1 PROCESS FOR THE MANUFACTURE OF POLYAM DE [ 0001] The present
I nvention relates to a process for the manufacture of polyam de.
5[ 0002] The invention relates nore particularly to a process for the
manuf acture of polyam de fromat |east one diacid and fromat | east
one di am ne, conprising the introduction of |actamat the end of or
after a stage of concentration of an aqueous solution of salt of
di acid and di am ne. [0003] Pol yam des are pol yners of consi derabl e
i ndustrial and commercial 10 inportance. Thernopl astic pol yam des are
obt ai ned by condensation of two different types of nononers or of
just one type of nononer. It is possiblq to envi sage havi ng several
different nononers in one and the sane type. [0004] The invention
applies to pol yam des : ! MANG FAGTURE OF RQLVAMIIE nononer s,
such as, for exanple, poly(hexanethyl ene adi pam de). 15 [0005]
Conventional |y, polyam des are prepared fromat |east one diacid
nonomer and figoam at TrRaslesOMeindeidh NelatMINE Iproddds B Hd RRNGRBRFALE Y
in water. [ggggh%ﬂ% diacid is a dicarboxylic acid. The comopnest
di acid nmononer 'rs adi pic acid. 20[0007]Wth regard to the diam ne
nonomer, Bt (¥0Gkenerfdie ynyesf e reoredipgpicHlarly [ BooB] Rracesgdiferi &t t o
adi pi c acid (vshufaznde hefxpatpirhide eframli nfieast (idVidfgcid and Pledriy 2ot [dest 618
resul t 1 rom oldihe diofiiifiadhe i FORMRER RlinURA of bOGRAY 8986t
nmononers or | actans.. 8 t nol 99 . ese gt er nononers can
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manuf act ype @hpdina MrAsdpRiRis Walyaidid<&r St oBMRHESS coticisafdndo R @
di am ne, con%k%t N fe%rcgg nﬁ%a sal t Eet ween_tt he di acid aDg.the .

di ami ne: for JERHHIEPESHA BRSPS RO VRS QbIMoRPRer-ghis Ressibifoith
under the nagBviefge having seveal diffg@nigicopmses in onFlang thssgame ypgeneral |y
enpl oyed in awogous THeliNdnaon aghiRs 3@ bblySaides rédiItHe TRNAWYJIFEERY tye&s

stoi chionetri S | acl d_di ' jon of this
TN sal townebRoio gl s & R AP pel e CaF s Reer O
gener al | y/5coHW8pk r attevVBRtionaly, cReianyfe pregiaparedr fempal {paRt eee jdiacid
obt ai ned by hembimeg,anat frdvhgdt leestpenea diantnamebriongd, pr eslstivre getdraldy in
concentrated,ggl.ution of "N 35salt” in order to evaporate the water

and to activate the _pol [ zatjon reaction
[0006] T%e |§:? }s a dicarboxylic acid. The commonest diacid monomer is

adipic acid.
20 [0007] With regard to the diamine monomer, it is generally hexamethylene-
diamine.
[0008] In addition to adipic acid (AA) and hexamethylenediamine (HMDA),
polyamides can result from other diamine or diacid monomers or even from
amino acid monomers or lactams (up to 25 mol%). These other monomers can
25  modify, for example, the behaviour towards crystallization of the final polymer.
[0009] The most widespread industrial process for the manufacture of
polyamide from two different monomers, a diacid and a diamine, consist in
forming a salt between the diacid and the diamine: for example, hexa-
methylenediammonium adipate, better known under the name of "N salt” or
30  Nylon salt. This salt is generally employed in aqueous solution. The salt solution
generally comprises stoichiometric amounts of diacids and diamines. The
solution of this “N salt”, which comprises at least 40% by weight of “N salf’, is
generally concentrated by evaporation of water. The polyamide is obtained by
heating, at high temperature and high pressure, this concentrated solution of “N
35 sait’ in order to evaporate the water and 1o activate the polymerization reaction,
while keeping the medium in the liquid state.
[0010] After conceniration, the solution of “N salt” generally comprises
between 55 and 90% by weight of salt.



whil e keeping the nmediumin the liquid state. [0010] After
concentration, the solution of "N salt" generally conprises between
55 and 90% by weight of salt. 2 [0011] During the phase of

pol ymeri zati on by heating the solution at high tenperature and high
pressure, the water still present in this solution and the water
generated by the pol ynerization reaction are renoved. [0012] When a
pol yam de is manufactured fromtwo different nononers, a 5 diacid and
a diamne, and when it is also desired to introduce |actam
conononers, in particular in a large anount, it is known to add them
as a mxture with the starting salt of d|a0|d and di am ne, before the
begi nning of the process for the manuf aét ure of pol yam de.
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t he sol uti onlerdedtrorameensate fohthepainsgesilis ngtesshpste ivifgduge theslackem
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of pol yam des esire
i ntroduce hi §i¢ S&n?ﬁi?@@"@"ﬂ'&‘é‘i%@cﬁb‘ﬁ@n%?%W'” be lost during the stage of

20 concentration of the solution of monomers.

These lactam losses become greater in absolute value as the desired amount
of monomer units resuiting from the lactam comonomer in the final polyamide
increases.

25
Consequently, the excess of comonomers to be employed before the beginning
of the process, in order to compensate for these higher losses, will itself also
become greater in absolute value.

30 This renders the process complex and not very economical from the viewpoint
of the sfarting materials. Furthermore, effluents comprising lactam are
generated during the stage of concentration of the solution of monomers and
the management of these effluents is restricting.

35 [0014] Solutions are thus being sought to this problem of lactam losses,
which is more particularly posed for the production of polyamides from diacids
and diamines into which it is desired to introduce high amounts of lactam
CoOmonomers.



3 [0015]In order to solve this problem the invention provides a
process for the manufacture of polyam de fromat |east one diacid,
fromat | east one diamne and fromat | east one |actam conprising
the foll owi ng stages: 5a) concentration, by evaporation of water, of
an aqueous solution of salt of diacid and di am ne obtai ned by m xing
at |l east one diacid and at | east one diam ne, b) polynerization,
under pressure, of the concentrated aqueous sol ution, 10c) reduction
in pressure of the polynerization mediumin order to renove the

resi dual water by evaporation, d) optionally maintenance at
tenperature of the polyner, at atnmospheric pressure or under reduced
pressure, in order to obtain the desired degree of polynerization,
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t hat thelactamfsmtro uce rrzation
medi um at  t hd"@feensfacyrgq @ a9'vemld&f %’F‘ §tt ?@é aye dafd.i ’T'h%tt lepR one
proportion ofdiaminedsd fram dtdeast sod tactagn, foooprising tHegfotiewng stapheg f i nal

pol ymer, by weight with respect to the weight of final polymer, is

between 255 and 20 %%@n@ﬁamraq@%wra%ﬁ\wwé %ﬂ@n%%eo@é §6|9ﬁé}bbv
bet ween 5 and 20% and nore eferably still between

[ 0016] This process, 58@86?'8?“4@”9@'WP%HbtﬁH@dlbad‘E"é'ﬁQ |a§|elﬂﬁft9ft?dﬂ%fé@jaﬁ@ at
the end of or after IddReosd @@/, of concentration of the solution of
nononers nakes it possible to limit, indeed even to elininate, the
probl em of |actam | b3Re¥MaliFatiog. 2ndeni Rregge Ahnineh cereHralpd rRGUARLS
prior processes. Thigg|fighders the process sinpler and nore

econoni cal, as indicated above. [0017] The term "wei ght of final
pol ymer " 105 under st GbEPIUSHRE ih PreRSUR R the PolygegRatiosy merBiImrdm dHger to

units constituting t&fowrOihgTesidedl Maker bYReapEagdFEr units constituting

the polyner chain can, for exanple, be dicarboxylic acid units,
d) optionally maintenance at temperature of the polymer, at

atmospheric pressure or under reduced pressure, in order to obtain the
desired degree of polymerization,
15 e) optionally forming of the polymer obtained,
characterized in that the lactam is introduced into the solution or the
polymerization medium at the end of stage a) or after stage a);
and in that the proportion of monomer units resulting from the lactam in the final
polymer, by weight with respect to the weight of final polymer, is between 2.5 and
20 25%, advantageously between 3 and 20%, preferably between 5 and 20% and
more preferably still between 10 and 15%.

[0016] This process, according to which the lactam is introduced at the end

of or after the stage a) of concentration of the solution of monomers makes it

possible to limit, indeed even to eliminate, the problem of lactam losses during
25 this stage which existed in the prior processes. This renders the process

simpler and more economical, as indicated above.

[0017] The term “weight of final polymer” is understood to mean the total

weight of the monomer units constituting the polymer chain. The monomer units

constituting the polymer chain can, for example, be dicarboxylic acid units,
30 diamine units or amino acid units.

[0018] The term “at the end of stage a)” is understood to mean “when more

than 50% by weight, preferably at least 80% by weight, of the water which it is

desired to evaporate during stage a) has been evaporated”.

[0019] Within the meaning of the present invention, in order to obtain a
35 polyamide from at least one diacid, from at least one diamine and from at least

one lactam for which the fraction of monomer units resulting from the lactam in



30diamne units or amno acid units. [0018] The term"at the end of
stage a)" is understood to nean "when nore than 50% by wei ght,
preferably at |east 80% by weight, of the water which it is desired
to evaporate during stage a) has been evaporated". [0019]Wthin the
meani ng of the present invention, in order to obtain a 35pol yam de
fromat |east one diacid, fromat |east one diamne and from at | east
one lactam for which the fraction of nononer units resulting fromthe
lactamin 4 the final polyner, by weight with respect to the weight
of final polyner (V1 lectern,' is between 0.025 and 0.25 (in other
words, a proportion of betmeen 2.5 and 259@ t he amount by wei ght of
Iactanlto be introduced (Al actamintrod. ) is calculated in the

fol I owi ng gengs ﬁha% é%@@&@m vt F@ég&ecno%we?g% 8t %@Pée%‘ LRs5es
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the | act am i 2504e the ramhoysd| Bymwveidhd &l staam tbobs detrethicee s(fengs nka) tihie

| osses rel at edicuritddhia tmm@ﬁmg ERe@BWhy:cul ar to the evaporation of
t he Iactargl duri ngﬁthe pha RES 0 éermval of the water fromthe salt

sol ution and of tRA¥\Wter BP?Sad‘u ¥*BY*¥he pol ycondensation reaction
of the diaci d(s)Wihdnofent H¥reXAmame(s). This anmount can, for exanpl e,
be determ ned 15 by mrq)waﬁgnlgij:ptyamlwt@rﬁeiﬁraddcee deternination of the

lactamin this watery rgqu,raggorpfb%e\g’%lggpgl s unﬁgeregﬁlﬁﬁgﬁ ﬂ%lﬁpq

of lactamto belntrdébrita rﬁ’L oastoo ain t
desired fraction, YI%@??&'H’P Q?f AOWBP" units resulting fromthe Iactam
in the fimal polynmer. 20As regards the anount of salt of diacid and

di am ne intr @Qagg%gges %r@éépoh% fPEa ¥k r&182R86 thd Bro\’.‘és\é in particular to the ~
PA, salt, MPA's

e el P RygoriS e Tudam A 0Tt Shate Bt or e M o dhe
salt of di acisdltapldtien and aktharvdaterrodwtedrbynihe potytondemsatipnt reaétioni of dhel

and di am ne, dideRi($)0drdovi Mg diahitB(sdt THI ahuBBEdr, €6k &dlmiple, be determined
15 by chromatographic quantitative determination of the lactam in this water
recovered after condensation. The exact amount of lactam to be introduced can
thus be adjusted so as to obtain the desired fraction, Yiaciam, of monomer units
resulting from the lactam in the final polymer.

20 As regards the amount of salt of diacid and diamine introduced, Asai inteoq., With
respect to Wpa, Ysat, Mpa sat and Msan, the lafter two quantities being respectively
the molar mass of the monomer units resulting from the salt of diacid and
diamine and the molar mass of the salt of diacid and diamine, the following
calculation is carried out:

25
Asattintrod. = (Wpa X Yaait X Msait)/(Mpa sait X Fsait)
wpa = weight of polyamide to be produced
Ysant = fraction by weight of monomer units resulting from the salt in
the final polymer,
30 Fsart = fraction by weight of the salt in the aqueous solution

[0020] Advantageously, the lactam is introduced before the optional stage

d), which is a finishing stage. Thus, the copolymer is prepared under good

conditions. The lactam can, for example, be infroduced at the beginning of
35 stage c¢) of reduction in pressure.

[0021] The solution of salt of diacid and diamine is manufactured according

to a process known to a person skilled in the art. It can be prepared by addition

of the diacid, in particular adipic acid, to the diamine, in particular



25 Asalt introd. = (WPA x Ysalt x Msalt)/(MPA salt X Fsalt) WPA =
wei ght of polyam de to be produced Ysalt = fraction by wei ght of
nmononmer units resulting fromthe salt in the final polyner, 30Fsalt =
fraction by weight of the salt in the aqueous sol ution

[ 0020] Advant ageously, the lactamis introduced before the optional

st age d), which is a finishing stage. Thus, the copolyner is
prepared under good conditions. The | actam can, for exanple, be

i ntroduced at the begi nning of 35stage c) of reduction in pressure.

[ 0021] The solution of salt of diacid and diam ne is manufactured
according to a process known to a person skilled in the art. It can
be prepared by addition of the diacid, i°n particul ar adipic acid, to
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temperature and at a pressure WhICh are sufﬁment to malntaln the medium in

the liquid state and to prevent any appearance of solid phase.

[0027] The concentration by weight of salt in the aqueous solution of salt of

diacid and diamine, before stage a), can vary from 40 to 70%. It is
20 advantageously between 50 and 70%.

[0028] The concentration by weight of salt in the agueous solution is

understood to mean concentration by weight in the water of the dissolved

entities.

[0029] The term “dissolved entities” should be understood as meaning all
25 the diacid and diamine entities present in the medium in the free or ionized

(salt) or other form, disregarding the lactam optionally present.

[0030] Stage a) of concentration is preferably carried out while keeping the

solution under an atmosphere devoid of oxygen, so as to prevent any contact of

the solution with oxygen. This is carried out, for example, by employing, in the
30 process of the invention, a salt devoid of dissolved oxygen or by employing an

atmosphere of inert gas or of steam generated by the boiling of the solution.

[0031] The concentration by weight of salt in the aqueous solution of salt of

diacid and diamine, after stage a), is preferably between 55 and 90%.

[0032] The increase in the concentration by weight of salt in the aqueous
35 solution of salt of diacid and diamine during stage a) of concentration is

preferably from 10 to 50%, in particular from 15 to 40% (expressed as absoclute

value of concentration by weight of salt in the aqueous solution).



diacid and diam ne, before stage a), can vary from40 to 70% It is
20 advant ageously between 50 and 70% [0028] The concentrati on by

wei ght of salt in the aqueous solution is understood to nean
concentration by weight in the water of the dissolved entities.

[ 0029] The term "di ssol ved entities" should be understood as neani ng
all 25the diacid and diamne entities present in the mediumin the
free or ionized (salt) or other form disregarding the |actam
optionally present. [0030] Stage a) of concentration is preferably
carried out while keeping the solution under an at nosphere devoi d of
oxygen, so as to prevent any contact of the solution with oxygen.
This is carried out, for exanple, by enﬁloying in the 30 process of
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successive devices providing the functions of polymerization, reduction in
pressure and finishing, according to the wusual conditions of the

15  polycondensation process. In particular, stage b) is carried out in a
“polymerizer’. The “polymerizer” can be an autoclave or a continuous reactor.
The evaporator can feed several “polymerizers”.

[0037] Stage b) of polymerization consists of a polycondensation under
pressure. The pressure during this stage b) is generally between 1.5 and

20 2.5 MPa.

[0038] Stage c) of reduction in pressure consists of a decompression of the
polymerization medium in order to remove the residual water by evaporation.

[0039] According to stage d), the polyamide can subsequently be kept for a
predetermined time at a polymerization temperature at atmospheric pressure or

25 under reduced pressure in order to obtain the desired degree of polymerization.
Stage d) is referred to as finishing.

[0040] These stages are known to a person skilled in the art and are those
used in conventional industrial processes for the manufacture of polyamide from
an aqueous solution of salt of diacid and of diamine.

30 [0041] Advantageously, the appliances of the process of the invention are
provided with thermal insulation in order to limit the exchanges of heat with the
external environment and thus to limit heat losses.

[0042] The process of the invention can be a continuous or batch process.
[0043] The process of the invention ¢an be used for the manufacture of

35 poly(hexamethylene adipamide) from adipic acid as diacid monomer and from
hexamethylenediamine as diamine monomer.

[0044] Mention may also be made, as diacid monomer, in addition to adipic
acid, of glutaric, suberic, sebacic, dodecanedioic, isophthalic, terephthalic,



end of stage a) of concentration; into the evaporator when stage a)
of concentration is conplete and before the m xture resulting from
stage a) is transferred fromthe evaporator to the reaction chanber;
or during the transfer 10 of the m xture resulting fromstage a) from
the evaporator to the reaction chanber. [0036] Stages b) to d) are
carried out, preferably, in a device or several successive devices
provi ding the functions of polynerization, reduction in pressure and
finishing, according to the usual conditions of the 15
polycondensation process. In particular, stage b) is carried out in a
"pol yneri zer". The "polynerizer" can be an aut ocl ave or a continuous
reactor. The evaporator can feed several’ "pol ymeri zers" [0037] St age
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deconpr essi of0%85] t heAgyahtageeushatthe diagiddhornmer eamiuises at leaato’emplie of
resi dual wat ggighyadkyaporation. [0039] According to stage d), the
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external envi fgnrrenthﬁ hus to [Imt heat |osses. 42] The process
of the invenf &SR nuous or batch process [(_)043] The
process of t {@48inverddeédioncmaybbeusedef @s tastanmesnnicromer.e ipfaddition to

caprolactam, of dodecanolactam, butyrolactam, valerolactam and
15  undecanolactam. lt is possible to use a mixture of several lactam comonomers.
[0049] Advantageously, the lactam comonomer comprises at least 80 mol%
of caprelactam.
[0050] The lactam comonomer is generally infroduced in the form of an
aqueous solution or in the molten form. Advantageously, the aqueous lactam
20  solution comprises between 60 and 80% by weight of lactam.
[0051] Other comonomers can be introduced during the process of the
invention. Mention may be made, by way of example, of 6-aminohexanoic acid,
5-aminopentanoic acid, 7-aminoheptanoic acid or 11-aminoundecanoic acid.
[0052] Additives can be introduced during the process of the invention.
25 Mention may be made, as examples of additives, of nucleating agents, such as
talc, matifying agents, such as titanium dioxide or zinc sulphide, heat or light
stabilizers, bioactive agents, soil-release agents, catalysts, chain-limiting
agents, and the like. These additives are known to a person skilled in the art.
This list does not have any exhaustive nature.
30 [0053] The polymer is generally subsequently extruded or formed according
to stage e) of the process of the invention.
[0054] According to a specific embodiment of the process of the invention,
the polymer is formed into granules.
[0055] These granules are optionally postcondensed according to a method
35 known to a person skilled in the art.
[0056] These granules are subsequently used in a large number of
applications, in particular in the manufacture of yarns, fibres or filaments or in
the forming of articles by moulding, injection moulding or extrusion. They can in



35 pol y(hexanet hyl ene adi panmi de) from adi pic acid as diacid nononer
and from hexanet hyl enedi am ne as di am ne nononer. [0044] Mention may
al so be nade, as diacid nononer, in addition to adipic acid, of
glutaric, suberic, sebacic, dodecanedioic, isophthalic, terephthalic,
7 azel aic, pinelic, naphthal enedi carboxylic or 5-sul phoi sophthalic
acid, for exanple. It is possible to use a m xture of several diacid
nononers. [0045] Advant ageously, the diacid nononmer conprises at |east
80 nol % of adipic acid. 5 [0046] Mention may al so be nade, as di am ne
nononer, in addition to hexamet hyl enedi am ne, of

hept anet hyl enedi am ne, tetranet hyl enedi am ne, pentanet hyl enedi am ne,
oct amet hyl enedi ani ne, nonanet hyl enedi ani®ne, decanet hyl enedi ani ne,
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possi bl e 10 t%“ﬁ@%wﬁs 9t ure of several dianine nononers.

[ 0047] Advant d@fsdus| yQthehdetdilseorn atvantegesefthe vpniicedll decorpa storgOleady %
of hexanet hylagpadheaiRitheligHt 0P th]lddambicaiveRbdriv.nade, as | actam
conononer 5 i n addition to caprol act am of

dodecanol act EpAmeyeESl act am val erol act amand 15 undecanol actam It is
possible to use a mxture of several |actam conononers. [0049]
Advant ageous|Tye ddmeenteatipasnof ambivameand offpaprestant cha@st 86 rasdctiadly
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exanpl e, of 6-am i cid, 5-am nopentanoic acid,
7- am nohept a%g?@b%?%?égﬁgﬁmgm noundecanoi ¢ acid. [0052] Additives can
be introduced during the process of the invention.

Comparative Example A - Addition of caprolactam before the stage of

15 concentration in a batch process

A polyamide 6,6/6 is prepared from a 52% by weight aqueous solution of N salt
charged to an evaporator heated using an internal coil and an external jacket,
with 11.8 ppm of antifoam and 6.9% by weight of caprolactam in the form of an

20 aqueous solution (comprising 75% by weight of caprolactam). The solution is
heated up to 130°C under an absolute pressure of 0.15 MPa. At the end of the
evaporation, the concentration of solution is 78% by weight. This solution is
heated up to 160°C without evaporation (superheating phase). The solution is
subsequently transferred into an autoclave. The autoclave is heated so as to

25 reach an autogenous pressure of 1.75 MPa. This pressure is subsequently
regulated at 1.75 MPa. The phase of polymerization under pressure lasts
65 min and then the pressure is gradually reduced down to atmospheric
pressure. The reactor is maintained under reduced pressure for 20 minutes and
the temperature reached by the reaction mass at the end of this stage is 272°C.

30 The reactor is then placed under a nitrogen pressure of between 0.3 and
0.4 MPa in order to be able to extract the polymer in the form of rods, cooled
with water and cut up so as to obtain granules.

The polyamide 6,6/6 obtained has a relative viscosity of 50, measured in 90%
35 formic acid, at a concentration of 8.4% by weight, and a melling point of 240°C,
corresponding to a composition of 6,6/6 copolymer of 88/12 (% by weight).



25 Mention may be nade, as exanples of additives, of nucleating
agents, such as talc, matifying agents, such as titanium dioxide or
zinc sul phide, heat or light stabilizers, bioactive agents,

soi |l -rel ease agents, catalysts, chain-limting agents, and the |iKke.
These additives are known to a person skilled in the art. This |ist
does not have any exhaustive nature. 30 [0053] The pol ynmer is
general ly subsequently extruded or forned according to stage e) of
the process of the invention. [0054] According to a specific

enbodi ment of the process of the invention, the polyner is fornmed

I nto granul es. [0055] These granul es are optionally postcondensed
according to a method 35known to a perséh skilled in the art.

[ 0056] These dExamplesl ar Adslitime gfieaptofactamdafter stafjara)efmomeentrafion in a
appl i cati ons,bateh pegdeissul ar in the manufacture of yarns, fibres or
filaments or in the formng of articles by noulding, injection
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‘'solution is subsequently heated up to 160°C before being transferred into an
autoclave. The autoclave is heated so as to reach an autogenous pressure of
1.75 MPa. This pressure is subsequently regulated at 1.75 MPa. The phase of
15  polymerization under pressure lasts 65 min and then the pressure is gradually
reduced down to atmospheric pressure. The reactor is maintained under
reduced pressure for 20 minutes and the temperature reached by the reaction
mass at the end of this stage is 272°C. The reactor is then placed under a
nitrogen pressure of between 0.3 and 0.4 MPa in order to be able to extract the

20 polymer in the form of rods, cooled with water and cut up so as to obtain
granules.

The polyamide 6,6/6 obtained has a relative viscosity of 50, measured in 20%
formic acid, at a concentration of 8.4% by weight, and a melting point of 240°C,
25 corresponding to a composition of 6,6/6 copolymer of 88/12 (% by weight).

Example 1, compared with Comparative Example A, shows that, in order to
obtain a copolyamide having a given proportion of units resulting from
caprolactam, a smaller amount of caprolactam is employed in the case of the
30 batch process of the invention (introduction of lactam after the stage of
concentration) than in the case of a batch process as described in the prior art
(introduction of lactam before the stage of concentration), this being related
mainly to the losses of caprolactam generated during the stage of concentration
in the case of the process of the prior art.
35
Specifically, the process according to Example 1 makes it possible to divide by
2 the caprolactam losses, as is shown by the calculation below:



Conpar ative Exanple A - Addition of caprolactam before the stage of
15 concentration in a batch process A polyamde 6,6/6 is prepared
froma 52% by wei ght aqueous solution of N salt charged to an
evaporat or heated using an internal coil and an external jacket, with
11.8 ppm of antifoam and 6. 9% by wei ght of caprolactamin the form of
an 20 aqueous solution (conprising 75% by wei ght of caprolactam. The
solution is heated up to 130C under an absolute pressure of 0.15 Mra.
At the end of the evaporation, the concentration of solution is 78%
by weight. This solution is heated up to 160C without evaporation
(superheating phase). The solution is subsequently transferred into
an autocl ave. The autoclave is heated sd%s to 25 reach an aut ogenous
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reactor i s naitrdaiceied under reduced pressure for 20 minutes and the
t enperat ure reﬂmbm@m%msmwg& keB2By@28iz2L.hesend 106 2kpi s stage is

272C. 30 The rea itrogen pressure of

bet ween O-ES and gégéﬁlbgm ﬂ‘? 'Pg ?ﬁ}%g gf‘&%&lglfo extgr aclto the polyner in
the form of rods22&8dbeing e molgamass g8hd PGS Wt so as to obtain

granul es. _Theo,ﬁglbyé&@tdefrﬁctﬁfnﬁayobéughtnﬁw duitdn therlibhve vi scosity of
50, neasured 1/ ?Qﬁf"oﬁaﬁrﬂa@aﬁ} q%fgt at a concentration of 8.4% by

wei ght, and a tin corresponding to _a conposition
of 6,6/6 copé?y%?rcﬁgtaQ%Piﬂe(g%t BE/C%?I@‘F??')“ °f1§”§§z%rp§é2"/°l - Addition
of caproli@ctam after stage a) of concentration in a batch process A
pol yani de 6, G} BohipaPitioR &xEMpld A @assae/éé?;)éar‘ﬂ}’%Wkdﬁ@@@@%oﬁéﬁdﬂélh&ﬁm‘jf
N salt 5 charg (g %Q n evaporat or heated using an internal coil and
an external [Hcké ?Sﬁ %1.5 ppmof antifoam The solution is heat ed
up to 130C under an absolute pressure of 0.15 MPa. At the end of the
evapor ati on, 1 BERaplRCe izt hevas&dry thmtealicd 6.8% bfScapfibdimWesd Bds% of
Duri ng th|% Stﬂ&m%geatl ng phase (heating up to 160C w t hout

evapor ation) €n the tenperature reaches 150C, 6.5% by 10 wei ght of
caprolactamin the formof an aqueous solution (aqueous sol ution

i dentical toThbatpeiacGmmases wee thiadplded Ay 0arsgD.aglded to the
solution. This solution is subsequently heated up to 160C before

bei ng transf eiguashrhfib® Binmbtbec!- ax.t.l; € PUAPBY G SdloR! Bk Sads dfO
reach an ,gut w“ml B ESSUre 15
subsequent | y Tegula 2 VPa Te"phase of 15 polynerization
under pressure |asts 65 mn and then the pressure is gradually
reduced down At polgennids BLse iscprpparsd tioen a BR& byeweigor aqueomaisaliutiomeiN satber

reduced pressyd |§%xe'%pbéfb#é%ﬁélrﬁé‘gtﬁélﬁvé&w&ﬁ& 91 Srenefath M §. '36%
reacti on nms | S

1 1
bl aced under % YRR g GAPIsTstarh b s M em’ G m ﬁdr% Skl Srangiic
to be abl2 t beatedusing anHetepsal goil. yyiere itis herted ap in H3.9°6bgnder @olabdoiulet h

water and cuprddBu@Oofa®11®MPa! At megéradwf #:8- evaporkfién, ptﬁéy:amedﬁraﬁmﬁloﬁthe
obtai ned has sgl {IgA % P‘g% ﬁxﬁ:ﬁé@lﬂt *h% sgfgﬁonn‘%agﬁhr ?guenr%l 9h00 tedjlglrgzﬁd%at-

at a concentra ron o

cor r espondi nQX@*@naeéféﬁp@stpt%érp By pasmesth&s@bwtﬁ’ewawxoasmqeﬂ Thapspolution
wei ght) . Exagpbseqlientoiepdy & gamiatiy filGenpmizabiakaxiEraicidrewlere sthie waatehaip,
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resulting from caél ggct am
enpl oyed in Eif@NtREugsra fequlating vaive. The residence time in thls horizontal reactor is

60 min. The polycondensation reaction takes place therein and forms a
prepolymer. This prepolymer is subsequently sent to a flasher and heated up to
280°C, at the same time as the pressure is reduced to atmospheric pressure. A

35 mixture of prepolymer and of steam is formed, which mixture is directed to a
horizontal finisher where the steam is separated from the prepolymer and where
the reaction continues.



30 batch process of the invention (introduction of |actamafter the
stage of concentration) than in the case of a batch process as
described in the prior art (introduction of |actam before the stage
of concentration), this being related nainly to the | osses of
caprol actam generated during the stage of concentration in the case
of the process of the prior art. 35 10 In order to obtain 100 kg of
a 6,6/ 6 copolyamde with the conposition PA6,6: 881PA6: 12 and when
there is no caprolactamloss, it is necessary to introduce: Anount
of 52% N salt: (88 x 262.35)1(226.32 x 0.52) = 196.2 kg 5262. 35 being
the nolar mass of the N salt 226. 32 being the nolar mass of a PAG, 6
unit 0.52 being the fraction by wei ght dff N salt in the solution

Amount of capi AGERIF is Lhrkd anl: Reatél BEREGT BYS RYatREHHgeNuid. A gear
caprol act am of 12/@{9?6. 2 = 6.. 12% 250 [ 0 Conpar aé.l vtg %aﬂgl e A it was
necessary to AR BERPESUTY N ISTES J1% PRMIMEMIC 1@ e Rlockg oG opp 1 exi

| n Exanpl e 1,from theedie awcestedrandtayt iipthrediiceg@ngkion sységmol actam i . e.
0. 38% of 15l osses. The caprol actam | osses were thus divided by
0.78/0. 38 =2. ' .= Additi f :
before t hér’ stngeD Oc'f‘fa_ %%%@éh%&ggﬁ%%p all ﬁd%wgo"rﬁ%%%\'yog@ﬁrr%%%gée% 'ﬁcéoa%n
pol yani de 6, 6PBNi¢ Acish o cqnegriraiian 350863 Reivpightag0d G sneiBcu PPish 0bf
N salt, whicles7$°0) zatkdpehding madompoaitisii iof 666 vasHywhervaftdr.522 50 by
anti f oam and V\;lei%g)% by wei ght of caprolactamin the nolten form This

m xture feeds an evaporator 25 heated using an internal coil, where

it is heajped pianifle B13- AddiHOH Ut @Jbraﬁaiyrﬁta&eprsgigghgo?fcoﬂc&.i@aﬁ@@- {

the end of tRGLEHBERGE Bfd@Rs [ Ne concentrati on 0
by wei ght. Inlg S ut?Wi_g subsequent|ly heated via a heat - exchange

fluid up to 215C by passing through a tubul ar exchanger. The sol ution
subsequent | y A pavianide 56/6 isapreparfed|fiopd ali@fs boweight aguesus @alttion of MNisalte

it is heatedwyhthdR hikedDB&foktPdRE iR @H&@&%@é@_mﬁﬁpﬁw @@tioane iy
1.85 MPa 1lgy re ve. Th

npva f steamthrough a requlating v The
st doned St i ENEIE torPR <R oo AR PeBa bt Rl i e 1€ heated up
pol ycondensatt® ol ¥E&ctnger eakaksopiteguesswse «afn0.4ie MRs: nit thepeagodfy ther .
Thi s prepol yr®sapdratich) fiseesmeshtration@ thd solatiohliasbBbyanslighte atieeh wpwight

280C, at 't Re of %Q’EroFaic{an A5 the Mo ERRH "€ liged \%ﬁlﬁl?ﬁedcérﬂ:eﬁfrﬁgg %%Eﬁlbr? of N

pressure.

salt in the transfer line downstream of the evaporator. This mixture is

20 subsequently heated via a heat-exchange fluid up to 215°C by passing through a
tubular exchanger. The solution subsequently feeds a partially filled horizontal-
axis reactor, where it is heated up to 250°C under an autogenous pressure
regulated at 1.85 MPa by removal of steam through a regulating valve. The
residence time in this horizontal reactor is 60 min. The polycondensation reaction

25 takes place therein and forms a prepolymer. This prepolymer is subsequently
sent to a flasher and heated up to 280°C, at the same time as the pressure is
reduced tc atmospheric pressure. A mixture of prepolymer and of steam is
formed, which mixture is directed to a horizontal finisher where the steam is
separated from the prepolymer and where the reaction continues.

30
This finisher is stirred and heated at 280°C by a heat-exchange fluid. A gear
pump subsequently transfers the polymer to a die block. The rods which exit
from the die are cooled and cut up through a granulation system.

35 The polyamide 6,6/6 obtained has a relative viscosity of 41, measured in 90%
formic acid, at a concentration of 8.4% by weight, and a melting pecint of
257.5°C, corresponding to a composition of 6,6/6 copolymer of 97.5/2.5 (% by
weight).



35 mi xture of prepolyner and of steamis fornmed, which mxture is
directed to a horizontal finisher where the steamis separated from
the prepol yner and where the reaction continues. 11 This finisher is
stirred and heated at 280C by a heat-exchange fluid. A gear punp
subsequently transfers the polymer to a die block. The rods which
exit fromthe die are cooled and cut up through a granul ation system
5 The pol yam de 6,6/ 6 obtained has a relative viscosity of 41,
nmeasured in 90% formc acid, at a concentration of 8.4% by wei ght,
and a nelting point of 257.5C, corresponding to a conposition of

6, 6/ 6 copolynmer of 97.5/2.5 (% by meight%. 10 Exanple 2 - Addition of
caprol actam after stage a) of concentrat'fon in a continuous process

/gf pﬁ' ng de \A%xﬁr‘r@o!ej@, RIRRAEE Qith’ CBMPa2Ave BkaWRIOB! sRMEHES HObMEF @

his mxed beforehand in a stirred vessel with 2 m
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to 215C by p i : : e solution
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it is heated up to 250C under an autogenous pressure regul ated at

1. 85 MPa 1By Seruificallyothegtrecass taocadigl ta Exegplea? maliew dllpossibiEte divide by
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heat ed up toPASECI7 HPAG.5ant whenghels is he caprelastantloss, it ischesessary to

altn_rm?]ph_eri C ptedeed:e. A mxture of prepolyner and of steamis forned,
Ich m xture I . Ll 1 e steamis
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This finisher is2&& QP%BQéWd“ﬁ'é’éWéHS atthe8b®althy a heat - exchange f1 ui d.

A gear punp subszzfuEnhbédipg theansibemass biea paymmit to a di e bl ock. The

rods which exit é.BQ%hB%Q?r&cé@h%Z?é’drg@fﬁ%‘%lt%ﬁwe%gﬁiﬁﬁ ough a

granul ation system, 357The ) 6/ 6 obt al ne as a relative

vi scosity of -A@O%QE%@@aptﬁﬂgé rmic acid, at a concentration of
8. 4% by ®&i ght.a perdertageby ivaighpol capraidctad 0f 86/217d5=$06%di ng to a
conposition of 6,6/6 copolyner of 97.5/2.5 (% by weight). 12 Exanple

2, conpared wth Co ratLve l.e B, shaows that, .in order

obtarn a copdl yaRTERA hgﬂ%ﬁx B o s er ot o feige 4P g o

f rom capr ol acarplactans irgl 0.8p%, es.of caprolactamis enployed in the
case of the continuous process of the invention (introduction of
actam abker 1 eribigd% Res REQRERNTRIIABL 118300! Dol hEafises 8o, of
conti nuous process as’ describéd iI'’n the prior arf ntroducti on of

| act am bef or ©SB®% st age of concentration), this being related mainly
to the | osses of caprol actam generated during the stage of

concent 1 at I 0yl Bl BREASRsOls bl thiGGaSH BY oliBRM Larsart. 10
Specifically, the process according to a%ple 2 nakes it possible to
divide by 3.75 the caprolactam | osses, as is shown by the cal cul ation
below. In order to obtain 100 kg of a 6,6/ 6 copolyam de with the
conposition PA6,6: 97.5/PA6: 2.5 and when there is no caprol actam

|l oss, it is necessary to introduce: 15- Amount of 52% N salt: (97.5 X
262.35)/(226.32 x 0.52) = 217.35 kg



262. 35 being the nolar nmass of the N salt 226.32 being the nolar nmass
of a PA6,6 unit 0.52 being the fraction by weight of Nsalt in the
solution - Anmount of caprolactam 2.5 kg, 20 i.e. a percentage by

wei ght of caprolactam of 2.5/217.35 = 1.15% In Conparative Exanple
B, it was necessary to introduce 1.30% of caprolactam i.e. 0.15% of
| osses. 25In Exanple 2, it was necessary to introduce 1.19% of
caprolactam i.e. 0.04% of |osses. The caprol actam | osses were thus
di vided by 0.15/0.04 = 3.75. 13 CLAIMS 1.Process for the nmanufacture
of polyam de fromat |east one diacid, from at | east one
diam ne and fromat |east one lactam conprising the follow ng
5stages: a) concentration, by evaporati dA of water, of an aqueous
solution of salt of diacid and di am n6LAIMSI ned by m xing at | east
one diacid and at | east one diam ne, 10b) polynerization, under
pressure, of the concentrated aqueous solution, c) reduction in
pressure of tihe Palogsefdriied &nanufaadiaxﬁﬂddyaﬁfd&frommtlmm& ﬁiheid,rfe@rhdatlal

wat er by evapor afe'ann%ne dlam[rhedénd)m)h%%ésx oﬂ@'le%t [ﬁé}éﬁ%(ﬁl

of the polynmer, eric pressure or r pressu
in order o obtaFfR%%he de5| red degree of pol yrrerl zat| on,
optionally form ng of the polyner obtained,

a) concentration, by evaporation of water, of an agueous solution of

salt of diacid and diamine obtained by mixing at least one diacid
and at least one diamine,

10 b} polymerization, under pressure, of the concentrated aqueous

solution,

c) reduction in pressure of the polymerization medium in order to
remove the residual water by evaporation,

d) optionally maintenance at temperature of the polymer, at

15 atmospheric pressure or under reduced pressure, in order to obtain

the desired degree of polymerization,
e) optionally forming of the polymer obtained,
characterized in that the lactam is introduced into the solution or the
polymerization medium at the end of stage a) or after stage a);

20 and in that the proportion of monomer units resulting from the lactam in the final
polymer, by weight with respect to the weight of final polymer, is between 2.5 and
25%, advantageously between 3 and 20%, preferably between 5 and 20% and
more preferably still between 10 and 15%.

25 2. Process according to Claim 1, characterized in that the lactam is infroduced
before stage d).

3. Process according to Claim 2, characterized in that the lactam is introduced
before stage b).
30
4. Process according to Claim 1 or 2, characterized in that the aqueous solution
of salt of diacid and diamine, before it is concentrated according to stage a),

does not comprise lactam.



characterized in that the lactamis introduced into the solution or
the pol ynerization nediumat the end of stage a) or after stage a);
20and in that the proportion of nonomer units resulting fromthe
| actamin the final polyner, by weight with respect to the weight of
final polyner, is between 2.5 and 25% advant ageously between 3 and
20% preferably between 5 and 20% and nore preferably still between
10 and 15% 252. Process according to Caiml1, characterized in that
the lactamis introduced before stage d). 3. Process according to
Claim 2, characterized in that the lactamis introduced before stage
b). 30 4. Process according to Caim1l or 2, characterized in that
t he aqueous solution of salt of diacid dfid dianine, before it is
concent r at ed Sackroressnacaouding tmenapf theowsceding claimps, icherdcterizadnin thid it
Process accordi : f. 1 r i | 3] har ri .i
that the concen rg%lﬁgér?\ﬂaﬁyb?v\%‘%gﬁtt&o%ﬁgglﬂ%g?ﬁuﬁug%%@gguoz%églotta :%g'r? éc])}d
salt of diacid daningi beforecstagresloiscetweryet@ynd 7@%bet ween 40 and 70% 5
6. Process according to one of the preceding clains, characterized in
that the concentration by weight of salt in the agqueous sol ution of
salt of difacifd Rrodessi 2ggoring tf org obthegweedding slaives, wheracEBizethih Bagshe
7. Process accotdi . t r; I J 7B L.zed 4 n
(hat the. Lom xt G0 aBt ol SRS reaR (& 5 0B feckh Rolion < SAF Hf Bk,
into at |east ofiemipgl gitassiasgtd)on beeend5.arg.90%.0cess according to one
of the preceding clains, characterized in that, during stage e), the
pol ynmer obtained is fornmed into granules. 15 9. Process according to
one of the prledarers adcarding tacorg attherpreestlinanclaimg, chiractsiriaed i that the
TONOMETS @1 ¢ CARRRe LhMdden dbitiuGan st S8t ob ARLRIEY B 434 one
suberic, sebacic, dodecanedi oic, Isophthalic,” terephthalic, azelaic,
pi mel i ¢, napht ReerRIEEbRT IERiPri ¢ and 5- sul phoi sopht hal i ¢ acids. 20
10. Process according to one of the preceding clains, characterized
in that the di am ne nononers are chosen fromthe l[ist consisting of
hexanet hyl en&diRiaters, a¢repdiagré® ieeple licanieneding eclaimge cheeelaegicaim Hat,
pent anet hyl enedj Al Reige S RIBLMMeP BEE IR rmBP METERLAMLENed am ne,
decanet hyl ene-
25di am nes2- et hyl pent anet hyl enedi am ne, undecanet hyl enedi am ne,

9. Process according to one of the preceding claims, characterized in that the

diacid monomers are chosen from the list consisting of adipic, glutaric,
suberic, sebacic, dodecanedioic, isophthalic, terephthalic, azelaic, pimelic,

naphthalenedicarboxylic and 5-sulphoisophthalic acids.

20
10. Process according to one of the preceding claims, characterized in that the

diamine monomers are chosen from the list consisting of hexamethylene-
diamine, heptamethylenediamine, tetramethylenediamine, pentamethylene-
diamine, octamethylenediamine, nonamethylenediamine, decamethylene-
25 diamine, 2-methylpentamethylenediamine, undecamethylenediamine,

dodecamethylenediamine, xylylenediamine and isophoronediamine.

11.Process according to one of the preceding claims, characterized in that the
lactam monomers are chosen from the list consisting of caprolactam,

30 dodecanolactam, butyrolactam, valerolactam and undecanolactam.

12.Process according to one of the preceding claims, characterized in that the

diacid monomer comprises at least 80 mol% of adipic acid.



dodecanet hyl enedi am ne, xylyl enedi am ne and i sophoronedi am ne. 11.
Process according to one of the preceding clains, characterized in
that the | actam nononers are chosen fromthe |ist consisting of
caprol actam 30dodecanol actam butyrol actam val erol actam and

undecanol actam 15 13. Process according to one of the
precedi ng clains, characterized in that the di am ne nononer conprises
at | east 80 nol % of hexanet hyl enedi am ne. 14. Process according

to one of the preceding clains, characterized in that the 5l actam
conononer conprises at | east 80 nol % of caprol actam

15
13. Process according to one of the preceding claims, characterized in that the

diamine monomer comprises at least 80 mol% of hexamethylenediamine.

14.Process according to one of the preceding claims, characterized in that the

5 lactam comonomer comprises at least 80 mol% of caprolactam.



