1 Process for the manufacture of a solution of diacid/ diamne salts [0001]
The present invention relates to a process for the manufacture of a 5
solution of a salt of a diam ne and of a diacid for the manufacture of

pol yam de. [0002] More particularly, the invention relates to a process for
the manufacture of a concentrated solution of hexanet hyl ene di anmoni um

adi pate salt, also called nylon salt, used as starting nmaterial for the 10
manuf act ure of poPyagasddor ther maspfacidreadla solatiorPébdiacidddiasiing salts der to
obtai n pol yam des conprising diacid and diam ne nononers of high nol ecul ar
wei ght, an aqueous solution of a salt fornmed by reaction between a di am ne
nol ecul e and a diacid nolecule is generally used. 15 This solution is heated
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[0004] The salt solution generally contains stoichiometric amounts of
20 diacids and diamines. The concentration by weight of nylon salt is generally

between 50% and 65%. This solution is generally stored before being

transported, where appropriate, then fed into polymerization installations.

[0005] The maximum admissible concentration of nylon salt in order to

25 avoid problems of precipitation is of the order of 70% by weight at atmospheric
pressure. Above this concentration, it is necessary to heat the solution at
temperatures between 110 and 160°C, at a pressure higher than atmospheric
pressure, in order to prevent any precipitation. These temperature and
pressure ranges are not easily compatible with storage and transport.

30
[0006] Several processes for manufacturing a nylon salt solution have
been proposed. These processes generally consist in adding adipic acid to
hexamethylene diamine and water, while evacuating the heat produced by the
neutralization reaction.

35

[0007] Thus, US patent 4 233 234 describes a process for the manufacture
of a hexamethylene diammonium adipate comprising a mixing reactor and
circulation of the solution in a mixing zone, and then in a cooler in order to



2 evacuate the heat generated by the reaction between the diacid and the

di am ne. [0008] US patent 4 442 260 describes a process consisting of
producing 5 an aqueous solution containing from31%to 40% of water, 73.5%
to 77.5% of adipic acid and 22.5%to 26.5% of hexanet hyl ene di am ne, and
then in evaporating a |large amount of the water in order to obtain a
nonstoi chionetric salt concentration by weight of 89%to 96% and addi ng

hexanet hyl enevadliaterithe heatoydrerated Myt shen reastion Geitweeh rthe diagid @hdi el ne
rati o equal 'gﬂé 10 [0009] These various nmanufacturing processes require,
firstly, the i U of heat in order in particular to dissolve the adipic
acid and, secondly evacuation of the heat generated by the reaction
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[0010] One of the objectives of the present invention is to propose a
process for preparing a concentrated solution of nylon salt or salt of a diacid
and of a diamine, using the minimum energy exchange with the exterior, i.e.
minimizing the input and evacuation of heat.
20
[0011] To this effect, the invention proposes a process for the manufacture
of an aqueous solution of salts of diamines and diacids, obtained by mixing a
diacid and a diamine, at a salt concentration by weight of between 50% and
80%, characterized in that it consists in:
25
- producing, in a first reactor, an aqueous solution of diamine and
diacid with a diacid/diamine molar ratio of between 1.5 and 5 and
a concentration of the dissolved species in water of between 40%
and 75% by weight, preferably 45% and 65%, by feeding into
30 said reactor containing either at least 5% by volume of aqueous
solution of diamine and diacid with a molar ratio of between 1.5
and 5, or water representing at least 10% of the total amount of
water to be fed into said reactor, a stream comprising diacid, a
stream comprising diamine and, optionally, a stream of water at
35 the temperature Ty, the flow rates of the feed stream comprising
diacid and of the feed stream comprising diamine being
controlled so that the temperature of the solution in the reactor is
constantly below the boiling point at the operating pressure of



stream conprising diam ne and, optionally, a streamof water at 35 the
tenperature Ti, the flow rates of the feed stream conprising diacid and of
the feed stream conprising diam ne being controlled so that the tenperature
of the solution in the reactor is constantly below the boiling point at the
operating pressure of 3 said reactor and 3o that the diacid/diamne nolar
ratio is constantly greater than 1.1, the anmount of acid fed correspondi ng
to at | east 90% by wei gaitl ofacthe and aso nthas ttb\fs wecidddiasiminequmolad matio [ oduce
t he desired anount of t4 el
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[0012] THe term "di ssobsedospeecactsl eqhipped wWith amdlazdemmd to nean all the
diacid and di am ne species present in the mediumin free formor salt form
or the like. 25 [0013% The term "boiling point" should be understood to
mean the boiling pointeesfing itdo dbé eicond ceactar acsiréam compriting digmmnkeso

wor ki ng or -operating phesshtain® db@%/&é%@o!é"ra&go&fﬂ%ﬁéeﬁ (P‘%‘aﬂ@% § hat

are suitable for the invention, nenti exanet
di am ne (HVD) as pref epreéara&lwaem&MQ 05, the solution being brought toa
15 temperature at most equal to the boiling point of the solution at

the operating pressure by means of at least the release of heat
from the reaction between the diamine and the diacid, and,
optionally, feeding the amounts of additional water and/or diacid
so as to obtain the salt solution at the desired concentration and

20 with the desired diacid/diamine ratio.
[0012] The term “dissolved species” should be understood to mean all the
diacid and diamine species present in the medium in free form or sait form, or
the like.

25

[0013] The term “boiling point” should be understood to mean the boiling
point of the solution contained in a reactor at the working or operating pressure
of the process.

30 [0014] As diamines that are suitable for the invention, mention may be
made of hexamethylene diamine (HMD) as preferred and most commonly
used monomer, and also heptamethylene diamine, tetramethylene diamine,
octamethylene diamine, nonamethylene diamine, decamethylene diamine,
2-methylpentamethylene diamine, undecamethylene diamine,

35 dodecamethylene diamine, xylylene diamine and isophorone diamine. A
mixture of several diamines monomers can be used.

[0015] In the process of the invention, the diamine is fed in pure form, or



used nononer, and al so hept anet hyl ene di am ne, tetranethyl ene di am ne,

oct anet hyl ene di am ne, nonanet hyl ene di am ne, decanet hyl ene di am ne,

2- met hyl pent anet hyl ene di am ne, undecanet hyl ene di am ne, 35 dodecanet hyl ene
di am ne, xylylene diam ne and i sophorone diamne. A mxture of several

di am nes nononers can be used. [0015] In t4$he process of the invention, the

diamne is fed in pure form or 4 preferably in the formof a concentrated
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form for exanple, 1n an aqueous solution of diam ne/diacid salt, wthout

nevert hel ess departing fromthe context of the invention. 25 [0019] The
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[0018] In addition, the streams of products fed into the first reactor may
20 preferably be distinct. However, the diamine may be added with the water and
part of the diacid. Similarly, the diacid is preferably fed in powdered form.
However, it may be fed in the form of an aqueous solution or dispersion or in
dissolved form, for example, in an agueous solution of diamine/diacid salt,
without nevertheless departing from the context of the invention.
25
[0019] The process of the invention is advantageously carried out while
maintaining the various reactors, more particularly the second and third
reactors as described herebelow, under an oxygen-free atmosphere, for
instance under an atmosphere composed of nitrogen, rare gases, steam or a
30  mixture thereof.

[0020] In a preferred embodiment, the oxygen-free atmosphere is obtained

either by continuous feeding with a stream of nitrogen, or by maintaining a

nitrogen pressure in the various reactors and by generating steam by boiling
35 the solution.

[0021] In the latter case, it is advantageous for the nitrogen to be evacuated
or allowed to escape through a condenser mounted on the reactor. Thus, the



30 m xture thereof. [0020] In a preferred enbodi nent, the oxygen-free

at nosphere is obtained either by continuous feeding with a stream of
nitrogen, or by maintaining a nitrogen pressure in the various reactors and
by generating steamby boiling 35 the solution. [0021] In the latter case,
it is advantageous for the nitrogen to be sevacuated or allowed to escape

t hrough a condenser nounted on the reactor. Thus, the 5 water carried over
wi th the nitwatgrncagiecdonsdenseth dhe niogeheid conderisesl andaceaycled @td2theThi s
enbodi nent alsn @nkes it possible to evacuate the oxygen 5 present, for
exanple in dISS ved form in the solution and therefore prevents oxidation
of the nononers, in particular of the diam ne. The oxygen may be
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corresponding to the perform ng of one step of the process. However,
w t hout departing fromthe context of the invention, the various steps of
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Simlarly, |nsta l ati on may conpri se several reactors no
mode or a continuous mode. These two embodiments are described In deta|I

below.

[0025]  The process of the invention can be carried out in any type of reactor.

20 More particularly, the reactors comprise mechanical agitation and may be
equipped with means for keeping them at temperature, in particular during
periods when they are not running or periods when the manufacturing
programme is being changed.

25 [0026] In the batch-mode embodiment, the process of the invention is
preferably carried out in an installation comprising several reactors mounted in
series, each reactor corresponding to the performing of one step of the
process. However, without departing from the context of the invention, the
various steps of the process may be carried out successively in the same

30 reactor. Similarly, the installation may comprise several reactors mounted in
parallel, for carrying out one step of the process.

[0027] The concentrated salt solution obtained according to the process of
the invention may be fed directly and continuously into a polymerization
35 installation, or may be stored before transfer and use.

[0028] A detailed description of two embodiments of the process of the
invention is given below with reference to the attached figures 1 and 2 in



parallel, for carrying out one step of the process. [0027] The concentrated
salt solution obtained according to the process of the invention may be fed
directly and continuously into a polynerization 35 installation, or nay be
stored before transfer and use. [0028] A detailed description of two

enbodi nents of the process of the inventigon is given below with reference
to the attached figures 1 and 2 in 6 which: - figure 1 represents a
synopti c schehiehof an installation for carrying out the process according
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[0031] With reference to figure 1, this figure describes a first embodiment of

the process of the invention operating according to the batch mode. The

installation comprises a stirred first reactor 1, in which adipic acid 2, generally

in the form of a powder, and a liquid stream 3 of hexamethylene diamine are
20 added. Water 4 is also introduced into this reactor.

[0032] The hexamethylene diamine is advantageously a concentrated
aqueous solution comprising 90% by weight of HMD.

25 [0033] The various products are added in reactor 1, which contains a small
amount of solution of adipic acid and of hexamethylene diamine in water, rich
in adipic acid, and called starter solution. This aqueous solution is
advantageously a small portion of the solution prepared in a prior operation
and advantageously has a composition that is substantially the final

30 composition of the solution that will be prepared in this reactor 1, i.e. a
diacid/diamine molar ratio equal to approximately 2.4 and a concentration by
weight of dissolved species of approximately 57%.

[0034] The amount of solution present in the reactor at the beginning of the

35 step is equal to at least approximately 5%, preferably between 5% and 40%,
preferentially between 10% and 35% of the total amount of solution produced
in reactor 1, at the end of the step.



30 conposition of the solution that will be prepared in this reactor 1, i.e,
a diacid/diamne nolar ratio equal to approximately 2.4 and a concentration
by weight of dissolved species of approxinmately 57% [0034] The anpunt of
solution present in the reactor at the beginning of the 35 step is equal to
at | east approximately 5% preferably between 5% and 40% preferentially
bet ween 10% and 35% of the total anount of solution produced in reactor 1,
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vol une of th@ediurguildis wxygenr@ayt by padicuiarageoindiogucedr ey dhesadipid egist 80%
of the workipgydér vol ume of reactor 1, the solution is fed into a second

reactor 5, called neutralization reactor, by nmeans of a punp 7. This
reactor 5 is equipped with a condenser 8 and advantageously with an
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liquid in the reactor advantageously represents at least 80% of the working
20 volume of reactor 1, the solution is fed into a second reactor 5, called
neutralization reactor, by means of a pump 7. This reactor 5 is equipped with a
condenser 8 and advantageously with an external loop for circulating the

solution and/or with a stirring device (not represented).

25 [0038] Hexamethylene diamine 9 is fed into this second reactor 5 in order to
obtain an AA/HMD moilar ratio in the region of 1.01. As for the first reactor 1,
no significant heat exchange is advantageously performed with the exterior.
Thus, the heat from the reaction in which the amine is neutralized by the acid
causes an increase in the temperature in the reactor 5, this temperature

30 reaching at most the boiling point of the mixture at the operating pressure. The
water which evaporates off is condensed in the condenser 8 so as to obtain
total reflux of the water. This temperature characteristic to obtain boiling is
advantageous since it makes it possible to eliminate, by steam distillation, the
oxygen present in the medium, in particular in dissolved form. The heat

35 exchange performed in this condenser is very low and represents only a very
small part of the heat given off by the neutralization reaction.

[0039] Water can also be added in order to adjust the concentration of



causes an increase in the tenperature in the reactor 5, this tenperature 30
reaching at nost the boiling point of the m xture at the operating pressure.
The water which evaporates off is condensed in the condenser 8 so as to
obtain total reflux of the water. This tenperature characteristic to obtain
boiling is advantageous since it nmakes it8 possible to elimnate, by steam
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form The hebgxabethyengrayenmaidroradighte saltitos conubatredioniby weight bbgremater

represents o oYEer fadd | b h
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t he concent r adyafageously heaired nihdthe sdieaphplirexametyiensadiamine.a

concentration by wei ght of greater than 50% preferably between 60% and 75%

by wei ght, The water vant ageously be m xed with the stream of
hexamet hyd en@0¥lani @ th% FMT Wﬁ@aéﬁb&ﬁi'%ﬁtthﬁl prefarred embogiment ofs t he

preferred errtvredrnvemtomfthetdmutidwebtarm it the S&datd Aacedt Rii esy imotd191|r‘éiecond
reactor 5 is ctor 10e ed W|t a stjrri evj ce or
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advant ageousteactioh lnnedmmn(d\ensezprreiéntedi))ah@@dﬂraant“a'geeutlhlwnt;h aeantlonsek0,1.al so
cal l ed adjustnent reactor, is analogous in terns of its principle to the

second reactor and conprises an addition 6 of HVD and of water in order to
adj ust tHe ARQOHND r dthisthicd eeactdrut), aflsdesalexbadjustroont madtar, B0analagold n
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[0042] The s uti on can be use mer i zation
i nstal | ati onHMD @ad dfewatesriedrder to adjushtie /c\éﬁttMDzratro fona cy@hteao betvesni t abl e
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of the installation are malntalne er an xygen- ree at nosphere
feedi ng, fordexefyalue. nitrogen into the enpty reactor and maintaining this
ni trogemmt nosphere during filling and drai ni ng of the reactors. The

ni trogen feeds for ch reactor e .no en ed on the attached figure.

25 [0044] AdPRghgedd® 50Ul Thus BbGIRSd. 8N B et d AR DA N RGN | on

In installation or can be stored in a storage tank 12 or in containers suitable for
transport.

20 [0043] According to a preferred embodiment, the reactors of the installation
are maintained under an oxygen-free atmosphere by feeding, for example,
nitrogen into the empty reactor and maintaining this nitrogen atmosphere
during filling and draining of the reactors. The nitrogen feeds for each reactor
are not represented on the attached figure.

25
[0044] Advantageously, the reactors are equipped with thermal insulation in
order to limit heat exchanges with the outside environment and thus to limit
heat losses.

30  [0045] In this embodiment, the dissolved oxygen will be evacuated by being
carried over with the nitrogen which escapes from the reactor during the filling
thereof. This evacuation of the nitrogen is preferably carried out through a
condenser so as to thus condense the steam carried over by the nitrogen.

35 [0046) With reference to figure 2, a second embodiment of the process of
the invention is described. This second embodiment relates to a process
operating according to a continuous mode. As in the first embodiment, the
process comprises a first step of dissolution of the adipic acid carried out in the



order to limt heat exchanges with the outside environnent and thus to limt
heat | osses. 30 [0045] In this enbodi nent, the dissolved oxygen will be
evacuated by being carried over with the nitrogen which escapes fromthe
reactor during the filling thereof. This evacuation of the nitrogen is
preferably carried out through a condens& so as to thus condense the steam
carried over by the nitrogen. 35 [0046] Wth reference to figure 2, a second
enbodi ment ofeacts 1i.oths @digfic ackkisi fedely inneanssofies andiess. sdiens sysemnti4,

embodi ment rﬁhﬁﬂt‘éﬁgbgslgevﬂp%ﬁér 19BR6akitg salFeCa% d6"g #é)nc%n?@'fgd HglﬁHssaWDde

As in the first process conprises a
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water 15 and with a stream 1 concentrate n sa UtIOI’l SO as to

obtai n i P t heeheeatagen 1y &/ewrtu@ i digselyad species af aete(teem &Da(wana 75%) &' ratio
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by wei ght of d| ci es en 40% and 75% for_  exa al to
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of I a stream tdit&fenlt@temdalglend&mh itfbdihg p@tssgmmfthe]gcmg@mmmteeﬁeaahto the

sol uti on, S tal dia ed.into react or
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the stredm ofmeanseé e atredmsafl corsehtrateshsalbsolatiorroraditereatjvely byreeeensobf the

addi ti on of {htéea%ﬂ]ﬁ&poﬂth ggr@g s[tr%gﬁ@ In order to obtain honbgenization of
In

the solution an“external circulation |oop 17 conprising
a punp 18 is illustrated. A part of 15 the solution circulating in the |oop

feeds a reackpinlo ah pagai BBGH HohioRRiANLR" SahenSUich hf Bid Aladictops 20

COFYpI‘ISI ng a pu static m F ream of each
mxer is an PMSX Q-;r@al gt'sCtdatuoralqﬁma?reqom@r&in@@ pesp H3jjie dtustigtached part of

di aci d/ disam g s@LAEN rci’rE:UFétth if tHé' 188p %e@@taV‘l%%rété} 9 awleq&rp%d with [3048]
This nolar ratio is ad v nta%e)ous qucontro | ed and adj usted ¥ nmeans of t he

devi ce 25 f ofXIRENR (EUHG!IFHIOTIA0R12G ARMBESINEIHRAVER Qﬁ@dé\‘!&lstt nmirers 21
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for adjusting the diacid/diamine molar ratio to a value of between 0.99 and
1.01.
20
[0048] This molar ratio is advantageously controlled and adjusted by means
of the device 25 for measuring the pH of the solution and the addition of
additional diamine and/or diacid downstream of the measurement of the pH.
As in the first embodiment, the heat given off by the neutralization allows the
25 temperature of the solution to increase, until at most the boiling point of the
solution at the operating pressure is reached.

[0049] In order to condense the water thus evaporated off, a condenser 26
is provided for on the reactor 19.

30
[0050] In the embodiment illustrated, part of the solution produced in the

reactor 19 is sent to the first reactor 13 via the pipe 16, the other part 27 is
directed to storage tanks that are not represented.

35 [0051] It is possible not to recycle the concentrated salt solution into the first
reactor. In this case, the diamine is introduced into the first reactor by means of
a distinct feed 29, in pure form or in the form of an aqueous solution. The two
diamine feeds 16 and 29 into the first reactor may be present simultaneously.



As in the first enbodinent, the heat given off by the neutralization allows
the 25 tenperature of the solution to increase, until at nost the boiling
point of the solution at the operating pressure is reached. [0049] In order
to condense the water thus evaporated off, a condenser 26 is provided for
on the reactor 19. 30 [0050] In the enbodygent illustrated, part of the
solution produced in the reactor 19 is sent to the first reactor 13 via the
pi pe 16, the other part 27 is directed to storage tanks that are not

represent ed. 10330 005He dkalibid® SR © 18hrate rh&ieY Elednl Nhd PISERLL A %Ca't

solution int e first case; thed ed
into the firkvenpketand time/chamﬁer@fticsandiaﬁvanta@eséber@é, in pure form or
the form of an aqueous solution. The two diamne feeds 16 and 29 into the
first reactor may be present sinultaneously. 10 [0052] The exanples bel ow
i |1ustrat® ndP&3cl edXaRlfel pryedyetiosy of &R aquagensPbtion ™ nyin salt at 62%

characteri sthegeryH, g@@@h@g@qhélg,g[&pémcéss{ 0053] Exanple 1 - Production of
an aqueous solution of nylon salt at 62% by weight, according to the batch

process [0054] Stage 1 - Dissolution of adipic acid 10 [0055] An aqueous
sol ution of mdemi c &ageaﬂdeB@@m'anfbﬂaﬂmc@icm ne is prepared by adding
powdered adi pic acid (35.0 kg) and hexanethyl ene diamne (12.9 kg of an
aqueous solution at 90% by weight at a tenperature of 45C) into the

ther mal 140 i nOBA ed Areaqueoud soldivhacihadipicaacidgarsd kexaniathylene didhiriensd by

Sueons S0l uPIeRAeY ‘G HlaiRg PERERA Eufle, A, @RSakal: AR hée?%mliw EhgAr
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solution obtarn reviou
process. Theobl@insidcbyaddingwvater (3avbkgaré aatmmergttrraquafhfé&)sﬂwa st@zmrngf care

to ensurgsth ”

nmol ar r aﬁ o] o kg[lgra%tubéuék?ﬁﬁgﬁ%n%?é%ﬁﬁg@ngégnﬁc{ ﬁ@*éjpéfhﬁ/e so uﬁlﬁﬁ?gﬁgﬁlsur ed
by nechani ca MO Fné4. gt a hemestatere o §3f@r%ﬁd &t aecentialiondpy ystighidof
speci es (56. §¥sbyetRpabics cTHBBHBt of 75. 1% by wei ght of adipic

[0056) This starter solution is a small part of the solution obtained in the

20 reactor 1 in the previous manufacturing process. The adipic acid and the HMD
are added simultaneously, taking care to ensure that there is always an excess
of acid in the mixture (AA/HMD molar ratio greater than 1.1). The homogeneity
of the solution is ensured by mechanical stirring. At the end of the first stage,
the dissolved species (56.6% by weight) consist of 75.1% by weight of adipic

25 acid and 24.9% by weight of hexamethylene diamine. The final temperature of
the solution is 63°C.

[0057] Stage 2 — Neutralization

30 [0058] 82.3 kg (i.e. approximately 85.5%) of the solution obtained in stage 1
are transferred into the reactor 5 of figure 1, which is thermally insulated and
equipped with a condenser 8. Part of the solution obtained is conserved as
starter solution in the reactor 1 for a subsequent operation.

35  [0059] 17.5 kg of an aqueous solution of hexamethylene diamine containing
90% by weight of HMD and at a temperature of 45°C are added into the
reactor 5 in order to obtain an aqueous solution of nylon salt, the
diacid/diamine ratio of which is close to stoichiometry (AA/HMD molar ratio =



25 acid and 24.9% by wei ght of hexanethyl ene di am ne. The final tenperature
of the solution is 63C. [0057] Stage 2 - Neutralization 30 [0058] 82.3 kg
(i.e. approximately 85.5% of the solution obtained in stage 1 are
transferred into the reactor 5 of figure 1, which is thermally insul ated and
equi pped with a condenser 8. Part of the $olution obtained is conserved as
starter solution in the reactor 1 for a subsequent operation. 35 [0059] 17.5
kg of an aqu&ddg).sol uti on of hexamnet hyl ene di ami ne containing 90% by wei ght
of HVD and at a tenperature of 45C are added into the reactor 5 in order to
obtain an aqueous solution of nylon salt, the diacid/diamne ratio of which
is close to 996flchi difet epergne thgivap affbydhe neutralization reacipeotadses
ener gy or el @irifafé oPMmetrWédﬂﬁHftéHc‘réé’%?fbﬁhé%?ﬂdg%bnﬁﬁlﬂ%e%s‘td‘gv

tenperature of t Iumto increase n the
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and forma t@rﬁ@'fofrﬂf UXothn réfiex ruﬁaﬁieorre%toﬂ_@ ﬁ’ﬁér@Me@ya%V%@é’feBYb? hge
condensati on_of corres(goon S excess neutralization energy.
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concent r'el i onsexofimehas ot @fadulating dherheangeneratduey tdj nsiteslizsion téaatiddi ng 0. 9
kg of water at a tenperature of 40C and 0.43 kg of an aqueous solution of
HVD at 90% by wei ght and at a tenperature of 45C, after transfer of the

sol uti on i nti®0&llt hi IStagedct Bmishgt he end of this stage, the solution is an
aqueous sol ution containing 62.0% by weight of nylon salt with an adipic
acid/HVWD nol ar ratio equal to 1.003 and a pH equal to 7.21. The pHis 20
measur ed at [2062lon J heagpneensfationeangbthe pbhottheuselgtion tareibeeradjgsied dyt o

col ut{ on ot a Al 19 g TIEITA H TEmPRRALRS 60T 2 B2 Y of an HdBoihe
solution of HMD at 90% by weight and at a temperature of 45°C, after transfer
of the solution into a third reactor. At the end of this stage, the solution is an
aqueous solution containing 62.0% by weight of nylon salt with an adipic
acid/HMD molar ratio equal to 1.003 and a pH equal to 7.21. The pH is
20 measured at 20°C on a sample of the solution diluted with water, so as to

obtain a concentration of dissolved species equal to 100 g/I.

25

[0063] The solution obtained is then stored in a tank 12 illustrated in Figure
1.

25
[0064] Example 2 — Production of nylon salt at 68% according to the batch
process
[0065] Stage 1 — Dissolution of adipic acid

30

[0066] An aqueous solution of adipic acid and hexamethylene diamine is
prepared by adding 38.0 kg of powdered adipic acid and 14.0 kg of an
aqueous solution of hexamethylene diamine containing 90% by weight of HMD
and at a temperature of 45°C, into the reactor 1 containing an aqueous

35 solution obtained by adding 27.7 kg of water, at a temperature of 40°C, to a
starter of 14 kg of agueous solution of adipic acid and hexamethylene diamine
having an AA/HMD molar ratio = 2.4, at a temperature of 68°C, and a
concentration by weight of dissolved species of 63.5%.



[ 0064] Exanple 2 - Production of nylon salt at 68% according to the batch
process [0065] Stage 1 - Dissolution of adipic acid 30 [0066] An aqueous
sol ution of adipic acid and hexanet hyl ene diam ne is prepared by adding
38.0 kg of powdered adipic acid and 14.0 kg of an aqueous sol ution of
hexanet hyl ene di am ne contai ning 90% by w2 ght of HVD and at a tenperature
of 45C, into the reactor 1 containing an aqueous 35 sol ution obtained by
adding 27.7 kg of water, at a tenperature of 40C, to a starter of 14 kg of
aqueous sol u of I ), 1 n HI\/D
wqueos 5ol g, of 1 Bl 065G ke il SRS SRR B!
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t enperature gf I 0 . [0068] Stage 2 - Neutralization

[ 0069] 79.7 %Sqé%?gteﬁgggéﬁreogoIH@?@?‘:\/CG%%C?/Q of the solution obtained in stage 1
are trardferred into the reactor 5 of figure 1, equipped with a condenser 8.
A 15 part o n S conserved as starter solution in the
reactor 1 fo@OéQ ?stg %gnt Rgtﬁlg?gﬁlon [0070] 19.0 kg of an aqueous sol ution
of hexanet hyl ene d| am ne containing 90% by wei ght of HVD and at a

t enper at ure bgglJSC qnge7 gﬁQP@i éﬁﬁr%ﬁﬁ#&e 2@5%Z%$ttﬁ’é séltﬁl%naéotéﬁueaq 3!11

aqueous sol u I on of sal t lam ne rat cI ose
to stoichi on%rterg'?a@mrﬁﬂ/[ﬂ‘% {her feagtqred of fignrery . epuipped Witk actrndgpsey 8 h at
gi ven off5 bypimer frRussialibn abiammed %aé‘dris@ﬂ/é‘oab@@ﬁartetr%ldti%ﬁﬂﬁrtﬁé water 1 fdre

mediumto i nacrsﬁggeequuéontto%etran%nbm ling point, i.e.
[0070] 19.0 kg of an aqueous solution of hexamethylene diamine containing

90% by weight of HMD and at a temperature of 45°C are added into the
20 reactor 5 so as to obtain an aqueous solution of nylon salt, the diacid/diamine
ratio of which is close to stoichiometry (AA/HMD molar ratio = 1.017).

[0071] The energy or heat given off by the neutralization reaction causes
the temperature of the medium to increase up to the boiling point, i.e. 110°C in
25 the example described. The vapours produced are condensed in the
condenser 8 and form a total reflux in the reactor 5. The energy evacuated by
the condensation of the vapours corresponds to the excess neutralization
energy. Thus, the process makes it possible to maintain the system at the
temperature of 110°C (beginning of boiling at atmospheric pressure).
30
[0072] Stage 3 — Finishing

[0073] The concentration and the pH of the solution are then adjusted by
adding 1.0 kg of water at a temperature of 40°C and 0.47 kg of an aqueous

35 solution of HMD at 90% by weight of HMD and at a temperature of 45°C, after
transfer of the solution into a third reactor 10 equipped with a condenser 11. At
the end of this stage, the solution is an aqueous solution containing 68.0% by
weight of nylon salt with an AA/HMD molar ratio equal to 1.003.



25 the exanpl e described. The vapours produced are condensed in the
condenser 8 and forma total reflux in the reactor 5. The energy evacuated
by the condensation of the vapours corresponds to the excess neutralization
energy. Thus, the process nakes it possible to nmaintain the systemat the
tenperature of 110C (begi nning of boilinglat atnospheric pressure). 30
[0072] Stage 3 - Finishing [0073] The concentration and the pH of the

sol ution are then adjusted by adding £laimg of water at a tenperature of
40C and 0.47 kg of an aqueous 35 solution of HVD at 90% by wei ght of HWVD
and at a tenperature of 45C af%ﬂg transfer of the solution into a third
reactor 10 ggw FipeessMarnthg Penyiacdwe afan aquecns st of saYs Af jaminase
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obt ai ned by m xiongisés oh: aci d and a diamne, at a salt 5 concentration by
wei ght of between 50% and 80% characterized in that it consists in: -

producing, in a first reactor, an aqueous solution of diamne and diacid
with a diacid/di am re pmoldacingatin @ fokt betotere anladuesud $olatioh ofl @iamine and

concentation of the disspl Yl SREEHERak R Blio BPLYRRNA9% 28 s Ta% by

wei ght &f eeding into sald reac cont alnin east vol une
of aqueols sol ution of agpasenteatinidoithasiissolvia specieminawatesof betvearediben 1.5

and 5, or water represgpg '7'59’0 %S/ wé@ﬁfsby %&@lﬁ% it gﬁd’?@é té‘r”@é‘r%ln%rﬁ WRh&' to

be fed into said reactor, am co aC| , a Strea conpr|S| ng
di ani ne and, opti onal 8l eagt §%’°r @Y;lNPWQNQf gqug@uq ﬁ@lut@wérdaamm@ and digpidl | ow

rates of tge feed Z”@Rmacﬁmlﬁﬂr%’uagaffbe%ﬁé@h arel and afw\rmeﬁireﬁdfrégaﬁlﬂn at
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pressurel®f said react arstaszn sspnivéding igacidli acdtedzohh agonmeriging aliamidiel and s
constantly greater t hanptlonellly Q stream of water at the temperature T+, the flow rates
of the feed stream comprising diacid and of the feed stream
comprising diamine being controlled so that the temperature of
the solution in the reactor is constantly below the boiling point at
20 the operating pressure of said reactor and so that the
diacid/diamine molar ratio is constantly greater than 1.1, the
amount of acid fed corresponding to at least 90% by weight of
the total mass of the acid required to produce the desired amount
of aqueous salt solution, the amount of water fed representing at
25 least 75% by weight of the total mass of water required to
produce the desired amount of the aqueous salt solution;

- transferring the aqueous solution obtained in the first reactor into
a second reactor equipped with a condenser;
30
- feeding into the second reactor a stream comprising diamine so
as to obtain a diacid/diamine molar ratio of between 0.9 and 1.1,
the solution being brought to a temperature at most equal to the
boiling point of the solution at the operating pressure by means
35 of at least the release of heat from the reaction between the
diamine and the diacid, and, optionally, feeding the amounts of
additional water and/or diacid so as to obtain the salt solution at
the desired concentration and with the desired diacid/diamine



anount of acid fed corresponding to at |east 90% by wei ght of the total
mass of the acid required to produce the desired anmount of aqueous salt
solution, the amount of water fed representing at 25 | east 75% by wei ght of
the total nass of water required to produce the desired anmount of the
aqueous salt solution; - transferring theldaqueous sol ution obtained in the
first reactor into a second reactor equipped wth a condenser; 30 - feeding
into the second reactdatia. stream conprising dianmine so as to obtain a

di aci d/ di am ne nolar ratio of between 0.9 and 1.1, the solution being
brought to a tenperature at npost equal to the b0|I|n% oint of the solution

at the oper & i RiPgasssacruding teeSirimeg, shatacterizesk in thalrtbpeeencestratientoff r om

the reaction bglseerBdidpRciedl iAThaBrat8adtbeisbatfedn wﬂ,anemso)@rbglw hf eedi ng
t he armugts of additional water and/or diacid so as to obtai salt

sol ution the desired concentration and with the desired di aci d/ di am ne
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concentration of sol ec e first rea is between 45% and
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to 4, characterized In secon reactors are
mai nt ai ned und&Atioad WW@H §.PRandat fd Aelocadjust the ‘Concentration by weight of

15 salt.

5. Process according to one of Claims 1 to 4, characterized in that at least the
second and third reactors are maintained under an oxygen-free
atmosphere.

20

6. Process according to one of the preceding claims, characterized in that at
least the second and third reactors are under an oxygen-free atmosphere
made up of nitrogen, a rare gas, steam or a mixture thereof.

25 7. Process according to one of the preceding claims, characterized in that it
operates in batch mode.

8. Process according to Claim 7, characterized in that the aqueous solution

forming the aqueous starter solution represents at least 5% by volume of

30 the desired amount of solution produced in the reactor at the end of the first
stage.

9. Process according to Claim 8, characterized in that the aqueous solution

forming the aqueous starter solution represents between 5% and 40% by

35 weight, preferably between 10% and 35% by weight, of the desired amount
of solution produced in the reactor at the end of the first stage.

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



20 6. Process according to one of the preceding clainms, characterized in
that at |east the second and third reactors are under an oxygen-free

at nrosphere nade up of nitrogen, a rare gas, steamor a m xture thereof. 25
7. Process according to one of the preceding clains, characterized in that
it operates in batch node. 8. Process aggording to Claim?7, characterized
in that the aqueous solution formng the aqueous starter solution
represents at tesmerathte liry thelsenendfreadr ieqdalsat atbsanouine baflingopoint of

produced in t r t ordi ng
Fo G'ai me, craeSoraift aghe oty Blosslfe, sht SonpBho oot g8 LR Ceou
starter sol ut |Qﬂ1nd|e@pe@wﬁee bet ween 5% and 40% by 35 wei ght, preferably

bet ween 10% and 35% by wei ght, of the desired anobunt of solution produced

in the reactor_at the end of the first stage. 10. Process according to one
of the p?ecddiPgcesarreordithimene of Maipiaseting claimes, wharacigpzedinuthat the t he

second react Ortehﬁ)e?élﬂdx?é imthe ®sifd Fadthreisddl 29 n%’é,trtb tAE bdllﬂ?g pOinYoF ¢ at the
operati ng pre&cgre, he condenser generating a reflux of condensed water. 5

11. Process ac¥®¥ifimgt dae frergiing Wéeweem%goe%n% geMPHRY & Irfa Ph t hat
the tenperat udghdensb@@udtbt.rd reactor is equal at nost to the boiling point
of the solution at the operating pressure, the condenser generating a
reflux of condensed water. 10 12. Process according to one of the preceding
cl ai ms, 1@harackecezedccordingto dbhe of the pmuedmg)d:liamhﬂg:rﬁraa:tbnaed adthattiee t he

first reactor j n . ol utiqn, .af diam.nhe. Proce C |ng to
Q@ aim 1o charsiieelh DRI ABrthRdBe iRedfb M Gackl s Ao il eSS
abovenent i onedofatjamones sol ution is at | east 50% and preferabl y at | east
85% by weight. 14. Process according to either of Clains 1 and 6,

characterized in that the process operates in continuous node. 20 15.
Process accdBdriogess accaraing 40 Gaim det eharasderized mathat Hbe sroneaniratiorpef si ng

15 diamine in the abovementioned aqueous solution is at least 50%, and
preferably at least 85% by weight.

14.Process according to either of Claims 1 and 6, characterized in that the
process operates in continuous mode.
20
15.Process according to Claim 14, characterized in that the stream comprising
diamine fed into the first reactor consists at least partially of the
concentrated salt solution produced by the process.

25 16.Process according to Claim 14 or 15, characterized in that the second
reactor comprises an external circulation loop comprising at least one static
mixer.

17.Process according to Claim 16, characterized in that the feed of the stream
30 comprising diamine into the second reactor is located upstream of the static
mixer.

18.Process according to Claim 17, characterized in that the feed of the stream
of salt solution originating from the first reactor is located upstream of the
35 diamine feed.

19.Process according to one of Claims 16 to 18, characterized in that a device
for measuring the pH of the solution is present downstream of the static



diamne fed into the first reactor consists at |least partially of the
concentrated salt solution produced by the process. 25 16. Process according
to Claim14 or 15, characterized in that the second reactor conprises an
external circulation | oop conprising at | east one static mxer. 17. Process
according to Caim16, characterized in tiBat the feed of the stream 30
conprising diamne into the second reactor is |ocated upstreamof the static
m xer. 18. Prooixes, aoddndihay the sthighiomeatry ¢hadisted iyeteading laaistream beed of
t he stream of 458l i Lgi j t LiE et sl Ofhd at ed
upst ream of thdééﬁ]giée ?‘Igﬁﬂngpfogée%:& ?gwngggé@g? é@goégf]?\gatt\gﬁ%hefhcﬁ %d g|§ms 16
to 18, characteeagwediand ana fanetion efdhistroeaswemartng the pH of the sol ution
is present downstream of the static 16 mnmixer, and in that the stoichionetry
is adjusted hy feeding a stream of  diam ne and/or of diacid, downstream of
the poi n? alUvifiocRss Recpiding to aRe &fi thairracediy dainmghasactsfizedinsthat the
nmeasur enent. XigfhindlstB&n&hgrheidigmine anetf dibbel ipregsidias@. cl aims,
characterized in that the diamne is hexamethyl ene diam ne and the diacid
is adipic acid.





