1 METHOD FOR MAKI NG POLYAM DE [0001] The present invention relates to
a pol yam de manufacturing process. [0002] The invention relates nore
particularly to a process for 5 manufacturing polyam de fromat | east
one diacid and fromat |east one dian ne, conprising a step of
concentrating an aqueous solution of diacid and diamne salt to a

wei ght concentration of salt greater thgn 85% and to a step of

pol ynerizing to the desired degree of polynerization. [0003] The
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manuf act%r ! n[goo%] The invention applies to the polyamides resulting from two different
types of monomers, such as for example poiyhexamethylene adipamide.

[00086] Conventionally, polyamides are prepared from at least one diacid
monomer and from at least one diamine monomer, in solution in an organic
solvent or in a mixture of organic solvents, in water, or in a mixed solvent/water

20 system.

[0007] The diacid is generally a dicarboxylic acid. The most common diacid
monomer is adipic acid.
[0008] As regards the diamine monomer, this is generally
hexamethylenediamine.

25  [0009] Besides the adipic acid (AA) and the hexamethylenediamine
(HMDA), the polyamides may be derived from other diacid or diamine
monomers, even from amino acid monomers or lactams (up to 25 mol%).

[0010] The most widespread industrial process for manufaciuring a
polyamide from two different monomers, a diacid and a diamine, consists in

30 forming a salt beiween the diacid and the diamine: for example, in the case
where the diacid is adipic acid and the diamine is hexamethylenediamine, the
salt formed is hexamethylenediammonium adipate, better known under the
name "N salt” or Nylon salt. The salt solution generally contains stoichiometric
quantities of diacids and diamines. The expression "stoichiometric quantities” is

35 understood o mean mixtures for which the molar ratio between the diacid(s)
and the diamine(s) is between 0.97 and 1.03, preferably between 0.89 and
1.01. In other words, the expression “stoichiometric quantities” is understood to
mean that the ratio between the total number of moles of diacid(s) and the total



polyamele fromtwo different nononers, a diacid and a di am ne,
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manuf acturangexpensive and complex device, the reduction of the cycle time in the
autoclave represents a considerable advantage.
[00186] For this purpose, the invention proposes a process for manufacturing
polyamide from at least one diacid and from at least one diamine, comprising
30 the following steps:

a) concentration by evapcration of water from an aqueous solution of diacid
and diamine salt obtained by mixing at least one diacid and at least one
diamine in stoichiometric quantities, untii a homogeneous aqueous

35 solution is obtained, of which the weight concentration in water of the
dissolved species is greater than 85%, advantageously greater than or
equal to 86%, preferably greater than or equal to 87%, more preferably
still greater than or equal to 88%; and
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[0022] The solution, during step a), is advantageously kept stirring. This
30 allows a good homogenization of the solution. The stirring means are the

means known to a person skilled in the art; they may be, for example,

mechanical stirring, or a recirculation via a pump or via a thermosiphon.

[0023] The solution introduced in step a) may be a preheated solution.

[0024] The unpolymerized or partially polymerized sait solution is
35 advantageously maintained, in step a), at a temperature 0 that is, at any

moment, sufficient to keep the medium in the liquid state and avoid any

appearance of solid phase.

[0025] Indeed, in order to avoid the solidification or the crystallization of the
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15 preferably 0 > 0.+5°C, is satisfied, so as to avoid any appearance of solid

phase.
[0029] The pressure during step a) may be set at a constant value, or
according to a particular pressure profile (for example according to successive
holds).

20 [0030] The duration of the concentrating step a) is generally between 20

and 120 minutes.
[0031] The weight concentration of salt of the aqueous solution of diacid and
diamine salt, before step a), may vary from 40 to 70%. It is advantageously
between 50 and 70%.
( 25 [0032] The concentration step a) is preferably carried out by keeping the
' solution under an oxygen-free atmosphere, so as to avoid any contact of the
solution with oxygen. This is carried out, for example, by using, in the process of
the invention, a salt that is free of dissolved oxygen, or by using an atmosphere
of inert gas or of water vapour generated by the boiling of the solution.

30 [0033] The mixture resulting from step a) is preferably transferred from the
evaporator to a reaction chamber in which the polymerization step b) takes
place with removal of water.

[0034] The polymerization step b) consists of a polycondensation preferably
carried out in at least one “polymerizer” constituted by an autoclave, according

35 to the customary conditions of the polycondensation cycle. The evaporator may
supply several “polymerizers”.

[0035] Step b) comprises at least one step b1) of pressurized
polymerization. The pressure during this step b1) is generally between 1.5 and
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oxygen-free atnosphere, so as to avoid any contact of the solution
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di acid 15and di am ne salt. , ;
several minutes, or even by more than about ten minutes. It also makes it
possible to obtain a larger amount of polymer per cycle. Indeed, for a given

20 reactor volume, since the solution obtained after step a) is more concentrated
than in the known processes, it is possible to introduce a larger amount of more
or less polymerized monomers into the autoclave; therefore, in the end a larger
amount of polymer is obtained in the autoclave without changing the initial filling
level of the |atter.

( 25  [0040] Advantageously, the apparatuses of the process of the invention are
equipped with thermal insulation in order to limit heat exchange with the
surroundings and thus limit heat losses.

[0041] The process of the invention is advantageously a batch process.
[0042] The process of the invention may be used for manufacturing

30 polyhexamethylene adipamide starting from adipic acid as the diacid monomer
and from hexamethylenediamine as the diamine monomer.

[0043] As the diacid monomer, in addition to adipic acid, mention may also
be made of glutaric, suberic, sebacic, dodecanedioic, isophthalic, terephthalic,
azelaic, pimelic, naphthalenedicarboxylic and 5-sulphoisophthalic acids, for

35 example. It is possible to use a mixture of several diacid monomers.

[0044] Advantageously, the diacid monomer comprises at least 80 mol% of
adipic acid.
[0045] As the diamine monomer, in addition to hexamethylenediamine,



[ 0039] The duration of step b) is generally between 90 and 240
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20  [0050] The polymer is then generally extruded or formed.
[0051] The polymer is generally made into the form of granules.
[0052] These granules are then used in a wide number of applications,
especially for the manufacture of yarns, fibres or filaments, or for forming
articles by moulding, injection moulding or extrusion. They may especially be
( - 25 used in the field of engineering plastics, generally after a formulation step.
[0053] Other details or advantages of the invention will appear more clearly
in light of the examples given below.

EXAMPLES
30

Example 1 (comparative)

A polyamide PA-6,6 is prepared from a 52 wt% aqueous solution of N salt
charged in an external recirculation-type evaporator with 0.20 wt% of a
35 32.7 wt% aqueous solution of hexamethylenediamine, 1.6 wt% of a 60 wt%
aqueous solution of caprolactam and 8.5 ppm of antifoaming agent (silicone
composition). The mixture is heated to 153.0°C under an absolute pressure of
0.24 MPa. At the end of the evaporation, the concentration of dissolved species
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advant ages 0 e |nvent|o more clearly i I ght o
exanpl es gitPE® I9ARSAIN FERANBEES 30 Exanple 1 (conparative) A pol yani de
PA-6,6 is prepared froma 52 wt%aqueous solution of N salt charged

{ t tor with of a 35
D s AT AL RS A AR O el 0
wt % aqueouforstt utcion af acapmrmmacmanﬂ 8.45nvipmarfd aarhirfeoarichgyragpst of
(silicope By %'ﬂl ' Egﬁé d to 153. 0C under an
absol u'?g p?ggﬁlgé%@0%|§9 a.[%gtgrﬁﬁgio r]? t he evaporation, the
concentration of dissolved species
Example 2 (invention)

A polyamide PA-6,6 is prepared from a 52 wt% aqueous solution of N salt
20 charged in an external recirculation-type evaporator with 0.23 wi% of a
32.7 wit% aqueous solution of hexamethylenediamine, 1.6 wt% of a 60 wt%
aqueous solution of caprolactam and 8.5 ppm of antifoaming agent (silicone
composition).
The polyamide is prepared according to conditions identical to those used in
( 25 example 1, except that an amount of aqueous solution of N salt is used that is
2 wt% higher relative to the amount used in example 1, that the mixture is
heated to 156.0°C during the evaporation and that the concentration of
dissolved species of the solution at the end of the evaporation is 86.5 wt%.

30 The increase in concentration of the solution of N salt at the end of the
evaporation phase made it possible to increase by 2% the mass of polymer
produced per cycle while retaining the same cycle time of the autoclave. The
evaporation time of the solution of N salt increased without impacting the output
of the production plant nor the cycle time of the autoclave.

35
The polyamide PA-6,6 obtained has the same properties as that obtained in
example 1: a relative viscosity of 41 measured in 90% formic acid at a
concentration of 8.4 wt%; and amine end groups of 49.4 milliequivalents per



7 of the solutionis 84.7 ww% This solution is then transferred
into an autoclave. The autoclave is heated so as to obtain an

aut ogenous pressure of 1.85 MPa. During this pressurized

pol ymeri zati on phase, a 20 wt % aqueous di spersion of titani um oxide
is added in an anount such that the fina$ pol ymer contains 5 0.3 w%
of titaniu essurized pol yneri zati on phase lasts 60 mn,
then the p?ggétaﬁgoféggngéual Iy reduced to atnospheric pressure. The
reactor is kept under atnospheric pressure for 26 mnutes and the

t enper at ur %%?'é’l@ﬂ:&w‘ paPstiv@action mass at the end of this step is
272C. Then tor is put ‘'under a nitrogen pressure between 0.4
and 0.5 MPa in order to be able to 10 extrude the polyner in the form
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pol ymer pr gguaedrafilesycl e while retaining the same cycle tinme of the
aut ocl ave. The evaporation tinme of the solution of N salt increased

W t hout inpacting the output of the production plant nor the cycle
time of th&¥hauwalgdraide PASS,Bhebtpivledadmsle Vieositd imdbhabheds JsasLighmezsired

eacur 801 I 90 BhrAOH R bonGHEROR 0. F ol UL %4 56 and am ne

end groups of 49.4 mlliequivalents per 8 kilogramof polyner.

Exanpl e 3 E&ggﬁg&% ﬁﬁ@%nﬁoﬁ) pol yam de PA-6,6 is prepared froma 52

wt % aqueou N salt charged in an external
recircul ati on-type evaporator with 9 ppm of antifoam ng agent

(silicone Aoﬂﬂgéh'ﬁd@fP)A 6-@1% éﬁdd#é@ urdlehgiaé &dni® céﬁéht:@ﬁ‘s Hid@osa used in
ressu e en

Poncents at Eaftste o seetiybrtpgdniiess RratEBR LA dugfo fhesvanpration,

sol ution i antheat theastsicentration of dissohvid spsicied aivibe stietiarubbitieasred ofthe

heated so §§ap[5 aﬂBﬁ‘?g‘,E %W/ut ogenous pressure of 1.85 MPa. The
pressuri ze yIeri za i"on ‘Phase lasts 42 nin, then the pressure is

gradual |y reduced to atnospheric pressure. The reactor is kept under

at mospheri ¢hgr pefddsR f rco%%gﬁlr?ﬁ'érﬁ%faﬂ% %Bﬁjt:bﬁ"?ﬁrl\? ﬁ:.i ﬁaﬁtthé' &5d Wthe

the reaction nass at t e en react or

i s put3Uingevareration phase made it possible to reduce the cycle tlme of the autoclave by
3 min and therefore to increase the productivity of the plant. The evaporation
time of the solution of N salt was not increased, in particular by virtue of the

heating capacity of the evaporator.

35 The polyamide PA-6,6 obtained has the same properties as that obtained in
Example 3: a viscosity index of 135.3 mL/g measured in 80% formic acid, at a
concentration of 0.5 g/100 mL.



15 nitrogen pressure between 0.4 and 0.5 MPa in order to be able to
extrude the polynmer in the formof rods, that are cooled with water
and chopped so as to obtain granules. The pol yam de PA-6, 6
obtai ned has a viscosity index of 135.5 nlL/g neasured 20in 90% formc
acid, at a concentration of 0.5 g/100nL.gExanple 4 (invention) A

pol yam de PA-6,6 is prepared under the sane conditions as those used
in 25 Exanple 3, except that the mxture is heated to 157.4C during

t he evaporation, and that the concentChAIM& of dissol ved species of
the solution at the end of the evaporation is 87.0 wt% The increase
in concentration of the solution of N salt at the end of the 30
evapor at i onTpifieeessatps manyaslyring Polvemide fran whdeasiane diagid and feg at

a:lt otcl aﬁ by %éﬁt&Pémﬁ’ar?ih@r@émbﬁsm@thmﬂmg stdys: productivity of the
ptan e evaporation ti n
i ncreased, in pa?)t I Bﬂ?efﬂtrag\? 3?yrfe %pcg% él'%wé)?h“éa;{?f I#&ﬁ&#a%@%w%f S?IHtéon of
evapor ator. 35 Thedjmsid/and déanfinecall aaineddy mixéra aklesaneng diasist ane at
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CLAI M5 1. Process PSFe%tﬁP@@P'ﬂlr'? rfé’?"f.‘fBP‘}-a a@lq}&ﬁ;ﬂetgtﬂa%qncgnkatlon in
diacid and from at wabasif thedisdolaed Bpecleﬁmrgreatenwm%pdamd)w ng steps:
a) concentration,b r ugQu 0
diacid and di amno e%gfjﬁ'ﬁa‘?ﬁ%ﬁ& Q'{;Itcli'plgfs‘ﬁq@\t"ﬁ of %Eﬁraﬂpztg @%ea [ ac) ybgﬂe& bf
| east one di ani ne Pﬁlygt%izémlbnﬁ@mpﬁsl@ﬂlaﬁit'P?%@neuﬁﬁpI bR %ﬁ’ﬁ@f@??é'éﬁﬁo"
aqueous sol ution i sn@étpressade, of which the weight concentration in

ol yrrori zat | o et engy et e hedh SR ALa R 2o 27 e

pol ynmeri zation, conprising at |east one step bl) of polynerization
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ess an

SS _accor ail Ste a
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sol ution of dichtdimbcariy dniaimgnet siebst clneaidiesit! Bndriati legshtoﬂeeaiﬁmlme in

di acid and at Jto%’rﬁ&m@f?fcu |ES Urfti étrﬁn‘r‘dﬂéﬁ% 'aﬁi: Eblhtl is &hthinked2

homobgeneous aq lon i s obtained,
concentrati onO%W?‘Wi‘ttEP wiightrongeaialianag %@"c? %]‘@Qt %qe%leﬁdﬁ ghater

equal to 86% ithn drapsst 88¥%ording to Caim1, in which step a) is a
step of concentration by evaporation of water from an aqueous
solution of diacid and di am ne salt obtained by m xing at | east one

di aci d and %t Precess anserdingia Riaimnt,dpovhieh stapt 1) is & slgRtafgopsentration by
honbgeneous a@U@ﬁb@tn@@'dﬂ}EWétﬁr E@nﬂbh%dlﬁéus@ol&%rﬁbf tjfa@ld/\@h@fdlamlne salt
concentration of. t he e g e

equal to 87% Oh{%"ﬁc{)?’é@s{mﬁ' 80|ag l%égtt S%g @Pa%d Eﬁ'é]] &Iel(’,eggf e Wé in
char act er i zedstoichi¢raetricrayanities runtiladomogtneruy aQU@@JSa§O|UiI@1 lSatha\ﬁ'?d

nmonent, great gf whlamherwé?gﬁt%nben@&b%qn WatBebnBetdiesohrld %@@%ﬂérg?éﬁiér

terrperature of the so Process according to one of the
precedi ng cl af Wor&%agﬁéﬁ’zed in that the weight concentration of

salt of the aqueous solution of diacid and diam ne salt, before step

is betwee
2 b Dot REPraSeRtcdfihy B oHEOASRR ORI B ANGadbide e the
end of step ajemeerahuad edur@a Stap @ats, [ab a5y mﬁ@eﬁm%@ﬁria@m &k equal to
reactor. 8.+3°C, 9. being the solid appearance temperature of the solution.

5. Process according to one of the preceding claims, characterized in that the
weight concentration of salt of the aqueous solution of diacid and diamine
salt, before step a), is between 50 and 70%.

6. Process according to one of the preceding claims, characterized in that the
mixture obtained at the end of step a) is transferred into at least one
polymerization reactor.



10 7. Process according to one of the preceding clains, characterized
inthat it conprises at |east one of the following steps: a step b2)
of expansion of the polynerization nediumin order to renove the
residual water via evaporation; a step b3) of nmintaining the
tenperature of the polymer, under atnospteric pressure or reduced
pressure; and a step b4) of formng the pol yam de obtained. 8.

Process according to claim7, characterized in that step b4) is a )
step of for i ngracass scewling & ogeafuthespicsedipg| salmsd charmadetized. inothat it
Process accor digiprisesit@estt ohBef HRANIng sté@d: "5, characterized in
that the process is_a C rocess..l10. Process. accor.ding t e_of

t he preceding Crai%tpp?}%ép?@?@@@sz%ofﬁeﬁ% m?rI'Fé“?@Pa[B?%uWo'ﬁoorfr@?rgga{?%ove
chosen fromt he | itbe resityalivestegviaegivpperatign;,ut ari c, suberi c,
sebaci c, dodecaned 4 Qitgp i halt Gainiar t i | s [ j

napht hal enedi car bode%tie% E%%E@l?’rg?fg?’ o%%htgﬁp'g%atgli?eesé %1160 @&%‘ssunder
according to one GIMPRRNICRIESFWHE ¥ Irg lﬂﬁtied RIRETHEt 319 zed in that the

di am nenonomer sar ecstepdd) obfarinig theqoiganide ogideedmet hyl enedi am ne,
hept anet hyl enedi am ne, tetranet hyl enedi am ne, octanet hyl enedi am ne,

nonamnet hyl enedi am ne, decanet hyl enedi am ne, 2- .
met hy| pent afet PrpCess @icapioing (Qisioafe chyasiedasa in rbat step b4) is a step of

dodecanet hyl engghingiif the foymydrenasiiiegttrepciyemide apkbsinedmedi am ne. 12,
Process according to one of the preceding clains, characterized in

that the diacid nononmer conprises at |east 80 nol % of adi pic acid.

13. Process Saddocdsmhgotadimgetootna hbthe preediding dlairispshargeterzeddnithaldthe
in that the digghag GRNOER prREREI ses at | east 80 nol % of

hexanet hyl enedi am ne.

10.Process according to one of the preceding claims, characterized in that the
diacid monomers are chosen from the list comprising adipic, glutaric, suberic,
sebacic, dodecanedioic, isophthalic, terephthalic, azelaic, pimelic,
naphthalenedicarboxylic and 5-sulphoisophthalic acids.

11.Process according fo one of the preceding claims, characterized in that the
diamine monomers are chosen from the list comprising
hexamethylenediamine, heptamethylenediamine, tetramethylenediamine,
octamethylenediamine, nonamethylenediamine, decamethylenediamine, 2-
methylpentamethylenediamine, undecamethylenediamine, dodecamethylene-
diamine, xylylenediamine and isophoronediamine.

12.Process according to one of the preceding claims, characterized in that the
diacid monomer comprises at least 80 mol% of adipic acid.

13. Process according to one of the preceding claims, characterized in that the
diamine monomer comprises at least 80 mol% of hexamethylenediamine.



