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PCT/ FRO1/ 03045 Process for manufacturing pol yani des The pﬂmﬂmmmmmmmmmﬂion
relates to a continuous process for manufacturing polyam !

pol yam des 5 are of the type obtained fromdiacids and di am nes9ssthe

i nvention rel articularly to the starting ph r es for
nanufacturinéﬁigﬁvgﬁﬁﬁgg. Pol yam des are %olyners of n%??/9%826§§§§§I and
comercial interest. Thernoplastic polyam des are 10 obtai ned either by
reacti on between two different I 0 tion of a single
nononer. The inventi onpfgﬁgle%%s f%%ng{éﬁ&;f%%(gé%&o t#ﬁ%qﬁ;&%% two different
nmononers, the nost inportant polyam de of which is pol y(hexanet hyl ene

adi pam de). Obviously, 15 these pol yam des nay be obtained froma mxture
of diacids and di am nesthelMiesdrt L FASOOrNAYEN VAR IIBHIERRIouSs

adi pam de), the main nononers are hexanet hyl enedi am ne and adi pi ¢ aci d.
_However, thegeotene oy MhuFYUrSidIpdly a4t gy d 0fe ¢diSfandicy ne or 20
di acid nononmers or even anmino acid or |actam nononers. This category of

pol yam des derdeved fuhemtiywe dbftfdmed fromordesiids gere dldnimeanufmaes ur ed
using, as starting material, an am no acid salt obtained by mxing a diacid
wi th a di an nevientston oleilerpests moranmpmantt i2mlaxd v rcoa 3@ \waatrtsionch as wat er .
Thus, in the manufacture of pol y(hexanethyl ene adi pam de), adipic acid is
m xed 2 wirheseeofmeriepessed £ehaam igstering eetlaiamisles.

hexanet hyl enedi am ne adi pate, which is nmore commonly known as Nyl on salt or
"N salt". The sol uti on ESRYRM&es e opalomansy of asieantimsived iyl
evaporating off_the water. The pol yam de is qbtai,ned hy heating such a

sol ution of l‘aﬂdoﬁog‘&}etrcd'talhil@ﬁetr@r%er ORH@ShiEs SRy d8FaFdtat e of f

t he water,ov\,%'lte .atgttlaet ane.tine _avaidi agey fg:lrwrrat'. of solid phase to
avoi d t hé %10 SRS SHTHSTg Vo TATHF PRIV STL &8 S T mes a | arge
amount of en d t N i bl.e t trol the

st oi chi onet rgr{en? 176 fqusi% c%%teiﬁlg%glr%e%%%alf g)(}z\%a%olr gtl%d%%?loé“n “r'ai ned with
the water. Sug 3fkacdly apis o n@%ﬁ&%‘i@d Q FRAYHRS G @), Of the
process to re-establish the Stoichiongtry, ang may be an i nconveni ence
since the di FifFRrAM HorrheTRY GO HIStatigdI1e a8l IJsaRtasidies &ar ded from
the production plant. 20 In addition, the need to heat 'to a high

t emperat ure whdeh d shipgh yihessitiee iyl kneadsk palte degr.matvauefl yJegr adat i on
conpounds whi ch adversely affect the performance qualities of the

manuf act ursed thelsygapodyamésiesc malyl easbtedareds fidom ke otixtueal of

diacids and diamines. Thus, in the case of
poly (hexamethylene adipamide), the main monomers are
hexamethylenediamine and adipic acid. However, these
monomers may comprise up to 25 mol% of other diamine or
20 diacid monomers or even amino acid or lactam monomers.
This category of polyamides derived from two
different monomers is generally manufactured using, as
starting material, an amino acid salt obtained by
mixing a diacid with a diamine in stoichiometric amount
25 and in a solvent such as water.
Thus, in the manufacture of

poly (hexamethylene adipamide), adipic acid is mixed

MR
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25 characteristics and its colour. To avoid the use of |arge amunts of

wat er, certain processes for preparing a polyam de w t hout 3 water and

wi t hout sol vent have al ready been proposed. Mention is nade of docunments WO
96/ 16107, WD 99/61511 and WD 00/ 77075. Processes described in these
docunments conprise the 5 follow ng steps; - continuous mxing of two flows
of pol yam de precursors, one flowrich in acid end groups, and one fl ow
rich in am ne end groups, - condensation using the m xture of the two
flows, 10 the_.mg.Xi ensat i el r.i . 1 n the sane pl ant
or in differ &ﬁm%lﬂﬁf@%%@%%oé@%ﬂl% gﬁ# &%awtc% ‘dporeﬁ)]|O uc lI*C)bn% ai ned fromthe

condensat i on ;pRel @i erila dffHle W lcd NSl AN 1AURS Ofcdlifod i pve of 15

precursor being coup the result of the analysis o ents of

acid and am ng, & H WPSod sdie dp xtwrey1dhe condensation nedi umor the
recovered flow, so as to keep these contents and/or their ratio between two

nom nal val ues. 20 Mor erispesrdhitGad Yof doEHERNtI NRHRY &ilbilik, descri bes a
process in which adipic acid (AdOH) nelt is m xed with hexanet hyl enedi am ne
(HVD) in |5 quahdartpanredoa diteagiunatcione esiff aited wedarti on. The m xture is
introduced into a recycling reactor fitted with heating 25 neans. The
mononer flows are couplBte tpoliveeniatenl s icbtafindte lynheawtiofg anich end gr oups
and am ne end groups in the conpound obtai ned. One anal ysis nethod

descri bed i s sclation of Nylon salt at high temperature and pressure

to evaporate off the water, while at the same time
avoiding any formation of solid phase to avoid the

10 mixture setting to a solid.

This operation consumes a large amount of
energy, and also does not make it possible to control
the stoichiometry entirely since the amine may be
evaporated or entrained with the water. Such an

15 entrainment or evaporation requires control of the
process to re-establish the stoichiometry, and may be
an inconvenience since the diamine entrained may
contaminate the effluents discarded from the production
plant.

20 In addition, the need to heat to a high
temperature under a high pressure may cause the
formation of degradation compounds which adversely
affect the performance qualities of the manufactured
polyamide, especially as regards the mechanical

25 characteristics and its colour.

To avoid the use of large amounts of water,

certain processes for preparing a polyamide without



Near InfraRed (NIR) spectroscopy. The starting phase of the process, that
s to say the operations preceding the establishnment of a pernmanent regine,
is not described. 5 Docunment WO 00/ 77075 nmentioned above describes the

m xing of two flows of desequilibrated m xtures M2 and M3, each
rrespectively conprising nore and | ess og diacid than of diamne, in

di acid/ di am ne ratios of between 1.005 and 1.2 and between 0.8 and 10

0. 995, respectively. One analysis nethod described is also Near |InfraRed
(NI'R) “spect rageapy. nTQ?iéﬂaﬁyr{él&@u@ﬂg%&@ é@egg{o@é&& .’}T;G;‘P?%éé&ﬁ’.ef:“ vely,
by mi xi ng a di aci Iamne mxture, Ww a conposition i e regi on of
81:19 by MaSferiithilid MMM addisetl SYO DM af0) NOBEA 511 - -
respectively, 1n deficit and 1n excess relative to the amount of diacid in
the m xtures AR whdodBr7obne, starting phase of the process is not described.
The performance qualities of the processes described above, especially as
regards the gpiddddedidedbtivad oy aidite adsbdden i osbigd+ 08 eftid ci ency, are
linked to their regulation, by netering the product obtained and coupling
the fl owss offgrleselirsprestdms i his nonitoring. As |long as the product
recovered does not conply with the specifications, the material used is 25
consi dered as beingcbostinuthssmiiasng gfe&woi fiflbwenoé ponlybmideabi ity of
the process. The starting phase, as far as the production of a satisfactory
regul ation and 5 pzepunears;eghaeflawt high éxi acad pnddarpumbich conplies
with specifications, is thus_of great inportance. In addition, the further
t he product obtai ne@nfr 6Ret Béoyt AihngnphREiBe] §NEeAEPERSirom the 5 point of

functioning, the longer, and/ ¢or nore difficult the regulation is to obtain.
This i s particul a | §ORAGBSPRIPReUSoREek oM FEHF BoPENG By ENPRESBYEL r onet Iy,

o i P Al 2 B T B
nor eover as o uncti oni n | C
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is renote fromthe st oi nt", may prove ong. The observation

cannot be avoi ded_t?@tcobe%gléfpai @]';Lo@rrdeB‘ffﬁdﬂ@t ssesgheda@xoheeﬁai ng

regarding the starting proCedures for processes for the continuous

manuf act ure of poIy@ghagnggkmgnaoﬁggggagngf two flows of precursors, one
rich in diacids and the other rich in diamnes. 20 The object of the

present inventiorat SlddstPre®OSEr achx ofkss faiedradtiftaed uflidwgs ot yam de,
conprising a starting phase that is particularly advantageous in many
respectsls|t nmakesreduymssildEing cqumikitecd aile ngssult pdfardlss preventing
phenomena of 25 precipitation, crystallization, degradation or unwanted

het er ogenei ty; itammkesis tohddsd Mententg e vacia rand darairte sad sfactory
regulation; it nmakes it possible to 6 avoid large |osses of material, the
product then | eadFRFRhelBtES iMg PR e T8 PO IR aneshitun g
according to a prqcess related to a conmon prqcess starting with an aqueous
solution of a stdiHhiFRATSES Lot o‘?%liaa?ﬁ‘f% kefR thRP] IFWISRES t he

i nventi on proposes rocess for the continuous manuf acture of pol yam de,
USi ng p p ang/cg)r tcheisr ratio ebetween l-{ZWO nomlnaal values. p y

20 More specifically, document WO 99/61511
describes a process in which adipic acid (AdOH) melt is
mixed with hexamethylenediamine (HMD) in liquid form or
as a highly concentrated solution. The mixture is
introduced into a recycling reactor fitted with heating

25 means. The monomer flows are coupled to the analysis of
the amount of acid end groups and amine end groups in

the compound obtained. One analysis method described is



di carboxylic acids and di am nes, conprising the steps described above in a
permanent reginme, and the starting 10 phase of which conprises the
following steps: - Step 1. - feeding the condensation plant with an agueous
sol ution conprising dicarboxylate ions and di ammoni umions, in proportions
15 such that their nolar ratio is betweep 0.99 and 1.01 and preferably

bet ween 0.995 and 1.005, - establishnment of the operating reginme in the
condensati on plant under tenperature 20 and pressure conditions such that

& aroni um oA T Oﬂﬁéead e R o B X f.%ﬁ?g%ﬁ*’ﬁ%tof .
recovery of gfd qy fé“a &Paf@e{hsaé anacf}fjésl%peratl ying a

£
fl ow of precursors and activating t is and the couﬁflng The

pol yam de is fe td dpanesiidad ned 4 r;%'ﬂnfl 4R DAQERS, Ofs dig@ar boxylic acid
type and from5 nononers of diamne type. The expression "precursor rich in

acid end groupsscrimede understood as neaning: - nononers of the pure
diacid type (that is to say free of nonomers of diamne type), in solid or
10 melt fogm or as a Cwwenates GO U078 fapiiganed |abdve i oni zed form), -
m xtures of nononers of diacid type and of nononers of diamne type, in
non- st oi chi ondgdmwibes the mixing of two flows of desequilibrated
mixtures M2 and M3, each respectively comprising more
and less of diacid than of diamine, in diacid/diamine
ratios of between 1.005 and 1.2 and between 0.8 and
10 0.995, respectively. One analysis method described is
also Near InfraRed (NIR) spectroscopy. The mixtures M2
and M3 may be obtained, respectively, by mixing a
diacid/diamine mixture, with a composition in the
region of 81:19 by mass and of a diamine: this diamine
15 is introduced, respectively, in deficit and in excess
relative to the amount of diacid in the mixtures M2 and
M3. The starting phase of the process is not described.
The performance qualities of the processes
described above, especially as regards the quality of
20 the polyamide and the production efficiency, are linked
to their regulation, by metering the product obtained
and coupling the flows of precursors to this
monitoring. As long as the product recovered does not
comply with the specifications, the material used is
25 considered as being lost. This has a great influence on

the viability of the process. The starting phase, as

far as the production of a satisfactory regulation and



proportion, conprising nore nononers of diacid 15 type than nononers of
diam ne type, in nelt formand/or in the formof a concentrated sol ution
(optionally in ionized form, - am dation products, obtained from m xtures
of nmonomers of diacid type and of nononers of diamne 20 type, with an
ampunt of acid end groups which is greatgr than the anount of amne end
groups, preferably with a degree of polynerization of |ess than 20. The
expression "precursor rich in amne end groups"” 25 may be understood as

o o di an (that . f f
meani ng Wrﬁarfg i A NE dry RGN ﬂrsbd\ﬁ:ts%lél’?e of monomers

of diacid t In solid or nelt O form or in the formof a

concentrat ed gt o iQnalil 84 ddr i zed fiayd .or JRediures of nononers
of diacid type and of nononers of diamne type, 1 n non-stoichionmetric 5

proportion, GoFYrtEHI: MOe 8RS, afthdifipvlied Wit thagaymnoners of
diacid type, in nmelt formand/or in the formof a concentrated sol ution
(optional ly igbtiagnieted o rghe -stapitdiald Phayedur trSamehddi fMgsh fiiem m xt ur es
of 10 nmononers of diacid type and of nononers of diam ne type, with an
anount of Sampreirenc fgrioues: wriicly i gy Eadrayert heard Adre neomirdi ifiadlidd end
groups, preferably with a degree of polynerization of less than 20. 15 In a
per manent redihte regvd airisgesis donmiiteds: .atTHisnsits e wiperladlon wfuer xi ng a
flow of a precursor which is rich in diacid end groups, and a flow of a
precursor whiigh the qaatext @fmand taydngr dup JIRTHPad bramptaper atiieh nay be
carried out in a plant, 20 specially designed faor this purposes, for exanple
in astatic MkEYOEVat JRIP PR iRIFBUCEHRFFRIGR B which ot her

operations are also .carried out, for exanple a cqndensati.on operation. It
may be, for Gl a 4§ B dBS 1o i Slryesécgt S‘Pép‘ﬁei"r?%tf’s whi ch

(e (90,157 48 S LAV d MGt T LA, & i Sl 11
advantages, for obtaining a point of functioning which
is remote from the starting point, may prove to be
long.

The observation cannot be avoided that the

15 prior art does not contain any teaching regarding the
starting procedures for processes for the continuous
manufacture of polyamide using a mixture of two flows
of precursors, one rich in diacids and the other rich
in diamines.

20 The object of the present invention is to
propose a process for manufacturing polyamide,
comprising a starting phase that is particularly
advantageous in many respects. It makes it possible to
produce tailings in plants, preventing phenomena of

25 precipitation, crystallization, degradation or unwanted
heterogeneity; it makes it possible to achieve a rapid

and satisfactory regulation; it makes it possible to



9 The m xture is subjected to a condensati on operation, that is to say an
operation during which nononers or oligoners react to form macronol ecul ar
chai ns, or polyam de oligonmers. During this operation, 5 the degree of

pol ycondensati on i ncreases. The condensation operation is generally carried
out at tenperatures above 180C and at aspressure above 5 bar, preferably at
t enper at ures above 220C and at a pressure of between 5 and 20 bar. The
pressure 10 indications of the present invention are absol ute pressures,

opposed to rel atd'
degree of p&vfclon
20. The pro
pr epol yner,

e _pressures. The con satj.on odugt ferably has a
IR ST el il

on ot greater than greater than

100. The

filté% 4 ?H@%Ja{)x]&ﬁb%éﬂp‘hés SERRS & LN YR R Jﬁéﬁrﬁeeai to as a

egr ee ycondensat i'on does not excee

plant, or plaRisqidy WY & g ndenatdPnd S RinndBf gidcdsiare) referred
to as the condensation plant(s). If the plants in which the m xing and

condensat i ons3ir& iy RAHPHEGAUNS B or F Figtdil Ao rief erred to
as the m xing plant or condensation plant depending on the operation under
consi der & i iiadAd/dending alpr.oduct obtai ned fromthe condensation
operation is recovered. In a permanent 25 regine, the flowrate of material
obtained fromthis fl aw ithisulsidnttlad |iynvemialon iprdperses &f rameads of

mat eri al

10

15

20

25

to the sumof the flowr rates of the fl ows of

for the continuous manufacture of polyamide, using
dicarboxylic acids and diamines, comprising the steps
described above in a permanent regime, and the starting
phase of which comprises the following steps:

- Step 1:

- feeding the condensation plant with an
aqueous solution comprising dicarboxylate
ions and diammonium ions, in proportions
such that their molar ratio is between
0.99 and 1.01 and preferably between 0.995
and 1.005,

- establishment of the operating regime in
the condensation plant under temperature
and pressure conditions such that there is
condensation starting with the
dicarboxylate ions and the diammonium ions
initially included in the aqueous
solution,

- Step 2: recovery of a flow of the condensation

product



10 precursors. The anounts of acid and am ne end groups in the product
constituting this fl ow axe neasured, and at |east one of the flow rates of
the flows of precursors are coupled to this nmeasurenent, such that these 5
amounts remai n between two nom nal val ues, and/or are such that the ratio
bet ween the amobunt of acid end groups and the anmount of am ne end groups is
bet ween two nom nal val ues, preferably close to 1. The analysis nay al so be
carried out on the nixture of the flows, oz 10 on a product during

pol ycondensati on_ f d i riation of this
nol ar ratio conpar ?ﬁ%pgg ge% §e°?§£% ggggPr ﬁug 0. 0005. One

particularly advangéggggglﬁgakﬂéléng§§gﬁg éﬁdf? g éigg out the process

is Near InfraRed spectronettry. This technique |ng a property of

a pol ymer has been descthBego1{ahi 84agp! 6¢ tﬂeltpﬁéesh§ay§e§ P34m487 _and WO
96/ 16107. Thus, in US patent 5 532 487, the nethod spectronetric 20

anal ysis by l\bﬁdsmlxﬂémﬁ’@ﬂsl@fuageafﬁoﬂylﬁénaeﬁdt éoaﬁénfféﬂ'n' ons of the
acid and amine end functions in a polyamide in solid form for exanple on a

yarn, or ob anbtyomens dfadiahithantymweem xtures. Slnllarly, pat ent WO
96/ 16107 describes the 25 use of a Near InfraRed spectronetric analysis
met hod determ ne the coftenexptéssion Gprecanddorrachneneadifiuendi ons in a
pol yam de nelt | eaving a reactor.

groups” may be understood as meaning:

- monomers of the pure diacid type (that is to say
free of monomers of diamine type), in solid or

10 melt form, or as a concentrated solution
(optionally in ionized form),

- mixtures of monomers of diacid type and of
monomers of diamine type, in non-stoichiometric
proportion, comprising more monomers of diacid

15 type than monomers of diamine type, in melt form
and/or in the form of a concentrated solution
(optionally in ionized form),
- amidation products, obtained from mixtures of
monomers of diacid type and of monomers of diamine
20 type, with an amount of acid end groups which is
greater than the amount of amine end groups,
preferably with a degree of polymerization of less
than 20.
The expression “precursor rich in amine end groups”
25 may be understood as meaning:

- monomers of pure diamine type (that is to say free

of monomers of diacid type), in solid or melt



11 However, in these two exanples, the polyam de analysed is substantially
anhydrous. In one particul ar enbodi nent of the invention, this

determ nation of the concentration of 5 acid and/or am ne end functions is
performed by analysis of the reaction nmass containing the water resulting
fromthe am dation reaction, for exanpleg in branch | oop of the main flow,

in an optional branch of; the main flow'in a recycling |oop of a reactor.

10 Dependi ng on the degree of polycondensati on of the product recovered,

this product may PSrfnPtEPd{('ﬁeghie.r‘géBﬁxfg'gé%hé” ogg%%a LR §8hQg; Bhants, in

order further to 1ncrease the sai ree o condensation. The fl ashi ng

operation is inte@QSgi%ﬁaiﬁyr§£U£8n598dpEBQH?F to atnospheric pressure. |t
is generally followed by a separation of the water produced during the

condensation. Thensgparesi on ﬁ@ﬂoﬂéﬁ@réfeQiQéidi?ﬁﬁepéﬁ&toﬁhiCh is open to
gases, for exanple a separator of cyclone type. e successive 20 flashing

and finishing stepsnefepei 66 aiamphd eypeor ahi ABnoktbhencendensat i on wat er
contained in the polyam de | eaving the polynerization reactor, obtained for

exanpl e, by depressopoztbant heohbois bhgpnbyanindromdhe ol gaamirei s t hen
mai ntai ned for a given period at 25 a pol ynerization tenperature under

at nospheri c presstype phannmenomedsicefl giassdr eypeép dhtmebtt hermesi red
degree of pol ycondensati on. 12 The plants may furthernore conprise neans
for conveying theafnflbos oh hheefduhspfoa €oncehbrangdtdehvthder the
tenperature and pressure conditions nentioned, such as punps, valves, heat
exchangers, 5 pre$SREEORBALY okPngoRhBeReEAFEL i ng devi ces, anal ysis
instrumentation, et¢c. In a first starting, step_of the grocess t he

condensat i on plén@@lgﬁélﬁ%tPBﬂ FFYS ¢ HRPHR AP Ef%mt@l%.%F?%doﬁjyh an
agueous pgl utlon Lomprest"de' alcfhoBIBe¥ng" §¢' R0SoARLs I5 8T HPAYTL! Ons: 11
type, with an amount of amine end groups which is
greater than the amount of acid end groups,
preferably with a degree of polymerization of less
than 20.
15 In a permanent regime, the process comprises
at least one operation of mixing a flow of a precursor
which is rich in diacid end groups, and a flow of a
precursor which is rich in diamine end groups. The
mixing operation may be carried out in a plant
20 specially designed for this purposes, for example in a
static mixer zone. It may be carried out in a plant in
which other operations are also carried out, for
example a condensation operation. It may be, for
example, a stirred reactor or a recycling reactor in
25 which the two flows are simultaneously introduced. The

plant in which the mixing is carried out is referred to

as the mixing plant.



proportions of between 0.99 and 1.01 and preferably between 0.995 and
1.005. This ratio is very close to the stoichionetry, and the solution is
not considered as a precursor which is rich in acid or am ne end 15| groups.
It may be, for exanple, an aqueous hexanet hyl enedi ammoni um adi pate
solution, at a weight concentration of petween 40% and 65% This first feed
is carried out so as to fill the plants at |east partially. Valves for
cutting the recovery of the 20 products before the condensation plahts nmay

be closed during this %!rﬁﬁxtgggbe h%dax@gtg%yt%ogpQg?ﬁ%ﬁgﬁﬁrgk phases, for

exanpl e a phase of preéelimnary I th water by a phéase of
feeding wit 1Bh'OQh%Q”Hr'%bn%a&0%§ PerWtibn? Ralihg %H?@H d form or

with 25 aci an am ne nononers, in-order to obtain the solution. The
st oi chi onet pyyrefhetiae o;da %qag@awr%t ¢ealkd tol3odhamRRoHdlicen aFry be
controlled, for exanple, by pH nmeasurenent or by Near InfraRed

spectromet r)thaAfntser oire@dilRamidet b ig@imetrisQn DutriGiopdriat iop@riaeipey,at ure and
pressure are established in the 5 condensation plant such that there is

condensaty orthetl dleirag Wit polllye ondies siatiitonaling ricaclesdedhien t he sol ution. In
t he enbodi nent for which the acid nononer is adipic acid and the am ne

mononer i s tonidexswstiion epediadiione i st igensaialtliyoragaied siutg athe
hexanet hyl enedi ammoni um salt is preferably heated to a tenperature above
180C and t o temmessdwresalsdpyes 1§4°C Fmids adper ATCGRUrS adeast Jgdaus| y
carried out in a reactor under pressure. The plants may conprise dEJICES 15

speci al | y |ﬁﬁéﬁ&@@bﬂdra@aﬁﬁ?@ﬁgaGNFeﬁh@§°ﬁﬁa§@0°§h@ﬁda§tdéV|ces for

renovi ng the water, and/or for morkln der essure. Such conditions,
dependi ng oPTEFSUREOL @Fﬁm%%ﬂ %Ro Ito oPECSRIY®ed in the art.
Duri ng seco st ep, 4;% r%g H 20 b%@lned f g}the condensat i on
is reco &’ﬁttlr?él 6’| S"npﬁcsc ﬁlaetno Sl P&V ERPLIESTs node, | t he
product ec e GRS I%Cfat%l%d_paa@gg%r%%d Ghups that are very
close to th s nt ende permanent regine.

condensation product preferably has a degree of
polycondensation of greater than 10, preferably of
greater than 20. The product obtained from this |

15 operation may be referred to as a prepolymer, if its |
degree of polycondensation does not exceed 100. The ‘
plant, or plants, in which the condensation is carried !
out is(are) referred to as the condensation plant(s).
If the plants in which the mixing and condensation are

20 performed are the same, the said plant is referred to
as the mixing plant or condensation plant depending on
the operation under consideration.

A flow of the product obtained from the

condensation operation is recovered. In a permanent

25 regime, the flow rate of material obtained from this
flow is substantially equal, in terms of amount of

material, to the sum of the flow rates of the flows of




25 It is pointed out that the phases of feeding with solution and o
condensation fromthe solution may be carried out on continuous flo
fl ows of 14 solution or of condensation product still not corresp
to the desired | evel of condensation may be renoved, stored or rein
into the plants. These flows do not conpespond to the flows recover
fromthe condensation product. During a third step, the operations

the process to function in a pernanent regine are carried out.

| ant f ed, ti I ' ] X1 I 44t
Bnd the SystERCRO PR dih pufahel B4 BRE Hnd tefihd Sldbudy B
RS

rates of these il A Ak nd e € Y id Ml Ofarft
and the activat he an51y3|s and coupling may be successive 0
si mul taneous;.. e Jn AN WSS # o MAERAOUSY ERswd &Sk Qitediyrdans
15 spectronetry. According to one advantageous process, at |east so
the flow of £qn fd P Praius tmd 4 AUR drieh 1501 sifdiorehe redvmser ed and
calibrate the Near InfraRed spectroneter in the desired range of co
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the anal ysis and the coupling being activated after this operation.
end, the netficloftitioserthadtitioisetwsemetlvaranathto et aeigdrerdount s
di acid and/or of diam ne are added to the product and the spectrone
cal i brated agrddes resporse @8owbt o Heaninend i PRPH TH REEWRRR of
precursor may be understood as the feeding of a precursor prepared
bef or ehand | twarmemisallemtues: pegferalheclefReris? obd et 1;6%%%
a system of analysis of a flow and of caouplin arangters r _prepa
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fl ow of product which is pot, considered.as t ursor. i pefyane
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time, the produ recover ed chﬁn esig£9gga$#y%ﬂ{QQ%glgfopgg
e aqueous solufion to a product obta

polycondensa?¥%ﬁéﬁﬁ? 13PF9 b TheV 3k
%{15&&8& {L]erim\i@ bLowen@E precur

pol ycondensat i on ann&ytﬁrgﬁ%tggsf}
blre rapi to achieve a reqgulation of t

Thi s processcﬁgﬁ%s it poss
process in aopﬁéggpent regime, without any |oss of 15 product, the
recovered at fhe start of the process relating to a pol yam de obt ai

a salt solution, in substaphielbilstdychdoartayeonsopnalisns. méthod
out that the second and third steps may be performed simultaneously
successi yel yfo20cAsrienyi ouedthbopeocenst he NearsénbfaRbé second st
there is a gradual change froma condensation starting with an aque
sol ution of spkttiromatepndthsat teghsignei Aigrwieheampnixngr @ BFOPLEEY
The condensation conditions may vary

of a polymer has been described, for example, in
patents US 5 532 487 and WO 96/16107. Thus, in

US patent 5 532 487, the method of spectrometric

20 analysis by Near InfraRed is used to determine the

concentrations of the acid and amine end functions in a

polyamide in solid form, for example on a yarn, Or on
anhydrous diacid/diamine mixtures.

Similarly, patent WO 96/16107 describes the

25

determine the concentration of acid and/or amine end

functions in a polyamide melt leaving a reactor.

Thus|

use of a Near InfraRed spectrometric analysis method to
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25 substantially during this step. According to one preferential

enbodi nent, the condensation tenperature 16 and pressure conditions for
step 1 and for the permanent reginme are identical. The process of the
invention may be used for the manufacture of pol y(hexanethyl ene adi pam de),

5 starting with adipic acid as diacid myoner and hexanet hyl enedi am

ne as

di am ne nononer. The process of the invention also nmakes it possible to
manuf act ure ot her pol yam des starting with diacid nonomers chosen fromthe

9o o Sl P i SOIE S SRS

dodecanedi oi ¢ aci i sopht ic acid, tereph azel ai'c ac

d,

pinmelic acid ;g hapithalened Gay Jdg, acid, for exanple. D am ne pononers

whi ch nmay be nentioned, Iin I5 addition to hexanethyl enedi am ne, incj

hept amet hyl enedi ani ne, #etdrTRdPH QAL @ Ndnb d RdradTe3 hrenedi ami ne,
nonanet hyl enedi am ne, decanet hyl enedi am ne, 2-net hyl pent anet hyl ened

ude

am ne,

undecanet hyl engdiradtidie, thoide chymityirarteidbran heehe? Condef terediamofe and
i sophoronedi am ne. The invention preferentially applies to the manufacture
of pol yam3e daiamatidyzid eamichediesnd rBarmmoniconss sis giedfeastedlyrol d of which

are, respectively, adipic acid and hexanet hyl enediamne. 25 It is al

SO

possi bl e to predarsl paify dlielesdatommdinad sl contalirimadehmmateEas conpri si ng

a snal |
resulting from the amidation reaction, for example in a

branch loop of the main flow, in an optional branch of
the main flow in a recycling loop of a reactor.

10 Depending on the degree of polycondensation
of the product recovered, this product may be

introduced into flashing and/or finishing plants, in

order further to increase the said degree of
polycondensation. The flashing operation is intended tq

15 return the product to atmospheric pressure. It is
generally followed by a separation of the water
produced during the condensation. The separation may be
carried out in a plant which is open to gases, for |
example a separator of cyclone type. The successive

20 flashing and finishing steps comprise a rapid
evaporation of the condensation water contained in the
polyamide leaving the polymerization reactor, obtained,
for example, by depressurizing the flow of polyamide.
The polyamide is then maintained for a given period at

25 a polymerization temperature under atmospheric
pressure, or under reduced pressure, to obtain the

desired degree of polycondensation.




proportion (less than 20 nold) of amno acid or of 17 lactam The
.manuf acture of copol yam de PA 6,6/ 6 may thus be nentioned, starting/with
adi pi ¢ aci d/ hexanet hyl enedi am ne nononers containing a given anount of
caprolactam 5 According to a first enbodi nent of the invention, the
precursor which is rich in acid end grogps is a diacid and diamne felt,
with a diacid/diamne nolar ratio of between 0.8 and 0.995 and preferably
between 0.8 and 0.99; the precursor which is 10 rich in am ne end groups is

a diacid and diamne ggLt ,1%hiB R 26i-dhdiraBi-ae cBRbak skae@nefl tbet jeen
1. 005 and 1.2 and pre?gkagﬂéhbetmggn 1.01 and 1.2. The condensation|plants

preferably coppEL$RgatRkl ELB@sPOkYfBERZALIRN beagber plakifbe therct i pning of
the process In a permanent reginme is first described. The diacid/ di am ne

mol ar ratioygfet-hehpr eerpeehtwiieC Bnds pireeBure doadidiend groups is
preferably between 0.95 and 0.99. The diacid/diamne 20 nolar ratio|of the
precursor Wheghibnhetd, CBuch ag pamps] gadwes,i heptekachbngelstween 1. 01 and
1.05. The plants may conprise flashing and finishing devices downstream of
t he pol ymer pzakisatrer aaatiaoriBgebadaregulaidng dewiesseonseilygiisng t he 25

precursors are anhydrous. The expression "anhydrous m xture" shoul dLbe

under st ood assteamendgatiignur €cwhi ch may contain up to 10% by wei ght of
water. The term 18 "anhydrous"” is used in the present descrip%%ﬁn as

opposed to the conventfoRalf iFstcEsaTkANGh SkE8s Ofn tRGUBERSESS! utt f Nyl on

salt in permanent regine. The m xtures constituting.the t flows of 5
precur sor s #@%d@@sﬁﬂéﬁaréﬂapﬁ'rééétGF§}°§Fi yté%ﬁb%ﬁﬁﬁpglg@@ﬁﬁfageopsly
bet ween 100 and 260C under a ressurela%.least s&g%htby above at nospheric
pressure, pegteldss Vit 21 X5usE 1O 158 WEER 220¢E%nd 260C at a;

f t d .20 bar. .eact. [ | h
pressur e of hetusen 8300 20.0ans a0 dieaetons, | 1ol he prechrsors

are pre e yITeri Zzati1on reactor may be, for exanpl

reactors wi i Jechani Gale s dikdth 9. 9agions, of Lh@Xasilariseycling. I

the latter &as ng w precursors and/or the renoval of the

product 15 gndiared e Jieatdde 1Mo Advaniiageaus W herdrss foliord don th
recycling | oop. fhe heating of the reactors nmay be perfornmed using

j acket ed deviife A/HicHetRf eraidl i Isollie oreant arc: rnsfiderest nor e be
open to gases. According to one particular node, the 20 precursors are
prepared by g8 )d Redurddie WwHigih d sstmitady i dicicd dmignfineheerdl ani ne, |in the
presence of a small amount of water, with heating at noderate tenpefrature
for a presurgaupshi cit iy ish iffodiexdnble, dmAQEeBR groups. 25 According
to another particular node, the precursors are heated at a higher
t enper at ur e hexdmetdnohenedianparsiun REREIN TV i%h HrviEt's,

concentration of between 40% and 65%. This first feed
is carried out so as to fill the plants at least
partially. Valves for cutting the recovery of the

20 products before the condensation plants may be closed
during this first feed. The feed may comprise several
phases, for example a phase of preliminary feeding with
water, followed by a phase of feeding with a solution
comprising ions, or with a salt in solid form, or with

25 acid and amine monomers, in order to obtain the

solution. The stoichiometry of the dicarboxylate and




19 oligomers or prepolyners, containing acid end groups for the first
precursor and am ne end groups for the second precursor. For the
manuf act ure of pol yhexanet hyl ene adi pam de, the tenperature is 5
advant ageously between 180C and 250C, under a pressure of between 5| and 20
bar. The degree of pol ycondensation ofl he precursors is preferably|less

than 20. The precursors are then m xed fogether and introduced into;the

pol ymeri zation reactor, in which 10 the degree of polynerization is

i ncreased. According.t e preferr I erd sti c atjon
per f or med iﬁlt e°86%§h§9§%a3%'nEgéébggﬁﬁﬁgé%gréégi%ﬁﬁﬁﬂﬁaegﬂgﬁﬂgutagenous
at| 15

pressure or g Julgandnt roe.‘cglﬂrygtNPe%xi VAR A d QG Y am ne or

| east to reduce the [osses the mni mum According to another
characteristic, the plagtess FRLGHPMHS e HE I ftQlor!, e GIEdJGadhdi am ne
volatilized at the sane tine as the water, and nmeans for introducing the
~diami ne recwaiRGthire iR ReleyRIrie? AlricORgtadlli.sheldl Aec@hd ng to a hovel
characteristic of the invention, the polynerization perforned in the
pol yner i zat icohdegdeitdion $ledit isedhowhaitnddreran iautcogeloisatioessure or a
pressure regulated to avoid any |loss of diamne or at |east to reduce the
| osses to 2stiahe imoniwiihn thee jpmecdss triml llye imsdaidedl menudhact ur e
pol y( hexanet hyl ene adi pam de), starting with adipic 20 acid as diacid
mononer and sedxdrierhy| enedi ami ne as di ami ne nononer. In one preferential
enbodi nent, pol y(hexanet hyl ene _adi pic) (polyamde 6,6) is 5 manufactured,
and the precursors arénpﬁéﬁaﬁQ?QQﬁmﬁﬁﬁ1é§ﬁ[ﬂh§QQﬂ§?e acid monomer |

(AdOH) / hexanet hyl enedi anine (HNY) mixture with a conposition in the region
of a eutectii® A%PH% 2dHhENE HE SR POPEPTRE gift of HI'S and 81% by

wei ght of AdJOH._ Thiis .eutectic m xture has.a nelting.paint in 10 the|region
of 100 10 PERARRHIE SASEAE 1% 190 Gfickd Ph S % (3 i nto hhi ch

are introduced he t hyl | am ne oht_ai vel firs

mi xture whi CIF18T %S’EL %l}%e%%g[ﬁogm(%f asf:alqd_'/ g'ls: r?efrerggat%ﬁé} &e%}%'td\/\g:eo n®.01 and
15 1.2) and q%ﬂ% ' j i i j =Tas) acidhgi.am ne ratio
of bet&een 6%§&§h Fg%§% hewg¥§?%§§1 gghS#gﬁ%#%ﬂgﬁfﬁgﬁgﬁfégg%%qni ture
Ty be anal agous didilorlasc iRt QAN ddS A Bbutlad o the

preparation of acid-rich mxtures. 20 The eutectic mxture is ,
advant ageousdas qiaParRIEY Hrdsilre UpSd eaAams e, Poirs deordqrieras | ng t he
precursors. This may be, for exanple, a plant equi pped with stirring and

heat i ng Teangeaitsldly naytdialqgyl drad amdarimy essurtdhi sSpHtase plsanth fagr
preparing the 25 eutectic mxture my be used to feed the two plants
(general | y rdsacitasss )f dmorremepard rdd hatemwcwrsbiay, for working

under pressure. Such conditions, depending on the types
of plant, are known to those skilled in the art.
During a second step, a flow of product

20 obtained from the condensation is recovered from the
solution. According to one advantageous mode, the
product recovered has contents of acid and amine end
groups that are very close to those intended in a
permanent regime.

25 It is pointed out that the phases of feeding
with solution and of condensation from the solution may

be carried out on continuous flows. The flows of




21 Advant ageously, the diacid/diamne ratios of the precursors are
noni tored by chem cal or potentionetric analyses. In one particular
preferred enbodi nent, these diacid/dianmne ratios are determ ned 5
Near InfraRed spectronetric analysis. The eutectic m xture may be p

y
oy a
repar ed

by m xing adipic acid, in solid or neltléornl and hexanet hyl enedi am ne, in
n

the pure formor in the formof a conce
performed 10 at tenperatures above 100C, under a pressure which is
slightly aboye
precursors i 804
thus a parti
dependi ng on

i ntroduced ipgLo, ﬁ%é&fthBQEMWBEi%é&heﬂoaaaéHOEptbtthé posstBle to
static mxers in the f

preni x reactghegdhelbliaabahetotoeaebpbhaweof theeclowsr regoderedni n
to obtain a ratio between the am ne and acid functions which is as

possi bl e &0

and adjusted by coupling it to the result of the analysis of the ra

bet ween t he

10

15

20

25

rated sol ution, the m xing

at mpspher | . f @ f i
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é%k¥e§$898§ﬁ§dt8rEHHC?esl§e§0ﬂE§éﬂi89 86hfeftatilbACmapd
ep r. The

ecurs fllows of precursors are collected a

eed pipe of 20 the pol ynerization reactor and

themdeskr edndahbatidheptbductate of the flows is monito
acid and abDuméng a third step, the operations allowing
the process to function in a permanent regime are
carried out. Thus, the plants are fed, optionally via a
mixing plant, with a flow of precursors, and the system
for analysing and coupling at least one of the flow
rates of these flows is activated. The feeding with a
flow of precursors and the activation of the analysis
and coupling may be successive or simultaneous. The
analysis is advantageously carried out by Near InfraRed
spectrometry. According to one advantageous process, at
least some of the flow of condensation product from the
solution is recovered and used to calibrate the Near
InfraRed spectrometer in the desired range of contents |
of end groups and/or of ratios of contents, the feeding
with two flows, the analysis and the coupling being
activated after this operation. To this end, the method
of dosed additions may be carried out: known amounts of
diacid and/or of diamine are added to the product and
the spectrometer is calibrated on the response
obtained.

The feeding with a flow of precursor may be

understood as the feeding of a precursor prepared

bei ng
at | east
[ he

tion and
groups
nd

i ncl ude
or a

ed SO as
cl ose as
red 25
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functions present either in the reaction mass fornmed by 22 the m
the two flows, for exanple in the prem x reactor or after the stati
m xers, or in the reaction mass present in the polynerization react
the outlet of the said polynerization reactor. 5 The adjustnent of
rates for entry into the various reactqgs may be carried out by nea
punps or depressurization valves. In order to obtain an efficient
adj ustment, analysis of the acid and am ne functions is performed 1
cont i nuousl . dntr ]?H.E r tr RAIVSIS bel RedeRHHd

be conbi ned%%%ggurleé%%qo tﬁ)gag{ggi cmtfgfrdey?ra%i?o?ﬁ% Eﬁli n the ({w\/\o

of precursors. e S IBP R Rvated i e ihwisd iohian e ldw iand
2% tg%sgﬁtg'g??r the first enbodi ment of the invention

regi ne are now 0
descri bed a%(ﬁ/%oumqrgolﬁef%m&aﬁsorfdzew@am@ apid claw yed hehind Xi
p

devi ce, the ants for preparing the precursors and the plants for
preparing a fix18adHIC. Mhd Wewarfed et 2hwithusarchrmngen grablaitlivn co
bi carboxyl ate ions and di ammoniumions. This is preferably a
hexanet hyd erm@imETEliowm o lpAddue wivti ch dengmtt rearisideredasw@dre 40
65% by weight. During the feeding of salt solution, a product recov
val ve, downgideamsafr 2n tdermpoigmerieginete eadilaw 9% greduitably c
During a second step, the salt solution in the polynerization react
heated to a danpeEratuing tIES URAMESIPOC, under a pressure preferabl
between 1 and 10 bar. The polynerization reactor is fed with a m xt
;

precursors. In a firstInvaheamourse of dridter S REXUTT 5P T

t he respective proportions of N, second var

h t i ne.
the precur sotkanges rgadealby e%%cﬁ%gaegﬁfaé@gﬁ ir%?nﬁéeé)l Znts, the pla
prepari ng these precursors contai in@rg sajlé ﬁg&&gr}soi@d&@ s&cen
0 heS PR Ronordp e F

vari ant, FRFRE LI d8H 4 monoher s~ an am nes, respective

th th . !
i achde or  ePeoniet 1R ARE Y B oAt sa G AN M TIRERGH Qe o

the precursops,. Jhg BE SEHe SBk 1By Xt O ept beRr §6A9gOBn 0% aglet bys f T o

m xture obtained fromsalt solutions to a m xture obtained frompre
that are rich.i8sast dpoahs: BTk NeasNd1Pr 08pachi €spest tgghyat T chbnde

product obtalned fromthe
the process in a permanent regime, without any loss of
15 product, the product recovered at the start of the
process relating to a polyamide obtained from a salt
solution, in substantially stoichiometric proportions.
It is pointed out that the second and third
steps may be performed simultaneously or successively.
20 As mentioned above, in the course of the
second step, there is a gradual change from a
condensation starting with an aqueous solution of salt
to a condensation starting with a mixture of
precursors. The condensation conditions may vary
25 gubstantially during this step. According to one

preferential embodiment, the condensation temperature
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20 pol ynerization reactor is recovered and the analysis and coupling system
is activated. For the second variant, the tenperature is advantageously
bet ween 100 and 180C, with a pressure of between 1 and 10 bar, such that
the salt solution is 25 liquid. A start of condensation nay take place in
t hese pl ants. 24 \When carrying out th éecond variant, the precursor
preparation plants contain a salt soluti’on at the start of the process, the
di acid/ diam ne ratios being substantially equal to 1. These ratios are 5
nodi fied by f i I t | tfferen npunt different flow

86 ALLINL. | D5 Bl A5, AT LD PR Bof Ll

rates) of diamn ounds and © ri'ch cohpounds, into each of

the preparat iﬁé}ﬁ@éﬁ@.reﬂ%ﬂ@s&fé begk.abpvg; @ diacid-rich conpound which is
preferred for preparing the precursors 1s a 10 eutectic m xture. The

eutectic mxture may berips epas@ssd Mo Pl @il Si MASHE EMN Ry THE PESE U SOT

preparation plants. The plant. is, for exanple, a tank equi pped wth m xi ng

and heating ngEanSmarCEEEling 0 BBy Hetaiemypénd Sadisdmrdey j stic, the
pl ant for preparing the eutectic mxture is first fed with an aqueous salt

sol uti on. Fhestaxdinie witlheadisid adid enpedpdei® mdndmdwmeend 100 and 150C.
The plant is fed with diacid, for exanple in solid form and optionally
wi t h di am ne, hesxdne fleederd®d raiose cos rddsguoirtk ngpriaméme st oi chi onetry of the
eutectic mxture, and the product obtained is renmoved. The residence tine
in the plant is preferdily rteerss UL Hhaagintert haclgo iflakes iistin solid
form has the time to nelt and/or dissolve. The tenperature in the 25 plant
is greater tREFIHleEI iMRPWRGRULE Qeninalyanides jstaiinedvioth t hat
the m xture nmpy contain water, either added continuously, in an amount

pref erably |@§Cl NRRLAH BIRS Gk IGIAM e FHWMSEPIRGHEHME initial feed

of salt s éutif . Water o taiq;d fromthe initial feed of salt solution is
removed ett hef L&F%J\Fap%c? i P HEF O ¥ e I HF T cﬁ“a’cci'd, or by depl etion,

PO AR T PR R R T A R e o
rich in acid g0y, azelaic acid, pimelic acid or
naphthalenedicarboxylic acid, for example.

Diamine monomers which may be mentioned, in

15 addition to hexamethylenediamine, include
heptamethylenediamine, tetramethylenediamine,
octamethylenediamine, nonamethylenediamine,
decamethylenediamine, 2-methylpentamethylenediamine,
undecamethylenediamine, dodecamethylenediamine,

20 xylylenediamine and isophoronediamine.

The invention preferentially applies to the
manufacture of polyamide from diacid and diamine
monomers, at least 80 mol% of which are, respectively,
adipic acid and hexamethylenediamine.

25 It is also possible to prepare polyamides
from diacid and diamine monomers comprising a small

proportion (less than 20 mol%) of amino acid or of



groups is a dicarboxylic acid nelt, the precursor which 10 is rich in am ne
end groups is a diamne nelt or a diamne in concentrated sol ution. The
condensation plants preferably conprise two reactors, a reactor which is
not open to gases and a reactor which is open to gases. The plants conprise
a mxing plant, for 15 exanple a zone o{7static m xers. In a permanent
reginme) the two flaws are m xed toget her such that the anmounts of diacids
and of diam nes are equivalent. The plants may conprise devices for

[ h di agLd i ' t 0_wi t-h ,-ln_th t ext
o manuf act ur ARl Jam ReayEdbbRe RE; Ehotdatling, BAVETR 6 Pavoraniy

| ntroduced atngs!BEPREAL USR] C8Eatpihdlli cANdalpecdhatlne s

hexanet hyl enedi am ne, preferably T ntroduce npérature close to 70C,

optionally aﬁeﬁaﬁétﬁpméﬁeaiaﬁﬁﬁeSﬂbﬂéheﬂsieoﬂﬁﬁﬁﬁiﬁafsfSEQEgga&Sﬁﬁttha” 10%

wat er) . 26 The condensation tenperature in the reactor t I'S not open

to gases is pretgpablycbennween 220C and 300C, under a pressure of between 5
and 20 bar. The residence tinme of the flow of naterial in_the 5 reactor
(the flowsentering theaceactiDngconsai titsbgehbedimshtr 8 tReadvant ageously

between 1 m nute and 30 m nutes. According to one advant ageous
char act eri stinyenteonpnteasptecursortbeickatsorics sSmchicifaén@nly 10%
groups is a diacid and diamine melt, with a
diacid/diamine molar ratio of between 0.8 and 0.995 and
preferably between 0.8 and 0.99; the precursor which is
10 rich in amine end groups is a diacid and diamine melt,
with a diacid/diamine molar ratio of between 1.005 and
1.2 and preferably between 1.01 and 1.2. The
condensation plants preferably comprise a stirred
polymerization reactor.
15 The functioning of the process in a permanent
regime is first described.

The diacid/diamine molar ratio of the
precursor which is rich in diacid end groups is
preferably between 0.95 and 0.99. The diacid/diamine

20 molar ratio of the precursor which is rich in amine end
groups is preferably between 1.0l and 1.05. The plants
may comprise flashing and finishing devices downstream
of the polymerization reactor.

Preferably, the mixtures constituting the

25 precursors are anhydrous. The expression “anhydrous
mixture” should be understood as meaning mixtures which

may contain up to 10% by weight of water. The term



10 free nmononers remains in the flow leaving this reactor. The fl ow
obtained fromthe reactor that is not open to gases can then be introduced
into a reactor which is open to gases. The residence tine of the materi al
in this reactor is advantageously between 15 1 m nute and 60 m nutes. The
opening of this reactor to gases allomﬁsthe wat er obtai ned fromthe
condensation reaction to evaporate off. "The degree of polynerization al so
increases in this reactor. A flow of the condensation product is 20

recovered. Accordi t,0 .qne _pref.erenti al__node, sone .of .the flow produced is
reint roduced%lgﬁ?%rt & ré%’c?lg’re At %lhéa Pgtes(%%n Cfec?c ALEE LA he

t enper at ur e%g%%ﬁra;%s%%s d&%?%'?%%aab%ﬁgté#s%&{ %%%%c nof the m xture

of precursors. recycling o e pr preferentially such that

the recycli ngnfdy isdp1Reliveen & /Y1330 Wenty, HdPaaindhtatelyiifan the flow of
m xture intrgﬁhced into fhe reacfor wﬁich IS %%t OSE# to 5%%%?. 27 During

this operation, theretThe aardereal icOhshiomMtting T twd 'FAGMERYE val ve is
opened. The degree of polycondensation at the tinme of opening of this valve

i s advantsageeushiy spr@aily beapripaded pnefreaaitlopsy @reater than 20. This
recycling can make it possible to obtain sufficiently |arge degrees of

pol ycondens &einperatoargr edvea tebieouisly detweenhadd the ZH0eC ahdethe fl ow
obtained fromthe reactor which is 10 open to gases is analysed in order to
det er mi ne t kepxessure oft deadtamsdightiy ebdvgr atpespleRispectronetry is
advant ageously used to do this. The flows of precursors, diacid nelt or

di am ne ar e PEGSFIEE /t Breferabdlyy sits aptemperatuaet o foloesweegr 82398 Cand/ or
their 15 ratiq. The ratio between the acid end groups and the am ne end
groups i s pPEFer8R°¢ Eto8ePEESEUTrEdPANPESHEES ¥ Wnch28 pasci §hen of greater

t han 0.5%.. The anal yses I be performed on a recycling flow The flow
of prodaé& F@@S&@Fédlﬁa9%%6% g@&nPﬁg&&ﬁ?PﬁstanPFﬁﬁé%éé P%?oaésPlashing

devi ce and then %1fiQE§Qi@Q %evg%%togaking it possible further to increase
the degree O THEET 2E80R" FRACE OFoMAYe 8 out OFh & ReSr eact or which i s

reactors with mechanical stirring or reactors with
external recycling. In the latter case, the feeding
with precursors and/or the removal of the product

15 and/or the heating may advantageously be performed in
the recycling loop. The heating of the reactors may be
performed using a jacketed device and/or an internal
coil. The reactors may furthermore be open to gases.

According to one particular mode, the

20 precursors are prepared by mixing, in the liquid state,
a diacid with the diamine, in the presence of a small
amount of water, with heating at moderate temperature
for a precursor which is rich in diacid or diamine end
groups.

25 According to another particular mode, the
precursors are heated at a higher temperature with

removal of water to obtain condensation products,



open to gases may be provided with neans for recovering 25 the di am ne
nmononmers whi ch nmay have volatilized with the water. These nononers may be
rei ntroduced into the plants. 28 The starting steps preceding the

per manent regi ne described above are now described. The condensation
pl.ants, and optionally m xing plants, arg,first fed wth an aqueous
solution 5 of a diacid/diamne salt, preferably an aqueous

hexanet hyl enedi amoni um sol uti on of from40%to 65~ by weight. This
operation consii a fi rj .second_ste t he sol ution

i ncluded in tﬁ%iégﬁge%s%%i%ﬁé%ﬁg ?rggrééggﬁpﬁﬁﬁg g%ﬁétgpdmﬂfgﬁp?s not 10

open o gaseseol Schieaeflst opfel GBEEALHACHANUCLAA0C B8 PLESEHLS BDOVE S

bar, preferably to a tenperature a and to ssure of between 5

and 20 bar. RegyshlnSro&Eutder SoFYLi Ohei SafRELOPRLL Yok POSEd. The salt
solution included in the mxing plant is 15 advantageously heated to a

tenperat ure OpolPRéxan&ehl &hddaddigahids, f elle Wéhpardtemeofsprecursors, at
flow rates such that the proportions of nononmers iIntroduced are

subst anti abl yadtvan chgeors Iy Chedleerndg §SC Sadd d2 SOUP) | higdsysaem i s
activated. The flow 20 of mxture is fed into the condensation plant, for
exanpl e the reesessurehoLhbéesweath Dpamdt20 geses, Theaddegiéeow Hf condensati on
product is recovered. The material obtained fromthe m xing of the
precursors theslyeprdersation hef pthatpretersererisalpobfarakly flesst he 25
solution of N salt. Water is gradually renoved either in the reactor which
is open to gaShapr2@y Tep R¥eGH SPEH aFe Pherlusixedcovaetler amd The
permanent regjne is thus gradually reached. O her advantages or details of
t he inventionl%F¥?d%W%$g%§%%r%h%lE@&Y@e¥¥F§¥%P¢iEﬁﬂc%ﬁrthéné%%h%mes 5 given

bel ow, purgely,_as uide, _and with, the, detail ed descriptions given with
referengeiﬁoy?%% ?? ?%s?fvﬁéi¥P?¥iﬁ%%%ﬁﬁ B sYHopETee Ehene o? parts of the
process according to t i nvention. EXAVPLE 1; anpl e of functioning of
the process and 10 itsl@?%%-h%gﬁ% %?%C%E%Ef?%r%%r%%ﬁﬁt?ﬁﬁ%ci s first
described in L, Se SXGFEP : i din Figure 1,
a concentr at e%l%aq%eous %(Jéér??etcﬁ%{ifene %&;n%glbngtq%}gom[?%{n;%m@ﬁﬁa )

concent rat i ony Qe #E5 S O cadl 854 el uideA0% Avebdabbes fromaa, souce 151,
and of adipic acid powlder, available froma source 152, 1s fed continuously

into a first stpréeesureacdPildOdd via dveidifes 1d8s avd diddmikesheddd vely,
to obtain a mxture 20 whose weight ratio is 81% of diacid nononmer and 19%
of 15 least to reduce the losses to the minimum. According to

another characteristic, the plants may comprise means

for recovering any diamine volatilized at the same time

as the water, and means for introducing the diamine

recovered into the polymerization plant.

20 According to a novel characteristic of the
invention, the polymerization performed in the
polymerization reactor is carried out under an
autogenous pressure Or a pressure regulated to avoid
any loss of diamine or at least to reduce the losses to

25 the minimum.

The process may be used to manufacture

poly (hexamethylene adipamide), starting with adipic



di ami ne nononer. This m xture ML may contain a small anount of water, for
exanpl e about 7% by weight relative to the diacid nononer/di am ne nononer
The m xture is maintained at a tenperature of about 25 126C. 30
The m xture ML is fed by withdrawal fromthe reactor 101 via the pipes 102
and 103, respectively, into two stirred Jgactors 104 and 105. However, in
an enbodi ment which is not shown, 5 the mxture ML fromthe reactor
be fed into a storage tank and then fromthere fed into the reactors 104
and 105 to al moy.e fJdexihle execution of .t.h ocess. |l n the exanple
illustrated, af%\é& %esac loarcﬁcgin%r?%f(r?aﬂlént}éel)ﬁaemae% ﬁﬁ@i&und@e aaspr essure of

15 bar, the fiy %ﬁerﬂdﬁdgé%.wn fed via the pipe 102 is 41 kg/h. Into this
[ ed a so

m Xt ure

react or

104 is

ution of hexanet hyl enedi ami ne (HVD) contain

101 may

ng 10%

water via the pipe 112 g ¢hd |t v ChedisofiiA©l | ed to obtain 15 in
104 a m xture M2 conprising a ratio of the acid functions
relative to tdig\aAdiaafatlgilians Ry ot O(doBAamide @)/ ne ratio is
measured continuously in the reactor 104 or, as illustrated, at the outlet
of 20 thi s5r egiufadyuredfeand fHeaReck AN s aretgwsbalestridfed drel ow. The
result of this analysis is processed by a coupling systemwhich controls
the flow rat exligdid heecifd ol@siGr) Ahectaumet Ml earesl iGfmibiD DDt inpiktfarke | Nt o t he
104. 25 In Figure 1) the dashed lines represent, on

t he reactor

react or

10

15

20

25

with a composition in the region of a eutectic mixture,
that is to say 19% by weight of HMD and 81% by weight
of AdOH. This eutectic mixture has a melting point:in
the region of 100°cC.

The eutectic mixture is introduced into two
reactors into which are introduced hexamethylenediamine
to obtain, respectively, a first mixture which is rich
in diacid (diacid/diamine ratio of between 1.01 and
1.2) and a second mixture which is rich in diamine
(diacid/diamine ratio of between 0.8 and 0.99). The
process for preparing the eutectic mixture may be
analogous to that described in patent US 4 131 712 for
the preparation of acid-rich mixtures.

The eutectic mixture is advantageously
prepared in plants upstream of the plants for preparing
the precursors. This may be, for example, a plant
equipped with stirring and heating means, which may be
placed under pressure. Such a plant for preparing the
eutectic mixture may be used to feed the two plants

(generally reactors) for preparing the precursors.



t he one hand, the couplings of the flows to the Near InfraRed neasurenents,
and, on the other hand, the 31 anal yses of the conpositions of the flows
by Near InfraRed. The residence tinme of the mxture in the reactor 104 is
about 48 m nutes. The reactor 104 5 conprises an outlet 106 for renoving

t he water contained and/or formed in th%lreactor. The rate of renoval of
this water in the formof steamis 7.6 kKg/h. The m xture M2 renoved from
the reactor 104 is a pream dated adi pic acid/ HVD m xture which is rich in

10 acid functions. A ?\.%%%Eﬂal%%%gfgl@a.t %qlea(gi@c%é}cdi%xﬁ%%p[?é Litg{Se d S

produced in the reactor sirh [-ar” manner to ction of the

' [ f . he fl f
mxture M2 i %5%2231{)%‘%1%%%@ lﬁms% red JHRAM " leéﬂ{/it e owWs 0

m xture ML a enedi am ne Solution fe a the pipe 113 are

det erm ned ang JEH{TARS130 a3 122Dt Al drie (e diRAAA VI G dirdd!ir € with
aratio of the acid functions rélative to thé amne functions equal to

0.98. 20 In thdhmaEpits itHeed @lRd.d/AanlierP eAliWse ol JHRIsHRd
conditions are identical to those in the reactor 104. As for the

manuf act ure Gy Eheleaizx tlnferadWdd isheddrondgtaties apfaliad .l ows of m xture ML
and of HVD are 25 coupled to the result of the continuous neasurenent of
the acid function/ am nfhfeumtitient icamiixtiure may be prepared by

mixing adipic acid, in solid or melt form, and

hexamethylenediamine, in the pure form or in the form

of a concentrated solution, the mixing being performed

10 at temperatures above 100°C, under a pressure which is

at least slightly above atmospheric pressure.

The temperature for preparing the precursors
is advantageously above 100°C to obtain an amidation
reaction and thus a partially condensed product,

15 containing acid or amine end groups depending on the
precursor.

The flows of precursors are collected and
introduced into a stirred polymerization reactor. It is
possible to include static mixers in the feed pipe of

20 the polymerization reactor and/or a premix reactor.

The flow rate of each flow of precursor is
determined so as to obtain a ratio between the amine
and acid functions which is as close as possible to the
desired value. The flow rate of the flows is monitored

25 and adjusted by coupling it to the result of the

analysis of the ratio between the acid and amine

functions present either in the reaction mass formed by



32 m xture M3, by a Near InfraRed analysis nethod descri bed bel ow. The two
m xtures M2 and MB obtained fromthe reactors 104 and 105, respectively,
are introduced into 5 a pol ycondensation reactor 107, nmintained at a
tenperature of 248C under a pressure of 17.5 bar absolute. The two fl ows of
mxture M2 and M3 are fed into a prenixgs 108 consisting, in the exanple,
of an 10 assenbly of static mxers arranged in a pipe. O her mXxing neans,
such as a stirred tank, may be used. The flow rates of the flows of

mxtures M2 apd R@x%gcﬁg #;BQV oS 18§/st0 ght @k b?gt he &ﬁ@ggggnéw a

m xture with a given unctron/am né UﬂCtIOﬂ rati o I'ng on the

characteristiggcebrt Be ReL¥aN:-He EQaE@c”ﬁEB&E%tUBQdmﬂBH@ reBctignexanpl e
illustrated, these flowrates are determned so as to obtain a m xture in

t he feaCtOF_ﬁQZsmbréBehaslﬁ dhtf ppepmerbebveen tbaceBrecepcant eaki ons of
acid and am ne functions (CEG AEG at the outlet of the reactor 107 in the

regi on of 50otelékgofThhe dafiliepengfertizatneanreaticons, or the acid
function/am ne function ratio, is nmeasured 25 continuously by means of a
Near | nfraRed spectronthei eddnaktyens o€t bhd, fibe khowsr dbesentrihe flows of
mxture into the various reactors may be carried out by means

of pumps or depressurization valves.

In order to obtain an efficient adjustment,
analysis of the acid and amine functions is performed

10 continuously by Near InfraRed spectrometric analysis.
The coupling may also be combined with measurement of
the stoichiometric ratio in the two flows of
precursors.

The starting steps preceding the functioning

15 in permanent regime are now described for the first
embodiment of the invention described above.

The polymerization reactor and optionally the
mixing device, the plants for preparing the precursors
and the plants for preparing a eutectic mixture are fed

20 with an aqueous solution comprising bicarboxylate ions
and diammonium ions. This is preferably a
hexamethylenediammonium solution with a concentration
of between 40% and 65% by weight. During the feeding of
salt solution, a product recovery valve, downstream of

25 the polymerization reactor, is preferably closed.

During a second step, the salt solution in

the polymerization reactor is heated to a temperature



M2 and MB fed into the prem xer 108 being coupled to 33 this neasurenent
so as to maintain the difference value between two nom nal val ues. The
residence tinme of the m xture or prepolyner in the reactor 107 is in the
region of 5 30 mnutes. The reactors 104, 105 and 107 are equi pped with a
depressuri zation valve 106, 109 to allgw some of the water formed by the
am dation reaction to be renoved. The flow of steamrenoved via the 10
depressuri zation valve 109 is equal to 4.5 kg/h on average. The anal ysis

and nonitori f Lo Q%% i.0 dhe f 114 gg¥qg Qp the reactor

107 al |l ows ta%v%r olgr escg' oq% e aa%tg%’tl on rdg%\gtl oi\bléﬁ husé“{el‘ne c?‘egr ee of

polycondensqﬁkpqipﬁm&he prepol yner renoved fromthe 15 reactor 107 to be
T

noni t or ed. e average rate of renoval of the prepolynmer fromthe reactor

107 via the pipe 114 ifhel QR 1Kaddti zEE off eRRAIMBY itdhued eEQterLd has a
nunber - average nolar mass in the region of 3 800 and contai ns about 5% 20

water. Its wiixesid yvi pdecumasy.edd i dildgte vayridn aahé i n accor dance
with the conditions and recomrendati ons of the international standard | SO
307- 1984 5 s p¥RcurHorg abee glrrecels prdpaatadyt ech e rddpguasisiddl e to 25
produce continuously a prepolyner 153 at the outlet of the reactor 107 with
a concent r apropcaft immishe@ fertdhe permanent regime. In a second
variant, the precursors are not yet prepared on
starting the plants, the plants for preparing these
precursors containing a salt solution. In the second
10 wvariant, the proportions of acid monomers and of
amines, respectively, for the precursors in the
permanent regime are gradually reached by feeding
diacids or a eutectic mixture and/or diamine into the
plants for preparing the precursors. The precursor
15 mixture then changes gradually from a mixture obtained
from salt solutions to a mixture obtained from
precursors that are rich in acid and amine end groups,
respectively.
The condensation product obtained from the
20 polymerization reactor is recovered and the analysis
and coupling system is activated.
For the second variant, the temperature is
advantageously between 100 and 180°C, with a pressure
of between 1 and 10 bar, such that the salt solution is

25 liquid. A start of condensation may take place in these

plants.



groups (AEG equal on average to 238.2 neq/kg, and a 34 concentration of
acid end groups (CEG equal on average to 289.5 neq/kg) that is to say a
di fference between the concentrations of acid function and of am ne
function of 51.3 neq/kg, for a nomi nal and desired 5 value of 50 meq/kg.
The prepol ynmer thus produced is convertegl,into polyanide of the desired
nol ar mass which is conpatible with the usual uses by addition to a fl ow
for manufacturing a pol yam de obtained froma process 10 for manufacturing

pol yam de 6,6 starting ywhth ggf?g?haygﬁFeghgngggoggigg%gaﬁglttBZhe

continuous and usual processes manuf acturin es¢ribed, for

exanpl e, in tﬁgeeeego%ngéﬁsfaz§5h0ﬁ19ﬁ9§e§5ﬁ§51§091EQKeegequQbh'QE 15
(Wley Interscience, 1977) pp. 424 to 467 (chapter 12 "Preparation of

6, 6- Nyl on andthel atedtpekyenedgsoch¥sPoaRbdaBacdazabsmand #ge€Bl Zi mer nan)
conprise, in the finishing step of the polyner, a flasher, a

vapour / pr epol peengsepbsaantiabllyaefnal sber 1. Thregbovaei o20apeepol yner

obtai ned by the process of the invention is added to the conventional flow
of pol yanm 8e mpdifeat by fhedihgsheto The ptldhtsodidfetrbhs fHmounos

pol yam de | eaving the process in accordance with the invention 25 does not
di srupt the qudiftgrentpfbperrabesdfofhdipoigeantilehobbmpoeddseandngft he
finishing steps. These 35 properties are identical to those of the

pol yani de man@iaeidredchi compeunfss HaEPt carhl of | blae Theparatess of the
invention thus_nmekes it possible_to manufacture a conpatible polyam de to
be 5 used as BLaR&Fti A ﬁ%ﬁ%?%%?diﬂb?ﬁﬁfuéuﬁ}aﬁéésFlgEcﬁOQEOP%@ manuf act ur e
of yarns, fibres or.filns_or %ae manuf acture of noul ded articles. The
on-1ine Near YRFFAR:T BPEEETERSt FPE BREPSETRY| EhRMF BELEFPERE I Fradet ai | . 10
The nethogoofegggég{g ng 9¥ spectronetric analysis in the near infrared

. 1xXt N . .
spectral region COASIstS N %erfornlng a conti nuous neasurenent by

transm ssion on the rea@ﬁégg%ggéEHéeﬁ%£Q§¥éig d¥@X r%%?ggétted by the

spectroneter |anp, conveyed by a sIngle stran F€al "Fibre to the

em tting pro _1amghug>§t9{éaxﬁc<sfytﬁ@ POLEELoW bhe aﬁf@ﬁtég%,g%]xture- The

light information is partially absorbed by the product pas rough and
i's then captured pyahbeisecebyi 8QampOOL ALk i Sqiig9e@Usivhahigngd with

the emtting probe, 20 conveyed via a second single strand of optical fibre
and t hen col | enfiebdedbyihdemspest racededingt ectofie gherepestial acquisition
software constitutes the whole transm ssion spectrumto convert it into an
absor bancé5spebarantefhet acquilsée t pbanbf foheps@geatingt tivs ¢akestic
mixture is first fed with an aqueous salt solution. The
mixture is heated to a temperature of between 100 and
150°C. The plant is fed with diacid, for example in
solid form, and optionally with diamine, with feed
20 rates corresponding to the stoichiometry of the
eutectic mixture, and the product obtained is removed.
The residence time in the plant is preferably chosen
such that the diacid, if it is in solid form, has the
time to melt and/or dissolve. The temperature in the
25 plant is greater than the melting point of the mixture.

It is pointed out that the mixture may contain water,

either added continuously, in an amount preferably less



25 place over a range of wave nunbers from4 600 to 9 000 cm1 with a
resolution of 16 cm 1. each spectrum 36 results fromthe average of 32
scans formed at an average speed of 128 scans per mnute. The spectral
information collected by continuous analysis is transcribed into a
concentration 5 of acid and am ne end groups per kg of dry product (CEG and
AEG, respectively) and al so into2% CEG AEG difference using nodel s produced
by calibration with sanpl es anal ysed by potenti omet.rai C fafedl ysi s nmet hods
descri bed, for exanple, in "Encycl opedéﬁa]m@ftﬂmd{ﬁ?t% al 10 Chem cal
Anal ysi s", 1973, volune 17 rp@mea' ) e assenblé. 9{31 hgeefdvi ce for near
infrared neilggérﬁyrmeig%tra ed so as t§ sﬁ&bﬁst‘aﬂdl h-Tnternal pressure of
tenp ass

150 barhahrd eratur agferSBBG.aliT‘ﬁ enbly is_gawposed of an APX4

st ai nl ess st.eel.&ldioP5 provi ded by .t Icmypeﬁ’ﬂ?pﬂtre i ers Mecani ques Peagoi s
( AVEP) ,OﬁDéﬁLJ‘g—’ Je Roussi | rhemiée.l#ﬁee cel | bodysisideate’l el ectrically,

t he heati ng ? igglxcmﬂ"i‘o)f ed by a teggeaapuebi%asurenent in the netal bulk
and in eke %o ynmer. An.ﬁl agm:md,tﬁ‘é nper at ur e _20 Jdichker ence makes it
possible to treedi® alil t in the heatq n@rd&FREE > The pipe for circul ating
the anal product is Cuhimem®®>and 1 cmin diameter. This flowis
i nt er cept eﬁgo‘pgxp@hd‘?}b%l arly by the probes directly 25 screwed onto the body
of the cEFf. The probes used are of the type FCB: 08@£fckB8s |ine probe
supplied b)éd@gisom Anal ytical Incor %gdalae@}r\bod%?‘ rvine, i fornia. These
pr obes afe screwed | ntooréihﬁg proolfe %70l der s so,%z 0 urict a coni cal
net al - netal seal, tZP'ﬁecsapphi re of pety BS it being flush wi s éwe end of
t he probe holder. Th ép@gén’grﬁﬁ‘fween the 5 e%&tbggcp?%ﬁ’é and the
receivin 108 ﬁh & ' i

g'lw\,@h&lp§t us nmade b)&.% sydetei-cal "adj ust ment by screw ng the
two probe hol ders, faé:%-ltdaﬁm‘éf: Y1t i s set Zi.laz}“-lrﬁg aved T &Fai ns const ant
during thq_%pcam%r%ﬁi on and pr di£6151§1@ phas I'n continuous,yise. The probes
are connected to thﬁ dfinpee? offet er vi a _an gpbi cahdePBt e neasur i ng up to
50 metrngs. 'ﬁhél?ﬁe& romet er it%gldf soguEdfftected to a conpyber in an
operating room whi gh, goreer& eal -time repqricw@frstih@ FESUlt of the on-1ine
anal ysi s. TS ur enent erf&{'\é@ﬁs@m"f%er m xt ures '\{E‘lch 15 open

referably ¢ s reactor w

for

the WO £lows are
aiacids and ot



15 and MB at the outlet of the reactors 104 and 105 shows a standard error
of prediction of 10.1 meq/kg for AEG 13.0 nmeq/kg for CEG and 12.7 nmeq/ kg
for the difference CEG AEG with correl ation coefficients of greater than
0.99. 20 The degree of precision achieved by this statistical analysis of
the near infrared spectra allows an adj ment of the ratio between the
acid end groups and am ne end groups in the mxtures M2 and M3 by coupling
the flowrates of the fluids fed into the 25 reactors 104 and 105,

respectively. The nea : of .. t r 107 sho
a :Itoandla\r/d )érror of p??ﬁ%ﬁ%ﬁ&%@gﬁﬁf%ﬁ%%%tg{?o%nA@g? ggﬁé%ﬁ/ kg fsorWS

CEG and 4.7 K0 £ ofott hsodh fEgr ]TglEéf ' i fficients
of 0.990 forrm;%éa 0% 9901 PC(%E? @%&a%@%%% or %‘ieg%f%ée%%ﬂéoﬁc%%@%EG 5 The

degree of preg@idoachi @v@sk by phéssstatosihealeanad Yshe 96 bde, near
infrared spectra also allows an adjustnent of the ratio between acid end
groups and anite eesh Qeest iive COEIPEhAOf1de o onscefidheimi shaires M2 and M3
fed into the prem xer or the 10 reactor 107. Simlarly, this analysis

nmet hod by heareactonr eche pEhdw ceret eyiad Stherakesc tdr posssthl tut Dngleties m ne
the conposition of the m xture ML and to couple the flow rates of the
mononer s fed migktoutdle 15 adsanvagddislyheetpreen ny nintthe qgudb@® in the
process may be different depending on the arrangenent of the reactors or

t he presence ®¥n&t®Fage units or reactors. The nunber of analysis points on
the process 20 may vary fromone to several. Thus, it is possible to have
only one nonitoring of AFRPEHRDSER i Y AT FTRYIT VPRAT ILEH MRt he
reactor 107 gggato qﬁ%fle fthis, neasurenent to, the flow rates of_the

m xtures M2 arff MPEIIIAEIHE s StRET 11 $RE soldlt i gMantPdf the 25

m xt ure N£Z9| n.the reactors 104 and 105 WiHSOUt however,,. departing from
e .

the cont oF T TRETHATR T FEOHRBVET , RO r b (19 HRT (g i
process, it is 39 preferabl tﬁ@#}lé&rfé ﬁ%rprf%étj_&n tq{ teafsh of the
e Teed rates o

m xtures ML to M4 and to colple a e reagents into each

reactor for Wf@ﬁé&réé‘ﬁéé@é%éﬂx&%ﬁ%e '%cﬁi@é’@'ﬁa% £ Sysdep for

noni toring and coupli ng e feed rates of the ows of mxtures into the
various reactgisch Sid |dped red ashdws ! hendlashetadidest ik Riguige 1. As

menti oned above, the process of the 10 invention preferentially applies to
t he manuf act uhigcefidA i Gchiritredctmy Bd Sodven tgsbdSry therwestuf act ure of
ot her pol yam des obtained fromdi acid and di am ne nononers, and especially
for the nahufhotimeofarndpald yamwess . fThe | osdrainoe cbpdiysantebestBA g 6/ 6. 15
The starting operations and the transient states of the products and
process parargases dbfore Uir aratien ebterjeedefron theyicendsatimd above
are now described. The start-up uses the N salt at a 20 concentration of
62~. It is pregrRiePrT rotn eVarrirae It hatBre Jrgrer)iph e dkimeisa tbinn

hexanet hyl enedi' am ne 251. , )
also increases in this reactor.

A flow of the condensation product is

20 recovered. According to one preferential mode, some of
the flow produced is reintroduced into the reactor that
is not open to gases, at the temperatures and pressures
mentioned above, in the presence of the mixture of
precursors. This recycling of the product is

25 preferentially such that the recycling flow is between
ten and twenty times greater than the flow of mixture

introduced into the reactor which is not open to gases.



Tn the exanple illustrated, the detail ed description of which is given with
reference to 25 Figure 2 which represents a synoptic diagramof a part of
the process of the invention, the solution of N salt at a concentration of
62~ is manufactured in the 40 wor kshop 224. This workshop is fed
continuously via at least two buffer tapks of the type 215 and 216 which
enpty alternately by respiration between a nmaxi num |l evel and a m ni nrum

| evel . These nitrogen-inertized 5 tanks are equi pped with a neans of
stirring by alntec [Wal a h I o] t .therein and
to nonitor tﬁgkgégakgighéﬁgg%géﬁgfa?F%getEg?ggﬁhégfgggoﬁegggﬁgt#ﬁe

pol ycondensaghon . UAl kecSvakg 2a1lb! LbngpshelinerRbante;L0 fter the usua
wat er tests preceding the start-up of tﬁe pol ycondenSation plant, the water

feed is repl peegdcwhtbnaatesd at Bh62tiﬁbsakto%@hﬂh506fiEhEQdUEEQe
continuously at 109C, at a flowrate of 280 1/h (= 300 kg/h), into the

reactor 201 asdatihentdgebubdyt beeaseenbhynofl ot hpdcpseadeapliystirred
reactors 204, 205 and 208. The outlet valves of the various reactors are

cl osed i n5a ¢reatesttben £06.allow themto fill, and then opened. The plants
conprise nmeans for adjusting the levels. The flow of exiting solution is 20
rei ntroduced into the PhaatzecTatingacénrmakentti posaibleetbeedtasnperat ure
of the 62~ N salt under a_virtually atnospheric autogenous pressure of 1.05
bar to avoi dSuREéifcherblviclasacoflegxggenct pralyspadgensatiesnabtdshnent of the
operating reginme in the plants in the future state of the reactor 202 in
the per manenPTPEYFfes i reindt @il F9i hgatheheeParerdating the 5 precedi ng

step, the continuous fﬁed %ﬂte of 62~ glgalt is reduced to 110 1/h (~ 120
kg/h) so as to all ow t h8ScOhREn?PERI BRI o T PRet B X RASEPY YRifhat®ina] 75~

ith the,gid heat - f : d_i h of t ti d
Feact or s -0TooReR (RO FERE Rentaarv 8o i P AP ve "Rt e e ather s 201, 204
205 and 207 : ' t is th
adusted Lo TOBTER O SEFE ¥ CRanT | ehaonrogr el P e PRERIUET % ) he
reactors ZtmisZgévéﬂgaégguéﬂytﬁgeéUEHré?sﬁﬁi§.Oigérg%%§sr§§0tors 204 and

205 in the permanent regine After stabilizing t s and tenperatures

during the ppesediogrs! e@lathe ROTE NGt &LMMERAtAFEScEhSs1ad] LStegdet 0o 180C in
the reactors 204, 205 and 207. The autogenous pressure is then adjusted to

5 bar. The 2énabysiatofittlha afotbes NboSabhdifrilesr&ngtor 2A0dit+s 88~. This
step is imediately linked into the follow ng step as soon as the
t enper at Ype vAti180CThe rabihcdetweehmetheartd @0F.groups and the
amine end groups is preferably close to 1,
advantageously with a precision of greater than 0.5.
The analyses may also be performed on a recycling flow.
The flow of product recovered may
20 advantageously be introduced into a flashing device and
then a finishing device, making it possible further to
increase the degree of polymerization.
It is pointed out that the reactor which is
open to gases may be provided with means for recovering
25 the diamine monomers which may have volatilized with

the water. These monomers may be reintroduced into the

plants.



42 State 4: establishnment of the operating reginme in the reactor 207 in the
final state of the reactors 204 and 205 in the pernmanent regine Once the
nom nal tenperature of 180C has 5 been reached in the reactor 207, this
tenperature is adjusted to 227C. The autogenous pressure is then adjusted
to 15 bar. State 5: establishnment of t operating regine in the reactors
204, 205 and 207 in their final state ed 10 with N salt solution) The

nom nal tenperatures are adjusted to 228, 226 and 248C, respectively, for

the reactors 204, 205 : S [ n adj usted

to 15 bar in the react']f:})}%gsi %%Jf%l%&z%gé %&%&%ﬁ tl‘Jﬂgtsl?gcgmﬁ‘—*‘:'»"ﬁé]etact or 207.

The nunber - ay Bge dBE & 1 PRSP SaBERAS W Th ac% dact of the flow | eaving
S

the reactor 207 is about 4 000 g/nDI om/contlnuously feeds the

downstream of the pol ymandessadd St 180 G CON S | gk Qinl {PEMTDI nation in
series of a flasher, a vapour/ 20 prepol ymer separator and a finisher. The

pol ymer obt aiineitheqatpltdecd i nixshefri it | ®id haicia ad H@sddus iguiax igasured in
dilute formc acid in accordance with the conditions and recomendati ons of
the i nt ernatddraldistcintiatihniS@ 3719 Prafert3sl yidy.a@iede product |eaving
the cascade of stirred reactors is the prepolynmer which gives, after rising
in bulk, a peExansthwenediaoesiiyn isadexion afi tfde F08 t0¢55%nhy
conversion applications, either directly on |leaving the finisher, or after
granul at i on Wesighwe FHHyF mnatinp constitutes a first step.

During a second step, the solution included in the
condensation plant, for example a reactor which is not
10 open to gases, is heated to a temperature above 180°C
at a pressure above 5 bar, preferably to a temperature
above 220°C and to a pressure of between 5 and 20 bar.
Recycling of the solution is optionally imposed. The
salt solution included in the mixing plant is
15 advantageously heated to a temperature of 180°C.

The mixing plant is fed with a flow of
precursors, at flow rates such that the proportions of
monomers introduced are substantially stoichiometric.
The analysis and coupling system is activated. The flow

20 of mixture is fed into the condensation plant, for
example the reactor which is not open to gases, and a
flow of condensation product is recovered. The material
obtained from the mixing of the precursors thus
replaces in the plants the material obtained from the

25 solution of N salt. Water is gradually removed either
in the reactor which is open to gas, or by depletion

with the product recovered.



This step is advantageously used to calibrate 5 the points for neasuring
the stoichionetry by near infrared, such as a description thereof is given
in Exanple 2. State 6: final state corresponding to the permanent reginme 10
When all of the near infrared neasuring points have been calibrated and
when the spectroneter has thus been calhhrated, in a precise and reliable
manner to allow the direct am dation process to be conducted, the feed of
62~ N salt into the reactor 1 is 15 replaced with a continuous feed at 90
kg/h of the mxture MygeseoifefedPO¥eqifBe;adinatipibaghaile stoi chi ot ry
using the on-line near Infrare Neasuranent3 i s act Pvared om t he assenbl y
of cascade reagtpky. the coupling between the 20 adjustnent of the
stoichionetry of the exit flow and the adjustnent of the level in each of
the reactors 201, 204, o2RérandvafN¥agkkovws bReallaworatge ehvbtheibwo feed
flows of each of the reactors to be adjusted, one of these flows being
systemati cal Wylli ehergeambpe 2behubgt iAnnshanlighe oetheher ekBmpheaci d
functions. This node of start-up of the direct am dation process using an
aqueous sb6l ugivanobehowonpuseirmkas at guidd, paadi lieht ohacleestlele

per manent regi ne described at the start of this Exanple 1 by allow ng the
cal i brati on eeschéppdpnssgivennwashr ragerhncet bochhenéigyrby, nehichnf r ar ed
and by minimzing, in the calibration and 5 standardi zati on phases, the

ri sks of proBERFRA§SRBNASPERPPEEGL FEReps| 9hePar EXARPLENE: PERGAPEe of a
procedure for calibrating a near infrared spectroneter to carry out the
process. DevPEESTSMAIpFBCcEREr 2RVPBFAPRNg to the near 10 infrared anal ysis

and the cali i f the spectropeter,are descriped in this exanple.
First branchggggggﬁ!?hcgﬁﬁmgng ﬂ%agg?8Héﬂ?¥E§n9geE£§LE£%8955L§BQ Pﬁe mai n
pr oduct Ebrcy|§t59£rgl8§’ the neasurenent 15 is carried out on a branch

| oop. Second

The process in permanent regime is first
described in this example.
According to the scheme represented in
Figure 1, a concentrated aqueous hexamethylenediamine
15 solution with a concentration by mass of water equal to
10%, available from a source 151, and of adipic acid
powder, available from a source 152, is fed
continuously into a first stirred reactor 101 wvia the
pipes 110 and 111, respectively, to obtain a mixture
20 whose weight ratio is 81% of diacid monomer and 19% of
diamine monomer. This mixture M1 may contain a small
amount of water, for example about 7% by weight
relative to the diacid monomer/diamine monomer mixture.
The mixture is maintained at a temperature of about

25 126°cC.



A second, closed, branch | oop connected to the first loop is used. This

| oop makes it possible to standardi ze and calibrate the near infrared 20
spectronmeter. Calibration procedure The product obtained fromthe
condensation using the N salt, the characteristics of which are known, is
recovered in the second branch | oop. Wthythe 25 second branch | oop
connected to the spectroneter, the spectroneter is calibrated in the
desired range using reference neasurenents produced from sanples taken from

45 the |1 oop, follow ng ¥ﬁ5iﬂg§tgggeﬁ agddi %8d§Yt|l%ﬂa ggnggh%tﬁg adi pi c

acid and/ or of hexanet hyl enedi am ne dose Sh Bt Ioop

w-~rnr t~ 5 A@@é@%&reﬂQdeﬂﬁnEhgfp§p850§9§5a38096§'ngﬁggggﬁgvgﬂ ention. The

pl ants and the functioning In a perfranent regline are escri bed.

According to {hHeosewsnBriepegseBhetots 194thar§0§ into a zone conS|sting
of a conmbination in series of static m xers 403 are continuously fed, via

the pipes 401 and 402, Hewgeet|Vehyanaehbewinbnbeyniehhybensdi sAbRA, el t
obtai ned froma source 451, and a flow of deoxygenated adipic acid melt at

a 15 tenpebat the 0ix260E Mhdérom phesseaaetof abbuhagSbbaredobhabngd from a
source 452. The m xture obtained is referenced Mb. The stoichionetry of the
reaction nixtateragenkaskraudcbhennfvos| yhoyented intoatkd in the flow 407
| eaving the m xing zone 403: the flow 20 rates of the flows 401 and 402 are
then adj ust ed*§3CE8r & ol Pégamat 205 heonaklewl avmpue blexhelevezecunion of the
near infrared neasurlng poi nt 408. The m xture Mb is introduced into the
recycling | ooptofhe B¥PEee8- reactor 405: this loop is 25 equipped with a

heat exchanger 406 and §%OV|des via_the g nE 410 a recycling flow rate
which is 20 times as greatthe eFAWPLedlthpethrrtefe FRiTeRCHBT ¥B& react or

10 is maintained at 228°C under a pressure of 15 bar, the
flow of mixture M1 fed via the pipe 102 is 41 kg/h.
Into this reactor 104 is fed a solution of
hexamethylenediamine (HMD) containing 10% water via the
pipe 112 at a flow rate which is controlled toc obtain

15 in the reactor 104 a mixture M2 comprising a ratio of
the acid functions relative to the amine functions
equal to 1.03.

The acid/amine ratio is measured continuously
in the reactor 104 or, as illustrated, at the outlet of

20 this reactor by a Near InfraRed analysis method
described below. The result of this analysis is
processed by a coupling system which controls the flow
rates of the flows of mixture M1 and of HMD solution
fed into the reactor 104.

25 In Figure 1, the dashed lines represent, on
the one hand, the couplings of the flows to the Near

InfraRed measurements, and, on the other hand, the



46 405 operates at a tenperature of 255C under a pressure adjusted to 15
bar. It is equipped with an external device for partial recovery of the

| osses of volatile diam ne entrained by the steam not represented in 5
Figure 3. The filling level is such that the estinmated residence tine is
about 20 mi nutes. A fraction of the flow; eaving the reactor 405 is renoved
via the pipe 411. A continuous near.infrared nmeasurenent point |ocated in
this pipe 411 10 nakes it possible to nonitor the stoichionmetry and the
chemi cal progiRss, <fs e tHO Mripodift itgRA d¥e.tHd BRRHBY & nom nal
value to the near infrared neasurenment point 408 |ocated on the pipe 407.
The prepol ynam#&aRddus produced is converted 15 into pol yam de of desired
nol ar mass which is conpatible with the usual uses by addition to a

pol yam de manuf act uri ngHd aesdldanideed i g eaisadrd ifmmHact uri ng

pol yam de 6, 6 usi ng hexanet hyl enedi am ne adi pate salt. 20 The conti nuous
.and usual proecesses flid nenuiecttudiSngniPhtist desc mdaedorf Qodexanple, in the
book "Pol ymerization processes"”, Schil dknecht edition (WIley Interscience,
1977), pp.5 4Zomox isEE (echapttdretl 1,06' Foepareatavdmaopft bl Gradydron and rel at ed
pol yam des" by 25 Donald B. Jacobs and Joseph Zi nmerman) conprise in the
pol yner fi ni S9Gigesh angl/orydfipamedy ivapder Meesper mithes gpdreatcad and a
finisher. The fl ow offpr pol ymer 47 obtai ned by the process of the

i nvention i s T&09¥@k% @ tﬁzﬂ@oWéﬁI‘l dRalthe SRt ofolSF@Add sugster &amhof t he f

| asher . An ternative E@y al so consi st in passing 5 the reaction m xture
ish

through a fl as¥efIXE Ui, Méh &Fmovessitiioay the B&asEost 10wid Scosity, from

whi ch the pr I r.leaves with a viscosity index,. asured.in dilute
formic acid %%%g%%ﬂra &aegigea%s\ﬁptlﬁ taﬁé'd({%li@)l ﬂl(’)%félrfna’ é’ggﬁ%ﬁdé:fni dfts of

i nt er nat il%”alacitdarf@?l%@iﬁgs' SO 307-1977 in the region of 60 m/g, so as to
be able to be granulated.” A drying operation acconpanyi ng a

post - condensation in sg| !sfécfo%mpfr@%iq%iﬁ%% iaﬁi@ﬁ%ial&li%/%ﬁglgag{lix@ﬁ?et he

required | evel of viscosity for the polyner. 1 e met measur enent

by spect r onetmi 6 sapalofsiced Ant ReeN@dadtRi a08d Spe! 5akingeH MRnhePer for med
in a mnner which is entirely simlar to the description in Exanple 1. This

on- | i ne neastoemkiet produatiiond oduthat mktutrkeMoeliavane pelheitsrofioghe pl ant
and 20 nore particularly at points 408 and 409 represented in Figure 3. The
start-up opeHaweyes ,aftthet dotr zatiecntf shat €doek bife mixaduet Slaaddpr ocess
paraneters before obtaining the permanent regi ne descri bed above are now 25
descri bed® ofghexamethylenediamine solution fed via the pipe 113

are determined and monitored so as to obtain in the

reactor 105 a mixture with a ratio of the acid

functions relative to the amine functions equal to

0.98.

20 In the example illustrated, the temperature
and pressure conditions are identical to those in the
reactor 104.
As for the manufacture of the mixture M2, the
flow rates of the flows of mixture M1 and of HMD are

25 coupled to the result of the continuous measurement of

the acid function/amine function ratio in the



The start-up uses N salt at a concentration of 62~. It is prepared froma
source of water 554, adipic acid 552 and hexanet hyl enedi am ne 551. In the
exanple illustrated, the detailed 5 description of which is given in
reference to Figure 4 which represents a synoptic diagram of one part of
the process of the invention, the soluti,on of N salt at a concentration of
62~ i s manufactured in the workshop 52f. This workshop is fed continuously
via at least two 10 buffer tanks of the type 515 and 516 which enpty

al ternately by gepiyat i PfBE N IR ell%}’sﬁﬂs Ei{l%r?o i ni mum | evel .
These nitrogen-inertiz tanks are equi pped wth a node of stirring by
external re@Eddiipdd gramrgeni ze the content and to nonitor the pH and the
15 concentration therein before feeding into the pol ycondensation unit.
State 1. filling of thhepltans smiAftaied M2 usiIMIVEIYa Rsd S/ GeME Ng the
start-up of the polycondensation plant, the water feed 20 is replaced with
a feed of arEZctdrsalliiisand 105, Maspdiadd tly, 106 introdnredfidde two
stirred reactors 513 and 514. These two reactors are equipped with a
recycl i ng | eopodonsirsiensg tdfora yragrora 1093t mexdottangesd artd aa near i nfrared
measurenent point. 25 Coupled to the buffer tanks 515 and 516, they operate
al ter nat el y tsperatansomil R4S yuridasd a rr estsumeed fr dactobad05 via its
recycling | oop 504. 49 State 2: establishnent of the operating regine in
the reactor #5523t 514 under the conditions of the permanent reginme After
stabilizing the | evels during the 5 preceding step, the nom nal
tenperatures in the reéd& & FLPWSSOF FHEWBES M adwt M3 argodedrne

correspondi ng ,aut.ogenous pr ure is then adjusted to 6 _bar absolute. The
concentrat i o‘%‘t& & %é"eﬂluéﬂprt ej'I% ANTT e Mo el BEETRIE 90L Gt ate 3:

est abl i t Q%]t e r.at.i. .eqi in_the yeactor .505 under the
condi ti Zlnmgeo ! elgferoﬁ%é%[ttl?‘gg{l?n%%gg hi ev(\i,i’ th & géﬁe.sét e|ron) Once the

nom nal te r 8 i r r 505, this
t enper at ur gmﬁs}ag%{ ﬁlse%tg 't %gggg%%%e%gﬁgrge%%ﬁ%’l 31\‘? I ?eaﬁl%'%téigj usted so as

to obtain an estimat edyeL3i1dRNca tds® fOfc HRDGlny A0 JF RHL&SroEN1maut 0genous
pressure is then adjusted to 15 bar. The nunber-average nol ar mass neasured

on a dry 20 aexd MBClaries mhdtor2 BRd Fslo obtas of liewttenticaeeews! v oheeds the
downst ream of the pol ycondensati on process consisting of a conbination in

series of aaf hdsdteire arivdpauyipeepa@cide funepdion/emidrd fandtiiosher . The

pol ynmer obtained at the finisher outlet has a viscosity index, 25 nmeasured
in dilutld f eatic sepéndingc oo divec ehairiale telvg stdrdi oifonheapd lyaeddeendat i ons
of international standard |SO 307-1984, of 130 ni/g. 50 The product

| eavi ng t he t@adeadanyftasitiuniesd

Thus, in the example illustrated, these flow
rates are determined so as to obtain a mixture in the
reactor 107 which has a difference between the

20 concentrations of acid and amine functions (CEG-AEG) at
the outlet of the reactor 107 in the region of
50 meg/kg.

This difference in concentrations, or the

acid function/amine function ratio, is measured
25 continuously by means of a Near InfraRed spectrometric
analysis method, the flow rates of the flows of mixture

M2 and M3 fed into the premixer 108 being coupled to



reactors is the prepolyner which gives, after increasing in nmass, a polyner
wWth a viscosity index that is suitable for nost of the conversion 5
applications, either directly to the finisher outlet, or after granulation
followed by renmelting. This step may advantageously be used to calibrate
the points for measuring the stoichione n%?y by near infrared as a

description thereof is given in 10 Exa

e 2. State 4: final state

correspondi ng to the permanent regine (feeding Wi th nononmer met ts) Wen

all of the ”%ﬁ“ i nfrared neasur enen poi_nt
spect ronet er "ha§

to allom/thebg%%gg StMB Hgﬁgﬁg@ %aﬁ%@ me to be conduct ed,
1

salt into the reac of 't

a i brated,, and the

Db R H bR o B T AR B B R e SR e

the feed of 62~ N

14 is replaced with a continuous feed

of the mxture M as d%ﬁ%erEnghﬁé'QE&EyoE”EHetREx@h kNg20 zone 503. The

residence tine is adjusted to about 20 m nutes

e adjustnment of the

stoi ohi omet 1 yrLHBTYVRES 9f" LhBerBRBTUECTEN! 3sDYnNeRE LBGEAREAS! s act]vat ed:

t he coupling be

ween the adjustnent of the stoichionetry of 25 the flow

| eavi ng tlhe peagtante82 and its | evel adjustnent makes it possible to

adjust the flowrates of the two feed flows 501 and 502.

51 This start-up

node of the direct am @thki eepactors 104, 105 and 107 are equipped

with a depressurization valve 106, 109 to allow some of

the water formed by the amidation reaction to be

removed. The flow of steam removed via the

10 depressurization valve 109 is equal to 4.5 kg/h on

average. The analysis and monitoring of the composition

of the flow 114 removed from the reactor 107 allows the

progress of the amidation reaction and thus the degree

of polycondensation of the prepolymer removed from the

15 reactor 107 to be monitored.

The average rate of removal of the prepolymer

from the reactor 107 via the pipe 114 is 102 kg/h. The

prepolymer thus recovered has a number-average molar

mass in the region of 3 800 and contains about 5%

20 water. Its viscosity index measured in dilute formic

acid in accordance with the conditions and

recommendations of the international standard

ISO 307-1984 is 33.5 ml/g.

The process illustrated makes it possible to

25 produce continuously a prepolymer 153 at the outlet of

the reactor 107 with a concentration of amine end

groups (AEG) equal on average to 238.2 meqg/kg,

and a



process using an aqueous nononer solution nekes it possible to achieve the
permanent regi me described at the start of this Exanple 3 by allowi ng the
calibration 5 of the points for neasuring the stoichionetry by near
infrared and by minimzing, in the calibration phase, the risks of
production of non-specification polyner,, For the neasurenents by near
infrared spectronetry and the calibratl%ﬁ the primary and 10 secondary
branch device described in Exanple 2 is used. This calibration procedur e

LUYLE] 508, 509, 517,
g P 4o BULEhOusLIoRl o8Ko0k LR HEBSULETELE) PELRLS 800,209, S
st oi chi onetry, §§9egeﬂe8pkghetﬂ§t“@éegr QQ%thdlkféﬁéﬂggtEXEHOf the degree

e
of progress of the polycondensation NONONErs an &R salt up to

the prepol ynehel eaMeageihei bhoabsr 88¢40FuABL: ohULE ream to the
pol ymer IeaV|n§ t he f|n|shér W 02/28542 %3 ?Féﬁl?%g€%5 CLAI M5 1.

Process for fhfRceoshi 8809S. me&aﬁéureoﬁfapﬁbﬁiﬁﬁaﬂeanatéééwedwth
di carboxylic acids and di am nes, conprising, in a pernmanent regine, the

fol | ow ng5stepdue- oﬁoﬂO|méqugn1xing of two flows of polyam de precursors,
one flowrich in acid end groups, and one flow rich in am ne end groups,

The prepolymer thus produced is converted
into polyamide of the desired molar mass which is
compatible with the usual uses by addition to a flow
for manufacturing a polyamide obtained from a process

10 for manufacturing polyamide 6,6 starting with
hexamethylenediamine adipate salt.

The continuous and usual processes for
manufacturing PA 6,6 described, for example, in the
book “Polymerization processes” Schildknecht edition

15 (Wiley Interscience, 1977) pp. 424 to 467 (chapter 12
“Preparation of 6,6-Nylon and related polyamides” by
Donald B. Jacobs and Joseph Zimmerman) comprise, in the
finishing step of the polymer, a flasher, a
vapour/prepolymer separator and a finisher. The flow of

20 prepolymer obtained by the process of the invention is
added to the conventional flow of polyamide upstream of
the flasher.

The addition of this flow of polyamide
leaving the process in accordance with the invention

25 does not disrupt the quality or properties of the

polyamide obtained leaving the finishing steps. These



- condensation using the m xture of the two flows, the m xing and
condensation being carried out in the sane plant or in different plants, -
recovery of a flow of product obtained fromthe condensati on operation, at

| east one of the flowrates of the flows of precursor being coupled to the
result of the analysis of the contents ofg acid and amine end groups in the
m xture, the condensation nmediumor the recovered flow, so as to keep these
contents and/or their ratio between two nom nal val ues, characterized in

that the starg, ]ng@ég é‘lo%pjré@é] I | t L 1l: - feeding
t he condensaté% plant wt ac;\ aqu%%ﬁsé(go%}g#%goﬁo%%%?lrgérgf%%r boxyl at e
ions and di armmitded onss FILISOPY R Onsudticivddmtsidiei r molar ratio is
between 0.99 and 1.01 and preferably between 0.995 and 1. 005, 53 -

establ i shment of the opgi@lpFird$9ide Kk LR, SONIGNSALLS MPLagt; under
tenperature and pressure conditions such that there i s condensation

starting wthpddeilsiecardmat i tinne @ nsbrigher b ammsT yHmi @ascd nbéi al |y

i ncluded in the aqueous solution, - Step 2: recovery of a flow of the
condensat iHn ysatied a Staptihg suppyialy in fioey wdugl agEsorsudncs
activating the analysis and the coupling. 2. Process according to claim1,
char act eri zedhen manufadturde o ofarresovisitete pradutilms dedhat o fl ashing
and/or finishing plants so as to obtain a polyanm de with a desired degree
of pol yneri zatamHactung sfegrowldast dintgiakesither of clains 1 and 2,
characterized in that the condensation using the aqueous solution is
performed at a tenperatlit®e Abohidel dRar dnfrafiad AReCtUMaE B dar, the
product recovered having a degree _(g%{)o,l c(i)nde.nsation of greater than 10,
preferably of*teat’st lt%éﬁ"”é e tlﬁét {4 kenperature and pressure are

i denti calléo t he terrperﬁeurfetran%d R ssurs%rin t he .per manetnt regi me. 4.
Process dccording to either © 3 Sfnepsurement” By  spectrometric

analysis in the near infrared spectral region consists
in performing a continuous measurement by transmission
on the reaction mixture: the light wave is emitted by
the spectrometer lamp, conveyed by a single strand of

15 optical fibre to the emitting probe which is directly
in contact with the reaction mixture. The light
information is partially absorbed by the product passed
through and is then captured by the receiving probe
which is rigorously aligned with the emitting probe,

20 conveyed via a second single strand of optical fibre
and then collected by the spectrometer detector. The
spectral acquisition software constitutes the whole
transmission spectrum to convert it into an absorbance
spectrum. The acquisition of the spectra thus takes

25 place over a range of wave numbers from 4 600 to

9 000 cm™* with a resolution of 16 cm': each spectrum



and 2, characterized in that the analysis is performed by Near InfraRed
spectronetry. 54 5. Process according to claim4, characterized in that
at | east sonme of the flow of the condensation product fromthe solution is
recovered and used to calibrate the Near InfraRed spectroneter in the
desired range of contents of end groupgﬁ@nd/or of ratios of contents, the
feeding with two flows, the analysis and the coupling being activated after
this operation. 6. Process according to clain14 characterized in that the

calibration s pardi ﬁ%h{)’a&é&%d@%‘@d%?f rocess acco.r Anto the part

of the flow recovered for this purpose ng to one of the

precedi ng clajdmgs Nasasd et Zﬁhlgbérfg’itpélhqnﬂh%‘éd nmononers are chosen from
the list conprising adipic acid, glutaric acid, suberic acid, sebacic acid,

dodecanedi oi ¢ acid, i Sﬂ@télﬁédtgrﬁlﬂqfdﬁﬁmmrhaédm@@ﬂéh h@zel aic acid and
pinmelic acid. 8. Process according to one of the preceding clains,

char act eri zetbritnidais tdrea i<ing nies NS ssd ahosen domdeddead i &t
conpri si ng hexanet hyl enedi am ne, hept anet hyl enedi am ne,

oct anet hy3 enedi sami dhegndhcamaires eride rpecbhups nesr der anfetdyy eosstiveg NEGEG

5- et hyl pent anet hyl enedi am ne, undecanet hyl enedi am ne,

dodecanet hylarntdiEdi reespat tinsdyenetidrlen intsh .CE¥-F&sEs according to
one of the preceding clains, characterized in that the diacid nononer
conpri ses atddffpserge rﬁﬁld'lQ)fmCHiﬁ]pﬁ errdured Ry malddys tbHaypmiitly to one of
t he preceding clains, characterized in that the diam ne nononer conprises
at |east 80 SAIRLQF anadamathyeROANHREtHIC IMGELS #EKREg to one of

0o DT A R B R
0 26101 gAY A, DEIYEEN 0 R Yot preferably betueen
The assembly of the device for near infrared
measurement is rated so as to withstand an internal
pressure of 150 bar and a temperature of 300°C. The
assembly is composed of an APX4 stainless steel cell
15 provided by the company Ateliers Mecaniques Péagois
(AMEP), Péage de Roussillon, France.
The cell body is heated electrically, the heating being
controlled by a temperature measurement in the metal
bulk and in the polymer. An alarm on the temperature
20 difference makes it possible to detect a fault in the
heating device.
The pipe for circulating the analysed product
is cylindrical and 1 cm in diameter. This flow is
intercepted perpendicularly by the probes directly
25 screwed onto the body of the cell.
The probes used are of the type FCP-080 cross

line probe supplied by Axiom Analytical Incorporated,



m xture M3 of diacid and of diamne with a diacid/diamne nolar ratio of
between 0.8 and 0.995 and preferably between 0.8 and 0.99 - the two fl ows
are fed in nmelt forminto a stirred polynerization reactor in which the
condensation is carried out - the condensation product is a prepolyner fed
into flashing and/or finishing steps to btain the desired degree of

pol ynmeri zation. 12. Process according to claim11l, characterized in that
the two flows are m xed together before feeding into the condensation

Plant - o DoAY oceen acgordl ng. o, clddier, of ¢l aium 44 and i

characterize e polymeriZzation reactor ©

aut ogenous ?W%ﬁ%ﬁcﬁjé@ﬁg#ﬁ%&ﬁ] éo%ig{fciﬁééaﬁﬁﬁé"% ing to one

of claims 11 to 13 rize € precursors M3 are

obt ai ned, | NsehPeriRN pEeGdTR £ lybdl Xi )G 15084 1 oN, & i @i g, monomer
with a mxture ML which i's rich in diacid nmononer. 15. Process according to

claim 14, chai@d®riiethridbd h1ddr | epsd s Glg therddaw did es of the flows
for introducing di am ne nmononer solution and m xture ML which is rich in

di aci d nohonenittsimpuptalsk tand hthe aseddiaing herawnti s apede/ s of the
acid and am ne functions in the precursors M and M3. 16. Process according
to one of claismwitticdls, adhetamEer imeddrewirag the tweprcssy s are
prepared in _a pernmanent regine by mxing a flow of hexanethyl enedi am ne
with an adi gicldensd/fansdmetiadendd drd eetewtect imn rAnd wremailid  Process
according to claim 15 or 16, .
constant during the calibration and prediction phases
in continuous use. The probes are connected to the
10 spectrometer via an optical fibre measuring up to
50 metres. The spectrometer itself is connected to a
computer in an operating room which gives a real-time
report of the result of the on-line analysis.
The measurement performed on the mixtures M2
15 and M3 at the outlet of the reactors 104 and 105 shows
a standard error of prediction of 10.1 meq/kg for AEG,
13.0 meg/kg for CEG and 12.7 meqg/kg for the difference
CEG-AEG with correlation coefficients of greater than
0.99.
20 The degree of precision achieved by this
statistical analysis of the near infrared spectra
allows an adjustment of the ratio between the acid end
groups and amine end groups in the mixtures M2 and M3
by coupling the flow rates of the fluids fed into the
25 reactors 104 and 105, respectively.

The measurement formed at the outlet of the

reactor 107 shows a standard error of prediction of



characterized in that the precursors are prepared by a process conprising
the followi ng steps: - feeding each of the precursor preparation plants

wi th an aqueous sol ution conprising dicarboxylate ions and di amoni um i ons
in proportions such that 57 their nolar ratio is between 0.99 and 1.01
and preferably between 0.995 and 1.005 4, establishing the operating regine
in the precursor preparation plants und%r the tenperature and pressure
conditions of the pernmanent regine - in each of the precursor preparation

I f eed d
?|33f3f hgia%ggﬁﬁ?%h@%1§é¥néé£ur$|%ngg/f%ff§ﬂ;é%%u% ?n%ag}ﬂegpggast one of
the fl ows, ffgplgﬂet@fdePgHgé @Qﬁ@Aﬁ?dw+9ﬁoc6Pfefé%i8H or condensati on
0

pl ant. 18. Process according to one alms 15 to 17, characterized in

that the eUt@&éffvl@léﬁHéeoMo'§9@r§@§r§§GbYO ¥l NoA ¢kEWRA @depsc acid
nmelt or solid, and a flow of hexanmethylenedianine in pure formor in the

formof a COﬂ@@ﬂﬁﬁ@I@ﬂfﬁQ@@@@é cetuikEen, with coupling of at |east one of
the flows to the result of the analysis of the content of acid and am ne

groups insthe mxture Me d&Gres oSESSreOIP1osi ac¢hideed obyovhng steps: -
feeding the plant for preparing the eutectic mxture with an aqueous

sol uti on conptasisgicdalaandbakyshs eof otise amelaxdi amboaredn spastra nabsoporti ons
such that their nolar ratio is between 0.99 and 1.01 and preferably between
0.995 and 1.48Dbows58n-adsuathestiof the vperatbegveeyi avidneed the
tenperature and pressure conditions of the pernanent regine - feeding a

fl ow of adi pgEouRs dand aMbNE ofnA eBPERHVPEneeiRkineg, thet fiaws odf of the

coupl i ng of
P g the mixtures M2 and M3 fed into the premixer or the

10 reactor 107.

Similarly, this analysis method by near
infrared spectrometry also makes it possible to
determine the composition of the mixture M1 and to
couple the flow rates of the monomers fed into the

15 reactor 101.

The placing of the probes in the process may
be different depending on the arrangement of the
reactors or the presence of storage units or reactors.

The number of analysis points on the process

20 may vary from one to several. Thus, it is possible to
have only one monitoring of the composition of the
prepolymer leaving the reactor 107 and to couple this
measurement to the flow rates of the mixtures M2 and M3
and/or the feed rates of the HMD solution and of the

25 mixture M1 in the reactors 104 and 105, without,
however, departing from the context of the invention.

However, for better monitoring of the process, it is



at | east one of the flows, feeding the product obtained into the precursor
preparation plants. 19. Process according to one of clains 1 to 10,
characterized in that: - the flowwhich is rich in acid end groups is a

di carboxylic acid in nelt form - the flow which is rich in amne end
groups is a diamne in pure formor in 5]1e formof a concentrated aqueous
solution. 20. Process according to clai m 18, characterized in that the
diacid is adipic acid and t he di am ne i s hexanet hyl enedi am ne. . Ay;
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obtaining the permanent regime descrlbed above are now

described.
The start-up uses the N salt at a
20 concentration of 62%. It is prepared from a source of
water 254, adipic acid 252 and hexamethylenediamine
251.
In the example illustrated, the detailed
description of which is given with reference to
25 Figure 2 which represents a synoptic diagram of a part
of the process of the invention, the solution of N salt

at a concentration of 62% is manufactured in the
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the aid of heat-exchange surfaces arranged in each of
the stirred reactors. To do this, the nominal

10 temperatures in the reactors 201, 204, 205 and 207 are
set at 115°C. The corresponding autogenous pressure 1is
then adjusted to 1.05 bar.

State 3: establishment of the operating regime in the

reactors 204, 205 and 207 in the future state of the

15 reactors 204 and 205 in the permanent regime

After stabilizing the levels and temperatures
during the preceding step, the nominal temperatures are
adjusted to 180°C in the reactors 204, 205 and 207. The
autogenous pressure is then adjusted to 5 bar. The

20 concentration of the N salt in the reactor 207 is 88%.
This step is immediately linked into the following step
as soon as the temperature of 180°C is reached in the

reactor 207.
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Once the nominal temperature of 180°C has
been reached in the reactor 207, this temperature is
adjusted to 227°C. The autogenous pressure is then
adjusted to 15 bar.

State 5: establishment of the operating regime in the

reactors 204, 205 and 207 in their final state (fed

with N salt solution)

The nominal temperatures are adjusted to 228,
226 and 248°C, respectively, for the reactors 204, 205
and 207. The autogenous pressures are then adjusted to
15 bar in the reactors 204 and 205 and 17.5 bar in the
reactor 207. The number-average molar mass measured on
a dry extract of the flow leaving the reactor 207 is
about 4 000 g/mol. This flow continuously feeds the
downstream of the polycondensation process consisting
of a combination in series of a flasher, a vapour/
prepolymer separator and a finisher. The polymer
obtained at the finisher outlet has a viscosity index
measured in dilute formic acid in accordance with the
conditions and recommendations of the international
standard ISO 307-1984 of 135 ml/g.

The product leaving the cascade of stirred
reactors is the prepolymer which gives, after rising in

bulk, a polymer whose viscosity index is suitable for

10 10 10. B 1ML 10

S <F
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L0 0=t This step is advantageously used to calibrate
5 the points for measuring the stoichiometry by near
infrared, such as a description thereof is given in

Example 2.

State 6: final state corresponding to the permanent

regime

10 When all of the near infrared measuring
points have been calibrated and when the spectrometer
has thus been calibrated, in a precise and reliable
manner to allow the direct amidation process to be
conducted, the feed of 62% N salt into the reactor 1 is

15 replaced with a continuous feed at 90 kg/h of the
mixture M1 described above.

The adjustment of the stoichiometry using the
on-line near infrared measurements is activated on the
assembly of cascade reactors: the coupling between the

20 adjustment of the stoichiometry of the exit flow and
the adjustment of the level in each of the reactors
201, 204, 205 and 207 allows the flow rates of the two
feed flows of each of the reactors to be adjusted, one
of these flows being systematically rich in amine

25 functions and the other rich in acid functions.

This mode of start-up of the direct amidation

process using an aqueous solution of monomers makes it
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Devices and procedures relating to the near
10 infrared analysis and the calibration of the
spectrometer are described in this example.

First branch loop

Although the measurement can be carried out
on the main product circulation pipe, the measurement
15 is carried out on a branch loop.

Second branch loop

A second, closed, branch loop connected to
the first loop is used. This loop makes it possible to
standardize and calibrate the near infrared

20 spectrometer.

Calibration procedure

The product obtained from the condensation
using the N salt, the characteristics of which are
known, is recovered in the second branch loop. With the

25 second branch loop connected to the spectrometer, the
spectrometer is calibrated in the desired range using

reference measurements produced from samples taken from



>>P?Q?}[ 9+C 10!;9- 109& ()-F !9- 10%"& ()-F
&$10% & ()- S (8&$10% " & () - S&f | 109%& () - & #&F | 109%& () - &PR?S?V?2?2?2?@HC 10! ;
9- 1@710% & ()- 910% & ()-,| 410% & ()-,y10% & ()-S10% & ()- 10

10@ @ @AAANIEHC 10! ; 9& 10% &' ()-S10% & ()-

10% & () - @L0% & ()- @0% & ()-10% & () - W\BBBBJEHC 10! ; 9 |
9%10% & ()-0S mMLO%& ()- Sy&F10% & ()-S$ 109 & ()-&'s! 10%8 & ()- @Y10% & ()-B
CCC3DdDeDf DgDAYNCO! ; 10 10 10f 9Z10%& () - S| 7F10% & () - 9y5z

10% 8 ()-S GOLE o0, ELOVS. Y- 9L BBRYFRLEGH SIMRLLL 1086L);,2 10%4 -

1 109%gRgR&' () - y10%g

y109%: () - g10% ot & samaig;wxga!b@oshm{@e& hesxdm@eA0Y8n&al it (B2
10%& ()-!';9*z 10%0& ()-!' @

"1 109%& ()-' Il kcﬂbdedﬂ@&’@hi&ﬂ%@ghody ilQ‘Véhé)iéé! L10% {. {& ()-"!y
109838&' ()-' 109 ()- 10gg 10gg 10ggKLOMVNNNNWUGITO! 10CC 10CC!: " Y(y

. . AT A R ()-1"
L0 (oas BRAE0, 1 90y 0% (1Y 100 001 o0 (- 200 (-
109 ()- 10CCOP/ Pf PPPPdEI@Dher embodiment of a process according to
109%&' ()-10% ()-10%& ()- 10%&' ()-S10%& ()- Y10%& () - PQEEQQ RRJIE/CO!
,,flO%&T() suleRigyent BAUR' ()- @ 9109%&' () -
y10%& () -, 10%& () - RRRSCSpSSaB7C0!
| 7109%& () s510%& () -!i Ghewlants -ard ogkee (Furdodénine @R 1D IBEXParESBSSSTTU~
SO 0% () [ 7 108 128 7l SRR d) -9t 0%E )
According to the scheme represented in
10 Figure 3, into a zone consisting of a combination in
series of static mixers 403 are continuocusly fed, via
the pipes 401 and 402, respectively, a flow of
hexamethylenediamine melt obtained from a source 451,
and a flow of deoxygenated adipic acid melt at a
15 temperature of 250°C under a pressure of about 15 bar,
obtained from a source 452. The mixture obtained is
referenced M5. The stoichiometry of the reaction
mixture is measured continuously by near infrared in
the flow 407 leaving the mixing zone 403: the flow
20 rates of the flows 401 and 402 are then adjusted so as
to regulate the nominal value of the molar ratio of the
near infrared measuring point 408.
The mixture M5 is introduced into the
recycling loop of a stirred reactor 405: this loop is
25 equipped with a heat exchanger 406 and provides via the

pump 410 a recycling flow rate which is 20 times as

great as the feed rate of the mixture M5. The reactor
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10 makes it p0551b1e to monitor the stoichiometry and the
chemical progress of the product. If need be, it
assigns a new nominal value to the near infrared
measurement point 408 located on the pipe 407.

The prepolymer 453 thus produced is converted

15 into polyamide of desired molar mass which is
compatible with the usual uses by addition to a
polyamide manufacturing flow obtained from a process
for manufacturing polyamide 6,6 using
hexamethylenediamine adipate salt.

20 The continuous and usual processes for
manufacturing PA 6,6 described, for example, in the
book “Polymerization processes”, Schildknecht edition
(Wiley Interscience, 1977), pp. 424 to 467 (chapter 12,
“Preparation of 6,6-Nylon and related polyamides” by

25 Donald B. Jacobs and Joseph Zimmerman) comprise in the
polymer finishing step, a flasher, a vapour/prepolymer

separator and a finisher. The flow of prepolymer
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An alternative may also consist in passing
5 the reaction mixture through a flasher, a finisher

classified as being of low viscosity, from which the

prepolymer leaves with a viscosity index, measured in

dilute formic acid in accordance with the conditions

and recommendations of international standard

10 1ISO 307-1977 in the region of 60 ml/g, so as to be able
to be granulated. A drying operation accompanying a
post-condensation in solid form then makes it possible
to achieve the required level of viscosity for the
polymer.

15 The method of measurement by spectrometric
analysis in the near infrared spectral region is
performed in a manner which is entirely similar to the
description in Example 1. This on-line measurement is
carried out at all the relevant points of the plant and

20 more particularly at points 408 and 409 represented in
Figure 3.

The start-up operations and the transient
states of the products and process parameters before
obtaining the permanent regime described above are now

25 described.
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concentration of 62% is manufactured in the workshop
521. This workshop is fed continuously via at least two

10 buffer tanks of the type 515 and 516 which empty
alternately by respiration between a maximum level and
a minimum level. These nitrogen-inertized tanks are
equipped with a mode of stirring by external recycling
to homogenize the content and to monitor the pH and the

15 concentration therein before feeding into the
polycondensation unit.

State 1: filling of the plants

After the usual water tests preceding the

start-up of the polycondensation plant, the water feed

20 is replaced with a feed of a 62% N salt solution
introduced at 109°C, into one of the two stirred
reactors 513 and 514. These two reactors are equipped
with a recycling loop consisting of a pump, a heat
exchanger and a near infrared measurement point.

25 Coupled to the buffer tanks 515 and 516, they operate
alternately so as to continuously feed the stirred

reactor 505 via its recycling loop 504.
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corresponding autogenous pressure is then adjusted to
6 bar absolute.
The concentration of the N salt leaving the
10 reactor 505 is 90%.

State 3: establishment of the operating regime in the

reactor 505 under the conditions of the permanent

regime (feeding with N salt solution)

Once the nominal temperature of 180°C has
15 Dbeen reached in the reactor 505, this temperature is
adjusted to 260°C therein and the levels are adjusted
so as to obtain an estimated residence time of about
40 minutes. The autogenous pressure is then adjusted to
15 bar. The number-average molar mass measured on a dry
20 extract is about 3 800 g/mol. This flow continuously
feeds the downstream of the polycondensation process
consisting of a combination in series of a flasher, a
vapour/prepolymer separator and a finisher. The polymer
obtained at the finisher outlet has a viscosity index,
25 measured in dilute formic acid in accordance with the
conditions and recommendations of international

standard ISO 307-1984, of 130 ml/g.
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reactors is the prepolymer which gives, after
increasing in mass, a polymer with a viscosity index
that is suitable for most of the conversion

5 applications, either directly to the finisher outlet,
or after granulation followed by remelting.

This step may advantageously be used to
calibrate the points for measuring the stoichiometry by
near infrared as a description thereof is given in

10 Example 2.

State 4: final state corresponding to the permanent

regime (feeding with monomer melts)

When all of the near infrared measurement

points have been calibrated, and the spectrometer has
15 thus been calibrated, in a precise and reliable manner

to allow the process in permanent regime to be

conducted, the feed of 62% N salt into the reactor of

type 513 or 514 is replaced with a continuous feed of

the mixture M5 as described previously into the mixing
20 zone 503. The residence time is adjusted to about

20 minutes.

The adjustment of the stoichiometry from the
on-line measurements by near infrared is activated: the
coupling between the adjustment of the stoichiometry of

25 the flow leaving the reactor 505 and its level
adjustment makes it possible to adjust the flow rates

of the two feed flows 501 and 502.
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possible to achieve the permanent regime described at
the start of this Example 3 by allowing the calibration
5 of the points for measuring the stoichiometry by near
infrared and by minimizing, in the calibration phase,
the risks of production of non-specification polymer.
For the measurements by near infrared
spectrometry and the calibration, the primary and
10 secondary branch device described in Example 2 is used.
This calibration procedure may be used
judiciously at any of the measurement points 508, 509,
517, 518, 519 or 520 mentioned in Figure 4 for the
on-line monitoring of the stoichiometry, or even of the
15 water content, irrespective of the degree of progress
of the polycondensation, from the monomers and the
N salt up to the prepolymer leaving the final reactor
and, further downstream, to the polymer leaving the

finisher.
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of polyamide, starting with dicarboxylic acids and

diamines, comprising, in a permanent regime, the

following steps:

-~ continuous mixing of two flows of polyamide
precursors, one flow rich in acid end groups, and
one flow rich in amine end groups,

-~ condensation using the mixture of the two flows,

the mixing and condensation being carried out in the

same plant or in different plants,

~ recovery of a flow of product obtained from the
condensation operation,

at least one of the flow rates of the flows of

pPrecursor being coupled to the result of the analysis

of the contents of acid and amine end groups in the
mixture, the condensation medium or the recovered flow,
so as to keep these contents and/or their ratio between
two nominal values,

characterized in that the starting phase comprises the

following steps:

- Step 1:

- feeding the condensation plant with an
aqueous solution comprising dicarboxylate
ions and diammonium ions, in proportions such
that their molar ratio is between 0.99 and

1.01 and preferably between 0.995 and 1.005,

10
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condensation starting with the dicarboxylate
ions and the diammonium ions initially
included in the aqueous solution,
- Step 2: recovery of a flow of the condensation
product
- Step 3: supplying a flow of precursors and activating
the analysis and the coupling.

2. Process according to claim 1,
characterized in that the flow of recovered product is
fed into flashing and/or finishing plants so as to
obtain a polyamide with a desired degree of
polymerization.

3. Process according to either of claims 1
and 2, characterized in that the condensation using the
aqueous solution is performed at a temperature above
180°C, at a pressure above 5 bar, the product recovered
having a degree of polycondensation of greater than 10,
preferably of greater than 20, and in that the
temperature and pressure are identical to the
temperature and pressure in the permanent regime.

4. Process according to either of claims 1
and 2, characterized in that the analysis is performed

by Near InfraRed spectrometry.
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used to calibrate the Near InfraRed spectrometer in the
desired range of contents of end groups and/or of
ratios of contents, the feeding with two flows, the
analysis and the coupling being activated after this
operation.

6. Process according to claim 4,
characterized in that the calibration is carried out by
the method of dosed additions into the part of the flow
recovered for this purpose.

7. Process according to one of the
preceding claims, characterized in that the diacid
monomers are chosen from the list comprising adipic
acid, glutaric acid, suberic acid, sebacic acid,
dodecanedioic acid, isophthalic acid, terephthalic
acid, azelaic acid and pimelic acid.

8. Process according to one of the
preceding claims, characterized in that the diamine
monomers are chosen from the list comprising
hexamethylenediamine, heptamethylenediamine,
octamethylenediamine, nonamethylenediamine,
decamethylenediamine, 5-methylpentamethylenediamine,
undecamethylenediamine, dodecamethylenediamine and

xylylenediamine.
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preceding claims, characterized in that the diamine
monomer comprises at least 80 mol% of hexamethylene-
diamine.
11. Process according to one of the
preceding claims, characterized in that:
- the flow which is rich in acid end groups is a
mixture M2 of diacid and of diamine with a
diacid/diamine molar ratio of between 1.005 and 1.2
and preferably between 1.01 and 1.2
-~ the flow which is rich in amine end groups is a
mixture M3 of diacid and of diamine with a
diacid/diamine molar ratio of between 0.8 and 0.995
and preferably between 0.8 and 0.99
-~ the two flows are fed in melt form into a stirred
polymerization reactor in which the condensation is
carried out
- the condensation product is a prepolymer fed into
flashing and/or finishing steps to obtain the
desired degree of polymerization.
12. Process according to claim 11,

characterized in that the two flows are mixed together

before feeding into the condensation plant.
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13. Process according to either of claims 11
and 12, characterized in that the polymerization
reactor operates under an autogenous pressure or an
adjusted pressure.

14. Process according to one of claims 11 to
13, characterized in that the precursors M2 and M3 are
obtained, in a permanent regime, by mixing a solution
of diamine monomer with a mixture M1l which is rich in
diacid monomer.

15. Process according to claim 14,
characterized in that at least one of the flow rates of
the flows for introducing diamine monomer solution and
mixture M1 which is rich in diacid monomer is coupled
to the result of the continuous analysis of the acid
and amine functions in the precursors M2 and M3.

16. Process according to one of claims 11 to
15, characterized in that the precursors are prepared
in a permanent regime by mixing a flow of
hexamethylenediamine with an adipic acid/
hexamethylenediamine eutectic mixture.

17. Process according to claim 15 or 16,
characterized in that the precursors are prepared by a
process comprising the following steps:

- feeding each of the precursor preparation plants
with an agqueous solution comprising dicarboxylate

ions and diammonium ions in proportions such that
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preparation plants under the temperature and
pressure conditions of the permanent regime

- in each of the precursor preparation plants,
feeding a flow of mixture M1l which is rich in
diacid monomer, a flow of hexamethylenediamine,
activation of the coupling of at least one of the
flows, feeding the product obtained into the mixing
or condensation plant.

18. Process according to one of claims 15 to

17, characterized in that the eutectic mixture M1l is

prepared by mixing a flow of adipic acid melt or solid,

and a flow of hexamethylenediamine in pure form or in
the form of a concentrated agqueous solution, with
coupling of at least one of the flows to the result of
the analysis of the content of acid and amine groups in
the mixture M1, the process comprising the following
steps:

- feeding the plant for preparing the eutectic
mixture with an agueous solution comprising
dicarboxylate ions and diammonium ions, in
proportions such that their molar ratio is between
0.99 and 1.01 and preferably between 0.995 and
1.005
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permanent regime
- feeding a flow of adipic acid, a flow of
hexamethylenediamine, activation of the coupling of
at least one of the flows, feeding the product
obtained into the precursor preparation plants.
19. Process according to one of claims 1 to
10, characterized in that:
- the flow which is rich in acid end groups is a
dicarboxylic acid in melt form,
- the flow which is rich in amine end groups is a
diamine in pure form or in the form of a
concentrated aqueous solution.
20. Process according to claim 18,
characterized in that the diacid is adipic acid and the

diamine is hexamethylenediamine.



