1 Process for producing polyam de The present invention relates to a
process for the manufacture of polyam de. The 5 polyamde is of the type of
t hose obtai ned by pol ycondensation fromdiacids and dianm nes and/or of the

type of those obtained by pol ycondensation from|actanms and/or am no acids.

The process is entirely suitable for the ymanufacture of pol yhexanet hyl ene
adi pam de. Pol yam des are polyners of great industrial and conmerci al

‘inportance. 10 Thernopl astic pRlyaforsRdatifg gg&%@%d ei ther by reaction
between two different nononers or Dy pofycondensation of a single nononer.

The invention applies, on the one hand, to polyam des resulting fromtwo
di fferent nononers, the nost inportant polyam de of which is

pol y(hexanet hyl ene adi pam de). O course, these polyam des can be obtained
from a m xture e preseitdaveation dilates hes. pratass,foi thethanfactureosl mlyamide. The
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cour se, theﬁﬁpmayam des can be obtained 20 froma m xture of | act ans and/or
am no acids. Thus, in the case of po‘j ycapral actam the nain nononer
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of Nyl on saldlyadsidéles whidaeid polycaprolactam. Of course, these polyamides can be obtained
20 from a mixture of lactams and/or amino acids. Thus, in the case of polycaprolactam, the
main monomer is caprolactam. However, these monomers can comprise up to 25 mol%
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, generaily 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 resulting from a single monomer is generally manufactured
by using, as starting material, a lactam and/or an amino acid, and a small 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
fromsetting solid. 2 Several processes using different types of devices
are known for the manufacture of polyam des. Processes are known during
whi ch the polycondensation is carried outp. in the nolten phase conprising
the solution of N salt or the liquid conprising the nononers, the 5
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hori zontal axis. The upper part of the reactor conprises steam evaporated

fromthe stoépPD’ﬁ’@d@éi ution or produced by the pol ycondensation reaction.

The nol ten reagirhyssd ra?@mnbwnlaurrn@ewmeﬁetﬁ@rwyc%daqsaaén nmﬁﬂ.éahbeth.rﬁm bits
substantially the sane pressure t rou]gNout th reactor. The steamis

partial Iy evelenahase capprsing tesstipppt Nisalt gf tedighié compgsing thpMPRemgEn &% i on
reactiog i Seddiids @b ﬁd@vuﬁ’#‘tat R EpdIdSATHE foviidr RPIPSIOX BRI il Onotizénfal Mg,  at

a tenperature of approxinma 215-300C. The reaction streamis subsequently
subj ect ed tiheauppenadlit b the @apméggmpeses@a@m enapamied fr@mathmmm s@ufpﬂregrs ure

by passing .t gyglgy % @éﬁﬁde&sﬁ%n readt®nS he?d [r% fia q'gaéttéhugf?é ' 0 the

exhi bitinga su ange sur ace area preven crys |zat|on of
t he pr oductpreslamce rof) atgfassphape MﬂGl’Dﬂxhlblh&Ubetanﬁth thdﬁamtmesqmmﬂ'eoughamt thee

material stre orated Teva our ,and the. li [eam are
Subsequent ITEQRaTs (TR it GRS HtoaEgar db. r@se) JhbnAERELE: o s
COEt I nuedhlpméycbiWndgah%remapﬂimmfe tiads edrrieds pliteat |aqorﬁ$suredﬁamnlo>pmem,um S-BZpM to
achi eve the desire egr.ee o oqr er _pr.ocesses are known durin
Whi ch. the 513 SSTOUALES 18 PrrtoBrBleaTo 00 G, T reBShoeam Bnauessaeaty

t ubul ar f Ir eaa@byébteﬁxb ﬁbiohladhbald‘prgébdr@ r@imbt‘o’h davet t@ratmaépmnc'ﬂﬁ&su&a?}t b&dsing
stream fl ows at, hi spee occ n re cr sectign of the
reactor. Tﬁﬁrouﬂ?&rf%ﬂ)ﬁgﬁiag Ity aé})%}we ﬁé éﬁ%@%{ yicejex E’ﬂ'&‘ﬂ g srfticienteexehangs
resul ting fougaed Bl%aﬁ@%fré\mwﬂ cfﬁtalllﬁbﬁ&ﬂoﬂ‘th@"pr@dd&t@uﬂr@ thist pepdion] e RXRIUBI € N
the form of bubbles he speed conposition, the pressure and the

t enper dPur valer Rragend insthe: rg%ﬁ@r@r%@éwarevwraheenyﬂq Yapopis apg fhe lguid strrana grer ace
area for G%Bﬁtﬁ.@nﬂﬁgw&eﬁﬁﬁt?%ﬂ gﬁhdééﬂé}éi&d TRe3JolyRSREHEon fsl drflinkisd M 9h.

whi ch pronot es ansfers of he residence tires are generally shorter
than in t hdhpmeaiesskinsgeaicatmesanerisoor rednaed PapssUEREP o¥ss i Pehigen éraaldegirashi | s
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pol yamzﬂe 'n%l%nt H%‘%anr] d ﬁ!%ﬁfa? re&ttér gﬁﬁﬁt‘ HQPSCL dmlength/dlameter ratio. The reaction
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 t0 5
MPa into a coil, the diameter of which gradually increases. 7
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
descri bed, 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 pol ycondensation, rel easing steam
It undergoes a gradual pressure reducti@n along the reactor by head | oss.
The polyam de exits fromthe coil at atnospheric pressure wth a high degree
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stages: Stage 1: Polycondensation in a reactor of | i qui d stream conpri sing
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20  compact plant. The process is flexible and easy to carry out.
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

‘pressure P2 in the chanber being regulated at a set value such that it is

greater than atnospheric pressure and that the residence time of the liquid
phase in the chanber is less than 5 mnutes, preferably less than 1 mnute
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20 This is a continuous manufacturing process, the conversion 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 number 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 lactamand/or amino acid.
‘This conversion is well known to a person skilled in the art, for exanple
for the manufacture of pol yam de 66 from adi pic acid and
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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 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 PAG6 type, the monomers are dicarboxylic acids and
diamines. In order to prepare a polyamide of PA6 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 PAG6 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 PA66 type, the stream fed in is preferably a
stream of an aqueous solution of N salt, comprising adipic acid or one of its ionic forms
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a liquid phase comprising the polycondensation product and dissolved water. In this case,
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 floews in the reactor. During the progression of the streamin the
reactor, in particular in the tubular reactor, polycondensation occurs
-between the diam ne and the diacid to form polyam de chains, with the
formation of water, a portion of which can evaporate. 20 The stream of
material, before the outlet of the reactor, can be conposed solely of a
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preferably greater than 5 mn. Br ef erabl y does _
According to a preferred em odiment of the invention, 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 controlied 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
greater than 90% The length and the 15 dianmeter of the tubular reactor and
the speed of the stream can be adjusted and controlled in order to obtain

t he desired degree of progression. The prgssure in the pol ycondensation
reactor generally decreases by head loss fromthe inlet towards the outl et
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pressure Py é)h?ﬁ%"b char devi ce conprises a neans for evacuating the

vapour phase amtcardi NS priefrredesiabEiimast, tHéGe\)abﬁlétéd vapaRetreampahS thg dide
pol ycondens élp(r)gss rreomut%% éhra]\n;[bg(ra are slu ?erg:t f'to the control of liquid level detection in the
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 value, 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 i.n 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 is advantageously regul at ed

so that there is no retention of the liguid phase in the chanber. It is
preferable for the residence tine of the |I|iquid phase in the evacuation
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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 time 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 volune of this part of the chanber to the throughput by
volume of liquid. The evacuation device kg preferably a device of cyclone
type. Such a device is known to a person skilled in the art. It conprises a
‘cylindricalknpant into which the stream of 10 material resulting fron1Stage

1 is fed tange a _coni.cal lnt for the recover
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phase can, for "exanple, be carried out iTn_a device of cyclone type. Such

devi ces ar grocess comprises, between Stage 2 and Stage 3, at least one series of successive

stages 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 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”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



10 known. The finishing consists in maintaining the pol ycondensation
product in the nolten state, under a pressure in the vicinity of

at nospheric pressure or under reduced pressure, for a time sufficient to
.achi eve the desired degree of progression. Such an operation is 5 known to a
person skilled in the art. The tenperatujf of the finishing stage is
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heat - exchange fluid. The paraneters, in particular of pressure,

t enper at ur & heeBPMPICEVEN PRloWr geonetry, in the various pol ycondensation
react opg are CRARKBEHACHRAENOMESsUrBE FPWRE ®rmic acid according to Standard

ISO 307:2003.

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, also 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 concl usion 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
t han at nospheric pressure and the pressure inside each cyclone is regul ated
so that there is little or no retention b the liquid phase in 11 the
evacuation chanber, for exanple by subjecting the throughput of evacuated
‘'vapour phas ¢hd iedtdectemitior ahd afhich ragiesl iepassibty tol redudetthp pesssote dfihdé hdium
evacuati on ghanber. The po|yam de pbtai ned. by the ocess of the inventjon
1 Che. ot (T BArATESHT B g MEREY o) AR o re DR B QLBPERAOBR SR ot ed
Tor a Suggmmepwnﬂmlg;rmnga anger ofMB3 melges ?rﬁj Jr:cnmt@ﬂﬁlycaam' ét@lg GfiBQ.b%nm,fS@UoWéU a
arge nunber of applications, .in payticular r the nuf act u ns,
(i bres or ARG WSS R Blenath Skt Meires apg an iiee] SR PLong . e
extrusi gn. duratforibfitie prisbiretbdliciitstH§ed pproiabily 4 AinbAH V4potP PRESE AhPNS.
The process of the invention has many advantages. It is a continuous process
whi ch makes? iquigpreppiymer wih aptsapsitynumner of #f B8 @R ebaBRdt he one hand, and
great flexibilifhs rebidd mikiGeaR GitRIduBEH ha tapstdture Rythadidisity SFRE0RE into a
t hroughput for evacuation of the vapour phase In the evacuation device,
whi | e | i m tvertigal fiBishejuppergting at ree PpIsaute By theovicity «afi attnespherisspresswg #ncom

econpose e%ﬁ;bifrw.thﬂw SulBE RF ARl Bhes A L@g&ermfﬁra QcdsRl AlinBer oGTRER) nes
d8

to be enpl oye or exanple the nu and po y organic
conmpouri@s 34 isiwithdrewnefram thisifinjshier @t adivanghnut BEGSBka/y | enedi ani ne present
in the 15 vapour phase). In addition, 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% form c 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 dianeter 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 pipe and entering the separator
is 30 conposed of an aqueous solution of prepolymer with a viscosity nunber
of approxi mately



equal to 30 ml/g.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 a pressure-reduci ng val ve which
makes it possible to renove 35 a portion1@f the vapour phase at a | evel of
346 kg/ h. The renmai ning stream conposed of the |iquid phase and of the

"‘bal ance of vapour phase, is evacuated OhABMA pressure- reducing device
conposed of a series of spirally wound pipes which is also incorporated 12
in the heated chanber and which makes it possible to reduce the pressure of
t he medi um 1.dévecesofar thy @sdinoeus mandfecturecsf @i gojyaddideitompiishey atdegstéissure. Thi s
series of plpgg consksts of a first wwnding with a length of 163 netres and
an internal RENGS'ES32. 5 nm followed by a second winding with a | ength

of 27 mgtres andstage i fP@ymHeﬁBamﬁﬁlireé réa‘cto%f@nmm strbemToftiprigihg @e of the
pressure-reducin staqgre I S appr oxi rratelér m nut e A va ouraghase and a
r

liquid prepol ymgFoRT S At RIBRRYre U1 erealenthan atinos ?@C%fﬁ Wertthe sEeamphi s

reaction m xtur emhtgrialndt (HROsIEREoRthe fedcRIFRRINGIdSHOEEY bitevatidul Phise &mpHfg | nto
a vertical finisher operat Id;% at a pressure_in the vicinity of atnospheric

pressure and edligastateaman ad'ﬂtlldéthaﬁ%FomH’é’s'%%ﬁ?StM%B‘éyco}idﬁ%ff%ﬂﬁﬁr with a
vi scosity nunberpggugl to 10 131 m/g is withdrawn fromthis finisher at a

t hroughput of 698 kg/h. 13 CLAIMS 1. Process for the continuous manufacture
of a pdlyani de cHage 2sfienging the stisgamohmatarigl logwehanbergyesuating-at maghe 1:

Pol ycondensat i 0nygefibrfort %ﬁurgﬁaéé tdrfl %Hedch%Hb%?‘Q?\&FHHa(/érﬁing! Iéé%?thfeﬂﬁﬂf&”er S

at a pressure P1 great er t er| C ressure tream o mat er i aI
at the outl et ofphese compdsiog alU@aﬁ@he;wmgnsmﬂoa pvu%y@mhqomaswr@d?ﬂpm the ng at

product 10 - ot aganpet MG feRiafaCo bR R Ingt RTOrepBRnBR ARBRARRR! | O
evacuating at | guessuse apbthat ﬂma residerive tinzgoafithe finid phaseomthenehantbemiselesaind

:)gf%g:lgggsg%l loﬁﬁ%ﬁ 83*] tgé clﬂéfﬂrab@@%sf@%gg%ihﬁf[ ng af:hiatrerf)l; E)2i6ng regul ated at
a set val ue suclStageasB: Fr’nesslsegedw:tlm of dtdeashthedigpidgrhiase cpmpesing et laast thdvat t he

br of er abl y 1 css e o AeKRREN AR Bt o b SR %n ot ot Temst 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-Claim1l, characterized in that, in Stage 1, the stream of
liquidis 20 fed at a pressure P'1 greater than atnospheric pressure, the
~stream of material at the outlet of the reactor being at a pressure P" |
which is lower than the feed pressure P 314 and greater than atnospheric
pressure. 3. Process according to Claiml or 2, characterized in that, in
‘Stage 2, the Presssnecd@ing RbonenoftGiainshatobe chamcieeiged atteat tad monemers/arese such
t hat there IS ngaret(f/ntion of tﬂjg liquid phase in the chanber. 4. Process

according to GIESANYREALARELA

clains, characterized in that the reactor

is a tubular reactor. 30 5. Pr ocess according to one of the preceding

clains, ch terized in
di ami ne. ag P?)B

Sosd Sl Gt ST e ria et e b

458 °

pol yam @e is a obpbly@rmddethéﬁnajarﬁy of tha resdap Liidsbidehict &re pohjafiidd § ubis,tile r epeat

units of which are e

aci d and the &M A “Qéﬁﬁ’fﬁlaﬁ%ﬁ’g‘{}hﬁl"f‘%ﬁEEI”Oa?ﬁ"P\Ee'“S@

ts, the dlcarb0ﬁ¥llc aci.d belng adi pi c
iRohepgRieaddaccor di ng to

one of Clainms 1 to 4, characterized in that the nononers are a |actam
and/or an amno acid. 8. Process according to Claim?7, characterized in that
the pol yaniYePracess peaojeing irons @rthe Breseding slajasricharaciergedvnj tatithe ligid ¢ he

repeat units gtream'csmpﬁélﬁg B Bk s & éwtacs@ousasnut.é@ct am bei ng capr ol actam
and/ or the amno acid bei’hg am nohexanoi c acid . Process according to one

of the receding clains, characterized in that the l'i quid

aracteri zed in

stream conpri si ng

S bet ween

the monomer, bF,Res ﬁ&&b@&’iH@tos&té%f'tF?é‘%eéthi&ﬁglaﬁ%&ﬁ%@c@ﬁ%’d ' thG tﬁé’l@g&’ of the

precedi ng clains,

stream conpr i

50% and 100% syeampgmnprisﬁs hetwesred@% and 100dryensighict oratiomgrs.o one of t he
preceding clains, characterized in that the stream 15 fed to the tubular
reactor is at a pressure P'1 of greater than 1 MPa, preferably of greater
t han or equtl. Pracess Beddrding kponeRofdlbe precadiog cldimgy charaotesized intthat the etteatnng

cl ai T8, 15¢ char a?éoetfa'tl%ee bl.llgr Fé%%{or shﬁlg ﬁf{egﬁﬁe 9f1 ?fgéqq% tﬁgrégtl\&ag%@grlalb fO]c the

tubul ar “reactor Ts rea
of greater thgreadmtlamlmleqmeltﬂ) 1I\PMPaand at a tenperature of
200C.

r&f er abl y
greater than

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 o_utlet 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, characterized in that the residence tine of
the liquid phase in the reactor is greatgs than 5 mnutes. 30 15. Process
,according to one of the preceding clains, characterized in that the tubul ar
react or con Psees®aecondingry enesefghe ptesedihg diafrs robartactiriasb inghat, the Bearface

| engt h/ di anet er ti 0. of. ich i,s greater than, 100, ef erably greater than
500. 16. Procd®¥ a‘?é%‘? I(fﬁurll%p %sed'ﬁéheo'gaétﬂre'sﬁf%%gapﬂBBéll'ﬁ{sms, characterized in
that the tubular 35 reactor conprises several segnents, the dianeter of

whi ch incre s§s fromth@ iPI et tgvvards the outlet o 'thff' rﬁaébor. 5. 17.
Process acctr argSt 8oshding o enfofine Rissrdigs clansnehararterized Brtnatde repdiqrds ¢ he
sur f ace sspeedppited Mea thidihbet op RaREt dompribibiglaeet-exchapggrgiat er than 0.1 nis.

18. Process according to one of the preceding clains, characterized in that
the reactor is 5 placed in a chanber or jacket conprising a heat-exchange

fluid 19. f& peaesSs a66RdiAY f&oﬁ&oﬂﬁ@p@ce&i\l?ﬁcléfrﬁé}%ﬁhr’éﬁte?iké’d Mthatahd pAsskard zed
in that the pressure P2 1n the chanbper ere evacuation is carried out is

regul ated at B2deihechpmbesybere avagyation is carded Qutds ragulatechat sed vidog sued 20.

Process accor i ap2tidp&ieeR .5 4y PEfMRdi ng cl aims, characterized in that the
t hroughput of evacuated vapour phase is subject to the control of detection

of the10l evel of the liquid phase in the chanber where evacuation is carried

out, more ARkl QEédfditheé&?e &Qgigﬁceﬁi% cEiRIRRL L SAFRANAGhe t NE T ECOVery

of the liquid phase, 15 t hrou or evacuation of the vapour phase
bei ng r educedthupeghpat efeavareated vagour phasedd stbjectto thry eangrokofistastian aftheo one of
t he preceding i -&h@- REL8R el t I i ried out
in a device o}tec%gch@enltla t'y%e cglﬁrgﬁ (gllah%e;u@{e/rlel%F?%\gﬁq%gér#lg?ﬁ?g whi ch the
stream of mat peitigllailsinftbel par ot theicbambprintended fon deedrecovery hethedigoidehpsaf t he
l'i qui d ;ghase | [ [ for ji.on of
the  vigour  phesnriigBRlliNaedagh iRl br behaifilc ilh SUAGE ko
characteri zedekeeedbdt the pressure 25 reduction of at least the liquid
phase conprising at |east the stream of polycondensation product is carried
out in a tubular device optionally conprising

21. Process according to one of the preceding claims, 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
liguid 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;ajacket 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
Claim22, characterized in that the tubul ar pressure-reducing 30 device is
pl aced in a chanmber or a jacket conprising a heat-exchange fluid. 24.
vProcess according to Caim 23, characterized in that a generator of thernal
fluid in the formof vapour is present e the chanmber. 35 25. Process
,according to one of the preceding clainms, characterized in that the degree
‘of progression of the poI ycondensatl on of the stream of product resulting

from St age re er r than 90%for a 16. 26.
Pr ocess. acddr BargSs Eearano o e it piekbrind ShienBehir 4l b Fatilaph disiat
Stage 3 is fofdiowedbpy stagetcﬁgaisb‘hgftmmpdyndmgemMomhmmdmmdsenor byna t he
nol ten phase, by a postcondensation in the solid phase. 5 27. Process
according to @%F?ﬁ/dfﬁ,satg’ﬁé? g’@t%’ﬁg E@Pq n that the finishing stage or the
stage @f postcondensation in the solid phase is pr eceded by a stage of

separation of the h esent in the stream exi fromthe
pressur e- re?JuEfC}?&%?%fg’éd'n&g’ éé'm dﬁ'@&d%ﬂ?éel'rmhﬁbthﬁém@ﬁﬂrﬁa rdpe stage

char act eri zedof phstddntierddfion inthe @brwpr%w.@ Sre'cédecﬂ?aé SfhgH oF BebaratitpAdrigx Change
fluid. 29. Process accor dlwg to one of rece clainms, characterized

in that it coWRqusgBase pyes éhthStSHQémzexﬁ'rﬁ'G f@ﬂh@é qgessafe feSHSiNg sfAgeser i es of
successi ve stages of 15 polycondensation i and of evacuation j which are
respectlvel anal ogous to Stage 1 and Stage 2, starting fromthe liquid
phase r18sul H@ces%aﬁ:@@@@tozdamﬁa%%% @ha@Cteﬂzeci inethat ipeifiRiphipg A9veRsensat i on

reactor of stgga.i aRda 'Héaw%ht%ﬁgéﬂﬁfj'on chanber of stage j being greater

t han at nospheric pressure an Infet pressure Pi in the tubular
pol ycondensati on reactor of stage i being greater than the outlet pressure

P*i 20 of %h?rdc@gé Sécording 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 resulting 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”i

20 of the latter.





