1 PROCESS FOR THE MANUFACTURE OF POLYAM DE [ 0001] The present
invention relates to a process for the manufacture of polyamde. It
nore particularly relates to a process conprising a stage of initial
‘pol yneri zati on under pressure starting fromnononers and a stage of
finishing in the liquid phase at a pressure in the vicinity of

at nospheric pressure, the finishing stage enploying an injection of
inert gas along a direction essentially parallel to that of the flow
of the liquid reaction streamand in the direction of this flow.

[ 0002] The polyam de is of the type of those obtained by

pol ycondensation starting from di aci ds and di am nes and/ or of the
type of those obtained by pol ycondensation starting fromlactans
and/or am no acids. The process is entirely suitable for the
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25 mol% of other diamine or diacid monomers or even amino acid or lactam
monomers. The invention applies, on the other hand, to polyamides resulting from just
one monomer, the most important polyamide of which is polycaprolactam. Of course,
these polyamides can be obtained from a mixture of lactams andfor amino acids. 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.
[0004] The class of polyamide resulting from two different monomers is generally
manufactured by using, as starting material, a salt obtained by mixing, in a
stoichiometric amount, a diacid with a diamine, generally in a solvent, such as water.
[0005] Thus, in the manufacture of poly(hexamethylene adipamide), adipic acid is
mixed with hexamethylenediamine, generally in water, in order to obtain
hexamethylenediammeonium adipate, better known under the name of Nylon salt or "N
salt”,



[ 0007] The cl ass of polyam de resulting fromjust one nononer is
general ly manufactured by using, as starting material, a |actam
and/or an am no acid, and a small anount of water; the proportion by
‘wei ght of water is generally between 1 and 15% [0008] The pol yam de
i s obtained by heating, at high tenperature and hi gh pressure, an
aqueous solution of the nononmers (for exanple, a solution of Nylon
salt as described above) or a liquid conprising the nononers, in
order to evaporate the water and/or the liquid while avoiding the
formati on of solid phase. [0009] Several processes using different
types of devices are known for the manufacture of pol yam des.
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the liquid stream are subsequenily separaied in a gas/liquid separator. The
polycondensation is continued in the molten phase at atmospheric or reduced pressure
so as to achieve the desired degree of progression.

[0011] Other processes are known during which the polycondensation is carried
out in the molten phase in a tubular reactor exhibiting a high length/diameter 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 medium is mixed with the stream of molten material, for example in the form of
bubbles. The speed, the composition, the pressure and the temperature of the steam
gas phase vary along the 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.



i nternedi ate degree of progression of polynerization; its increase in
mass subsequently continues during a final finishing stage. These
processes exhi bit the advantage of enploying highly conpact plants
‘and of being very easy to carry out. [0014] The nol ecul ar wei ght of
the polyam de after the initial polynerization under pressure i s not
very high and the finishing stage makes it possible to continue the
pol yneri zation in order to prepare a polyam de with the desired
degree of polynerization which can be used, for exanple, in the
manuf acture of yarns, noulded articles, and the |ike. [0015] The
efficiency of this finishing stage is comditioned in particular by
the efficiency of the evacuation of the water produced by the
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nert gas | nhﬁng]he A second method is finishing under reduced pressure. This method makes
possible more efficient evacuation of the polycondensation water and thus a better
productive output of the finishing stage. However, according to this process under
reduced pressure, care needs to be taken to suppress any entry of air into the finishing
device, in order to prevent decomposition of the polymer by oxidation. Furthermore,
this finishing method promotes fouling of the device. This process requires many
precautions and is thus difficult to implement.

[0019] It is also known, in continuous processes for the preparation of polyamide,
to inject an inert gas, such as nitrogen, into the finishing reactor. This method benefits
from the same advantages as the vacuum finishing, namely a better productive output
of the finishing stage, without exhibiting its disadvantages. Specifically, this method
makes it possible to easily limit the risk of decomposition of hot polymer by eliminating
the risk of entry of oxygen into the finishing reactor. The inert gas, which is generally
dry, also makes it possible to remove the water produced during the polymerization

reaction, which makes it possible to accelerate the laiter,



finishing reactor have an influence in particular on the

polymeri zation reaction which takes place during the finishing stage.
There is consequently always a search for neans for controlling and
‘optim zing this polymnerization reaction. Good control and good

optim zation of this polynerization reaction nmay nmake it possible to
i ncrease the productive output of this finishing stage and to inprove
the consistency of the characteristics of the polyam de, such as the
viscosity. [0021] Furthernore, there is always a search for flexible
finishing processes which can be easily adjusted, for exanple
according to the desired capacity of thegindustrial production |ines,
it being possible for this capacity to vary over tinme. [0022] To this
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[0024] The term "horizontal-axis reactor” is understood to mean a reactor, the axis
of which forms an angle with the horizontal of at most 10°, advantageously of at most
5° and preferably of at most 3°.

[0025] The term "end" of the finishing reactor is understood to mean the part of the
reactor situated between the vertical section of the reactor situated at an abscissa (the
axis of the abscissae corresponding to the horizontal axis of the reactor) equal to
0.8 *L, L being the length of the reactor (the abscissa 0 corresponding to the inlet of
the reactor and the abscissa 1L corresponding to the outlet of the reactor), and the
vertical section of the reactor situated at a distance of 0.5 cm, preferably of 1 cm and
more preferably still of 5 cm, with respect to the vertical wall which terminates the
reactor.

[0026] The term "a direction essentially parallel to that of the flow" is understood to
mean that this direction of injection can vary by an angle of +/- 45°, preferably of +/-



300, with respect to the axis corresponding to the direction of the
flow of the liquid reaction stream w thout, however, departing from
the scope of the invention. [0027] The manufacturing process according
‘to the invention is a process for the manufacture of polyam des of
the type of those obtained from dicarboxylic acids and di am nes

and/ or of the type of those obtained by pol ycondensation froml actans
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alkyl groups. The preferred diamine is hexamethylenediamine.

[0031] The process of the invention is a continuous manufacturing process, the
conversions taking place on streams of material. The streams of material undergo
conversicns during the various stages carried out in one or more devices. The process
comprises at least the two successive stages described above, which are a stage of
initial polymerization under pressure and a stage of finishing in the liguid phase at a
pressure in the vicinity of atmospheric pressure. It can obvicusly comprise other stages
upstream or downstream of them or even between them.

[0032] The main conversion carried out during the implementation of the process
is generally the pclymerization 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



6 pol ynerization, which is a polycondensation in the case of a

di carboxylic acid and a diam ne, generally rel eases water in the
vapour form [0033] The degree of progression of the polycondensation
is defined as follows: [0034] Degree of progression (% = [(nunber of
nol es of am de units forned)/(nunber of noles of initial reactive
functional groups in deficit)]*100 [0035] The nunber of noles of
initial reactive functional groups in deficit is: - either the
nunber of noles of carboxylic acid functional groups resulting from
the nononers initially present in the reaction medium if the
reactive functional groups in deficit ingtially in this nmediumare
the carboxylic acid functional groups (with respect to the am ne
functional grPBlE§yzation, which i@ RopyeondgRgsEen tf thenspsesof o digatpaxadict agifcandomal

groups resul tdiggnd, Genarail eclEE3BONEESN tHalviapar Farmpr esent | n t he r eaction
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than 95% [0038] The stage of i1nitial polynerization
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pol yneri zat i @Nthis medium are the amine functional groups (with respect to the carboxylic acid

functional groups).

[0036] Depending on the degree of progression of the polycondensation, the
product obtained can be described as polyamide oligomer, polyamide prepolymer or
polyamide.

[0037] The degree of progression of the polycondensation on conclusion of the
stage of initial polymerization is advantageously greater than 60%, preferably greater
than 90% and more preferably still greater than 95%.

[0038] The stage of initial polymerization of the process of the invention is known
to a person skilled in the art. It generally comprises a phase of polymerization under
pressure starting from the monomers and a phase of reducing the polymerization
medium in pressure in order to remove water by evaporation.

[0039] The temperature and the pressure during the stage of initial polymerization
are such that the stream of material does not solidify.

[G040] The polycondensation requires a supply of heat, the feed temperature
generally being far below the melting point of the final polymer. The plants used for the
implementation of the stage of initial polymerization thus comprise heat supply means
for the purpose of maintaining the reaction medium at a sufficient temperature to
prevent the appearance of 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.
[0041] The reactor, during the stage of initial polymerization, is maintained at a
sufficient temperature for the polycondensation to take place. The reactor can
advantageously be fed with a preheated stream of monomers, the temperature of
which is close to the temperature at which polycondensation starts.



are such that the streamof material does not solidify. [0040] The

pol ycondensation requires a supply of heat, the feed tenperature
generally being far below the nelting point of the final polyner. The
'‘pl ants used for the inplenmentation of the stage of initial

pol ymeri zation thus conprise heat supply neans for the purpose of

mai ntai ning the reaction nmediumat a sufficient tenperature to
prevent the appearance of a solid phase. They |ikew se conprise al

t he neans which may be necessary for its inplenentation, such as
punps, anal ytical neans, control neans, valves, means for introducing
or storing the streamof material, or static m xers. [0041] The
reactor, during the stage of initial polynerization, is nmaintained at
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pl aced in an acket conprising a
[00 The fInIShII’lg reactor can be placed in an enclosure or jacket comprising a

heat—exchange fluid.

[0049] The finishing reactor has a horizontal axis. It is generally a horizontal
cylindrical reactor or a horizontal reactor with an oval cross section.

[0050] The length and the diameter of the reactor are chosen and the flow rate of
the liquid reaction stream can be adjusted and controlled in order to obtain the desired
degree of progression.

[0051] The length of the finishing reactor can be of the order of three times the
internal diameter of the reactor.

[0052] The finishing reactor is partially filled with the liquid phase. Generally, the
proportion of filling of the finishing reactor by the liquid phase is between 20 and 75%
of the space initially available in the reactor.



heat - exchange fluid. [0049] The finishing reactor has a horizontal
axis. It is generally a horizontal cylindrical reactor or a

hori zontal reactor with an oval cross section. [0050] The | ength and
‘the dianeter of the reactor are chosen and the flow rate of the
liquid reaction stream can be adjusted and controlled in order to
obtain the desired degree of progression. [0051] The | ength of the
finishing reactor can be of the order of three tinmes the internal

di aneter of the reactor. [0052] The finishing reactor is partially
filled wwth the Iiquid phase. Generally, the proportion of filling
of the finishing reactor by the liquid pfase is between 20 and 75% of
the space initially available in the reactor. 8 [0053] The finishing

L gglctz g;} t gler)e/rgdgtay Comarfln%ﬁ@% a%a%tdr lgE&drall EBﬁap.%eLs rare gfgg Srlhglsglwpérqg mounted
r eact o . Y R EoRh o i BTt e i Rl § g
cage type orexau@e,é@sﬂwcfdmsd;@n spilgivch stireey obgagrdypenotsubeessipedisast which
fitted to a mf&mavh@t@aageawm( fﬂfedtt@gsﬁéﬂ rrh@e.amsteg%nmé@{&éf |§ééngmlglry

|t ﬁzss'; Ih?[le'; he,in ?ersgﬁ?anqhe ?? eral d{aﬁne Lo fk\gt ln{snm? ﬁ%acg OEPq (;the Slrer ©
finishing r e&é'ﬂ B'P off pejitee %@Ké@eﬁﬁgéh%ﬂxé? QfWSﬁWSﬂWInGlﬂ?aﬁOftﬂ@ mekes pesriblef

t he gas phaseén partidulze theedsvb@ent of the GasPVRBBTTHe EABtoAITER nitReRE ¢hklagh by
hol es pr esen%;rov P?%ﬁé@&r@sen‘t ri‘ortet}gmala %rcf ﬁ’leq}fISCE thhggibrl:err eIrhe ra-tgfi%nal si)eed

rotational spee
15 revolut|oﬁ%WﬁPW“”F@BgﬁfTHQD%PPPP@PE%%ﬂ386 FW@%“@@W@TaI di scs
whi ch defi ne [@5aApar tTirertisen cant doenpfisenseybiangseseatttrodefind lkemgdrinieher in aiean

for exanpl e, fgiQMRY b’é%b%&@mr%a@m& elémﬁb%'ﬁqpn@sretw}@é aﬁnowagésnw

ace between e final

of the finis tor rres

Gl sc of the SPERPMERTThe’ Dby TRUSH <BEP YRR B R SR Eeptean the fral
fini shing redistoef. ﬁﬁd@aﬂtagéd@shyﬂtheﬂlyMGh terrsindtes dhe ifivisking| regaat. i n
t he context (Aﬁivédf@e@lﬁéﬁﬂﬁlﬁ% gnchtm.rﬁemé@mpndyad intthe coritd@ ot !h@ﬁbrd&fesé &akd
gas is carri %@e&%& h% i Je %erPSgJ)% éar;rlj? dt ouqfln ttptae f|I1.'=|1I nc'oﬁw%'ar?rﬂe ?({t or

as defined above
f[nlshmg reactor as defined above.

[0055] The finishing reactor comprises cne or more orifices for the injection of an
inert gas and one or more openings for the evacuation of the gases. Generally, the
opening for the evacuation of gases lies in the first haif of the finishing reactor. The
orifice for injection of inert gas is generally situated downstream of the opening for the
evacuation of the gases, with respect to the direction of flow of the liquid reaction
stream.

[0056] Any device for injection of inert gas can be employed, insofar as it makes
possible the injection of gas according to a direction essentially parallel to that of the
flow of the liquid reaction stream and in the direction of this flow. The outlet of the gas
injection device can consist of a rectangular slit directed towards the vertical wall which
terminates the finishing reactor. Multipoint injection may also be involved.

[0057] The inert gas can be nitrogen, carbon dioxide or a rare gas, such as
helium, argon or neon. The inert gas injected into the finishing reactor is preferably
nitrogen. The inert gas is generally dry.

[0058] The inert gas can optionally be preheated before being injected into the
finishing reactor. The preheating temperature is generally between 70 and 300°C.
[0059] The pressure for injection of the inert gas into the finishing reactor is
advantageously slightly greater than the finishing pressure in the reactor.

[0060] Advantageously, the diiution factor for the steam in the headspace of the
finishing reactor (part of the headspace situated between the opening for evacuation of
the gases and the vertical wall terminating the finishing reactor), when the inert gas is
infroduced, is greater than 2.



[ 0055] The finishing reactor conprises one or nore orifices for the
injection of an inert gas and one or nore openings for the evacuation
of the gases. Generally, the opening for the evacuation of gases lies
in the first half of the finishing reactor. The orifice for injection
of inert gas is generally situated downstream of the opening for the
evacuation of the gases, with respect to the direction of flow of the
liquid reaction stream [0056] Any device for injection of inert gas
can be enployed, insofar as it makes possible the injection of gas
according to a direction essentially parallel to that of the flow of
the liquid reaction streamand in the digection of this flow The
outlet of the gas injection device can consist of a rectangular slit
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factor Fis g\?eregneemolar mass of rh% poR/mer at J‘ue in et to tﬂlg regionmhat 15 to say at the level

of the opening for evacuating the gases, and from the number-average molar mass
desired for the polymer at the outlet of the finishing reactor. The number-average molar
mass of the polymer at the level of the opening for evacuation of the gases, knowing
the abscissa X (the axis of the abscissae corresponding to the horizontal axis of the
finisher) of this opening, is estimated to a first approximation by using the following
relationship:

Mn (X) = Mn (X=0) + [Mn (X=1) - Mn (X=0)]*X

with X=0 corresponding to the inlet of the finisher and X=1 to the outlet of the finisher,
Mn being a number-average molar mass.

[0081] Advantageously, the residence time of the gas phase in the finishing
reactor (part of the reactor situated between the opening for evacuation of the gases
and the vertical wall terminating the finishing reactor) is less than or equal to 30 min
and preferably less than or equal to 20 min.

[0062] The residence time t is defined according to the following formula:

t = V headspace of the reactor/(Q inert gas + Q steam), V representing a volume in m®
and Q representing a flow rate in m%h.

The residence time of the gas phase is calculated by considering solely the gaseous
headspace of the region of the finishing reactor situated between the opening for
evacuation of the gas and the vertical wall terminating the finishing reactor. The steam
flow rate and the inert gas flow rate are determined as described above for the dilution
factor.

[0063] The polyamide obtained at the end of the finishing stage can be cooled and
put into the form of granules. It preferably exhibits, after the finishing stage, a degree of
progression of pelycondensation of greater than 99%.



F = concentration of the steam before introduction of inert

gas/ concentration of the steamafter introduction of inert gas = (Q
inert gas + Q steam |1 Q steam Q representing a flowrate in nB/h. The
‘flowrate Qof inert gas in the formula is cal cul ated under the
pressure and tenperature conditions of the finishing reactor. The
dilution factor is calculated by considering solely the gaseous
headspace of the region of the finishing reactor situated between the
openi ng for evacuation of the gas and the vertical wall termnating
the finishing reactor. The flowrate of steamis evaluated fromthe
cal cul ation of the ampbunt of polycondensgtion water generated in this
region. This is evaluated fromthe nunber-average nolar mass of the
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The nitrcgen flow rates mentioned in the examples are measured at ambient
temperature.

Brief description of the figure

Figure 1 represents a finisher 1 equipped with a stirrer 2, in the lower part of which
flows a liquid reaction stream 3 which is evacuated via an outlet opening for the liquid
stream 4. The upper part of the finisher is composed of a gaseous headspace. The
inert gas is injected via a gas injection orifice 5 along a direction 7, that is to say
according to a direction parallel to that of the flow of the liquid reaction stream 9 and in
the direction of this flow. The inert gas moves diagrammatically along the direction of
movement 8, before being evacuated via the opening for evacuation of the gases 6.

Comparative Example 1

A stream of approximately 20 t/d of liquid polyamide 66 prepolymer with a number-
average molar mass of 5600 g/mol, obtained according to a standard process for

prepolymerization of polyamide 66 type, is introduced at a temperature in the vicinity of



[ 0064] The pol yam de obtai ned by the process of the invention in the
nolten formcan be directly forned or can be extruded and granul ated
for an optional postcondensation stage and/or for subsequent form ng
after nmelting. [0065] The pol yam de can be used for a | arge nunber of
applications, in particular for the manufacture of yarns, fibres or
filaments or for the formng of articles by injection noul ding or
extrusion. It can in particular be used in engineered plastic
conpositions. [0066] The process of the invention has numerous

advant ages. The process of the invention makes it possible to control
and to optimze the pol ycondensation reagtion during the finishing
stage. Thus, the productive output of this finishing stage is
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molar mass equal fo 16 400 g/mol is extracted from this finisher, which makes possible

satisfactory operation of the coupled spinning machine.

It is desired to increase the capacity of the line. The flow rate of polymer extracted
from the finisher is then increased by increasing the overall flow rate of the line and its
number-average molar mass is regulated by setting the level setpoint of the finisher at the
maximum and by increasing the nitrogen flow rate. The gradual increase in the nitrogen
flow rate up to the value of 5 m¥h does not make it possible to maintain the number-
average molar mass of the polymer, which falls as a function of the polymer flow rate,
down to 15 100 g/mol when the polymer flow rate is doubled. A polymer with such as
molar mass does not make possible stable operation of the spinning machine; the quality
of the polymer thus deteriorates, which results in particular in breakages. On adopting
these nitrogen injection conditions of 5 m%h, the dilution factor F is 5.1 and the residence
time of the gas phase t is 5.6 minutes. The increase in the nitrogen flow rate up to a value
of greater than 7 m%h does not result in any increase in the mass of the polymer. The
nitrogen flow rate is then adjusted to 10 m¥h, i.e. F = 9.8 and t = 3.1 minutes: the molar
mass of the polymer in this case increases uncontrollably, up to a value of 19 350 g/moal,
rendering the polymer at the finisher outlet unworkable due to an excessively high mass

and consequently an excessively high viscosity.

Example 1
In the finisher of Comparative Example 1 operating with the same prepolymer

stream of approximately 20 t/d, the injection of nitrogen is modified so as to introduce the
latter along a direction parallel to that of the flow of the liquid stream and in the direction
of this flow. For the same operating conditions of the polycondensation line, the adoption
of a nitrogen flow rate of 2 m%h, i.e. F = 4.4 and t = 17.1 min, under the pressure and
temperature conditions of the finisher makes possible a significant increase in the mass
of the polymer, which reaches 16 800 g/mol and thus allows even more stable running of

the spinning machines.



Figure 1 represents a finisher 1 equipped with a stirrer 2, in the

| ower part of which flows a liquid reaction stream 3 which is
evacuated via an outlet opening for the liquid stream 4. The upper
part of the finisher is conposed of a gaseous headspace. The inert
gas is injected via a gas injection orifice 5 along a direction 7,
that is to say according to a direction parallel to that of the flow
of the liquid reaction stream9 and in the direction of this flow.
The inert gas noves diagrammatically along the direction of novenent
8, before being evacuated via the opening for evacuation of the gases
6. Conparative Exanple 1 A streamqf approximately 20 t/d of

| i qui d pol yam de 66 prepolyner with a nunber-average nol ar nmass of
5600 g/ ol , obt ahrsbdamcf epriPximately 48 tdtcl fitkasathepprepdyssr fagrthat of Comparative

prepol ymeri Z@xbﬂﬁleqf |spi9{rcycﬁlgécﬂﬁ1tc§@hé Yﬂﬁwer ishal Ak rs%gﬂéc&ﬁindi@&nsafor running the
tenperature in the vicinity of 0C into_a_horizontal, finisher

conpri si ng a PRYFSBRELeN 'E‘Flafer 'i‘eqom(egu%ééjg?t{?@ ofip o ratg ¢f 19 thpf Altregery t5-,
operating at Fa= pdeseur=e3.oinid 02Beh Paossitte ©qeiappe dolyhériwitra odbi @bss @16
the vapour p

of 2T r1 31 " aRo Gt Rl helor il ool viry oo ipbranh e tyf A
accor di ng t o MchNFt #ighe ﬂﬁw (@9 ofi4Rjve of pelyinertier the Biedugtion finer i E%p@mslﬁa’f g
bet ween t he fnvaaﬁondmkas nfpoésrwe wlihdréR6 ttiﬁkdapﬁd‘i@ of @elih€ al anvedky andédhbrolled

termnates th he n Vers irection orthogonal to the
di rection of V‘%N (H JuFe?Hgm%fﬁ r\'vglét?ﬁ W@%ﬁer t hese pressure and

tenperature conditions, the dllutlon factor Fis 4.3 and the
residence tine ofohbSrafidSERMASE2t IS 17.1 minutes. A polyner with a
nunber - average nolar nmass equal to 16 400 g/nol is extracted from
this finisher, which nakes possible satisfactory operation of the
coupl ed spi nni ngArsliedm 1.7 th of liquid palyemitesiér mepdymer mith e aiseosith éndex (V1) of
capaci ty of t59¢,ki RRasul&ewitl 8% J &t FeliynR?! peMeho GXbf G635 8 cr&rﬂ thB lned

finisher is then i ncr eased I{bg i'ncreasing the overal ?’@} | ow rat

line and it s 2RtATHREG tOé/%?rQQ@ F’r‘i‘i‘ﬂeésr fOFrB{§B°'Yr§erizé'§’ﬁI°éP‘éEP”B§ﬁ QGlvps 'ﬁ(jj‘”toﬁ@e‘i

| evel set poi nt a@fmdehurt imihe Riewnitasf 28RS inRX mmmd:mbryerlcampm@l aifpriztiRal

ni trogen flowyrate. ar. r it | e uyp
‘é/n 5(9#%%%%3 <§e ?c‘é‘r:rﬁt'[ed 0% 9%[%? dé)Qra‘i qu al’ rQ&SJ& ! %{J % Gnd

to the val ue make ma I nt ai
nunber - aver ageu'hﬁﬂdawthr?ﬁsvsfﬂ%sfforttmfeva@ewmeise sitwpied thawdsileag the ffﬂ!ﬁh@'t Adaw
of the pol yweatefdf%%rrabedrydmmgehqs LEOLQ@onﬂ/:éﬂ)lntd/\/ﬂﬁlﬂﬁlih%r mbogmean bliy

rate is doubl r. . wth s no

sei bre o SBTEshIRaTRE 578 e L Bt b on et Vot el S TS es e
pol ymer t hus fidiettezr dloma & etirectinhi pabelleletouthatsofi the flaw taf dhd bBauid sirdame akdgethe
On adopting Tobﬁﬁﬁe Qﬂréd’tlQQQQ tHa@Jo?Qﬁlé (HHWCQQﬂH b %é:tl% dé\hégg/ﬂhb olitR€ of Wthh

dilution factor F is 5. t he i dence time of phase t
5.6 minutes. S9HEY ﬁ&fsai%'é@UIaﬁS'tth@ed?weP FRANtf B fipisles s 5t ﬁtdh%m@arna@ aafi
gr eat er t han a7palynddrhis dxesctaD frometdis! finisher &mying BCYIearsS €36 ml/d, hehidhag&esoiot
t he pol yner. justed to 10 nB/h, i.e.
F=9.8 and tgfpéggﬁott SJ?OJUHOS;H%&'%@ Aéqu%rlgggmgﬁh#he polymer in this
case increases uncontrollably, up to a value of 19 350 g/nol,
rendering the po_wt the finisher outlet unworkable due to an

excessively hlgh conseq xcessi ve 05|t
Exanmple 1 gﬁ tsn'S% 5% SRER" g en%ﬁ?ﬁi?%rba 9 tro@%%ﬁb%’é 838’

with the sarr*mtrpd@pcblhwlmmgestaioeamdméctlalppareﬂd wahailof/theﬂow;btihe tiduid stream and

i njection of Nt bRaesh drsnigMell.fied so as to introduce the latter along
a direction paraélel to that of the flow of the |iquid streamand in
the direction ofBY RFPUPG RF S30F oPHRINGFRIIlNS, LPERE Einigi 3tithnievek of e
pol ycondensabolgmnl:lenset,lontd]@f #eoptdgen irgéctian (datticolgynthk Indmwgerafi@v adte)2the VI
nB8/h, i.e. easﬁ.lréld Ak o Sﬁergm% lqubmlybnder the pressure and

terrperature condi t1 ons i ni sher makes EOSSI ble a significant
The process of the invention makes it possible to produce a polymer perfectly

suited to the specification of the product.



In the finisher of Conparative Exanple 2, the nitrogen injection is
nodified so as to introduce the nitrogen along a direction parall el
to that of the flow of the liquid streamand in the direction of this
‘flow. By adopting the sane operating conditions, whether this is
at the level of the polycondensation or of the nitrogen injection
(particularly the nitrogen flowrate), the VI neasured at the

finisher outlet is 140 nm/g. The process of the invention nakes
it possible to produce a polyner perfectly suited to the
specification of the product. 13 CLAIMS 1. Process for the

conti nuous manufacture of a polyam de cqggprising a stage of initial
pol yneri zati on under pressure starting from nononers and a stage of
finishing in the liquid phase at a pres€UAMSn the vicinity of

at nospheric pressure, the finishing stage being carried out in a

hori zontal -axis reactor, in the |lower part of which a liquid reaction
stream f | ows larfttogeass fdngheugppénuopamandghctyiiof b, polyhmida pp@prisia@ra stbesd ofgnitial
conposed of a %%@H%tnb@%&?%@s@@&&%né ﬂ&n HdﬂHr‘ngrs 5865188 ofrishABin A8

inert gas is |g; ﬁ ﬁ characterized in th he inert gas IS

injected at thd AR AL FEHRIH Gy IGEKof %)‘P”PS%{@E%P"&FW iy flpishing stage
di recti on esserieingl ¢aprigoasalin @l hdrieorttdiakis obadtdreinf iheviowedr dakteof| wideh d iiquid
reaction st rearnegd]gn %t%ah{;@ac'aﬁgﬂthgnp&? %}#bﬁw){}éhome ugj Pﬂaﬂ%%ﬁa composed

according to Caim erized in
di carboxylic acqfd' gferus Nepdirpeeaboye g %'éfs@a%@e@ﬁa%gart 'aert:s%ﬁ Fh”lle‘?i?d
2, charact eri zefaiaBtefiteatin tthe tp@hrnéargaeesnrﬁe@edoatl uﬁamndebfaﬁe ﬂmsrang reactor

copol yam de, tg’% %?‘ih@rt.o )Q,rgchoﬁ %g%rel ng%%ﬁ%' to %na of }ﬁhr{@wtqﬁ the qur%yrﬁ%ctlon

66 units, the ic aci Ipic a

bei ng hexanethyﬁéﬁééhﬁwﬂméﬂemwnpf6@%@@ according to Caim1l
characterized in that the nononers are a | actam and/ or an am no aci d.
5. Process agc ing to ¢l racter zed in that the polyam de
"5 & potyan de TER 2t Reient Giathd: ORI e R 1o 1B R aBe AO L.
of which are paicigaant daisfineni ts, the | actam bei ng caprol act am and/ or
the am no acid bei ng am nohexanoi ¢ acid. 6. Process according to one
of the preceding clains, characterized in that the deqree of
progression &f "PRESHBICOLIRTAR FEKR | 82 sharesierizgd in et thy pqlyamids i g@olyamide
initial polyneréaaticopolyamidil B:atrm’orﬁyhﬁlﬂnegtﬁﬂ/edt Qriitsaof Phikcly ard jderabhle 66 unlts

Process accor dlti@dl#a?bo?(@% a?{c)irbte{r]ﬁ 39 EI%%%Q 'apugthg Hgalrrﬁ"se bé:g'l %'éf’?a% y?e}i'ngc(ii amine.

that the dilution fact téam-n ace o
finishing reactor, when the inert gas is introduced, is greater than

2. 14 8. Pracesscess aoékiimgid Cladne, efarddieizq ecadi 08 GbRns are a lactam
characterized in_ that the r§5|dence time of the gas phase in the

fini shing reacf@PkT@WT@E%a? an or equal to 30 min and preferably |ess
than or equal to 20 mn.

5. Process according to Claim 4, characterized in that the polyamide is a polyamide 6 or
a copolyamide, the majority of the repeat units of which are polyamide 6 units, the

lactam being caprolactam and/or the amino acid being aminchexanoic acid.

6. Process according to one of the preceding claims, characterized in that the degree of
progression of the polycondensation at the outlet of the stage of initial polymerization
is greater than 90% for a polyamide 66.

7. Process according to one of the preceding claims, characterized in that the dilution
factor for the steam in the headspace of the finishing reactor, when the inert gas is
introduced, is greater than 2.



9. Process according to one of the preceding clains, characterized in
that the residence tine of the liquid phase in the finishing reactor
is greater than 5 mnutes. 10. Process according to one of the
"preceding clainms, characterized in that the initial polynerization
reactor and finishing reactor are placed in an enclosure or jacket
conprising a heat-exchange fl uid.
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8. Process according to one of the preceding claims, characterized in that the
residence time of the gas phase in the finishing reactor is less than or equal to 30
min and preferably less than or equal to 20 min.

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

10. Process according to one of the preceding claims, characterized in that the initial
polymerization reactor and finishing reactor are placed in an enclosure or jacket

comprising a heat-exchange fluid.



