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NYLON 6,6 5 BACKGROUND OF THE I NVENTION Field of the Invention The
present iwoenwHM rel ates to a process for the 10 producticarusot/2poel yam de,
i ncluding nylon 6,6 and nyl on 6 containing |low | evels of conmononer, by
reaction of adiponitrile mnEEEEE&EEEEEELEHEEHE&QEhe in the presence of
wat er. 15 Description of Related Art Commercially, nylon-6,6 is made by the
reaction of adipic acid BROCESSX OBt MAKENSd NALONe 6(,/dVD) . However, it is
al so known that polyam des, such as nylon-6,6, can be produced by reaction
of diam nes and dinitril esBREKGROVTNIE qF RN CENVENTEOI . Several patents
address processes directed at such a reaction. U S Patent No. 2,245,129
di scl oses a process for the production of a |inear polyam de polyner by a
process which reacts adlponl%rll% Qé N o @ND %nd wat er 25 at high
tenperature and pressure to exanpl es of this patent
show reaction in i%hdnqaltmjentlm‘e@ltrmtmﬂramm a'lﬁmoq:@s&:tm Sheer e
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up to 2000 (13 7 MPa). 35 A nunber of patents disclose inprovenents
of the afoﬁgié%1‘%ﬁed processes by use of a catalyst to pronote formation
of nylon. See for exanple Patent Nos. 4,490,521, 4,542, 205,

4,603,1%% 4,725, 666, %%BZZ@ptibﬁ3gfsﬁéla%eépkrﬁs1 4,528, 362,

6,075, 1 40 and 6, 103 86
Commer01ally, nylon 6,6 is made by the reaction of

adipic acid with hexamethylenediamine (HMD). However,
it is also known that polyamides, such as nylon-6,6,
can be produced by reaction of diamines and dinitriles

20 in the presence of water. Several patents address
processes directed at such a reaction.

U. 8. Patent No. 2,245,129 discloses a process for
the production of a linear polyamide polymer by a
process which reacts adiponitrile (ADN), HMD, and water

25 at high temperature and pressure to produce nylon-6,6.
The examples of this patent show reaction in a heated
closed reaction vessel. The reactants were allowed to
cool and then heated so that ammonia and water were
vented from the vessel.

30 U.S. Patent No. 3,847,876 discloses a process for
the production of polyamides by reacting a diamine with
a dinitrile in the presence of a controlled amount of
ammonia. This process uses pressures of up to 2000
psig (13.7 MPa).

35 A number of patents disclose improvements of the
aforementioned processes by use of a catalyst to
promote formation of nylon. See for example, U.S.
Patent Nos. 4,490,521, 4,542,205, 4,603,192, 4,725,666,
4,749,776, 4,436,898, 4,501,881, 4,528,362, 6,075,117,

40 and 6,103,863,



WO 02/ 098954 PCT/ US02/ 21071 U.S. Patent No. 5,627,257 discloses a process
where in a first step, ADN is hydrolyzed in the presence of water,

cat al yst ,werd/o®89o 10 wei ght percent 5 of the total HVD megdsd2twri t he
reaction. In a second step, the remainder of the HVD is added and the

pol yneri zati on alropedpibeft ateeds , 07 525 NWodS6E€PosPE O ESBot€8¢i res | ong

rocess-tines. U. S, _Patent No.,L 6,10 63 dj scl f 10 th
Broduction dﬁhiﬁ?yﬁﬂiﬁe§%¥%ﬁn%ﬁ?ﬁtr%# t2u §85§f§%$§59%ﬁc %?an?ﬁe (sucheas
HVD) by a tworssepcerofessterFicstalyde, dandtdite 18 wohvhctparepnh wat er
and a calalyptoho 0BLA) Nudd heasladpdbWALOLYgLE O Lhen 4 DLLLLGE. The

reactor i's purge wat er a ammoni a produced é the reaction.
Second, the @Fami nehej semgtede¥ of hehe B8R b7 aRdeporydetneation is al l owed

to occur. F%oi?&ér?ﬁ&@f@ﬁ dheoneactorpHest8a. i STROE twbi biegl. Stirred
aut ocl aves, ‘unstirred autocl aves, columm reactors, tube reactors, and | oop

reactors ar PEOCHFThCALIERANDPRY BFOSTHPE abl®Feact ors. The process has a
di sadvantage in ttag.i patequimes 6heodseedfdasctasabystpaodesbefose of

ei t her ltiple reactors or _interrupted_addition of .reactants to a single
reactorE%U.Sﬁh?b?E% u ,b%ﬁ,%Bép%fg%T%%%ngp%r%%%%Er%%? ?%%ghz%sproduction
of a pol yarm MeNbyanéadisninef (smclhneyaHMahi hpndt tvdestep hovecessin a
vertical mulfistage nLeaeh oL fNatibScSHeRL-0y sieaMFOr gxanple, this

patent discloses_a grocess to convert 6- amnocapronitrile to nylon-6. The
process has @2B8lYPEalvanPhagybni atthadsttobecyeeslynde ?hetBfine reactive

group and theiRittile.reasti ¥eatOHPivepRRGEd 6f Lheesoamdreasti ve ol ecule
(the ome a-aninonltrileé. gggauseeh droé Si s o% éhe nitrile, rou t akes
pl ace tir ouABALLE HRTPEUCEArDY RS ahf e é?%Up S %ﬁ@ce%??b&%ggﬁ %o
degradati on teasfidedstoatisedrayct hen candi pobyserigguiordisoalovedl e
pranol el = L6 Moulg becdesigaDl e, b0, eveys PLAGESS h0ks R isopol vari de
critical. Stirred autoclaves, unstirred autoclaves,
column reactors, tube reactors, and loop reactors are
20 given as examples of suitable reactors. The process
has a disadvantage in that it requires the use of a
catalyst and the use of either multiple reactors or
interrupted addition of reactants to a single reactor.
U.S. Patent 6,021,096 discloses a process for the
25 production of a polyamide by reaction of an omega-
aminonitrile with water in a vertical multistage
reactor that is swept by steam. For example, this
patent discloses a process to convert 6-
aminocapronitrile to nylon-6. The process has a
30 disadvantage in that it requires that the amine
reactive group and the nitrile reactive group be part
of the same reactive molecule (the omega-aminonitrile).
Because hydrolysis of the nitrile group takes place
throughout the reactor, the amine group is susceptible
35 to degradation reactions caused by the conditions
required for nitrile hydrolysis.
It would be desirable to have a process for making
polyamide (including both nylon 6,6 and nylon 6,6 that

contains some comonomer) that can be carried out (1)
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having upper stages and lower stages, said reactor
being equipped with internal perforated barrier means
for establishing a plurality of stages and for
effecting contact of an ADN-containing stream and a
countercurrently-flowing steam stream;

b) introducing into said reactor an ADN-
containing reactant stream at an ADN introduction point
near the top of said reactor;

c) introducing into said reactor a steam-
containing stream at at least one point near the bottom
of said reactor;

d) introducing into said reactor a
hexamethylenediamine-containing stream at at least one
point below the ADN introduction point;

e) maintaining a pressure within said reactor
between 100 and 800 psig (0.69 and 5.52 MPa) and a
temperature at the top of said reactor between 190 and
250 degrees C and a temperature at the bottom of said
reactor between 260 and 290 degrees C;

£) withdrawing a steam and ammonia-containing
stream overhead of said reactor;

g) recovering a nylon 6,6-containing product

stream from the bottom of said reactor;



streamfromthe bottomof said reactor; - 3 WD 02/098954 PCT/ US02/ 21071
wherein in said process the introducing of the ADN- contai ni ng reactant
st r eam amaiotoR@9d9nt r oduci ng of the HVD-contai ni ng stream &ce/sdaptoed t o
provide a nylon 5 6, 6-containing product streamin which the nylon 6,6 is
charact eri zedyHyrdial a.iﬁﬁ&e(iahiafﬁpﬁﬁx%@s agi« i&fﬂi&adx%@r@d dESER %@f OF THE
DRAW NGS Figure .1 .is a schematic cross-sectiqnal, si de-view one
enbodi ment . of SR Eh EGRATHr AE SR ATGt CHR rtiE THC A < ity t he
cont i nuous pdMOrerardatiiromg procsss ace adipted cd herawnisiard nylwenti on. The
reactor i1s diyided. int.q .dj -1 [+ f r.rjers
12-21 15 I§—i guér/'e()dgcq?ﬂs&é‘&clgig -Ig%ﬁ%cls‘%na: ev%%v]%%oﬂ%.v@%ir%ﬁﬁ%d%?ils% age
reactor of Figrackess zaskbyt laoajrad ranitle sFidy el B ends schemati ¢
cross-sectional side-view of a vertical nultistage reactor illustrating
the 20 presence of an independent heat.i np el ement__29-37 at each reactor
stage. Figure 4 is a sc i DRSGRLE } HE DRAWA of a vertical

mul ti stage react orFiiddnestir aitd g scheidioit HodedHedtiepEl Hidee eient ent  of

t he pol yppr product b 5 supplying nit.rogen tq the reactor columm.

Fi gure 5T§che°n€tolnceaﬁ“¥39 Hmljegﬁ)a?%sa g’neertd'rce er't 1%&%5%?0 Feating the
product exitivepiie inyd tdestfageninedotorcad mmusu go lasndol sepanat e wat er
vapor 44 fro:prsc%égegsé !a%o‘}ﬂng;d% Sid 8Bt 30 QU 6 g, & schematic

cross-sectio view of & reactor_stage containing a circular central
downconer haBatFoF Bis Gditiicdd dmntse Hsnrede Hadss tlorhk 61e™d ect  gas

bubbl es. Fi gy fodat <t HhemmidL 101 08s-section side-view of 35 a reactor
stage containing multiple dowmconers arranged_ in a triangular pattern
wherei n &8ch downCHIS & (M AURP oSt SR e Wit Sin TR difdd cal
el |1 psoi dal npllatistiagedefdeagaiorgast ilhies.1 as seen through line II-

IT.

Figure 3 is a schematic cross-gectional side-view
of a vertical multistage reactor illustrating the

20 presence of an independent heating element 29-37 at
each reactor stage.

Figure 4 is a schematic cross-sectional side-view
of a vertical multistage reactor illustrating a method
of réducing moisture content of the polymer product by

25 supplying nitrogen 40 to the reactor column.

Figure 5 schematically illustrates one preferred
method of treating the product exiting the multistage
reactor column such as to separate water vapor 44 from
the liquid product stream 45.

30 Figure 6 is a schematic cross-section side-view of
a reactor stage containing a circular central downcomer
having a bi-conical attachment at the bottom to deflect
gas bubbles.

Figure 7 is a schematic cross-section side-view of

35 a reactor stage containing multiple downcomers arranged
in a triangular pattern wherein each downcomer is
truncated at an angle with an extended ellipsoidal
plate to deflect gas bubbles.



- 4 WD 02/098954 PCT/ US02/ 21071 Figure 8 is a cross-sectional view of the
vertical reactor stage of Figure 7 stacked on top of the vertical reactor

st age of WDg@awesss as seen through line 5 VIII - VIII. DEPArasS/DESCRI PTI ON
OF I NVENTION The process of the current invention is a continuous process

for preparing pol yagges s( bet B eybes-t@c8.i6nandvirkobB b thet RRkteeatai ns
conononer) b%. gptlon ?d' onitrile an%fe exa thyI gﬁanlne and wat er
in a counterca’ §ﬁisﬁﬁﬁFlg ag IHGPurn SFHES LS |S itrile is
hydr ol yzed byeredckilngeactbrdessgkved Riguee whashseensmhmbugﬁ ande
repl eni shed by stear;}s flowing countercurrently to the direction of flow

of the adlponltrlle and subsequent reaction products, and the
adi ponitrile hydrolysis product is polynerized with hexanethyl enedi am ne

under the operating congErhn@AEpObESCRE PAYONTOF anveiTrany! on 6, 6
pol yam de. 20 A solut|oﬁ‘6T_EG“‘6ﬁ*TT“TE‘“§—T€d‘EUﬁT“ﬁUUUsIy near the top

of the nultlstageT@@I@ﬁﬁcﬁéﬁcpgrth?hgungéﬁ LEVERELERaBBy @pur e adi ponitrile
or an aqueougonsdhuicugnpreeskai fbrgprepherabl pomghm@aesab@@thwyaad 95

wei ght percent adiponitril di ponitrile f IS 5 suppll,ed to the
bl o oD o PeffoarR: ovaorn & 6roget  PRRTRL s SeMPRETEE) aBY: ZRHENT Ctng
mai nt enance oft Eﬂepo@e$maéd aadpheaameegyﬂaneﬂeammhanandThetEeedn a
temperature genekabloy,shoul fube bebuechhitn eaReratur eqppequired to keep

the feed substantially where it is capable of
bei ng punpedeé@@nlﬁﬁélﬁeﬁﬁehﬁ@ﬁpéY5ﬁdth§ FﬁqGFén@hWhth ghesedvedn at the

poi nt of ent%ﬁte§ah%ﬁ@hegssb§?ﬁﬂlgﬁ %b@ﬁ&b@@@h@bﬁb&gb9 g8l amount of
wat er, sugﬁrheated st eam a &nperat%fe g to about that of the liquid
k shendige

Wi t hi n t%% OW%&@tGP“&FeFﬁBrESP Ywhér g5APEnPér £10WsOfed
conti nuousl ythe addpohimetdeobntiheubeweliecatageacefiohherodokbusn eedctor at a

wei ght 1low g % a%ﬁ gg&%r E%thyar%&yskga%%o ﬁcEeE%eBE19Re%9%e8r%E%Bab'y
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hexamethylenediamine under the operating conditions of

the column to form a nylon 6,6 polyamide.

20 A solution of adiponitrile is fed continuously
near the top of the multistage column reactor. The
feed is preferably pure adiponitrile or an agueous
solution, containing preferably between about 80 and 95
weight percent adiponitrile. The adiponitrile feed is

25 supplied to the column at a temperature that most
facilitates the establishment and maintenance of the
desired temperatures in the column. The feed
temperature generally should be between the temperature
required to keep the feed substantially in the molten

30 state (i.e. where it is capable of being pumped) and
the temperature of the liquid within the column at the
point of entry. Saturated steam, or steam containing a
small amount of water, or superheated steam at a
temperature up to about that of the ligquid within the

35 reactor at the point where the steam enters, is fed
continuously to one or more of the lower stages of the
column reactor at a weight flow rate (lb/hr) that is at
least 30 percent of and preferably approximately equal
to the weight flow rate of the feed. A solution of



to the weight flowrate of the feed. A solution of - 5 WD 02/098954
PCT/ US02/ 21071 hexanet hyl enedi am nepis fed conti nuously to one or nore
st ages ofwOhe/ogsum reactor that are | ower than the sta@eTarsoytmges at
whi ch adiponitrile is introduced 5 into the colum. Hexanethyl enedi am ne
feed is supphegdmetayueeeaebmﬁnepueefea a§n@mna@u§QySt§0bHE|@ﬂ mbkean

aqueous solu on is §s g Rreferabh% %a ns tmeen g Eﬁ 90 wei ght
percent hexa Fﬁ?ﬁeﬁ di-dfi FE€- " hE<8bBht “of h@%ﬁ PW?Feﬁ dftaht'fie feed is
10 appr oxi natebygeequi sokgest att Whiahvedtipohiadiipenikr iherofieedd The feed

ti |1 d t - Lni: - - d
Shch as. thosat ti ERrDeEIUAIT) nefNaERy1 CRBNERR1AY BRORPRAT UALEETRALRTS, ¢
are preferreli© FBe egatplRePupRoSphaFods aghgouspResdphénne a&fdanal kyl - and

aryl - substlaqheeuspaeiaheehc1acugedhyeopﬁgé@e959m§ aehealﬁBOSphorlc aci d,
m xtures thereof and the |ike can be used. orus _¢conpound t hat

hydrol yzes tBeﬁweﬁ?yﬁgnépéd9§0W5ﬁ825h8?5§e§E| eaemetgaﬂenaérﬁﬁgnehe

reaction i s @hsoamusatubf Tkeatdxygehenodti annhagfphaspBor us catalysts are
typrcally added_at .a of 0.05

h
to 0.3, prefgpggP§lgaﬁeF% 8q§lm° ?EfE?rkgtcéﬁgﬁggzg%rﬁ?ﬂﬁg E ﬁhorrc
acid, 25 phofphdrous acid, phenyl phosphinic acid, and 2-(2'- pyridyl)

ethyl phosphoni ¢ eﬁedfsggceffméxm achdougesuancasaglae! 0sggyhytayes et

al. US Patent N may af so be used |p| aci d preferred
The ad.pon.tﬁpneaaﬁanae?a@epHQFEﬁeepaﬁpﬁedﬁeeéechseScEHOﬁﬁc|ude a mxture

of dinitrileg;isdiaskdsindcarkieso 8¢ QIMEQH: 8N PERLhEi k8S assyel bzas ot her
pol yam de- formn rs that will_reac such noners are those
whi ch, éeath 8§6|P8@Eg,.n%sseggraﬁﬁagprﬁrnp aséggﬁgB?IPF§ rsuch as | act ams,
anrnoalkyIaaneSphndiaSaa&dmoamkg$r dhéyamay -beubscliudeddi n any ratio to
the adiponi%EEEﬁhoE%gnBE§a,aﬁ%pgsﬂégﬁﬁg£gag géid, phosphoric acid,
mixtures thereof and the like can be used. Any
phosphorus compound that hydrolyzes to an oxygenated
20 phosphorus acid or a salt during the reaction is also
useful. The oxygen-containing phosphorus catalysts are
typically added at a weight percent, relative to the
adiponitrile, of 0.05 to 0.3, preferably 0.1 to 0.2.
Preferred catalysts include phosphoric acid,
25 phosphorous acid, phenyl phosphinic acid, and 2-(2'-
pyridyl) ethyl phosphonic acid. Dicarboxylic acids,
such as disclosed in Hayes et al. U.S. Patent N.
6,075,117 may also be used. Adipic acid is preferred.
The adiponitrile and hexamethylenediamine feeds
30 can include a mixture of dinitriles, diacids, diamines
or omega-aminonitriles as well as other polyamide-
forming monomers that will react. Among‘such monomers
are those which, each by itself, possess amide—formiﬁg
capability, such asg lactams, aminoalkylamides and
35 aminoacids. They may be included in any ratio to the
adiponitrile. Examples are caprolactam, 6-
aminocaproamide, and 6-aminocaproic acid. Another
class of monomers are those which must be added in

combination with other monomers in order to form amide



am nocapr oam de, and 6-am nocaproic acid. Another class of nononers are

t hose which nust be added in conbination wth other nononers in order to
form am dw0-020989%0 02/ 098954 PCT/ US02/ 21071 |inks. Such momarser/si0ar e

di acids, diamnes, diamdes and dinitriles. They may be included singly in
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grans of final l, r,.in order to achi eye si red dlfferen bet ween
car boxyl andagﬁlﬁé%gﬁﬁg;esThe§' ﬁcPGGEHd§ singly in small
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nethylpen%ane §9F§ OﬁFé%%%&e%O§%§eléoghtﬁ%ﬁé% één%fhl?hesg ot her
conmponent s cglnésweddde-cﬁf@@e@da dpgitoreenr cazbaxydl ipghds lagvirice@nids -wi t h t he
adi poni tri | eqpBl magf btehgneqm%ae%tss s%ts%hqo%t&ﬁlc'amgf-ﬂaq aggky sol uble in

t he columm reactor under the conditions of tenperaturé&, 15 pressure, and
li qui d conmpo®PLisn O Fﬁmﬁlﬁﬁ@n§@ﬁﬁhﬁu§ﬁaloPéﬁP§YséPu@Pé'Eﬁ&ép &6ndi tions in

t he bottonlomﬁetadﬁgongtrhh@ reaﬁbﬁ@leEOa@é0daQ91@ Bylien 6,6 product with

time-ws uni sui or, co r.ci al, .end Q necessary
Lo moni (68 ARG DSOSt BuiFr fiacs BELRRBHIS, nalCoreeRHRATOR of the
car boxyl aC|dcﬁdnctEhaab emﬁergmmmp©n&ndstbancb&cedﬁe@te@naoﬂlqhédanlne

functional —epd ad d B%l ﬁiﬁ&é%ﬁp hﬂ%lEﬁ'%BEG géB%EX%QHQ% by

appropriate conf re cially s?rlngent for
product that O |thee¢@ﬁtpgalemzs [l Pl ﬁnﬂéYf pmeﬂglrgﬁéw wiollubpe fireat ed

with dyes tRhat abhagh E@%‘E@%&V%%d%‘% QB% EBnHH%lgthbefte%%rb‘éﬁre
functional groups. To achieve this control a neasurement i s nade _30 of

sone chatact BFPSERE S naffe Livdn 6OBPRSEyAER Mé&iiRg then& oAz a§tiage of
the reactor thatyl sosubfieciuerdiely copdsitibvie ia the boreent baki-enidsfference
bet ween t he Eg'ends nd the am ne ends. The nethod nust be accurate to
wi t hi n about °pl G§ oF SAC 85'0.5 units in the

To produce a nylon 6,6 product with time-wise

uniformity suitable for commercial end use, it is

20 necessary to monitor and control the difference between
the concentration of the carboxyl acid functional end
groups and the concentration of the amine functional
end groups in the resulting nylon 6,6 polyamide by an
appropriate control system. This requirement is

25 egpecially stringent for product that will eventually
be formed into fibers that will be treated with dyes
that attach themselves to one or the other of the two
functional groups.

To achieve this control a measurement is made

30 of some characteristic in the nylon 6,6 polymer leaving
the final stage of the reactor that is sufficiently
sensitive to the concentration difference between the
acid ends and the amine ends. The method must be
accurate to within about plus or minus 0.5 unites in the

35 difference in acid and amine ends concentration (gram
equivalent ends per million grams of polymer).
Preferably the polyamide has balanced amine and acid
ends, or a slight excess of acid ends, so that a high

molecular weight polyamide is obtained. Any analytical



35 difference in acid and am ne ends concentration (gram equival ent ends
per mllion grans of polyner). Preferably the pol yam de has bal anced am ne
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invention if &he a&gﬂ,@g@cecﬁﬂlaqﬁ%é N ANe-Sa9es S i ncreased to give
sufficient tinme for ysis of the nitrile groups. The required |iquid

resi dence ti %@’ﬁaﬁlettﬁéﬁﬁéﬁétléfﬂlif@ f@@mé@ﬁ%%upe@ﬁetﬁ@uﬂo%w SFeIour s to
achieve a 25 ofuftfhlemr%abtw @lgytst@ﬁn ni Byl e nftpdoe! yigiasr The re@ltmnzgact or is

equi pped i nternals not limted to, perfor ed plates
and agi t%%m or §h 180 T8 cé&gg #e&qlé& ST F5GEFO T Shedsy df gth
count er cur r erttlagef I10mmedga$bé&ma\hdvie tthe Botltioquisttapeactd dmta Xt e to

ensur e subst anLAldly. 1GaEPheLe YILelYSIs (Bf LAl Udag housqand removal

of ammoni a generate y chem cal ~react
Most preferably, this feed 1s into the transfer line.

Standard distillation columns are suitable
20 for use in the process of the current invention if the
residence times in the stages is increased to give
sufficient time for hydrolysis of the nitrile groups.
The required liguid residence time in the reactor is
between about one hour and four hours to achieve a
25 sufficient extent of nitrile hydrolysis.

The column reactor is equipped with
internals, such as, but not limited to, perforated
plates and agitators, so as to cause effective staged
contact of the countercurrently flowing steam with the

30 1ligquid reaction mixture to ensure substantially
complete hydrolysis of the nitrile groups and removal
of ammonia generated by chemical reaction. As
illustrated in Figure 1, the internal configuration of
a multistage reactor, generally designated by the

35 number 100, suitable for use in the current invention
is divided into discrete stages 1-11 using perforated
barriers 12-21 between the stages. The barriers, see
Figure 2, can be plates having small perforations 22

which allow the vapor to flow upward from stage to



illustrated in Figure 1, the internal configuration of a nultistage
reactor, generally designated by the 35 nunber 100, suitable for use in the
current iwoewddnM s divided into discrete stages 1-11 ugcagisprefoor at ed
barriers 12-21 between the stages. The barriers, see Figure 2, can be

pl at es havi ngtsuml | aperr bollatrigers dddmddiieah talbeowst ki ivapdreadds fixem upwar d
fromstage tq_- V\D 02/ 989%142i %C'li/ USQ:%( 2107 stage and _a | arger

downcormer tube% wihiireh T ea2ds fy om~ ac stséléfeaf:r‘?to angeberl owt e surface

of the react méxtumextiar hien stthges tejowheladwowainibowiweg Lileild dqui dlow fl ow 5
downwar d £r oR3ARQ&dl ‘?_r%ha%%ag-éh‘%o”‘é@%%re of 1$Ag8me oofh %htso i@chieve a

high rate, per unit of liquid™ volune, "of mass trans em cal
reaction. Fi ¢EOSE8 {iof pEBASY¥Cage s it TARSI c BET 'Pﬁétaél’lfpémqur%dl e feed 24 is

fed conti nuowQJm-déeabf o skhe rher fofr hel rildhishageeeiu®n.r eacker 100 and

st eam is fe nti nuously to one or, re stages at or near the bottom
of the react &P, %T‘%geﬁé’xﬁgégﬁﬁl Ené&di S’ﬁziprjré:a ‘eed 54 is fed continuously to

one or nore stageShef adipendokiie rfesct @ tikatfedr ecntdatet gl matrhe st age

at 1o uhieh dlpaniicld eyls datradueed  Seam and agmnoa AROL A e

renoved at thet urm as réam
product 27 i&5 @@ntfﬁdu@@slitynp@w&e’dtrqmet loe botreomteugge akl orTearcol um

preferably i @%‘eu‘ﬂ)%%t@%a% Eﬂes%%rc%to‘% an@h’éeh‘é&amégh&‘ieh%ﬁl%‘ﬁhﬂ@ any
adiponitrile and/or hexanethyl enedi am ne which |eavés the top part of the

colum as a ¥&56r 54r i8s el eppitdmatalvglicd oneneTsieke #EaEs $fa parti al
condenser (n@hesia@m)nnatretabeo&omh@ft airee 1eebted. bEhewc endenselge Sit

raintalneg a8 20 LTRSS aul (oot ba candepoe and Ll oot of,
st eam and arrwamxoar tacrreberemermviedt ithev &pgr ot thamc28umAddist vepald y, one or
][mre st ages alale z%ddeﬁ[ Lot ke égloq?g"g%%cbggdﬁggw%% he 30 adiponitrile
eed st age, partia Yeonderse
contlnuously removed from the bottom stage 11. The
column preferably includes means to separate and return
20 to the column any adiponitrile and/or
hexamethylenediamine which leaves the top part of.the
column as a vapor or as an entrained liguid. One such
means is a partial condenser (not shown) at the top of
the column. The condensger is maintained at a
25 temperature sufficient to condense and return most of
the adiponitrile and/or hexamethylenediamine to the
column, while allowing steam and ammonia to be removed
in vapor stream 26. Additionally, one or more stages
can be added to the column reactor above the
30 adiponitrile feed stage, and a partial condenser can be
provided above the uppermost of these stages to provide
reflux liguid.
The temperature in the column is maintained
sufficiently high that the reaction mixture does not
35 freeze. The temperature at the top stage 1 of the
column is maintained at a lower temperature than the
temperature at the bottom stage 11. The top
temperature is maintained at a temperature that is high

enough to achieve a good rate of hydrolysis of the



provi ded above the uppernost of these stages to provide ref lux |iquid.
The tenperature in the colum is maintained sufficiently high that the
reacti on woxewossdsdoes not 35 freeze. The tenperature at trha/usop2®rage 1 of
the colum is maintained at a | ower tenperature than the tenperature at
the bottom stageohitrihe,t apilkespeidinbe cixd Bl Heabedtal izatemper at ur e

that is high__engugh to achieve ,a od ra f _hydrol.ysis of the - 9 WO
021008054 PCTFUSOIFOT6IT oL PR CE S Frea TGl BRI AP Y Sexc ads o

vol ati | i zat i pessdbladiponser al ecabdhart ibex afetbpkenedagri ne. It is
possi bl e 40 g a.5ehknghyo gk 8" ShAgGsr ! EBPRL AL apd.g1partia

PEoR BartER bae
condenser to M him ze outflow “of these two reactants. The tenperature of
bottom stag@flthessutuobserrghnEfoughheo tepPairatageqaat BotEeMyneri zati on

rate, but noktsgehi@hsAsulie BBt akign deghadatiboBbrEeh 8¥afgPkee secondary
am nes can form 10 when, am ne endg condense p@tg each otger“ Secondary
v aldéh® t

ami nes are uRQEYTEIBFELHRRatBLSr hBYEcPRAL §% Sp&PNPETAAT he pol yner
and | oss of desiradhkeopr. opebli ezampleyseccthdapot antinak tan totm ng

secondary, amfes -gxhat s LT QUdRONL L e gobumy: SLherel Obgy bl e 15
i nportant tha € average t enperature o € stages ” not exceed a val ue
above whi ch ehénter auei ondebirsbéenberypusni tésybereats bebnchental to the

product . AVEB&%kQQiHYEBet?SlgﬂEEOEhBW@b%Q'BQSdQEiEEBéée?QEBErtiEQ'$ .
tenperature s approximte 80 C. Because the 20 hydrolfysis reaction is
exot hermi c, tlﬁeuéﬁrurrﬁhﬁspogﬁp%ﬁa Fpredorpped RPERNABANS 2MORSRat er
injection 38exaktal khebusBbaet edestaganni;orhkesperat uie ¢antrol. The top
stage is greterablé gahgt |g d bet ween gbout 190 C %ng 250 C, and the

bot tom sthge TBOSFERGr KBy bREr AVEAS95 hHEMREEA-HBOUPL268°CEEAE®E90 C. Al
or nost stagest axeepdebevabhy ehovppetiiwht hheedonsmbodlonndépendent control

of Lemper at Uecoll,Canihgh becBhel aaeeamehbaiedoPYnlsg Bh.achot 11 owi ng

Averaging over the bottom two-thirds of the reactor,
this temperature is approximately 280 °C. Because the

20 hydrolysis reaction is exothermic, the column is
optionally equipped with means for water injection 38
at all or selected stages for temperature control. The
top stage is preferably maintained between about 190 °C
and 250 °C, and the bottom stage is preferably operated

25 between about 260 °C and 290 °C. All or most stages
are preferably equipped with means for independent
control of temperature. This control is best
accomplished by use of a hot flowing liquid heat
transfer medium passing through jackets, coils, or

30 other heat-transfer devices 29-37 (gee Figure 3), which
can be used for both heating and cooling.

The column is operated at elevated pressure,

preferably above 50 psig (0.34 MPa), more preferably
100 to 300 psig (0.69 to 2.07 MPa) with catalyst and

35 400 to 800 psig (2.76 to 5.52 MPa) without catalyst to
obtain substantially complete hydrolysis of the nitrile
ends in the adiponitrile, which is required to obtain
good quality polymer. The product should preferably

contain no more than about 10 to 20 gram-equivalents
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transfer nmedi um passing through jackets, coils, or 30 other heat-transfer
devi ces 29-37 (see Figure 3), which can be used for both heating and

cool i ng. Wheomddsdm i s operated at el evated pressure, preCensbt/yioabove 50
psig (0.34 MPa), nore preferably 100 to 300 psig (0.69 to 2.07 MPa) with

catalyst andpap %QQlEBnSSPaﬂé'Sf(SoZ9mE9 éf53nﬂ§@}oT&E88U£1E§£@éyst to

obt ain substantla y conpl ete hyd ysis of the nit ends 1 n the
adlponltrlIeenﬁﬁvcﬁnlQr@@ﬁuFPeEetGaBBPéPnOfgéﬁﬂnauéPP??q56P9ﬁ¥r The

pr oduct ShOUkéaﬂﬁQ§ekabb¥d gentrenNhA hé@teabéaagébmbleéﬁlhﬁ #B8ight
gram equi val ents,- 10 2/0 8954 PCT/#SOZ/ZIO%% b@ |1ion g %
pol yner uﬁﬁgﬂFEFé Earn?tP?F 1CRREE, °PH BPGer r@ﬁﬁﬁﬁ?e 8 8|ng

subsequentlyconEadﬁﬂydrhysmdans bheahpghestiraverageoholetukaBowethht 5
required for g, B%@%'FE' 18Hd§§SSRnIEEu8ﬁ§§ “égjggﬂeﬁetoCQngokhsd by means

of a pressure-con openin 'S continuously
adjusted to vutﬁ1PWeOfoU@P©6mﬁ6¥e@@p86 SﬂréaﬁPQBSEntPeEan@@aﬁérﬁﬁe

measured prgssdEarknihhenyessgke1 Undehabhernandbhi9nsont 4@ tenperature
and of the concentratlon of water, ami ne functional grou ps and catal yst in

the readitbr, CERBSTRAELFF| @78nAE BPe FEPGENyTEbAIBr PEAYSFRT coABIRGL i on wit h

am ne funCtl@ﬂﬂthbﬁHDSgrbﬁpg antideathhkagesn mhéhreaeﬁsunpthen of water
and rel ease of t he reacto%hln vapor

o e Sa5C AhERaTR haa o%n 2 R0ERY RrbterErR e Tyt CORL R SR ERnl ¢ oE!

the countercamiert fuperavnah gtouhs, ¢okamamidsuliskagesonwibbal fl ushing,

by Steam  of coRTRBE 3oABY 208k Rl UREARET 6P Bimbgal caGHE! P 20

t hrough the u arts and out exit vapor stream i's inportant
to mninixe ﬁﬁ@oééﬁcéﬁt¥ﬁmpﬁﬂd §¥O@nﬁbﬁ|ﬁeﬁﬁtPﬁelFoMépoﬁaﬁir@Pmtﬁé col um

for two reasons: ohé)oﬁnﬁﬁélédﬁ§ﬁ€é§e§ﬂbb and pfséggsaafdehellnkages hence
5 nol ecul ar wei and nia in the

limting the gromﬁh of é é
vapor reducedmVePhéoBatlti %aErE SuFRUBFCECBERFT ?ﬂﬁrﬁﬁb P S%d Ence

column results in continual flushing, by steam,
ammonia away from the lower parts of the reactor up

20 through the upper parts and out the top exit vapor
stream. It is important to minimize the concentration
of ammonia in the lower part of the column for two
reasonsg: (1) ammonia reacts with and breaks amide
linkages, hence limiting the growth of polymer

25 molecular weight, and (2) ammonia in the wvapor reduces.
the partial pressure of steam in the vapor and hence
the concentration of water dissolved in the liquid,
which reduces the rate of nitrile hydrolysis. These
two effects can be especially damaging in the lower

30 part of the reactor, where amide linkages are highest
and where the rate of nitrile hydrolysis is already
slow because few nitrile ends are left.

In the upper stages of the column, the viscosity

of the reaction mixture ig low enough that with

35 appropriate design of the perforated barriers 12-21,
gas bubbles from the steam and ammonia vapor result in
effective mixing in the reaction mixture. At the
bottom of the column, where the viscosity is highest, a

mixer 28 ig preferably used in one or more of the

- 11 -



the concentration of water dissolved in the liquid, which reduces the rate
of nitrile hydrolysis. These two effects can be especially damaging in the
| ower 30 waro/0ef954 he reactor, where anide |inkages are hi gogaiSo2/zmdt wher e
the rate of nitrile hydrolysis is already slow because fewnitrile ends
are left. |n4ddecpperststsagessofirt hec datioror.he 1 strsidaactfr t he reacti on

mxture is | 0 vmth 35 ropri ate design _of it perf rate
. %?ﬂo% L{QP EIJ%E:\ %Dno' 1Ak I L= 3 O rov:LJ'ed tfh

barriers 12- as' b es f’rom eam-an Ia vapor

effective mhq’cg:qmmt@eat@m?ﬁon mxture At the bottom of the colurm
wher e thegvi scosi tpsd ALY -ToR e or
nmore of t%e - 11 l:)Vii\l%h%ZI 09 954 Pﬁlﬂggg%ezﬁg%ﬁogkﬁ; m m)>sbt stagﬂegﬁ t he
reactor. |n tHé9SEacBinghdin saFhrishaee & T HY FENRF i s provi ded
in the bot t @Adpa- Satxq@e@errénler es‘fercam tﬂb rasylrgtzgalg GWdidag pass bet ween
the stages, mmnsg? in ach S |nd her ~ proper arrangement
of coils, to™<S é’gs Ynlﬂ?(? Wyﬂé’c SetalSEgSSation in

| ower st ages whewtee rgmsgas xiing g |rs>tn(mtuﬁ:ﬁ1fdzjemtem1uedlte> thlgm gh 10
vi scositygs. (Liguiddypassg;r %%f%%—g!éessd‘}%du%%s leactjn &ff i ciency

resulting in erther a requi e arger si Ze reactor to achi eve the
sane conver gie@¢taon egﬁf\;@nencm/vr}e@t@tam am |31¢ﬁ@4$@d neguigremsintsi de

reactions to gyefenr8ddreaqtiohed@Y NG dHI b2 @Rl idaydPr obl ens.
Hei ght-to-di aneter ratio for each stage is preferably between 0.5 to 1.2

to achi eve t KOLVEESHEY 3k R FigVerY ifdiovh GRESATEY/ O ANSF SFefeéinttiite st ages
in the col uMdf rEatd Aeards iankesd preff drir@d dhaekidnwridyaughd hey 20

Forci ng 17 quit oty SrehsiRcontrd R tiay SSir5ach Tife owiedor 3) wi |
reduce the owdrgd 1s1|gne|fleeabdryvé1ed:mm$ref0f iscitendy. 2i nat lehdevwemtireeact or .
This will regld; idy ‘?riirxll‘?l"g %frﬁ%‘iiek%@}?m for a larger
Axial mixing between the stages in the column
reactor as a result of liquid backflow through the

20 downcomers (induced by large bubbles either entering
the downcomers or forcing liquid into the downcomers as
they approach the downcomers) will reduce the overall
nitrile conversion efficiency in the column reactor.
This will result in either a requirement for a larger

25 size reactor to achieve the same conversion at a given
flow rate and/or increased ratio of side reactions to
preferred reaction resulting in quality problems. The
following preferred arrangements of downcomers can be
employed in this column reactor.

30 As illustrated in Figure 6, the circular central
downcomer 50 preferably has a bi-conical attachment 51
at the bottom to deflect the gas bubbles 52 away from
the downcomer and to prevent gas bubbles entering the
downcomer, as well as to deflect the liquid exiting the

35 downcomer. The gap between the attachment 51 and the
bottom of the downcomer 50 is important to minimize
liquid backflow in the downcomer induced by the
pressure field created by the gas bubbles travelling

near the downcomer exit. The gap is adjusted such that

- 12 -



25 size reactor to achieve the same conversion at a given- flow rate and/or
increased ratio of side reactions to preferred reaction resulting in

qual ity pwolhkes®s4 The followi ng preferred arrangenents offCdasozower s can
be enployed in this colum reactor. 30 As illustrated in Figure 6, the
circular centhal pré@wn@anaﬁcoﬁoc@éaf:eaabw 1hgmid Blogonkcakcatkachnent 51

at the bottog1t§ geﬁle t th ? u bbles 52 away from the downconer and to
prevent gas Tobl €s *8 8F|ﬁ§ hd 0mmconer, as well as to deflect the
liquid exiting thangshdowpreferrethergapgbsentenst melatipaehnent 51 and the

botton1oﬁsthgagggg@gg§r5§0ak§ah ar?ﬁng Q01 phgbgepakhgghd %@CkflOM/ln t he

downcorner the press Crea gas bubbl es
travel | ing hééPSFﬁétééthoﬁéguﬁﬁlﬂ Tﬁ@egéﬁtt§m§dPﬁsF€GS§uch that - 12 WO

02/ 098954 PCabuﬁgah%%@7és hbe BkaﬁéutéddéﬁpaﬁraﬁbQé Bétweaﬂldofk@w i's
between 0.5 to i nches _of bq . Anqt_her E ferreg arrangens
miltiple 5 d6ﬁné89§?§s55aﬁgrﬁﬁ§ 1?nP§OWFﬁ§ gUELP BatEdfRd g¥tep FGstrated
in Figure 7. eImepbohﬁamemétéhssetoddmmaeﬂerSh55gasebhbbmeated at an angle

bet ween a s.provided w ded 18 t ended
eIIip50|§ ﬁgP SE% 8 %éléagg uﬁgge rTEQEPanﬁa i § aﬁlomed to
exit throughpaOtectadgbVathsleKtepdeﬁepﬂe@ebyndherexEEﬂéed pl ate and

pressure di asbRaphngng! LAARALLCS | 19k TRARLARSALCAEROBAACLA (BT Oduce

pressure drop of Dbetwe .5 1 nches . I nc urd to mnimze
backf | ow. ThErS@E?§rﬁe8r§558¥?aﬁﬁéﬁeﬁ? éﬁtueﬁﬁcanérénsbeanaosé fith respect

to each oth@ﬁchSlaagmﬁ k8 hifgimez8 bacaghbeve Tﬂél afeﬁkéang efficiency
in the st Prefera he reactor ges .a ured as fl ooded
trays. t 0F acPFFRAEETER-AgF( SPBRCOREFE PO 309pa8s EhrolgroERe. dBuncomer s
(not |IIustraaed)otheavmsdshsﬁalﬁngF&gumbaelng abhﬁévagahﬁ$mumiquid.
Typi cal l vy, H§§9ﬂ§i8§%igﬁé£99 Eﬁ Eﬁgu%&ggeqt t he bottomtwo or
Preferably the reactor stages are configured
as flooded trays to facilitate an agitator shaft to
20 pass through the downcomers (not illustrated) to avoid
sealing a rotating shaft against liquid. Typically,
mechanical mixing is required at the bottom two or
three stages of the reactor to minimize liquid by-pass.
In these stages mixing induced by gas traffic (as
25 implied by flow arrows in Figure 6) may not be
sufficient to achieve the desired quality of mixing at
higher viscosities encountered. Even though weir trays
can be employed above agitated stages, flooded trays
are still preferred because they allow reactor level
30 control to be achieved by measurement at the uppermost
stage where it is most convenient.
The nylon 6,6 polyamide product 27 removed from
the bottom of the column generally will be a prepolymer
having a number-average molecular weight of between
35 about 3,000 and 8,000 and a relative viscosity (RV)
between about 6 and 16. The product contains a content
of dissolved water more or less proportional to the
pressure of the column reactor. At typical pregsures

of operation, this moisture is enough to disrupt most
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three stages of the reactor to mnimze liquid by-pass. In these stages
m xi ng i nduced by gas traffic (as 25 inplied by flow arrows in Figure 6)
may not WO ogu9d96£i ent to achi eve the desired quality of mCIiusg2/zt071 hi gher
vi scosities encountered. Even though weir trays can be enpl oyed above
agitated stageshobikoodegelinayszadtienst i tbnpeghented, bpeanseatbey al | ow

reactor |evel 30.contral o be achi eved by neasurement at .the er nost
e ner o ProvaSBe T Ton GutRaERe T i meaREbr e b PaabaE BB 5o
renoved fronprekeulbet bdntbe rhectobumigenerabhy whbik be aepnepokimer

havi ng a 4 < a o Lght ‘het ween 3,000 and
8, 000 anéﬁanagﬁg?¥3% g??@%g?tg??&@?ﬁtgggﬁgé%ggboug €§§ﬁ§9%g& The product
contai ns a cBAtBAE, ehodWnsiBl Fedunrat Br ABr ECoPapesshpr BpBELEBNal to the

pressure of EH@oﬁﬁhuﬁnpﬁﬁéChQrsiéédtMBiB%En@r§§%HEeﬁosefo@p€héti0n1 this
noi sture is engug .to dlsr%gt nmost_ - 13 WO 22/098954 PCT/ USQ2/ 21071
met hods of pEFPBELFIRF 6. PESRSEYGeRY| PeaRs8aRs AF&CtpPBR{dE8SIFBRPERI ng t he

col umm react oo, flowr eddcaetbed poeasupenebteheof-eanti heafi sEure and thus to

reduce t 5 noisture.conte by.vol atilization, A preferred t hod, shown
o P v IBLR MRS ERT SR ikl B LR o B BRCR RS VRTKE ny Shout
nmost of the oredustimpn4lntpr essbrelbyheedhswotatei ct Aonaher esdisbénce to

flowand heatgd LooeoRRensgLesler 48N8:Neal,i8L,10-48POR! 281108 The pipe IS
usual |y preceded g a valve _or a punp_42 to control the ffowrate. At the
end of the pigedi §caayésyeplugspr camplabr seppirahion pfpwarosi 4éd to al | ow

al most conpl ghe separat ugn ofhyapgepid#atand hkquhér48a dbtsaseparation is
carried qyt at a 15 paﬁssure IBW/enougT to_at geast %educe t he water
content o tRESPEVEF wh¥r ENPHERpbPy fier 1EARTHESIPEF| ERFZ¥AESFhi s pressure

coul d be abowenatnbsphethe lpresswhereMdhe pypiwak| gahhbeseparator is
ﬁperated at Péﬁﬂ@ﬁ&?%&ic ﬁﬁ?éSB£8s§ﬁr8”QﬁplﬁaﬁgUEEOJQeaESBSﬁﬁéQEc43 20 is
eated to marntfarn e polyner-in e nolten state
pressure. More typically the separator is operated at
atmospheric pressure or under vacuum. The separator 43
20 1is heated to maintain the polymer in the molten state
and to establish an optimum temperature, typically
between about 270 °C and 285 °C, to accomplish further
removal of dissolved moisture without causing undue
degradation of the polymer. Separator 43 is preferably
25 agitated to enhance further removal of dissolved
moisture and to provide blending. The vapor 44, which
contains low molecular weight cyclic oligomers and
steam, can be recycled. The polyamide can be held in
the separator to increase viscosity of the prepolymer
30 to values suitable for the desired end use, for example
about 50 for apparel fiber and molding applications,
about 60-70 for carpet fiber, and about 70 and higher
for industrial fiber. Operating the separator under
vacuum will further increase the molecular weight of
35 the polyamide product. The polyamide product 45
removed from the separator can be pelletized using
methods known in the art such as strand casting. If
higher relative viscosity (RV) is desired, the

pelletized polyamide product can be solid phase
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and to establish an optinum tenperature, typically between about 270 C and
285 C, to acconplish further renoval of dissolved noisture wthout causing
undue degoadatdssn of the pol yner. Separator 43 is prefer@bhusay2mgi t at ed
to enhance further renoval of dissolved noisture and to provide blending.

The vapor 44p owgym@&lz@anbg ﬂéat@wgneh@cgsbauew ght aCYSEbiNQr@' igapers and
steam can be reCé%Ied T

¥an1de can be held IB s egarator to

i ncrease vi sBbEPP etﬁBCE yhEPISH 6 vHI §ERSLHFREGFeSFERA™ he desired
end use, foruexagphethaﬁeuan@nfmn appaeek .fi ber and nol di ng applicati ons,
about 60-70 for carp n t 70 h stria
fiber. Cﬁiratlng ?ﬁ gggeggggivg %8§B8H O%uagggcpbg %thkgaﬁkggéase t he

mol ecul ar wefghteot 8% thé polyasirdewprbdtbe. obiecpévpantdeapingudt 45

renoved frO”bEﬂ@e%%&%b@EOV1§anb§uB§h§ehh%§@ gHsi B9 cBethadsckpgwn in the
art such as strand casting relative_viscosity (RV) Is desired,

the pelleti¥88CHOKy &k aéep%dmerec&ﬁcaglgaﬁl gepRyséhe mt O 028598954
PCT/USOZ/210§é1nﬂ0bfngteamd1hyeheabhngabh@h@@hl@hsyugu@efhownng i nert

at nospher e such ai ni%r;gen.or in gu@ £heated st? u5|ng ne%hads known
inthe arf. 5 An aPFerRACPYE FelRBAIOf “HBHUEFAGPLRE ABFsPAFES EGRt ent of

t he pol yner, tw thrtherobjléostvetef varkbng etpepekl ehdzébbepures o6 supply
nitrogen 40 t r at one or nore | ocations bel ow the

bot t om nost E%Suﬁ?e%ghg?gﬁﬁgﬁgﬁégtuon as shown in Figure 4. 10 The
following nonlimting exanples are presented to further illustrate various
aspects and features of the presentpitXiveigs on. EXAMPLES 15 Test Met hods
The nylon 6,6 that could be prepared—Th accordance .with the Exanpl es

woul d béf%nalyzed for amne and acid ends by the nmethods described on
pages 293 and 294 in Test Methods

The nylon 6,6 that could be prepared in accordance
-with the Examples would be analyzed for amine and acid
ends by the methods described on pages 293 and 294 in

20 volume 17 of the "Encyclopedia of Industrial Chemical
Analysis" published by John Wiley & Sons, Inc. in 1973.
Nitrile ends would be measured by infra-red absorption
in the range of 2240-2245 cm™

The relative viscosity (RV) of the polyamide

25 samples would be measured as the ratio of the viscosity
of a solution of 8.4 wt% polymer in a solution of 90
wt% formic acid and 10 wt% water at 25°C, to the
viscogity of the formic acid-water solution, measured
in the same units at 25°C.

30

EXAMPLE 1
A counter-current column reactor with 11 stages
would be fed continuously at the top stage with a
mixture containing adiponitrile (80 weight percent),

35 water (20 weight percent) and phosphoric acid (0.1
weight percent) at a rate of 50 1lb/hr. Superheated
steam would be injected continuously at the third and
fourth stages from the bottom of the reactor at a rate
of 15.0 lb/hr for each stage. Vapour of
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20 volunme 17 of the "Encycl opedia of Industrial Chem cal Analysis”
publ i shed by John Wley & Sons, Inc. in 1973. Ntrile ends would be
measur ed WY 298984 r ed absorption in the range of 2240-2228Tarsnd210The
relative viscosity (RV) of the polyam de 25 sanples woul d be neasured as
the ratio of hthenetsgoshkyianfina solub be @hp@l%eﬂt%bﬁﬁﬁﬁﬁbhsﬂ9 a solution

of 90 W% for cid and 10 wat e t he iscosity of the
formc acid-wﬁg]rtgglﬁppgﬁ,pﬁﬁgg %e& ﬁno%hé aﬁﬁgﬁﬁptgwgt %%éesso EXAVPLE
1 A counter - &otréntt lowl ofin theabbsrmeichirléhestiagene woulld be fed

conti nuously . ?§rb§§nkegl§1?gelw'h9 a mxture containing adiponitrile (80

wei ght percen |ght ercent) and phosphoric acid (0.1
wei ght percent) at a ra&he &rasborbrhrrldsheephpzredmasedsinRodegtbe injected

contlnuouslyha hta@dthhw@ andg &ﬁéhtﬂnﬁbﬁﬂﬁi 6&@%@%@% bOEb@H‘QEa ke reactor
at a rate | b/ hr for eiénpst WO 02/ 098954

age.
PCT/usozlzlo?i h&x&ﬁé?ﬁ?FeW@H ReS aratsé §ES&|F88 E5AEENABEYRY i nto
the upper paahdobegawhief byhe hotktiasntwd @E&@G&ateﬁObakrﬁb@W ahet he
hexanet %Jenﬁ |an1ne wouu_dLHi e 5 agg |nate b/hr..The reactor woul d
i

be appr oxi mately 26 ed] gh-an aﬁcﬁaaﬁFgrﬂﬁl *4Paffet er. Each

stage of théhne&mess wéuﬂd8beosé¢araned fwonhtbethage6abové6 and bel ow it
by a horizonpah o EGBEOQ?%GQnEﬁr hQﬁetZ?ed%QlQ@ﬁr%?eésh EEQ %9g§é§t of

circular plates havin ness 0 I nc etween 6 to
16 hol es ofOE/élaW@ﬁeasaﬁeﬁéﬁ fr iRprBgsofod Népé§rcpﬁ§ﬁé§eroﬁnélaneters 4

and 6 inchesrfietevapouh passagecnaad dEth@%eﬂbtEanQ1Qﬁ15hb8§sQ§@“00”9rS
for I|quuf passag& 15 Thg regctor te eratu ntrolled on each
h % RF's

stage sothat a grafi &ReC BUPSHAEH Fh@oPég ?tSSQtSP ?ﬁé PBactor at 220
C and the bottoh stage ab that a gradient existed, with the top

stage of the reactor at 220 C and the bottom stage at

276 C. The column pressure would be controlled at 265

psig (1.83 MPa). The total liquid hold up time in the
20 column would be approximately 3 to 4 hours.

The vapour leaving the top of the reactor would
consist of mainly steam (approximately 23.3 1b/hr) and
ammonia (approximately 12.6 1lb/hr) with low levels of
organics (less than 0.1 1lb/hr). The liquid leaving the

25 bottom of the reactor would contain nylon 66 prepolymer
and approximately 5.3% by weight water. It would
contain less than 20 moles of nitrile functional end

groups per million grams of nylon 66.

30 EXAMPLE 2
A counter-current column reactor with 11 stages
would be fed continuously at the top stage with a
mixture containing adiponitrile (80 weight percent) and
water (20 weight percent) at a rate of 50 lb/hr.

35 Superheated steam would be injected continuously at the
third and fourth stages from the bottom of the reactor
at a rate of 15.0 lb/hr for each stage. Vapour of
hexamethylenediamine would be supplied continuously

into the upper part of each of the bottom two stages.

- 16 -



276 C. The columm pressure would be controlled at 265 psig (1.83 MPa). The
total liquid hold up tine in the 20 colum would be approxinmately 3 to 4
hours. Thwowajpss4 | eavi ng the top of the reactor would ceagigsv2/af7mainly
steam (approximately 23.3 I b/hr) and anmonia (approximately 12.6 | b/ hr)
with low | evebsadf Fiekgadd ese( hessmchan1@nkdibidine wbgd beui d | eaving the

25 bottom of the reactor I ntain nylon 66 prepolyner and
appr oxi mat el FPBI%%" tt\ﬁéfP’V\ﬁlg &E?g‘ It would contain |less than 20 nol es of

nitrile functi onarl‘henctea@lt@mpszopéd el lepprogriaag edfy Ryl deetbhigh EXAVPLE 2
A countery C“%hﬁ”ka%%h‘é@" gf %%%EOEnWe&E{aildi% Sy WOl %Plé%(:gg %%”t' nuously

at the top sfa m Xt ur e con a|n|nga|pon|tr| wer ght
percent) and thﬁaﬂf@raa(cm woughkt beeseparptad £noat éhef skedepalpovezsnd

Super heat ed $Leag WeuhL l&eh'o%%%h%glcg'é&‘f@i%l&%ldyb%ltrxﬁ@% trijer d and fourth
stages fromthe bottomof the reactor _ at a rate | b/ hr for each

stage. VapouP2FETLEEEafioiiyl erBdigh RE KA 15e ﬁﬁﬁleise Y36 Ruously into

t he upper pau:m@kn@@@ho@f 1t/lae tbotst/@mlhw shagels betwb@n ‘60t62/1@98954
PCT/ USO%Q% 1. Tot f/l ow Oﬁ" t.he h xa edi am i bﬁ
appr oxi et el YO459 it/ STHE FeS¢FBF \?5 %)[S)IILO)?I tlglsy 20F€8 high 5

and have an 8fi ddlmiettearnal adldaﬁeueucheﬁatflwrstvag@m paslsagegaetndr woul d be
separated Iremtle SHAGE BROYE 2AGecDAMM ddn %&0&' éﬁ%a{;;a@%r Lorated

barrier. The "barrriers woul consi st of circular
t hi ckness of 1/8 fl&e3/rgaicher, tﬁﬁ‘?ﬁr@é%eﬁm@lltdobﬁcmtﬁ@ﬂé§dopnll8 i nch

di ameter drikhed %’Ea@eh@oe%h%*tr 6l egadabndi aBRLRES,4 AR @h'en%la@s for vapour
passage, and fitted with one or fhree downcome SeSEb | i qui d assage The

reactor tenp&radtr & wbiicd 158 °E6Rt A6l PEY bn 2Eal éogbslt £ &%gr adi ent
exi sted, wth7she.t op ThiS csllage @frcklareecactdd &l &é&t@o&ﬂédt e lBott om

stage at 276 G, jThg 9l WFL P e33ur ¢ o' 910850 Y Led t3heb99 the
column would be approximately 3 to 4 hours.
The vapour leaving the top of the reactor would
20 consist of mainly steam (approximately 20 1lb/hr) and
ammonia (approximately 12.6 1lb/hr) with low levels of
organics (less than 0.1 1lb/hr). The liquid leaving the
bottom of the reactor would contain nylon 6,6
prepolymer. It would contain less than 20 moles of
25 nitrile functional end groups per million grams of

nylon 66.
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psig (4.14 MPa). The total liquid hold up tine in the colum would be
approximately 3 to 4 hours. The vapour leaving the top of the reactor would
20 consi swombk/opmasnl y st eam (approximately 20 | b/ hr) and @cewars0221071
(approximately 12.6 Ib/hr) with low levels of organics (less than 0.1

| b/hr). The liquid | eaving the bottomof the reactor would contain nylon

6,6 prepoly I ont.ain |l ess than 20 noles of 25 nitrile
functional e z Hé‘@ﬂifﬁﬁﬁ i -6n grans of nylon 66. - 17 WD 02/098954
PCT/ US02/ 21071 WHAT IS CLAIMED IS 5 1. A continuous process for the
manufacture of nYhoRorb huldamadigan td) echADhhnGRIRELSLNBe gasteps of

a) providing a vertical_ countercurrent nultistage reactor having a top and
a bottom anShavoRy agpenisrades (ARY)| eREPISEdges theardepsaefor 10 being
eﬁw p}O_ed WI]Eh i nt gnnal f iQrabed b_@?fﬁ:'i@&l{'%‘tﬁlﬁltfefr%ﬁnﬁg\l_%m i tsh! ng a t
plurality of s es an or effecting contact o n cont ai ni ng stream
and a count@P@ggﬁiﬁ@@yzﬁpﬁﬁpﬁgkéyégﬁl§tF8§th9)ai%PFBHWciﬁ&dinto sai d

react or an Abkvihgcappairmistggeeaahdnil osttreamaaiesgan sADN reateadwct i on poi nt

near th op,.Qf. _sai d reactor;:..¢).introddcing.dn id_reactor a steam
Cont ai i Ky sPreaR seiptEeher i snlerR o e et e s R 18F B5rlel eact or
20 d) i ntrodfeoirngsitebd isqildor eapioraad itierdnstthglesnedidafome- cont ai ni ng

stream at at Jleast 100€ PRt Bel gy hﬂﬁ-é@ﬁtﬁﬁ%ﬁ%@u%EE%ampghBté e) .
mai ntaining a pressure wthin said reactor between 100 and 800 psig (0.69

and 5.52 MPafCoHR§SH IS reSigdr&taWangt StRE8™ §5T6FSai d react or bet ween 190
and 250 degrees g)andiathedpeiaguratat shha bekbi-emobnsabg- reactor between

260 and 290 deqrecs G bl Lidr ap g 2 st eam,apd ammon s cont alning
near the top of said reactor;

c) introducing into said reactor a steam-
containing stream at at least one point near the bottom
of saild reactor;

20 d) introducing into said reactor a
hexamethylenediamine-containing stream at at least one
point below the ADN introduction point;

e) maintaining a pressure within said reactor
between 100 and 800 psig (0.69 and 5.52 MPa) and a

25 temperature at the top of said reactor between 190 and
250 degrees C and a temperature at the bottom of said
reactor between 260 and 290 degrees C;

£) withdrawing a steam and ammonia-containing
stream overhead of said reactor;

30 g) recovering a nylon 6,6-containing product

stream from the bottom of said reactor;

wherein in said process the introducing of the ADN-

containing reactant stream and the introducing of the
35 HMD-containing stream are adapted to provide a nylon

6,6-containing product stream in which the nylon 6,6 is

characterized by balanced amine and acid ends.
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30 g) recovering a nylon 6,6-containing product streamfromthe bottom of
said reactor; wherein in said process the introducing of the ADN

cont ai ni rgoreagwant stream and the i ntroducing of the 35PHVIDSonmoai ni ng
stream are adapted to provide a nylon 6, 6-containing product streamin

which the nybon 67éel @ro@ﬁ@ba@tebﬂéﬁﬁl EYWhéh:éﬂﬁe@h@WRDﬁ addrachdngnds. - 18
WO 02/ 098954 CT/U802/21071 g g ss of éﬁ@nll wherein the

ADN- cont ai ni fig* §F¥8§WPE&§§F|§8§S gbst VaPPﬁe RENZBr 2gH ] Eeous

sol ution conBaﬂntngnB@oh@a@ﬁlpgreéntoABN berwengh®DN5bY. wEhghprocess of
claim?2 erein the hexanethyl enedi am ne-containing stream conprises
substantially pure hexanet hyl enedi am ne or an aqueous sol ution containing
80 to 90 peréent Tbehpyxgreshypénedpam Aewbgr@dinglifie 4. The process of claim

3 wherein thﬁeﬁé%é%ﬂ&@eWbHﬁb&1n§abgnE8§ﬁEﬁ§ L8400 tenBP@sRai g (2.76 to
5.52 MPa). 15 The process of claim4 whérein an oxygen- containing

phosphor ous éHPﬁF?@FlﬁélﬁéHuFS PRE2PERBYPRCIGATTRE RF0EBS8IBFOEFai m 5
wherein the Q&ygemoncebhaamhmggpbosﬁboeoU@eQaéatyst i s phosphorous acid, 20

phospho aci d, al - _and_aryl-. substituted phosphonic acid,

hypophOQ% or BGEHEF E¥H898§ﬁ38F¥8 ggiw?lggg'nixtures thereof. 7. The process
of claim®6 wherein the pressure within 25 said reactor is 100 to 300 psig
(0.69 to 2'OZ.NPa%he'p}gcess of claim 3 wherein the pressure within

sald reactor is 400 to 800 psig (2.76 to 5.52 MPa).

15 5. The process of claim 4 wherein an oxygen-

containing phosphorous catalyst is fed to the reactor.

6. The process of claim 5 wherein the oxygen-
containing phosphorous catalyst is phosphorous acid,

20 phosphonic acid, alkyl- and aryl- substituted
phosphonic acid, hypophosphorous acid, phosphoric acid,

or mixtures thereof.

7. The process of claim 6 wherein the pressure within
25 said reactor is 100 to 300 psig (0.69 to 2.07 MPa).
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