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invention relates more particularly to the starting
‘phase of processes for manufacturing polyamides
| Polyamldes are polymers of major lndustrlal‘
and commercial 1nterest Thermoplastlc polyamldes are
10 obtained either by reaction between two dlfferent
monomers or by polycondensation of a single monomer.
The inmention applies to polyamides obtained-from two
-dlfferent monomers, the most 1mportant polyamlde of
which is poly(hexamethylene adlpamlde) Obv1ously,
15l-these polyamldes may be obtalned from ' a mixture of
_d1ac1ds and dlamlnes-‘Thus, in the case_of
poly(hexamethylene.adlpamide) the main MONOmMers are .
:fhexamethylenedlamlne and adipic acid. However, these
monomers;mayAcomprlse up_to 25'mol% of other diémine*orA” '
20 dlac1d monomers or even amino ac1d or lactam monomers
ThlS category of polyamldes derlved from two
dlfferent monomers is generally manufactured u51ng, -as
startlng materlal, an amino acid salt obtalned by
m1x1ng a_d1a01dlwrth a dlamlne in stoichiometric amount
25 and in a so1vent‘suchfae weter.
| 'Thoe, io.the menufactore ofr -

" poly(hexamethylene adipamide),'adipic'acid'is'mixed:
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Gazette du PCT. (57) Abstract: The invention concerns a continuous method .
for maki ng pol yam deghelhelgahiade des oateidked e hype ider sued &rom di aci ds
and di ami nes.- The nmethod conprises a process which consists in continuously
m Xi ng a caeghdavncrr icdh Nyd camsaé tt etnhnigh - tgmpeps taare andoppesrsdrei ch in '
acid term nal groups and a step which consists in the.polycondensation of
sai d ni xt ute® eMa@canaientifdn toR, valtes,conddenatt kbestsamei higmphase of said .
met hod, - duri ng whi ch an aqueous sol ution is used conprising a m xture of
nmononers i BVNEIs eEt (fLEMAties) Oki 6reLd PhgEepder BgRS (cg;?) “Abrt gt

L' i nvention concene on .procede continu de fabrication de polyam des. Les "
pol yanildes P& T§u SEbe "de tOelx 58Pt8nus "a partir de di acides et de _
di amines. Le procede,caonprend yne o eration de nelan%e en co?tinu-d'un _
conpose riche en grodpéreqP§ration tonsumes a large amount o

”energy,_and also.does not make it éossiblé td control
lthe étoichiometry.entireiy.Since the amine ﬁay be
evaporated or entrained Qith the Waﬁer. Such an
15 entrainment or evapdration requi;es coﬁt;bl.of the
proéess to re-establish the stoichiometrf;_and méytbe
én-inconvénience Sincg the diamine éntraiﬁed_may
_rcontaminate‘the effluénts_discérded from the_prdductibn'
p;ant. . .
20 o In addition,‘thé need to héat to a,high
‘tempera£ure under a high pressﬁre ma§ cause ﬁhé ;
_ fdrﬁation of dégradafion‘cqmpoﬁﬁds Which advérSély
,affect the.peerrmancerqualities of the mahuféctured
poiyamideijespecially as regardS”thé mechénicai |
- 25 ,Characteristiés and its coloﬁr.: |
| | To avoid the ﬁse 6f large.amounté of Qatér{'

'qertain processes for preparing a-pblyamide without



O term naux amines et d'un conpose riche en groupenents term naux aci.des et
one operation de polycondensation a partir du. nelange. L'invention se
rapporte.a In phase de demarrage d' un tel procede, au co;gﬁ %3 Igﬂ ell e est
utilisee one solution aqueuse conprenant on nel ange de o] Re n
proportions sensi bl enent stoechionetriques. 23 MAR 2005 WO 02/ 28942

PCT/ FR01/.03045 Met hod For Maki ng Polyéhides The present invention relates
to a continuous process for manufacturing pol yam des. The polyanmides 5 are
of the type obtained fromdiacids and di am_nes. The invention relates nore
parti cul ar MFtEE PRE FLANPUAGSOPHNERE BRVEr 8d&SS6Y PELINRAGPRSEG i ng

pol yam des,, Pol.yam.des are polyners of nmgjaqr_ | trial nd .conmer ci al

i nterest. *ﬁ@%ﬁﬁﬁlé§tp€%ﬁoP$aH¥88@658é W?bgéﬁh%ﬁﬁ d 8Pt Rer By lleact i on

bet ween twg ih e5%297%3@0ners or by pol ycondensation of -a single nononer.
The i nvent o pli t'o7pol yam des obtained fromtw .different nononers,
t he nost i I pal L of iLch . is pal exanet hyl epe -adi pani de) .
vaiously,@?gc%%géggg%%g%gggsEﬁagggggogﬁgﬁﬁgéggrgﬁp rﬁ%%tggg of .diacids
and di arj neg; 1 Thys g@éFgg case of poly(hexanet hyl ene adi pami de), the main
nonoiers are hexagethy enedi am ne and adi pi c acid. However, these

MoNoNers. My COonpsdrSei Mol S iRy %oft s herol apt N Ofam B diacid
nmononers or even amno acid or |actam nmononers. This category of polyam des
derived fromtwo ghdderens Mummedlow seiganeraldyi dresnd agtdigsl, using, as

starting material, an amno acid salt obtained by mxing a diacid with a
di am ne in stoichiaonktone HAmumib iandnina sod verdugstich as wat er.. Thus,
in the manufacture = L o
- condensation using the mixture of the two flows,
7110' the'mixingiand ¢ondensation being:carried out in
the samerplant'or,in different.plants,
- recovery'of.a'flow bf:product 6btained'from the
condensafion,dﬁératiéﬁ,
_aﬁ leést.onenof.the.flow rates of the flows of
15 : - précursor bging‘coupled t§ the result-of_therl
:analYQié'af the éonténté-of'écid ahafamine erid
_g;oups.in'the mixture;,fhé céndensatioﬁ medium or:
the recovered fldw;-soféé tdfﬁeép these cohtenﬁs"‘
and/or their ratio between two‘nomihai values.
20 f' More specificélly,'document WO 99/61511_
| ; describes a pioéess in which adipic acid_(AdOHj‘melt is
‘ﬁixed,with hexamethyiehediamine {HMD) in 1iquid'form‘pr
as ‘a highly COncéﬁtrated sdiution;_The mi%ture is
introduced into a récyéling::eactor,fittéd with heafihg E
 25 means. The monomer flowsrare coupled to the aﬁalysis of
'7 the‘amOﬁnt ofiaéid.ehd grdubs and amine.endrgréups;in‘

~~ the compound obtained. One analysié method deScribea is




of pol y(hexanet hyl ene adi pam de), adipic acid is nmxed 2 3 MAR 2005 with

hexanmet hyl enediam ne in water to obtain a hexanethyl enedi am ne. adi pat e,
which is nore coomonly known as Nylon salt or "N salt". The solution of N
salt is optionally concentrated by evaporating off the wat & MARhE)05

pol yam de i s obtained by heating such a solution of Nylon salt at high
tenperature and pressure to evaporate ®ff the water,.while at the sane tine
avoi ding. any formation of solid phase toavoid the 10 mixture setting to a
solid. This operation consunes a |l arge anmount of ~ energy, and al so does not
meke it pod$ill &nforadest ridiIRI5 spige tasiceiondtyey sdmritriglgy piasee athe ani ne
may be evaporated or entrained wth the water. Such an entrai nnent or

evapor at i ofr e RIES Lo PH 16f TS Fdes PReF atd ot F3Igessiore

stoi chionetry; and y.be _an_.nconveni ence since the diam ne entrai ned may
cont am-natéhtehézsgfaﬂqﬁérﬁ’f“?n&i ScafdEF TR he i ductioCtpl ant. 20 In .
addi tion, tré%cr}%%ddto heat to a high tenperature under a high formation of
degr adati on pressm?re' may cause the conpounds which adversely affect the '

performance qualiti es, ol he meNYoaated nhel YAl gy epeci ally as regards.
the mechani cal 25 characteristics anJ its ceg’l our.™ © o
' 'describesAthe mixing of two flows of desequilibrated
mixtures_MZ and M3, each respectively.¢omprising more
i énd less of diacid than of diamine, in diacid/diémine
ratios Qf between 1.005 and 1.2 and betﬁeen 0.8 and
_10 :0-995} respectively. One analysis method'described is
also Near InfraRed (NiR) spectroscopy. The mixtures M2
énd M3 may,bg obtained, respectively, by_ﬁixing a
'diaCid/diamine.mixtﬁre, with a ;ompositi6nrin the .
..,region of 81:19 by massrand‘of a'diamiﬁe: this diamine
‘i5H-is introdpéed, respectively, in deficit-énd in excess :
rélétive tgjthe_amount‘of,diaéid in the'ﬁixtures.MZ.and‘ o
'M3ngheAstarting phése of the process is not .described.
| - The performance qualities of the processes
Adéscfibéd above, eSpecially,as_regards.fhe_quality of
?O thé_polyamide and'the'productionrefficieﬁcy, are-linked
‘:tQ their regulation, by métering the prodﬁct obtainéd
,'andlcoupling the flo&s of precursorsrto this “
mohitoring; As long as.the-product reco&erea does not
V' comply‘Qith the-specificatiéné;'the material used is
7;25 cbnsidered as being lostf Thié hég.a,great influence on
théiviabiiity of the process. The startinglphasé, as

far és the production of a'satisféctory regulation and



To avoid. the use of |large ambunts-of water, certain processes for :
preparing a polyam de without 2 3 MAR 2005 water and w t hout sol vent have
al ready been proposed. Mention is made of docunents vm>zgé16107, WO _ i
99/ 61511 and WO 00/ 77075. Processes described in these ¢ LMH?‘ntZBBS:orrpri se

the followi ng steps: - continuous mxing of two flows of pol yan de .
precursors, one flowrich in acid end groups, and .one flow rich in anine
end groups, - condensation using the mxture of the two flows, - 10 the

m xi ng and condensation being carried out. in the same plant or in
di f f er ent . PN dRBEME of "1 T¥ 12w BTLE Ir0 dFGdustt &ihied from t he
condensati on operation, at |east one of the flowrates of the flows of 15

precur sor By Iupied 8 YR HAf hdhusn&fy 95835 the contents of

acid and -ami ne end groups _in.the mxture, the condensatjon nmediumor  the
recovered FIGW" S #8‘ﬁé@B‘PﬁﬁgeﬁﬁkﬁnﬁﬂﬁﬁPera OPHIETE ratio bet ween:
two nom nal l.ues Myre . i.f.ically, dacunent /61511, describes -
a process‘fﬁﬁaﬁﬁ%Cia ?%P%h%b%g%%fé Rgéﬁgi%g I§W§g§£%%%ﬁnl%%e- - ' '

hexamet Iyl REHAY NG dWbrlihd,| Gl RIdD:0n A% Al Ak Gauegpt rated - |

solution. The mxture 1s i1ntroduced into a recycling reactor

heating 25 tiRaRSqulRe iRNAREL o lopWe i3 . 1eawplied :0-ttihe 1analy sigc0f  the
anount .of acid end groups and am ne end groups in the conpound obt ai ned.

One anal ysiis relchedndeser oFethons t2rd3 nARy AR5 sheak ropferaled Wil -
spectroscopy. The starting phase of . - _ | o
is sensitive, requiring a prior calibration by

physical, chemical or pﬁysicgchemiéélfanalysis}méthods;
10  Regulation using this method,‘which moreovef hés*other
adﬁantages, for obtaining a boint of funcfiqhing which
is remote from the stérﬁinglpOint, may prove to bé o
long. - o o |
The observation ¢anndt be avoided that the
.15 prior ért does not,contéin aﬁy teaching regarding thé-'~
| 'étarting prdcedureé_for7prdéeééés'fdﬁ the continuéus.

- manufacture of polyamide uéing a-miXtﬁre.of two flows

" of précursors,_one rich in diacids and fhé_othér.rich.
in diamines. | |

20  o The object of the éreseht'invéﬁtibn is to
prapose a‘procéss,for manufacturing polyémide,'

i comprising a starting phase that-isrparticuia;iy'
.advantageous-ih many réspects{ It makés if-possible‘td
prqduce.tailiﬁgs in p;ants, preventing phénomené of

25 piecipitatién,'cryStallization; degradétién.or unwantedr

;-heterogeneity;iit makes it po$sible to'achiéﬁé'a,rébid'

and satisfactory'fegulation; it makes it possible tﬁ.



the process, thatis to say the operations preceding the establishnment of a
permanent regine, is not described. Docunent WO 00/ 77075 nentioned above-
describes. the mxing of two flows of desequil i brated m xtures M2 and MB,.
each respectively conprising nore -‘and less of diacid t har? 3f MARaZB0fe, in
di aci d/ di amine ratios of between 1.005 and 1.2 and-between 0.8 and 10
0.995, respectively. One analysis neth@d described is al so Near I'nfraRed
(NI'R) spectroscopy. - The nmixtures M2 and MB may be obtai ned, respectively,

by, m xing a diacid/di ne m xt ure, vvlthacorrp05|t|on|nthe ‘region of"'
81: 19 by neS®ihd 3319 Sa?'r‘ﬁsné}ft O S i ﬁélel?:ﬁoéi‘%cﬁ% o¢ced, .
respectively, in deficit a d |n xces relatlv unt_of diacid |n
the m xt ur S8 h g iy RRGe oP e ged |
not - descri rf ualisties, of th Qcesses escri bed above
especi al | ybaas re%g}qi?ec he quaeES% c?flaf(f% (r)lte pol%ol?m e 81.:%) ets%e production
effici e”Cy pg{‘%ﬁ%h LR ta{!;gierodse%ﬁ%l% o T %&'dﬁ%‘n@%x&r oduct

obt ai ned cou ing the flows of precursors tot nonitoring. As |ong

as. the 9r Qﬁ%ld’/@,_%\@h%d «dags not conply with the speC| fications, the
material used is 25 considered as being-lost. This has a great i nfluence

on, the viability ofrd h@iRy @ERSES .t hENE rStedfttiiong esA% phdceads the
productl on of a satisfactory regulation and-2 3 MAR 2005 perrranent regine,

with an exiftdmgHer eduet risiuch maeaimaldtes-anidth pepeeinfidest ivedsg i s t hus of
great inportance. In addition; the further the product . obtained fromthe .
st artl ng phﬂasmnh&mydm/edzlfdsomrtd]eilamm ofcoimprdisiiom rdpe tslteplsonger and/ or
ore: dlffléggérlbed above in a permanent reglme, -and the startlng
_.10 phase of whlch comprlses the_follow1ng steps: |
- SteE 1:'1-. | | -
| - Tfeeding the cohdensetioﬁ_plant:with'anr
aqueous solotion comprising dicarbogylate
ions'and.diammoﬁium ions, in proportions"'
15 _ - -‘such that their molar ratlo is. between
‘0 99 and l 01 and preferably between 0. 995_t;
and’ 1. 005
e; _eetabllshment_of the_operating regime in .
| ‘tﬁe'oondensation plaﬁt'ﬁhder'teM§erature=
 20rt i e . and pressure condltlons ‘such that there is
| - . condensation startlng w1th the-
dicarboxylate 1ons~and the dlammoniﬁm]ionsr e
: initially iﬁcludedtinrthe aqueouer
7 '_ solutlon, | . |
- 25t . - Steg 23 recovery of a flow of the condensatlon  '

proddct



the regulation is to obtain. This is particularly true ,in the context of
nonitoring by NIR spectronmetry, which is sensitive, r Ji MMﬁgﬂmﬁpriOr
calibration by physical, chem cal or physicocheni cal analysis nethods. 10
Regul ati on using this method, which noreover has other advantages, for
obtaining a point of functioning which is renote fromthe starting point,
may prove to be |ong. The observatizon cannot be avoi ded that the - 15 prior
art does not contain any teaching regarding the starting procedures: for
processes for the continuous manufacture of polyan de using a m xture. of

two flows -ofSyeecls soisplphegra Chidw &f agtds,aand-4 he,gther rich in

di am nes. 20 The object of the present invention Is to -propose a process

for manuf act wrédtgrpolryaniite, analomis dmy thstahipthphase that is
i'particutarly - advantageous in. many .respects. It nmakes it possible to

- produce tailingstinplaspest pf eventiragephenorenacnf 2=rer eei pitation,

- crystal li zapikomaadegr gdatd on Ar want heterogeneity: it_nakes it

. possible to achieve aﬁrapig aﬁdggat|§ﬁg€?8?§lF%5ﬁ%§%¥5%;oﬁt_ makes it

. possi bl e t oP2LYRMNER, 2005 Gins dikhr dgecdosgdiofanmtserhdl diddieept oduct t hen

~leavi ng thecstgilsiing, pPhase RehBdefc g d i.ned _according to a
. process related to g connn%gbrocgsspégig%%ré?%gﬁﬁilgﬁlgﬂdgﬁﬁ?‘solution of a

. stoichionetric eRHENGCYSam s alft two TOLdwsi e fepdlydntielei nvent i on proposes a

| process for the,contisauQus, manyfac Qf _pol.yam de, using _dicarboxylic
acids and dianiﬁ%s, cg r[s?ng tog %?é%égl %%gr?q%d”§ﬁ8§e gﬁjé”ﬁernanent
regi me, and the %&QﬂWﬁlgg 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 precursor

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 steps
as defined above.



10 phase of which conprises the following steps: - Step 1. - feeding the
condensation plant with an aqueous sol ution conprising dicarboxylate ions
and di ammoni umions, in proportions 15 20 such that their nolar ratio is
between 0.99 and 1.01 and preferably between 0.995 and 1.005
establ i shment of the operating regime in the condensatfoh MiRad805under .
tenperature and pressure condi ti on€@such that there is condensation
starting with. the dicarhoxylate. ions and the diamoniumions. initially
i ncl uded i n the aqléBuPEanidnis of thet &yre ohicoved) fofoma f1ow of the
condensatj on product 2 %h \R 2005 7 - Step 3: supplying a flow of :
pr ecur sors Ahfe e Va3 E)ﬁtct"f'éT RS @Sl TR 1548 In an aspect of
there,is provided a process for the continuous

t he present invention,.
nanuféitggémb ¥%b6F§§%PSBFEéF§FFrng wi t h di carboxylic acids and di ami nes,

.conprising, in a p%%gﬁggggé%%gbgem %ggugngo@%ﬁgl%ﬁe%%#dggggjnuous m xi ng.

of two flows of polya précurs oneflrowric end groups,
and one ghlQWsHi Gl BeANNRR 8RS QUPReafORdeNsati on using the mxture of

the-two flows, the m xing and condensation being carried out in the same
pl ant ' - monomers of the pure diacid type (that is to-say
| free of monomefs-of diamine type); in solid or’
710:: \ melt form; o; as é éoncentfated solﬂtioﬁ
| (opﬁioﬁally‘in‘ioﬁized-form),
.Frmixtﬁres of.monomers of diaqid‘type and of
monqmers‘bf diamine t&pe, in non-stoichiometric
ﬂpréportion, compriéing'more monomers of diégid '
15 " - _type than mgnomérsﬂofudiamine tjpe, in'ﬁelt forﬁ
and/or iﬁ:ﬁherform‘of.a concentrated soluﬁion
‘-(obtiénaily iﬁ ionized form), |
E ;-amidation-prodgétsf obtained from mixturesASf,-
ménoméré'offdiégid £y§e and bfrmonomérS'of diamine
_ 20, o typé,rwith'éq ambﬁﬁt of-acid:ehd groupwahich is
greatér-than thg_amoﬁnt:of amine‘end grqués; |
"'preferablYIWith a'ﬁégree of_pol?meriiation'of iéés- 
than 20.. | | | |
CyiThe;exbfeSSion “precﬁfsor*rich-in amine end grbupsh-‘:
.}25.:2' may'be;undersfood aé‘méaningﬁ .‘ o
= mdﬂomérs of'?ﬁfe diamine-typerfthat is.tc éaj“freé'-

'-of'mdnémers:of diacid_type), in soiid'or-melf



or in different plants, recovery of a rom1of product ‘obt ai ned from'the
condensati on .operation, at |east one of the flow rates of9 t% eMER Q085 of
precursor being coupled to the result of the analysis of the contents of
acid and am ne end groups in the mxture, the condensation nmediumor the
recovered flow, so as to keep these contents and/or their ratio between
two noninal val ues, characterized in&hat the starting-phase conprises the
steps as defined above. 7a 2 3 MAR 2005 The-pol yanm de is of the type
obt ai ned from fron1nononers of dlcarboxyllc acid type and fromb5 nononers
of dianine type.fomfe. &pridsdiben FopFe@fr Socanicertinatadi §odNd 1o8r oups” may be
underst ood as neanln nononers ,of the pure diacid type (that is to say
free of mononer s\ & ﬁ%%%tlﬁelpy&QPlzeﬁ' 8FFB'or 10 melt form or-as a

concentrated solutlon %ppt onal | n _ioni.zed f nlxtEres of nononers of

diacid type and8ftY r §O5F™ éfﬁn?ﬁe e d Hpﬁoﬁ gt 8fchiometric
proportion, cona{l%F?gFﬁoiedggﬁﬁg%raﬁgf d'%ph%n—s orc R%m%han nmonomer s of
orm an

di am ne type, in fhe form 6f & concenfrated sol uti on

(optionaf [y i ingnicked e Moonaisdatioon SO her OBEALEH HOM

m xt ur es- of , typ noONOMers o I am ne - 20 type,
with an anount of peCIt@]aemo%%e% Wi fahalc‘id erye%terlnt hanct g amount of

am ne end groups,
and/or in the form of a concentrated solutlon
“ (optlonally in {onized form),
‘F amidation products, obtained from mixtureS“of
'13, -”‘ MONOMErs. of dlac1d type and of MONOMErs of dlamlne.
: type, with an amount of amine end groups Wthh is
"greater than the-amount of ac1d end groups, |
'u preferably w1th a degree of polymerlzatlon of less
”:than 20. B
f15.. I _' In a permanent reglme, the.procese'oompriaes'
',at least one operatlon of m1x1ng a'fiow*ofjarprecursor
moich‘is rich in diacid end‘groups;;and.a flow'of-a
_:tprecursor which is rlch 1n dlamlne end groups' Ehe‘p:
'::m1x1ng operation may be carried out in'a plant |
;“20L speC1ally de51gned for thls purposes, for example in a
statlc mixer zone. It may be. carrled out ln a plant in .
o mhich”otoer'operatlons-are also carrled out, forr_ “‘.
-"example a condensatioh'operation 'It may be,xfor'”
rexample, a stlrred reactor or a recycllng reactor 1n o
7]25.dwh1ch the two, flows are 81mu1taneously 1ntroduced The g

: plant in whlch the m1x1ng is carried out 1s referred to -

. as ‘the mixing plant.



‘preferably with a degree of polyrnerization of |ess than 20.. . The _
expression "precursor- rich in am ne end groups 25 3 @mz %Je under st ood
as neani ng: - nononers of pure dianine type (that ?s t%A ay tfree of
nmonomers of diacid type), in solid or nelt 2 3 MAR 2005 form or in the
formof a concentrated solution (optionally in ionized fornm, mxtures of
mononers of diacid type and of nonone?s of -di ami ne type, in R
non-st.oi chiometric proportion, conprising nore mononers of diam ne type
t han nonomers of diacid type; in, nelt form- and/or in the formof a
concentrated sol uti ofhgoptixemaiel yisi rsubgricted! ftor @) condamisddtiioon products,.
obtai ned fromm xtures of 10 nononers of -diacid type. and of nonormers of ..
di ani ne t BREratiion afharodrt tof san me eRerRtamps duriialy Whigheat er than the
amount of acid end groups, preferably with -a degree of polynerization of
| ess 15 t h&REETens 05 PRLARAERS FEdiGte, b HOTHT BE6TETOdRSIISEs * at | east. one .
operation of mxi n%' a flow of a ﬁrecursor which is rich in diacid end.
groups - an@P2 1 %wOdF P] ﬁfig‘&ﬁ{testﬂ’ LRSS -5 BHEERY |t|1i11d| SRSTEER® gr oups. The
Xi ng eration m carried out ant specially deS|gnedfor '
th| s pu%gog‘? dfne %xgﬁppglyﬁogde&s&tlc?nmj)?&refdr?@ I%?l ey be carried out -
N B L ant dohaellonObBeAaeral) Oggnaerr%ﬁ' SeGad P, fof - examle
a condensation operation U P& reactor or a.
recycllng &%ﬁ&k&%tﬁ@es above. 180 C and at a pressure above 5 bar,
preferably at temperatures above 220°C and at a
pressure of béetween 5 and 20 bar. The pressure
107'indications_of the:preSent_inventionAare absolute
_preesures,'oppOSed'to_relativefpreesures; The
‘Condeneation product preferably-has a degree of
".polycondensatlon of. greater than 10 preferably of
greater than 20 The product obtalned from this ‘

15 loperatlon may be referred to as a prepolymer, 1f 1ts_
degree of-polyoondensatlon does_not_exceed 100. The
plant, or plants, in which the'condensation is carried-

- out 1s(are - referred to'as'the condensation plant(s).
If the plants in whlch the mixing and condensatlon are-

.20 performed-are-the same, the sald plant is referred to

as the m1x1ng plant or condensatlon plant dependlng on':
the operatlon under conSLderatlon _- : |
A flow of the product obtalned from the'
_ condensatlon operatlon 1s recovered In a permanent
. 25 jreg;me, the flow rate of materlal obtalned from this
" flow is substantlally equal, in terms of amount of |

‘material, to the:sum of the'flow.rates of the flowshof"



.25 which the two flows are Sinultaneously introduced. The plant ‘i n_which -
the mxing-is. carried out is referred to as the m xing pléhﬂ MARe208D xt ur e
is subjected to a condensation operation, that is to. say an operation .
during which nononers or oligoners react to form macronol ecul ar- chains, or
pol yam de ol igoners. During this operation, ,the degree of pol ycondensati'on
i ncreases. - The condensati on operationilis generaIIy carried. out at. - :
t enperatures above 18QC and at a pressure above 5 bar, preferably" at
tenperatures above 220C and at a pressure of between 5 and 20 bar.. The |
pressure l@rnewdircatisanghef arfveinirsesentadiky emntd @miavee ea:b‘s@irtmt;@sprlessur es,
opposed ' to rel ative pressures. The condensation product preferably has-a
degree of el yowrderts ainet idfutgmegattér st Haowl @ reprefaenalsidy ehnd gteat er,

t han 20. The product obtained fromthis 15 operation nay be referred to as
a prepol yngeasitf oines ofedihee fdﬁ“pmai@@n@énst@tei i cdseopiresweseds100.” The
pl ant,. or plants, |n which the condensation is carried out .is(are) referred_
to as the CORIERERISSH Sl ARiEs reasuremeatyl gch ithakhitéesehe ni xi ng and:

condensati on are 20 perforned are the sane, the said pl ant is referred-to

as the m xi&FPUHEnES %P@&ﬂ@?ﬁ SH PPN pFRdUSS 0RPYRE BF&r at'i on under

conS|derat|on

operation. |§-Pb€8€§?£'%frkﬁg- %&F@ﬁt%%gl%@%’fron]hécﬁpg%? e?zagtoﬂateriat
obt e e (A 3ol 8 RS, b 3 o
two nomlnal.values,_preferably close to 1. The analys;e
'emay.also befcarried out on the‘mixtureaof.tﬁe,flows; or-
1Q ‘oﬁ a prodﬁct durinj polycondensation- As a goide, the 1"
preferred margln of variation of this molar ratlo |
tcompared w1th the de51red value is plus or mlnus-
0. 0005. |
‘One partlcularly advantageous analy51s‘method_'
‘tiS :for.carrylng out the process- is Near InfraRed ' |
*fspectrometry ThlS technlque for determlnlng a propertyt-f
. of - a. polymer has been descrlbed for. example, 1n"”
5_patents Us 5 532 487 and WO 96/16107 Thus,-ln |
:vUS_patent.5.532 487, thefmethod of spectrometric
. 20.aanalysis‘by NearrinfraRedlis USed-to determioe'the C
1‘f:concentratlons of the acid and amlne end functlons'iﬁ ae
polyamlde 1n solld form, for-example on a»yarn,_or-oﬁ-
.anhydrous d1a01d/d1am1ne mlxtures o ‘
Slmllarly, patent WO 96/16107 descrlbes the o
' 5 25 ’use‘of a Near InfraRed spectrometrlc analy51s method to;ﬁ
' determ1ne the concentratlon of. ac1d and/or amlne end

' ',functlons-;n a polyamlde melt leav1ng‘a reactor.«



10 precursors. The anounts of acid and amine end groups in the product™
constituting -this flow are neasured, and at |east one of Qh@‘MA&ﬁWU&Ies of
the flows, of precursors are coupled to this measurenent, such that these
anounts remai n between two nom nal val ues, and/or are -such that the ratio
bet ween the amount of acid end ' groups and the anount of amine end groups
is between two nominal values, preferldbly. close to 1. The anal ysi.s nay

al so be carried out on the mxture of the.. flows, or 10 on a product
during polycondensation. As a guide, the preferred margi-n of variation of
this nol ar Bew$oer colpatiees i two térentels s ed vl pel yan pleisamrl ydedis 0. 0005.
One particul arly advantageous anal ysis. met hod 15 for carrying out the
process is NeatubsifgaReil lnfaehydiqier has been described, for exanple, in
patents US 5 532 487 and WD 96/ 16107. Thus, in US-patent 5 532 487, the
net hod of spectrometri® C?Bed?%ﬁﬁﬂsq %@@%ﬁdl}rﬁ*ﬂma ke ysed to determ ne

t he spectronet This tech ue for determining a property concentrations
of the aC| dl%‘ﬂy%ﬁ% %@?%Wﬁ?%ryaﬂﬁ de'd FPEFIH-FBAR 1Ur- exanpl e on -

a yarn, nh ous det erm ne_.the concentrati acid and/or am ne
end di aC| chg} P SRGTHTAARRS et T %I%‘? 107" descri bes the
25 use of a, Slefsa% SRERL LIPS Ao P P I8 dn-a pol yanide:

mel t | eaving a Teact
resultlng from the amldatlon reactlon for example 1nra

branch loop of the main flow in an optlonal branch of
the maln flow in a recycllng loop of a reactor |
‘ lQi S . Dependlng on the degree of polycondensatlon |
of the product recovered this product may be :
;1ntroduced into flashlng:and/or flnlshlng.plants,iln |
'order further to increase the.said degree of.
,pOchondensation. The flashing.operationris-lntended to
215. return the product to atmospherlc pressure lt.isd )
generally followed by a separatlon of the water'
, produced durlng the condensatlon The separatlon may be'
carrled out in a plant which is open to gases, for- .
"example a separator of cyclone type The’ succe551ve
‘ZQ.:flashlng and flnlshlng steps comprlse a rapid |
i:evaporatlon of the condensatlon water contalned in. thel‘.‘
”rpolyamlde leav1ng the polymerlzatlon reactor, obtalned
'__for example, by depressurlzlng the flow of polyamlde.;
The polyamlde is then malntalned for a glven perlod at
h 25 ta polymerlzatlon temperature under atmospherlc_‘
: 7pressure, or under reduced pressure, to obtaln the"

' de31red degree of polycondensatlon




2 3 MAR 2005 11 10 However, in these two exanpies, the pol yanide analysed
is substantially anhydrous. In one particular embodi ment of? BShMARi 2808nt i on,
this determ nation of the concentration of. acid and/or am ne end '
functions is perfornmed by analysis of the reaction mass containing the
water resulting fromthe amdation reaction, for exanple in a branch | oop
of the main flow, in an optional bran of the main flow-in a recycling

| oop of -a reactor. Depending on the degree of polycondensation of the -
product recovered, thjis product may be .introduced into flashing and/or
fini shiing plants, in“HFHéﬂ%ﬁﬂFiHEﬁyfé?ﬁﬁhﬁ%ﬂﬁﬁ?tQﬂgﬁaﬁﬁﬁ degrsefor

pol ycondensation.. The .fl ashi ng qperatiaon.is intended.to,15 return the -
product to Gt hospHer ?Cgl'epf%sgsﬂﬁqéj. Y dgdher 45 f]qrolpll@\%ﬁgbﬁ €8 separat.i on
of the wat - C [ h sat.ion, The .separation may be '
carried ouﬁﬁFﬁﬂéq%%aﬁgﬂ@§§%§¥ﬁg§ %%%ﬁQﬁgﬁﬁﬁgég?xfgﬁﬁﬁﬁﬁﬁb|e a separator of

cyclone. t YRy e SUCGRRS] Y& Rd a3ng ANd Jdihicshiaggateps comprise a

rapi d evaporation of the condénsation water:containe ¢ polyamde-

dopr oot i 370G e T o e e e Py i i ned for
a gi ven -perimd Aimendatd:pql WRy.i zati on tenperature under atnospheric
pressure, or under reduced pressure, to obtain the desired degree of
pol ycondensat i on. Thearplaarftixsays thrrtines mep edmhies proeass, f ehe
| céndehsation plant,:and;opﬁiénélly the mixing plani, 7
- are fed:witﬁ;aﬁ aqﬂebus:sQiutioﬁ'comprising -
10 aicarboxylateiiOHSland'diammOnium?iohs; in mdia¥ _;
) proportions,bf betWeén 0.99‘and'1;0i énd[preférébl? N
'-between O.995.and 1.Q05_—This,ratio is Vé:y close to ,"
thelstéichiometry,'and tﬁg s&lutioﬁ:is_not cbﬁsideréd_:'
as a-prééursor'which‘is;ﬁiqh:in acid”pi:amiﬁe énd5':
 ,15. groupé; It ﬁay-be;foregamplééuén:égueéﬁs-; |
.héxamethlenédiaﬁmdﬁium;adipéte'sdlﬁtioh;;ét élweight;
”Cdncéntratidn“of'betweeﬁ 40% éhd 65%{-fhiS first feed
T is Carriéd ouﬁrsb"as'to;fill‘thevplénféfat ieast |
‘:partiaily;'valves f0f cuttiné thé.reccvery of‘ﬁhe"
- 20 fproducts beféfé thé condenéation planté_may‘bé{cioséd‘7 '.
| .during this £ir$t'fééd;-The'feed;mqy-éompfiée sef@ral  ='
phaSes, féfexampie.a_phésedbf p:e;imiﬁa#yAfeedingWiﬁh_ ;
“'water,,follqwed by a bhagé”of feéding.wifh'alSOlufibn-;} '
'”icbmprisiﬁgiiohsj'o; ﬁifh a}sél£;iﬁ éoiid form; or Qithif
  25':aci& and'amine‘mbnqméréé inioragf'to‘oﬁtain.the;:. |

solqtionf The stoichiometry of theVQicarboxyiate_éﬁd'



conveying the flows of materials, or for placing them under, th @&ﬁ '
tenperature and. pressure conditlons menti oned, such as: punp% VQQS heat

exchangers, pressure noni-toring and regulating devi ces,; -anal ysi s

instrumentation, etc. In a first starting step of the. process, the .
condensati on plant and optionally the_m xing plant, are-fed with an _
aqueous sol ution conprising 10 dlcarbéﬁylate ions and di ammoni-um-ions, in--
nol ar’ proportlons of between 0.99. and 1.01 and preferably. bet ween .
O 995and .1,005.. This ratio is very close to the stoichionetry, and the
sol ution i§hﬁﬁ¥m%oﬂqu%¥eonmésh§’ﬁP@@&ﬁ@éﬁdwhﬁéﬁ Egappdle,i BYaHd or am ne

end 15 groups. |t nm f or_ exanpl e, agueous hexanethylenedlannonlum
e

adi pat e sol®MR3BH© CWéF@hPEar Ot ERECa PSR tEPMEEENeen 40% and -65% Th|s~
first feed i i |, ant t | east art al.

valies ?gr oatf?hglfﬁggfgog%ggangflntﬁQeZ§OEBEoﬂﬁCf§%SePBF§aFHE I Y
Condensat | enilA IRk e p 60080 W A0 LR ZRLLT S [RRT Thef ced my

conprise seve ases, exanpl'eé "a phas pre ﬁary feeding with.

water, 5f<éddae%%é¥ﬁd% @h%%% Qhacheedl Qgth%ﬂghl acggdghgg@lggﬁprISIng i ons.. J.

or mnth asalt insolid, form or wt aci am neé nononers,; in

order to ngﬁrﬂukﬁﬁw&QEUEh@n105@91%5Qh%ﬁﬂ%g§hEXuBEdtQﬁ qhgarboxylate and-
di anmoni um i ons nay be neasurenent or

solutlon.
E AIn the embodiment'for.which the'acid monomeri
ls.adipic—acid and'the;amine monomer_is
.10 Lhexamethylenediamlne, the solution coﬁprising the
‘.'hexamethylenedlammonlum salt is preferably heated to a
dtemperature above 180°C and to a pressure above 5 bar
:‘tThlS operatlon is advantageously carrled out 1n =
flf'reactor under pressure The plants may comprlse dev1ces‘:3'
,'15;‘spec1ally 1ntended for carryrng out thlS phase, such as: |
| "devrces,for‘remov1ng the-water, and/or for worklng '
under pressure Such condltlons, dependlng on the tvpes.
d!oflplant .are known to those skllled in the art. |
o Durlng a second step, a- flow of product
”J20:;obta1ned from the condensatlon is recovered from the ,:
rfsolutlon Accordlng to one advantageous mode, the |
N product recovered has contents of- ac1d and amlne end
7.'groups that are very close to those 1ntended in a -,H‘s
'permanent reglme | . . | | |
- 25; C ‘}, y It is: p01nted out that the phases of feedlng
'ejw1th solutlon and of condensatlon from the solutlon may

fbe carrled out on contlnuous flows The flows of



controlled, 2 3 MAR 2005. for exanpl e, by pH | nf r aRed spectrorretryZg 5Afte
feeding in the solution, the operating tenperature. and preésﬁrﬁ R 0
establ.ished in the:condensation plant such that there is condensation
starting with the ions |n|t|aIIy included in the solution. In the .
embodi ment- for which the acid nononmer is adipic acid and the anine nonormer
is. 10 hexamet hyl enedi am ne, the sol utlidon conprising the :
hexanethylenedlannonluntsalt is preferably heated to.a tenperature above
180C and to a pressure above 5 bar. This operation i's advant ageously
carried outSYHILIPN edctah ApTdEnIHEesuPEodPied (itadtls naty conpri se devi ces.

15 speC|aIIy i ntended for carrying out this phase, such as devices for
renovi ng ttﬁ?@%ﬂ%ﬂonQ%ﬂﬂ(ﬁofﬁﬁe\ﬂﬂﬂérﬁ? levger qﬁeﬁﬁﬂﬁﬁﬁseﬁkﬂﬁ-@Ehﬁltlons

dependi ng - the t s of nt, are knownto those skilled in the-art.
During a s (%F FHIEH OF FHRICDEGhiditRed s thate -condensat i on

i's recover fro the sol ution.- Accordi advanta ous de,. the ;
pr oduct. re?gt/e%e Ontneorﬁsooh‘refgodld;%d’ %’rkr]i Sf Cgl}’ﬁet at are very
close t thj_q_soen te%%%édle%ﬁg:ét ﬁ)s_,fod%(y Nt ed out that t he phases of f eedi ng

with sol ution an of con

conti nuous fl ows. Theb,_{]g q}\(lﬁs()ft thé QR o 1@f g;%’l%et'l%%té %1%r“8qltbct still

not Correspondlng tot |re eve 6f condensation
- the process to functlon in a permanent regime are

,'oarriedrout. Thus,’the plants are.fed, optionally viara
:.nixing plant, With a flow of precursors,“and the systen
"10E for analysrng and coupllng at least one of the flow
| h,rates of these flows is actlvated The feedlng w1th a:
-f flow of precursors “and the actlvatlon of the analy81s
.p‘and coupllng may be succe851ve or 81multaneous The
'analy31s is advantageously carrled out by Near InfraRed-
dl15 :spectrometry Accordlng to one advantageous process, at
least some of the flow of condensatlon product from the_'
solutlon is recovered and'used to callbrate the'Near
InfraRed spectrometer ln the desrred range of contents
of end groups and/or of ratlos of contents, the feedlngt'”
a720:_w1th two flows, the analy51s and the coupllng belng.
| actlvated after thlS operatlon To thlS end the method:
'1of dosed addltlons may be carrled out known amounts of'
'lfdlac1d and/or of dlamlne are. added to the product and
dfﬂ the spectrometer is. callbrated on the response |
1-éé:iobta1ned | N
| The feedlng w1th a flow of precursor may be 7

‘understood as the feedlng of a precursor prepared

omthe solution may be carried out..on



be renoved,

correspond to the flows recovered fromthe condensation on@q#AR
third step, the operations allowing the process to function in a pernanent
regime are carriced out. Thus, the plants are fed, optionally via a  ‘mxing
h a flow of precursors, and the system 10, for anal ysing and

plant, wt

coupling at
feeding with a-.
coupling nay be successive or sinultaneous.
Pefye neand it SRS Spettt okl MAY Akt dimdinde e adivant ageous
1 east sone of the flow of condensation product fromthe solution

is recover étf aFth? L?scéd“falfjd%ﬂ |ber eﬂ SHHEIMER 3 TEReY Shertiisietasd

carried- out
process,

stored or reintroduced into the plants “These flows do ot

i ng

| east one of the flom/raté§ of -these flows is activated. The:
fl ow of precursors and the activation of theanal ysis and
The anal ysis is advantageously

in the

desired ran contents. g?gg s and/ or .of atlos of contents,

feeding wit t%ﬁ J&ll%pal]‘r?é“ea

after this

carried out
product. @n

be

unders

mn anDunts “di‘aci'd

Lhe, f f
o & R AT *&?ﬂecﬂﬁsf?o#‘tgp%%% B3 VRR S005 15

_ precursor in permanent regime to a flow of product

_ constltutlng the precursor.

In the course of tlme; the product recovered

changes gradually from a product obtalned by

10,

-polycondensatlon malnly from the aqueous solutlon to a

'raproduct obtalned by polycondensatlon malnly from the

| mlxture of the two flows of precursors This process

makes 1t7p0551ble rapldly to achleve a regulation of

R%&T%ﬁﬂ? Wb thi&ivated
(}p“‘ﬁl t4 on.p o ftlro»f J;_eergjd ! he thl%(;s(r:l %ngncﬁdegrsﬁeﬁe d_Lel ions may be

- the”proCess_in'a,permanentpregime,_Without‘any loss of

15

product, therproductgrecovered:at the start of the

_process-relating;to a-polyamide.obtained;from a salt

solution; in substantially stoichiometric~proportions

'It ‘is p01nted out that the second and thlrd T

”‘steps may be performed SLmultaneously or succeSS1vely

20

. As mentloned above ln the course of the

-;second step, there is a gradual change from a'

“'-"condensatlon startlng w1th an aqueous solutlon of salt

B to a condensatlon startlng w1th a mlxture of

25

precursors The condensatlon condltlons may vary

.tsubstantlally during this step Accordlng to one

preferentlal embodlment the condensatlon temperature

a

the

Yadded to the

may



bef orehand in another plant. It may al so be understood as the activation of

a systemof analysis of a flow and of coupling parameters for preparing
the flowto this analysis. The flow fed in may thus cha&eg ﬂ gqmﬁily 5
froma flow of product which is:not considered as the uMa

permanent reginme to a flow .of product ="constituting the precursor. - In the
course of tine, the produet recovered Ethanges gradUaIIy from a product
obt ai ned by 10 .pol ycondensation mainly fromthe aqueous solution to a

product obtai ped b ol ycondensation .mainly from_the. nixture of the tvvo"
fl ows. of praéFEr%rcﬁ% i C}SE 305 FkesHeP ﬁoﬁ%lfé’r &b€dly to achieve a’® -

regulatlon of t he rocess |n a e ent regine, wthout any |l oss of 15
g R -
product, 6}553t T héSstart of the process relating to a

pol yam de obt ai ned fr, ﬁgg %) S%lfUtéh%”’lr{v(';é gﬁ} %‘%}d%l Iy, <340l Is?%lyg(raret ric. N

proportions. is point at the secon steps

erforned I I ve, in the courseul
P U AREUS W 0T £5 :ﬁ%‘iﬁﬁ(ﬂe\ﬁ%nkttﬁﬁers%nut . g%%a@q ©

of the condensati on startlng an aqueous & condensati on

starting Wistch va iFgXtidid, Qlfdlglcsélctld Y RBWSY Snonoklee GeRdensation
conditions may vary 25 substantially during this step. According to one

preferentlabxaﬁ@xhynaﬁedjdman@oa@emgamﬂwéﬁﬁmmﬁmﬁiure and pressure
condltlons for step 1-.and permanent reginme are identical. 2 3 MAR 2005
: - The process of the invention also makes it
p0551ble to manufacture other polyamldes startlng w1th
‘d1a01d monomers chosen from the group comprlslng |
10; glutaric acid, suberlc acid, sebac1c ac1d
‘dodecaned101c acid, 1sophthallc acid, terephthallc
.ac1d azelalc ac1d plmellc acid or -
naphthalenedlcarboxyllc ac1d. for example
.Dlamlne monomers whlch may be" mentloned 'in't
J”i57 addltlon to hexamethylenedlamlne, 1nclude J
heptamethylenedlamlne,‘tetramethylenedlamlne,
‘ u{octamethyienediamine,_nonamethylenedlamlne,r7
- decamethyleﬁediamine,t24methyipentamethylenediamine;_
Tundecamethyienediamine, dodecamethylenediaﬁiue, u
'.20E'xy1yienediamine and isophoronedraﬁine
The 1nventlon preferentlally applles to‘the,.:
manufacture of polyamlde from dlac1d and- dlamlne
_ monomers, at least 80 mol/ of whlch'are, respectlvely;
‘adlplc ac1d and hexamethylenedlamlne | |
.25 L . It 1s also p0551ble to prepare polyamldes -
.ei from diacid and dlamlne monomers comprlslng a small

-proport;on (1ess than 20 mol ) of amino acid or of



for the The process of the invention may be used for the manufacture of
pol y( hexamnet hyl ene adi pam de), starting with adipic acid as diacid nononer

and hexanet hyl enedi am ne as di am ne nononer. The proce352 q‘ Mﬁgem@venti on .
al so nmakes it possible to nmanufacture other pol yam des starti h diacid
mononer s chosen fromthe group conprising 10 glutaric acid, suberic acid,
sebaci c acid, dodecanedi oi c. acid, |soBchaI|c aci d, terephthallc acid,
azel aic aci.d, pinelic acid or naphthalenedlcarboxyllc aC|d for exanple
Di ami ne nonomers whi ch may be mentioned, .15 additjon t

hexanet hy| erfediadi nde |Wﬁﬂq£$§ St SfeCRpodyadiias £ 6téfﬁaﬁ@ﬂhylened|an1ne |

oct anet hyl enedi nonanget hyl enedi ami.n decanethylenedlanlne
2ot hy! pert by PERSd AR e SHETdaca g SHodiimPres
Lamn

P S e b R S L .
di aci d. an% é?ﬁ1 égg¥wers at | east 80 nold of which are, respectively,
adi pic acid an exanet hyl enedi ami ne. from di aci d and dlanlne nmononers .
(IR S0 07Tl | kthae pessl s ko peepugypolmies prover L on
manuf act Ur@.rﬁferﬁﬁl%ﬁi ya:m?ed@rBAuQ{s@/rGw'Bﬁ)éh is rich in acid end ' '
‘groups is a dlac1d and dlamlne melt, w1th a
d1a01d/dlam1ne molar ratio of between 0. 8 and 0-995 ‘and
ipreferably between 0.8 and 0.99, the precureor wh;oh is -
-10- rieh in-amine-end groupe'is'a diaeid and'diaminermelt
.with a d1a01d/d1am1ne molar ratio of between 1. 005 and
1.2 .and preferably between 1. 01 and 1 2 The.
condensatlon plants preferably comprlse a stlrred-w
polymerlzatlon reactor ” | |
, 15_ N d _. The functlonlng of the process in a pernanent
'teglme is flrst descrlbed |
~ The dlac1d/d1am1ne molar ratlo of the
precursor whlch 1s rlch in d1a01d end groups is _
'preferably between O 95 and 0 99 The d1a01d/d1am1ne
20',molar ratlo of the precursor Wthh is rlch in amlne end ;
-'groups 1s preferably between 1. 01 and 1. 05 The plantS'—.
B may comprlse flashlng and flnlshlng dev1ces downstream'
of . the polymerlzatlon reactor
Preferably, the mixtures oonetituting.the'hh_ab:5'
725 ;precutsors‘are anhydrous The expre331on “anhydrousr
dmlxture” should be understood as meaning mlxtures which

may contaln up. to 10% by welght of water, The,term g



t hus be nentioned, starting with adi pic acid/ hexanethyl enedi am ne
nonomers containing a given anount of caprolactam According 3 MAR 2005st
enbodi ment of the invention, the precursor which is rich in acid end
groups is a diacid and diamine nelt, with a diaci d_/dl am ne nol ar ratio .of
bet ween 0.8 and. 0. 995 and:. prefer abl y .between 0.8 and 0.99; the precursor .
which is 10 rich in amnine end groups i's a diacid and diamine nelt, wth a
d|a0|d/d|an1nennlar ratio of between 1:005 and 1.2 and preferably between

1.01. and 1,2 e cqndensatl n efera conprise 15

ol yirer 1 zat] SINHERD, 15 HIF rah iR AR r#’%% PURE Brocess ina
per manent . i,S flrst descri.bed.. The dlaCI /.di.ami ne nmolar ratio of the
precursor véPE%n eds trci cthhel §O§v§cqtdogr?& éar OlfpeSSSI S C@r &) fnbet ween 0. 95 and
0.99. The [ 0 I t of." JIAS roups is -
preferablyqﬁgﬁﬁgéﬁfﬁg§ﬂgdglfﬁge Hfggﬁ%?t %he pgl}hgilza i'on-which is

rich in anine end 104 andQ5 cafsaamsg%t% Ariekar bl vi the

nlxtures constituting the 25 precursors are anhy rous. The expressi on
anhydTQUSprecursors may be prepared in reactors at a

temperature advantageously-between 100 ‘and 260°Chunder'

a pressure at least sllghtly above atmOSpheIlC |
'pressure, preferably at a temperature of between 220 C
and. 260°C at a pressure of between 5 and 20 bar' Thei

.10__reactor5‘1n which the precursorS'are'prepared and also
'the polymerlzatlon reactor may be, for example, | |
'reactors with mechanlcal stlrrlng or reactors w1th

external recycllng In the latter case, the- feedlng
“w1th precursors and/or.the‘remowal of‘the product
-15\'and/or the heatlng may advantageously be performed rn. .
ﬁrthe recycllng loop The heatlng of the reactors may be
t uperformed using-a ]acketed dev1ce and/or an 1nternal
Jcorl The reactors may furthermore be open to gases
p Accordlng to one partlcular mode, the l

20; precursors are prepared by mlx1ng, in the lquld state,‘
' a. diacid with the dlamlne, in the presence of a small )
amount: of water, w1th heatlng at moderate temperature
: for‘a,precursor which 1s,r1ch 1n;d1a01d'or'd1am1nelend p?'

'.groups: | . o | B

25 : l; AcCOrding to another particular hode, thei

| precursors are heated at a hlgher temperature w1th

removal of water to obtaln condensatlon products,



m xture” shoul d be understood as neaning mi xtures which may contain up'to
10% by wei ght of mater. The tern12 3. MAR 2005 opposed to the conventional
process. which uses an "anhydrous” is used in the present description as
aqueous sol ution of Nylon salt in permanent regine. The npx3 AR 2005 o
constituting the two flows of precursors may be prepared in reactors:, at. a

t enper at-ure -advant ageousl y between 1009and 260C under "a pressure- at Ieast
sllghtly above atnospheric pressure, preferably at a tenperature of bet ween
220C "and.260C at a pressure of between.5 and 20 bar. The 10 reactors in :

whi ch the pﬂe@umsoﬁsCar@q@pﬂ&mmaisanwomksonnhe'pchﬁnendzgroupsreactor may
be, for exanple, reactors with mechanical stirring or reactors wth _
ext er nal réﬁyﬁﬂﬁhﬁ;fﬂﬁ$ﬁlﬂ§ﬂQﬂﬂﬁ§I case amine faddigmgupw flrpikbeur sors and/or
the renoval of the product 15 and/or the. heating may advantageously be
perforimed iSPCH e REGHISHY IF66p tiPh@amedechyrss Ofhe react ors may be

erfornmed usin acket.ed devj.ce gnd/or  an internal -coil. The reactors.
ﬁay fur t heMr Q§Q§§ Sy lEsey amﬁééordpﬁgt@Bpﬁﬁétuﬁé l6recursors are

b h the di d th m xi ng, in
PheF ook o e aotalisnl, HAg 0 S RRRBL SN, T REs Le, MR !

] a Ere%%ruageeoffemmmr% i 2b BLSCUERE' aegiel b rich i . actd or
‘polycondensatlon of. the precursors is preferably less '
than 20. The precursors are then mlxed together and
'1ntroduced 1nto the polymerlzatlon reactor,-ln whach*h
: hlﬁ .the degree of polymerlzatlon is 1ncreased
. Accordlng to ‘one preferred characterlstlc;
':the condensatlon performed in the polymerlzatlon
'.reactor is carrled out under an’ autogenous pressure or.
fa pressure regulated to av01d any loss of dlamlne or atd[
eiiS {least to reduce the losses to the mlnlmum. Accordlng to;
another characterlstlc, the plants may comprlse means
_for recoverlng any dlamlne volatlllzed at. the same tlme'
'as the water,_and means for 1ntroduc1ng the dlamlne f
recovered into the polymerlzatlon plant
'éﬁ.i; '.—._7 -Accordlng_tOCa novel characterlstaC'oftthe”

e invention;'thefpolymerizationiperformed‘in'thei |
polYmerizationireactor rs‘carried’outrunder'an'
'autogenous;pressurefor a;pressuredregulated3tohavoid |
any loss ofldiamine'or:at least to‘reducerthe 10sses to.

25 the minimum. | | | -
R | The process may be used to manufacture ;a_h;

' poly(hexamethylene adlpamlde), starting with adlpic .



According to another particul ar node, the precursors are heated at a higher
tenperature. with renoval of water to obtain condensation products, for'the
first precursor and am ne end groupsfor the second precursor. For ﬁﬁ

manuf act ure of pol ycondensation of. the precursors is prefd abMpR| g
advant ageousl y between 180C and 250C, under a pressure of between 5 and 20
bar. The degree of polyhexanethylene d8i-pani-de, the tenperature introduced-
into the polynerization reactor, in which than 20. The precursors are: t hen
m xed together and -10 the degree of polynerization is increased. Accordlng
to "one thedchdenshricdsd penomeredngr stegprnedhyhanadiemisei s in the

pol yneri zatjon reactor is carried out under an autogenous pressure or. . - -
pressure réﬁﬁmﬁﬂ@dmpﬁoﬁﬁé'd any. loss of: diamine or at |east to reduce the

| osses to the mnimum Accordi anot her .characteristic, .the plants may -
conpri se neans for rdfoPEf Rﬁeg%fe@F&ﬁﬂnémPBgawﬁplzed at.the sane time-as
the water, neans f%t |ntr%%pC|n the di ami,ne covered into the - '
polynerlzaﬁl &%ﬁ%@et CEEFIRTGPES H8§¥Fméﬂﬁr§cé ri*Stic of aut ogénous

T S B U e ORI 75T
of d'a”‘”ed%&ﬁﬁt.%%Q%F_%ﬁo@%Q%Q%ahﬁth&léﬁgaléﬂlné5.kﬂ%)“hﬁkgﬁge
 with a cpmposltien in the region of a eutectie mixture,fi-‘
that is. to-saj 199'bj'wei§ht of HMD and 81% by weight-
- of AdOH This: eutectlc mlxture has a meltlng pornt in T
10 Vthe reglon of 100 C. |
o ‘ The eutectlc mlxture is 1ntroduced into two
3:rea¢t0rs into'which areTintrodueed_heXamethylenediamine:-1
;ftd:obtain, respectiuely, a first mixture'whicn ls richr
:inldiaeid (dlaCld/dlamlne ratlo of between l Ol and .
. lSp:l.2) and a second mlxture whlch is IlCh in dlamlne o R
“'(diacld/dlamlne ratie of'between 0.8 andVO 99)- Thef'“
-',process for preparlng the eutectlc mlxture may be
u(;analogous to “that described in patent uUs 4 131 712 for
:ethe preparatlon of - acrd-rlch mixtures.

20 ; if o -. The eutectlc mlxture is advantageously
‘.”prepared Ain plants upstream of the plants for preparlng L
‘l.the precursors. ThlS may be, ‘for exampleL a plant o

'lequipped with stlrrlng and_heating-means, whlehdmay-be.;"“' o
'placed under pressure Such a plant for preparlng the :
25 eutectlc mlxture may be used to feed the two plants

(generally reactors) for preparlng the precursors.



The process may be used to manufacture poly(hexanethyl ene adi pani de),
starting with adipic 20 acid as diacid nononer and hexanet hyl enedi am ne as
di am ne nononer. In one preferential -enbodi ment, poly(hgé%gﬁhﬁy* g a
adi pic) (polyanide 6,6) is manufactured, and the precur q@ epared
froman. adipic_acid (AdC}D/hexanethyIenedlan1ne (HVD) m xture that is to
say 19% by wei ght of HMD and 81% by weight, with-a conposition in the
region of a eutectic mixture, of AJOH. This eutectic-mxture has a melting
pointin 10 the region of 100C. The eutectic nixture is introduced into two .
reactors into whi ch @&dwantagedusdd, htkandtbylididdrannreretbbs adh, o
respectively; a.first mxture in diacid (diacid/ diamne ratio of betmeen
1.01 and I@elEZﬁqmn$QgSs@¢@nQWWﬂ%pMﬁé i chemd cailchri n di ami ne : :
(diaci-d/ dirami ne ratio of between 0..8 and 0.99). The , process for preparlng
t he eut ect IROLANDELGIE GehF l@élaéﬂéleégo§§ oBet ﬁstrtassélarr%adprﬁfsareﬁt Us 4 131 -

712 for 20 the preparation of acid-rich mixtures. The eutectic mixture is . -
advantageo@ﬂ?ﬁ%&Wﬁ&&r dHQﬁepF&ﬁFéddﬂéﬁméﬁﬁl6Ptﬂﬁ§ 6F§n9§F8Fmb?%ﬁarlng t he

Irsqrs. Thi. f t d with st d.
Peat | ng el NARen Mooy < S AECACBRBERpPRaLIne Such & plant for o

preparing the 25 eu ctlct@d§3%r%lg%¥rge use tor%eggeghg two plants
(generarly reactors) “for preparing the prec gr s6r §FTPAEE Y -

m1x1ng adlplC acid, in'solld or melt form, and'
7_ hexamethylenedlamlne, 1n the pure form or in the form :
of a concentrated solutlon, the m1x1ng belng performed
:71031at temperatures above lOO c, under a pressure whlch is
-eat least sllghtly above atmospherlc pressure
, The temperature for preparlng ‘the precursors
.1s advantageously above 100 o to obtaln an- amldatlon
’reactlon and thus a partlally condensed product
5115 :contalnlng ac1d or amine end groups dependlng on. the
;precursor | -
| | The flows of precursors are collected and
-bvlntroduced 1nto a stlrred polymerlzatlon reactor It‘isre"
possrble to 1nclude statlc mixers: 1n the feed plpe of -
2Q the polymerlzatlon reactor and/or a premlx reactor
- The flow rate of each flow of precursor 1si
: determlned so as to obtaln a ratlo between the amlne :
rand ac1d functlons Wthh is as. close as p0381ble to the'
. pde51red value. The flow rate of the flows is monltored
:25 ;and adjusted:by coupllng lt to the,resultgof the '
.'banalysis.ofrthe ratio‘between;thefacid‘and amrne_,

functions'present'either,in'the'reaction mass formed by



2 3 MAR 2005 21 Advantageously, the diacid/diamne ratios of the
precursors are nonitored by chemical or potentionetric analyses. |In one
particul arly preferred_ enbodi nent, these diacid/diamne haggﬁi 3@&%
determined 5 by.a Near InfraRed spectronetric anal ysi s. R _
m xture may be prepared by mxing adipic acid, in solid or nelt form and
hexanet hyl enedi am ne, in the pure for@?or in the -form of a concentrated - -
sol ution, the nixing being perforned 10 at tenperatures above 100C, .- under a
pressure which i's  at |east sllghtly above at nospheric’ gressure The :

t enper at ur é;fi‘%rmlﬁi’%rq%d: M5t et or £ 9% CadPRILagBoiSPy PABBYE 100C
reaction and thus a |aII 15 caontai ning acid qr. ne end . groups
dependi ng diF* qéEﬁ‘%% \ﬂ?%% FEﬁﬁ&?or? gg%l&@?@%‘gﬁd 20,

i ntroduced jnto.a sti rred q_%ley/rrerl zatl .QNn .r.eact or OSSI ble to i'nclude"

static mi x&%F PR e pl pe &lylrﬁglngltlr?@r |r§§tctgﬁ 5&1& oFggnd/ or a -
prem x rea(‘élptrlet c&e %Jeo‘%aﬁ ?}hqfw%aﬁ@ g)\{x{ q_,fe %rt% ursor is determ ned so

as to-obtain a ratio between e "am ne an aC| functi ons mhlch i's as close

as possidl e to the d%g%qi \{%lt%%.nt-ﬂ& f’dh%Wfrl%Rqer%ftetsh%oy %W%rlys noni tor ed '
25 and adj usted by coupl i ng I't to the resul _

1nto the various reactors may be carrled out by. means
'-of pumps or depressurlzatlon valves |
. In order to obtaln an efflClent‘adjustment,
:analy51s of the acid and amlne functlons is performed
;'lO._contlnuously by Near InfraRed spectrometrlc analy51s
‘The’ coupllng_may also.be comblned.wlth measurement of'
'the'stoichiometric ratio:infthe two flows_of: |
'h_precursors | i l_
- The startlng steps precedlng the functlonlng
‘ﬁ15' in pernanent reglme are now descrlbed for the flrst
hembodlment of the 1nventlon descrlbed above. N
The polymerlzatlon reactor and optlonally the.
Ht[-fmlxlng dev1ce, the plants for preparlng the precursors
:and the plants for preparlng a eutectlc mlxture ‘are fed
'201.w1th an.aqueous solutlon comprlslng blcarboxylatehlons
and dlammonlum ions. This is preferably a | o
‘f:hexamethylenedlammonlum solutlon w1th a concentratlon
of between 40 and 65° by welght Durlng the feedlng of
-1salt solutlon, a. product recovery valve, downstream of
H525h-the polymerlzatlon reactor, 1s-preferably closed
| o Durlng a‘second step, the salt solutlon 1n‘ :

uthe polymerlzatlon reactor is heated to a’ temperature



analysis of the ratio between the acid and anmine functions preéent ei ther
in thereaction mass forned reactor or after the static mxers, in the

the m xing of the two flows; for exanple in the premx 2 3 N@E%g@ﬁ%
reacti on nass present in the pol ymeri zati on reactor or at 3 et of

the said pol ynerization reactor. |nto the of punps In order to obtain an
ef ficirent adj.ustnent, analysis of the?dcid and amine functions is perforned
conti nuously by Near. |nfraRed spectronetrlc anal ysis., The coupling may 3
al so be conbi ned mnth measur ement .of precursors, The ad ustnent of the flow

rates for ERIYP 1@§rFou§nﬁ§éC@oP§eﬁ§VrﬁePE&ﬁﬁFédlﬁqubyeﬁE8ﬁ§ br |
depressuri zat al ves. ; The starting steps preceding the functlonlng in
per manent F%ﬁ#ﬁ& ‘now descri bed for the first enbodlnent of the

i nventi on descri bed ove. ., The.paol ynerization rea optionally the.
n xi ng device, the pﬁﬁﬁt§°%8966%§6£¥PﬁgrFﬁEtBFe&ﬁr%83 wt gnﬁ the piants for

preparing ﬂp%ﬂk&%tb% g&é&g&goare fg%é?bggrggg ?usE%olut|on conpri sing

bi car boxyl até i ons between 40 oand y Werg ring the feedlng,
of 5 precursors are already prepared in the respectlve

sproportlons of the permanent reglme ‘In a second
Varlant,_theﬁprecursors-are not yet prepared on
startingpthefplants,bthe-plants for‘preparing these
: precursors CQntainino:a salt solution; In the second
'10 'variantp the;proportions of aCid monomersdand of
'ramlnes, respectively, for the precursors in the
permanent reglme are . gradually reached by feedlng
',dlac1ds or ‘a eutectlc mlxture and/or dlamlne 1nto the o
plants for preparlng the precursors The precursor
fiSr mlxture then changes gradually from a mlxture obtalned _
from salt solutlons to a mlxture obtalned from . ”
u‘fprecursors that ‘are rrchrln acrd and amlne,end.groups,
“respectlvely | ‘. . h 1 | |
h The condensatlon product obtalned from the_-
20_-polymerizatlon reactor 1s-recovered'andrthe analy51s
'and coupllng system is actlvated | | |
| For the second varlant the temperature 15""
radvantageously between 100 and 180 C .w1th a pressure
of between 1 andrlopbar, such that the salt solutlon is
25_‘liouid. é.start,of condensatlon_mayitake place in these

plants.



hexanet hyl enedi annoni um sol ution with a salt solution, a. product recovery .
val ve, downstream of 25 the polynerization reactor, is preferably cl osed.

During a. second step, the sal t, solution in -the polynerlzatlon reactor is
heated to a tenperature above 100C, - under a pressure pref 2r 3LMAR c?ﬂ[]ﬁoet ween
1 and 10 bar. The; polynerization-reactor is fed with a m xture of :
precursors. In -a first variant, the 52 ecursors are -al ready prepared, in:
the respective proportions of the permanent. reginme..In a second variant, . .
the precursors are not. yet prepared on.starting the plants, the plants for o
preparing these predirgoreawaritra muly thesadcael mEmmnt,,nthise second 10 -
variant, the proportions of acid nononers and of ‘amines, respectively, for

t he precurdolf%cwlfﬁqm@r%rrm legitfe eartaingmadadit WOrleéEc,lI@éld ayy f eedi ng

di acids or a eutect.ic. nlxture and/ or diamne into the, —plants for :
preparing tHe preil &F £h CTHE G5iestur SOt B aRhd/denimen r@l‘i&ﬁ’@es gr adual |y

froma m xture obtained:fr salt solutions to a nmixture obtained from -
precursors RERI & srtaéﬁ:ra?lq.&vc'ea{ Cshilme Tel"r?(fegrr@&}sos P&Spectively. The - -
condensat i Qn- ; pr.od ned fron1 t he: p 7at i on reactor is
recover ed a[hdht%]e é;%)aﬁ ysis lajrgd I Ty R Qﬂlchmqoﬁm FafBE " Yor the -
second varl aifeed i YRGS PR b WRAIGIS LR \45%%@ 19% apd 180C,

with a pressur
dlac1d rlch compounds, 1nto-each.of the preparatlon-

plants As descrlbed above, a d1ac1d—r1ch compound
-'whloh 1s preferred for: preparlng the precursors is a
10 eutectic mlxture
| The eutectlc mlxture may berprepared in
| plants upstream of the precursor preparatlon plants
o The plant~1s, for-example, a_tank-equlpped with mixing -
-and heating means. According toione preferential
"wlSﬂ*characterlstlc, the plant for preparlng the eutectlc"
mixture is flrst fed with an aqueous salt solutlon The'f
: mlxture 1srheated to a temperature of between 100 znd |
'.150 C. The plant is fed w1th dlac1d for example in |
:SOlld form, and optlonally w1th dlamlne, w1th feed -
20. rates correspondlng to. the stOlchlometry of the
'eutectlc mlxture, and the product obtalned 1s removed
The residence tlme 1n the plant is. preferably chosen_,
Vlsuch that the dlaGld- 1f 1t is in solid form, has the
tlme to. melt and/or dlssolve The temperature in the‘ﬂ
':257 plant is greater than the meltlng pornt of. the mlxture
It is p01nted out that the mlxture may contaln water,

either added_contlnuously, in an amount preferably less"'



of between 1 and 10 bar, such that the salt solutionis 25 liquid. A
start. of condensation may take place in these Wen carrying out the second
variant, the precursor preparation plantscontain a salt solution at .
the-start. of the process, the diacid/dianine ratios being 3R 3605 al Iy
equal to 1. These ratios are nodified by feeding into.the plants dlfferent
amounts (different flow rates) of diah ne-rich conpounds andof :

di aci d-rich conpounds, into each of the preparation plants.. As descri bed
above, a .diacid-rich conpound which is preferred for preparing the .
precursors tsan 103 ey eeelight x@hr@btah@caﬁmﬁdwnmm@]m%edge pr epar ed
in plants upstrean1of the precursor preparation plants The ant is, for
exanpl e, a PhnkaEfuspbelit o ¢ I SF r@tw%e‘%ﬁqfhg:hﬁeaﬁsltwdcé%ﬁdng to one.
preferentlal 15 char terlstlc t he gl ant for preparing the eutectic
mxture is ‘Pfr%@ % etP ho%nl%lq’EFéB%‘é %aeflt Iy |y Givearmet 1h?’irkfture i s heated

to a tenper e o ftmeen 100 a qgr Th lant is-fed with diacid,
bﬁ%f \ﬂqéi ey

for exanple °51 T Jorr“JFnlran Tpt %r’c%tﬂ‘@ed 20 rates.
correspopdin P4, ]Ig h f the eut ectl c mxt and t he product
obt ai nedgl S eair eogff ence )i?trrr{g}l a(ntOn tﬁarreq élrgatﬁll'f renoved. chosen-
such that %ﬂg if it isin SO|Id forn1 has the . tinme to nmelt and/or
di ssol ve. tenperature in the 25-plant is greater than the neltlng

point of the mixture. A&éof&lﬂ@'iﬂi g %oﬁamme@w her a@ed

conti nuously, - .
1nventlon, the precursor.whlch is rich in acid ‘end

‘gronps is a dioarboXylio acid‘melt{'the precursor which'
',10 _is rich_in amine end groups_ls-ardiamine melt-or:a"
_dianine'in-concentrated SOlntion The condensation.l'
- plants preferably comprlse two reactors, a reactor B
‘whlch '1s not open to gases and’ a reactor which’ 1s open
'.to gases The plants comprlse a m1x1ng plant for
lS_Texample a zone of static mlxers
. In a permanent reglme the tno floWsrare
- mixed together such that the amounts of dlac1ds and of
‘dlamlnes are. equlvalent The plants may - comprlse |
- devices for ensurlng that the dlac1d is not in contabt:
20 ’with'onyoen In the context. of manufacturlng ‘.
| polyamlde 6, 6 the dlac1d is adlplc ac1d preferably
‘1ntroduced at a temperature close to 170 C, and the
'.dlamlne 1s hexamethylenedlamlne, preferably 1ntroduced‘-'
'at a temperature close to 70 cC, optlonally as a | B
_251_concentrated solutlon in water (preferably less than

- 10% water). - -



ni xture may contai n water, ‘in an amount’ preferabl’y 1ess 2 3 NMAR 2005 25
t han 10% by wei ght, or obtalned fromthe initial feed £ $ﬂ®t glutlon
Water obtained fromthe initial feed of salt solution. i ¥ _ either by
evaporatlon before feeding renoval of the process. in diacid, or by - -
depl etion, during the m xture prepared on starting the According to a ,
i nvention, the precursor groups-is: aZ@lcarboxyllc second enbodi-nent of ‘the
which is rich in. acid end acid nelt, ‘tthe precursor which 10 is rich'in

am ne-end groups is a diam ne nelt or_ai di am nei n concentrated solution.
The condensation pl difs grretessadiipre depwiese twe. deadher geagtogact or * whi ch
is not open to gases and a reactor.which is open to gases. The plants
conpri se a W3t AF pIntoPeTbrtol Dasesniice Paeforabdy Heamieenni2rers. a’
pernmanent regine, Jthe two flows are: mi xed together such that- the anounts

of diaci ds 3kt 30 G Andfss aaﬂeéc'ﬁh’ir\?aloént?etﬂ?@npl Sarfs wly Pésnpri se- L
the. cont extT8T HHORACLITHE 01 Jaih do 06! G PHEehad 4 Sh8dl pic acid,
prefera%!yreactor (the flow enterlng the reactor constltutlng the . :
R mlxture) 1s advantageously between l-mlnute and- 30 |
minutes. | | | |
“According to one advantageous characteristie,_
the condensation'in thelreactor ie'suchbthathonly‘IO%
_,10h freegmonomers-remains'in the'fiow leaving this reactor.
| The flow obtalned from the reactor that 1s
' not open to gases can then be 1ntroduced 1nto a reactor_,r-i
whlch is open to gases. The res1dence tlme 6f the ;
',materlal in thls reactor is advantageously between
- 15 1 mlnute and 60 mlnutes The openlng of this' reactor to
't_gases allows the water obtalned from the condensatlon
'-_reactlon to evaporate off The degree of polymerlzatlon B
also 1ncreases in thls reactor.”~'?r,: |
” ‘A flow of the condensatlon product is i
'téQ" recovered Accordlng to one preferentlal mode, sone of .
'the flow prodnced 1s relntroduced_lntonthe reaotor_that-
}is not open‘to gases,.at.theteﬁperatures.and'pressores'
nentioned above, in the'presencejof thelmixture of:“ |
rb precursors This-recycling7ot.the produot‘is'. |
‘:25.'preferent1ally such that the recycllng flow is between
1ten and twenty tlmes greater than the flow of mlxture

'1ntroduced_1nto.the reactor wh;ch,ls not open te gases.'



introduced at a tenperature close to 170C, "and the ‘dianine is.

hexanet hyl enedi am ne, preferably introduced, at a tempey &t MIAR Zﬂﬂﬁse to 70C
optionally as a 25. concentrated solution in water (preferably Iess than 2
3 MAR 2005 The condensation tenperature in the reactor that is not open to
gases is preferably between 220C and 300C under ‘a pressure of between 5
and 20 bar_ The residence tine of. the- fIOM/of material in the reactor (the |
flomrentering t he reactor constltutlng the mxture) is advant ageously o
between 1 nminute and 30 m nutes. Accordi ng to one advant ageous ;
charact eri s‘:flil%,lng {HEL T SIRRATSEGRen Gheiend S epa06n st 19tc f reRathenl y 10% 10

free nononer ins in the ow,l eaving this reactor. The fl ow obtai ned"
fromthe r r}?kﬁﬂcqueWotvac}ﬁ&ls\Mﬂ PEASCs T i?@téjﬁgéleet(? gases can then be
|ntroduced |2Lto a eeact QfF opetn til ases. .The resi de%c% f the in this
react or - {avant c{)éh fnoeat T TS R REERYd 960 rt?llr'?utvél Y€The openi ng

of this re r i f the condensation A
fl ow of tth(gC%]d ens a}g%seatt@t %ﬁaglacl@?on C?gj(}ee\;frae%g?at e off. The degree
of polynerizaldQn. agh%gl |2r@cr eases iii this 'reactor., the flow produced is -
reintroduced into the reactor that - -.is not open to gases, at the. : '

}S gxe(r) ?tures and premeeeewéq\is@e@arﬁﬁe%dlﬂgpb%s%qe EBGEB'EEQB' al fTDde '
: suff1c1ently large-degrees of polycondensatlon, to- 8
'fproduce stlrrlng and ‘to heat the materlal

| The flow obtalned from the’ reactor which is
ﬁle ,open to gases is analysed 1n order to determlne thel_
| -amounts‘of.ac1d_and amine end‘groups_ NIR spectrometry
‘-isradvantageously usedfto do thiS' The flows of :
| precursors, d1a01d melt or dlamlne are coupled to the ih
- analy31s of the amounts of end groups and/or the1r3 '
1g15‘“ratlo The ratlo between the ac1d end” groups and the
‘l:amlne end - groups lS preferably close to 1,
' ladvantageously w1th a prec151on of greater than.O 5
"The analyses may also be performed on a recycllng flow.JT
L ‘ The flow of product recovered may -
.h204 advantageously be 1ntroduced 1nto a flashlng dev1ce and o
ll thén a flnlshlng dev1ce, maklng it p0881ble further to_fi”l
. 1ncrease the degree of polymerlzatlon |
It is p01nted out that the reactor whlch 1s,_d'f“"-
open to gases may be provrded w1th means for recoverlnge-
'.25h the dlamlne monomers whlch may have volatlllzed w1th

'f the water. These monomers may be relntroduced 1nto the

o ) plants_.-



menti oned above, in the presence of the mixture of precursors. This
recycling of the product is, 25 preferentially such that the recycling flow
i s-between ten and twenty tinmes greater than the flow of. mixture

introduced into the reactor which is not open to. gases. EUM 396@

operation, ‘there is condensation fromthe salt. ‘A recot 9 i.s opened.
The degree of polycondensatlon at théStine ofopening of thIS val ve i-s
advantageously greater than 10 and preferably greater than 20. This
recycling can nake it pOSSIb|e to obtai'n sufficiently |arge degrees of o
pol ycondensati on, to THSr S¢@EE 186 ﬁﬂj:BﬁfQQﬁﬂﬂﬁaﬁhﬁh@eﬁﬂﬁéﬁpal “The flow -

obt ai ned from.the yeact.or- which i's 10 open ses is-analysed in order to
det ermi ne ﬁ?@l&%éﬁ Id'%eaicladma’r‘?d adm fEY%e - NIR spectronetry- '

i sadvantageously useq3_o do this. .The fl r.Sor diacid nelt or
t

ows_ of p $ : ,
“di ami ne are coupled ORSeLFRE Y thpdaﬁgfkeéﬂmiﬁ? 46P81&Xd groups and the
analye! o O AR, ot &nd Rt N Sehleoud %%ugng groups s

preferably ‘The “anal yses ma on a recycling .

flow. aob/arbtfaseeisaidmdtlanane &Gis,0n ffeera%atrye x3- The flow of

product recovered nmay. 20 advantagéously be | roducegglnto a flashing
devi ce i ncnRagehg 1de@R e mRforR kY BRIEAOR: them acki rbsBEagLgevi ce,

nmeking it possible further and It is pointed out that the react or mhlch is
“weight. ThlS operatlon constltutes a flrst step. : Lo
| Durlng a second step, the solutlon'lncluded in the-
condensatlon plant for example a. reactor. whlch is, not :

-LiQ: 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.
]‘Recycllng of the solutlon 1is optlonally 1mposed .The

. salt solutlon 1ncluded in the m1x1ng plant 1s A

-15 advantageously heated to a temperature of . 180 C.

B The;mrxrng plantjls fedpw1th_a flow of
lerecursors,”at-fiow rates'sucb thatwthe proportrons-of_:
'-,monomers 1ntroduced are substantlally storchlometrlc
;:The analysrs and coupllng system is actlvated The flow."

20"of mlxture Ais fed into the condensatlon plant for
t'example the reactor which 1s not open to gases, and a

'1'_flow of condensatlon product is recovered The materlal‘
uobtalned_from the m1x1ng of the:precursors.thus-
Vreplaees in the plants thermaterial'obtained-from the
l25 -solutlon of N salt Water is- gradually removed elther
in the reactor Wthh is open to gas, or by depletlon

with the product recovered.




open -t o-gases may be provided with neans for recovering 25 the diamne
mononers whi ch may have volatilized with the water. These nnnon3 may be
rei ntroduced into the 28.2 3 MAR 2005 The starting steps2pd B@ t he -
per manent regime described above are now described. The condensati on
plants, and optionally mxing plants, are first fed with an aqueous

sol uti on .of -a diacid/dian-ne salt, préﬁbrably an agueous

hexanet hyl enedi anmoni um sol ution of. from 40%teo 65% by = weight. This
operation.constitutes a first step. During a second step, the solution
included in the- condérsaswrridntredigre deampive @reaaetldly which is not 10
open to gases; is heated to a tenperature above 180C at a pressure above -5
bar, prefergi§hed a t enperature - above 220C and to a pressure of between 5 -
and 20 bar. Recycling of the solution is optionally i rrposed The salt

sol ution included in C?qﬂée AT O] Sersiddy ot dbCodavpridabed to a

tenperature of 1800C._ The - l.ant i s _fed wth flow of precursors,
at flow rat Jsfé‘f?rtgr?atmotrr‘l?e cﬁﬁ?d%ﬁ{)ljﬁhé:herrdﬁ(g ré’f GereBwLsse '

bst antd al trl he naI sis_and; uI|n emls P
th ;Svat egd &Ilﬁreﬁ} Icf)oev%% %X(taur & dd ai“%t : t%ﬁl % %&?fé £8n plant,; for:
exanple tf“aé§3¥¥ﬁ¥1dMy‘Hldé%'w¥t5”¥¥téf%n%%§%% t%%dfggures, which o

_represent a synoptic scheme of parts of the process--'

“accordlng to the. 1nventlon

EXAMPLE 1: Example of functlonlng of the process and

S 10 its start-up
| E | Therprccess in permanentEregime isrfirst'
'desctibed in this‘examplea ' S
'? AcccrdingatO'the scheﬁe‘rebresentecein
--Figure 1,7 a. concentrated aqueous hexamethylenedlamlne-
'f15j solutlon w1th a concentratlon by mass of water equal to -
*10%, avallable from a’ source 151 and of adlplc ac1d
'E pduder avallable from a source 152 is- fed
1t_cont1nuously 1nto a flrst stlrred reactor 101 via the -
| pipes 110 and 111 respectlvely,rto obtaln a mlxture
;'20',whose welght ratlo is. 81% of:dlacld,mcnomer_and 19% of
‘tdlamlne monomer' ThlS mlxture.Ml.ﬁay-cchtain a-suall-
.taﬁouut-of:Water for example about 7% by welght
';relatlve to the dlac1d monomer/dlamlne monomer mlxture
'The mlxture is malntalned at a temperature of about

.25 126°C.



.flow of condensation. product. i's recovered-The material obtained

AU

open with the product recovered. gradually renoved either to gas, or by-
depletion 2 3 MAR 2005 29 The permanent regine is thus gradually reached..

replaces fromthe m xing of the precursors thus in the pl

obtained fromthe 25 solution of N salt. Water is in the

O her, advantages or details of the id¥ention will emerge nmore clearly in

the light of the exanples ~given below, purely as a guide, and with the

detail ed descriptions given with reference to the figures, which represent

a synoptic scheme of P twhpfuthdlpriscdesl bacedrtdidugpviad threm wwent i on.

EXAMPLE 1: Exanpl e of. functioning of .the process and 10 its start-up The

process i n FAMem® sgide s Bihet 10desed B34S i Fasmestdvaipl-e: - According -

to the schene reirp# esent e%d%i'n Fi gure ’]O’ a concentrated aqueous
(Y 4.

hexamet hy| edEd affhe s W

@Wcét'r?@r'at-i,on_ by mass of - wat er
equal to 10% available from.a squrce 151, and_af _adipic acid powder,
avai | able froma sOu?goewelW,'- i 138 egg’rﬂ%ﬁi?&%sl‘“ﬂmicﬁt g a.nicitréh

O&thrr r ed

reactor 40kl §utA%RI RAS Akt AL DL SRS 4§/ Yo 1R LRLRN 2 mixture

storage tank and then from there fed into the .

" reactors 104 and 105 to allow a more flexible execution

- of the process.

In thé'éxample.illuétrated, the reactor 104

 10 'is ‘maintained at'228?c under aApréssure'Qf 15 baf, thé :

flow of mixture M1 fed via the pipe 102 is 41 kg/h.

In;o.this-rééCforrlq4'is‘fed a solution of ..

_hexamethylenediamine (HMD) containing 10% water via the.

ipipe 112 at a,flow‘rate_whiéh‘iS'conﬁrolled to‘obtaiﬂ

© 15 'in the reactor 1Q4ia‘mixture M2 éohprisingﬁa ratio of -

- the acid functions relative .to the amine:fuhctions

- equal to 1.03. =~

' The acid[amine;ratio.isﬁmeasgredfcoptinudusly-

- in the reaéfor'104'or; as illustrafed; atithe outlet#of‘

20 this reactor by'a Near InfraRedfaﬁalyéis methodr

'tdescribed'below,‘Thé-result‘bf'thié analysis is

processed by a coupling:systeﬁ which controls the flow

' _rates of'the.fiéws of mixture'Mi'and'Bf HMD solution .

fed into the reactor 104.

25 - In Figurerl} the'dashed_linés‘répreseht,_on

the one hand, the couplings of the flows to the Neaﬁ

" InfraRed measurements, and,. on the other hand,

the



20 whose weight ratio. i's 81% of diacid mononer and-19% di am ne nononer. -
This mixture M may contain a small ,anmount of water, for @xAnMAR 288put . 7%
by weight relative to the diacid.nmononer/diam ne nonormer m xture. The

m xture is maintained at a tenperature of about 2 3 MAR 2005 The m xture M
is fed by withdrawal fromthe reactor 101 via the pipes 102 and 103, '
respectively, intotwo stirred reactéts 104 and 105. ‘However, in an _
enbodi ment which is not shown, 5 the mixture M fromthe reactor 101 may
be fed into a . storage'tank and then fromthere fed into the reactors 104
and 105 to A FE Mof 19 SAHS IR iUn thet FIRYSHtecdeer | n the exanpl e
|IIustrategI:%%£? actor 104 10 is maintained at 228C under a pressure of
15 bar, b Bt* ,mxture 'M .fed via the pipe 102 is 41 kg/h. Into

this reactor 104 is f, d a sol t|on af 15 aneth | enedi am ne (HVD)
contai ni ng- 10%water 'Islla]teﬁc’e Pe 1% Ci >i‘TGI(S'W A€ wh mﬁ is controlled

to obtain ac%l verlﬁﬁf Jﬁg a]tpoéhta zlf831633Itnl.ﬂﬁ__eeg\/‘lz ﬁ%rrg{ a%t elo_?atl o of the aci d.--'-’

functions re e am ne I-ons‘equal he aci d/ am ne

ratio i ss measul,ed SON HAUSlY 1dd ddie fe?eelg{ﬁegj;% %rte illustrated, at

t he outlet of 20 this reactor by -a Near Infr anal ysi's met hod descrl bed
bel ow. The gt inedf 4t/ oranair@ics i THY GeRssest by ¢auR! bEg system whi ch

rates of the flows of mxture M and the 25
removal of thlS water -in the form of steam is 7 6 kg/h
.The mlxture M2 removed from the reactor 104 1s a
‘preamldated adlplc ac1d/HMD mlxture whlch is rlch 1h
“iOV acid functions. :
| | ‘A.second preamidated-adipiofeoid/HMD mixture
| M$ rs.prodoced'ih-the‘reactorthS,hih”e=eimilerrmenner'
to the produotiom-of the'mixture'MZ-in the'reeotor.104f
jHoWeVer; the flow reterof the floms;of mixtﬁre erahd h
;15rrof hexamethylenedlamlne solutlon fed. v1a the plpe 113
are determlned and monltored S0 'as to obtaln 1n the
:_‘reactor 105 a mlxture w1th a ratlo of the a01d
B :functlons relatlve to the amlne functlons equal to )
0.98. : | N |
20 | f‘ In the example 1llustrated the temperature
“and pressure condltlons are 1dent1cal to those in ther_
reactor 104 |
As for the manufacture of “the mlxture M2, the;;‘
.flow retes of the flows of mlxture Ml and'of HMD are'

- 25 Acoupled to the result of the contlnuous measurement of

" the ac1d functlon/amlne functlon ratlo in the



In controls the. flow of HWVD solution reactor 104. Figure 1, the dashed =
| ines represent., on the one hand, t he couplings of thfjié@ﬁg the Near

| nfraRed neasurenents, and, on the other hand, the ana 2

conpositions of the flows-by Near  -InfraRed. The residence tine of t he
m xture in the reactor 104 is about 48 m nutes. The reactor 104 10 .
conprises an outlet 106 for renoving te water contained and/or formed in. .
the reactor. The.rate of renpval of this water in the form of stean1i${7,6
kg/h. The m xture M2 renpved fronljhreanldated adipic acid/HVD acid -
functions. B dior 04 Neax Inibualies whiadlysis meghodn A second
preami dat ed adi pi c acid/ HVD mixture is produced in the reactor 105, in.a
simlar rmuﬁﬁﬁcmﬂp ¢ P&¥¥ -production of the mixture M in the reactor- 104.
However, the flow rate of the. flows of mixture M and 15 of

hexanet hyI enedi am ne B8 (oM iFEE A% M(%é“& pe PPEadngdyérernithed and -
o oo I R S R T SRSl 0
are 5} arpolycondensatlon reactor 107,‘ma1nta1ned'at a |
!temperatutefof'248°c uhder'a_pressare of 17.5 bar
absolute. o | | | |
| The two flows. of mlxture M2 and M3 are fed
-tnto a ptemlxer 108 con51stlng, ‘in the example, of an
10”_assembly of stat;c mixers arrahgedlln ‘a plpe..Other
.mixingemeans; sech.as a'stirredftank"may be usedh
The flow rates of the flows of mlxtures M2
-5and M3 are monltored SO as to obtaln 1n the reactor 107
a mlxture w1th a glven acid functlon/amlne functlon g
15h ratlo dependlng on the characterlstlcs of the polyamlde
.'",to be manufactured | |
'Thus, in theMexampie-illusttated‘ theee:fiow‘i.
rates are determlned S0 as to. obtaln a mlxture in the |
'reactor 107 whlch has a dlfference between the-
‘2Q~ concentratlons of ac1d and amlne functlons (CEG AEG) at:;_'
:t_the outlet of the reactor 107 in the reglon of - . |
.‘ 50 meq/kg
. ThlS dlfference in concentratlons, or the
aCld functlon/amlne functlon ratlo, is measured
25 .contlnuously by means of a Near InfraRed spectrometric
';1analy51s method the flow rates of the flows of mlxture

M2 and M3 fed into the premlxer 108'be;ng COupled_torf



25 coupled to the result of the continuous neasurenent of functions equal '

to the acid function/amne function ratio in the 2 3 MAR 3\020% mxtmg -
by a Near |InfraRed analysis nethod described bel ow. The t M2 and. .
M3 obtained fromthe reactors 104 and 105,, respectively, -are introduced
into 5 a pol ycondeinsation reactor 107,; nmaintained at a tenperature. of
248C under a pressure of 175 bar" abséBute: -The two flows of m xture M2 and .-
MB are fed into a prenlxer 108 con3|st|ng, in the exanple, of an 10 e
assenbly of static mxers arranged in a pipe. Qher mxing nmeans, such as a .
stirred t afi@ismparaingmant ®e 49 dw madedadh the didkerehas vedues M2 and .
MB are nonitored so as to obtain'in-the reactor. 107 a m xture with a given.

aci d funct|Qﬁ9¥ﬁﬁ4u¥WQMﬂﬂﬂ%ﬂ?tHYQQ%ﬁso dependi ng on the characteristics of
the polyanm de to be r nufactu ed. Thus, in the exanple illustrated, these
flow rates .are deter GG &6t &in TRETREEES 91t he react or 107

whi ch 20 caoncer tratlons f t he outl %7of t he % This has a -
di f f er ence BtRelThe ad (? dﬁ 3 fu&@t 116’n3 FCE%%&%@) greaotor-lO? in
the regipn LHf minutes. '
| .The'reactors lde;rlossand 107 -are equipped |
with a depressurirationfvalvel106, 109 to'allow_some of
the water formed by.?heamidation’reaction-to be -
'_removed. The flow of steam removed.via the
10 depressurlzatlon valve 109 1s equal to 4.5 kg/h on -
| average. The analy51s and monltorlng of the composrtlon
‘of the flow. 114 removed from the reactor 107 allows the
7progress of the amldatlon reactlon and- thus the degree
]of polycondensatlon of the prepolymer removed from the =
,15n?reactor 107 to be monltored '
o The average rate of-removal of the prepolymer
¢_from the- reactor 107 v1a ‘the plpe 114 is 102 kg/h. The
'd;prepolymer thus recovered has a number average molar
”;_mass in the reglon of 3 800 and contalns about 5’. H
‘.20 ‘water. Its vrsc051ty index measured 1n dllute formlc
dac1d in accordance with the’ condltlons and
,Lrecommendatlons of the 1nternatlonal standard
'”Iso 307-1984 is 33. 5 ml/g R
| The process 1llustrated makes it possrble tO‘
-d25;7produce contlnuously a prepolymer 153 at the outlet of
_the reactor 107 w1th a concentratlon of amlne end

. groups (AEG) equal.on average to 238.2'meq/kg, and a



difference in concentrations, or the acid function/am ne function rafiofffé“

measured. 25 continuously by nmeans of a Near InfraRed seﬁétyage%ﬂ
anal ysis nethod, the flow rates of the flows of m xture fed into

t he prenixer\lOB_belng coupled'to this- measurement so as. to maintain the
di fference between two nominal values.. The resi-dence tine of the mxture
or prepolyner in the reactor 107 i's. i¥the region of 30 ninutes. The
reactors 104, 105 and 107 are equi pped with a depressurization valve 106,
109 to allow sone of the water forned by .the am dation reaction to be :
removed. ThECRFBU bRt sPRART r@%@eﬁn@|@r@ms 1(CR@hregsat i gatdorragd ve 109 is

equal to 4. 5 kg/h on avzﬁage The, anal ysi's and nonitoring of the
conposi ti ontCof8Phe PPANFI14hakhoVRACE r oAy thedt BERYRCAOTEBI¢DNS t he
progress of reactjon and‘thus t he -degree of pol ycondensati on

7 % e anldatlog
of the prepblynEPPCEBLTR a%?%r‘ 0719 PEPHoHPR ARG, OF AR from the The-
“at f th t 07 th
o e 4 s fl kTR TR’ PR her P uE TR i i e ber L aver age

mol ar . gas§ {Rethe g@qggg Q% 3800 and contains ‘about 5% 20 water. Its
vi scosity |n ex neasur-e ilute formc acid in-accordance with the -

cond|t|ons_and "~ The prepolymer thus produced is converted
into polyamlde of the de31red molar mass whlch is
'compatlble with the usual uses by addltlon to a flow
:ffor manufacturlng a polyamlde obtalned from a process
prlb ‘for manufacturlng polyamlde 6 6 startlng with
| .hexamethylenedlamlne adlpate salt |
| .. The contlnuous and usual processes for.
'manufacturlng PA 6, 6 descrlbed, for example; in the
‘book “Polymerlzatlon processes” Schlldknecht edltlon'
.d15:_{W11ey Inter301ence, l977)_pp. 424‘to.467 (chapter'12
”'“Preparatlon of 6, 6»Nylon and-relafed polyamides” hy:
:.Donald B. Jacobs and Joseph Zlmmerman) comprlse, 1n the_‘-p
'{‘flnlshlng step of the polymer, a. flasher,- a |
vapour/prepolymer separator and 8 flnlsher The flow of
liQOi prepolymer obtalned by the process of the 1nventlon 1s
‘added to the conventlonal flow of polyamlde upstream of : 1:'“
‘the flasher | | ; h .7
The addltlon of thls flow of polyamlde
.‘leavlng-the process in accordance Wlth the_lnventlon
”'25 'does not disrupt the qnality'or properties;of the

_polyamide obtainedsleavlng_the finishing steps, These



T

recommendati ons of the international standard The process ill ustr'ated makes
it possible produce continuously a prepol ymer 153 at the ﬁg} §m5
reactor 107 with a concentration of amne end groups (AEGQ éq F

average to 238.2 nmeqg/ kg, and of .2 3 MAR 205 34 concentration of acid end
groups (CEG equal on average to 28_9.5 meq/ kg, that is to say a difference
between the concentrations of acid fw¥ction and of -amine function of 51.3
meqg/ kg, for a nom nal and desired  Vvalue of 50 neq/kg. The prepolyner t hus-
produced i s converted into polyam de of 'the desired nolar mass which is
conpati bl e RHQIe Nt Hee ke et dna hddl tihesa @fa Weowo iyemigenuf act uri ng a
pol yam de obtai ned froma process manuf act uri ng _pol yam de 6,6 starting
Wi t h ‘hexamdlaRH iarigizad el tdhw ‘ﬁht@%%l%ddlﬂi@f@intﬁlrﬂkbus and usual processes

for manufacturing PA S 6 described, for exanple, in the book '
"Pol yneri zation proc Praggiy dihdditt léd’etqtdﬁm (t\Wﬂse?‘ai]ﬁ‘FtSel%m eince,

éif;émpﬁes““"e? R SR RS Y 20, BB ot
(o 3718, S oy Lol o LUENS o, SR ez%we:eg?f i
|nvent|onjﬁ%e manufacture of yarns, fibres or films: or the :
.gmanufacture of moulded articles. -
'hThe on—line Near InfraRed spectronetriC‘
- analysis is nou described'in'detail. |
'10"_ h_'. - The method of measurenent by spectrometrlc'
analysrs 1n the near 1nfrared spectral reglon consrsts
rn performrng,a contlnuous_measurement'by‘transm1851on,
"on-the'reaction-mixture: the iight waue_is‘emitted:by
| the'spectrometer‘lamp, conreyed.by”a Single-strand of
fiSr'optlcal fibre to the emlttlng probe whlch is dlrectly
B in- contact w1th the reactlon mlxture The llght
_1nformat10n is partlally absorbed by the product passed
,through and lS then captured by the rece1v1ng probe =
_ whlch is rlgorously allgned w1th the emlttlng probe,_
.‘20‘rconveyed v1a a. second srngle strand of optlcal flbre
and then collected by the spectrometer detector ‘The
‘-.spectral acqulsltlon software constltutes the wholer
;‘transm1381on spectrum to. convert 1t into’ an absorbance'
r'spectrum The acqulsltlon of the spectra thus takes
.25, place over a range of wave numbers from 4 600 to_“

9 000 cm™ with a resolutlon of 16 mn i'each spectrum.u



added to the conventional flow of polyanide upstream of the flasher. The
addi tion of this flow of polyam de |eaving the process in accordance with

the invention 25 does not disrupt the quality. or_propertg '?5 @?e .
, pol yani de obt ai ned | eaving the finishing steps. These 3 % Q are
|dent| cal to those of the polyanm de manufactured without this additional
flow. - The process of ‘the invention thd$ nakes it- possible to nanufacture a
conpati bl e polyanmde to be 5 used as a startlng material in the usual
uses, such as the nanufacture of yar ns fibres or films or the manufacture
of moul ded ERFF LTI IRt -AITHEN AT 137 reReth shrodtahmdt Biic  anal ysis i s
now descri bed i n detail %?éﬁﬂg nmet hod of neasurenent by spectrometric
anal ysis i P YHEHe TP T | pgéiacnrsaIperreéﬁltﬂ‘i'1 %onsists in performng a-

conti nuous neasur erre by tr SSi on t he react.i mixture: the light -
\ivgve i ts en} tted by - t ssp%ecc?t%?rnlne Jélrfqb rﬁﬁégle%fttfﬂ P¥si ngl e s: ra[\d OI h.
optica i r-obhe whic in.contact Wi
Jﬁn*fl b D4 100 Brghe wileh 5 O o taBefea by 't he

t he reactlon ure |on |

duct whi ch
P;Or rgorgﬁs %{’g@ %ﬁ] ?\ee&cgﬁ}t i ngtg{)e%gb@ éﬁ%ff&?f\gdl Vi arcgﬁesecolng
singl e st ras[}m QiE@,ptrés?peéﬂlb\fé?Ly anghd han £aldestLEfl ddte spectroneter =

detector. The spectral "acqui si tlon software constitutes the whole

transni ssi Qi SREESHEEN dN RPINRTEL I lpriddu <D PP BB’ i csPeGkHUM.. The
acquisition of the spectra thus takes 125 place over a range of wave

nunbers fr arampl6H0 atrﬂal9y£ﬂ:0 wnpotemmbnetrxeeolaﬁalqmlef mk& hods1: eac‘_h
spectruml descrlbed for example, 1n “Encyclopedla of . Industr;al yi
10r'Chemlcal Analy51s", 1973 volume 17, page 293
_The assembly of the dev1ce for near 1nfrared
measurement is rated so as to w1thstand an 1nternal
' pressure of 150 bar and a temperature of 300 C The
assembly is composed of an APX4 stalnless steel cell
15 :prov1ded by the company Atellers Mecanlques Peag01s
‘ '(AMEP), Peage de Roussrllon France. | |
..The cell body is heated electrlcally, the heatlng belng
'controlled by a temperature measurement in the metal
_bulk and in the polymer An alarm on the temperature
20 dlfference makes 1t possrble to detect a fault in the
| rheatlng deV1ce | _
The plpe for c1rculat1ng the analysed product
;1s.cyllndrlcal and 1 cm in dlameter ThlS flow is
‘ 1ntercepted perpendlcularly by the probes dlrectly
25 screwed onto the body of the cell

The probes used are of the type FCP- 080 cross'

llne probe supplled by Ax1om Analytlcal Incorporated '_']- ;,'



2 3 MAR 2005 results fromthe average of 32 scans formed at an “average
speed of 128 scans per minute. The spectral information collected by
continuous analysis is transcribed into a concentratiod 3f MARi 280nd” ani ne
end groups per kg of dry product (CEG - and AEG respectively)-and al so
into a CEG AEG difference. using nodels produced by calibration with
sanpl'es anal ysed by potentionetric andllysis nmethods -described, for B
exanple, in "Encyclopedia of Industrial 10 Chem cal Analysis", 1973, vol une
17, page 293. The assenbly of the device for near infrared  nmeasurenment s
rated so asiAVgnft kstldd® @i a-nfEess Prpbess ate Gicrengdhantoaiiie ' .
a.tenperature of 3Q.0C The assenbly.isconposed of an APX4 stainl ess steel

cel | 15 pRFARfed Py'qtfe SComarty REOAUEEs aVECaTGdeSPEAdoMS L 2L AVEP) , Peage

de Roussillon, France, The cell body.is heated electrically,  the heating
being cont¥Hred 5y SERRITE: é’tfurag’%&agumnign ‘ Fi‘é“"hm‘é’t‘-ﬁ% Bl k and in
the pol yner. An .al.arm qn.the tenperature 20 .difference nakes it possible to -
detect a fd&u (folfﬁ tt%ﬁe_pﬁ:e%ﬁ %&lgiggi'cgﬁl%ﬁga&lﬁg ﬁogp:wglepcgﬁgti ng the anal ysed
product c i lisndrical. and 1.em i sameter. This flow.i i.ntercepted
per pendiscu%g%)ﬁflglg{tp%g’b& c%glgstgﬁ@rgc%tc%ﬁ%,geggf)]eé\%egsolﬁggst 8‘%‘053 of the
cell. The RroRgs456¢aar @dBhisthenty B BER-08RLhPeS thingBLabe supplied by
Axi om Anal yti cal Incorporafed, Irvine, California. These probes. are screwed.
into the proakeROIFERIES t30 fagel:0 iPr Q@UER tageNiCaln ARak=MRtak seal, the
sapphire of about .'8 mmbeing flush-with the end of the probe hol der.. The
spaci ng bekma&mam&eduring'thercalibration-ahd,prediction phases

in cbntinuoUs tse:.The_probés are conﬁeéted to‘the
  10-'spectrométer'via.aﬁ dpﬁical fibré_measuriﬁg up to.
| 50.metrés;.fhe SPeétrométer.i£self'is coﬁneéted,to a:-
'computer;infaﬁ operétiﬁgLro@m.Whiéﬁ~§i#es'a'reaiftiﬁe
report bf”the'fesult_éf-thé on~line énalysis.. .
o | The méésurement-perfdrmed 5n the"mixtures“M2
15 and M3 a£ the outiét_of the reactbr5.104iand 105 $hdﬁs
. a standard_error'df prédi¢tidﬁ,of'iO.lpméé/kg'foi»AEG?.n'
13.0 meq/kg fOr.CEG‘and'12f7[meq/kg for the differgnce
' CEG-AEG with co;iglépign cqeffi¢;gh£s'of grgater.thgn,.
20 : The degree,of‘preéiSibn'achieved'by'éhis  ?4
| statisticai'énalysis'of'tﬁe*neaf infrared Sﬁeétrél‘
allows aﬁradjuétment-qf the ratio between the écid-eﬁd-
'gfoups_and amine énd:groups:in.thé.mixtureé:MZ_aﬁdVMBg-
' byfcoupling the fl&w‘ratés.of'thé'fluids_fed into the
‘25' reactors-lod_and 105,';ésgéctiﬁely. | -
o The'meésuremenﬁ formed ét.thé 6ufie£ ofEEhe

. reactor 107 shbwé”a Stahaard‘érrof”of ptediction-bf-,-



enitting probe and the receiving probe is t hus ‘made by a synnetrlcal

adj ustnent by screwing the two probe hol ders face to face: it. |s set at 4
mm and remains constant during the calibration and grﬁﬂn pn phases in
continuous use.. The probes are connected to'the pectroneter via an
optical fibre neasuring up to 50 netres. The spectroneter itself is
connected to a conmputer in-an operati 8. room which gives a real -tine
report .of the result of the on-line analysis. The measurement perfornmed on
the mixtures M2 15 and M3 at thé outlet of the reactors 1.04 and 105 shows
a st andar d 4erfr sreadkgpiedi &FiGen S -df MeQ/ kondqrk §EGoRNAES. 7 m@@/ﬁgneq/kg for
CEG and 12.7 neq/Kkg for the difference CEG AEG with correlation - -

coef fi ci entf®Toftigr SdEéPrencan CHECIGES WZGhTﬁ@raééﬁ§é0§tatlstlcal anaIyS|s
al l ows an adjustnent of precision achieved of the near infrared

spectra of 5 Li&lES ﬁeP@e@n9ﬁﬁef§EiéEgmegPé&pgoangEﬁnﬁﬁg Bnd%groups. in .

the m xtur y € | i the flow rates-of the fluids fed into

the 25. reagggwghfo%lgxgrfﬁge ?@@‘ “i'vel y. -The neasurenent forned at the -

outlet of the reacto 107 hous n e t_of tlon of 4.6
: S R N R

meq/ kgf or AEG 5.1 neqF alfference '
CEG AEG W (R 5G9t rt?}ggtl' Qﬂal%%g- g%ﬂtes n%far 1%%95:85 é‘ggctgaggisgor CEG and :

0. 995 for the erence
allows an adjustment of the ratlo between acid end -

groups and amlne end groups by coupllng the flows of
.the mlxtures M2 and M3 fed 1nto the préemixer or the
_rldp_reactor 107. | _
| 'Simirarly;nthis,anaiysis method~hy:near
"infrared;spectrometry'alsolhakesjit possible to -
:'deterﬁine the‘compositionhof the mixture Ml'and”to
"couple the flow rates of the monomers fed- 1nto the
 15"reactor 101. | | |
“ The placrng of the probes 1n the process mayflr:
_be dlfferent dependlng on the arrangement of the
-reactors or the presence of. storage unlts or reactorsfr
The number of analysrs pornts on the process
20 may vary from one to several Thus, it is p0551ble to'
- have only one monltorlng of the comp051tlon of the
“' prepolymer leav1ng the reactor 107 and to couple thls:n"
ﬂmeasurement to the flow rates of the mlxtures M2-and Méc
.;and/or the feed rates of the HMD solution - and of the‘-
| 25.’mlxture Ml in the reactors 104 and’ 105, w1thout -
'.however, departlng from the context of the 1nventlon.

However, for better monltorlng of the prOCeSS,'lt‘lS '



The degree statistical analysi's "allows an adjustnmént " groups and a"rﬁ“"h'e' o
end of precision.. achieved by this of the near infrare %Pﬁﬁb ﬂ%glso
the ratio between acid end groups by coupling the flows &f 0 tures . NQ'
and M3 fed into the premxer or the 10 reactor 107. Slmlarly, this

anal ysis nethod by near infrared spectronetry also nekes it possible to
determ ne the conposition of the mxt®% M and to . couple the flow rates

of the nmonomers fed-into the 15 reactor 101. The placing. of the probes in -
the process may be different dependi ng on the arrangenment of the Treactors,
or the pregemikebls dragenitids Wre reattoeris iHe afurdeerh off anal ysi's points
on the process 20 may vary fromone to several. Thus, it is possible to
have only ometmnas ¢t g ¢4 - anth.ta epesia . itdre O?eameaﬁﬁépm@rtBE | eaving the
reactor 107. and to couple this measurenent to the flowrates of the. . -
m xtures MESHEEING ditd/oreadie feast qtatley grnmtadivpisd iess and of the

25. mixture M _in the reactors 104 and 105, without, however, departlng
fromthe cOWCEMESSE- the invention. However,. for better moni toring of :the

process,_it is 2 3 R 2005 refer ble t or "thée canposition of each
of the ¥ xsfﬁ‘g) & Fbupé %%@Péed‘ofj&tté?ldﬁ eRe reagents

M Xt ures M

into eaCh. rceoah(p[lci gfoc'henaf'elgoaq:ta'ﬁ’G!Q%ft }t% fZLr<]:>1x.\rxst fas mlxtures into

the varlous reactors is 1llustrated by the dashed llnes.
'1n Flgure 1. | |
' Rs mentioned‘abore, thedprocess of the
10 .invehtion preferentialij applies'torthe'maapfacture of:
PA' 6,6, hut_it'maydaiso_he used for the ﬁahufacture of
-.rotherppolyamides obtaihed'from diacid{andrdiamrne_
) monohers, and especialiy‘for the manufacture of
ﬁgopblyamides}lfor ihstancencOpoiyamides PA 6, 6/6
‘15.-‘h o .The_startlng operatlons and the tran51ent'
statestof the products and process parameters before
j-obtaining'thehpermanent regime descrlbed above-are now-r
"ddescribed.’ _. a - | -
| V;TThe startfap.ﬁses the'N-salt at a
-20:-concentration ofl62% It is prepared from a soarce of
- rwater 254 adlplC acid 252 and hexamethylenedlamlne
; 251, o . . :
" In the example 1llustrated the detalled
descrlptlon of whlch 1s glven wrth reference to h
:25- Flgure 2 whlch represents a synoptlc dlagram of a part
‘lof the process of the 1nventlon, the solutlon of N salt

'_at a concentratlon-of 62% is manufactured in the



One exanple of a syst'emfor nonitoring and coupling the f E Aﬁéﬁﬁ of the
flows of mixtures into the various reactors is iIIustrate yM %shed
lines in Figure 1. As nentioned above, the process of the 10 invention
preferentially -applies to the manufacture PA 6,6, but it rmay al so be used
for the manufacture other pol yani des obtai ned fromdiacid and di ani ne _
nononers, and especial ly for the manufécture of copol yani des, for i nst.ance. ..
copolyanides‘PA 6,6./6. 15. The starting operations and the transient '
states ‘of the products and process. paraneters before obtaining the -

per manent regrhshaesz?4 beth abower lgleomave dest radoedi nukdhes st arita- g uses the 0
salt at a 20 concentration of 62% It is prepared froma source of water
254, .adi pi clexit 262 bufitehdamis A dieditamae % land R ithaerhdxdnpl e :
illustrated, the detailed description of which is given-with reference t.0
manuf act-ur e@“@WtErﬂetQ\m@(fs%]dp Weesmﬁ@tmméqﬁwa@ faedegomuthuousl y via at
| east two buffer tanks of the type 215 and 216 which enpty level tanks
al t er nat el Y852 ¥ i r%ltIPHFFIl‘}E‘E Stele SRR PR iMeRfmAssvel . These

nltrogen inertized are e UI mnth a neans of, stirrin gy external
tanks are equip e 1 means o stlrrlng b terna

recycllng so as: to homogenlze the content thereln and
to monltor the pH and the concentratlon therein before
feedlng the polycondensatlon unlt

State 1: fllllng of the plants'

10 - . After thehusual'water'teStS'pneceding the
‘startaup of the polycondensatlon plant the water feed" -
'".15 replaced w1th a. feed of a - 62% N salt solutlon
1ntroduced contlnuously at‘109 C, 'at a flow rate of
' 280 l/h (= 300 kg/h), 1nto the reactor 201 and then 2
_15“ into the assembly .of the cascade of stlrred reactors‘
204,.205 and 208. The outlet valves of the varlous
reactors afe closed in a flrst stage, to allow them toJf
"'fill; and-then'openedldThe'plants'comprise meahs_for
adjusting“theclevels.‘The:ilow:of'eXitiansolutionIis-'“
“2Ql'feintroduced into‘the plants. lhe reactots:functlon ati
:"'sthe feed temperature of the 62° N salt under a. o
:Vlrtually atmospherlc autogenous pressure of 1. 05 bar

to avoid the introduction of oxygen.._"



recycllng so as to honogeni ze the content therein and™ 6 Troni 't or the pH
and the concentration therein before f eeding the polycond ngaﬁég

State 1: filling of the plants 10 After the. usual_water t eSt

the start-up of the polycondensation plant, the water feed -is replaced
with a feed of a 62% N salt solution introduced continuously at 109C, at a
flowrate of - 280 1/h (=300 kg/h), intdd the reactor 201 and then 15 into
the assenbly of the cascade of stirred reactors 204 205 and 208. The '
outl et valves of the various reactors are closed i.n a first stage, to allow
themto. fitdge afvd esierb bipgmeht T fHeanirss moniprd segieensn fide adj usting -
the |l evels. The flow.of eX|t|ng solutlon IS 20 reintroduced into the

pl ants. Th4&Hed ok GhR Hreatst Off ¢ sisriec gl _ thige 62% N ' salt
under ‘a virtually atnnspherlc autogenous pressure of 1.05 bar- to avoid

t he |ntrodéﬁﬂﬁﬁhﬁﬂi_£63&ﬁﬂﬁ St age 2:--establishnent. of the operating regine
inthe plants in th;} uture state of the reactor- 201 in the pernanent .

regi me- After stabili % 3 %¥QﬂMHQﬁ;%9ﬁ?%§[ﬂqﬁﬁ9§ §Sstep, - the -

ti feed t f 62%.N |t kg/ h
0"t o Y ol B i B et el 78wt The
ai dof heatrl@(%dsqg ai(\ﬂ.q)s l"%_’rhr a(n‘gq%d %ge/qﬁhsg as to ‘allow the

concentration of the 62% N salt toﬂ{lacuna]'75%_with :

'.the.aid,of_heatfexehahge Surfaces'arrahged'ih each of
. the stirred reacters To de this, the nomlnal
iO temperatures in the reactors 201 204 205 and 207 are
_ set at 115° c. The correspondlng autogenous pressure is
“then adjusted to 1. 05 bar

h—State 3' establlshment of the Qperatlng reglme in the =

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

15.:reactors 204 and 205 1n the permanent reglme

After stablllzlng the levels and temperathres
'durlng the precedlng step, the nomlnal temperatures are
'a adjusted to-180 ¢ in the reactors 204, 205 and’ 207. - The .
uautogenous pressure is then adjusted to 5 bar The, |
t20 concentratlon of the N salt in the reactor 207 is 88%. .
hThls step is 1mmed1ately llnked 1nto the follow1ng step-
-as soon as:the temperatureuof 180 C is reached rn,the

'~rrea6ter 207.



the stirred reactors. To do this, the noninal _ 10 tenperatures in the .
reactors 201, 204, -205 and 207 are set at 115C. The corresponding -

aut ogenous ‘pressure-is then adjusted to 1.05 bar. Sta?e%gq;pqgﬁbllshnent
of the operating re ganme in the reactors 204,. 205 and 2 in the future
state of the 15 reactors 204 and 205 in the permanent reginme After.
stabilizing the l'evel s and tenperaturdg during t he preceding step, the
nomi nal tenperatures are _adjusted to 180C i'n thereactors 204, 205 and
207.. The autogenous pr.essure .is then adjusted to 5 bar. The 20

concentr at i 9t {heedtaial ishmentheof et MPEGE iny 88%ime T ¢hst epis

i mredi ately linked into the.follow ng step as soon as the t enper ature. of
180C i s reak®rRefeh 2he In Thandf pul strtg pfe the ggegfldrehidddt agd t he
operating r' in the reactor 207 in the final state of the reactors 204
and 205 i F42 e the nom nal tenperature-of 180C has

Hh T

been reached in the react '207 this erature i S j;,usted to 227C." The
aut ogenous pressure - |O§1cteng:r¥’ a %D@OI ttc? THAM I ege &%%l % &bl i shment of

t he oper t| rer% h U S 22(6:47 215 and 207 't “their final state
(fed 10 wi sol U |on e nomi‘ial’ t &TRFEEEEFE 46 usted to -
228, 226 Speptd v Qr 0 and 207. The
autogenousqngﬂéﬁﬁggéﬁgre t%%n%l justeéfemao S%I% #ﬁe%gggactors 204 and

205 and 17. a'iigl?%ftéd“ ddeg sl geact or 207. The nurrber average nol ar nmass.
measured on a dry extract of the flow | eaving the reactor 207 is'

© State 5: establishment of the operatlng regime in the

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

10 with N salt solution)

The nominal temperatures are adjusted to 228
..226 and 248°C, respectlvely, 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'
15. reactor 207. The number average molar mass measured on
a dry extract of the flow leav1ng the reactor 207 1s‘
'about 4 OOO g/mol Thls flow contlnuously feeds the
. downstream of- the polycondensatlon process. con81st1ng
'fof a comblnatlon in series of a flasher,.a vapour/

.20 lprepolymer separator and a flnlsher The polymer'
':obtalned at the flnlsher outlet has a v15c031ty 1ndex
‘_measured in dllute formlc ac1d in- accordance w1th the

condltlons-and.recommendatlons-of therlnternatlonal
standard IS0 307-1984 of 135 ml/g. |

25 - 'rThe-oroduCt leavihg'the'cascade:of stirred:
.reactors is the prepolymer whlch glves, after rlslng rn

‘Gbulk, a polymer whose v1sc051ty 1ndex is’ sultable for




about 4 000 g/ nol. This flow continuously feéds the "downstream’of théeé =~
pol ycondensati on process consisting of a. conbination in series of a
fl asher, a vapour[ 20 prepol yner separator and a fi e pol yner
obtained at the finisher outiet has a viscosity |ﬂd€£§b@@agwged indilute
formic acid in-accordance with the conditions and recomendations of the
international standard |.SO 307-1984. 4¢f 135 m/g. 25 The product.. IeaV|ng

t he cascade of stirred reactors is the prepolymer which gives., after =
rising in bulk, a polyner whose viscosity index is suitable for nost '
conver Si on napY icealvieead oneiaplpen caitieelsl,y eanhlegaving cthe binni sher, or after.
granul ation followed by renelting. - This step is advantageously used to .
cal i brat e tilkawvointthef dindsasur, i g Bieest granudettion ylieaed bfrared, such
as a.description thereof is'given in Exanple 2. State 6: final state
correspondmm@ahiumMB per.manent regi me: 10 When all of the near infrared
measuring points have been calibrated and when the spectroneter has thus
been calibrated; in hisesiter dsdacarndsioecusannasero tal cewibmatairect
anldatlon process to be conducted, the feed of 62% N salt into the reactor
| is 15 % epii&c @@ IRiteh f&rcti‘ﬁtalsﬁﬁé@g fr&&d S&Plgél‘ll@ﬁ'ﬁﬁrdf bih@egtxt ure M
described: above. The adj ustnent, of the st oi try usln% the on-line
near i nfrardd iRegSur & g% & d&@FF&EFé&“O %F a&?eﬁﬁW? ancascade '

reactors: %he cqypllng betmeen the

‘State 6:'final state corresponding‘to thelbermanent

regime ..
10 -~ When all“Of-the Near infrared measnring
p01nts have been callbrated and when the spectrometer
has thus been callbrated, in a prec1se and rellable -
' manner to allow;the'direct amldatlon process to be
condnoted,,the feed:of_62%eN salt into the'reactorll is .
15 freplaced-with‘a:contlnuonslfeed'ati90kg/h of‘the3 |
mixture M1 descrlbed above. ' | o
| The adjustment of the st01oh10metr§ using the
on-line near 1nfrared measurements is actlvated on the
flassembly of cascade reactors the coupllng between the
20 -adjustment of the. st01chlometry of the exit. flow and
the_adgustment 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 ad]usted one
_of these flows belng systematlcally.rlch 1n-am1ne
th25 fnnotions'and-the'otherﬁrich in acid functions:
| Thisimode'of start~np-of the‘direct amidationr'

process using an aqueous 'solution of monomers makes it



20 adjustnent of the.stoichiometry of ‘the exit flow and the adjustment of -
the |l evel 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 Adj MARe2lifhone of
these flows being systematically rich in amne 25 functions and the ot her
rich in acid functions. This node of start-up of the,. direct ami dation -
process usi ng an aqueous sol ution of r@nomers mekes it possible to achieve
t he pernmanent regi me described at the start of this-Exanple 1 of the '
points for neasuring infrared and by mninm zing, -standardization phases,
the speci fpaocatilore pod yadriewy Wid gwmpndrs cagireatdemrrittes sttoi chi onetry
by near in the calibration and risks of produci ng non EXAMPLE 2: Exanpl e |
of -a- procedig estfaort ol i trid iFgprep hfear Hinfaldret ngpddte srdtidratdosarry out
the process. Devices and procedures relating to the near 10 infrared .
anal ysi s aftf tHee RAM BT i MaFS W9 S ttoretheongte yddscmiedéd in. this

exanpl e. First branch op Al'though t he measurement can be carried out ~on

the main pr req r_ad’tﬂl gﬂ?dﬁrt}l“ﬁ@%ri%e Teddift GRNCTEF Y @Y i ed out on a
braneh Loon SeEond BAUSD bosp s S5eont el 5P buangh Loge comnected Lo,
. specification polymer. o 7" _' : 5 | o E

_ EXAMPLE 25 Example éflé'prqéédure:for éalibrating a

near infréredrspectrométeﬁ:té ¢a££y 0ut_£he_p;o¢ess.
| fDéﬁices_ahd prédedyrés“;élatiﬁg-fo tﬁe near.

iO _infrared analysis_and'the,célibrétidn_of the _
“spectréﬁetef are describéd-in £his'éxample. |

‘ Fﬁrst branch loop _  , _5_ Ce o .

Although- the Measureﬁént can beICarried out
on the main product-circulation pipe, the measurement
‘ 15“is carried‘out on a branch loop. |

Second branch loop

) A second, Clbsed, branch loop'Coﬁnected to.;
.the first loop is'usedQ This‘lodp makes it posSiblefto .
‘ uzstandardize-ana'calibréﬁéfthéﬁnéar'infraréd :

20 spectrometer. .

Calibrafiénlpr0cedufél
| Thé_érodﬁcp 5btéinéd'ffom the cbﬁaéhsétion
k'using‘thé ﬁ salf; thé gharaétériétics‘of'Whiﬁhjaré:'
-known; i$ recove:éd in_the'Second braﬁch7iogp.'Withiﬁhe.,'
‘ 25_'second branch loOp'conheéted téjﬁhé_spectiometer; the
spéctﬁoﬁete: ié calibiatédiin thé'desired fangé—usihg

. reference measurements produced from samples taken from. .



st andardi’ze and cal i brate thé near infrared 20”speCt""r'ic5"rTet'er . Cal'ibration

procedure . The .product obtained fron1the,condensation- QemN salt,
the characteristics of. which are known, is reCovered'in e second br anch
loop. Wth the 25 second branch |oop connected to. the spectroneter, the
spectronmeter is calibrated in the desired range using reference .-

measur ement s produced from sanpl es taken fromthe |oop, follomﬁng varlous
dosed additions of known anpunts of adipic acid and/or of

hexanet hyl enedi am ne (dosed addition method). in the | oop. EXAMPLE 3 :
Anot her enbat nesdp of £ &l Powies sraceardidigsdd atdtaﬂlrmeltdﬂ)rknome pl ants and
the functioning in a permanent reginme are first described.. According to

t he schene ammrﬂmerﬁécbdipjlcﬁ) dFiglirendd o Mo mmmdmme a. o
combination in series of static mixers 403 are continuously fed, via the

pi pes 401 afdbx8P adaipeen inethod)a il deofldmgxanet hyl enedi ami ne mel t
obtained froma source 451, and a flow of .deoxygenated adi pic ‘acid melt- at
a 15 t enperBANRLE3 250C under a pressure of about 15 bar, obtained froma -
source 452. The m xture obtained js: referenced MS. The stoi chi. onetry of-
the reaction m xtur @RS SRRAE ISR § o IRFARPSReACINTHA%Rdd n the

fl ow 407 I_a} gﬂlthe m xing zone 403: the flow 20 rates of the flows 401
and 402 are UStd so as to regul ate the nonmi-nal val ue of the nolar

ot o e near 1AL A WP Y M A 1 Y BBkt
' reglme are flrst descrlbed .
| | Accordlng to the scheme represented in
iO Figare-3 into a ‘zone con51st1ng of a comblnatlon-in.
series: of statlc mixers 403 are contlnuously fed, via
'the plpes 401 and 402 respectlvely, a flow of
__hexamethylenedlamlne melt obtalned from a -source 451
and a flow of deoxygenated adlplc ac1d melt at a |
 15‘ temperature of 250°C under a pressure of about 15 barf
| :.obtalned from a source 452.;The-mlxture obtalned 1s;e
referenced-M5H-The.stoichioﬁetry ef'the reactioh-"
:.mlxture is measured contlnuously by near 1nfrared 1n
-'the flow 407 leav1ng the m1x1ng zone 403 the flOW-'
'20' rates of the flows 401 and 402 are: then adjusted SO ase'
-ite regulate the_nomrnalevalue_of_the molarrratlo-of the'
e:rneartrnfrared measuring:potnt'QOS}j- |
— The‘mixtﬁrerMS'is-introduceé‘into the
recycllng loop of a stlrred reactor 405: thlS loop 15
_525' equlpped with a heat exchanger 406 and prov1des v1a the “
| ,.pump 410 a‘reqycllng flow,rate Whlch is 20 tlmes.as;

~ great as the feed rate of the mixture M5. The reactor -



recycling loop of a’stirred reactor 405: this 10op i's 25 equi pped with a”
heat exchanger 406 and provides via the punp 410 a re ycling flow rate
which is 20 tines as great as the feed rate of the'nt MARN&M _ or
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 stéeam 'not represented in Figure 3.
The filling l'evel is such that the estinated residence tine is about. 20
mnutes. A fraction of the flow leaving the reactor 405 is renoved via the
pi pe 411. AMCOnspemmiuss neara tarfprearachmeasfira et prisit d gaatediden this
pi pe 411 10 makes it .possible to nonitor the stoichionmetry and the -

chem cal pragjwestedite Wb graoductt 1S evpeipprs] with assiegremalew noni nal
value to the near infrared neasurenent point 408, |ocated on the pipe 407.
The prepol yd@flmsafqm@arﬁr@dumqseraomﬂ%rtt@ lxsiaenit opolojatiide of desi red
mol ar mass which is conpatible with. the usual uses by addition to .a
pol yani de ﬁﬁﬁﬂlﬂﬁlﬁqqﬁf#QQﬁNhﬁnQHQKﬁFQQWMNQ?RNﬁﬂE§ﬁ§eWﬁﬁd~#Enufacturlng

pol yam u5| ex t.hyl enedi am ne adl pate sal.t. 20 The continuous
and usu pq: fﬁ? %ﬁ%r}lﬁ eﬁ'g ddadr iHhsd estdmadeshpl e in

t he book " PoI ri zatl QN process Schi | dknecht edition (WI ey
| nt er sci ence Syrzgef’ﬁ pﬁn 4129481% 3:672’O 12 - _

A fractlon of the flow leav1ng the reactor
405 is removed via- the plpe 411 A contlnuous near
lnfrared measurement p01nt located ln thlS pipe 411
lO makes it p0551ble to monltor the st01chlometry and the
.chemlcal progress of the product If need be, it
aSSLgns a new nomlnal value to the'near‘infrared
measurement pornt 408 located on the plpe 407
l The prepolymer 453 thus produced is converted.
15l into polyamlde of de51red molar mass . whlch is
;compatlble w1th‘the usual-usesnby addltlon to a
polyamlde manufacturlng flow obtained from a process
for manufacturlng polyamlde 6 6 usrng
l.hexamethylenedlamlne adlpate salt.
20 ﬂ:‘ I The_contlnuous-andAusual prooesses for
:manufacturing PA 6,6-descrihed,'for'example, in the-
~ book “Polymerization processés", Schildknecht edition: N
"_(WileyzlhtersCience,'1977), pPp.- 424'to”46? (chapter 12;—'-'
‘“Preparatlon of 6,6- Nylon and related polyamldes” by
_:25 ;Donald B. Jacobs and Joseph Zlmmerman) comprlse in the
-polymer finishing step, a flasher, a- Vapour/prepolymer

separator and a flnlsher The flow of prepolymer

DThe reactor. ..



"Preparatlon of 6,6-Nylon and rel ated pol yani‘des™ by ..25 Donald B. “Jacobs
and Joseph Zi mrer man) conprise in the pol ymer flnlshlng step, a flasher, a
vapour/ prepol yner separator. and a finisher. The f|OMIOf r epol

obt ai ned by the process of the invention i's added to. Eéﬁlonal fl ow
of polyanlde upstreamof the flasher. An alternative nay also consist in
passing 5 the reaction mixture through a flasher, a finisher classified as
bei ng of low viscosity, fromwhich the prepolyner | eaves with a viscosity

i ndex, measured in dilute formc acid in accordance with the conditions

and r ecomepdatineas bef thinpevrational tabandeedtl0nl $6 3844973 in the
region of 60 nm/g, so as to be able to be granulated. A drying operation_
acconpanyi ngea coposhtdondéngaviwonfi poigkinddkoupst heamnakeshet possible -to
achieve the required |l evel of viscosity for the polyner. . 15 The nethod of
nmeasur enenttlephegect rometric analysis in the near infrared spectral region
is performed in a manner which is entirely simlar to the description in
Exanpl e 1. This on-| PRea2htasnrEavARt MRY - é&ﬁpl@Qnémﬁta@napﬁsﬁhégrelevant
points of the plant .and- 20 nore particularly at points 408 and 409 :
represeﬁte&hﬁnrﬁﬁgﬁ#§n3m1¥ﬁér§tﬁhfgﬁﬁhoﬁeﬁéﬁﬁbﬁ§raﬁdfﬁﬁé59?5n5|ent states

of the prodycts nd process par ters, before ohtaini 9 er manent -
regi me desEﬁPﬁé& a66vesaP&R3w Th °§t§F§08615§es RP?an & Eh oncentr.ation

of 62% 1t is are om'a.source.of water ic acid 552 and
nexamet hyl BRERDLANGE. 5827 Srn i i8 exdipres Vuéflas#edfﬂe?ﬁsraﬁtamed |

dilute formic acid in accordance with the;conditions
_andrrecommendations3ofxinternational standard-
10° IS0 307-1977 in the region of 60 ml/g; so as to be able
-”to be granulated A drylng operatlon accompanylng a |
rpost condensatlon in SOlld form then makes it p0551ble
to achleve the requlred level of v1sc051ty for the
*polymer, |
15 .."ﬁ_ - -The'method of measnrement by speCtrometrio'h
| anaiysas in the near 1nfrared spectral reglon 1s
performed in a- manner whlch ‘is entlrely srmllar to the
_descrlptlon in Example 1‘JThis on—llne measurement 15.
'carrled out at all the- relevant p01nts of ‘the plant and
.20 more. partlcularly at p01nts 408 and 409 represented in
AFlgure 3. . - | |
The - start up operatlons and the tran31ent o
states of the products and process parameters before

',obtalnlng the permanent reglme descrlbed above are now

25_'descr1bed



5 description of which i's given in reference to Figure 4 which . represents
a synoptic diagram-of one part of the process of the-invention, the
solution of N salt at a concentration of 6296is-nanufgf%u@§g ﬁmﬁthe

wor kshop 521. This workshop, is fed. continuously via. st Two 10
buffer tanks of the type 515 and 516 which enpty alternately by respiration -
between a maxi num |l evel and a nininumglevel. These nitrogen-inertized
tanks are equi pped with a node of stirring by external recycling to
honogeni ze the content -and to nonitor t he pH and the .15 concentration
t herein before feedimpei Btarthep petycrngensast o @@h&enﬁi@teoﬂ filling of
the plants After the usual water tests preceding the start-up of the -
pol ycondensdt bdfh.plants phepwatdr ffemda28ctsceepfavedemi 3542 feed of a 62%
N salt solution introduced at 109C, into one of. the two stirred reactors
513 and 5ladThéseatid PbAcandshexamethypprddiamtiheaSikeycling | oop

consi sting of a punp, a heat exchan and a-near infrared neasurenent

poi nt. 25 Coupl ed- toIEhéhﬁuﬁﬁempiankglgisrah@d516hetﬁe?abbeﬁate alternately
so as to continuously feed the stirred reactor 505 via its recycling.loop
504. 2 8 NﬁFﬁQGBBt€9%t%fZWhe§PabF|%hﬁ%ﬁt16fr?ﬁ%r%%%?aﬁ?nﬁlgeﬁ$nﬁ in the -
reactors 513 d 514 under the conditi er nenent ime After
tabi |1 31 Bt RE FRYEPESRRR| RGSYREPCSC pbRBaFAGoC 8BS RRES MoR (aF

tenpetaturg%oégsghgf the 1nventlon, the solutlon of N salt at a

.concentratlonrof 62% 1srmanufactured‘in the'ﬁorkahop
521, This.workehop‘is fed continuously;Via;at‘leaet two
]ld'_buffer'tanks of the tYpe'SlS and 516 nhich emth
‘_alternately by resplratlon between a maximum level and
ha minimum. level These nltrogen 1nertlzed tanks are.
: equrpped with a mode of stlrrlng by external recycllng
to homogenlze the content and to monitoxr the pH and the :
,_15 concentrat;on therelp before feedlng 1nto”the‘_

: polycondensation'unit-

-“Statell filllng of the plants
| ‘ After the usual water tests precedlng the
-'start up of the polycondensatlon plant the water feed
20 -1is replaced w1th a feed of a, 62° N salt solutlon
| '1ntroduced_at-109 c, 1nto one of the two stlrred
reactors-513dandh5147 These two reactors are-equ1pped
" with a recycllng loop consrstlng of a. pump,'a heat
exchanger and a near 1nfrared measurement p01nt
25 Coupled to the buffer tanks. 515 and 516 they operate
-aalternately eo as to_contlnuously feed the-stlrred.

reactor 505‘Viaritejrecycling loop 504.



reactors 513, 514 and 505 areée 'set ‘at '180C. The correspondi ng autogénous
pressure is then adjusted to 6 bar absolute. The concentz 3tm ?_the. N
salt leaving the 10 reactor 505 is 90% State 3: establf sh t of the
operating regine.in the. reactor 505 under the conditions of the pernmanent
regime (feeding with N salt solution). Once the noninal tenperature of 180C
has 15 been reached in the reactor 5@%, this tenperature is adjusted to
260C therein and the |levels are adjusted so as to obtain an estinated
residence tinme of about. 40 m nutes. The. autogenous pressure.is then ,

adj ust ed t GtEEda:. éﬁmabﬂﬂﬁﬁmaﬂweﬁageenopatamaa@-ﬁ%@im@ednomha dry 20
extract is about 3 800 g/nol. This flow continuously feeds the downstream
of the pol ycerndensatiildh apcbdddls unolegi sthiengootiia ioasbiofatthen i n series of a
flasher, a. vapour/prepolymer separator and a finisher. The polynmer -

obt ai ned ateanyenEnt glegimeut | et has a viscosity index, 25 measured in
dilute formc acid in accordance with the conditions and recommendat i ons of
i nternational standaPdtPSOSEePiidgindothesdetply. duThagpithguct | eaving the

cascade of stirred reactors is the prepolyner which gives, after
i ncr easithg PAFOTESSY §68ry ﬁgﬁ RPFHnéa t?@B%FF?“Fﬁée%n th&t is suitable for

f th A her d he.finisher -
out ef, | of SPLGE *oPantl SLTof For uab by cFofel tEHGL THPE Siep may
adva”tageo%%%%egﬁoﬂaﬁggtg %"go%%? Eh% BoLn %EO%R He?ggﬁ%tg% Loe

st oi chi onetry near glven in 10
Exanple 2. ¢ bar absolute.

pThe concentfatien”of:the'N.salt leavingfthe
10 reactor 505 is 90%. :

State 3: establlshment of the operatlng reglme 1n the.

" reactor 505 under the CODdlthﬂS of the permanent

'reglme (feeding w1th N salt solutlon)

~ Once the nomlnal temperature of 180 C has
15 been reached in the reactor 505 thlS temperature is
adjusted to 260°C thereln and the levels are adjusted
so as to obtaln an estlmated resrdence time of about
40 mlnutes The autogenous pressure 1s then adjusted to*
15 bar The number average molar mass measured on a dry ‘
.l20 extract 15 about 3. 800 g/mol ThlS flow contlnuously
feeds the downstream of the polycondensatlon process
| consrstrng of a comblnatlon 1n serles of a flasher, a.
' vapour/prepolymer separator and_ a flnlsher The polymer -
obtalned at the flnlsher outlet has a v180051ty 1ndex,
:,é5' measured in dllute formlc ac1d 1n accordance w1th the '
hCODdlthnS and recommendatlons of 1nternatlonal L

- standard ISO 307 1984 of 130 ml/g.



State 4: final state correspondi ng-to the pernmanent ~regine (feeding with -
nmononer el ts) Wen all of the near infrared neasurenent points have been
cal i brated, and the spectroneter has 15 thus been cali by af AR E[mlja preci se
and reliable manner to allow the process i ‘permanent regine to be.
conducted, the feed of 62% N salt into the reactor of type 513 or 514 i's
repl aced.-with a continuous feed of the mxt ure Mb as described previ ousl, y
into the mxing 20 zone 503. The residence tine. is adjusted to about 20.
m nutes. The adjustnent of the stoichionetry fromthe on-Iline measurenents
by near infrared is agld vai®eilict Neawveioupiirg Refoseen dihetadjrest ment of "t he
stoichioretry of 25 the flow |l eaving the reactor 505 and its | evel

adj ust nent  rEkEO R zmostmeblgeretpmladgexstwﬂm fdioms,ateefsethi s start-up node of
the direct amidation process. using an-agqueous nmononer sol ution nmakes it
"possi bl e t cirectdasind e persmnentpalagiare wdedcrE beg@tsityhensteart of this
Exanpl e 3 by all owi ng the calibration-of the points for measuring the

st oi chi onet‘trfyﬂtbylsneﬁa#ltahifera‘?ce‘ﬁﬂmﬁi: B e woziveg,sdian the calibration .
phase, the ri sks of production of non-specification polyner. For the

meas ur-enent&PRhL G Shf reartdip T ?de‘@qt&irbttr%/ thed fime sy lﬂuétheém t he

primary and 10 secondary branch |ce d crlbe in Exanple 2 is used.
This calibrti &d?dﬁi']@ eﬂ?& ™$%- any of the
measur enent - poi nts 5Q % 517 5v8a 519 or 52 rrentgﬁp ned in Figure 4 -
for the on-1ine noni torihg P e &% 5P the 15 water

cont ent, 'r<,r‘-jearfoeéE-ﬂteevg;h;z_-;‘1 é)toq%tdse%ere s% %9{ esa of dhigsRYseogdggsation.

from the mOROMErS
' near infrared as a descrlptlon thereof 1s given in

10 'Example 2.

State 4. flnal state correspondlng to the permanent

reglme (feeding w1th monomer melts)

- When all of the nearrlnfrared measUrement
, p01nts have been callbrated and the spectrometer has
B 151 thus been calrbrated 1n a prec1se and rellable manner
.to ‘allow the process in permanent reglme to be |
Jconducted the feed of-62° N salt 1nto the reactor ef
7 type 513 or 514 15 replaced w1th a contlnuous feed of
the mlxture M5 as descrlbed prev1ously 1nto -the mlx1ng
' 20"zone 503. The reeldence tlme_le,adjusted to about
| VZO.minutes. | “ | _7 |
The adjuetmentiof-theAetoiehiemetryrfrem,ther1
~on-line meaeurements by'near'infrared is'activated'.the.
coupllng between the ad]ustment of the stomchlometry of
: 25‘ the flow leav1ng the reactor 505 and 1ts level
a .adjustment makes 1t,pess;ble to_adjust the flow rates. -

_of the two feed flows 501 and 502.



N salt up.to the prepol yrmer [eaving the final reactor and, further"
downstream, to the polynmer |eaving the finisher. 2 3 MAR 20055 WO

02/ 28942 52 PCT/FRO1/ 03045 CLAIMS 1. Process for the 90 Q%QﬂQME
manuf act ure of pol yam de, starting wi th di carboxylic aCi am nes
conprising, in a pernmanent- regine, the follow ng steps: continuous mn Xxing
of two flows of polyam de precursorsslone.flow.rich in acid end groups,

and one flowrich in amne end groups, - condensation using the m xture-of
the two flows, the mixing and condensation being cairied out in the same
plant or in di ffer entrhilsantts rt—upeader yfofha idiowcaf apriddeébnobt ai ned from
the at | east one of the flowrates of the flows of precursor being coupled E
to the resgroaEss hrsmgalaymazuem‘ust Ime noawrtre mtod Ui cac méh kaisd iami ne end gr oups
in the nmxture, the condensation nediumor the recovered flow, so as to
keep these Mﬁléﬁ-tes tan@/cdri aviteither @eroapenie aegimgo deswirasiedvakues, .

characterized in that the starting phase conprises the follow ng steps: -
Step i s cordénddErdn Bpdhdts @ﬁ(aﬂﬁg@dﬁné’ﬂ ad lewAdenddei ealpbaatiant h an

aqueous solutl n conprising dicarbagxyl ate
d 5 %e po?%ts f % measurlng the st01chlometry by near

' 1nfrared and by mlnlmlzlng, in the callbratlon phase,
themrlsks;of productlon of nonﬁspec;f;catlon polymer.__"
.For the measurements—by'near,infrared |
'Spectrometry-and the calibration, the prlmary and.
10 secondary branch dev1ce descrlbed in Example 2. 1is usedv
"This callbratlon procedure may be. used |
;]udlClOUSly at any of the measurement p01nts 508 509f
‘ 517; 518, 519 or 520 mentloned in Flgure 4 for the
'on—line monltorlng-of—the-st01chlometry, or even of the,
h 15‘ wateticontent 1rrespectlve of the degree of progress B
1of the polycondensatlon, from the monomers ‘and- the
:n,N salt ‘up to the prepolymer leav1ng the final reactor
: andf further;downstreamh to_the polymerrleaVLng theg

finisher.



~ions and di ammoni'umions, in pr oport| ons’ such “that thei r"”rf‘t‘i‘l""a'r‘“r'at'i ois T
_'between 0.99 and 1.01 and preferably between 0.995 and 005 5@@ MAR 2005
est abl i shnent .of the operating regime in the condensati %) de
terrperature and pressure condi tions such that there is |ncI uded in the
‘aqueous sol.ution, ions and the di amoni umions initially condensation :
starting thW@tGiB/Z:EM boxyl ate Step 2:5gecovery of aP@TbER@I/@MS L
condensati on " product Step 3: suppl ying a flow of - precursors and actl vatl ng
the anal'ysis and the coupli ng. 2. Process according to claimi1,
-characterized inn that the flow of recokeMed product is fed |nto flashl ng
-and/or finishing plants so as to obtain a polyanide with a desired degree
of - ‘pol ymeri zation. 3.1.Produzssesscdodi rdpet cosittinaoust mehaifastireand 2,
characterized. -in that the condensation using the aqueous solution is
perforned atofa Rehjperigar StaFsiag 1808, dacas Sdgr @capsvans par, the
product recovered having a degree of polycondensation of greater than 10,
preferably &Hagtdsser qwl?(}ngan&rﬁ R PRETefret tréﬁﬂ@feat @?‘@ and pressure
are identical to the erature and pressure in the pernmanent -regine. 4.
Process acc Jtr’cgec'i 61% of claims 1 and 2, characterized in that the -
anal ysis is _perfor docess accor di ng to

Near_ | nfraRed pectr
clalm23|VAR g%WOﬂ

tlnuo£§/m1x1ng o OWS pona
precursors, one flow rlch in acid end groups, and
one flow rich in amine end groups,' |
-  condensation using the mixture of the tworflowé,
the mixing and condensation being carried out in the
same plant or in dlfferent plants, |
- recovery of a flow of product obtained from the
condensation operation,
at least one of the flbw rates of the flows of
precursor being éoﬁpled to the'result of the analysis
of the contents of acid and.amine_eﬁd groups in the.
"mixture, the condensation medium or the recovered flow,
5;} . so as to keep these contents and/or their ratio between
two nomihal-values,'
characterized in that the startihg phase comprises the
following steps:
- Steg 1:
| - feeding the condensétion.planf with an
aquéous solution comprising dica?boxylate
ions and diammonium ions, in proporfions sﬁch
that their molar ratio is bétween 0.99 ahd_

1.01 and preferably between 0.995 and 1.005,



_characterized ifi that “at Teast some of the flow of the condensation

_product fromthe solution is recovered-and used.to calibrate the Near

InfraRed spectrometer in the desired range of contentagpg end roups
t

~and/or of ratios of contents, the feeding with two flo ysis and
- .the. coupllng operation., 6. characterized the method of recovered for
- being activated after. thls Process accosdi.ng to claim4,, in that the

calibration is carriied out 'by -dosed additions into the part of ‘the frowf
“this purpose. 7. Process. according-to one-of the - preceding clains,
characterized in that theaBilashfdengoB@nehs apereboagnrégomethe thet

conprising adipic . acid, glutaric acid, suberic acid, sebacic acid, .
~dodecanedi oi ¢ ‘aci d, |saphﬁhabatlanlplahErepﬁehatemperdtuaeeéadc acid and o
-plnellc acid. 8. Process-.according to one preceding clains, characterlzed<
in that of the t he di apiraesnoaonendisiensheseh fham thereiss Conpr|S|ng
hexamet hyl enedi ami ne, ~hept anet hyl enediani ne, ‘octanet hyl enedi ani ne, '
nonanet hyl enedi am ne, condensation starting w1th the dlcarboxylate
o | ions and the diammonium 1ons_1n1t1ally | |
7 includea in theeaqueous solution,. |
- Step 2: recovery of a.flow-ef the condensatien.
'product _
- Step 3: supplying a flow of'precursers and aetivating
| the analysis and the coupling. o
2. Pfoéess accordiné to claim 1,
characterized in that the flow of.recovered prOducteis
fed into flashing and/or finishing_plantsrso as to
- obtain a polyamide with a'desired_degree'of
polymerization.
3. Process according to either of claims 1
end 2, characterized in that the condensation using the
ﬁw) - agqueous 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
tempefature and pfessure are identical to the
temperature and preesure in the permanent regime.
4.' Process according to eifher of claims 1
'ahd_2, characterized in that the enalysis is performed

by Near InfraRed spectrometry;



decat'het hyl enedi am ne, * 5- net hyl pent-anet hy-.1 enedi-amne;- e
undecanet hyl enedi am ne, dodecanet hyl enedi am ne-and xnyIenedla % 2 3 MAR
20115 Process according to one of the preceding clmlnszdhéﬂﬁbgm}lzed in-
that the diacid nonomer conprises at |east 80 noi % of adi-pic acid. 10.
Process according to one of the preceding clains,, characteri zed in that
the difam ne. rmononer conprises. at |eagat 80 nol % of hexaret hyl ene '
di ami ne. precedlng 11. Process. according to one-of the clains, _
characterized in that: the flow whi-ch is: rich in- acid end groups i-s a

m xture M2 of diacidsand ofrddieds RREWAdI R td @qe&hﬁmqm ne nol ar ratio of |
bet ween 1.005 and preferably between 1:01 and 1.2 the flow which is rich in -

am ne end gitoupstvitagde M3 tofatdisacilkand seinedicdnithe @ilow af ang 1.2

di acid/ di amine nolar ratio of between 0.8 and 0.995 and preferably between
0.8 and 0. @®rides stawd ol puwdarce: ffewni rtheelstolidimn diso racstviereed and

pol ymeri zation reactor in which the condensation is carried out the
condensat | ovsest dducta Liibratsr dhe Wear flaf vakesl Spashinegeded/ 6n thei shi ng

st eps to obtai-n desired degree of polynerization. .12. Process accordlng to-
claim 11, cefldeceripred if RRCSHS o Ichwsoape enféé@r of

ratios of contents, the feedlng w1th two flows, the
'.analy51s and thefcoupllng belng;actlvated after thls
operation. - - o | |
| 6. Process sccording‘to claimfe; *
'lchsracterized in;thst the calibration'is carriec out hy_
- the method of dosed addltlons 1nto the part of the flow
hrecovered for thlS purpose |
7. Process accordlng to one of the
- precedlno clalms,_characterlzed 1n that the dlac1d 1
t‘fmonomers are chosen from the llst comprlslng adlplc
'”,acld, glutarlc,acld suber1c-ac1d sebac1c ac1d
dodecanedioic-acid lsophthallc a01d terephthallc
'acid azelalc a01d and plmellc a01d
78.f rProcess accordlng to one.of the-fi
- precedlng clalms, characterlzed 1n that the dlamlne
'monomers are chosen from the llst compr1s1ng
"'ehexamethylenedlamlne, heptamethylenedlamlne,_h'
:foctamethylenedlamlne, nonamethylenedlamlne,
i_decamethylenedlamlne, 5- methylpentamethylenedlamlne,

"undecamethylenedlamlne, dodecamethylenedlamlne and

xylylenedlamlne;



t he together "before feeding into the: condensation plant. 13. and 12,
characterized in that the polynerization reactor operates under an
autogenous pressure or.-an 14. Process according to one203 Mﬁkuﬂﬁﬁ 11 to 13,
characterized in that the precursors M and M3 are obtained, in a ‘
permanent regine, by mxing a solution adjusted pressure. of diam ne
monomer With a mixture M which is riclgsin diacid nononmer. 15. Process
characterized 2 3 MAR 2005 Processaccording to either of clalns 11.i'n that
at | east one of the flow rates of the flows for introduci ng -di ami ne nononer

solution and mxtureg M widgdedss d‘d(-ﬁj}dl@lgdltaplcﬁléw@lre is coupled to the
result of the continuous analysis of the acid and, amne functions in the -

precursor s gkl . c lfindr etessacedréiddd amene tofe eiaicm 11 to 15,
characterized in that the precursors are prepared in a pernanent regi me by
m xi ng a flmewmfer hewnEtded ertedicasnd Wwintdl sar fadidiipd caeicdd. '
hexanet hyl enedi am ne eutectic m-xture. 17. Process according t.o cIa|n115 or

16, characterlzed||i&fnuPrQG&§qnaﬂnmndmng drce cpreeuelr éedheby a pr.ocess
conprising the follow ng steps: - f eedi ng each of the precursor preparation

plants wi mwwmwruﬁwmngdngrmtmtbdm ddgmine -

- monomer comprlses at least 80 mol% of hexamethylene—'
dlamlne, | |
"11. Process accordlng to one of the.
precedlng claims, characterlzed in that: |
- the flow whlch 1s rlch in acid end groups is a,”
mlxture M2 of dlac1d and of dlamlne w1th a
-dlaC1d/d1am1ne molar ratlo of between l 005 and 1. 2
and preferably between l Ol and 1.2
L the flow whlch is rlch in amlne end gronps 1s a o
. mlxture M3 of. dlac1d and of dlamlne w1th a;'
| dlaCld/dlamlne molar ratlo of between O 8 and 0. 995
fland preferably between 0.8 and 0.99 o
'.f : the-tw0jflows;are1fed:;n.melt*form‘lnto?aletlrredfj
_polymerization reactor'in.wnicn the oondenéation'ls
carried ont kS | | A
- ‘the condensatlon product 15 a prepolymer fed 1nto.'fb
.lflashlng and/or flnlshlng steps to obtaln the.
.de51red degree of polymerlzatlon.
7 12, Process accordlng to- clalm ll
lcharacterlzed in that the- two flows are mlxed togetheri

-before feedlng 1nto the condensatlon plant.,



i ons and di ammoni umions in Proportions 'such that. tHeir wolar ratiois
between 0.99 and 1.01 and preferably between 0.995 and 21 30MAR &88%b1 i shing
the operating reginme in the precursor preparatlon plants under the
tenperature and pressure conditions of the permanent reginme in each of the
precursor preparation plants, feeding.a.flow of mxture M. which: |s“r|ch
in diacid nonorer, a flow of hexanet hyléenedi am ne, . activation of the
coupling of at | east one- - of the flows, feeding t he. product obtained into
the mixing or condensation plant. 18. Process according to one of clains
15 to 17, characteri zE#l. i Ptdwdsd hecatdioly ctonedthier M £ |cSLa1mr§|c1ar ed by

m xing a flow of adipic acid nmelt or solid,. . and a fl ow of :
hexanethylensﬁlbﬁmrmharﬁqnﬂmaiaﬂrmnnthat ﬁh&aﬁqﬂymeﬁlzammmmentrated aqueous‘
solution, with coupling of at |east one of the flows to the result the
anal ysi s ofrede @omrsitatods dandeami aaﬁtmageg;}'rcmq)mrcﬁssu@ mxxtamwe ML1 the
process conpr|5|ng the following the plant for preparing.the eutectic wth
an aqueous &BIUATH REFHIIEE ng - dlcarboxylate i ons and di.amoni um

proportions such that &helr nmolar 0.99 and ions, .in ratio is _between 1 01-
and preferably betmeéh %ﬁﬁf accordlng to one of claims 11- to

13, characterlzed in. that the precursors M2 and M3 are
'obtalned. in a permanent reglme, by mixing. a solutlon
‘of diamine monomer w1th a mlxture M1 whlch is rlch in
diacid monomer | |
s157 Process accordlng to clalm 14
characterlzed in that at least one of the flow rates of
”the flows for 1ntroduc1ng dlamlne monomer solutlon and
.mlxture M1 Whlch'ls rloh 1n‘d1ao1d monomer_ls_coupled--
to the result of the continuoﬁs analysis of the acidr:j
and‘amine functions in.the'preCursors_M2 and M3. S
- le. 'Processracoordino'to oné of .Glaimbs 11 to
15, charaoterized_in tﬁat:the precursors_are preparedj
in a permanent regimepby mixingla.flow of
'hexamethylenediaminetwith anladipic‘aoid/i
- hexametnylenediamine eutecticpmixtnre
| 17.° Process accordlng to clalm 15 or 16,
eicharacterlzedrln that the precursors are prepared by a
process comprlslng the followrng steps
m-ér_ feedlng each of the precursor preparatlon plants
wrth an agqueous solutlon comprlslng dlcarboxylate

" lons and dlammon;um_lons in proportlons_such that



1.00572 3. MAR 2. 005 est ablishing the operating reginme under the

tenperature and pressure conditions of fhe the flow which is rich’in amne
end 20. Process according to claim 18, pernanent regi me feedi fl ow of
adipic acid, a flow of hexanet hyl enedi anine, activation 8 Hﬁﬁqﬁggplihg of
at |least one of the flows, feeding the product obtained into the precursor_
preparation plants. 19. Process accordEUg to one of clains 1 to 10,
characterized in that: - the fl ow which is rlch in aci-d end groups is a

di carboxylic acid-in nelt form: characterized in that the diacid is- adeIC

acid di am ne l&hemexamblﬂykeaedl 281 Between 0. 99 and 1.01 and
preferably between.0.995-and‘l.005
- :establishing the'operating‘regime'in_the-precursor
prebaration plants under the temperatureland'r-
_pressure condltlons of the permanent reglme
 ~  in each of the precursor preparatlon plants,
-feedlng a frow of mixture Ml whlch 1s‘rlcn,1n
-‘diacid:monomer; a flow of hezamethylenediamine,
e activation of thefcouplingtof-atyleast'one;ot'thef
flows, feeding the,produet obtaineo'intohthe miking
‘or condensation‘plant.- | -
_18;_ Process . accordlng to one of clalms 15 to
17, oharacterlzed in that the eutectlc mlxture Ml is
.prepared by m1x1ng a flow of adlplc a01d melt or solld->”
'.and a flow of hexamethylenedlamlne in pure form or in
" the form of a concentrated aqueous solutlon,'w1th
‘.coupl;ng of at least one of.the flows‘to_the result of
.tne_anaIYSis of the-eontentrof.acid-and'amine oroupsain
-the mixture'Mlaqtne_nroeess,eomprising_the following-
steps: | | |
. i feedlng the plant: for preparlng the eutectlc
mlxture with an aqueous solutlon comprlslng :
idlcarboxylate-lons_and;dlammonrum 1ons, in
proportions Such that-their molar ratio~is betneens 
O 99 and 1.01 and preferably between O 995 and

1 005



.10,

2 3 MAR 2005
58
establishing the operating-regime.under the

temperaturefand pressure cohditions of the

. ‘permanent regime
r‘feeding,a'flow of‘adipic'acid, a flow;of
chexamethylenediémihe,ractivation of the’coﬁplihg_of‘

at least one of the flows, feedlng the product

obtalned 1nto the precursor preparatlon plants
19. Process according to one of;clalms_l to

characteriied in;that-

—the flow whlch is rlch in acld end groups is a

dlcarboxyllc ac1d in melt form,'

the flow whlchils‘rlch in amlne_end groupS'is a

diamine in pure form or.in the form.of a

‘concentrated aqerus solution.

”20._ Process accordlng to clalm 18

'characterlzed in that ‘the dlac1d 1s adlplc ac1d and the

',1d1amlne is. hexamethylenedlamlne





