of a dicarboxylic acid with a diamine or of a lactam and/or
amino acid. This conversion is well known to a person skilled in the art, for example for
the manufacture of polyamide 66 from adipic acid and hexamethylenediamine or for the
manufacture of polyamide 6 from caprolactam. This polycondensation generally releases

30 water in the vapour form.

The degree of progression of the polycondensation is defined as follows:

Degree of progression (%) = [(number of moles of amide units formed)/(number of
moles of initial reactive functional groups in deficit)]*100

The number of moles of initial reactive functional groups in deficit is:

35 - either the numbef of moles of carboxylic acid functional groups resulting from the
monomers initially present in the reaction medium, if the reactive functional groups in
deficit initially in this medium are the carboxylic acid functional groups (with respect to the



downstream of them or even between them 25 The main conversion carried out
during the inplenmentation of the process is generally the polycondensation
of a dicarboxylic acid with a diamne or of a |actamand/or amno acid.
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malntamlng the reaction medium at a sufﬁCIent temperature to prevent the appearance of

20 a solid phase. They likewise comprise all the means which may be necessary for its
implementation, such as pumps, analytical means, control means, valves, means for
'introducing or storing the stream of material, or static mixers.

For the implementation of Stage 1, of polycondensation, a liquid stream comprising
the monomers of the polyamide to be prepared is introduced into the reactor. In order to

25 prepare a polyamide of the PA66 type, the monomers are dicarboxylic acids and
diamines. In order to prepare a polyamide of PAB type, the monomers are lactams and/or
amino acids. These compounds constitute the main monomers. An aqueous solution may
be involved. The acid and the diamine are advantageously in substantially stoichiometric
proportions, in the case of the preparation of a polyamide of PA66 type.

30 The dicarboxylic acid is preferably adipic acid and the diamine is preferably
hexamethylenediamine. The stream can comprise other monomers, such as other
dicarboxylic acids or other diamines, or amino acids or lactams, such as caprolactam.

The lactam is preferably caprolactam. The stream can comprise other monomers,
such as other lactams and/or amino acids, or dicarboxylic acids or diamines, such as

35 hexamethylenediamine or adipic acid.

For the preparation of a polyamide of PAG6 type, the stream fed in is preferably a
stream of an agueous solution of N salt, comprising adipic acid or one of its ionic forms
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a vapour phase is produced, comprising water which is evaporated from the liquid phase,
for example by employing a valve immediately before the outlet of the reactor.

The stream of material at the outlet of the reactor comprises a liquid phase

25 comprising at least the polycondensation product in the molten form and optionally
dissolved water and a vapour phase comprising at least steam. The hydrodynamic state
in the reactor will depend on the arrangement chosen and on the operating conditions, it
being possible for the gas phase comprising steam and the liquid phase to be mixed or
not to be mixed. A gas/liquid flow then exists. The two phases flow cocurrentwise in the

30  reactor.

The reactor is maintained at a temperature sufficient for polycondensation to take
place. The reactor can advantageously be fed with a preheated stream, the temperature
which is close to the temperature for the start of polycondensation.

The pressure P1 in the reactor is generally between 0.5 and 3.5 MPa and the

35 temperature is generally between 180 and 320°C.

According to a specific embodiment of the process of the invention, in Stage 1, the

liquid stream is fed at a pressure P’1 greater than atmospheric pressure, the stream of



The stream conprising the nononers is fed to the reactor. The stream of
material flows in the reactor. During the progression of the streamin the
reactor, in particular in the tubular reactor, polycondensation occurs

bet ween the diamne and the diacid to form polyam de chains, with the
formation of water, a portion of which cah evaporate. 20 The stream of
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According t odi nent of the process of the invention, in Stage
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section of 10 the flo f the streamof material, The residence tinme of the
l'i quid has%fe“l’tﬁr&‘ﬁe (ﬁg@?or is advantageously greater than 1 minute,

preferably greatebrdimpid & préferred bmPbefrRhabl thed@@sntion, the tubular reactor is a coil
with a length to diameter ratio of greater than 500. The length of the coil is preferably

greater than 200 m. The internal diameter is preferably less than 200 mm.
The coil can comprise several parts with different diameters, the diameter
25 increasing gradually or in sequential fashion from the inlet towards the outlet of the
reactor. Such a device makes it possible to reduce the pressure in a controlled and
gradual fashion and also to reduce overall the difference in pressure between the inlet
pressure and the outlet pressure of the reactor. The length/diameter ratio of the reactor
when it comprises several parts of different diameter is advantageously greater than 10,

30  preferably greater than 500.

The tubular reactor is generally placed in a chamber or a jacket comprising a heat-
exchange fluid. The heat-exchange fluid is, for example, Therminol VP-1®. When the
heat-exchange fluid is in the vapour form, it is maintained in this form using a boiler. The
reactor is, for example, a helical coil placed in a chamber thus heated.

35 According to the invention, the liquid phase comprising the polycondensation
product and the vapour phase comprising steam at the outlet of the reactor are fed to a
device intended to evacuate at least a portion of the steam.



not exceed 60 m nutes. The degree of progression of the pol ycondensation at
the outlet of the reactor is advantageously greater than 60% preferably
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20 chamber where the evacuation is carried out, more particularly in the part of the chamber
intended for the recovery of the liquid phase. A set level of the liquid phase in the part of
the chamber intended for the recovery of the liquid phase, for example a liquid height in
this chamber part, is chosen. When the liquid level exceeds the set level, a valve for
evacuation of the vapour phase is actuated in order to limit the stream of vapour phase
25 evacuated and thus to increase the pressure in the chamber. The increase in the
pressure promotes the flow of the liquid phase comprising the polycondensation product
into the pressure-reducing device of Stage 3, which has the effect of reducing the liquid
level in the chamber. The set level is advantageously chosen so that the amount of liquid
phase in the evacuation chamber is at a minimum. For example, if the set level is a given
30 liquid height in the part of the chamber intended for the recovery of the liquid phase, this
set height will preferably be chosen to be as low as possible. It is possible, if this level is
adjusted to a sufficiently low vaiue, for a portion of the vapour phase originating from the

chamber to accompany the liquid phase into the device of Stage 3.
One method which can be used to determine the residence time of the liquid phase
35 in the chamber consists in injecting a tracer upstream of the chamber, in recovering it
downstream of the chamber and in measuring the time between the injection and the

recovery of the tracer. The tracer is an inert substance which does not interact chemically



The pressure P2 in the chanber can be regul ated by the evacuation throughput
of the vapour phase. In order to increase the pressure, it is possible, for
exanple, to reduce 10 the degree of opening of the valve for evacuation of
t he vapour phase. The pressure P2 in the chanber i s advant ageously regul ated
so that there is no retention of the I|qU|d phase in the chanber. It is
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chamber of Stage 2 and atmospheric pressure. This tubular device is advantageously
placed in a chamber comprising a heat-exchange fluid. The pressure-reducing device can
25  be a helical coil composed, if appropriate, of several sections. The same chamber may
be involved as that comprising the tubular reactor. This arrangement exhibits the

advantage of being highly compact.

It is possible for the degree of progression of the polycondensation to increase
during this stage. »

30 The stream on conclusion of Stage 3 advantageously exhibits a degree of
progression of the polycondensation of greater than 90%.

The polycondensation product resulting from Stage 3 is a molten polymer or
prepolymer. It can comprise a vapour phase essentially composed of steam which may
have been formed and/or evaporated during the pressure-reducing phase.

35 This product can be subjected to vapour-phase separating and finishing stages in
order to achieve the degree of polycondensation desired. The separation of the vapour

phase can, for example, be carried out in a device of cyclone type. Such devices are



2001, pp. 137-141. The residence tinme of the liquid phase in the chanber can
al so be 5 determned, in the case where the liquid level in the part of the
chanber intended for the recovery of the liquid phase is being controlled,
by the ratio of the volume of this part 60 the chanber to the throughput by
volunme of liquid. The evacuation device is preferably a device of cyclone
type. Such kiiowBvice is known to a person skilled in the art. It conprises a
cylindrical part,g fliGi 50 - f | ak: | r age
1 s ed 1 angent A caiceadn MARARAY, the FREBRGE|<Blon SRl PO AESH

| i qui d phasstateounsier gipnesstreeingod yicbity ehairospierisroessere onvntiea rativiged preseure,
evacuati on i he r coni e materia
e Y e S L
cycl one 5i s knoowi thech wietdonmekitied fiortheeaduMhagtentiecatlev ef thé fidighing iagh is

pol ycondensgg i covered, e, 0 [ ressure_ o h cl one
bei ng subj e%{\/hét?%gg%%g}rj gfedggr ﬁha?]s&(rjrggg%r teorrgﬁé%‘t gnp‘agge S?’%vir?étleg t%ai‘cg%eded,

t he pressuwolidifieatiohadempetature afhe polymencieasesiddngertekiai trge fifighind devigd it

for evacuat] f our ...The cycl one can be heated by a
heat - excha grgfréﬁ%tij"ll @J.ggﬁﬂyh%ﬁgo §q§€|§8§,m'PH%S'st ream of pol ycondensati on product
resul ting fromTheageaih diliquiliigsealting drotroStaga Gnaxdiand #id finighing stage capdilgotheon in
order tq achjeve a pressure . generally . in .20 the vicinit f atnospheric
pressur'd.  PECftebn Sage, 6l EosiGertensgiotrin 2Py plipss oo teosys iR B i 1
a heat ed t ylamdar skillediie thedroped inakeeitl pSssibld1 &t intrleaséd trevdegpsestaicd@onddisation 0ss
substantially ual to the difference between the operating pressure desired
for the cH8 Ired V@’t‘edge 2 and atnospheric pressure. This tubular device is
advant ageous! y THe gshetniti® oBtafearsh &ie &NEIthS fifishiag BRGE cax ®aaRgRrRdfdndipdt infd1e

| cal F0| sed, if appro rlﬂte,

g

pressure-reducj ng devi ce can 25 be hel | ¢ CONpPOos
of several tE%chfrgngf. ofWIeSante Rfﬁé S¥aits.paften g \f'g‘ghﬁ’g £124€ elorfgesP

the tub arpds%ﬁaaﬂsati&hhrsthérgon@?ﬂawta db??éé)bﬁ &ro?ﬂé@sioﬁ@\’ﬂr@ pafcopbiemiting of
hi ghly conpact. |t |s°p033|ble or the degree of progression of the

pol ycondensHeatghthes 99ier ease ~during this stage. 30 The stream on concl usion
of Stage 3 advotd-Refy e ¥ i A8 I6@E oflthe MVBRIIGS She bredesk @mprises
pol ycondensati on of dgreater than 90% The pol ycondensati on product resulting
from St age VP! §UGRSESIER SIRIRY RE POlBEoNdgReationienaeuatipp of e liswirbphiase andvaiderir
phase essenfjsg|l y Re0pRbedd HRTSIRL baug BR"o" e /iR
evapor at ed d@r_‘fjng the pre.sgur%-reductlgﬁg ph@géés'ur'% %‘%ﬂgﬁgﬁ’o@uc@%ﬁ%’gt ©

subj ectZ8d t\dcinibypeatmpsriesic pegrsHe: Aegording te arspshifingmbedigent phthe drugstion, he

achi eve t hegrgééiise&‘on‘?;fris%' K&W%@ﬁ.'@tgbé Q”arfbe§tefg§d3, .aTh@a?%e&ﬁaer ?&Hﬁé%”oPEu&c@%si\‘/%pour
phase can, Tor exanple, be carried’out I1n a-device of cyclone type. Suc

devi ces ar estages of polycondensation i and of evacuation j which are respectively analogous to

Stage 1 and Stage 2, starting from the liquid phase resulting from Stage 2, the pressures
in the tubular polycondensation reactor of stagei and in the evacuation chamber of
25 stagej being greater than atmospheric pressure and the inlet pressure P'i in the tubular
polycondensation reactor of stage i being greater than the outlet pressure P”i of the latter.
Stages i and j can be repeated at least twice, the feed stream of the polycondensation
stage i+1 resulting from the evacuation stage j. The pressure Pj is less than or equal to
the pressure P”i. In practice, several tubular polycondensation reactors and several
30 evacuation devices, such as the cyclones described above, are arranged in series.
Preferably they are placed in the same chamber comprising a heat-exchange fluid. The
parameters, in particular of pressure, temperature, residence time or geometry, in the
various polycondensation reactors are chosen according to the degree of
polycondensation desired on conclusion of each polycondensation stage and according
35 to the final degree of polycondensation desired. Each evacuation device, such as a
cyclone, is employed at a pressure greater than atmospheric pressure and the pressure
inside each cyclone is regulated so that there is little or no retention of the liquid phase in
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EXAMPLE
1157 kg/h of an aqueous solution comprising 70% by weight of hexamethylene-
25 diammonium adipate are fed at 150°C into a spirally wound pipe made of stainless steel
situated in a cylindrical chamber with a diameter of 1 m and a height of 4 m heated by a
thermal fluid at 280°C. This pipe, with an internal diameter of 40.9 mm and a length of
440 metres, conveys the reaction stream to a separator of cyclone type, alsoc heated by a
thermal fluid at 280°C. The stream exiting from the pipe and entering the separator is
30 composed of an aqueous solution of prepolymer with a viscosity number of approximately
equal to 30 ml/g and of a vapour phase predominantly composed of water.

The duration of the reaction in the pipe is approximately 15 minutes and the
pressure at the inlet of the pipe is equal to 2.6 MPa. The pressure in the separator is
regulated at 1.9 MPa using a pressure-reducing valve which makes it possible to remove

35 a portion of the vapour phase at a level of 346 kg/h. The remaining stream, composed of
the liquid phase and of the balance of vapour phase, is evacuated into a pressure-

reducing device composed of a series of spirally wound pipes which is also incorporated



pol ycondensati on desired on conclusion of each pol ycondensati on stage and
according 35 to the final degree of polycondensation desired. Each
evacuation device, such as a cyclone, is enployed at a pressure greater
than atmospheric pressure and the pressure i nsi de each cyclone is regul ated
so that there is little or no retention of'4he Iiquid phase in 11 the

evacuati on cha for e ) ectin t ut of acua .ed
vapour phasd’ {ﬁg‘?}eﬁgedcc&qp{bg?ggfwﬁ?’cgé?a%eé\;eqosgp erl ?f? Bﬁ%gﬁeﬁ?umﬁ’ ium
evacEat i oln chia}mheds a plewsupoiheavidiaitp bt @moephdiiy pirénfsumr aeesserieé of pipes ayrenstts &n
in the nolten form

n b irectly formed or ca extrude d t ed
for a subseaddhitl VBNRP i EapRt o Ee st o draset a2 Tl roiiyed,
} aL ge nurrbfer b9fa @t@ahcu W&fcdlrimﬁlih b Nerfg@ bﬂt z:u1natrresfb i éﬂﬂﬁhtétmﬂltﬁnékﬁét@g 6f 34.6 Y. Mhe
Extr uai on. | COEAN o do-piBRoi AP0 LRaE FrmPIAKISRED & MR, Ao APOHp SRS s
The process fjliguligorepoi@néi With Hasc )huﬁf!)\éaﬂﬁﬂgmﬁ atd ofitgin@d.cont i nuous process
q il ety v
whi ch nmakes it possible to obtain a uniformproduct, on the one hand, and

great flexibilityhisigaptpn Retypds HF’OH@C%?% at“fﬁ/'”éﬂ?d@ﬁ'ﬁ'ﬁ@ {488°C into a

t hr oughput fQ/éni%HlaﬁMgﬁérOBp&Btlﬁ&%t \éaFFéééurBhﬁsﬁ\e' Bchie o?Va%ﬁ'\'é@éHé?i@ SRV 8 and
while limting the fouling ant solid residues resulting from
deconposed p&dyipeed withjag %‘ﬁ'@bfé’s ﬂ"erﬁalﬁPHﬁ @E@et'ﬁ@owm%éwthcﬁ VisGasHY PHGLeRR es
to be enphoyads (hiRfis GRAGRWA fﬁahetrwrm er &f a RYBRHouRBCJRAl/L | on by or gani ¢
conmpounds present “in the effluents or exanple hexanet Wyl enedi am ne present
in the 15 vapour phase). In addltlon the pressurized gas phase evacuated in
t he evacuation device, essentially conposed of steam can be easily
recovered and reused as energy source, for exanple for heating the feed
stream of nononers. Ot her details or advantages of the invention will becone
nore apparent in the light of the exanple given below. 20 Viscosity nunber:
Measured in 90% formc acid according to Standard |SO 307:2003. EXAVPLE
1157 kg/ h of an aqueous solution conprising 70% by wei ght of hexanet hyl ene-
25 di ammoni um adi pate are fed at 150C into a spirally wound pi pe made of
stainless steel situated in a cylindrical chanber with a dianmeter of 1 m and
a height of 4 mheated by a thermal fluid at 280C. This pipe, with an
internal dianeter of 40.9 mmand a length of 440 netres, conveys the
reaction streamto a separator of cyclone type, also heated by a thermnal
fluid at 280C. The streamexiting fromthe pi pe and entering the separator
is 30 conposed of an aqueous solution of prepolymer with a viscosity nunber
of approxi mately



equal to 30 mMlg and of a vapour phase predom nantly conposed of water. The
duration of the reaction in the pipe is approximtely 15 m nutes and the
pressure at the inlet of the pipe is equal to 2.6 MPa. The pressure in the
separator is regulated at 1.9 MPa using pressure-reduci ng val ve whi ch
makes it possible to renmove 35 a portion1gf t he vapour phase at a |evel of
346 kg/ h. The remai ni ng stream conpos%ﬂg@ﬁ% the liquid phase and of the
bal ance of vapour phase, is evacuated pressure- reduci ng device
conposed of a series of spirally wound pipes which is also incorporated 12
in the heat d chanb e .to reduce_the @iessure of

the. nedi um | dBUEErS o 1 sl (el ARRTRcfe Ay Agtoe b S rIes S s e, i <
series of pipedlowmgtsies: of a first winding with a length of 163 netres and

an internal diangter,k o a second wi ndin ith a length
of 57 it res. anElasE kel s 8 R SFRAM ST ETI S of the
pressure-reduci ngosdrage, ata @cl@@gmpmgtr@dwr thaibiMdspheridpreafaef thekasgmand a
l'iquid prepolymer with Mcg E\g of 47 rT1/8 are obtained. This
reacti on m xt ur dNAEralAt egotine ze Q @F‘&t‘i&’f@oﬁﬁd 2 VaRQUr RNESP SAMIIIFHE i nt o
a vertical finighaistsRamdrid & aalqurl ghaes %urlhﬁnsmg bieastited polydordbngdtizRs pheri c
pressure and equipped with an outlet for the vapour phase. A polymer with a

vi scosity nunberPf@@{fdl to 10 131 m/g is withdrawn fromthis finisher at a
t hroughyput of _698ak8b hFeer'ﬁ\g tﬁb%&r@@njofnﬁ"t&%?ﬁﬁa Ef?&mﬁé?ee\ﬁ‘dél]&t'lr@‘&q@asﬁﬁwf acture

of a pol yanm de conprising | east the follow ng stages: St age 1:

Pol ycondensat i oquf‘i'PrtaOfrt%M@RﬂUf ohage ﬂFQ"QLPQjCW@aﬁPQ&?&V?@PQ@ "P#ﬁétheﬁtﬂ#&mr s,
at a pressure Plpfﬁ%@%?)ﬁlbﬂélh@@%@%éﬁﬁ@ B@l%&‘ndﬁﬁ%ﬁ@H rp‘?oddch(?héhtre‘éé‘u%qu in R €r | al

at the outlet of the reacto el ng conpose vapour ase conprising at
| east steam and ehamper pgioy (ﬂeqﬂhﬁgéat@ﬁﬁr\damerﬁychﬁhat éa%gre@tﬁ thasl gtoesekalicat i on

product 10 - a&@ss%re Eﬁ@ﬂia‘?@h %délr\cfeetﬁﬁ% of thgﬂﬁ %sé @A tﬁ?]e %tis less

evacuating at |east a portion o he vapour rom anber and
recoveridng at | ¢han 5tnmaut|esopjei&raqnhtesgtr@orﬂpmngtmg at | east the

pol yeondensat | OB e4uBfosclyBT RIS 8 ER I (41 plBTRLBR) BOLEANL 21 o at

a set val ue suc at nos ssu e an at the
resi dence time oftreaheoflpotpcoddgtsatien bmduﬁeemdvarddsiurmg StagEZ 15 than 5 m nutes,
preferably less than 1 mnute Stage 3. Pressure reduction of at |east the
i quid phase conprising at |east the

2. Process according to Claim 1, characterized in that, in Stage 1, the stream of liquid is

20 fed at a pressure P'1 greater than atmospheric pressure, the stream of material at the
outlet of the reactor being at a pressure P”1 which is lower than the feed pressure P'1

and greater than atmospheric pressure.

3. Process according to Claim 1 or 2, characterized in that, in Stage 2, the pressure P2
25 in the chamber is regulated at a set value such that there is no retention of the liquid

phase in the chamber.

4. Process according to one of the preceding claims, characterized in that the reactor is
a tubular reactor.

30
5. Process according to one of the preceding claims, characterized in that the
monomers are a dicarboxylic acid and a diamine.
6. Process according to Claim 5, characterized in that the polyamide is a polyamide 66
35 or a copolyamide, the majority of the repeat units of which are polyamide 66 units, the

dicarboxylic acid being adipic acid and the diamine being hexamethylenediamine.



stream of pol ycondensati on product recovered during Stage 2. 2. Process
according to Claiml, characterized in that, in Stage 1, the stream of
liquid is 20 fed at a pressure P'1 greater than atnospheric pressure, the
streamof material at the outlet of the reactor being at a pressure P'1
which is lower than the feed pressure P' 14 and greater than at mospheric

pressure. rocess according to Caiml o char ac zed inthat, in
i age 2.t He BrEESE petpIne BOT S GiaLlnsh ShrGCisdged o bal he TPneRe LA Such
that there is|detant ah@bt awamofo ddie | i quid phase in the chanber. 4. Process

according to one of the preceding clains, characterized in that the reactor
is a tubular reactor. 30 5. Process according to one of the preceding

clai ms, chag aPileke abcdrifing RACIAIMT, cRRBQERIE IRkt hedpSPHMIAE W & po@@mraew a
diam ne. 6. Process according to Clai m 5, characterized in that the

pol yami de is &8P y@md&etfﬁeﬂws@v&? the reBeRS IUpERPIMMNICh A RAYaife 6 ustts.the r epeat

units of whi Cihc?érﬁb@iﬂ%iéﬂﬁ?o@a%ta@@ah@b? fhe dnlfo aéll B8 %héﬁéx@ﬁblg ab@i ng adipic
acid and the di am ne bei ng hexanet hyl enedi am ne. . Process according to

one of Clains 1 to 4, characterized in that the m)norrers are a |actam
and/or an agn @?oc%%é%ccd?dmﬁ”’t&sﬁé& tﬁég%c‘éhmg ciéﬂch?a'aFQc?enz@Bﬁ{ @ﬁ‘éh‘%'llé@ig in that

the polyamde is a pol a copolyami de, the ngjority of the
repeat units éve%mlcempaﬁiégﬁzﬁ'vamra@rses éfﬂlﬁﬂ%eouﬁﬁé'Ut'P@ct am bei ng caprol act am
and/ or {ghe am no acid being am nohexanoic acid. 9. Process according to one
of the preceding clainms, characterized in that the liquid stream conprising
t he mononer¥. |Psomsaqmdlug te oneiof the preeding clame ciheraciarized i ihgt the liawd of t he

preceding ol aiBan SUAFASLEIAE b4 1oy hHhr bR COMPI | Ses between

50% and 100% by wei g nonone ess~accor ‘0 one of the
precedi ng clains, characterized in that the stream 15 fed to the tubular

react or I . f I f eat er
than or equal PSS aSHsding 16 ofe.oBhEBietend Hirts Fracir o it P ctediing
cl ai ns,1&har acﬁ&cbhmtlae&buufarirém:ltorﬂﬁat$prreeajrred?f1 ofrgreater tlandt MPhepreferatdy ofof t he
t ubul ar react | [ u 5.1 of greater than 20 0.5 MPa, preferably
of greater t hg%eaéér tﬁé u§rl gqu%?fo {\ﬁgﬁaaand at a tenperature of greater than
200C.
12. Process according to one of the preceding claims, characterized in that the stream of
material at the outlet of the tubular reactor is at a pressure P"1 of greater than
20 0.5 MPa, preferably of greater than or equal to 1 MPa, and at a temperature of
greater than 200°C.

13. Process according to one of the preceding claims, characterized in that the degree of
progression of a polycondensation at the outlet of the reactor is greater than 90% for

25 a polyamide 66.

14. Process according to one of the preceding claims, characterized in that the residence
time of the liquid phase in the reactor is greater than 5 minutes.

30  15. Process according to one of the preceding claims, characterized in that the tubular
reactor comprises one or more segments of different diameters, the length/diameter

ratio of which is greater than 100, preferably greater than 500.

16. Process according to one of the preceding claims, characterized in that the tubular
35 reactor comprises several segments, the diameter of which increases from the inlet

towards the outlet of the reactor.



13. Process according to one of the preceding clains, characterized in that
the degree of progression of a polycondensation at the outlet of the
reactor is greater than 90% for 25 a polyam de 66. 14. Process according to
one of the preceding clains, characteri zgg in that the residence tine of
the liquid phase in the reactor is great than 5 mnutes. 30 15. Process

accor di ng t edi i 5 o i I t ubul ar
eact or corf PRSI Ra B G Bhe hteBlpo RS FhRfecRlnd hubdfthe sliface

| engt h/ d| arret epeedraittheliqfid phasehin thee igaetat srgrédtantha®o0,1 prsef erabl y greater than
500. 16. Process according to one of the preceding clains, characterized in
that the tubular 35 reactor conprises several segnents, the dianeter of

whi ch i ncr emsé‘socfes@acddn@ng o ete ofttbmmraztsdmgelaom,Ioearaafernzh@ irteacthereacidr is 17.
Process accord gne of the rece | ai ms,, characterized in that the
surface speed'{)fd‘f:g‘ii We? #h W%oﬁfﬂ’%g quwp[nﬁlggraé}ie@g-gixéqag 95/ er than 0.1 m's.

18. Process accordi ng to one of the precedi ng clains, characterized in that
t he reactor

i 5 ace a |S|n at - exchange
i so. 1 Beasts® alitns M Sns OORE pirctinb 2 e HRHE e et el REPHeSE pod
in that the pPQS@erQ:haR%er WheResvabastRANs YAEEE o8Ma Cotlldted al & setd/alietflicRut 1S
regul ated at a set value such that P2 is between 0.5 and 2.5 MPa. 10 20.

Process accor Hahg2ipbeiween 1 and %5&@:@“ ng clains, characterized in that the
t hroughput of evacuated vapour phase is subject to the control of detection
of the level of the liquid phase in the chanmber where evacuation is carried
out, nore 4hPrecess actaiding ta are pidhe pesceding claimsisdaraciargad xthebthet he recovery

of the Iiqui dypbasHput dfevabEatbd Lo PHbsd @rsus,\éacte%é QR of e MRRR¥IHePNaSE

bei ng reduced when a set level I's exceed . Process according to one of
t he precedi ngleypkefike liqticphrsednitheeehamper M@FFQ%CU@WEQ?T”@H oM mQieri ed out

[0 2 devi ce Obafifaf ih¥BEn GPIFRIdralrl: il RHTE Aloohity o R Ruichatb ch ¢ he

stream of materia a conical part 1nten ed for the recovery of the
l'i qui d TBhase dTethrwgbbtutj@roﬁmén@tmerthqwamur:phmdmmg:r@dm@ Wieen 2eeldevd ison of
the vapour 2. Process according to one of the preceding clains,
characteri zed I'n tﬁat the pressure 25 reduction of at least the liquid
phase conprising at |east the stream of polycondensation product is carried

out in at uf‘l".”P%cegg %k@o?diﬂ&ttd 89@13# tKe%PéE@EiinSic‘]agrns, characterized in that the
evacuation is carried out in a device of cyclone type comprising a cylindrical part into
20 which the stream of material is fed, a conical part intended for the recovery of the
liquid phase of the polycondensation product and a device for evacuation of the

vapour phase.

22. Process according to one of the preceding claims, characterized in that the pressure
25 reduction of at least the liquid phase comprising at least the stream of
polycondensation product is carried out in a tubular device optionally comprising
several segments with increasing cross sections.

23. Process according to Claim 22, characterized in that the tubular pressure-reducing
30 device is placed in a chamber or a jacket comprising a heat-exchange fluid.

24. Process according to Claim 23, characterized in that a generator of thermal fluid in

the form of vapour is present in the chamber.

35 25. Process according to one of the preceding claims, characterized in that the degree of
progression of the polycondensation of the stream of product resulting from Stage 3 is

preferably greater than 90% for a polyamide 66.



several segnments with increasing cross sections. 23. Process according to
Claim 22, characterized in that the tubul ar pressure-reducing 30 device is
placed in a chamber or a jacket conprising a heat-exchange fluid, 24.
Process according to Caim 23, characterized in that a generator of thernal
fluid in the formof vapour is present ' the chamber. 35 25. Process
according to one of the preceding clains, characterized in that the degree
of progression of the polycondensation of the stream of product resulting

from St age 2. ProceBs aé&réiRy Yo oecaftRe ptd&,aamQQ%rﬁ@rchara@cér&adrirdmaﬁﬁtagé@ is 26.
to one the precedi ng clains, characterized in that

Process accor

Stage 3 is fo?qHB&E?lbW‘ %a%ec%fd'é"SBF‘gftF%P%'Mg"rﬁ@ef'??é'oﬁo'r‘;}%m FRRDEEN O Pt he
nol t en phase, pstcthtersatitdsh aNsiophbsen i n the solid phase. 5 27. Process
according to (E,Ial m 26, characterized in that the finishing stage or the
st age of postcondensation in the solid phase is preceded by a stage of

separation of pi&iRss ‘ééé&?&ih%%‘@%ﬁn RBESRIMActéfze h'@th%i fr%afmls?ﬁﬂgt éta% o tﬂéns{algé
pressure- redu0|ng st age 0 28. Process accord ai_ns

char act eri zedof PP%t‘Ffé‘ldeﬂ%'of‘l'Nh?kﬁoii@ PBRse ig @rchdeqi] gé?é@?&?sqf ﬁgp%rah%?f tB‘ic hange
fluid. 29. Prog&ess 5@%@5@& if ﬂ\eoé?t%am e>&t fan’?ﬁ%%rQQsLﬁé ?édmm g&igyeact eri zed

inthat it conpri s etween Stage 2 Stage 3, at |east one series of
successi ve stages of 15 pol ycondensati on | and of evacuation j which are

respectjgvel g @‘?@éfeggg %r&nﬂg%é&%ﬁg‘ 26 8P97 IndfRieAize Lrg{ht%{ t@g fltmrsﬂmgto}églcla d;gu' d

phase resul tin rom e pressures In ul ar I'ycondensati on
react or of stageted uamdamﬁatﬁechameﬂatdu on chanber of stage j being greater

t han at nospheric pressure and the inlet pressure Pi in the tubular

pol ycondensati on reactor of stage i being greater than the outlet pressure
P'i 20 of 2%h&récess according to one of the preceding claims, characterized in that it comprises,

between Stage 2 and Stage 3, at least one series of successive stages of
15 polycondensation i and of evacuation j which are respectively analogous to Stage 1
and Stage 2, starting from the liquid phase resuiting from Stage 2, the pressures in
the tubular polycondensation reactor of stage i and in the evacuation chamber of
stage j being greater than atmospheric pressure and the inlet pressure P’i in the
tubular polycondensation reactor of stage i being greater than the outlet pressure P”
20 of the latter.





