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. (54) Title: METHOD FOR MAKING POLYAMIDES

{54) Titre : PROCEDE DE FABRICATION DE POLYAMIDES

< (57) Abstract: The invention concerns a continuous method for making polyamides. The polyamides are of the type derived from

diacids and diamines. The method comprises a process which consists in continnonsly mixing a compound rich in amine terminal
“f groups and a compound rich in acid terminal groups and a step which consists in the polycondensation of said mixture. The invention
&\ aiso concemns the starting phase of said method, during which an aqueous solution is used comprising a mixture of monomers in
o substantially stoichiometric proportions.
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{57) Abrégé : 1'invention concerne un procédé continu de fabrication de polyamides. Les polyamides sont du type de ceux obtenus
a partir de diacides et de diamines. Le procédé comprend nne opération de mélange en continu d'an composé riche en groupements
terminaux amines et d’un composé riche en groupements terminaux acides et une opération de polycondensation 4 partir du mélange.
Liinvention se rapporte 4 la phase de démarrage d'un tel procédé, au cours de laguelle est utilisée une solution aquense comprenant
un mélange de monomeéres en proportions sensiblement stoechiométriques.
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recher ghe _i nternational e (ofo i _concerne | es codes a deux lettres et
autres%bb?§$igf'?FSngypgegBEFéPga hagm fppeddexpnricdippésepel Bheves aux

codes ‘et .abreviations"figurant an _debut de chaque nunero ordinaire de I|a
Gazette dﬁﬁg&§¥&?é7?eisg ra%??eTﬁgrEﬁQ%L?Fgﬁ EBNERENETATESRE| nuous net hod
for makin yam p ] of the type.derived fromdiacids
and diani%gggéTﬁg1ﬂg§ﬁggggﬁn%%?S@éggf%gggﬁéggmﬁ?%ﬁgﬁbﬂg?sts in continuously

m Xi-ng a conpound rpgh, LR 8PE NEr-& €58 g - and. mpound rich in
acid term nal groups a%d 3 steprmﬁég%ﬁ@%%%ié??giﬁgghﬁﬁ%%$€gﬁ% ensation of

sai d nixtang.c&h@efaygntiﬁ%bﬁébtﬁiﬁﬁbfﬁﬁﬁfﬁé@iégﬁb AlisLg phase of said
met hod, during which an aqueous solution is used conpri-sing a m xture of
mononkBs ointadhedibst eindi aby yredof Tor Qmtwd&n PRAPQIL# ADSen :
h monomers or'by polycondensation of a singlé monomer.
The invention appliés to polyamides obtainéd-fﬁom two
.sdiffergnt monom'ers_r the most iﬁpottant'pOIYamiderofr
which is.poly(héxaméthylene'adipgﬁide); Obviously;
15l-these polyamides may be obtaﬁnéd from a mixtﬁre df-
,diacids andldiaminéé; Thus, in the.Caée_of
pply(hgxamethyiéne.adipamide), the main monomers are .
:ﬂheﬁamethylénediamihe and adipic acid. However, tﬁesé
moncmerSTméyfcomprisé up”tp 25'mol%_6f other diémiﬁé{ofA” '
20 _diacid"monome:s or even amino acid,br iactam_mohome£siﬁ
| This-cétegéry'of polyamides deriyed‘from two -
different monomers is générélly manufaétﬁfed'usiné,las
startihg'ﬁate;ial} an amino acid salt obtainéd.by
mixing a.diacid with a.diamine in stoiéhiometric'aﬁount
25 and in a SOlvent‘suchfaé wéter. |
"Thﬁé, ih.the ménufaétﬁre er

“poly(hexamethylene adipamide), adipic acid is mixed .



(57) Abrtgt : L'invention concenme on procede continu de fabrication de

pol yam des. Les pol yani des sent du type de ceux obtenus a partir

di aci des et de diam nes. Le procede conprend une operatign gg én? ge en
continu d" un conpose riche en groupenents O terninaux.agla AR+20

conpose riche en groupenents terninaunia0|des et one operation de :

pol ycondensation a partir du nel ange invention se rapporte a In phase de
demarrage d' un tel procede, au corns de |laquelle est utilisee one solution

aqueuse conpr.enant. o | ange _.de _nononer s en or.ti gns sensi bl enent

st oechi onet d%hzgﬂﬁf§ﬂw&a Ro"G2/ 289 FEﬁ%%FG@O&S Met hod For Maki ng
Pol yam des 4 100 4 €l n 0 ess for
nanufacturlﬁ%ﬁg&{%igg%ggﬂ%$ﬁ5 d ga%% %géﬁe%%f%Fﬁg #%mmgﬁg&alned from

di aci ds a”@ﬁﬁhﬁﬁkﬂ?%}IIEPsalQV%Qt“%”sr gl.at es nore partlcularly to the
starting phase of cesses for manufacturing polyam des. Polyam des are

pol yners of maj or |ndgﬁ;@k@htl@&doqomn%%qhah§ RfRNHea1]1 her mopl asti c
pol yam des are 10 obtained either by reaction between two different -

nononer orcdawd@ﬁjmaﬂms@ma@@reh lofgl e eoRFRY.. The invention applies
to pol yam des obtai ned fromtwo ferent nononers, the nost inportant

pol yam de of WthhIThqmydﬁ@h@X&ﬁEhhyb@ﬁelaﬁwpaﬂﬂdﬁ%tlﬁbVBOUﬁ|¢ 15 these’
pol yani des may be obtained froma mxture of .diacids and diam nes. Thus,

in the caseodmtapmiyﬁhé@dm@th@ﬂenetaﬁng&nt@mperem@rmanndnpmeﬁsuseare
hexanet hyl enedi am ne and adi pi ¢ acid. However, these mononers. nay conprise
up to 25 nilovesfapsidede difdnithe oatezo #hadied avoridwesemer tamen ani no acid or.
| act am nononers. This category of polyam des derived from two di fferent
nonomer.s |§V§€ﬁ€P§IP?YW§ﬁ&ﬂé5ﬂﬁﬁe8fu§Pﬁ@d @§a§ﬁaﬁﬂ @qoﬁgtéhﬁal an amino

acid salt obtained
% A%Xture se%tlng to a solid.

This operation conSnmes a 1arge amount of
”energy,_and also.does not maketit oossible to control
'the stoichiometry.entireiyISince the amine nay be
evaporated or entrained nith the Water. Such an
15 entrainment or evaporation requi;es cont;ol.of the
prooess to re-establish the stoichiometrf;_and méytbe
sn-inconvenience Since the diamine entrained_may
rcontaminate‘the efflnents_discerded from the_production'
p;ant. . |
20 L In addition, the need to heat to a hlgh
‘temperature under a hlgh pressure may cause the '
_ formatlon of degradatlon compounds whlch adversely
,affect the performance qualltles of the manufactured
polyam1de,\espec1ally as regards the mechanlcal
; 25 ,Characteristios and its colonr.: | |
| | To avoid the nse of large.amounts of nster{'

'oertain processes for preparing a-polyamide without



mxing a diacid with-a diam ne in stoichionetric anount 25 and in a sol vent
such as water. Thus, in the manufacture of pol y(hexanet hyl ene adi pam de),
adipic acid is nlxed 2 3 MAR 2005 wi th hexanet hyl enedi am Mﬁmgr to
obtain a hexanethyl enedi am ne. adi pate, which is nore co nN@R wn as
Nyl on 'salt or "N salt”. Thé solution of N salt is optionally concentrated
by evaporating off the water. The pol yanide is obt ai ned by heating such a
solution of Nylon salt at high tenperature'and pressUre to evaporate off
the water,  while at the sanme tine av0|d|n% formati on of solid phase

t oavoi d t h¥ates ﬁPﬁtWﬁ§h§§ﬁt?ﬁévﬁ8tahédﬁld OsEPaPreRo86Asunes a | ar ge

anount of ene and es not _nmak i_ble to control 15 the -
st0|ch|one#F$ é%¥|ﬁ§|?a§@n8£ gﬁ&“&ﬁpﬁé @@% 3@3p0”§t§3/595éﬁtralned with
t he water-. cg ag /f 9P5glnnent or evaporatlon requires control of the
process to ap gt QI t'he stoichionetry; and nay be an inconvenience

since the @ gg@ggegnﬁ @lgeﬂn aéalggg%gnlﬁ%b%_ tgk%égﬁg%z glscarded from

t he productlon pl'ant. tion € nee hlgh _
t enper atur ¢ 4ACer n@ gkggs:fornatlon of degradation pressure nay_cause the

- continuous m1x1ng of two flows of polyamlde
precursors, one flow rich in acid end groups,
and one_flow rlch in smlne end groups,

; condensation using the'mixture of the twoiflows,

7110' the'mixingiand ¢ondensation being:carried out in
the samerplant'or,in different.plants,

- recovery'of.a'flow of:product obtained'from the
condensarion,ooeration,

_aﬁ lesst.one of.the.flow rates of the flows of

15 : - precursor being‘coupled to the result-of_therl
:analysis'of the oontents-of'scid andfamine erid
_groups.in'the mixture;,fhe condensation medium or:
the reoovered flcw;-so’as tofﬁeep these contenrs"
and/or their ratio between two‘nominai values.
20 | f' More specificslly,'document WO 99/61511_
| ;rdescribes a prooess in which adipic acid_(AdOHj‘melt is -
‘nixed,with nexamethyienediamine {HMD) in 1iquidlform‘or
as 'a highly COncentrated soiution;_The mixture is |
introduced into a recyoling:reactor,fitted uith hearing i
25 means. The monomer flows are coupled to the analy51s of
'7 the amount of. ac1d end groups and amlne end groups in

- the compound-obtalned. One analysls method descrlbed is



conpounds which adversely affect the performance qualities of the

manuf actured pol yam de, especially as regards the nechanical 25
characteristics and its colour. To avoid. the use of |arge anmobunts of
water, certain processes for preparing a pol yani de without? 3 MARAF(3005
wat er and without solvent have already been proposed. Mention is nmade of
docurments WD 96/ 16107, WO 99/61511 an®l WO 00/ 77075... Processes described in
t hese docunents conprise the followi ng steps: - continuous mxing of two
fl ows of polyam de -precursors, one flowrich in acid end groups, and one
flow rich NFagnilid r@redyriddpe, sPecdidaseay o hfsisig atHaariptasee off the two
flows, - 10 the m xi ng and caondensation being carried out in the same .
pl ant or i ri§ PFREERS pltdRts 15 &Covény e PRGNS RISRFAindbt ai ned from

t he .condensat i-ogF %ger tion, %t | east one of the flow rates of the flows of
15 precur sor &G &&%’F@ &t Re PRESFENSF G99 MeandiSySi%E of the contents

of acid an earg;i rﬁ\%%nd groups in the mxture, the condensati on nmedi um or
the recovered TI6W 'so as to keep these contents and/or their ratio

bet ween gt wo noni nal ‘b%'c\‘,[\ﬁﬁl%ntz%gw%roei"ﬁ’il%e?? %&;&%i‘l)o\ﬁ,e'dld%%%%nt WO 99/ 61511,
adi pi id mel

descri.bes a process in ich i pi C-aci S mxed wth

hexa”?thy|%@%@&ﬁ%@@etﬁﬁwgﬁxﬁﬁglbquk%ofgﬁghgrofa%e%égdyﬂﬂ%r%ggﬁfptrated.'
solution. The mxture is introduced into a recycling reactor fitted with
heat i ng mixtures M2 and M3, each respectively Comprising 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,pr0ceSsesr
Adescfibéd 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



25 nmeans. The nononer flows are coupled to the analysis of the anount of
acid end groups and am ne end groups in the conpound obtai ned. One anal ysis
nmet hod described is 2 3 MAR 2005 Near InfraRed (NI R spﬁoiroscopy The 7
starti.ng phase of the process, thatis to say the operat d08di ng the
establ i shnent of a permanent regine, is not described. Docurrent VO . B
00/ 77075 nenti oned above describes. the mixing of two flows of
desequi l i brated mixtures M2 and M3, each respectively .conprising. nore - and
| ess of diacid than of diamine, in diacid/diamne ratios. of between 1. 005
and 1.2 an®PU@RARET Fo@idRd WEFHD A9oB X itddse AbafaIGE. Whichanal ysis method = -
described is also Near InfraRed (NIR) spectroscopy. The m xtures M2 and M
may be obt GFEELGe L |S\P&C)} thlﬂl’)ﬁ'ndsa@iue?clodf/ (‘Hré?ﬁ%e mxture, with a

conposition in the. f 81:1 and of a am ne: this diam ne
15rrlps i nt rdﬁﬁ)cogd:anrc&’pg%t 190 %é’f‘%/cqq‘& )PEé’ “Telative to the
anmount of- q)l %I g‘elcp ﬁtr%?n %%ﬁ:%?:t an asI\éBl Tr}:%mst aéj% ﬁ&)gpl%%se of the |

Pprocess isn scribed ce qua €cesses

describegd ghavs BSRRHIALlYY, TR dodLs %%%ﬂ/ofry 2911tffﬁb Qpglyam de and

t he production efficiency, ar to their regul at i on y rreterlng the :

product obtajened g aRd 16aURlS RY URR Afilowerafs Hrse%léﬁ%%lta%wﬂ'ﬁueﬁvm toring.
As |long-as. the product recovered does not conply with the speC|f|cat|onsr

the materiahn wsed dont2xtCoFsnderied ras PYNHIROSpe cthichdtasy, a waiieat _
influence on, the viability of the process- The starting phase as far as
t he produchﬁomemsralﬁétl$%@Qh®ﬁﬁgr&gWﬁﬂdﬁﬂcaim%ratlon by '
physrcal, chemical or phy51cochemlcalganalysssrmethods;
10h Regolation using this method,‘which moreover hes*other
adﬁantages, for obtaining a point of functiohing which
is remote from the stértinglpOiht, may prove to be o
long. o o |
The observatlon.cannot be avoided that the
.15 prior art does not contaln any teachlng regardlng the-'~
| startlng procedures for processes for the contlnuous
- manufacture of polyamide using a mixture. of two.flows
i of precursors,“one rich.in diacids and the“other.rich.
in diamines. | |
20h o The object of the preseht'ihvehtion is to
propose a process for ﬁanufacturihg polysmide,'
i comprlslng a starting phase that is partlcularly
.advantageous in many respects It makes 1t p0551ble to
produce talllngs in plants, preventlng phenomena of
25 prec1p1tatlon, crystalllzatlon, degradatlon or unwantedr
;-heterogenelty,-lt makes rt possrble to achleve'a,rapld

and satisfactory'regulation; it makes it possible to.



2 3 MAR 20
speci fi cat
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functionin
obtain. Th
spect r onet
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usi ng thIS
poi nt of f
be | ong.
contain an
t he conti nug
precursors,
obj ect of
pol yani de,
in many e
preventing
unwant ed h

05 permanent reginme, with an exiting product which conplies with
ions, is thus of great importance. In addition, the further the
bt ai ned from t he starti'ng phase is renoved from the poi nt of .
g, the longer and/or nore. difficult the regul at i3o0MARS2005
isis particularly true in the context of nonitoring by N R

ry, which is sensitive, requiring a prior calibration by
cheni cal or physi cochem cal analysis nethods. 10 Regul ation

met hod, whi ch noreover has other advantages, for obtaining a C
ljanvcfﬁ%rﬁar@ Oc"‘r?eq o eéjf%mtt}‘ﬁe%toéiruﬁ &hﬁc‘ﬁ nt, may prove to

The obser atl annot -be a 0|ded t ha the 15 _pri.or art does not

R 1 S 16’9@ B 8 ST Sprecdadies RS airEtesses for
Yous, - JRITAC LTS ol polyatlde 48] 19 B X! Wige gl tvo flovs of

n d|a0| er ric Iramnes. 20 The

t&%ﬂﬁ@e@}lehnva%nta%%ae 101 AR08 3 0088 gk qmouf act i ng.

conpri’sing a starting phase i's particu advant ageous

$PectSy / dilanTRke S &1t possible to produce tailings |n plants;
phenonena of 25 precipitation, crystallization, degradation or

et er ogenei tyy; tiHi STRERS Itthepqsﬁﬂebﬂtqcatno oRes 3 paRicdssand

satisfactory regulation; it. nmakes it possible t 3 MAR 2005 avoi.d large -

| osses of
polyanlde

10

15

20

25

rtatre rahad ,coﬁdten}mrmataﬁdfemtdxea\dfh@otlhenﬁWt |u|$gn@hase bei- ng a
(gfggrﬁiiyllc acids and dlamlnes, comprising the steps
deserlbed above_ln a permanent regime,eand the starting'-
phase of which cemprises the following stepe: |

- SteE 1:"-. | | -

' - Tfeeding the cohdensetioﬁ_plant:with'anr
aqueeus soletiqn comprising dicarbogylate
idns'and.diammoﬁium ions, in proportions"'

-‘such that their molar ratlo is. between
‘0 99 and l 01 and preferably between 0. 995_r;
and’ 1. 005
tt _eetabllshment_of the_operating regime in .
| ‘tﬁe'cendensation plaﬁt'ﬁhder'teM§erature=
and pressure condltlons ‘such that there is
- condensation startlng w1th the-
dicarboxylate 1ons~and the dlammoniﬁm]ionsr t
: initially iﬁcludedtinrthe aqueouer
'_ solutlon, | . |
. - Steg 23 recovery of a flow of the condensatlen t'

proddct



according to a process rel'ated to a conmon process staril n W|th an aqueous
solution of a stoichionetric diacid/dianne salt. ARNZD g5t he

i nvention proposes a process for the continuous manuf act ur e of poI yam de,
using dicarboxylic acids and di am nes, conprising the steps described
above in a pernanent regine, and the starting 10 phase of which conprises
the following steps: - Step 1: - -fegding the condensation plant wi t.,h an
aqueous sol uti.on conprising dicarboxylate ions and dianmoniumions; in
proportions 15 20 such that their nolar ratio is between 0.99 and 1.01 and

pref erabl y beswaerB 0. 99501 pnwly la 0PFow €5t abléSHBALs Ofndhe operating regi e

irn the condensation plant under. tenperature and pressure conditions such

that there i sacctommmsag i e saraer]tysr@ wiridh. tHhe-dlieripxyl ate ions and the .
tdirammoni-um i ons: i'ni tially included in.the aqueous solution, 25 --Step 2:

recovery of a fléwfti’f asire ct ontlerisairenepr adweht?oﬁ MMRr2005 7 - Step 3:

- suppl yi ng apfbpmieef ap ggég%)rf%ragge fd;yarlog th anal %/SIJ{_S and the
. coupling. In an aspect of the present Inventton,
i polyamide, starting with dicarboxylic a01ds and diamines,

comprising, in a permanent regime, the following steps:

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

- condensation using the mixture of the two flows, the

mixing and condensation being carried out in the same plant

or in different plants,

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

at least one of the flow rates of the flows of 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.



provi ded a process for the continuous manufacture of polyam de, starting
wi th di carboxylic acids and diam nes, conprising,. in a permanent regine,
the follow ng steps: continuous m xing of two flows of polyam de
precursors, one flowrich in acid end groups, and one flowrich in am ne
end groups, condensation using the_mixture of the two fPohMAR 803 xi ng and
condensation being carried out in tRe same plant or in different plants,
recovery of a flow of praqduct, obtained fromthe condensation operation, at

| east ‘one of the IO PReEMAG HE Pokdeoft Wi Qittssmedhdinag coupl'ed to the
result of_ the analysis of the contents aof. acid and am ne end groups in the
mi xt ur e, 8 @Wa'éﬁfaﬂfgﬁitlr@dﬁ%ﬂ%ﬁrlct REIe & RS % 1'9WM so as to keep

t hese ccontents _and/or .t heir ratio between two nom nal val ues, -

char a(?tce?[‘loglgh%lrr? t 'fgtdj’[aﬁléns?t écrytpleng phase conprises the steps as defined

above. 7a 23 MR 3005 The-nalam g L5 06 108 e ol ned Trom from

nmonomer s of di carboxyl i ¢ aci e an rom 5 nonorers S#ani ne type. .The

eXpr essi gioupseCHESOhe LbhilcrB td3bkd a8Nfleadh QYRS” MY be understood-as
meani ng: - nononmer$ of the pure diacid type”(that is to say free of"

mononer s of -dinaRbAerkypE) theNptoki digkid L9pee!dnker Ms @ 3gya concentrat ed
sol-ution (optionally in ionized form, mxtures of nononers Sf diacid type
and Qf -~ free of monomers of diamine type), in solid or
10~ melt form; o; as a éoncentfated solution
| (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



nononers of diamne type, in non-stoichionmetric proportion, corrprl si ng
nore nononers of diacid 1 15 type than mononers of diam ng. §yWkR- 2ﬂﬂﬁ melt
form and/or in. the formof a concentrated soluti-on (optronally in ionized:
form, am dation products,. obtained from m xtures-of, nononers of di.acid
type and of mononer s -of diam ne 20 type, with an armunt of acid end groups

whi ch i's - greater than the anount of a9m ne end groups, . preferably wth a
degree of polynerization of less than 20. . The expression "precursor-
rich in amne end groups 25. :.. may be understood -as: meani ng: - nonomers

of pure dianine ﬁ%ﬁﬁ‘b @hat itder 50§§y0ffré‘ecoé*fcer%ﬁ@r¥§ﬂs seflugigsi d type), in .
solid or nmelt 2 MAR 2QQ5 form aqr in the form of a concentrated sol ution

(optionally in |‘61ﬂt21é’d‘af yr’r)ln PR FESs T Menonmer s of “di aci d type-and of
mononers of di ani. ne n_non- st oi ¢hionet, r| ropartion, conprising.
et oE YaFadh

NDr € Monomers oimldﬁ PR8°FRAR RonSreFdd P§pe in, melt form
and/ or in the fgrLgooJ rasb%%n%e%h&lal%ed %I utll on 1(‘nopféio(g_nf;& o}{lel n.ioni zed form,

- amidation pro tai né rom xt'ures 0 TONOITEr S ofc di aci d type.

?gd of “Oﬁersp(}f diamige cto)ﬁg?mg% | P AR Gl B E&%a?nﬁ%egr()“ps whi ch.
greater than't armunt of d groups, preferably with a degr ee of
polynerlzatlon qf ﬁee%ﬁwéﬁnhﬂ%&e%% of diacid type, in melt form
| 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.proceseoomprfaes
',at least one operatlon of m1x1ng a'fiow*ofjarprecursor
mhich‘is rich in diacid end‘groups;;and.a flow'of-a
_:tprecursor which is rlch 1n dlamlne end groups' Ehe‘h:
'::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”other'operatlons-are also carrled out, forr_ “‘.
-"example a condensation'operation 'It may be,xfor'”
;example, a stlrred reactor or a recycllng reactor 1n o
7]25.fwh1ch the two, flows are 81mu1taneously 1ntroduced The g
: plant in whlch the m1x1ng is carried out 1s referred to -

. as ‘the mixing plant.



In a permanent regine, the process conprisés at |east one dperation of

|l ow of a precursor which is rich in diagi ups, -and a
3 T 1R

m xing a f
flow of a

precursor which is rich. in diamne end

m Xi ng

operation nmay be carried out. in a plant 20 specially designed for this

pur poses,
plant in

condensat i
recycling

for exanple in a static mxer zone. It may be carried

out-in a

whi ch. other operations are @also carried out, for . exanple a
on operation. It my be, for. -exanple, a stirred reactor or a

reactor in .25 which the two flows are sinultaneously .

i ntroduced. The pl anfThienmikxitehret He avilxieng €ds tocar ccedlensta tiiomr ef erred to
as the mxing plant. The m xture is subjected to a condensation
that is toorsaptd®nopéhati af dGor ISRy i ciparsidmer slugring Weimdr s react to
f orm nmacronol ecul ar chains, or polyam de oligomers. During this
, the degr e@FCTAISy O8n @IRASEMESH HFGEades Lofe reésHIBRd&G R oper ati on ‘i s |
carried out at ~tenperatures above 18QC and at a pressure above 5

bar, pref el@YSat FeRf¥aldEs CABAPESFoC PRiTd gk TR Sp CESTiFrd B

general ly

and 201Q9r

icatians af the pres

operation,

operation,:

bet ween 5 =

invention are

w Th: 10 i t
absol ut-e pF£§§6§§§%%§§§B§8 yp'gggpgpﬁ&gnbggggﬁpgs.Tﬁge condensat i on

product pr

preferably ©

greater, pr oduct “obt aji ne

el elahlar han apdedree of . palvsandensati.on ol greater than 10,

romthis 15

oper at i on @%Mmggarggggrggogg.i%gafggﬁ@QBXW%gpﬂé%shE% degree Ohay, -

pol ycondensat ion does not excee

condensat i

10

PRelrera®ill 88 temperatures above 220°C and at a

pressure of béetween 5 and 20 bar. The pressure

indications of the:preSent_invehtion are absolute

pressures, opposed to relative pressures. The

‘¢Qndenéatidn product pfeférably-hasﬁa degree of

- polycondensation'Of greater¥thahj10,-preferably.of

15

greater than 20. The prﬁduct'ébtéined;fIOm this

lbperation may be referred to as a p:epolymer; if its

The prant, or plants, in-which the

degree of-polycondehsatién does_not exceed’iOO. The ,l'. 

plant, or plants, in which thé'condensétiqn is carried-

. out is(are) referred to as the condensation plant(s).

20

If the piants in which the-mixing'and'cdndensation:are 

performed are the same, the.séidrpiant is refeﬁred to

as fhermixing plant or.Condehsatién plant'depending on

the operatioﬁ under ccnsideration;f o

A flow_bf‘the product obtained from the

. condensation operation-is recovered. In a permanent

- 25

 regime, the flowrrate_df'matér131 obtainedAfrom this -

‘flow is substantially egqual, in terms of amount of

‘material, to the:sum of the'flow.ratés of the lews of"



out is(are) referred-to as the condensation plant(s). If the plants in
whi ch the nixing and condensation are 20 perforned are the shdeMARhA08ai d
plant is referred to as the mixing plant or condensation plant depending
on the operation under consideration: A flow of the. product obtained from
the condensation operation is recovered. In a pernmanent 25 reginge, the
flowrate of material obtained-fromthis flow is substantially equal,-in
terms of . amobunt of material, to the sumof the flow rates of the flows of
23 MAR 2005 10 precursors. The anmounts of acid and am ne end -groups in” the
product comatdduttsiong .t ke fdmawrdrse ofeasticedncanrchiale drebstroups dh the fl ow
rates of -the flows, of.precursors are coupled to this neasurenent, such
t hat t hese thampumds:ate mains thdtutdeny thid sndiiomala realmgesurand/ endaré  such-
that the ratio between the amount. of acid end groups and the anount of
ani ne end graayds ans ledt wden £ liowo negeisnall rdleudd owsr effeipaisioprsiosse to 1. The
anal ysis may al so be carried out on the mxture of the. flows, or 10:-on a
product durihfy G9EIPYEch den dariisomeagy rengiitde SUche thedt &hes¢ nargin of
variation of this nolar, ratio congﬁred with the desired value is plus-or
m nus - 0.-D0GFECUEE ﬁémﬁ%ﬁnaﬁﬁﬂﬁeﬁdﬁ ft AGEIBE La@ySiSs meHOF 2FS for
carrying out the process is .Near |InfraRed _of a _polyner, has been descri.bed,
f or exanpléﬁﬁ%h%hﬁﬁtgﬁﬁsr@%l§ wf§?15ﬁ§ ﬁB°§§F1€f%fFFh&§F?in_“US patent
5 532;437’9&%%pg85%%dt%% %BﬁﬁﬁﬁPQEtEhﬁne-end groups ‘is between . . . '
- two nbminal:valués,fpreferably close to 1. The analySis
may. also befcarried out on the mixture of the_lews;_orw
10 \0§ a product during polycondensation. As a_gﬁide,;the':"
preferred margin'éf variation of this molar ratio
 ¢ompared withxthé desired -value is plus or miﬁﬁé-
0.0005." ..
' 1_;One pa:ticularly édvantageous analysis‘method_'
“iS :féf~car?Yingroﬁt the_process'is-Near iﬂﬁfaRéd ' |
“fspectrometry.'This téchnique for determining a property .
.ofxa.polymef-hés”been'deséribed{'for.eXamplé,-inﬁ"
H.patents:US 5‘532'487 and WO 96/16107. Thué,iin“ :
- USs patent 5 532 487, the methdd'of specttdmétric
20 analysis by Near InfraRed is used to determine the c
A‘f_cohcéﬁtrafidns of the acid and amiﬁe_éhd‘functions'in‘a 
polyamide in'solid‘form, ﬁbr examplé on aiyafn; or bﬁ-
‘anhydrouSLdiécid/diamine'mixtureé.'  |
f fSimi1arly, patént WO 96/16107'dés¢fibes'tﬁe';“f'
25 “use of: a Néar*Infré?edrspeétroﬁetric analysis method.td:ﬁ
' détérmine the concentration of. acid and/or émineiéhd."' 

' ',functions-in'a polyamide melt leaVihg‘a reactor. -



20 anal ysis by Near: InfraRed is used to determihe the spectronetry. This™
technique for determning a property concentrations of the2a3|MNhr23053m ne
end functions polyanmde in solid form for exanple on a yarn, or On
anhydrous determ ne the concentration of . -acid and/or ami ne end
diacid/diamne mxtures. Simlarly, patent WO 96/ 16107 descri bes the 25
use of a Near InfraRed spectronetric afalysis nethod-to-in a polyani de nelt
| eaving a reactor. 2 3 MAR 2005 11 10 However, in these two exanples, t he
pol yam de anal ysed is substantially anhydrous. In one particular enbodi.nent
of the inviewéoer, thistifeserminatiamplds t hehe anekyamadé omaifysedaci d and/ or
am ne .end functions is performed by . anal'ysis of the reaction nmass :
cont ai ni ng %%eSW@ﬁ%#nt¥Q%&Nt@¢kﬁ¢?Qﬂﬁ4:he ami dation reaction, for exanple in
a branch loop of the main flow, .in an optional branch of the main flowin -
a recycling |oop of aIWe‘&E?d?artﬂéi}e]rﬂ:ﬁ PR AR eF eeof pol ycondensat i on
of the product recover d tg roduct may_be introduced.into flashing

and/ or - fi nljéh‘f‘?{gtqu’ra’nt IRk Herc | & e GRS on Pldegr ee of

ol cond nsa: n eflashln rati.on is. i ntended.to 15 return the -
Br o)duct 0% rra.usplh Tt Pt CprUtnqtslons 1s performed by - :

»analy51s of the.reactlon mass contalning.the.watere'
‘Tresultlng from the amldatlon reactlon for esample'in!a
.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 polycondensatron |
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"

desrred degree of polycondensatlon




generally foll owed by. a separation of ‘the water ~produced durln ‘the
condensation. The separation may be -carried out in a plang $h ﬂmﬁopen
to gases, for exanple a separator of cyclone type. The succe55|ve 20
flashing and finishing steps conprise a rapi.d evaporation of the
condensation wat er contained in.the g I'yam de | eaving the pol ynerization
reactor, obtained, for exanple, by d ressur|2|ng the flow of pol yam de.
The polyanlde is then maintained for a given period at- .25-a:pol ynmeri zation
t enperat ure under at ~or under. reduyced pressure, to

ri ressusre,
obt ai n the desired dgghgéﬁdtnﬁgﬁveb qmﬂte'ﬂﬂﬁﬂﬁhéﬁt?eﬁﬁﬁ £6%t her mor e
conprise neans_for f1,ows, mat er or, for pIaC|ng t hem
under the téﬁﬁgﬁgfﬁ?% 5&%§§ﬁﬂ?te 'oﬁfrﬁﬁﬁl&ﬁean IsGBA™as punps,

val ves,. easur tQr Jatlng devi ces, ;
analy5|s |n§lru aﬁ%%leﬂ%t éﬁ :%%ﬁ$%¥% %Q%btgteﬁ of the. process

t he conden%aetdﬁrbrfgcantsu&p%so I 'x%él%es mﬁgar}'g eggcgg(g}geare fed with an
aqueous solution conprising 10 Icdrboxyl at'e”ions an ammoni um i ons, in

mol ar - ?ﬁféescii}% aforRetorashy Grlf reapd okl andiRiaf enahhy shet ween

0] 995and 005.. This.ratiois .very close to the st0|ch|onetry, and the

sol ution |inyﬁrumyﬁﬁdﬂyaﬂj e .a precursor which is rich in acid or amne
end 15 groups. It may be, for exanple, -an aqueous .hexanet hyl enedi ammoni um -

adi pate sol ution, at Im weifghtst. stemtoe@t rsateipo foft Hee pweer s40 % aad 65% Thi's:
first feed i's carried out so as to. fill ‘the plants at | east- ;
condensation plant and optlonally the mlx1ng plant
are fed w1th an aqueous solutlon comprlslng
10 dlcarboxylatetlons and dlammonlum_lons, in molar.
_ proportions. of‘between O 99 and'l.Ol and'preferablv
'-between O 995 and 1. 005 ThlS ratlo is very close to
the storchlometry, ‘and the solutlon is not con51dered_"
as a precursor whlch is rlch in ac1d or amlne end
h;lS. groups. It may-be, for example, an aqgeous-;
.hexamethYlenediahmonrum»adlpate solﬁtloh;-at alweioht;
”concentration of'betweeh 40% ahd 65§' ThlS flrst feed
:‘lS carrled out so as to. flll the plants at least
‘:partlally Valves for cuttlng the recovery of the"'

B 20hfproducts before the condensatlon plants may be closed‘rl'l
| during this. flrst feed The feed Tnay comprlse severalpe='
phases, for example a phase of prellmlnary feedlng w1th
“'water,,followed by a phase of feedrng.w1th a solutlon"-'
'”icomprisihgiiohs; or w1th ‘a salt 1n SOlld form, or w1thl‘

hpZS':ac1d and amlne monomers, 1n order to obtaln the

solqtlon' The st01chlometry of the dlcarboxylate and



partially. Valves for cutting the recovery of, the 20.-products Eg ﬁms the '
condensation plants may be, closed .during this first feed. y
conpri se several ' phases, for exanpl e a phase of prellnlnary feedlng W th
water,.. followed by a phase of feeding-.with 'a solution conprising ions.

or with a salt insolid, form or with_ 25 acid and am ne nononers, -in-
order to obtain the solutlon The stoﬂéhlonetry of the dlcarboxylate and -

di ammoni um i ons- may. be neasurenent or by Near controlled, 2 3 MAR.2005. 'fOP'
exanpl e, by pH InfraRed spectronetry. After: feeding in the sol utiion, - the
oper at i ng- tEAIERA I 147¢ 6@&5?@r§°§¢€0@§@9blﬁ@ﬁe&xﬁﬁpﬂﬁe @dné@nsatlon

pl ant  such that there is %pngﬁnsat starting with the ions initially -

i ncl uded i MR L 19N PV Gdete FPSFSEOWREEN -t he aci d nononer i s
adi pic acid. and the noirer_i.s. 0 he nethyl edi anmi ne, the solution
conprising the hexa%gkﬁ§]g%§ lﬁﬁhdﬁlﬁ SEP *4OFr e gﬁaﬁpﬁrﬁeand toa: .
t enper at urq %va&&%camdp&%ssuse%esrss%*zgﬁsﬁeea s operation is

advant ageous carried out actor erSpr.esstr & %The plants. may. .

gorrprl s deensessalao%psq'aslﬂ xguc@lt %@%dt%sfrecaw ﬂaeﬁggt%hs phase,- stch-; .
startlng with the ions lnltlally 1ncluded in the o
solution. |

"2In 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
'temperature above 180°C and to a pressure above 5 bar
:‘gThls operatlon is advantageously carrled out 1n a
7"reactor under pressure The plants may comprlse dev1ces
,'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
h!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 t:
resolutlon Accordlng to one advantageous mode, the -
“‘product recovered has contents of- ac1d and amlne end
7.'groups that are very close to those 1ntended in a ';t‘E
'permanent reglme | . l | | |
- 25; C ‘}, y It is: pornted out that the phases of feedlng
',jw1th solutlon and of condensatlon from the solutlon may

fbe carrled out on contlnuous flows The flows of



devi ces for renmoving the water, and/or for working under - pressur%f o
conditi ons, depending on the types of plant, are knownto t Ro3eMAK B din
the art. During a-:second step, a flow of product 20 obtained fromthe
condensation is recovered fromthe solution. Accor di ng to one advant ‘ageous
node, . ‘the product recovered has contents of acid and amine end groups
that are very-close to those intendedliédn-a It - is. pointed out that the .
phases of feeding with solution and of condensation fromthe’ sol ution nay

be carried out on continuous flows. The flows of solution or of
condensat i o¥P BHddurtostaf |camsiere@ticsperdidnstt eitiHe dedired | evel of
condensation may be renoved, stored or reintroduced into the plants. These
fl ows do nd%o%ltﬁsrmﬁw e (e Fesig acedevarle @ e tdordamsat i on '

product.. Dyrin t hi step, the operatjons allowi.ng the process to.
function i %é? troégﬁp% ﬂdé’d:eé?utmtﬁd%he tHé¥iSant s are fed,

optionally :yira a mX|n ecursors,; and the system

; h
10, for analy&ihd BHF & gdoﬁvj\‘ﬁe{sé’é%td dﬁ’e 8’?’3 " WTHEE D these
flows isg acfl#owtt%de o'h%enes% ‘#rltordu%t flow of precursors and the -
pll

activation thean ysSi's and ng ray be successive or si nul t aneous.

The anal ysi's i s advan,age (C)e;ua' ych‘i 4 ied OUtth%Vog%gf Q{ fRd AAng

spectronmetry. According to one advantagéous pr east “sone “of the flowr
of condensatjonReduct: J remddiesakhutl %arﬁanreeﬁtowg%@%%ased to.

calibrate the Near InfraRed spectroneter in the desited range of contents
- carried out. Thus, the plants are fed optionally v;a a
:.mixing plant, With a flOW-of precursors,“and the systen
"10E for analy51ng 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-
tt15 :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'”
YVZOJ_Wlth 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'
'tfdlac1d and/or of dlamlne are. added to the product and
pfﬂ 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




of end groups and/or of ratios of contents, the feeding with two flows, the
anal ysis and the coupling being activated after this operathmM}fmﬁ

t his-end, the nethod of dosed additions nmay be carried out: known anounts
of -diacid and/or of diamne are added to the product.and 25, obtained.
response The feeding with a flowof precursor may be understood as the.
feeding of a precursor prepared: . 2 3 UAR 2005 15 beforehand in anot her -
plant. It may also be understood as the activation of a systemof analysis -
of a flow and_ of coupling parameters for preparing the flowto this o
anal ysi s. RLITSWRIRAED i ahuslaHanget grad il 3 B fersiaes faasiv of
product which iis not considered as the precursor i'n permanent reginme to a
flow .of protudte adnstatifn f thePriedurdorandvire <ot detdt ache, the
product recovered . changes qgradual froma prodyct tai ned by 10

pol ycondensHt | SHBEITHH P 3r8H tHe SUSTROI Y o ?otoﬁow, groddtts obt ai ned

by. polycol tion mainly fr the, mixture of ‘the two . flows of
g 'Ey%ls. fﬁ%rglqg 28 i maxﬂthus C(ﬁ%ﬁ%(?%ﬁ:%%&k¥a.regulation

precursars. 1nI"sS process mnakKkes | POSSI e rapi

O o, ToEE PRSI WA U AL ISR ST ot 1
. precursor in permanent regime to a flowﬂqf prodﬁct
gonétitﬁting the precursor. | |
| In the course of time;'thé product recovered
changes grédually-fIOm a product'0btainéd by o
' 10;:polyc6hdensétioﬁ maiﬁly from the aqﬁéous solution ﬁo‘a
' :peru¢t'ogtaiﬁed by,polybdndehsation'méinly from,the:
| mixtufé'oﬁ the tWé'fiows‘of pfecursors; fhis'process
makes itrpoSsible rapidly té‘achiévé:a'ﬁegﬁlation of
3flthe”p£6Cesé_in;a,perméﬁent ;egimé;_Without‘aﬂy loss of
- 15 prdaﬁct, therproduct re¢ovéred;at tﬂe Stattzof the
| ;pfoceés-félating;to a-poiyamide.obtain§d from a salt
solu@ion;_ih subsfahfiélly stoichidmétricipioportidns.
| ' , it,i$ pointed éﬁt'tﬁat”thejseCoﬁd'aﬁd_third_r.'
[ steps;ﬁéyfbe?péfforméd.gimuitahecusljnﬁrfSuccessiyelyﬁ7f¥-
f2Q | : ‘; trAs_méntiéned.above} in the'¢6ur5e;of_thé_‘
--féedand step,,there'is.a grédual7change froﬁ:é'
;: '¢onqensatioh'starting with‘an aQueQﬁs'éoldtiQn of salt
-ntd'aﬁcandensationstaiting'with.a”mixturelof_
?fééﬁfé@fs;'Tﬁé condénsationqunditidns ﬁa& &ary "
:25. §ubsténtiéllj during‘thiS'sfepr Accérding;toJoné_;

preferential embodiment, the condensation temperature



process felafing'to a poiyahide obtai ned from a sal t sofhtion,'khﬁ
substantially stoichionmetric proportions. -is pointed out that the second

and third, steps maybe performed sinultaneously or succegs |Mﬁhy0 ﬁs o
menti oned above, in the course of the condensation starti 3 k?g. aqueous
solution to a condensation starting ﬁfth a mxture of of salt .
precursors... The condensation conditi s may vary 25 substantially during
t his-step. Accordlng to one preferentlal enbodi nent, " t he condensati on
tenperature and essure condi.tions for ste ernanent regi ne are‘

1 apd
i denti cal . Hﬁt?nfhécﬁfﬁﬁﬁgs%oF”Fhé NVt i on may be used -

for -the na%pf%p%pre of poly(hex§ gﬁge adi pam de), starting with
adi pi c a0|é)égld}§gi&%ﬁﬁWﬁnﬁr thylenedlanlne as di am ne mononer .

The process of the |a¥§ﬂ&gggegls%fnq§§§ PR S To LY b%lﬁa?hn%g%f g%ure .ot her-

pol yani des startlng cid monomner s chosen e grou 5bnpr|5|ng

10 o1 utar! G raCiln MAALE 3 fo198BRSGAT o lodeasnadiRs acl d

i sopht hal i c aci terep thali azel aI"c aci nellc "aci d ‘or .
napht. ha'?”%‘t‘a&%&b@%}:ﬂ&l %Qil%lcf %‘cl%lx%@plaﬂia@cﬁ@ﬂd?l%nf&n%%rs whi Ch may be o

menti oned,
hexamethylenedlamlne as - dlamlne monomer
‘ The process of'the ‘invention also makes“it
poss1ble 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'e
J”i57 addltlon to hexamethylenedlamlne, 1nclude J
heptamethylenedlamlne,‘tetramethylenedlamlne,
‘ u{octamethyienediamine,_nonamethylenedlamlne,r7
- decamethylenediamine,t24methyipentamethylenediamine;_
Tundecamethyienediamine, dodecamethylenediamine, u
'.20E'xy1yienediamine and isophoronedramine
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 poss1ble to prepare polyamldes -
.ei from diacid and dlamlne monomers comprlslng a small

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



15 addition to hexamethyl enedi am ne, include heptanethyl enedi am ne,.
t et ranet hyl enedi am ne, - oct anet hyl enedi am ne, nonanethylenedlanlne
decanet hyl enedi am ne, 2--net hyl pent.anet hyl enedi am ne, - - MAB ?m%
undecanet hyl enedi ami ne, dodecanet hyl enedi ani ne, xyl yl enedi am an
i sophor onedi am ne. The invention preferentlally applies to the 25

manuf act ure of pol yam defrom di aci d.’ &rd di ani ne nononers, ‘| east 80 nold
of which are, respectively, adipic acid and hexanethylenedlanlne from
di acid and di am ne nononers conpr|S|n asmall, It is also possible to

prepar e poljyaa?ﬁaﬂ‘e‘s Brogereigrtarés e tﬁé’ﬁoﬁ{)’%d@) Egf Ca®i/®o™adi d or -of ‘2 3.

MAR 2005 17 .l actam_ T e ma ufa ture of ¢ olyanlde PA 6, 6/ 6 nay thus be "
nent i oned, Hﬂ%ﬁtqq1 SH P & SERIEER M gga N ne nonomers -

cont ai ni ng nou . -of, ca rol actam A cord n to a first enbodi ment
of the 1 nIGHS eéle P RN S ST R §i350 GROUBE i s a

diacid and (i with a diacid/dianine nolar ratio of -between 0.8
and 0. 995 and 6refer§ﬁ?§ between 0.8 and 0:99; the precursor which is 10

d:ggld?d?ghpﬁeﬁgﬂa?r?%??gbgpgbg?&%egl%%goghgﬁﬁﬂglgﬁahg pre;grgbly betmeen .
1.01. and Ln%enfhﬁnﬁOQ%énﬁ%be@sﬂta@hicﬁrQEG&QQMY190€E&HS%n35 '
'groups is a dlac1d and dlamlne melt, w1th a
d1a01d/dlam1ne molar ratio of between 0. 8 and O 995 ‘and
ipreferably between 0.8 and 0.99, the precureor wh;oh is -
-10- rioh in-amine-end groupe'is'a diaoid 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.h‘
'reglme 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'omolar ratlo of the precursor Wthh is rlch in amlne endh;
-'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 miktures oonetituting.the.‘h_fh:“'
725 ;precnrsors‘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



pol ymeri zation reactor. a stirred The functioning of the process in a
permanent. regine is first described. The diacjd/dianine no}e§ MaAR RB050f the
precursor which is rich in diacid end groups-.is preferably between 0.95 and
0.99. The diacid/diamne 20 nolar ratio of the precursor groups is
preferably -between nmay conprise flashing of. the pol ynerization which is
rich in amine end 1.01 and 1.05. The-plants reactor. Preferably; - the
nlxtures constltutlng the 25 precursors are anhydrous. The expression
"anhydrous re",should rstood as gfanln xt ur es whi ch may
contai n up t%P f weig rﬂs t %ﬁﬁ§n2@§5 opposed to the-

conventi onag caescs vgq,}ec% ur%sveeﬁntgf%rﬁyngydrgqustss Wﬁ“ g}seﬁ%ﬁlgﬂtatnhggp:rgsentrhe

descrlptlon & aqueous Sol U0

MXtUTeS Cottalddyl 1 deied W0 éavaqogalpﬁrs%b RS Bednenared 10

reactors. a tenperature advantageous &tween 60C under. a

pressure at |east sligght Ly .ahoue; at dﬂgﬁﬁtﬂtrhdo&%%§%w%:fﬁ Siergbly at a

tenperature of between 220C  and 260C at a’ pressure of betmeen 5 and 20
bar . Th%i precursors may be prepared in reactors, at a :

temperaturetadvantageously-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 atso
'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‘remoual 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 devrce and/or an 1nternal
90011 The reactors may furthermore be open to gases
d Accordlng to one partlcular mode, the h
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;d1ac1d'or'd1am1nelend fa
'.groups, | . o | B
25 : h; AcCOrding to another particular hode, thei
| precursors are heated at a hlgher temperature w1th

removal of water to obtaln condensatlon products,



10 reactors in which the precursors are prepared and al so the
pol ynmeri zation reactor may be, for exanple, reactors wth nechanical
stirring or reactors with external recycling. In the latter case, the
feeding with precursors and/or the renoval of the pr oduct21$ Ma}.'(Rj/Zﬁﬁ‘j t he.
heati ng nay advant ageous!y be performed in - the recycling loop. The heati ng
of the reactors may be perfornmed using9. jacketed device and/or an internal’
.-coil. The reactors.. may furthernore be open to gases According to one
20 precursors are prepared by adiacid with the diamne, 25 particular ‘
mode, the afibdamprs on lEereIpCdum@m,atce,ntamnmlgeapadsendegmbu@ssmal | anount.
of water, with heating at noderate tenperature for. a-precursor which is.
rich i di & the digmtheresirgosused andosr @ndg groumsother therti cul ar
nmode, the precursors are heated at a higher tenperature wth renoval of S
wat er 't o oBteEIL EFEENTEOTon Fgro Fie BanudactrEet PEst precursor and amine -

end groupsfo e sec precur.s For ~manufacture of

pol yconden$sthi¥ Eﬁnﬁtltgﬁg éﬁﬁéﬁW§i¥% 5%@f§ﬁ58?§at€§§ édvantageously

bet ween 180 2500 umrd? r%§s,lér gf g and 20 bar. The
degree of - pO fﬁ’e FETER e ke eﬁ‘ad’n £he ¢ ﬁ‘p al‘lB &%i fitr oduced into the
PO e ZaK U ALY ol % D078 TR geyeagrgeare then mxed

t oget her a
- ";polycondensatlon of.the'precursors is preferably less

than 20. The precursors are then mlxed together and
'1ntroduced 1nto the polymerlzatlon reactor,-ln wh;ch*h
: Jlﬁ .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 atp[
eiiS {least to reduce the losses to the mlnlmum. Accordlng to;
o 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 characterlstrcloftthe”

e invention;'thefpolymerirationiperformed‘in'thei |
polYmerizationireactor rs‘carrred’outrunder'an'
'autogenous;pressurefor a;pressuredregulated3tohavoid |
any loss ofldiamine'or:at least to‘reducerthe losses to .

25 the minimum. | | | o
B | The process may be used to manufacture ;a_h;

' poly(hexamethylene adlpamlde), starting with adlpic .



-10 the degree of polymerization is increased. According to "one the . '
condensation perforned preferred characteristic, in the polynerization -
reactor is carried out under an autogenous pressure or. pressure_r | ated -
to avoid any. loss of dianine or at least to reduce the | oZsdsMAR ﬁﬁg

m ni mum  According to. another characteristic, the pl ants may. conpri se .
nmeans-for recovering any di anm ne-vol a€Pli zed at.the same tine as the water,
and neans for introducing the diamne recovered into the polynerlzatlon
plant. ‘According to a novel ‘characteristic of aut ogenous pressure or 'a
pressure régukhssddu@camom@HOﬁvsnam@nheﬁhaepbwﬁﬁaedzamﬂOﬁ performed in the
pol ynmeri zation reactor is carried out under an any |loss of diamne or at
| east to r cHFEENHENEEEEs to. 25t he nlnlnunl The process may be used to

manuf act ur e poly(hexanethylene adi pani starting with adipic 20 aC|d as
di acid nononer and h&%aﬁ?@h?F@ﬁ@d@&ﬁﬂﬁ ﬁgbogﬁdﬁpﬁe mononer. |In one.
preferential - odi-nmen pol hexaneth bene i ol yam de 6, 6) i-S
nanufactur@@ tbﬁ& s &PéFé d?é ar8d Frg %é ggadlplc acid '

(Adcr /| 13%%%?31%%@%% DL TGS BRL [2ebar2RY £13H0 BY Ve ght of

adlpic.acld'(AdOHj/hexamethylenediamine (HMD).mlsture‘
 with a composltion in the region of a eutectio mixture, -
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 rthe reglon of 100 C. |
o ‘ The eutectlc mlxture is 1ntroduced into two
3:reaotors into'which areTintroduoed_heXamethylenediamine:-1
;fto:ohtain, respectiuely, a first mixture'whioh ls richr
:inldiaoid (dlaCld/dlamlne ratio of between 1. Ol and i
. lSp:l.2) and a second mlxture whlch is IlCh in dlamlne o SR
“'(diacld/dlamlne ratie of'between 0.8 andVO 99)- Thef'“
-',process for preparlng the eutectlc mlxture may be
“(;analogous to “that described in patent uUs 4 131 712 for .J:::
:dthe preparatlon of - acrd-rlch mixtures.

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

'lequipped with stlrrlng and_heating-means, whlohdmay-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.



wi'th a conmposition in the region of a eutectic mxture, of AAOH "This ..~
eutecti-c-m xture has a nelting pointin 10 the region of 100C The eutectic
m xture is introduced into twe reactors into which are | %ﬁeﬂl

hexanet hyl enedi am ne o obtain, respectively, a first mxt r3e “gm d-
(diacid/diamne ratio of between 1.01 and 15 1.2) and a second m xture -
which.is rlch in diram ne (diacid/diankhe ratio.of between 0..8 and 0.99).
The process for preparing the eutectic mxture may be analogous to that.
described in patent US4 131 712 for 20 the preparation of acid-rich o
m xtures. The eut ect iRdvaEntageeuss yadraet ddecusl/yipmépear edtmspcbants |
upstream of the.plantsfor preparing the precursors. This may be, for . -
exanpl e, athleamtrecasionsed 1w Mendtorednyyandehdaeiingrneans, which may be
pl aced under pressure. Such a plant for preparing the 25 eutectic mxture
may be use®HENEPIHE T waplvanes (HeRBraPRyticaérsly) PFofeprearing-the
precursors. 2 3 MAR 2005 21 Advan eously, the diacid/diamne ratios of .
t he precuré%W%?Q%m§ nF@@F@d ﬁg EQPHSrrﬁ&ﬂ@ﬁt@Sﬁe??Fﬁr@h%?QSes | n-one

ot or i o By NeSodr g g%é%”%&es%%&?!a@%%’sﬁ%?f“s”eTLZt eutectic .
m xture may be prepar,l%d %\Gt@&llggmagtgl %Iydbel Br%%lalrgdoby”e't form and .
. '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
-bat least sllghtly above atmospherlc pressure
, The temperature for preparlng ‘the precursorsr
.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‘isrs"
p0551ble 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 amfne_,

functionsrpresent'either,in'the'reaction mass formed by



hexamet hyl enedi amine,  in the pure formor in the formof a concentrated ~
sol ution, the mxing being perfornmed 10 at t enper at ures above 100C, under a

pressure which is at | east slightly above atnospheric pr 3&8&%?§&g
tenperature for.preparing the precursors is advant ageousl& : C

reaction and thus-a partially 15 containing acid or amne end groups
dependi ng-on precursor. The flows of,&?ecursQrsware col | ected and 20,
introduced into a stirred pol ymerization reactor. It possible to include
static mxers in the feed pipe of the polynerization reactor. and/or a -
premi x reacdttt LAY (Ao Heatte ot 1ach AGw SR EcdPs6he BXEBE8r mined so
as to-obtain a ratio bzémee e .am.ne and acid func ons mhlch is as close
as possi bl & ¥t He Yediesd %%ét 3w 5%at €%o S FERE T8 noni t or ed

25 and adj usted . b it tq.the.re uIt of the anal of the ratio

|.i
bet ween t h&"HE cP nutp lﬁle & dﬁ%erplrzeaselﬁt erleaﬁ:é:lprl ﬁ)rtﬁ §§8t|0n mass
f or med rea(‘élptrle s .ﬁ%teﬁgriﬁq}f@“e?ﬁﬁ%f ea'c tot}e the mxing of the two

flows, for exanp reactlon mass present in the

pol ymer |5zatl| on react Olrheo c%tustt?d’ento‘btﬂ %theOffltoQ:e r%%'e% l%% y@%rt ?Vat ion

react or.
1nto the various reactors may be carrled out by. means

'-of pumps or depressurlzatlon valves
. In order to obtaln an efflClentuadﬁustment,
: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 | o l_
- The startlng steps precedlng the functlonlng-ij‘
‘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 devrce, the plants for preparlng the precursors
:and the plants for preparlng a eutectlc mlxture ‘are fed;
'201.w1th an.aqueous solutlon comprlslng blcarboxylatellons |
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



into the of punps In order to obtain an efficient adjustnment, analysis of
the acid and amine-functions is performed continuously by Near InfraRed
spectronetric anal ysis., The coupling nay al so be conbi ngd fﬁa. sur enment
of precursors. The adjustnent of the flow rates for entr& 3v& _ reactors
may be carried out by-neans or depressurization valves. The starting steps
preceding the functioning in pernanen?3reg|ne are now described for the
first enbodi nent of the invention described above.. The pol ymerizati-on

react or and optlonall "the mixing device, the plants for preparing the
pr ecur sor s 2P¥§d 100 I§ﬁ9§rf8rPﬁ?éﬁ&??ngraféﬁﬁgéfl@fnP?Fﬂﬁﬁnaﬂe fed. wth

an aqueous so:uﬁf% conpri si-ng bicarboxyl ate ions of between 40% and 65%
by wei ght. e feeding, of hexanethylenedlannoniun1so|ution with a

salt solution, a. prg?yct ﬁecover valve g%@stre? g t he :
pol ynmeri zati on react 23 Hygfé CFSSE bar ﬁa eéond st ep, the

salt S°|Uthﬁ%tbﬁe'%erQ% éattgn r%aggorvgslggateghéo a. tenperature

5 precursors are already prepared in the respectlve
sproportlons of the permanent reglme ‘In a second
Varlant,_theﬁprecursors-are not yet prepared on -
startinghthefplants,bthe-plants for‘preparing these

: precursors CQntainino:a salt solution; In the second

'10 'variantp the;proportions of aCid monomersdand of

'Vamlnes, respectively, for the precursors in the
permanent reglme are . gradually reached by feedlngr

',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_mayatake place in these

plants.



above 100C, under a pressure preferably of between 1 and 10 bar. The,
polymerization reactor is fed with a mxture of precursors. In a first
variant, the 5 preecursors are already prepared, in-the-respective

pr oport"i ons of the permanent.- regine. In a second vari an@; JtMAR dﬂ%ur sors
are not. yet prepared on-starting the plants, the plants for preparing-these
precursors containing a salt solution24n'the second 10-variant, the. .
proportions of acid nononers and of . anmi'nes, respectively, for the
precursors in the pernmanent regine are.. gradually reached by :feeding

di aci ds or a eutecti dihan xtanwyigwg/ort diterissednt yarient pitéet s for
preparing the precursors. The precursor 15 m xture then changes .gradual |y
froma m xtRERCOBIN MEEHIGH il P lee1ta iontaia & maktuselobtiamned from _
precursors that are rich in acid and am ne end‘fgroups respectively. The "

condensat i dife prictffcto ot REPTsTm e diamg éll@r?é-ﬂezéﬁtéﬁsreact or is
or ed d th | nd.- t ted.. For th
Second var (EEAS (S Y ST A S I AW 100 and 180G,
th f 1 d.,10 t h | t | ut 25 -
\IN: qui g Aezésg JJteflo <t q}é’oﬁeerr%islaﬁaonlﬁltr?’afqi IPel%%fcﬁ r?%rﬁg‘&Z%W? S%(?;rlrglnnlg_sout
e e roond et Allend oW HERY 0L ARG, g,gcgl/ WatA LA L

sol ution' at e start t he process ne ratlos bei ng

substant i aldﬂa@:ﬂi@:.dkp cjomp-gﬂﬁl%ﬁ ratiQs A& of the preparation -

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 is, for-example, a_tank-equlpped with mixing -
-and heatlng means. According toione preferential
"wlSﬂ*characterlstlc, the plant for preparlng the eutectlc"
| mixture is flrst fed with an aqueous salt solutlon The f
N 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 storchlometry of the
'eutectlc mlxture, and the product obtalned 1s renoved
The residence tlme 1n the plant is. preferably chosen_p
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"'



modi fi ed by feeding into tthe plants different amounts (different flow
rates) of diam ne-rich conpounds and.of diacid-rich conpounds, into each of
the preparation plants. As described above, a diacid-rich conmpound which
is preferred for preparing the precursors is a 10 eutectig JiMARI2803 The
eutectic mxture may be prepared in plants upstream of t he precursor
preparation plants. ~The plant is, forZexanple, a tank equi pped with nmxing
and heating neans. ‘According to one preferentlal 15 characteristic, the-
plant for. preparing the eutectic nixture is first fed with an aqueous salt
sol ution. THeani&% upe welmm@rtebhaxm&mmr@mflmwerfem and 150C.
The plant is fed with diacid, for exanple in solid form and optionally -
with di am nef $Rth $ebition. r%@lé%rc‘éﬁ?%cﬁw ttdra Hevistigilctfiegdet ry of the
eutectic mx#ure and, the product obtained is_ The residence tine in the’
plant is pre e%%io*%yS? Loy, 15 &%&%‘ﬁe%wcw}t%tbx RYaRAIAETf it is in
solid forn1 nd/or di ss The erature in the.

25 plant is %Ia?e e?‘#d?}gtjrfé €lcf}r Yo Poitt cﬁt%%'xt%n t*h% pointed -
glrjrhutn{]a:)r’e?]ger aﬁ%/fle%fsgg'g %&ﬁil nuousl| ed moxnt usrtear' chht ai n wat er , .. [ n:an;
_process. ' . '
R Aocoroing_to:a‘Second embodiment.of.the.
invention, thelpreoursor.which-is_rich in aoid.end '
"groups is a dioarhoXyllo acid‘melt{'the precursor which'
',10 _is rich_in amine end groups_ls-ardiamine melt-or:a"
_dianine'in-concentrated SOlution 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_Jexample a zone of static mlxers
- In a permanent reglme the tuo 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'osyoen 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). - -



than 10% by wei ght, or obtained fromthe initial feed of salt so{UffoH S
Water ‘obtained fromthe initial feed of salt solution bfdiiﬂﬁvﬁﬁ eit her
evapor ati on, ‘before feeding. renoval of the process. d 3r by

depl etion, during the m xture prepared on starting the According to a-
invention, the precursor groups is a dicarboxylic second enbodi nent. of t he-
which is. rlch in acid end acid nelt, €ie precursor which 10 i-s-rich in '
anine end groups.is a dianine mett or :a diannein concent rat ed sol.ution.
The condensation plants preferably conprise two reactors, a reactor_mhlch
is not open to gases Wl eordestadrioghitempes adpere imot@&sesaCThe plants -
conprise a mxing plant, for 15-examle a zone of static m.xers. In. a

per manent QﬁﬁQH%StﬂRﬁtQR?ﬁlﬁﬂMS%ﬁﬁ? i we¢ feggdtlivebesyelent BE0 “€he amount s

of diracids and of_ . diam nes are equival-ent. The plants may conprise ';
devi ces foréhsiftd g (RHeT e RS S €hdetmesgos 38¢ 2800@kth oxygen. In-

or 2?2&??%"%”%&‘%3@3 T B 8% B bR TR L2 Cd?é'mdne is.
QS??SﬁL Y, e neha,ofafo%; Ul WL Hactor I e.fa bihG ghgse to 706,
mlxture) is advantageously between 1 mlnute and 30 y
minutes. |
“According to one advantageous characteristic,_
the condensation'in thelreactor is'suchbthatbonly‘IO%
_,10[ 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 re51dence tlme 6f the ;
',materlal in thls reactor is advantageously between
- 15 1 mlnute and 60 mlnutes The openlng of this' reactor to
';_gases allows the water obtalned from the condensatlon
reactlon to evaporate off The degree of polymerlzatlon B
also 1ncreases in thls reactor.”~'?r,t |
” ‘A flow of the condensatlon product is i
'uéQ" recovered Accordlng to one preferentlal mode, sone of .
'the flow produced 1s relntroduced_lntonthe reactor_that-
}is not open‘to gases,.atltheteﬁperatures.and'pressures'
nentioned above, in the'presencejof thelmixture of:“ |
B precursors This-recycling7or.tbe product‘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.'



25. concentrated solution in water (preferably |less than 2 '3 MAR 2005 The
condensation tenperature in the reactor that is not. openg MARa208S i s
preferably between 220C and 300C, under ‘a.pressure of between 5 and 20 bar_
The residence ti.ne of the flow of material in the .reactor (the flow - '
entering the reactor constituting the mixture) is advantageously between 1
m nut e-and 30 m nutes. ‘According to- ord advant ageous characteristic,- the -

condensation in the.reactor is such that.only 10% 10 free nononers remains '

in the flow | eavi nq_',t his reactor. The fl ow obtained fromthe reactor that
i s not operPUMHIEHRS FRATEHIAN t Shgases Scarndedpad oinEreBuESE into a
react or open .to gases. The rea?hi dence tinme of TH%? inthis reactor is

advant ageotE Y- bet PV Fafivfutd SRETEE mithis 8897FRe Odpeni ng of this

reactor to ses .al |l ows the water ohtai ned fromthe condensation A flow of
t he condenaajiyocncfnéper%sm% on &t rtzigc%lg'r? 5 EPENIFE Qfog?l}STF@tlaggree of: -

Foi Mt rodveed PR G Ig aaavo Rk her 30 e e EIEaaY D e T
tenperatdir 5N PrEagrRs recovered. According.to one. preferential node, -
sonme of nEntioned above, in the presence of the mxture of precursors.
Thi's recycling of theirodtlydlSng can make. it possible to obtain o
,sufficiently;largé;degrées.df poiycondensatioﬁ, t&
produce Stirfing.aﬁd'to‘ﬁeét‘thé?ﬁaterial.
. The flow obtained from the reactor which is
ﬁ 10 ,opeﬁ to gases is analyséd—in order té determine ﬁhel_
|  amdqnts‘of acid_and aﬁiné ehd,groﬁpsg NiR-spectrométfyT
‘-isradvantageously‘géedfté dé ﬁhis; The fléws of:” |
| breéuisbrs,-digéid méltgdr_diaﬁiﬁe'aré céupléd tQ‘the'i.:
- anélysisAdf'thé améupts of.éndﬁgroﬁps and/or théir}jﬁ
1 15‘“ratib.7The-rétid:betﬁéeﬁiﬁhérabid-énd”groupé and,tﬁeirﬁx
 émihe_endsgioupsl;S;prefefébly cioée to i,' | .
fad&ahtaéeodsly’wifh é‘préciSiQﬁ of¥g#eate£ thén O:5;_'5'
"The'énalySes'méf.élséfbe pe;formed-on‘a :ecyCling'flow.ﬂf o
L .'-Thé_fioQ”QfIPIOGUC#.feco§éredlmay.---,f-- E
 204 adﬁéntégebuély be‘intiQdQCea iﬁtp é flasﬁiﬁg’deViCe"ahd o
| then a finishing device, making it possible further to |
| inCrease”the-dégréérof ﬁolymefizationQ | |
| It-is pbintedaouf.that ﬁhé reaétﬁr,ﬁhi;h iéf_ “ “"
open'td'gasés may be proﬁided‘with ﬁeans.for,recdvering.~‘t '
25 the diamihe ﬁénéme#s:which méy‘have §6ié£ilizedfﬁith[;ﬁ )
" the wétér. Theéemoﬁomefs méy Qe réintfodﬁced‘into the

plants.



25 preferentially such that the recycling flow is-between ten and twenty -
tinmes greater than the flow of m xture introduced into the reactor which:
is not open to gases.. During this operation,: there is condensation fromthe
salt. A recovery valve is opened. The degree of - pol yc?ﬁ Hﬁgoz@ﬁ at the

ti me of opening of this valve is advant ageously greater d
preferably greater than 20. This recy@ﬁlng can nake it possible to.obtain

sufficiently large degrees of pol ycondensation, to. produce stirring-and to

heat the materi-al. The flow obtained fromthe reactor which is 10 open to
gases i s anal ysed |njoﬁdéﬁaﬁdl@@téFﬁﬁﬁbI%W%?%ﬂﬁﬂ@hﬁ@eopeé@ﬁﬁeﬁﬁd ani ne end
gr oups. NIR ectronetr vanta%eousl used]%) do this. The flows of
precur sor s A §STE Frain & e &% §%atio. The ratio between

the acid end groups d the nal SIS of. the ampunts _af e groups. and/ or
“their anine end gr oﬁfns i ;Sia &&n PHPSSE 1t 6 o%ﬁgnﬁﬁg%ses may. al so

-be -perf cl h
of o7 ot oy TR AR R0 2 V%%Z%%&E%gﬁe% BB ont ageousi y
be introguced J ntiq 8 4 iashiing d%\iltce Jﬂéh %elgr §9F°f pol yreri zat on_

then a .finishing device, making it p SSlb| er ‘an i-s pointed out
that the reeeaae{etwleﬁadeanaea&u&psg%e%daexbfberehp\élo@e@o%s@ E@ans for

recoverlng
welght ThlS operatlon constltutes a flrst step.’
| 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 mrxrng plant 1s A

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

o 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‘
tobtalned_from the m1x1ng of the:precursors.thus-
Vreplaces 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.



25 the dianine ‘monomer's whi ch may have vol atilized With the wat er. These
nononmers nay be reintroduced into the 28 2 3 MAR 2005 The starti steps
precedi ng the permanent. .regi ne descri bed above are now dgs&rMARe '
condensati on pl ants, and optionally mixing plants, are first fed W|th an
aqueous sol ution of -a diacid/diam ne salt, prefer abI y an aqueous

hexanet hyl enedi anmoni um sol uti on of fﬁ6h140@6t0 65% by wei ght. This
operation constitutes a first- step. During a second step, the solution

i ncluded i.n the- condensation plant, for exanple a reactor which is not 10
open to gases, is hedthsd H@I@Q@ﬁ)mm izsbders180@duatl ly pressure above 5
bar, preferably to a tenperature above 220C and to a pressure. of between:5
and 20 bar Ie#%ﬂ%ﬁﬂi ng of the solution is optionally inposed. The salt
solution-included in the m xj ng. plant is 15 advantageously heated to.a -
t enperat ure of 1800C° thite 34%a" T A tedd swiod htg“ef H&NeSt10pr ecur sor's, -

at flow rates such that the proparti.on noners in oduced are ‘
subst ant i al‘”flgsfustedqectiﬁeoﬁbqrﬁ ccpL a%(l‘)llé’ % 1&#& &u tl'ﬁ *SPRlEm i s
acti vat 20 of xture.is. ed i ondensati on plant; for
exanpl eesflheglrh‘geactboe\r,Efo |(§‘ﬂ1r|e§ hér® opegnl‘1 g§§ ;E‘d %‘ %Teltg\?v ?i S

Condensatl Qies&lrl%i%tns 'gsixfe%f:qyl%’heq:e-@eere'ﬂ%tee[t' alt‘.he f}.gures, which

_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
| | | Therprccess in permanentEregime isrfirst'
'descfibed in this‘examplef ' S
'; AcccrdingatO'the scheﬁe‘rebresentecein
--Figure 1, 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
;EZO',whose welght ratlo is B1l% of:dlacld,mcnomer_and 19% of
‘tdlamlne monomer' ThlS mlxture.Ml.ﬁay-cchtain a-suall-
;tamouut-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.



obt ai ned repI aces fromthe m xi ng of the precursors thus |n t he pI ants the ~

mat eri al obtained fromthe 25 solution of N salt. Water gﬁgwﬁ act or
which is open with the product recovered. gradually rean M 0 gas,
or by depletion 2 3 MAR 2005 29 The permanent regine is thus gradually-

reached.. QO her, advantages or details of the invention wll energe nore

clearly in the Irght of the exanples 3§i ven bel ow, purely as-a guide, and, - -
with the detailed descriptions given with reference to the figures, which =

represent a synoptic schene of parts of the process according to the
i nvention. EXAMPLE lThEGWﬁﬂQPEﬁ Mlﬂkﬁlﬁﬂﬁ|Qy(ﬂlﬁﬂﬂ¥qkaehsmam@e 10 its
start-up The process in perrmanent i me |s frrst described in this

exanpl e: AdERTHY 14 (He si'ér?eri%‘-lreé’p 0%, megestived Yeoncent r at ed
aqueous hexanetq%lenedranl e 15 sol ution w concentration by nmass of

wat er - equal Tt S WV TR TR al0§o@rn€equ:’1 and of adipic acid
ot red feactor 01 TEARTE B e s e e d ity Pelinon Z.t " a
m xture 5 ~the mrxture ‘M1 from the reactor 101 may be fed 1nto a
| storage tank and then from there fed into the . | |
IWreactors 104 and 105 to allow a ‘more flexrble execution
- of the process. - |
In the example 1llustrated .the reactor 104
o10-'1s malntalned at 228 C under a pressure of 15 bar, the.-
flow of mrxture Ml fed via the plpe 102 1s 41 kg/h
Into thls reactor 104 is fed a: solutlon of 1.' _
_hexamethylenedlamlne (HMD) contalnlng 105 water vra the"
iplpe 112 at a flow rate whlch is controlled to obtaln
: 15.‘1n the reactor 104 a mrxture M2 comprlslng a ratlo of
l"sthe acid functlons relatrve to the amine functlons
--f:equal to l 03. | |
_ The ac1d/am1ne ratlo 1s measured contlnuously
 Wln the reactor 104 or, as 1llustrated at the outlet of-
20 ~this reactor by a Near InfraRed analysrs method
'!descrlbed below, Theé result‘of thls analysrs is
processed'by,a coupiing:systen uhieh‘controls tne.flow
. rates of the. flows of mixture'Mi'and'of ﬁMﬁ'solution;"-
fed into thekreactorllo4" | . ‘
.25 -t' o In Frgure 1, the dashed lrnes represent on
‘the one hand the coupllngs of the. flows to the Near

“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 gasudinef drlt oM@ i THY acassest byrie ¢aurl brg system whi ch

rates of the flows of mxture M and the -
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



25 In controls the. flow of HVD 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 tRe water contained and/or forned in. .
the reactor. The rate of renoval of this water in the:form of stean1i${7,6
kg/h. The m xture M2 renoved from ipream dated adipic acid/HWD acid -
functions. Mhetueadidr b4 Neax Iribmahes whiadlysiis 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 ani ne X IHWOOILFJ‘fXé:dJr\ﬁSa M(%é“& i Pﬁaépéddéﬂfé’mmtﬁéd and

ure with a.ratio of the -
g!gin:jt (Z)Bed Sroeactors Oltbttial ”}? rreesa;%c :|.v]e 5y,a arPeXtJ.ntro uced into _ '

5 a polycondensatlon reactor 107 ‘malntalned at a
!temperatute.of 248° C uhder a_pressure of 17.5 bar
absolute. o | |

| The two flows. of mlxture M2 and M3 are fed
-tnto a premlxer 108 con51stlng, ‘in the example, of an
10” assembly of stat;c mixers arrahgedlln ‘a plpe..Other
.mixingemeans; sech.as a'stirredftank"may be used‘
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 - |
‘hSO 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



the tenperature flowrates of the flows of mxture M and of HWD are ‘25’; '
coupl ed to the result of the continuous neasurenent of fung lons e to
the acid function/anine function ratio in the 2 3 MAR 2005 , by a- .
Near | nfraRed anal ysis nmethod descri bed bel ow.  The two mxtures I\/IZ and M3
obt ai ned from the reactors 104 and 105, ; respecti vel y, are introduced into .
5 a polycondelnsatlon reactor 107, naisnt ai hed at. a tenperature. of 248C . -
under a pressure of 17.5 bar. .absolute. The two flows-of mixture M2-and M3 . -
are fed into.a prem xer. 108 consisting, in the exanple, of an 10 asserrbly
of static rihdet NATHRFANL FRJF fe& Taridaim stiheg diddies encecivadsea stirred
tank, may be:used. The flow rates of the flows of mixtures M and M3 are
moni t or ed §@@¥$QQ)PﬂﬂEQQ¥%Q?%|%§#%%ktor 107 a mixture with a given acid

functi on/ am ne functi |T§{1q 15 I‘%tl 0 dependl on the characteristics of the
pol yanm de to be manuf CIme t@)?al‘f‘ﬁlxéulrlel @Strated, these flow.

rates are deterg;ned S0 %I t%_obtalné®7nlxture %n t he . reac%or 107 which- 20
concentr at ifons oY t-he out % SPTHE malﬁl RG ©Pffi $oH4STa° T

3 30 minutes.
| .The'reactors lde;rlossand 107.are eduipped |
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 tor.!f
-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



di fference between the acid and anine-functions (CEG AEG a reactor-107 in
the region of difference in concentrations, or the aci d i gnmggom’n m ne
function ratio, is measured. 25 contlnuously by neans of I'nf r aRed
spectronetric ~analysis nmethod, the flow rates of the flows of mixture M2
and MB fed into the prem xer 108 being coupled to this neasurenent so as. =
to mai ntain the difference between two34om nal val ues.. The residence tine -
of the mixture or prepalymer in the reactor 107 is. in-the region of 30

m nutes. The reactors 104, 105 and 107 are eqU|pped with a depressurlzatlon.
val ve 106, EOOCEBLBRF bW sefeaeid ehd oBeersf (PR eyual henaavetatgon - - .
reaction to be_renpved. The flow of steam renoved via the 10

depressurlza?l%ﬁ9vélm%qib@flsh%EuaF F% 32% kgihfbrrenes deptvweasie anal ysis
t he conposi ti e flow 114 renoved fromthe reactor

d t h
i87 QFPBmgrtﬁ% 5?%%?%§§a OB fie® gn?ﬂ % ?E%%@l%ﬁda%% YPtRe t he degree of -

pol ycondens of t e pr poI ~.reactor 0_be. noni:t ored.
renoved f ro%&?ﬁpl%e gve?a‘ge %@gbf %?jén%vra?mjori‘a ™ r%‘f)%ﬂﬁfg fromthe
react or 507v¥1@etgf @bqge&}ﬁgls 102 kg/h The prepolynerthus"recovered has
a nunber -average no '

- The prepolymer thus produced is converted
into polyamlde of the de81red 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'
.f15:_{W11ey Inter301ence, l977)_pp. 424‘to.467 (chapter'12
”'“Preparatlon of 6, 6»Nylon and-related polyamides” oy:
:.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 qnallty'or properties;of the

_polyamide obtainedsleavlng_the finishing steps, These



mass in the region of 3800 and contains about 5% 20 water. Its viscosity
i ndex nmeasured in diflute formc acid in accordance wt h"thez %prt '[mgs and
reconmendati ons of the international standard The process i1 makes
it possible ‘produce continuously a prepolynmer 153 at the outlet the
reactor 107 with a concentration of anine end groups (AEG equal on
average to 238.2 nmeq/ kg, and of .2 33WAR 205 34 concentration of acid end
groups (CEG equal on average to 289. 5 meq/ kg, that is to say a difference’
bet ween the concentrations of acid function and of amine "function of 51.3
nmeq/ kg, forPreRfoifitRd el disitieerl vt déiasfe 30° iy kaplyBime der epol ymer t hus
produced is converted into polyam de of the desired nolar mass which is
conpat i bl e%ﬁ#%%%d’flmt riddddidiangla i for manufacturing a
pol yami de obtained fr m a rocess. manufacturing polyanmde 6,6 starting
wi t h hexamet hyl enedi ‘??as(eogd:lrte Sty ot mekesudtal processes

T'(I;(r)l ;]/Hnglrjr 2;’% |url rkg]'rocess“g due%?rﬁt;l'fbﬁeﬁ?r?ef o é%lllrlq?‘t?ﬁ O(JWETHE%‘EI r?h%g:t(’?m ei nce,
1977) pp5 4(?5%& Oas46a7 s(tcaq&pf n‘?a%:erlal in the usual uses, such as
.the manufacture of yarns, flbres or fllmsvor the
.gmanufacture of moulded articles.
'nThe on—line Near InfraRed spectrometriC‘
- analysis is nou described'in'detail. |
'10"_ h_'. - The method of measurenent by spectrometrlc'
analys1s 1n the near 1nfrared spectral reglon con31sts
rn performrng,a contlnuous_measurement'by‘transmrs51on,
"on-the'reaction-mixture: the iight waue_is‘emitted:by
| the'spectrometer‘lamp, conueyed.by”a Single-strand of
fiSn'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‘dconveyed 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'
rlspectrum - 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



"Preparation of 6, 6-Nylon and reiated pol yani des” by  Donald B. Jacobs and
Joseph Zi merman) conprise, .in the finishing step of the pol yner,

flasher, a vapour/prepolyner separator and a finisher, qT f'20
prepolyrrer obt ai ned by the process of the invention is 3d33&&¢§mlﬂ

conventional flow of polyam de upstreamof.the flasher. The addition of
this flow of polyanide | eaving the préfess. in accordance wi th the invention
25 does not disrupt the quality or propertles of the polyanlde obt ai ned' .

| eaving the finishing steps. These properties are i dentical to those of the
pol yam de FRHUFaTtiFred We iRTads Ladh t5ene Famed Bie 39 ocess of the

i nvention thus nakes it S le to nanufacture a conpatible polyanlde to
be 5 used HELALR aFRTTHY Cﬁgt]eéréjaﬂcqw e FH S ses, such as the

manuf acture of yarns,._ fibres or fil or .the uf acture of moul ded
articles. The on-|ine Neat? ?%-’%aaiR %&é‘t&t ”BJ?:L crfrﬁifybé’ls is now

descri bed i 1 10 T 0 of meas! t hy spectro ric
analysis in &Fﬁg rﬁ‘lé%trls iTT SlcF s%e%t SCr"“elgl on nc ohdl s dgmeﬁlt grg“ll@rnm ng a -
cont i nuows rgg_{]% afgm ur, he Iight
wave is %mﬁ?ﬂéﬁb& e%lpi%tron@uﬁgar%} ’%ﬁveygﬁw r]::;cflgsul%:nglg girand of
15. opti caladd Q{Eﬁttoré%@iﬂ@élyﬂg P8 WiGh d & HEEGHy in contact with

t he reaction mi Xt ure he light infornation 1s: partially absorbed by the
product passieckd fersghu sty iodd1en graptuderd By de yresaion R thr obe  which

is rigorously aligned with the emtting probe, 20 conveyed via a. second
singl e st raa%;n]fe&pﬁna:mséd e - potentlometr::.c analysis methods :
| descrlbed for example, 1n “Encyclopedla of . Industrlal._i
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
;ls.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 '_']- ;,'



and then col l ected by the spectrometer detector. The spectral acquisition =
software constitutes the whole transm ssion spectrumto convert it into an
absor bance spectrum The acquisition of the spectra. tﬁug MAReX0525 pl ace _
over a range of wave nunbers from4 600 to 9 000 cm-1 with a resolution of
16 cm'1: each spectrum 2 3 MAR 2005 results fromthe average of 32 scans -
formed at an -average speed of 128 scans - per. m-nute. The spectral -
information collected by continuous -analysiss is transcribed into a
concentration of acid and anmine end groups per kg of dry product (CEG and
AEG, respectli%igley) Cadd f4118d & -nThegeCRcoRes adief fserened. 1nsiongheodel s
produced by callgﬂetlon wi t h' sanpl es anal ysed hy potentionetric analysis:
met hods = dEEDEPL IS é%aﬁﬁléo PWOdEﬁﬁy@iGﬁ@GFéloﬂeFﬁdu§FFPél 10 Cheni cal
Anal ysi s", 1973, | une ghe a enbly of _the e for near -
infrared . ﬁ%EQUr tS%RQ &1 3 ggtt LR LA Pt E aF ®pressure of
150 bar. erature 0 OC . The assenby%glsco sed of an APX4

stainless S eeI © Pﬂ? prOV| &&- by hﬁhépeéﬁﬁﬁh &fFe -NECaniquesPeagois
(AVEP) egegfgeggg%o 320d %g@ns%cemn;e B S Sfigahedcepctiica Ty,

the heatin trol tenper e measur.enen e nmeta o
bul k and i i, themReYBN. a/arauelt%wtoeyt he ASARE A %W%O %fo%erence make,s It

possible to détect a fault “in the heating devi‘ce. The p of circulating
the anal ysed1leadu@tace % oC¥hicedr iigali sardtl a@Mai fndiaaleehaihlli S f|0“/'5

intercepted perpendicul arly by the probes directly
constant during- the callbratlon and predlctlon phases
in contlnuous use The probes are connected to‘the
hplO-'spectrometer via an optlcal flbre measurlng up to
| 50 . metres The spectrometer 1tself 1s connected to a -
'computer in-an operatlng room. whlch glves a real tlme
report of the- result of the on~llne analy51s..
o The measurement performed on.the- mixtures M2
15 and M3 at’ the outlet of the reactors 104 and 105 shows
. a standard error'of predlctlon of 10 1 meq/kg for»AEG S
13.0 meq/kg for CEG and 12 7 meq/kg for the dlfference
 CEG-AEG w1th correlatlon coefflclents of greater than
0.99. . " e
20 ; 'The degree. of precr51on achleved by thlsch?4
| statisticai’enalysis of- the near infrared spectra ‘
allows anradjustment-of the ratio between the ac1d-end-
'groups_and amine end:groups inlthelmixtnres:MZ and M3~p
' hyfcoupling the flow‘rates of the flulds fed into the
‘25' reactors: 104 and 105, respectlvely .
The measurement formed at the outlet of the

. reactor 107 shows”a standard error of predlctlon-of ,-



25, screwed onto the body of the cell. The probes used are of the type
FCP-080 cross |ine probe supplied by Axi om Anal ytical Incorporated, |rvine,
California. These probes are screwed into the probe hglﬂﬁnggp as to
produce aconical netal-nmetal seal, the sapphire of gb nm bei ng
flush with the end of the probe hol der. The spaci'ng between the emtting
probe and the: rece|V|ng probe is thus3fmde by a symmetrical adjustment by
screwi ng the two probe hol ders face to face: it is set at 4 nmand renains
constant during the calibration "and .prediction phases in continuous use..
The probes 4arfe Meerfacfed AEG S - 110y facfooneEsr andadai vpuvkal fibre -
measuring up to 50 netres. The spectroneter itself is connected to a -
conmput er. i Oént@ﬁeﬁ&ﬁﬁﬁéenﬁ@o@@dhﬁﬂ@hW@ﬁ@e§oérﬁééFlene report of the
result of the on-line analysis. The neasurenent perforned on the m Xt ures
M2 15 and SOSIFlciRetsulte §f90t keTr &&6r oPs °2104°anHE¥082ehBwe%a st andard
error of pr |%hl E" gf 10. for AEG- 13.0-nmeq/kg for CEG and 12. 7
nmeq/ kg .f or. & P ﬁEgnégG- GAMth correl ation coefficients of greater.

than O. QQ .20 The d%%r%%gst%tbstp%% naly%Fedg%sgm%?a Oadjustnent of

preci sion achi eved by tTh Aear in % the ratio

et e L SEARAS RO, DL AU TS A.USYR-olsUE PSS M. and
allows an adjustment of the ratio between acid end -
groups and amlne end groups by coupllng the flows of
.the mlxtures M2 and M3 fed 1nto the préemixer or the
_rldd_reactor 107. | _ ‘ |
| 'Simirarly;hthis,anaiysis method~hy:near
"infrared;spectrometry'also.hakesjit possible to -
"deterﬁine the‘compositionhof the mixture Ml'and”to
"couple the flow rates of the monomers fed- 1nto the
d15"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 analy31s p01nts 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 thrs:e"
ﬂmeasurement to the flow rates of the mlxtures M2-and Méd
.;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 '



25 reactors 104 and 105, respectively. The neasurenmgnt formed at the outlet -
of the reactor 107 shows-a standard error._of predicti onr£ {@f@&q/ kgfor -
AEG 5.1 meq/kg.for CEG and 4.7 neqg/kg for the differe & W th
correlation coefficients of 0.990 for -AEG 0.991 for CEG and 0.995 for
the di fference CEG AEG The degree statistical analysis allows .an

adj ust ment  groups and amine end of précision.. achieved by this of the
near infrared spectra also of the ratio betmeen aci.d end groups by .
coupling the flows of the mxtures M and M3 fed into the prem xer_or. the
10 react or MO erSimid drd yr;ortnmcs: dried ysinp oreittiooh lyf reath dffohar ed
spectronetry al so makes it ‘possible to determ ne the conposition of the.
mxture M Trbunes dBugle Mherrd.dw regtued cofthieh f e ovedres fogd thet o t he 15
reactor 101. The placing. .of the probes in the process ‘may be different. -
dependi ng. difagfe ey rlajfgérf@ﬁ dleadter degcmemsifagit wHagtdsesce of storage
units or reactors The number of analysis points on the process 20 may vary
from one td“SEMHSA-. Thus, it is possible to have only one nonitoring:of.

s Crbour emmnt to Bike SR Al EvRen hod dres e ada s P S
coupllng the feed rates of the flows of mlxtures into L
the varlous reactors is 1llustrated by the dashed llnes.

'1n Flgure 1. | |
' Rs mentioned‘abore, thedprocess of the
10 .invehtion preferentialij applies'torthe'mahpfacture of:
PA' 6,6, hut_it'maydaiso_he used for the ﬁahufacture of
-.rotherppolyamides obtaihed'from diacid{andrdiamine_
) 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-_
"ddescribed.’ _. a - | -
| V;TThe startfcp.ﬁses the'N-salt at a
-20:-concentration ofl62% It is prepared from a sodrce of
- rwater 254 adlplC acid 252 and hexamethylenedlamlne
; 251, o . . :
" In the example 1llustrated the detalled
descrlptlon of whlch 1s glven w1th reference to h
f25 Flgure 2 whlch represents a synoptlc dlagram of a part'
‘lof the process of the 1nventlon, the solutlon of N saltj;

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



and/ or the feed rates of the HVD sol ution and of t he

X
reactors 104 and 105, wi thout, however, departing. fronttﬂe cMKégwb%

i nvention.

2005 preferable to m)nltor t he conposition of each of the’
M4 and. to couple the feed rates of the

in the

of the
However, for: better nDnltorlng of the process, it is 2 3 MAR

‘mixtures M to
reagents into each reactor for

manuf acturing -these mxtures. One example;of'a system for nonitoring and.. .
coupling the feed rates of the flows of mxtures into the various reactors’

is illustrated by the dashed lines in Figure 1. As nentioned above,
process of wdneksHp | 2entThors preflestent iiad |Sedppinteisnimidlhe vimnafact ure PA
it may al so be used for the manufacture other

6, 6, but

t he..

from.di aci dleanst o wori ief Fron orasries ca&td:@[iemealzlﬁ fagrd tHled ndrigfhact ure of

copol yami des,

oper ati ons oREY Hel te mrateh DY tEaskl 1t idre hﬁfdtﬁjﬁt @ @rKipscess.
paramet ers before obtaining the permanent regi ne described above are now

descri bed. 4HEekt3Rq - i EET KR lsaiThege piX

prepared.froma source of wa er 2}_24 ‘adi pic acid 252. and

hexanet h?/l ST AT FBLPR

10

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'

After the'usdal'water teStS'preceding the

‘startaup of the polycondensatlon plant the water feed" -

'".15 replaced w1th a. feed of a - 62% N salt solutlon

15.

1ntroduced contlnuously at‘109 C, 'at a flow rate of

' 280 l/h (= 300 kg/h), 1nto the reactor 201 and then :

into the assembly of the cascade of stlrred reactors‘

204,.205 and 208. The outlet valves of the varlous

reactors are closed in a flrst stage, to allow them to.

o fill, and-then'opened}aThe'piants'comprise means for

~20.

adjusting“theflevels}fThe ilowfof'eXitino'soiution is o

reintroduced into‘the plants. The reactors:function ati

:"'.the feed temperature of the 62° N salt under a

:Vlrtually atmospherlc autogenous pressure of 1. 05 bar

to avoid the introduction of oxygen.._"

for instance copol yam des PA 6,6./6. '15. The starting

farﬂﬂ 3 I'Clﬁs?trja‘"tle‘dlg tHe eaeeasaéd

QBERIELZGE of 6206 |t

pol yam des obt ai ned

is



descrlptlon ‘of which is given-with reference to’ manufactured i'n"the :
wor kshop 224. This workshop is fed continuously via at e S$Jﬁ m%fer

t anks of the type 215 and 216 which enpty l.evel . tanks al

respiration between a maxi mum and a nini num | evel .. These ni t rogen-inertized
are equi pped with a .neans of stirring by external recycllng so as to .
honpgeni ze the. content therein and tdlnonitor the pH-and the concentration.
therein before. feeding the polycondensation unit, State 1: filling of the -
plants 10 After the usual water tests preceding. the start- up of the :

pol ycondenstaam i et tak hisshidr diegthe iopamgd iagpdrapime df ¢dé of a 62% N
salt solution |ntroduced contlnuously at 109C at a flowrate of 280 1/h

(=300 kg/'hRLdmish ihet! IC ST gaqton #dladgeriey of ‘'t he
cascade of sti rred react ors 204, 205 and 208. The outlet val ves of the-
various rea&dx LY in a first stage, to allowthemto. fill, and
t hen opened. The pIa means: for. usting the |l evels. The fl.ow
of exiting solutlon ?§§ %f hHﬁF&Hﬁﬁb&h%ﬂ%?W [ﬂ%¥ ™Re reactors:
functi on at feecjC teerC rat ure .o 62% N salft 6Lé|gﬁd_§!r s%lt\”- r.t ual ly

at nospher i au og s Prressiire Jf‘ So sed rate ©
is reduced to 110 1/h (~ 120 kg/h) S0 as to allow the -
concentratioh-of theh62%lN.salt-to.{lacuna] 75%_w1th ,
.the.aidof_heatfexehange Surfaces'arrahgéd'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, |
h20 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.



to avoid the introduction of oxygen. Stage 2: establishment of the -
operating regine in the plants in the future state of the reactor 201 in
the permanent reginme After stabilizing the |evels dur pny MARe 280%r ecedi ng
step, the continuous feed rate of 62% N salt is reduced to 110 1/h (- 120
kg/h) so as to allow the concentration of the 62% N salt to [lacuna] 75%
wth the aidof heat- exchange surfacedZarranged in each of the stirred
reactors. To do this, the nominal_ 10 tenperatures in the reactors 201,

204, 205 and 207 are set at. 115C.. The correspondi ng autogenous pressure is
t hen adj ust®Ete 4: 05 tadiligmant I diasipetatentg ofeqtime dpertdisi ng re ganme
in the reactors 204 205 and 207 in the future state of the 15 reactors
204 and zoareapteﬁxéﬁﬂr&ﬂuﬁherﬁwnaéaaﬂa&ﬂ oft 411g irAastanse A0 @nd and

t enper at ur e ep, the nomnal tenperatures are _
adj usted ta . ST CEC BA-T205 and 207.. The autogenous pressure
is then adjusted to bar The 20, cancentration of t N in the

reactor 207 is 88% %Hﬁﬁ sthsec Hflélq PSS rﬂgeg%iomco%@ﬁe f ol-l owi ng

step as &$0 s 1 ratyr of. 18 S reached in.the 2.3 MAR 2045 42
State 4:° Ci%a@b i's the %pegrca Orn%%r7l(=5g|trpe1 i RE-S 5‘&&& 4% 207 in the -

final state,pf, géee rteaetlzoz{)g Z%ea%to?g%%ou% tp*}%s%%&réﬂ&%mthe%g' me. Once the

nomnaltemnrﬂureof
adjusted to 15 bar

© State 5: establlshment of the operatlng regime in the

reactors 2047 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 leavrng the reactor 207 1s‘
'about 4 OOO g/mol Thls flow contlnuously feeds the
. downstream of- the polycondensatlon process. consrstlng
'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 acrd in- accordance w1th the

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

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

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




been reached in the reactor 207, this tenpérature is adjusted to 227C  The" '~
aut ogenous pressure is then adjusted to 15 bar. State.5: establishment of
the operating reginme in the reactors 204, 205 and YE ir final state
(fed 10 with N salt solution) The noni nal tenpera are adjusted to

228, 226 and 248C, respectively, for the.reactors 204, 205 and 207. The
aut ogenous pressures are-then. adj ustedsto 15 bar in the. reactors 204- and
205 and 17.5 bar in the 15 reactor 207. The nunmber-average nolar mass =~ =
measured on a dry extract of the romrLeaV|ng the reactor 207 is' about 4
000 g/ nol . mB¥ts ddnewreanh Bpeuskrtieeds hHehedownskream oh the

pol ycondensati on process consisting of a conbination in series of a

fl asher, - a heapdury t2e gFriejeherer cxepdtatroyrandlatfion ShélowEhdebgol ymer
obtained at the finisher outlet has a viscosity index nmeasured in dilute
form c aci demeladegr.dance with the conditions and recommendations of ‘the-
international standard | SO 307-1984. of 135 m/g. 25 The product |eaving
the cascade of sti.rr&&isr s&€Pois ﬁ§vﬁﬁéaﬂﬁ@ﬁ@ﬂYWﬁﬁeﬂht@hCgﬂﬂbeateafter
rising in bulk, a polymer whose viscosity index is suitable for nost -
conversﬁbntéﬁpﬁoé§ﬁﬁo§§r BERREF 1Ty E0E1 yToRchéatetgyt RY PRATsher, or after
granul ation followed by .renelti Thi s ste dvanta eously used to
calibrate tfid rﬁ&iﬁfssPG ﬁéa?upﬁ%ﬁrﬁﬁ§l§Po ﬁF@ﬁ%th By ﬁ&aﬁnlnfrared such

as a descrlptloq tEereof i's glven in

~

‘State 6:'final state'corresponding‘to thelbermanent

regime ..
10 "~ When all“Of-the Hear infrared measnring
p01nts nave been callbrated and when the spectrometer
has thus been callbrated, in a prec1se and rellable -
' manner to allow;the'direct amldatlon procees 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. ' | |
| 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 ex1t:flow and |
the adjustment ofrthejlevel in each of . thefreactors
_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
ll25 fnnotions'and-the'otherﬁrich in acid functionS:
| Thieimode'of start~np-of the‘direct amidationr'

process using an aqueous 'solution of monomers makes it



Exanpl e 2. State 6: final state corresponding to the permanent reginme 10 -
Wien all of the near infrared reasuring points have been.calibrated and
when the spectrometer has thus been calibrated; in a precide MAR 2086i abl e
manner to allow the direct am dation process to be conducted, the feed .of
62% N salt into the reactor | is. 15 replaced . with a continuous feed at 90
kg/ h of the m xture M described: abové4d The adjustnent of the stoichionetry
using the on-line near infrared neasurenents is .activated on the '
assenbl y of cascade reactors: the coupling between the 20 adjustnent of :
t he. st oi chimpret iyl ofta hecledgste filow raanandnd adjqiisterstss ofilxede altevel in each
of the reactors .201, 204, 205, and 207 allows the flow rates of the two '
feed flows dfe edfetrofof H iedetamsle o By adjistieyy Whee cadfibmagdent | ows

bei ng systematically rich in amine 25 functions and the other rich in acid
functions: Fhil RIS STk AP BILRh &L aiStedchimnpdtiYoPYpGé&ss using an
aqueous sol ut | rs. nakes, it possible-to achieve the permanent -

o T B 3
regi me descht S AHe Bt AHOH 1HG- Bakii% R LIHTAHE DA s for
measuring infrared and by rH ni i zi-r}%, standardi zati an Cghase_S, the |
specific tisotrFrtfga\ ; lb%}'yaq Blirg The CakDrat PP MMHE S5 chi onetry by
near in tl’gepeccailf'ibcraqgiioqp_pacﬁ%érsks of producing non ' '
' EXAMPLE 25 Example Qflé'procedure:for éalibrating a
near infréredrspectrometer:té qaify 0ut_the_p;ocess.
fDevices_ahd prodedyrés“rélating fo the near.
10 infrared analysis_and'the,célibrétion of_the _
spectrometer are describéd-in thiS'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. .



EXAMPLE 2: Exanpl e of -a procedure for calibrating a near infrared
spectroneter to carry out the process. Devices and procgd qmﬁ;@ﬁmht1ng to
the near 10 infrared analysis and the. .calibration of th spectroneter are
described in. this exanple. First branch | oop Although the neasurenent can
be carried out on the main praduct circul ation pipe, the neasurenment 15.is
carried out on a branch I'oop. Secand hrsanch 1 oop A second, closed, branch.
| oop connected to. the first |oop i's used., Thrs'loop'nakeS'it possi bl e to
st andardize and calibrate the near-infrared 20 spectroneter.  Calibration

procedur e .tHdhel psmwdutsdl Dby aiqechfiqm tdesadndeisatden ofusdmeit he N salt,
the characteristics of which are - known, is recovered in t he second branch

| oop. - Wth dneurits set ondti i @neodid mm/amnettrmkamtnyieammmﬁm@i@t er, the.
spectronmeter is calibrated in the desired range using - reference -

neasur enent &lqre Laddil f ¥ om setipids irakdre fram .t he 1 oop, foll owi ng vari ous
dosed. addi ti ons of known anpunts of adipic acid and/or of

hexanet hy| EaE¥BI# n® (dosed addition method) in the | oop. " EXAMVPLE 3
Anot her enbodi nent of_ a ‘process according to the invention. The plants and
the funclioning in apﬁé?%férﬁmqué@% a:r% ¥ |Pr”§tcet®s@rq0§’§dimg to -

the invention.
The'plants and;the fuﬁctioning,in.a perﬁahent‘
' regime are flrst descrlbed o | . |
| | 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 bar,
.l:lobtalned from a source 452.;The-mlxture obtalned 1s;e
| referenced-M5H-The.stoichioﬁetry ef'the reactioh o
'.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 as_'
-ite regulate the_nomrnalevalue_of_the molarrratlo-of the'
e-rneartrnfrared measuring:potnt'QOS}j- -

— The‘mixtarerMS'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‘reeycllng flow,rate Whlch is 20 tlmes.as;

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



According to the scheme represented in.10 Figure 3, into azone consi sti ng
of a conbination in series of static mxers 403 are cqntinuously fed, via
the pipes 401 and 402, respectively, a flow of hexamzzt %y fﬁﬂam ne melt
obtai ned froma source 451, and a flow of deoxygenat ed adl p| c acid nelt at
a 15 tenperature of 250C under. a pressure of about- 15 bar, obtained froma
source 452. The mixture obtained is. rdf erenced MS. The stoichionetry of
the reaction mxture is measured. continuously by near infrared in the
flow 407 | eaving the m xing zone 403:- the flow 20 rates of the flows 401
and 402 ar ed@hevparust et s0 taswpdmnagulef €337 noerala waldssuafe the nol ar
ratio of the near infrared neasuring point 408 The nmixture Mb is -

i ntroduced adiiwstdrd teo ekydiamg Ttoams cfquipped et eacteorte40fzl this loop is
25 equipped with a heat exchanger 406 and provides via the punp 410 a '
recycl i ng fdew ¢atkowpart-ial 2eqavay @f gleatlasaheof eed atdle of the

m xture MS. The reactor. 405 operates at -a tenperature of 255C under a -
pressure dHamiRg enFusingd by tthes HRAppEP tniteprasestest dal . device for

partial recover es of vol atil e di-am.ne .entrained by t he steam
not repr% e"ﬂlt‘@'b"}/?rg ﬁq}ﬁ.l fgl 93 |3ng JusfeIthad Hhen astdmatied est i nat ed
reS|dencet|msA nute?O tlon of the flow leaving the" _

reactor 405 1% Otldn%/ll(f tar?é)up% E %cont i nuous near - infrared .
gﬁgsgggm} po pty ang@{@%étqoﬁlh'o% R AY, HQRKES e RESYNE to oni tor
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
assrgns a new nomlnal value to the'near‘infrared
measurement p01nt 408 located on the plpe 407
d The prepolymer 453 thus produced is converted.
l5l 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




chem cal . progress of the product. [f need be, it ~assigns a new nominal
value to the near infrared neasurenent point 408, |ocated on the pipe 407.
The prepol ymer 453 thus produced is converted 15.into poI anlde of desired
nol ar mass which is compatible with. the usual uses. b 5t o . a

pol yami de manufacturing fl ow obtained. froma process for nanufacturlng
pol yami.de 6,6 using hexanethyl enedi aaizne adi pate salt. 20 The conti nuous
and usual processes for manufacturing PA 6,6 descri bed, for exanpl e, in
t he book "Pol yneri zati on processes”, Schil dknecht . edltlon (Wley
|nterSCIen@@tal&éa)bypﬁhe4§40b@séﬁﬁf(théphﬁheﬁﬂaon"Eéeﬁaﬂéﬁl@@ of 6, 6- Nwlon’
and rel ated pol yam des" by ..25 Donald B.. Jacobs and Joseph Zi nmerman) - -
conpri se imhbheopobnnabnhﬂnEsbwngfspemyamiﬁbaapstreamvapouhéprepoIyner
separator. and a finisher. The flow of prepolyner obt ai ned by the process
of the invédeisheri.s added to the conventional ‘flow of pelyani de upstream
of the flasher. An alternative nay al So consist in passing 5 the reaction
mi xture through a fla&shelteanpiavehBrychassi tovdias bai rgseingow viscosity,
fromwhich the prepolymer |eaves with a viscosity index, neasured in
dllute ffor e aepgtinnapEstdaRcERRPLEN Re Td8RAREY oAs fiRABNPECOMMENdat i ons

.international_ standayd,10 |1 S0, 307-1977 in the region of 60 nl/g, so as
to be ablecﬁésﬁé @F&nﬁﬁa&@&nngg QPHgvaﬁéPéﬁan gEEBnﬁQﬁ?Fthﬁ o

prepolymer leaves with a v180031ty_1ndex, measured in
dilute formic acid in acoordance withlthe;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
pdescrlptlon 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



post -condensati on in:solid formthen makes it possible to achieve the

required | evel of viscosity for the polyner. 15 The nethod of neasurenent
by spectrometric analysis in the near infrared Spectr2|3 @ggqﬁ ? -
perfornmed in a manner which is entirely sinilar to th ption in
Exanple 1. This on-line nmeasurenent i.s carried out at all the relevant
points of the plant and 20 nore part4igularly at points 408 and 409
represented in Figure 3. The start-up operations and the transient states
of the products and process -paraneters before obtaining the pernmanent

regi ne described aboveReageapewufhesstant sapt usesaNesaténttagisoncentration
of 62% It is prepared froma source of water 554, -adipic acid 552 and
hexanet hyl efiled2am be 551preparhé Examphesotrost vAtedteth®Sdetail ed 5
description of which is given in reference to Figure 4.which . represents a
synopti ¢ dadgpam atidnkSpasndohexamephptessdbinihe Shvention, the solutioh
of Nsalt at a.concentration of 62%is manufactured in the morkshop 521.
This workshop, is felncbhei aueusly Vidustrabed: tae dabableéder tanks of the
type 515 and 516 which enpty alternately by respiration between a naxi mum -
| evel - aAd deAfRiRbHPN| @feVn1gRels ﬂ%Y?Bgéﬁ Fﬁ@?%?%@ﬁ tankkgure £qui pped

w th a node of stlrrlng?h% external $¥clln honn enlze t he content and

to nonitor"PIAR PEPERT algyE8BE%ﬁt PPOAT: er PR BRForef+ Ting into
LR 2 T L e R A R FIanE Aligr the usua
concentratlon of 62% is manufactured in the workshop '
521, This workshop‘is fed continuously(via‘at‘least two
]ld'_buffer'tanks of the tYpe'SlS and 516 uhich emth
‘_alternately by resplratlon between a maximum level and
ha minimum. level These nltrogen 1nertlzed tanks are.
: equ1pped with a mode of stlrrlng by external recycllng
to homogenlze the content and to monitoxr the pH and the :
,_15 concentrat;on thereln 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 con51stlng of a. pump,'a heat
exchanger and a near 1nfrared measurement p01nt
25 Coupled to the buffer tanks. 515 and 516 they operate
-aalternately so as to_contlnuously feed the-stlrred.

reactor 505‘Viaritéjrecycling loop 504.



start-up of .the pol ycondensati on pl arit, the water feed 20 i's replaced wth =~
a feed of a 62% N salt solution introduced at 109C, int Roﬂmghe two
stirred reactors 513 and 514. These two reactors are eqwg&e

recycling | oop consisting of a punp, a heat exchanger and a near -infrared
measur enent point. 25 Coupl ed-to-the buffer tanks 515 and 516, they operate
alternately so as to continuously feedgthe stirred reactor 505 via its
recycling | oop 504. 2 3 MAR 2005 State 2: establishnment of_the oper ating
reginme in the reactors 513 and:514 under the conditions of the pernanent
regi ne Aft extattealdi:| iezitag tilsdineenelos ditel bpet-heiny preded dg shep, the

nom nal tenperatures in the reactors 513, 514 and 505 are set at.180C. The
cor r espondimg cgtregeddu s not edsunamdes ttihen cadilistied st @6 thiar absol ute. The
concentration of the N salt leaving the 10 reactor 505 is 90% -State 3:
establi shnm@e_rgml ng regine in the. reactor 505 under -the -

condi tions of the permanent regime (feeding with N salt solution) Once the
noni nal .tenperature 6ﬁtfg0@tﬁ§§11f536eéﬁerg&@ﬁéé AnriRg £b&ctor 505, this
tenperature is adjusted-to 260C therein and the levels are adjusted so as
to obtaith &FSESCIRE EFSPesitAEnPETLIRE SPTRBEAFULES APnlf'8s. The aut.ogenous

pressure ig then adiysted,to and 505 are set at 180°C. The

reac
corresponding-autOgenouS‘pressure is then adjustedcto
6 bar absolute. | | |
| pThe.concentfationfof:the'N.salt leaving.the'_
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)

o 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.



15 bar. The nunber-average nolar "nass neasured onadry 20 extract is
about 3 800 g/nmol. This flow continuously feeds the downstream of the

pol ycondensati on process consisting of a conbination in ;%im Pgha - 7
flasher, a. vapour/prepolyner separator and-a.finisher. e pol yner
obtained at . the finisher outlet has a viscosity index, 25 measured in
dilute formc acid in accordance w thsphe conditions and recomendati ons of
international standard | SO 307-1984, of 130 m/g.. The product 1eaving the:
cascade of stirred reactors is the prepolyner which gives, after
increasing in mass, aHolpmeiudd theariHs GO tdaddudRX oft Batidredsui tabl e for
nost of the conversion applications, either directly to the finisher
outlet, orrefdterrgrianultet ippredadlirewediidyhr ejipddd,ngftBY s step may

advant ageously be used to.calibrate the points for nmeasuring the -
-st oi chi onetincinasimearin masr.ed g lymdes oritght iconvitdwrsidfly iimdgikven in 10
Exanple 2. State 4: final state corresponding to.the permanent regine

(f eedi ng witetrdrorfarl tadt kss)famarpsdl |ofofthehearemmr adeiy ar ed neasur enent.

poi nts have been calibrated, and the spectroneter has 15 thus been . -

cal i brat®d, 2R ¥ aricdisse edd 9l g vaktertha & igiswt reitdedeess in -

permanent regine to be canducted, -the feed of 62% N salt into the reactor =
of type_51:§’%_rar%ﬁf I%rar%%m Wi oy eco s ﬁ?ﬁfté?lé&)‘ of the mixture Mb as-
descri bed previousl y_O,l-ihnt 0 tt}ae rInn Xi %%QZO zone 503. ,The Je itdence time. is-
adjusted to about 20" fREs Moph ERHUEETEN "0t Fhd €t oiChionetry from
the calibrate the points for measuring the stoichiometry by -
near infrared as a descriptibﬁ thérééf is given in

10 'ExampleVZ.

State 4: final state éorrésponding'to the permanent

regime (feeding wiﬁh.monomér melts)
| .-When_all of'the.ﬁéafﬂinfrared_measﬂrement
, points.have beeh'caiibrated;'and the spéctromeﬁex has
- 151rthus been Calib;ated,.iﬁza ﬁﬁecise and reliaﬁle manﬁefi'
ltq-allow the procesé ih perﬁaﬁént:regimé to be.
JponduCted, tﬁe'feed.éf362% N éélf inﬁo thé réactdr éf'  :
type 513 or 514 is réplacédlwith a éébtihuoué.feéd-Of
the mixture M5:éérdesq:ibedﬁpreéiously1intb:fhe_mixing‘-:'
' 20 ”zoné 503. The resideﬁce-time_isnédjustéd‘to about
| VZO.minutes. | “ | _7 |
The adjuéﬁméﬁﬁiof-théAétoiéhiqmét:y frém,th¢ 1
~on-line meaéureméhfs_byfhear'infraréd is'activated:.thé.
coupling betweén the.é&jﬁstmen£ of the stoichiémétfy;of
. 25‘ fhe flow lQQVing.fhe reactOr-505:and-it$ leﬁei .
a .adeStment makes i£ sts;ble-£6:adjﬁS£ the flow iatés. -

_of the two feed flows 501 and 502.



on-|ine neasurenerits by near "infrared is activated: the ‘coupling between
t he adjustment of the stoichioretry of 25 the-flow |eaving the reactor 505
and its |evel adj ust nent nakes it possi bl e to adjust t?e U@@ﬁ/bﬂies Thi s
start-up.nmode of the direct amdation process using an a 3 noner

sol ution makes it possible to achieve the permanent regime described at
the start of this Exanple 3 by allow Bg the calibration of the points for
measuring the stoichionmetry by near. infrared and by minimzing, in the

cal i bration phase, the.risks of production of non-specification polyner.
For the neasurenentszbmjneamjuhkmameﬂkasnecmkoma&ewtanﬂuﬁbeloaribration
the primary and 10 secondary. branch device described in Example 2 is used
Thi s cal i brratdaers sprededurae Imyletmlstmen@qmm @iodugliprnamakey at t he _
measur ement - poi nts- 508, 509, 517, 518, 519 or -520 nentioned in Figure 4
for the onnqaﬁehﬁmttr-*oraqligeoﬁe e mmme@rtetnegur@r dewerribkedt he 15 water
content, irrespective of the degree of: progmess of the. pol ycondensati on,
from the nﬁﬁtﬂ‘r@r’f@r&nd’ft e Fanls tobivhe ldoeiagy e Iceddbmgting final
reactorégn ;ﬁ%her domnstrean1 t.o the polyner leaving the finisher. 2 3
MAR 20055 R (212894052 IﬁéTPI@R@i’/rG@@4§heG§/§PM§h3}°HPF6é’e§§ P6RTthe |

cont i nuous ufac ure, of pal yam de, starti 1%r%%%%hbo gggc aC|ds and
di am nes, 6%%% dlt"l di?r’ éﬁ‘tgréé’l tcl"il p ' .
R the risks of productlon ‘of ron- spe01f1catlon polymer.. o
.For the measurements—by near,lnfrared |
'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‘ watet:content 1rrespectlve of the degree of progress B
1of the polycondensatlon, from the monomers ‘and- the
:s,N salt ‘up to the prepolymer leav1ng the final reactor
3 andf further;downstreamh to_the polymerrleaVLng theg

finisher.



“following steps: ‘continuous mxing of tWe T oéws of polyani dé ™ precursors, =~

_one flowrich in acid end groups, ~and one flow rich in nine-eniﬁgroups, -
condensation using the mixture .of the two flows, the ni ih HIARN 005 E
condensation being carried out in the sanme plant or in different plants, -
recovery of a flow of product obtained fromthe at least onée of the flow
rates of theid | eH42 precursor being .8@upled to thePCBSER®L 05304t .. . .
‘analysis of the contents of acid and am ne end groups in the mnixture, the
condensati on medi um or the recovered flow, 'so as to keep:'these contents
~and/or their ratio between two nonmi gakIM8l'ues, characterized in. that the
starting phase. conprises the followng steps: - Step is condensation
-operation, feeding thel.condasasisodopl e wonlt lamougqueougassluei on

conmpri sing di carboxylate ions and di anmoni umions, in proportions such
that their mfl @okwanislg,s Parkday 0idd gagarboxyldndagidreraBl y bet ween
0.995 and 1.005, 2 3 MAR 2005 establishnent of the gperating regine in.the
condensat i ol iFTHHe I FPREEFIETat dile 2aRG TPRESSGr & SdfGirt £8fs such that
there is incl uceied in the aqueous solution, ions and the diammoniumions
initially c N%r'$Rting with the di carboxyl ate | |

~ continuous mixing of two flows of polyamide
precursdré,.one flow rich in acid end groups, and
one floﬁ rich in amine end groups;' | |
-  condensation using the mixture of the tworflowé,
the mizing and condensation being carried out in the
same plant or in différent plants, |
- recévery of a flow of prbduct 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 nomiﬁal-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,



.Sfeb'Z' recovery of rom1of the condensation product Step 3: supplyrng a'f“'

_flow of -precursors and activating the: analysrs and the coupling. 2,
Process according to.claimi1, ‘characterized in that thg éIOM/of recovered
product is fed into flashing and/or finishing plants sé& dsMAB 200Btain a

'-,polyanrde with a desired degree of . polynerrzatron 3. Process accordrng to

~either of.claims 1. and 2, characterized3.in that the condensatron usrng
t he. aqueous’ solution is perforned at a tenperature above 180C, at a
"~ pressure. above-5-bar, the product. recover ed havi ng-a degree of
pol ycondensat i on of- gr eatebltibamei8, opr eher abéyaﬁin@rﬁé@ﬁheth@ntﬁ@ and in
that the <tenperature and pressure are identical to the tenperature and
‘pressure in the pernaneohdeeganeon4plEnOCeadeactemﬁengtmneeam@er of clainms .
-1 and 2, characterized in that the analysis is perforned by Near InfraRed -
_spectronétry. Process geessdiragcenditapne2s8chMaghadoshehardsteri zed in that
at least some of the flow of the condensation product fromthe solution. is
recovered. and used tocearRBEaEEORhEtREAENENTEAReEhepdicatheXEiaia t he
- desired range of contents of end grqups and/or of ratios of contents, the

" feeding with two fIomslopﬁeaaﬁaF9§r@léﬁﬂoﬁhémcéﬂbﬁrh@lEberhfron 6. . -

characterized
_ included in the . aqueous solution,

- Step 2: recovery of a flow-of the condensation.
'product ' _
- Step 3: supplying a flow of'precurso;s and activating
| the analysis and the coupling. o
2. Pfoéess accordiné to claim 1,
characterized in that the flow of.recovered prOductois
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 eicher of claims 1
'ahd_2, characterized in that the enalysis is performed

by Near InfraRed spectrometry;



t he method of - recovered for being activated after—this Process according -
to claim4,, inthat the calibration is carried out by dosed &ﬂltions
into the part of the flow this purpose. 7. Process. acdbﬁbWH@ 3 one- of the
preceding claims, characterized in that the diacid nonomers are chosen
fron1the list conprising adipic acid, glutarlc aci d,” suberic acid, sebacic
acid, ' dodecanedi oi ¢ acid, isophthalicsacid,: terephthalc acid, azelaic acid
and plnellc acid. 8. Process-.according to one: precedlng clalns _
characterized in that of the the dianm ne nononmers are chosen fron1the list

conpri sing hexanet hyl enedizaygadis; ggaaﬁmmkpyke@g@uanmoe
oct anet hyl enedi am ne, nonanet hyl enedi am ne, decathethylenedlanlne
5- net hyl penfranmiduedierediianithet widdeanst kdrenedi aien€low of the .
dodecanet hyl enedi am ne and xyl yl enedi ami ne. 2 3 MAR 20115 Process accordlng
to one. of KhﬁmhneeedmmgpMGduui fofvar adteerscded iiom tilsatr etcloer ediegic addnononer
conprises at |east -80 noi % of adi pic-acid. 10. Process according to one of
t he _ used to calibrate the Near InfraRed spectrometer 1n the
| deslred range‘of contents of endtgroups and/or of_r -
ratios-of-contents, the feeding With_tWO floks; the
' enalysis andﬂthefcoupling beingjactivsted-after this
operation. - - o | |
| 6. Process éccording‘to claimfé; *
'lchéracterized.io;thst the calibration'is carrieo out by_
- the method of dosed addltlons 1nto the part of the flow
trecovered for thlS purpose |
| 7. Process accordlng to . one-of the
- precedlno.clalms,_characterlzed 1n that the dlac1d 1
"fmonomers are chosen from the llst comprlslng adlplc
'”,acld, glutarlciacld 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 comprlslng
"'shexamethylenedlamlne, heptamethylenedlamlne,_ '
:foctamethylenedlamlne, nonamethylenedlamlne,
i_decamethylenedlamlne, 5- methylpentamethylenedlamlne,

"undecamethylenedlamlne, dodecamethylenedlamlne and

xylylenedlamlne;



precedi ng ¢clains,, characterized in that the diam ne:  nononer conprises:

at | east 80 nmol % of hexanet hyl ene di ani ne.. precedlng 11. Process accordlng
to one of the 'clains, characterized in that: the flowzwgllqmﬁﬁaﬁl chin
acid end.groups is a mxture M2 of diacid and of diamine with a

di aci d/ di ani ne nol ar ratio of between 1.005 and: preferably between 1:01 and
1.2 the flow which is rich in anmine endsgroups m xture M3 of diacid and of
diamine with a and 1.2 diacid/dianmne nolar ratio of between 0.8 and 0.995
and preferably between 0.8 and 0.99 the two flows-are fed in nmelt form-into
a stirred polynerizafjon peady dd&:c}\w:&)@ ttr@,e drendansafd on i s carried out

t he condensation product is a prepolyner fed into flashing and/or- finishing -

steps to ohimidedies) rexhidegr emafaqreinired zat it the dieedess according to
claim1l, characterized in that the two flows are m xed the together before

f eedi ng | ntmortdresrc aruensisdomtplladst BY. mald BE aeHariacteeriidzed in that the
pol ynmerization reactor operates under an autogenous pressure .or an 14.
Process accordi ng t o Idhe (ﬁrqﬂ%wcmrmng to one of the :

precedlng clalms,;characterlzedlln:that the_dramineb-
- monomer oombriees:at least 80 mol% of,hexamethylenér. 
diamine, | | o -
"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.,



13, characterized in that the precursors M2 and M3 are obtained, in-a-

per manent regine, by mixing a solution adjusted pressurg. JoMARI28 2405 ne
monomer with a mxture M which is richin diacid nononer. 15. Process
characterized 2 3 MAR 2005 Processaccording to either of claims 11 in that
at least one of the flowrates of the flows for introduci ng di am ne -nononmer
soluti-on and mixture M which is.rich&e di-acid nmononer is coupled to.the
result of the continuous analysis of the acid and, am ne functions in the”'
precursors M2 and M3. 16. Process according to.one of clains 11 to 15,
characterized in-thatl}he Rremessccarepy eparec idr a:ipeﬂmtllr egl me by
m xing a flow of hexanethyl enedi am ne.wi th an adipic acid/ :
hexanet hy| emedli i nehawd ot czed xtrurhatl Thermregs mcoridimg t o cl ai m 15 or
16, <characterized in that. the precursors are prepared by a. process .
conpri si ng XeRCHON | RF PR ST eprder dreddi iy euvks girasmuy eoursgor prepar at | on
pl ants - with_an aqueous sol ution conprising dicarboxylate ions and

di anmmoni um3BHE 8 RPEHVF4IDns ‘such that. their nolar ratio i s between 0.99.

and 1.01 and preferably: between 0.995 and 1..005 establjshing the operating .
regime in the pr ecur?o %%%%%ﬁ.acﬁ?%d&m% i dre t%"t gt ® and -

pressure CQﬂgltlﬁg§Eé¥ e n%: Q; %gimecursors M2 and M3 are

'obtained. 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‘d1ac1d monomer_ls_coupled--
to the result of the costinuoﬁs anslysis of the acidr:j
ahd‘emine functions ih.the'preCursors_M2 and M3. S
- le. 'Processracoordiho'to oné of .Glaimbs 11 to
15, charaoterized_in tﬁat:rhe precursors_are preparedj
in a permanent regimepby mixinola.flow of
'hexsmethylenedismine with aﬁ.adipic‘aoid/i
- hexamethylehediaﬁine eutecticpmixtpre
| 17.° Process accordlng to clalm 15 or 16,
richaracterlzedrln that the precursors are prepared by a
process comprlslng the follow1ng steps
e-ér_ feedlng each of the precursor preparatlon plants
w1th an agqueous solutlon compr1s1ng dlcarboxylate

" lons and dlammon;um_lons in proportlons_such that



in each of ‘the precursor preparation plants, feeding a flow of mxture M

whichis rich in diacid nononer, a flow of hexamethyl enedi am ne,
activation of the coupling of at |east one--of the flows, feedgﬁg t he.
product obtained into the mixing or condensation pl.ant. %s -
according to-one of claims 15 to 17, characterized in that the eutectic .
mxture M is prepared by mixing a flew of -adipic acid melt -or solid,

and a fl ow of hexanethylenedlanlne in pure formor in- the formof a
concentrated aqueous solution, with coupling of at least one of the flows -
to the result thberamahysi satfiothe Bevwesh of 9ackddandpanime groups of the
m xture ML1 the process conprising the follow ng the-plant for preparing
the eutectic prreliecanbagubetsesnl Ot PoB andpli 808g-di carboxyl ate ions and
di anmoni um proportions such that their nolar 0.99 and ions, in ratio i's
bet ween 1.061 aadtpbéﬁehabgytbetmeenaﬂlﬁQSragdme ﬂﬁ5tﬁe3pﬁ@@hﬁs@65
establishing the operating regi ne under the tenperature and. pressure
Condltlons of PHePghatippwehWAnEs usderchhﬁntampﬁeaénue and

_pressure condltlons of the permanent reglme
 ~  in each of the precursor preparatlon plants,
-feedlng a ftow of mixture Ml whlch 1s‘rlcn,1n

-‘diacid:monomer; a flow of hezamethylenediamine,

e activation of thefcouplingtof-atyleast'one;ot'thef
flows, feeding the,produot obtainea'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-oontent of.acid-and'amine oroupsain
-the mixture'Ml;qtne_nrooess,oomprising_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 betneene 
0.99 and 1.01 and preferably between O 995 and
1. 005 |



20. Process according -to claim 18, .pertfanent regine teeding”a“tTOM/ofj"
adi pic acid, a flow of hexanethyl enedi ani ne, aCtivation %mﬁupltng of
at | east one of the flows, feeding the product obtalned |nt precursor
preparation plants. 19:. Process according to one of clains 1 to 10,
characterized in that: - the flow which is rich in acid end:groups-is a. .
di carboxylic.acid in nelt form charaéBerlzed |n that the dIaCId is adipic
acid diam ne is. hexanethyl enedi am ne.

- eetabllshlng the operatlng-regime.under the
tempetaturefahd pressure eohditions of'the
jpermahent_tegime' | |
4‘7‘feedingra'fleﬁ of‘adipic'aeid{ a fleﬁ;of
hexamethylenediamine, activation of the coupling.of
at least one of the flows, feedlng the product
obtalned 1nto the precursor preparatlon plants
, 19. Erecess according to one of claims 1 to
.10, charecteriied in;that- | | |
- ethe flow whlch is rlch.1n acld end greups is é
dlcarboxyllc ac1d in melt form,' |
- r.the flow whlchils‘rlch in amlne_ehd grehpstis 51
.diamine in pure fdrm:or:ithhetfotmfof a ‘
.'Cehcentrated aqueohs selutien. |
| ”20._ Process accordlng to clalm 18

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

',1d1amlne is. hexamethylenedlamlne



