; e3eNN4FDV6T\ g 26 May 2003 WO 001 37537 PCTNS99/ 28738 Title of the Invention
| W 111V Process for Preparation of Polyam de FromDinitrile agq, 'z'ﬁ”@'sne
Techani caivohpgtsd»5 10 15 20 This invention relates to a t WpeSSpy/IBIBCESS
for the production of polyam des froma,wdinitriles and a, wdiam nes. Mre
specifically, the invention relates to a process for preparing pol yam des
wher ei n hydrol ysis of the dinitrphig JrS@dveNgsn by addition of water with

si mul t aneous..,purging (i.e., venting) of water vapor prior to polynerization
by addition of diam ne to PheehyfbrdrgpaationBadkgyadid Art Pol yam des are

cucn: s MBI Sho % o Sxomeinit e andrisiontiot hy! ene. di arm ne. or by t he

pol yneri zatj.gn.of lactans such as scaprolactam O her processes are known
whi ch invol ve preparation of pol yahtdwscayFielsaction froma, wdinitriles and

a, wdiamnes in the_presence of ter. For example, Geenewalt U S. Patent
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two-step process for manufacturing pol yam des from a,wdinitriles and

a, W di am masori pridrite poi yeenzai@f byvadditionorfpdiasiing to dadtyidnglysdte. di nitril e and
water in the presence of a 25 catal yst under autogenous pressure and at a

t enpel@ture sufficient to cause subaakground Alit/drolysis of the dinitrile and

subsequent |y adding_the di.amne to the resylting hydrol ysate. The resulting
reaction mxture isPﬂEvanaae%\t are t%‘?ﬂi’én"&f’ﬂ?ﬂ3’sﬂgﬁf’6¥€n8yt d_ﬁeaagadensatwn
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001 37537 hgxa%]ethylene diamine, or by the polymerization of lactams such as s-
caprolactam. Other processes are known which involve preparation of polyamides
15 by reaction from a,0-dinitriles and o,w-diamines in the presence of water. For
example, Greenewalt U.S. Patent No. 2,245,129 discloses a two-stage process in
which a reaction mixture comprising a dinitrile, diamine, and water is heated in a
first stage in a closed reaction vessel until a low molecular weight polyamide is
formed, followed by heating at atmospheric or reduced pressure to remove
20  hberated ammonia and excess water in a second stage to form a higher molecular
weight polyamide.
Shyu et al. U.S. Patent No. 4,739,035 discloses a two-step process
for manufacturing polyamides from o,0-dinitriles and o,0-diamines in the
presence of water comprising reacting the dinitrile and water in the presence of a
25 catalyst under autogenous pressure and at a temperature sufficient to cause
substantial hydrolysis of the dinitrile and subsequently adding the diamine to the
resulting hydrolysate. The resulting reaction mixture is heated at a temperature
sufficient to cause polymerization. Up to about 10 weight percent of the diamine

may be present during the hydrolysis step. Addition of the major portion of the
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26 May 2003 PCTNS99/ 28238 di am ne after substantial hydrolysis of the
dinitrile reduces the formation of triamnes, for exanple 26 May 2003

bi s(hexanet hyl ene)triam ne (BHMI) when the diam ne is hexanet hyl ene ‘
di am ne. WaeopmsByam des formed had trianmine levels in the PER{EIVIs2I0 to -
1, 300 ppm conpared to 1,420 to 1,610 ppm obtai ned using processes in which
t he di ami ne was added gradual |y over t-te-course of the reaction. The
presence of triam ne causes branching and cross-linking of the polyam de
whi ch regy i | i - Wa| e A p it i tion.
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further tegmetest forrekatpiobivihdamethylehBrribiniisd (BHROT) Whendhsidismie iss 10
hydr ol yzed under aut ogenous pressure until at |east 85% of the hydrolysis
product ihsxainethybeneytiamiaei dl'e polyatmdesdfbirtriednhanf trianeindilevelnan ththeange
hydrolysis is conducted 15 ~t 20 in a weakl Y@aci dic nmediumin the presence

of a cat &f 20 teykB@onppm sompazed tohd20xpgbhl ¢ prtmapblangdaeting progsecsphior us
The ph ofhiRG thydBm)SE Svis ABHr brErAGHTIDNOV ST 6 GeVEA- Bl THIdFcR- SO of ent
t of at |east . tur at i phat i tieG, dicarhoxylic. acid.
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step wthe ﬁ,ﬁ?%ﬁ‘at% gr%u%igag?éeaé@grg@%r uaif%%ﬁ%ﬂéﬁorﬁ?b?xel ling the resulting

anmoni a an at an e nperature, and then

pol ycondensi ng t he Inieki WSt Patehe!50627,257 ndisdlogespal Hadtstkp Whddeas owhithal |y
rel easing the pressure. Triamne |evels of between 500 and 600 ppm were

achi evedclatmshior furdthemgedifcet triampreo f@asation. t Hat theufisdt astep akheadinitrile Gf
co-cat al ést are utilized. For example, the |evel of the dicarboxylic acid

used! anfxdralyznd undar aytogenous piesyie uptt ablrashdéciothethdralysisapduet e
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specifically, present  T'nvention“provides a t\ process (1.
a, ca-di nbkggéraéommiﬁgya%ié JFOBHARPRENRYaridi6r adaki 8 WattNSolab gdldfiniie and
pol ymeri zation) utilizing a dicarboxylic acid as the sole WO 00/ 37537 -3

26 Moy 2@, Mahigdhesd 2823d8niiunasat.y Jthe gHeofpthleyiandrolysisr edotidn efieditnd is
invention has been found to have |lowered triam ne | evels when conpared to a
two Y epadjustess by saddhingh adefficient ampuny of t dteleasty ohe veatanatqsh adjiphatie prand
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hydrolysis of thé a,wdinitrile, and for a tinme sufficient to hydrolyze the
a, w polycondensing the mixture to yield a spinnable polyamide while gradually

20 releasing the pressure. Triamine levels of between 500 and 600 ppm were
achieved. A shortcoming of this process is that substantial amounts of co-catalyst
are utilized. For example, the level of the dicarboxylic acid used ranged from
about 1 to 13 weight percent based on the adiponitrile level.

Disclosure of Invention

25 The present invention overcomes the shortcomings of known
processes by providing polyamides with low levels of triamine impurities without
the need for high amounts of cocatalysts. More specifically, the present invention
provides a two step process (1.e., a,0-~dinitriles hydrolysis followed by the addition

of the a,w-diamine and polymerization) utilizing a dicarboxylic acid as the sole



10 dinitrile to an overall conversion of at |east Qé% wherein water is
added during said hydrolysis with sinmultaneous venting of the26&snt2003t 0
remove ami@ioae3z53d wat er vapor; (b) adding an a, wdi ami ne tBCHHP/28238

" hydrol ysate produced in step (a) (c) heating the hydrol ysate and di am ne

m xture in the presence of water for 1-$-a tinme sufficient to polynerize;
and then (d) recovering polyam de characterized by lowtriamne content. In

one enbodicﬁiéWstprﬁeh&)]EﬁMﬁddh_@t 8f WedinRedtion Bad BeddifOORY td hiw IdWiged
a, W ai am ne i's hexanet hyl enedi am ne, and the catalyst for hydrolysis is a

m xt ur e ofrighdsp veiushasicdnpactdrl & itwmskspppiotesseli whichvduwsaion utiee the
recovered pol yam de is 20 pol y(hexanet hyl ene adi pam de) characterized by a
BHMI cont aovebivates puwvge, 960 apgdmimibideeoifsoyenbag 9? véatouand ranemohenddieg
process of the current invention conprises a two-step process for preparing
pol yam dedYHFrQ)isist | east one a,wdinitrile and at |east one a, w 2S di ami ne.
Lnitrile is.contacted wifh water. in_a,reactor

I'n the_first . th ,
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a, W di ni t?ﬁ’@w’lﬁrffgnrg%?’ #@gh@mtépeyés@géns{xgop?%@ g?%ﬂ{ﬁi%@%? stc%‘fﬁl(gf'react or
and the ammoni q,§ eshmetifd ah Mol dIfitAkWhYwh®r 3Rd #h BEeEH P8 aflouhhea gr 1s
renoved by venting the reactor. WO 001 37537 -4 26 May 2003 PCTI US99/ 28238
I n the sedwadesttop, afthe wbspriceceSthead wtdiaming, rae it tenpezature and ahwredynde ob ysat e
fromthe first step is contacted with the diamne at a tenperature

suf fi ci entause h)adrgg'smfytﬂﬂerd,@ahnmlmanld for atimepi ffigrand ¢o hydewlyrecths wr,@- i s
general ly reduced during the pol.ymerization and water and ammnia is
reno~1@d; diinle to aygueall eRpVEEIOn 9f at depst ASreavacine Wresupdged @ugRe of
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(straight ,chai %&rr. branched), alicyclic or aromatic

(b) adding an a,w-diamine to said hydrolysate produced in step (a)
(c) heating the hydrolysate and diamine mixture in the presence of water for
15  atime sufficient to polymerize; and then
(d) recovering polyamide characterized by low triamine content.
In one embodiment of the process the a,w-dinitrile is adiponitrile, the a,w-diamine
is hexamethylenediamine, and the catalyst for hydrolysis is a mixture of
phosphorous acid and calcium hypophosphite, wherein the recovered polyamide 1s
20  poly(hexamethylene adipamide) characterized by a BHMT content of below 1,000
ppm.
Modes for Carrying Out Invention
The process of the current invention comprises a two-step process
for preparing polyamides from at least one a,w-dinitrile and at least one a,0-
25 diamine. In the first step, the a,o-dinitrile is contacted with water in a reactor in
the presence of a catalyst, and in the absence of the a,»-diamine, at a temperature
and a pressure sufficient to cause hydrolysis of the o,w-dinitrile. Durning the
hydrolysis step, water is added to the reactor and the ammonia formed during the

hydrolysis and a portion of the water is removed by venting the reactor.



10 organic radical containing 1 to 20 carbon atons. Prefera

0032

R i
di val ent straight chain aliphatic radical containing 2 to 8%&1‘%’0% at ons.
. Repr esen™ D6/37837a, c~~di nitriles include adi ponitriie, subct@fU§¥92pa38
sebaconitrile, 1,12-dodecane dmtrile, terephthalonitrile, nethyl
glutaronitrile and the |ike. The pref'e‘?'red a,c~-dinitrile is adiponitrile.
15 The a, wdi am nes useful in the process of the current invention have the
formula: R HN R NHR'theh@icBn®R §tep asf dRé i piodedbeY aheaddkrEnt #MkrRonarteeach
i ndependently sel ected from hydrogen or a univalent aliphatic, alicyclic or
ar omat i chydrtilgsalte ffdmahd st atep s 20nprcefdevati yhdydiaragen apar témpéranirg when
hi gh nol ecul ar wei ght product is desired. a ,wDi amne useful in the
process oiffidientdocresepalymenzation and fome atpotyamidey | Theeprgissurerie generally
t et ramet hy| ene di am n%F 1, 12-dodecane di ami ne, dand p- xyl ene di am ne. The
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catal ysts include oxygén-con

al ni ng xygencont ai ni ng

boron co[wfg}gﬁ,la:oxygen-cont ai ning sul fur conpounds, netal containing
S, suc

conpound

as copper or manganese, aliphatic and aromatic WO

001 37537 -5 26 May 2003 PCT/ NeO®R-Z}38 car boxylic acids, and Lewi s acids.

Speci fi

c exanpl es of catalysts include phosphoric acid, phosphorous acid,

hy pophos phere Bsisat divaleny rabiphetip {straight chain evbiranehed)p apisyshhior aromdtiat e,
manganese( |l | ) hypophosphi.te nonohydrate, cal cium h)é%gﬁposp ite, sulfyric

aci dl0 supreamierasical coataining Ihiostd Farben atpmsnPiate
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an anum tri uor one acetate

acid, |

anesul tfonat’e, manganeseé{l

t et r ahy dfeabghthaRnittle, &hDY fRitareRitHe Bhd® MdRke aMhelpefatodaqsidinitile igci d
hydrate. MXxtures 10 of catalysts can be used. An effective anount of
cat al yst athpopitaimt e the hydrolysis is needed in the present invention. The

ef fecti

ve amount of catalyst will depend on the catal yst type. Typically

thisl¥alls within iThe osardiemutesoisetultin thoprogass of she earrant inveptisddayd one

nol e of

react ant

q{err}trille_. Water is used in the current invention both as a
theform¥as hydrolysis of the dinitrile in the first step and as a

processing aid in the p%ﬁj&_@%_ﬁgn in the second step. The anount of
|

water used in the hydroly

to the

is used. Up to about 1,000 nol % water may be added

Shoul d be at |east equal in stoichionetry
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and catal yst are heated at a tenperature of between 200 C and 300 C;
gydr@géh padicslarhowhen high molecular weight product i1s desired. o

,o-Diamine useful in the process of the current invention include hexamethylene
diamine, tetramethylene diamine, 1,12-dodecane diamine, and p-xylene diamine.
The preferred a,w-diamine is hexamethylene diamine.

The catalyst used in the hydrolysis step can include any substance
which promotes the hydrolysis of nitriles. Without the catalyst, the hydrolysis
reaction is slow and leads to an increase in degradation products. Representative
classes of catalysts include oxygen-containing phosphorus compounds, oxygen-
containing boron compounds, oxygen-containing sulfur compounds, metal-

containing compounds, such as copper or manganese, aliphatic and aromatic



C, while purging the reaction by punping water int o’the react or and

removi ng some portion of the added water, as steam through VZhMango03
Amoni a f WOe88780ri ng the hydrolysis is al so renmoved duri ndCGF&HOPREE38 The
reactor design is not 25 critical. Exanples of suitable reactors include
stirred autocl aves, unstirred autocl aves] column reactors, tube reactors,
and | oop reactors. The process is generally run in the absence of air. The
air may berbepiedcids, amd Kiewig pcideessSpacific asxMypledr gf neatalystsr @agide Wi th
i nert gases, including nitrogen or argon, evacuating the reactor and
filling iphosphdric merd, pimspboroanccpd,elsgpophosphortdus a@dcpwmophosghbric2add)0
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vari ed. T&fcinAf fepdteWRieHEt aefllligy@hic 4448, atdi?icrﬁ@,tl!eﬁébh‘(l@d]lce&fiepl%ﬁmaﬂ%ﬁn the
reaction scale, the reactor sixe, the reactor desi gn, the

r eact i ontteifluep@methanesdfothatd)e | i ke, Zmnpanescfll)addiater at e of wetrahrydaatdj ti on

will be within thelOrange of 0.01 to 100 noles of water per hour based on 1
nol e of teesyltimethylanemppimehapmyde,tand | 2tneolybdositicir aciddivdrate. wWMiktupes

within the.range of 0.1 tpo I O | es of wat er . per. hour based on 1 | e of
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pressure dgaplyfidhasedbh onkealbly dfftinitglet setting. The length of the hydrolysis
process will be a function of thereaction tenperature, process design,
reaction catal yst tWpteraisdused/eh thadcurhent! invenfiofhbotheasta oecactanteinsbioul d be

sufficient to hydrogl xze at least 95 nale percent of thenitrite, groups.
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desired) t'he feactor design) |osses of the dinitrile during thehydrolysis
process, raaybtaddadswith the aimitélecut thastatthef thelhydeolyzsatstegn process. Prferably
t he pol yam de forned has bal anced am ne ends, or a slight excess of3 Osaid

ends 20" t hat hi gh riitbe hydrolyib gtep, Pl dinitrides watesiang eatalyst arethestaseatrp f ound
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provi de idmingy ek bydrolysieis slvalreioved duripwaskingle Tl praceorodesigi fensnd
acid ends and reducing the 1lvel of HHMI in the polynmer. Qher substances
caa 126 aduditahi t EExampled afi susalslec eantornsatimiydet stirréd zartsclaped, ynestirzet | on
catal ysts, and processing aids. Addition of water to the diam ~ne .
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pol ymeri zati on t rnclting of the product” polyner. The reactor
design is not critical. 15 The reactor may be tis~ sanme reactor design used
for the hydrolysis process or may be different. The pntess is generally run
is the absenGC of air. Th~e air may be renoved by any known process

i ncl udi ng those described for the hydrolysis step. The pressure 3n the

pol ymeri zati on process may be in the range of 0 to 6, 895 nPa (Qto 1, QO
prig) or may be performed under vacuum The pressure may ba ZO const ant
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OE‘??%-ZH%%HS: I the following Exanpl es the conposition of the readfi9P928238
m xtwe S olA YAE D hydrolysis of adiponitrile was deterni %%wgy%dﬁ:agh
‘pressure | i.guhH - it ogr aphy (HPLC) analysis with a Wdete ; S

. method does not detect adiponitrile in the reaction mixture. The wei ght

portent rep$UBBAITOTEIP&GEcacti on produdt-s i s based on the total weight of
the hydrol ysate. The pol y(hexat net hyl enc adi parni de) prepared in the
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Cheni cal Anepysted “aspmbhy thiees hy desied.y VThe Yerfpezatise rhfge oifrthégﬁ'%ces-fhﬁ .
reiative viscosi téﬁ%m t he poléat ni dc sanpl es was neasured as the ratio

of the vi scitermin raie pbthedtydolysistreadsinny ndt tempesaturdsubsalow 200 ) 1 S
wtal form i d 0 t t 25 tp the vj ity, of the form

R d v erthe ghtg:qtfie Epasiisie acion fodiemlly g ovcto b Sonontically useul.” " °
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dermonstrates the hydrolysis of adiponitrile at Z70 C'using a water purge in
a vznted reageetion of woan Decvarindaflbenrabs of wateh additionsistel UxG reastion avazies m

DYoo o, R 1A e W e LTS ko3
(0. DTS5 gr anBpesifishe GdGhe TkBY 18 HeAsEl) ithe rite of Water SdaiioNal HA9Hhiome- 1

liter stainless steel autoclaveat roomtenperature. The autocl ave was
pressurlizedange 0f 4 o 16G njales pfiwgtemperhonirt basgd ronah dnolecoB3thepdindsily. e was

then rel eased, Thi s_operatj on S.rep~ | for total Qf 6 tines. ANENDED
SHEET Ussftyggpg@:gggf@e g‘gt,g_of watg%dngonpwm be within the range of0.110 10 moies ©

water per hour based on 1 mole of dinitrile. The water purge may be tumned on at

any stage of the hydrolysis process. The purge rate may be constant throughout
the hydrolysis, the rate may be varied, or the purge may be turned off and on over
15  the course of the hydrolysis.
The reaction pressure during hydrolysis is maintained between about
0.1724 to 6.895 MPa (25 to 1,000 psig). The reaction pressure may be controlled
by the vent setting. The length of the hydrolysis process will be a function of the
reaction temperature, process design, reaction catalyst type and level and the like.
20  The reaction time should be sufficient to hydrolyze at ieast 95 mole percent of the
nitrile groups. Preferably, the time should be long enough to hydrolyze at least 98
mole percent of the nitrile groups.
In the second step of the current invention, diamine is added to the
hydrolysate formed in the first step and polymerized to form a polyamide, The
25  a,o-diamine should be added at a level of within 10 mole percent of equimolar
based on the starting o,o-dinitrile. The exact level will be determined by the
molecular weight desired, the reactor design, losses of the dinitrile during the
hydrolysis process, and losses of diamine during the polymerization process.
Preferably the polyamide formed has balanced amine ends, or a slight excess of
30 acid ends so that high molecular weight polyamide is obtained. It has been found

AMENDED SHEET
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,time, the reaction mxture was stirred and the aut ocl ave hea&ggﬂ %ggo C.
"After achi evi ng 270 C, water was punped into 'the autocl ave a‘rate of |
m. per m ngb,@ ;:rxr h ventiag, the reaotio~p pressure was mai ntai ned

bet ween 4 S GIE«/I Pa (508 and 514 prig) during the 5 course of the
experinment Aflcr 2 hours of purging with water at 270 C, the water purge

was st oppethanisdmehof thowad-dinindle may badost! deieg the ALyER 88 NHue to
tenperature. A sanple of the contents of the autoclave was anal yzed by

HPLC. The fosmetion QSfcyplv@enﬁanQ@.anb;pbss yolatile pag iy resuoved mwmgwmﬁngaoﬂ Na
nitrile coptalning c ounds were defected in the rolysate.

Conpar ati v Eﬁ%ﬁgg tﬁr{ﬁ? ARueous Mee ¢rigyels of Hémht?l toatyase gesgfthan

adi panitri ﬁéﬁﬁg ﬁﬁﬂ]; usi ng
a conbi nat | phosp orous acPd’and cal ci umﬁprclgs‘ﬁﬁﬁg@gd

hydr ol yssi Spcslynﬁr xqaaluy/byrimprbwmg the baldh¢eosf dshinknt befd éismdRduding $heo! €)
wat er (12 94 m)nﬁ phosphorous acid (0.075 grans), and

cal ci um by Upthfs-B 1@ eapvlygm ther substanses cen he Bdded avithsthei diansse sEeel
aut ocl ave at,room,ta rat ure. , The,aut oc e wag ,oressuri ze 413 7 MPs
(50 ps1 ) wcpﬁsave%"&v%as’m&{nm@uam%s&sveﬁwef&;aw3  Adtidion
operation Rﬁﬁ h

aut ocl ave e‘v\\g@ eat e aﬁngdieoﬁgl aﬁ?g\glﬁﬁ’gt%ghﬂngw dk&%t gu ougenous
pressure obf ﬂle&‘ﬁﬁnkﬁscahﬂﬁ&ddedga)t thﬁstantufeth! Padlyrherizatigntsuep opthesdiatifing hi s
operation the pressure, slo y,r uced to, 3.3 x6 MPs (48 | psig) observed ai

the en® s¢ande added gradually ?H@lYﬂPﬂ?éPQ’&e vvas all owed to cool to room

tIGDanC):er‘?'thgr rGesﬁI fgng:‘ﬂ[%éd%%gg E’E@ é‘ﬁ por h ‘% gﬁww&gﬂf The

xasul ts f ohe Festipte]idmihcpaet VarRal aumgeﬁuﬁmfeetw&grmat 260 ecttbgsormr oved

convexsion of nitrite ands when the rolysis is~ conducted with an
aqueous pm@emmtqmpmwoﬁmcq:gmwgm ermined by therate of i padymerication

Nitrite-contgajning conpqounds, were not etect in the  h drol satar of
Exanpl e 1,and gg ;% the,praduct po mﬁba&iﬁ rﬁ@“@}(gﬁ% %ﬁ’E'ﬂFﬂed 16. 4

1o S e Ao shfte oishr SeciiiPRG ot fid Kyiyafd hocBARGER, SHEET

be different. The process is generally run in the absence of air. The air may be

removed by any known process including those described for the hydrolysis step.
The pressure in the polymerization process may be in the range of 0 to 6,895 mPa
(Q to 1,000 psig) or may be performed under vacuum. The pressure may be
20  constant throughout the polymerization process or may be varied. Generally the
pressure will be reduced during the polymerization process. The reaction time
required to form polymer will be a function of the specific reactants, the product
desired, the reaction temperature, the reaction pressure, and the like. Generally the
polymerization process will require from 0.1 to 10 hours. The specific
25  temperature/pressure profile will generally depend on the specific reactants usad
and the product desired. It has been found that when poly(hexamethylene
adipamide) is prepared from adiponitrile hydrolysate and hexamethylene diamine
using the process of the current invention, the polymerization process may include
heating the reactants to between 250 °C and 310 °C with pressures between 1.399
30 and 2.068 MPa (200 and 300 psig) (set by the vent), followed by reducing the
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04UBSNOOUTE PAGE - 10 Exanple 2 This exanple denonstrates the hydrol ysis of
,adiponitxile at 230 Cwith a water purga in a vented xeactorzgrmaptng@ed at
‘a- pressure betwea~ 2.392 and 2.193 NLfa (347 and 31$ psig) using a

combi nat i ogy 1@y f acid and 5 cgl ci um hypophosphite as the

hydr ol ysi S%S%ﬁ?gf[@gﬁxﬁt ure of adiponittile (150.00 grams, 1.39 nole),
wat er (125.00 grans, 6,94 male), phosphorous acid (0.075 grans), and

cal ci um hypésEe i ptreospherio and finishing imthetemparature angd of shouS2ADRILES st eel
atttacl avc @o oam tenperature. The autoclave was pressurized to 0.4137
lv~"a (60 %) g“)E with nitrogen and the 10 pressure was then released. This

operation m@g@g@.ed fox a total of 6 tines. Wth stirring) the autocl ave
was heated to . After achieving Z30 C, a water purgo was punped into

the autoclave at a ratiedblldwidg Eﬁimgie@ttheco bSiten ofahE iresbtioh LRGRCT T ON
pressure was maintai ned between 2.392 and 2. 193 MPa (347 and 318 psi Q)

duri ng ¥ heoktaimedebyo hydralysis fr adipenitrilefway dsteroined by higo poyssuree ligsidaat er
t d d t dt |t
P omer ar or GHrORBESHAR. CPLEN RBLHE W8T srUM BeGetol . T Hoeiod s, et by

~i PLC. Th I i ' JRYE! r hladl . The
hydr ol ysat %éggn%d;? ﬂgghﬁ gn}gggme%egngbéaﬁgﬂgﬁnﬁggegk‘%ﬁ@e%ﬁz g}el
5- cyanoval seatforpioductd -bided oirtheTotal weight of the hydrolysate., . ~ . ---. US

009928238 04- 12-2000_26 May 2003 SIJBS 1’ xTUTE PAGE - 11 Ex-unple 3, This
exaxnpi ¢ denonst r at ifh&a:mcﬂuimcoadxn@mmb.mnamd in theaBxamples twasa

ekhe pely
510 pa PRt ToY B CRTY BparBl BB aeforBlet i baes Pt EB 2R 2 05
cal ci um hymoRdlemehi7t ¢f the "EReydlypédih b8 Tedwraria|Clidmicdl Ahatysis™ pebidshed by
adiponitrile (150.40 grans, 1.39 nole), water (125.40 grans, b.94 nole))

phosphor ouldbac éﬂq@&v&s,g’narisjw’i&nd cal ci um hypaphasphite (0.027 grams) was
added to a 1 liter ai nl ess steel clar ~e at _room tcxnperature. .The
procedure of Lxanpl WFOW?W&W@&%?H@‘%%@%W%% Meastedsr vas
10 mai nt ai i : ﬁﬂipwl gm"’%Y A 10 e t he
course of ﬁ%cﬁ%ﬁ?%ﬁﬁéiﬁ@ﬁﬁ%ﬁé 0 t%?.ﬁ?ﬁt?/%?tﬂ 0 ! Igéélgﬁtgggfz%e was

anal yzid bwt%HbfinicTied mad U0t witéfwateeal 25LC, tnttleywscosity coft thp doimeid degd-ow i n
Tabl e 1. ' The hydrol ysatc ront ai ncd na, det cé&bl e 5-cyanoval eram de and 1.4
wt % of 5- cYyaleh selntpn.aneasuged indhesame ynits aty exanpl e dermpnstrates the

hydr ol ysi s of edi po:t#l j s i t eact or
mai nt ai ned at a pre?%x%@gk%%%@l%%ﬁ%?@%ﬁ%Egteg%lyﬁgdgﬂ%isﬁ g)
using a cogtromatdgeaphy (GOpaniipsie of pelyathide Hydolysteprepnedtsifiirdlyzing tire
hydrol ysis catal yst, /A m xture of adipornitrile t154.00 grams, 1.39 nolt),
eat er ( 125the@obngds inhydrochloriédeid.  phosphorous acid (0.075 grans), and
cal ci 0] hypophasphite (0.027 grans) was added to a 1 liter stainless steel
autoclave at roomtenperature, 'The procedure of Exanple 2 was foll owed
except the pressure in the reactor was mai ntai ndd between 1.78b and |.420
MPa (259 and 246 prig) during the course of the experinent. A sanple of tha
contents of the autoclave was anal yEx#mple } ~PLC. 25 The results of the HPLC

analyol o a0 1 enor el el sk shkick 1S gRIYE SR en o0k B 350 60
using & water purge in a vented reactor with a combination of phosphorous acid
25  and calcium hypophosphite as the hydrolysis catalyst.
A mixture of adiponitrile (150,00 grams, 1.39 mole), water (125.00
grams, 6.94 mole), phosphorous acid (0.075 grams), and calcium hypophosphite
(0.027 grams) was added to 2 1 liter stainless steel autoclave at room temperature,
The autoclave wes pressurized to 0.4137 MPa (60 psig) with nitrogen and the
30 pressure was then released. This operation was repeated for a tota]l of 6 times.
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S SLIBSTITU Tlr PAGE - 12 Exanple 5 This exanpl e denonstr at es,d 2003
‘k~ydrolysis of adiponitxile at 23Q Cwith a water purge in a ven?’eg react or

mai nt ai ne e between 2.268 and 2. 006 MPa (329 and 291 psi Q)
usi ng cal %@ﬁ?ﬁﬂg@ﬁi&ﬁﬁbe as the hydrdtysis 5 catalyst. A m xture of
adi ponitrile (150.00 grauu, 1.39 nole), water (i25.b0 granms, 6.94 nole),
and cal oi uAfiertreleapingsthle iptexsafe th8 fingl time) theaeactiteshixtoreawas biked agd @ien! €ss

steel autoclave at roomtenperature. The procedure of Exanple 2 was

fol | oned csuseyave heated ta 210 SC. nAfte achigving 2 TR, nwatar weas gunipedvinen i 268

d 10 2.00 329 9 Q). duri t h f th ' t. A
aarnpl o ol MEFRARth & 708 o F ok et Bty TheruE iRfingc i reaplion BreSiRosui «
of the |I~R ﬁﬁ?’l ' [
cont ai ned "Iig i A)té-mgea‘?%sgﬁggrrg? eagjﬁgmﬁl.hgp\a/ﬁ@%f&g- %%Rg@@#?@ag% d.
Cony eiSsi acougde difthe ekperimentyidiep 2 hans bE pargitpwithhedtenhs 27078T, the vatenr ~pl e

3, which used a aonnbination of 15 cal ci um hypophosphite and phospl aor ous
aci d cat alRBge wssasnnped and dheelepad aytaclayst was cellawed o deenlyto Joem

adiponitrilc at 230 C with ter r in _a vented reagtor [ L.ned at
2 pr essur deBpfinoin. A siinle, 3 Y58 Binekpts 6 b ol N SR Y HIEE: ¢ he
amount of fdsHITs DEPRR | r ' ls t h Usefled N
Exanpl e S.R% Xni xturc o?ﬁgg‘ppgﬁ?l@?r%g(%%ﬁ%%bgm‘#?% lr'm?g)] , wa?er
(125. 00 greomtainifgSémpoiuajis wareldetatted imtheinainblyssthi t e (0. 091 grams) was
added to a 1 liter stainless steel aufoclave at roomtcnperaxure. The
procedd e of Exanple 5 was fol COMRAHIvEEXEMPISAessure in the reactor being

mai nt ai ned bet ween 2 r | W ng the
course of the expc~m€éx$€1acrrp é°@%?e&§%%%§§s%%ﬁ§%§f§3§ Qas

anal yzed by WPlfosedheedctsny! badaf dubspenbus WE i Asiage af epasBindtbebow i n
Tabl e 1. The hydrol ysate contained 0.6 wt% 5-cyanov aleram de and 1.4 wt%

(hat Gbiatnes | Exare 5 Which GEgora CrbEt ol oS0 el o
Cyfoiphf)sehl'ic and ;%ngyg%# éW'i%(&%@ BraRieN) -}vaternt]? r?o. & v
'3 Bl B SR PO WP (07 iR ofd SR pphbsrRiE =
Detveen 2,078 e Ung \Pa (356 and. 200 oL a). 18l nE 8l bic o as the
hydr ol ysi sTRG#UEpPSIEYE Wes nr%f%deto&-%?zﬂ ﬁg’oﬁ @tnsfss)_ew%‘ REpEsA agﬁégﬁ% the) 39

ol o) vae TESRRATT Tas JEBeR Thi bptfedtll Gty Rt R o BRILA S, TAEF) e,

The pr ocedtirdngf theampoplaee Avazahedted [tovETD ¥E.t hAfter aphiesing 270 AC} laepégkact or
bei ng mai ntai ned beriveen 2.475 and 2. 062 M-a (359 and 299 Psig) dtui ng the
cour s&Uof taeogeRpus Prassure of 4t MPad63f psiglavasohseried. dPuningthe sowssedle was

Tabl o 1. T SR e PRSP ST I M SR Bl AR SR T
wt % of  5- capnovoh&@ DOhasrsdat 270 °C, the autoclave was allowed to cool to room
temperature. A sample of the contents of the autoclave was analyzed by HPLC,
The results of the HPLC analysis are reported below in Table 1. The results for
25 Example | and Comparative Example A demonstrate the improved conversion of

QS 009928238

pitrile ends when the hydrolysis is conducted with an aqueous purge compared to

autogenous pressure in a closed reactor. Nitrile-containing compounds were not

detected in the hydrolysate of Example 1, whereas the hydrolysate of Comparative

Example A contained 16.4 wt% 5-cyanovaleramide and 16.3 wt% S-cyanovaleric
30 acid.
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03-3e-2M0 8 This exanpl e denpnstrates the hydrol ysLs of adiponitrile at 230

«Cl 5 with a water purge in a vented reactor maintained at azﬁwog
bet ween 2.289 and 1.834 M'a (332 and 266 prig) using zinc sulfate as the

hydr ol ysi s -t ure of adi popptrile (154.44 granms, X 39 nole),
wat er (125.%@b§ﬁm%l e) and zi F\gbs'ul fate heptahydrate (0.309 grans)
was added to a 1 liter stainless steel autoclave at roamtenperature, The

, procedure of Exanple 2 20 was foll olixample & t he pressure in the reactor

?ﬁl’;’e”gf EE he. oxpor | nOAE .=>2c|%u§§ Fhogrtsbe tensd ot é?ﬁorﬁéhg)@n%rgtl” 3: “e
Tani & 1. TRy Bt o vonfid il miathi R KRBl b RE PR B, o

5- cyanoval e2,193 adPd. (3AVEMEED] SHistg) usifig-ul camBRRGioh o0 FREMh3Rss. nlf dday 2003
SUHSTITU E PACxlr - 14 Table 1 Hydrolysis Product Anal ySi s~b? ~-Cyano

5Adi paniX 5-@jeinsrhynepbosphiteiasthe hpdrolsscatal¥gaci dval er ami deAci dAci dwt ~
1S~ t~" ~"tfl ~~1lcw~, ~Ll .1 26. SNd~+9 3. 72S. . 46,4l b. 31 .
213, 433. 01~ D33. 5l . bﬁ.ﬁ%’SNﬁ?@?@?‘?‘E‘hS{wm.@ﬂ% Wz@??&%, 71.6
6QR. 433. 10. a5, 7 1NEB Gy c‘n?@ - " ND"
signifies that ’tﬁ?ﬁ%??)? glliés\%sg?tﬁ,gt de'??ag?g#. z t)?%ég%%%te éyéjsoé,?lt%gﬁmc
represent t(0023vgrang}wak added thea driitemstaindess ste2Daitoelapt at Locthitanperatiet e
denonstrates the two step process of currﬁerg‘o invention, Adiponitrile is

h
hydrol yzed Fhe Butdslayguwas, sresevaed, t@ﬂf‘iﬁa.wg rpsigh Witk nisrageprandutheaci d

nexamt i1 GEHRS WR0HED T8k THE Pokilon Bas Ml f6HA HLFBr 8 tmes.
pol y( e xarreh/t stteingthe aoiodbve visTiesta@to 230 T ARSY g £30 00 gl

0.36 nole), water (32.40 grans) 1.80 nole), phosphorous acid (0.02 grans),
and cal ci urpurgpopasoppnped ito. the Aaweclavs st wastegafidemls per ndoutec c Thraughl ess

steel autoclave. IThe auytoclave was pressurized to 2..00h8 id) with
ni t r ogen anvcfn%{'ﬂghifﬁg BRI BEs W@fn&gs ey, 13926?52&%%&49
repeated f : i i SHEEd~ e V. ~
e 509625 2t 19bfik) Birridg tdTEdursd of e i, Mfer P@ MR R, the
pr essurli5zedwater 20268 Wk st@fpedpand)thei hltociave ogan,allosveidedo t epd), b3 #8oPs (20
psig) nitrogen, and heated.to %150 Cwith_s irrinig. After achi evirll_ﬂ’ZSp C a
wat er mperanwre. A sample of the contents of the autoclave was analyzed by HPLC.

The results of the HPLC analysis are reported below in Table 1. The hydrolysate

contained no detectable 5-cyanovaleramide and 1.6 wt% of 5-cyanovaleric acid.
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04DMZQ60®V ~a purrped into the autocl ave at a raze of 6 ce per hour. roug

venting, the reaction pressure was nai ntai ned at 1.724 MPs (?ég@g@ gé
throughout the 5 course of the axperinme~rtt. After b hours a 8 t he
wat er pur e was di scont| nued and the autoclave was allowed to cool to room
t enper at ub&/B BAGEe was openead ldmd hexanet hyl cnedi axni ne {40. 20
grans, O. 35 m)l e) and water (25.00 grans) were added. The autocl ave was
reseal ed, pressurized to 2.06% MPs Exiipeple3i g) with nitrogen, and then the
pressure was rel eased. This operation 10 was repeated for a total of 3

ti mes. The aut ocl avEhisesxatipden dpmopstratey the hydrolysissofvmdipogittlepati 230 ¢ t h

Bt 00! ave Yk Weitr STy Boie s ar RIS il PIASUFE RETEeD 273 850 1P
brossur e boaf ife ﬁ%’&’ A7 gt Rt OF L RRMTRPu S IRADTST ¢

pressus e galdiugl Aypo ?ﬂ,% “%EW d8dataliaf the autoclave was allowed to

cool tv roomte eratu resul I ng product was anal yzed for relative
viscosity (R ~, endAgnntmse ofadipanitr{la & 5080 rgrhma,c) .89 imole) cwatBHI25.0@ v el

é“ﬂf Botﬂ.“te BN, 00Dy O %8@%‘3&%0%%2@@0@%5‘% Eypomiswbite)
Ot
added ?2‘)5‘?8%‘%%%‘% (8 SARTUD Ll SRR S fefirflar) oo

descri bedThe précednteodExagipleod kmsﬂdum&mcemame ipheysitee! iar the Yestoras punped
into ttae autoclave at a rate of ccl hour instead of 6 ccl hour. After 25

h?/g;rgl(yg. mamm:[acdmmmzmhsnép&i@d@m@%g@ﬁ%ﬂ%ﬁem@eﬁmeofo
U
?aseal ad mﬁdg %ﬂfaﬁsmg fﬂi’et“ﬁ%g W& eﬁéggcrl bed
Ex I ' t t
(Rv) - ona Thfeeulis¥E GERLC BHapHiORHEY =g“?5%9?°?§‘*ﬁ 5 Tt )] ThRihMRolAREDY 1Y

resul ts sbonminedinovdetsctdisle Iadyhﬂoﬁhlcnahﬁﬂm SIS ) ofﬁee)faﬁoﬁﬂeﬁcStldSTl TCT Z'E
pACrE -16 US 009928238 26 May 200% ar’{‘gl el 1

15 This exemple demonstrates the hydrolysis of ediponitrile at 230 °C
with a water purge in a vented reactor maintained at a pressure between 1.786 and
1.420 MPa (259 and 206 psig) using a combination of phosphorous acid and
calcium hypophosphite as the hydrolysis catalyst.

A mixture of adiponitrile (150.00 grams, 1.39 mole), water (125.00

20  grams, 6.94 mole), phosphorous acid (0.075 grams), and calcium hypophosphite
(0.027 grams) was added to a 1 liter stainless steel autoclave at room temperature,
The procedure of Example 2 was followed except the pressure in the reactor was
maintained between 1.786 and 1.420 MPa (259 and 206 psig) during the course of
the experiment. A sample of the contents of the autoclave was analyzed by HPLC.

25 The results of the HPLC analysis are reported below in Table 1. The hydrolysate
contained no detectable S-cyanovaleramide and 0.5 wi% of S-cyanovaleric acid,
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0A1812000re of ariiponitrile (39.00 grans, 0.36 nale), water (32. 4DUgSrg(Pr%328238
,1.80 nole), phosphorous acid (0.02 grans)) and cal ci um hypop?ggggizto%(o. 007
‘grans) was added.to a. 300 cc stainless steel autoclave. The hydrolysis 5
procedure described in Example 9 wes foll owed. After hydrolysis, the
aut ocl ave Msgwﬁ BAGEhexanet hyl cneb? ani ne (40.30 grans, 0.35 nole) and
water (2.00 grans) were added, The autocl ave was reseal ed. The autocl ave
was pressurized to 2.0b8 MPa (300 pEksmnpleid h nitrogen and then tho pressure
was rel eased. This operation was repeated for a total of 3 dines. The
aut ocl ave was 10 pr dduuexanapietdsnyonsgsetenmhe hydwlysis ¢f adinomitile abg@a0 °&nd t han

vented to 0.1~ 379 MPa t20 psj nitrogen.. With stirring, the ocl ave was
heat ed t o Y58 RIFT PUZER I géﬁplegé'pagpr Eﬂ’i’gﬁm\é\éﬁga(}’f‘ﬁﬁi“ﬁs F"A;%lts i evi ng
275 C, th C : [ ..one
our . The G MBS 1328 aoliCEICBier diihe Satfturd dyfeliepnte s OB BT,
nitroggn anedlysgbowed to cool to roomtenperature. 15 The resulting product
was anal yzed for relative viscosity tR-, end groups, and

bi s( hexanet hyi ene~r ifarmixwee EERNIPp! teilec(1 5@ Q0hgrams, ledumoie)s water (38680 i n
sini tar t BHERa b0 oo Salgium 15 paraphin (et Hetnhatas, adged 102

hcxanet hyl Ghia ﬁ.mf. asisk ] : i [ WAy Was

used, A m}%?ﬁr e o ﬁ?é?égoni trl?%ea%gﬁggé%‘?% 0. g% P eggg@%tgé‘r ,240

grans, 1. 8astollewedekospiiihe pressure iinl th{edre8ton massnaintmikdctdtween 2 [2G8amidos phi t e
aut ocl ave. The

0. 007 d to .a 300 t ai nl t eel
hyil-r 0Py s 006 Bin B8 g sl diring, U, ErHires oS hR XPSHERFRL A SATpRD i .

oty andit SplBRsCAABE e HaS ARhALE BYRBIL Crhd T I HARR BT E5
the pol yngnhBals 8@ RperedbaoneRC TabRA 1! N ThE alyire]yRatéesordi@ink@VED. witke

resul ting product was anal yzed for relative vi'scosity (~t'~, end groups and
bi s( hexam3-tpdnenalerdrpideiand i Gwie-of Scyhn®dionic acidh«Comversion of bevmithikel ow i n

Table 2. Using a stoichionetric amunt,. of Al HEE US, 009928238

0. 4- 12- 20(%0“3’%2@3%/&955 %%@@ﬂgﬂﬁ’@’m@%’%ﬁ %Fg&ﬁ?’ﬁb%agam n the
starti i i i Lo F | ower 1tV pol yam de havin
a lar égge%leoggﬂybghﬁ%ﬁgﬁ s&glr}gs%%%&&c?wm&gl S conpar edpt oyExarrpI es 9, )

where the ambunt of dianm ne added wBzampluced to acGOUnt for |ass of
adi ponitrile during.the hydrolysis react] 12 A m xture of
b 2393Cs

ad: ponitLi | e (6375. CRIGPRRAYle FB"\%BP%),%&#%‘%@%EEB@%?
1 . =y ' . | . 15
g?aren)s) %?@Eg‘g@ﬂ%ﬁgbglﬁfgﬁ%ﬁ@ﬁawﬁg&ﬁs gie{i'%é%%%%l ave.ga&r%gsgu gcl ave

was flusha&ylos MPm(32dogeh3as psipatshuy half Thdaovnt bf salclurm tgypophbeshits0

achi eving 250 C,, a wexer purge was punped into the autoclave at a raft of
30 cc2Per hydralysis catalyst ahthatusadig Example Sact i on pressure was naint ai ned at

1.724 WMPa (25U prigl, throughgut. the .Cour Of e %éoer' ng a0 hours
at 250 C, the vvater'pbml‘mggé\pggﬁﬂfq ﬂé@?"aﬁ?}’?né- Mlﬁqgvgtﬁgéhgjoloomd to
cool tor QWRin,e608 rlﬁbléﬁ,eandTEﬂQi\ﬁFh%bﬁ'\@Fﬂﬁé (0091 ea Ry whs Hid3d teed qht

percent adueous 15 sol ution of hcxanet hyl en~edi amne (8744.95 grans, 58.96

nmol e of hditemstainjase rstasl antoslgveat soomdisthpeTitarea uThe iproceduess of Exandpiel 5and

i th o ek BUEHedSvih thpeished b setalse Golpe ratiisinta hefyous 527 e

pressyke C i : OWr
Dol ye? | 2 5 oA eR SR U R BRI e o e 48 Bl W sapdP of,
m nutes. The comteymest thYantedieve @xs analyded by MPLCheThe resulta wf. thé'HPLEsul ti ng

pol yner was anal yzed for rel ative viscosi %P(R. 1~, end groups,_ and

bi s( hexar HBal¥§IscRe—roPoRe nRelowHin deble) 1) o JBe hydrolysate eaained QAowWEYabl ow i n
Tabl e 2, : 7 1 .2 Pol E AN t]

Result ' 26-iposneHnte andded Juokiar Eoybbval R fid, ConifBliof PG e

A neAci d WD Tz atihh TR UobtinS® Th EdPnpid 33 30MER i8d %Mﬁﬁﬁﬁoﬁﬂof
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pol yn30 Healchign hypephiesphite andl phosphereuscid catelyshe i nvention with a certain
degree of particularity, it should be appreciated that the follow ng cl ai ns
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00/ 37537 - 19 Cainms W claim 26 May 2003 PCT/ US99/ 28238 i process
for produc fromanac~ initrile and an a, c~di am ne
conpri si nghmwgﬁ%% (a) cont actil g an a,wdinitrile with water and
an effective anount of catalyst in a reactor, in the absence of the
a,wdiamne, at a tenperature and a Bwamsplefe to cause hydrolysis of the

a,wdinitrile, and f ati r}rj aufflm ent to %drolyze the a,wdinitrile to
an overal | conver si ohli§fexsmple demonsisates the; hydrolysiseol adipenitrila & 30°¢ sai d

o vl or "y weleT Bt S0 Sented el Thainfaided an Grebiy biyeRR S 1Stk 00 i n
t f
vt or fyy | SR62NAPY (35d A ALY ihE adipie. *‘%ﬁ%ﬁﬁ@d’*‘?‘ ?ﬁr"éc ing
pol yami $le char act er i Aesixmrel afradi dpmmnﬂeeﬂﬁ:@m@fgmms ,1R32 malepvestes el 28fo(C ai m 1

wherein said a,wdinitrile is adiponitrile, said a,wdiamne is

hexanet hy| g¥as, fdmolesadadinic eaid{2350 gramsh(.ds cms)ls) svas eddediioce Urligent

polyam do. eSS RS s RoBRR AR te.The Bipleie, BF Koratrbif vt cn

f bel %
of h; ow if&&%_%pgm W&ma& thé -réhdtor Beifig: :ﬁaﬁitmﬁed\beﬁﬁ%ﬁﬁ 478 dhd

{vql fa\ V\] c&])é&]MRhJ](ESﬂ aﬂ&]zeﬁ]pseg])abz}mg]tha]oom]se o ¢hé exferithent] A lseamphedf a] ca] ¢

a] ca] c

gl ga] > VB AT G4 pLipbap %H’lé?ﬁa‘?ycé‘i*’éﬁ cJF’@aFFé%lfscﬂ] the BRI €] ca] ca
| wmhc”Y] ] C &?%lfé% S'gd %g%)gtg%l% ogg]}nﬁ‘}aﬁﬁ} ga}@%}@%@&%a} C Lj ca ca‘] @Sﬁ‘&‘éﬂaq cajc

a) ca] ca] camghﬁ@;lamhm&&ﬁd:nl o6 of 8-cyanovaleric acid.
PG #A##HIHQSIUBEEE Q ' (1) 0) ) W * +++, 555#6 }xsnl d _Z]]]ca]ca] ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c @fca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca

::;] za]?gg]?gg] caj ca] caj @5 %@Egﬁ %ﬁ%&%@?@@]&ﬁg :"; lgﬁg})&ﬁ g:} g:}
ca] ca! FCFFuite3Givatep bt L reactor maintained at a pressure between 2
K™ KL L L MVR NNNOOOOOP} xsn| d a] ca] ca] ca] ca] cal ca] ca] ]cw] caj ca] ca] ca] ca] cajc

o Rlepvnyy T?’]m ‘| g"?‘” styatyeyo co) il cal cal ca
] ca] ca] ca] ca] ca] ca] %&]&ﬁﬁ%ﬂ@f 2%@@?@%’?%%%9&]%&]@ b%l@\leTe\ en
e edeeeeeEpfam oo mahég drid) 16K faemépkmvéoaw C(di m?ﬁﬁhc%&ah&@d fhopl cal ca

] ca] ca] ca] Ca] ca] cal] ca] ca] ca] ca]ca]ca]C ajca
liter stainless steel autoclave at room temperature, The procedurc of Example 2

20  was followed with the pressure in the reactor being maintained between 2.289 and
1.834 MPa (332 and 266 psig) during the course of the experiment. A sample of
the contents of the autoclave was analyzed by HPLC. The results of the HPLC
analysis are reported below in Table 1. The hydrolysate contained 0.4 wit% 5-
cyanovaleramide and 1.1 wt% of S-cyanovaleric acid.
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gg%@g}lca&-(} aBL10%m& ()- L10%m& ()- Y@ 1
0%r& () - S10%r& () - Ms10%r& ()H 60 A1 Ess@O%TE () -
10%m& ()-(10%r& ()-10%& ()- 1 % ()- s10%&’ 8 6q0= dEI "10%& () -f
"10%& ()- Z10%rm& () - 10%7& ()-z10%& ()- S "10%m& ()-=:}h dES3

"10%r& () - 15$10%& g "10%m& ()- . "10%m& ()- S, 710%18 ()- %"10%m& ()-°
bCs10% u& () - 10% u& (C)')tﬂPPO% u& ()- 10m 10m 10nB<10%m& ()- 7 "10%8&' ()-
5 Adipamic = 5-Cyano  Adipic Valeric

Example Adipamide Acid Valeramide Acid Acid
(wt%) (wt%) (wt%) (wt%) _ (wt%)

1 119 26.8 Nd® 9.7 ND
A 13.7 25.1 16.4 6.4 16.3
10 2 13.4 33.0 ND 335 1.6
3 9.2 29.0 ND 352 14
4 10.6 31.9 ND 39.3 0.5
5 175 35.2 1.0 26,7 1.6
6 124 33.1 0.6 355 1.4
15 7 11.0 32.1 ND 36.8 L1
8 12.9 34.5 0.4 341 - 11
(a) “ND" signifies that the material was not detected.
(b) Reported results represent the average of two determinations,
20 Example 9

This example demonstrates the two step process of the current
invention. Adiponitrile is hydrolyzed with an aqueous purge using a combination
of phosphorus acid and calcium hypophosphite as the catalyst followed by
addition of hexamethylene diamine and polycondensation to form

25 poly(hexamethylene adipamide).

A mixture of adiponitrile, (39.00 grams, 0.36 mole), water (32.40
grams, 1.80 mole), phosphorous acid (0.02 grams), and calcium hypophosphite
(0.007 grams), was added to a 300 cc stainless steel autoclave. The autoclave was
pressurized to 2.068 MPa (300 psig) with nitrogen and then the pressure was

30 released. This operation was repeated for a total of 3 times. The autoclave was
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109& () -1 4109 #1098 ()- 109& ()--!ndEYNC! 109& ()-. 109%& () - 10%& (
5@0%(&) ()- pu_le)/&l) Resansh g ; d tgy. gp&mg ()e()ng 250 %mweyer&

100 () SRl Bmbed 188 bR BT o0 St orougiyeation
313(?/;/‘&(52 lt:hi%g O}%@()_ %1%%%&? maldfmia?f)i’«gat(i FAD P4 )(250 Fpsdgiitirdughttl afEYNC!
310%: (5 - 8636 df) tltkmtﬁwmbh&c; Afieg’ § )houss BL0RED (L, Lihe10MRr (purge was
$10%0)- Lgs%gr(;{?nu(e)d and mlt:oz{%ogl)avg vgas alilcl%vlva ¥:'>“ %Bgllgc?/f‘oor}: temperature, The

autoclave was opened and hexamethylenediamine (40.20 grams, 0.35 mole) and
water (25.00 grams) were added. The autoclave was resealed, pressurized to 2.068
MPa (300 psig) with nitrogen, and then the pressure was released. This operation
10  was repeated for a total of 3 times. The autoclave was then pressurized to 2.068
MPa (300 psig) with nitrogen followed by venting to 0.1379 MPa (20 psig)
nitrogen. The autoclave was heated to 275 °C with stirring and the vent set at
1.724 MPa (250 psig). After achieving 275 °C, the pressure was reduced to
atmospheric pressure over one hour. The polymerization was finished at
15  atmospheric pressure and 275 °C for 45 minutes and then the autoclave was
allowed to cool to room temperature. The resulting product was analyzed for
relative viscosity (RV), end groups, and bis(hexamethylene)triamine (BHMT)
level with the results shown below in Table 2.
Example 10
20 A mixnre of adiponitrile (39.00 grams, 0.36 mole), water (32.40
grams, 1.80 mole), phosphorous acid (0.02 grams), and calcium hypophasphite
(0.007 grams) was added to a 300 cc stainless steel autoclave. The hydrolysis
procedure described in Example 9 was followed except that the water purge was
pumped into the antoclave at a rate of 9 cc/hour instead of 6 cc/hour. After
25 hydrolysis, the autoclave was opened and hexamethylenediamine (40.20 grams,
0.35 mole), and water (5.0 grams) were added. The autoclave was resealed and
polycondensation was conducted using the procedure described in Example 9.
The resulting product was analyzed for relative viscosity (RV), end groups, and
bis(hexamethylene)triamine (BHMT) level with the results shown below in

30 Table2.
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38 109 (g 2 831k dime amovat of Hexmethylciedidnine, based on the starting

amount of adiponitrile, was used.

A mixture of adiponitrile (39.00 grams, 0.36 mole), water (32.40
grams, 1.80 mole), phosphorous acid (0.02 grams), and calcium hypophosphite
(0.007 grams) was added to a 300 cc stainless steel autoclave, The hydrolysis

25 procedure described in Example 9 was used. After hydrolysis, the autoclave was
opened and hexamethylenediamine (41.60 grams, 0.36 mole), and water, (5.00
grams) were added. The autoclave was resealed and the polymerization procedure
described in Example 9 was followed. The resulting product was analyzed for
relative viscosity (RV), end groups and bis(hexamethylene)triamine (BHMT) level

30  with the results shown below in Table 2. Using a stoichiometric amount of
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(RV), end groups, and bis(hexamethylenc)triamine (BHMT) level with the results

shown below in Table 2,
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(a) ‘moles per million grams of polymer

Having thus described and exemplified the invention with a certain
degree of particularity, it should be appreciated that the following claims are not to
15 be so limited but are to be afforded a scope commensurate with the wording of

each element of the claim and equivalents thereof.
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catalyst in a reactor, in the absence of the a,»w-diamine, at a temperature and

(10%

a pressure to cause hydrolysis of the o,w-dinitrile, and for a time sufficient
to hydrolyze the a,w-dinitrile to an overall conversion of at least 95%;
wherein water is added during said hydrolysis with simultaneous venting of

10 the reactor to remove ammonia and water vapor;

(b)  adding an a,w-diamine to said hydrolysate produced in step (a)

(¢) heating the hydrolysate and diamine mixture in the presence of water
for a time sufficient to polymerize; and then

(d)  recovering polyamide characterized by low triamine content.

15 2. A process of Claim 1 wherein said a,o-dinitrile is adiponitrile, said
a,0-diamine is hexamethylenediamine, and said catalyst for hydrolysis is a
mixture of phosphorous acid and calcium hypophosphite and wherein said
recovered polyamide is poly(hexamethylene adipamide) characterized by a

BHMT content of below 1,000 ppm.



