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-~ (54) Title: PROCESS FOR THE PRODUCTION OF POLYAMIDES FROM DINITRILES AND DIAMINES

2

g (57) Abstrace: A process for producing polyamides from dinitriles and diamines in a continuous reaction using subsequent heating
steps. In particular, the process involves contacting a dinitrile, a diamine, water, and optionally a catalyst to form 2 reaction mixture;
- heating the reaction mixture to a first elevated temperature of between about 180 to about 240 °C, maintaining said temperature for
about 0.10 to about 20 hours, and optionally controlling the pressure in this heating step by venting: heating the reactjion mixture to
a second elevated temperature of between about 250 to about 350 °C. adding water to the reaction mixture before or after the second
elevated emperature is reached. maintaining the pressure in the second heating step above atmospheric pressure by venting at least
B some of the water, and maintaining the second elevated remperature for a period of about (.10 to about 10 hours; and recovering the
polyamide.
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Background Art 10 Currently, polyam des are being produced commercially
fromdi carboxylic acids and di am nes. For exanple, Nyl on1$0Oetober 2004

COoMmer Ci al‘bﬁomg%j,uced fromadipic acid and hexamet hyl ﬁ’?’}glsﬁmﬂﬁzﬁ Al ternate
. r

routes to these materials have been explored within t exanpl e,
the art has taught processes to produce Nylon 6,6 fromadiponitrile and
hexanet hyl enedi am ne. G eenewalt, U S. Patent No. 15 2,245,129, discloses a
process to produce polyam des by reacting adiponitrile,

hexanet hyl enedi am ne, and water at a_high tenperature and pressure.

However, the G eenewalt patent requIT’e% a two-stage process in which,
after i ni tial heating, the process nust be discontinued to allow the

reaction to cool, and then be subse entlé heat ed again prior to
recovering the poIWE%SFQRrEHEfRPe&DHICH& BOF BOLSSAMIDBSadi ponitrile with

hexamet hyl enedi am ne andg IIQ@[\)E W ager in U S. Patent No.
3,847,876, but at extrene g pressures 0 about 13.8 MPa (2000

psig). ¥he production of poI yarnl des was inproved by the introduction of
catalysts to pronote or enhance .the producti on of polyam des. Several
catal ytic nethods are 25 discl osé';f"hf\“ﬁ‘} ‘él;(iarrpl e, in US. Patent Nos.

4,490, 521, 4, 54’2h12915ent14m@Qﬁeﬂt@%proc@ss?&ﬁ:r&ﬁ@n pdiganiddshdh didftriBdihd and
4,528, 362. . | n, addi aatsé:ocat alysts were roduced to further pronote and

enhance th@‘aﬁ’ﬂ“ﬁa PG Praductsspd “é @“'Pm&eﬁﬁr ocess of forning
pol yam des from adi poni trile, hema@r&magﬂedl am ne, adipic acid, and water
was de§8ri bed inamé‘ﬁene et _al Patent No. 4,501,881. 30 Each of the
met hod2%descri b mlyaw&%ﬁé%rbemﬁwé“%eﬁ@@m&ﬁwﬂr Ergpydicagigsylicconi ng of

produci ng paiyaAideasinds pamdmgramymbel@daﬂunkaﬁefa élh(xl:&ﬂﬁﬂﬁédﬂglﬂe 13 Cctober
2004 WO 01/ 79327, PCT/ USOl/,lOO 7 concurrently wwth the prod i on of

si gni i canfeifl alddrexagsthylenedigminge Alismaterentes to Bresgmaterials have been | n t he case of
hexanet hy| egaste@witha thddie Fét SRnplY, $d df Bk M{%‘o&%sesmﬁbﬁié@ﬁ?myl enetriam ne

(BHMI). The di am pe dijerization i1s praqnoted hi t énper atures and

pressures P&JTom atipapfrilegad B‘?"&E’é@'@’é%edﬂ’é‘gﬁ |CH§‘B“3‘3%‘6%S P@SEEN% Shyu, U.S.
Pat ent 150. 244588, Q@@ose@ﬂﬁm’eés@I?dprﬁauc@balyarﬁdébyp%ﬁﬁﬁ adfoniedled27, 257) . These

di am ne dipers or trlam ne by-products serve as crosslinkers for the |inear

pol yani de DefEFHyleHHiaHnG apd W@%Pttaélgé temRsFAtys andreessweg Hevewsndlg ty

det eri or at Gegenewalt patent requires a two-stage process in which, after initial heating, the
process must be discontinued to allow the reaction to cool, and then be subsequently
heated again prior to recovering the polyamide. A modified process to react
20  adiponitrile with hexamethylenediamine and water was disclosed by Onsager in U.S.
Patent No. 3,847,876, but at extremely high pressures of up to about 13.8 MPa (2000
psig). B}
The production of polyamides was improved by the introduction of catalysts to
‘ promote or enhance the production of polyamides. Several catalytic methods are
25  disclosed, for example, in U.S. Patent Nos. 4,490,521, 4,542,205, 4,603,192,
4,725,666, 4,749,776, 4,436,898, and 4,528,362. In addition, cocatalysts were
introduced to further promote and enhance the production of polyamide. For example,
a process of forming polyamides from adiponitrile, Hexameﬂlylenediamine, adipic
acid, and water was described in Greene et al., U.S. Patent No. 4,501,881.
30 Each of the methods described above, however, have the significant

shortcoming of producing polyamides from adiponitrile and hexamethylenediamine



The probl ens associated with the production of triam ne by-products was
partially overcome by the processes disclosed by Shyu et &t O¢ctober200@at ent
No. 10 4, 739, and Liehr et al., US. Patent No. 5,627 257  Shyu et al.
teach a tm‘g-gé’??g” process, wherein the first step incl %@E@%?W@°ﬂydr ol ysis
of adiponitrile with water, catalysts, and fromO to 10 wei ght percent of
the total hexanethyl ene diam ne needed for the reaction. The second step
i ncl udes addi ng the renai nder of the hexanethyl enedi am ne foll owed by

pol ymeri zati o

n. This,.two-step. proces rovided 15 triamne |levels in the
560 t O 130(?o‘bcblfﬁeﬁ't@vmt\ﬁggn’é'ﬂ)‘ﬁ‘ﬂgPgﬁwgwgﬂéveis@fé‘etdﬂn?@iﬁwﬁbﬂaw evel s found
t hrough t hdidneine Hn igaafof ittt Rakdamsiug thealither pkddabdd wiuldbe describe a
two-step progess. .The f.irst ipcl ydes t.he near|ly full —hydrolysis of
t he adi ponibfsf‘f”faglefhgnﬁwme @%@%tﬂ?"‘i%ﬁe naation isipromped bydhz at al yst. The
cocgt al yst highSerdpsatirebad paasxlaegaquilreﬁwdm i-dcéﬁ@@tdief&riﬁéd T%oav(tséé: di car bloxyl ic
aci d. TRhe S St i es addi_tiqQn of _at | east an equi nol ar
anount gf @%ﬁgﬁmﬁéﬁgﬂyﬁm%&ﬁtg‘at‘f% ateqi oy 0 gR7-448- dhesehi s process,
they were dhbirind dimeglot eiatirerbyaidduets stroy & SoskBkys et tRQfedHlyaRAUePPM
However , th%s pr.Q esslii hi-nder ed bé t he substantial amunts of cocatal yst
S §G I

required. F?eaﬁlg%ﬁﬁampﬂ‘ ictaualiy deferigration. | evel of the

~di carboxyl i ¢ acThe grotlehedsysiatéd ith b pratiuckion 6F thdmineb@blod®s w&Nt based on the
+25 adiponitrile |evel.

In one exanple, .th teach the use of 73 grans
adi pi ¢ aci #*RSCIEECPELY W?Féssﬁil‘g?%?%{’ys% ety Ugh Batgntd¥o. adi ponitril e.
Each ofi0t he,789,03% aRPLiEhaL 1S IRS. FARSENG.Bari70y7. Shywletd]. t@ich a dGlstbp €Nr et at.
are also hindered hy.t g%xi nher @gt 'ﬂ%ﬁfl}f I cul t yﬁ&_/i t h di scontinuous processes
and si gni f PE&RATY ‘?“e“’gﬁ/éﬁ St5p Belies ey st Aol Widowpes ed to
cont i nUOUS cpalPssBERoMN td MEwighijRedsA oF R Got@Hexambity 1Rt Baitle defdegnt i ON
over cones %h&lbs hor.t com ngs gf t hel ac gr oggd art providing a sinplified
conti nuous'P ecfﬁ%?'%nﬁ‘ﬁ"rs ug step Yicluges acding thedemgindsr oighe | evel s of triami ne
| pur i ti es haidetiylenédienineftloved byspificnitionl THEMWOLEp Plocs@pRivRleyStS. 2 13
Oct ober . 2004 Di scl osur.e h I ntiqn |n a first aspect of the present
i nvent ﬁ%n %’Fgf’“éeslle‘ée?sp'ln&ﬁ 5% & {;5\@ PB’(’S‘g%‘?{SF’ﬁF"“ﬂWEF&G%&‘ﬁ 84209 to 481420 de
conpr i si nglevels filund thiro\gh ahedédthings dfdthwr batkgrogtidamd ne, water, and optionally a
I forma r I gn ' re,;
catalyst to fo Tiehr et gl?&;[sér%e a t\r;po-x %eg preo’cess. The first step includes the nearly full
hydrolysis of the adiponitrile to adipic acid utilizing a catalyst and a cocatalyst. The
cocatalyst was described as a saturated aliphatic or aromatic dicarboxylic acid. The
20  second step includes the addition of at least an equimolar amount of diamine followed
by polymerization. Through use of this process, they were able to achieve triamine
levels between 500 and 600 ppm. However, this process is hindered by the substantial
amounts of cocatalyst required. For example, the Liehr process requires a level of the
dicarboxylic acid cocatalyst from about 1 to 13 weight percent based on the
25  adiponitrile level. In one example, they teach the use of 73 grams adipic acid
cocatalyst in the hydrolysis of 487 grams of adiponitrile.
Each of the two-step processes described by Shyu et al. and Liehr et al. are also
hindered by the inherent difficulty with discontinuous processes and significantly
greater process length (time) when compared to continuous processes of the
30  background art. The present invention overcomes the shortcomings of the background
art providing a simplified continuous production process for polyamides with low
levels of triamine impurities without the need for substantial amounts of cocatalysts.
2



heating the reaction m xture to a first elevated tenperature of between
about 180 to about 240C, maintaining said tenperature fof3 @ctpoer 00
hours; and optionally controlling the pressure by venting of water; then,
after maintaining the first elevated tenperature, subsequently heating the
reaction mxture to a second el evated tenperature of between about 250 to
about 350C; adding water to the peashiQF fleidsr € before or after the
second el evated tenperature_is reached; nmintaining the ressure in the
second heating dP&5siaHed ohthraesmemyentiop thers s promfed aprossyionprofusing sone of
the wat er poBasiddRbmp@iny: Ng the second el evated tenperature for a period of
about 0.10 to about 10 hours to produce a polyam de. |In an enbodi nent, in
the reacting st&pHagugg adf“&ﬁieﬁ’élmrﬁga%‘ée’éﬂé%&“ﬂ APtipnallystalystio derme reagtionp| e
percent of ggwtarol ar based on the dinitrile and at |east a stoichionetric
anount of water nmay be added relative to the dinitrile. In another

enbodi nent, t he MEHEI8 ﬂ?ﬁ"ﬁ?&%’i‘ PHEE Ine el rish Pt eribevsendiesidld evat ed

t enper at ur ebsRY4E; PREAINRRL NGRS erAut ERUI09D 2PEASS WhEopRbnAY C¥RrofingRaPher i ¢
pressure. After nmaintaining the second el evated tenpérature, the reaction
m xture rra;Pr?SHE?\blb‘émB’ﬁﬁ‘i’fdﬁ‘éﬁfil y maintained at a third tenperature of about
250 to about 35QfenWiick rainliEnifBBE fifsPhe\Rlel SRR kubsPGehBMGEE thOreactio
atnospheric pressure or |less. This additional enbodiment” often may all ow
for the mewgugEdaprered golaiahiminestire ol hefwach ebouh? Wds abdue3¥BG; adding eaienty a

hi gher ol egUlaki el I ] i Lent, the
dinitrile may %EO%%EP% r%Oggﬁaaﬁg%tsg%gg?%\Eﬁ%t?]detkﬂg%ﬁgreemﬁ%@i@%ﬁgﬁ%ﬁ%@?am ne.
The final potssusindec seanddeatinswise pboxd pipespheri¢ brsssaredby dertingatleast somesdthe i n t he
process of . ooy I i i ] | on

b o) 3 13 Ot oh PRt SR o B s AR AL ORSL AR
process andoys thpeduce heolpaaide.f or  hi gh level s of cocatalysts used in the
prior art proCeqs SenGAY & me HARiR|sARE &%mé%a9§§9%dfﬁgﬁlg% kB SHfAP! L | oW

| evel s of triamne Inmpuritres. ond aspect resent 1 nvention,

there i s pri@viclrnerqsal of sptinielsr pasetinatbeldinitle aegd 4t frastatstoichioprepisesmeat.of | N a

third aspeg;atépina}gga&agg&%%ioq}(@&l;u}rg?, there is provided a process for

produci ng a polyam de conprising contacting a dinitrile, diamne,
wat er, and opt i dhanother gmbaginagngdhe stap of henting thereagizen roitung teiawecend ¢lbdatddeat i ng

the reacti Q&nﬂ&zfﬂrb’ﬁﬁy EQolﬁaiﬁéerﬁ‘lHerec‘tlr@a‘éﬂ&rﬁ&egsﬁ%?gtﬁkgﬁtﬁoggheﬁc pressure. After

maintaining the second elevated temperature, the reaction mixture may then be optionally

maintained at a third temperature of about 250 to about 350°C while the reaction pressure may
be reduced to atmospheric pressure or less. This additional embodiment often may allow for
the more complete polymerization of the amides thereby achieving a higher molecular weight
polyamide product. -

In yet another embodiment, the dinitrile may be adiponitrile and the diamine may be
hexamethylenediamine. The final polyamide produced when adiponitrile and diamine are used

in the process of the present invention is poly(hexamethylene adipamide)(Nylon 6,6).



bet ween about 200 to about 220C, and nmaintaining said tenperature for 0.10
to 10 hours; (c) heating the reaction mixture to a seconth erievar P4

t enperature of between about 270 to about 300C, adding water to the
reaction mxture before or after the second el evated tenperature is
reached; subsequently renoving some of the added water through venting; and
mai nt ai ni ng t he TH@eRRAMide LAMR LRSI AP Ekidhds bResd aitBk Rt AL n@R M nid 10 to
about 4 hogrS's?(fd) heatlg}%_the reaction mxture to a third tenmperature of
bet ween abd6Yels2F8o@Elvals yert imthe erichaet HRGeTsERi MPTRRYeF s nolypiisle bashase foupdir e,

whi ch nmay ke eftisit BB eRlof HafckRi@Pdritfes.0om t he second el evated tenperature,
while the reaction pressure is reduced to atnospheric pressure or less to

produce a pol yanfa&scongasgect githe pressaiiavantion therrds progidetpolyamydsseragdhcedt here i s
provi ded a RpkYdWER fseduced according to the third aspect of the present
i nventi on. Furtthr Ql:()lj ects, features, and_advantages of the invention wll
becone appar ent FAYHT asret fdhedreser) ippentqn; et sypreHdad anspoceder PrvBBEEs) f or
Carrying Qﬁolﬁaﬁﬁiebﬂﬁﬂﬁﬁhﬁﬂc%q& cbhRctRizRSahtild, B¥RAMel Wierd &d@pﬁ&ﬁzll_ﬁﬁlcétﬁys%td)r ocess
for pr oduchng%a polyami de fromdinitriles and di am nes. e process

i ncl udes t HE:E EACUOR TRORE=S! hagrathersartiopimiguisite p imt deairdierepirert and
optional |y wRtvwcah Maifi00t@atodt ZEO@C,raﬁ@ﬁ;Tah&E}mfgfQéfd%ﬁpenhﬁéffdr%g0%"?0 &GRS [ ON

m xture to-a first elevated tenperature of between about 180 to about
240C, and rhsitineaheTrargon mEhye fostseeqnd plevaer tempgsatpsetof beweesrabout 20 tosbow hour s;
heating th i ! S t ween
about 250 T3 apa LEBRts kB e A LR 0 p e SR bl

t enper at ur eeachegd; pubsesiently remaving some gtitie ddded wetsethraagh vénting; mng rain@jningthe  of

the water iS..,H¢eR aﬁé&gﬁwﬁ% r . rature
is maintai r?e%l forva peri o o?&aal?gﬁ@/(gg%@tﬂgoré%%ﬁ@%%h@h?%@%&%%%%@l y
0. 10 to 4 hoytss to athdrdieumrent nibatwesn pbiuy ATA tdebouOPEli°Graad inyintairive thethat i on
m xture ma ' ' hi r re of ,ah 250 to out
350G ¢hae e aE @udabllof Qb BRI bEaRl o 838K bRt yRRS

t enper at ur dhe peadtion preguredcedeed Rgptnbsphgl pyasireler, less whgndica a golyithide.t hird
tenperature, th i ! duced.to a spheric _pressure or
| ese 4 13- oot onnk 5 F R AR T Rl BRSSP BED R oRURE e Che
hydr ol ysi s agfordihgtodhethird aspest of thhpreenpinvension.i se to a hydrol ysi s product
including a car i €. aci ) Lu . anj.de internediate.. The
hydr ol ysis pr od%ﬁ}{é{rﬁg’ﬁa ?efga(t:'% és’ %ﬁgpﬁ%&ﬁfgﬁ% lﬁge%%n vgvﬁn\r}ggorl?esa@parfrg ﬁé’ﬁn am de
| i nk. Furt Hegdefriled daseriptian thetfodovodduces the final desired product. The

Mode (s) for Carrying Out the Invention

The present invention is directed to a process for producing a polyamide from dinitriles
and diamines. The process includes the step of contacting a dinitrile with a diamine, water, and
optionally a catalyst to form a reaction mixture; heating the reaction mixture to a-first elevated
temperature of between about 180 to about 240°C, and maintaining the first elevated
temperature for 0.10 to 20 hours; heating the reaction mixture to a second elevated temperature
of between about 250 to about 350°C, wherein before or after the second elevated temperature
is reached, water is added to the reaction mixture, some of the water is then subsequently
removed, and the second elevated temperature is maintained for a period of about 0.10 to about
10 hours, preferably 0.10 to 4 hours; and recovering the polyamide. Optionally, the reaction
mixture may be maintained at a third temperature of about 250 to about 350°C, that may be the
same or different from the second elevated temperature, prior to recovering the polyamide,
wherein at the third temperature, the reaction pressure is reduced to atmospheric pressure or

less.



process of the present invention capitalizes on the conditions involving
these reactions such that the pol yarm de produced has a |GP¢leberi(pd
content and can be produced w thout substantial amounts of cocatal yst. The
first step of the process is contacting a dinitrile with a diam ne, water,
and optionally a catalyst to forma reaction m xture. In the present
invention, dinitrile is nmeant to include any material which incorporates a

dinitrile functionality. Preferably, the dinitrile will contain 2 through
20 4a 13 Cct Ober ZWTGMOQMV&@ZH Beprddsid Mchide 4k 15aroReRf kgl trile may
be aliphatic, <%$ chain or branched, or aromatic. The dinifrile may
contain fli ncf“i FIVf risgtoafydrolysis geodugt Fﬂcla‘idfl@raé’amoi‘ﬂwﬁélldwaﬁ@sﬂhﬁﬁé?ﬂ such as

al kyl, aryl, b@idelideieamie)ghe hidelySsho@icehen SAQS vith e BATR t%%x P' nitriles
whi ch are useful wi.thin the present invention include adiponitri

suber oni tri | el ATk |“FtEerP31YF’§B%?HP%E‘l°8Fﬁe§T4‘i°[ﬁ§a1 desired penduetc dhe dinitril e,
t erephtal oni t f)tdc%s offhd phasert !Hv@:ﬁmh Qﬁf i@ Res on ﬁ’fe%ﬁﬁdﬁﬁéﬁg }hvofvﬂ% thHsO c%a&ﬁdn? IS

adi ponitrile. In t he process, nitrile is orma

car boxyl i ¢ acS¥h tht dreqolymide PFQ‘i‘“?qﬁ‘éla-‘i:%@é’tﬂﬁln@GF?}mﬂt qaebepmlmdr boxyl i ¢
acid form frQﬂb&ﬁqmﬁhMﬁM%nb&mggﬁﬁbﬁdﬁﬁId In the present invention, any
di am ne suitable for preparing a yam de 10 be used. D anines ‘
include any materi Be %ﬂﬁ@ﬂ’@@ﬂ%ﬁséﬁ@ﬁm@%ﬂaﬁlﬁéﬁm‘héﬁmw, watgy, edder abl vy,
the di amine ViphonSlyh Sillysttd Brm?Qra@ichMSmre Ne di ami ne may be aliphatic,
strai ght chain or branched, or aromatic. The di ami ne may contain other
functionalities t¥dhe presepgavantien dimitrils 1WP@thp§1madhmatmal wludh as al kyl ,
aryl, tertiarhcaffbRes a difile fttibRlHS PrefP@b) ftggd @1%1‘? Hﬂgﬂrﬁﬂ% whi ch
are useful in the present 1nvention 15 1nc exanet ene
tetranet hyl enedi am ne, 1, 1 2-dodecane di am ne, p- xylene di am ne,
2-nethy|-1,5-pentanedianine, 1, 8-oct anedi am ne, and 1, 10- decanedi am ne.
Preferably, the diam ne is hexanethyl enedi am ne. The diam ne reacts wth
t he hydrolyzed dinitrile product to formthe am de. Therefore, the diam ne
should be added in an anmount sufficient to react with the hydrol yzed
dinitrile product and 20 produce the desired am de. This anpunt is
generally at a level of within 10 nole percent of equinolar based on the
dinitrile. The exact level will be determ ned by factors including the
nol ecul ar wei ght desired, the reactor design, |osses of the

4a



dinitrile during the process, and | osses of the diam ne during the process.
Water is used in the present invention both as a reactant“ﬁﬁcpﬁéfﬂ¥§rolysis
of the Qw itrile and as a processing aid in the polynerization. In the
contacti ng @ngnz anount of water used shoul d be tRETARHMZ7ef fecti ve
for hydroly5|s of the dinitrile. Typically, this amount of water is at

| east equal in stoichionetry to the amount of nitrile to be hydrol yzed.
The water 'is added into the reaction initially or during the reaction as a
wat er purge.,30 The optjonal catalyst conponent of the present invention

may i ncl ud&TEPRs- Toe diattelsaray bRAMRIALG peright eniner biachederraramatichdhpr ocesses  of

the presendinitilandy dftainTihctondlBis thiteb HoGneab { thin the
backgroundegz}7 for t he nh drézl;émss of 5 13 @l?(%é?alzbrg@% %‘%ﬁ?g{%

PCT/ US01/ 1 aryh, fgrtiqry pesines, ppsulfates, ipecifia exasples of dipitylenwiielsaret he reacti on
of am nes wkdsl vﬂthh{mk gﬁsenamdenub;hﬁciuaé<ﬁ11pdnfh1@ds%bérbﬁ&zle Whbodidip) one catal yst

conponent npm e or enhance these reacti on ﬁ)l’ ocesses.

added to
Repr ese taf@glghg?’ﬁg’é"eé 131‘105“8%%%?‘&5 F%h@h@%%ﬁgémxmﬁﬁmenf ng phosphor us

conpounds, PRI RODARIINIsRApHAIN) 1 HIPRIERAShe BIHER'S R afl¥edidi N9 sul fur
conpounds, et al -cont ai ni ng _conpounds, "such as copper “or ° mangan ese

al i phatic mad-‘raml %?c@alpfﬁgwli”é“ﬁ‘éic%ﬁ“ dippnitels; the eashaxylic Hidbio

exanpl es o&om{yaiomisssm&m phosphoric acid, phosphorous acid,

‘hypophosphor ous aC| qyr ophosphor.i c .aci d, SOdI um hypophosphi te hydrate,
manganese( | 1) hy3$ \?“H%BWWHW@S“!@HP&T@WRWVS@WWBW sul furic

acid, 10 suéhsal Dl&ﬁh&mcﬁﬁ@hﬂﬂa&bﬁﬂ'%ﬁhﬁw@gg%@w ygﬁate geRssul fate,

phosphotungstlc acid_ hydrate, phosphono zinc acetate

di hydr at e, FEFeb1S% dherdigmaine will %‘Eﬁﬂtna?ﬁ?ap a%rbonsC dppdiaping yag be aliphatiwnohydr at e,
cal ci um ac @li'ﬁéh‘?chﬂ{ N QRhrdcBedd6r dom ] @h@dlazﬁﬁlh gnay E&Eﬁﬂ[’:ﬂ@lj fufietBfidifies

terephthalic acid, 5-sul f of sophthalic acid

tuf|uoronﬁ’@h%?rfé>§ ?@Fﬁa‘tﬂéh %ﬁ%@%éﬁ%&%ﬁ%@@ma@ 15
cetyltri WB&dt&{eanSiSHaiﬂéd gﬂéﬁld#ﬂwnii%s%ic}{g{é%éflﬂ' if ke p?éééﬂd%f?ﬁcﬁ;t e, 2

pyri dy hosp aci sul f oi sopht halic acid m xtures thereof. If a
cat al yi E‘g"e "F"ﬁ‘e*lhﬁlén ttragethderediamingel, Mﬁanefhamme patal yst will
be that aﬂﬂbmtd:a:ﬁﬁa2@&@1@%&@6&:&%@@%&&%&9& %d’ﬂ&- of the dinitrile,
pol ymeri zation .of the anjde and or the' reaction of the dinitrile and

di ani ne. canediapyine. ;Preferably, the diamine is hexamethylenediamine. The diamine reacts
with the hydrolyzed dinitrile product to form the amide. Therefore, the diamine should

be added in an amount sufficient to react with the hydrolyzed dinitrile product and

20  produce the desired amide. This amount is generally at a level of within 10 mole
percent of equimolar based on the dinitrile. The exact level will be determined by
factors including the molecular weight desired, the rea;:tor design, losses of the
dinitrile during the process, and losses of the diamine during the process.

Water is used in the present invention both as a reactant in the hydrolysis of the

25  nitrile and as a processing aid in the polymerization. In the contacting step, the
amount of water used should be the amount effective for hydrolysis of the dinitrile.
Typically, this amount of water is at least equal in stoichiometry to the amount of
nitrile to be hydrolyzed. The water is added into the reaction initially or during the
reaction as a water purge.

30 The optional catalyst component of the present invention may include any
substance, which promotes or accelerates the processes of the present invention. This
may include catalysts identified within the background art for the hydrolysis of

5



20 will differ for different catalysts, but typically falls within the
range of 0.10 to 500 nmmole, preferably 1.0 to 200 mmol e, 15/8eteberr204r abl y
2.0 to 10‘H§§I? of catalyst based on one nole of dinitrile. Wiile the

i nvent or s Y¥¥und that no cocatal ysts are required PRYREIY2sent

I nvention, to effectuate the production of the polyam de, cocatal ysts may
be used in 25 the present invention. Such cocatal ysts nmay include any of
the catal ysts |isted above. Qther conmponents nmay be added to the reaction
m xture as are known in the art. For exanple, stabilizers, including
thermal st diitrlesdhepolygasnzaton of gelyupidesaths repstion of apinss with nisdlesants, pi gnent s,
ant i oxi dantig,likenth 4daRioh) kére FRY ' p@gm of
dinitrile, diam ne, water, andoxﬁa?gﬁ%mggﬁfysigf%dd%B%e e%:téruat e the

reactions FRRABESHPSS reagtionenssres  Rnnresemtativp slassesefsatalysts inglude oxigemret her  and

added to acéxﬁaﬁhgghospﬁom oSIR M AdeRlcWnthi; *Bamh%axﬁgﬂd@@%oéah-e”dw- Any
e r

desired_6 13 Qctober 2004 01/°793 7 PCTIUSO /1002 r eact can be used

and ar e? kn&oHaiping syfir sempoungds, matpl-containing qompoyls) suehasgorner ot ed  aut ocl ave,

an unstirr eGngibRCAIRBNEC Rd GRIMATCHRAGHOids Panll WRRis 28RS L Qeciri@Nd @ | 00p
reactor. Mreover, the process is generally run in the a%sence of air. The

air may be*amiseE satplystsinplude phasphpncaeids ghosphopysiagid, hypephesidiopws gi ng t he
react of OF afifH5ichesplon deld LA B SpAE HdlagS N trogen or ar gon.
i

- evacuating the réactor an | ng it wthin 1nert gases, and pressuri zing

‘the react oftapganese(iRbyrophesslite mesphysirte clgiumdiypophgsnhise, sulfigicmsidpher e.  These

process@s afifh@ORyd, Bekidd Bis@ldte, FRMoRBmHEBORL LA RS tmg'gzﬁ desired.
After the contact |c}’1pg st e@ﬁ thee regct i gﬁ m§§<t ure ’Wg n??ér}‘?l e, di am ne,
€ &

water, 10h¥dsetegbesbamely id lyidratg, ginp aegtateidibydratpy@ine selftor o a fir st

el evat ed tﬁf?%&&‘aké{&) br{ Itk YRonoh RS, cRlciAP 180coi ipreferably 190
to 230C, and_nore p[é’PgF@m Zp%ncttgd} 2’2(_)8 Tﬁgﬁ?’e%g%o?lg?ﬁég&rpéogge of the
process i s2ddiwphihalispcisy terapbthplicragidef-sulfoisoplthaliciagid, lantignume nper at ur es bel ow

180 C, theﬂf&b%n&&ah&ﬁlféxﬁ@?&h%@n&s%ﬂ%%‘é%éﬂaﬁy&r&%& low to be econonically
useful , At tenperatures above 240C, 1'si’D&;ificant anounts of by 15 products,
Y

such ad3t r peiylirpeethylammoniump Bromids, 12rie dicicagidthydster 2t ure may remai n
const ant t Byrityphesphokib Gei€ SuFGisphthhid &id, 8RChixAResherdiry e varied. In
gemer A A st Teked i the process, an eHostive amount of the cotalystwillbe T O" S Nave
that amount used to promote or enhance the hydrolysis of the dinitrile, polymerization
of the amide, and/or the reaction of the dinitrile and diamine. This effective amount
20 will differ for different catalysts, but typically falls within the range of 0.10 to 500
mmole, preferably 1.0 to 200 mmole, more preferably 2.0 to 10 mmole, of catalyst
based on one mole of dinitrile.
While the inventors have found that no cocatalysts are required in the pre.s-ént
invention, to effectuate the production of the polyamide, cocatalysts may be used in
25  the present invention. Such cocatalysts may include any of the catalysts listed above.
Other components may be added to the reaction mixture as are known in the
art. For example, stabilizers, including thermal stabilizers, polymerization catalysts,
processing aids, pigments, antioxidants, and the like may be added.
The effective amounts of dinitrile, diamine, water, and optional catalyst to
30 effectuate the reactions necessary for production of a polyamide are mixed together
and added to a reactor, or added separately to the reactor and blended. Any desired



found that the process nmay be run at |ower pressures than the prior art
attributing to the |ess production of triam ne by-productsOcipeer 204npl e,

the reacti ure for this 20 step may be within the_range of 0.689 to
3.45 MPa (‘%@(99593?7;00 psig), preferably 1.03 to 1.79 NB’ Tf"% 1%9% 400 psi g9),

nore preferably 150 to 260 psig. This step may be run under autogenous
pressure or may be vented. The reaction pressure nay be controlled by the
vent setting. In particular, the vent pressure may be set to | et sone of

t he water ouh). Prefe&flbldy, t he ve t@gr ssyure is set to ensure that a

maj ority of S¥HEcifliedised andiais known inthe arly Sujighle reagtarsingludegativedsy of heat i ng
and mai nt aianiobigvd, AR usisdered autdtlave,d dafuthndtactod atubd redoddr, SldQN&Ipaehciemperature is
a function of t reaction terirs}gérat re,.p %%gss design, .reaction catalyst

type and | evel , VEKPVEne Progess ixgepeplly g in e'lcFI@?"fuéa i3t ure is

br ought t o rérheved &g haiysldhofwnpidcess] ExaiyReh iR QU (Bs rehdibror kABBAT ature i s
] range of 0.10 to 20 hours, preferably 0.10 to 15

mai nt ai nped t'h‘-l[-‘g& 30 th

hours, ré"’vi%r‘ 3551 SHOP as YIRS PHATERH, fyaguating §he rescios gt filkingyia 1/ 79327
PCT/ US01/ 1Ghk2ifgadds] @ pheaurizing tHeGedchoR with irett g@iee Ylo®ed b taa@h@iour € and

mai nt ai ni n thel}&trenﬂlerature fﬁr 0..10 to, 20 hours, there 1.s no need to cool
the reacti GHPRPSEGr o5 Rocessed ohrsmeying,the gir may, be wpeated psanapy HmeRast enper at ur e.

| nst ead, t desigdocess is continuous fromthe first to second heating. Thus,
~after maintaining the first el eyated. tenperature for a period of 5 tine,
the reaction m'éﬁ ri8e Fantaring igpe é‘?ﬁ‘%“&"g}z%'%ﬂ&dé@@%@@&%%mature range

of 250 10t 0 ab6tionslicathlystabd Bea2th thoredd&Go a FBSt Bl &l pRhtire WMir tRe 300C, whi | e
purging the re [ water into the reactor and renoving sone

tion by, punping. _ K
portion of MIB&0 Etdl%\fx%% Ctm?tg‘iﬂbiﬁ R ZPRE:: andmorergierally 20%&tor ange of this
Step i S debss e whipeldfe Faborte filishy MQhysi L Bioqt e
pol yneri zati on reac%ti)‘?bgr;11 a%d %he Iciélze.ssAt tﬁenp%?gglﬁeggégg@%\%v&%gc t he
reaction rdtéempsrasesdielow 1301°6othe e afdheyeactiomisemerallyltyo losab be . At
t enper at ur Cae Sl gnifican nt.s .of -products may be forned.
The procesgéotng%gc\ég%?%rﬁg' Aﬁ%i?gé}%%lggbocgnisqagh? ‘}%ﬁ%ﬁ‘g‘lﬁ 0? ﬁ’é’ course of the
react i dA oprodasts,lsechas triaptne, Baf be foroed. dfh esactidvatenpaang nedyesadied t enper at ure

o 0250, R s ok ] SR et e reccior oo a purce
In general, any pressure may be used in this step. However, the inventors have
found that the process may be run at lower pressures than the prior art attributing to the
less production of triamine by-products. For example, the reaction pressure for this
20  step may be within the range of 0.689 to 3.45 MPa (100 to 500 psig), preferably 1.03
to 1.79 MPa (125 to 400 psig), more preferably 150 to 260 psig. This step may be run
under autogenous pressure or may be vented. The reaction pressure may be controlled
by the vent setting. In particular, the vent pressure may be set to let some of the water
out. Preferably, the vent pressure is set to ensure that a majority of the water is not
- 25 vented. |
The time for the step of heating and maintaining the reaction mixture at this
first elevated temperature is a function of the reaction temperature, process design,
reaction catalyst type and level, and the like. Generally, once the reaction mixture is
brought to the desired first elevated temperature, this temperature is maintained within
30  the range of 0.10 to 20 hours, preferably 0.10 to 15 hours, more preferably 0.10 to 10

hours.



may vary significantly based on the reaction scale, the reactor size, the
reactor design, the reaction tenperature and the |ike. |1} geirbead004t he
rate of VaLeh. ition should be an effective anmount to_aid in the renoval
of anmoni a, Whi ¢Hi prompotes the polynerization of the AMAS VA cally,
this anount of water will be wthin the range 20 of 0.01 to 100 nol es of
wat er per hour based on 1 nole of the nitrile. The rate of water addition
will preferably be within the range of 0.1 to 75 noles, nore preferably
0.1 to 10 nol es , qf water per. hour based on 1 nole of nitrile. Mreover, the
purge rate may ?h(?ﬁ%tﬁﬁlﬂﬁt‘ﬂF%ﬁi}ng'ﬁPP?rﬁEWﬁ%E@@éa}m{%@emémhﬁ? be vari ed,

or the purg@mmﬁonehoaf@mi@hsnaaado@dumxmcmtxﬁwﬂft&mth%%turned on at
any stage qf the hédro sis 25 proc&sﬂ? Sone, of the water added to the

m xture mayReYieand glevated, SpRgaRs- | SRIPISEHS contiguops fom B firshig. Wil e al |

of the wat gécond@ReatinQt THUE, afermxidinimithd BoSlevaRdBnpbrankd'@r YpirfNd ordded in this
step shqul d be renmoved in aorder to effectively renmove anmnonia. 30 This

step may b&M5eihe Brrien mixtug s thep Beated doa sreandslevated trmperatira a2 pressure.
For exanpl g 330°€, réfaiably 80 £y 25 ord BrUtelaBlyi7h B oA HRBEZImabouUt 0. 172
to 3.44 MPa (25 to 500 psig). Preferably, the reaction pressure is wthin
the range é&facEomby RumpEIyatey i thegsagter FuizemoviEonspertivooPthe addedt 0. 689 to
2.41 MPa (m@raﬁo@g%ﬁ&hg), nore preferably 0.965 to 1.79 MPa (140 to 260

~.psig). The reaction pressure may be controlled by the vent setting. The
time for the st Eh empeiatpreirange ahthisiepit deterningd binke rateofithobydmdlysisur e at thi s

second 16 eyt heRRgh RS |SRabhIAL IR AlohlEd.EoRiPRg-eTper at ur e,

f
t
process _design, 5 and reaction catalyst type ‘an nerally, once
t he react i &mctdmIatgiseenerally oo dpw totbe ecdmemitally wsefil. sAttemperatey altoye t enper at ur e,

this tenperats L+ a%g”%ﬂ' for | | t.hin the range of 0.10 to 10
hour s, pre?gdr abﬁ%ﬂlg? to g%ﬁgﬁ}&m%ﬂ%%rfg%epab f/p’f??Tﬁ%"&m ours. The
reaction mimey genepimenystantayronghontthe gmrse of thachdionas nizp e vaizdt or subj ected to
second el evat ed o pE b S IR RER L sBaRliapRerB oL os L Sl i Bperpl (170”1

second el evate ure: xarp first
el evat 48 t sapeisatidxido fhayeateesas 4 fuege. Tha eitd @fiwakdr ¥dditieh intotthe @aggiggond react or.

This may b %ag %‘r?r sp 'dggn\ﬂy%gseg 0}1 'ﬁ%%earéggxg s:[cglre, tﬁeb %gctor size, the reactor design,

the reaction temperature and the like. In general, the rate of water addition should be

an effective amount to aid in the removal of ammonia, which promotes the

polymerization of the amide. Typically, this amount of water will be within the range
20 of 0.01 to 100 moles of water per hour based on 1 mole of the nitrile. The rate of

water addition will preferably be within the range of 0.1 to 75 moles, more preferably

0.1 to 10 moles of water per hour based on 1 mole of nitrile. Moreover, the purge rate

may be constant throughout the process, the rate may be varied, or the purge may be

turned off and on. The water purge may be turned on at any stage of the hydrolysis
25  process.

Some of the water added to the mixture may then be removed by known
methods, such as venting. While all of the water need not be removed, at least some of
the water added in this step should be removed in order to effectively remove
ammonia.

30 This step may be performed at any reaction pressure above atmospheric
pressure. For example, the reaction pressure may be within the range of about 0.172 to

3.44 MPa (25 to 500 psig). Preferably, the reaction pressure is within the range of
8



feeds the reaction mxture into an autoclave or columm reactor, which is
heated to the second el evated tenperature. The reactor nbyOpebeng¥d known
in the art]j ing, but 15 not limted to a stirred autoclave, an

unst i rredt‘%'!ﬁplg%:#%ve, a colum reactor, a tube reactor ?‘u;wg'gﬁf’%gp reactor.
The process of the present invention may optionally include an additional
stage after the second el evated tenperature heating stage and prior to
recovery of the polyam de. The third optional step involves naintaining

the reactio ] [ t temperature in the range of 250 to 350C while
reduci ng tﬂg"“fnhéé%"?nﬁd\‘{g%ég??g Psig), moreMeferably 963 & k-89 MPR (14040 | ows
further pobgtrpsig)z ahé feactidh ptedtrauhfite @AEOIFE Yy BR vertseting. i N obt aining a

pol yam de havi t he | ecul ar, wei ght desi.red, and particularly, a higher
nol ecul ar wei gh edm%ﬁ?ﬁhaéﬁep atitgg; 4 majnigining the raction migpEr s t 0 as

fini shing. sctosd élévated tén@ipirad syl fandtidn gEthOfeadtldn 1dMiREMES, précesie§ibAl ned by the
melting pqQint of the product

rate of _the , 25 pol rizati ngd th
pol ymer? | ﬂm{fﬁ?"c“gﬁ ﬁ%&?ﬁt t’fpﬁé“‘i)%?ﬁ‘ﬁy%é‘?eréwo‘iﬂcﬁﬂﬁé%%%%ﬁ beqyghttanper at ur e
trrust bet hi giedemug&btoh@eiaateda%mﬁeﬁmeﬁmbte?ap@.ﬁh@e @frr%ahﬂﬁﬁf{d:f@&dtirh@wgve{h the
enperature.must no 00, hi so_as to significan egrade the
polrrsmer. Tﬁ’étgf“ﬁfler’dnﬁeéﬁl}rﬁébéﬂlprké’%&ﬁ’P‘Iefeﬁ’gH'eQ‘H}tPﬁ%BE“i‘HmPﬁ@%r@ﬂg@mof about 250
to 350C, ptefriuadl y 260 to 325C, nore preferably 270 to 300C. This 30
~tenperature may_be the sanme as or dit{%;erent fromthe second el evated
tenperature pr RATERSHOT Rixiue gy fievin thesams feactops thesagtorssbjested i9hout  350C. 9.
13 Cct aber Ga3Rd el it i DT MARNR for Wit 1d BEsdbid dlevaifper at ur e i s

bei ng mai nt ai ned, ;tléﬁﬂ?Efl n pressure shoul d be "reduced to at nospheric or

| ess. The [cqparaye. Frmpics the reactor for thedirgt glgtiated temperatyre ryif&tthe pressure or

| ess i s nofeaétionirhi%fte intddiseddn@ teattoR | This thay LeUOHLS B ing S thiRTEacs thagconom cal |y
practical._5 Tge Iength of tinme for this step is a sufficient tinme to form
the desi r effedshe wacHonmsure pe ap gutpsiave or qolpmn epcier. which isheatgd fofhet i on of the
specific r Qﬁsﬁcﬁd]éﬁtedft%ﬁ:exr']aﬁﬁf) _dIli!fetre:ﬁRGg af d'e Thb&exmﬁﬁam thO Bt in_ellfﬁla&.'g%dﬂr e, ]E he
reacti pressur an e |like. ner a , this step w require from
0.1 to?g hB?}ﬁ'é“,“eg?%*f féﬁ“&%F‘if"‘éfi“’fsaﬂt‘B‘SW@HPe%"erﬁéOIF'@a&aHPr,P&rbet his third
heati ng st fpctoRyr DRop Ractsrane react or design used for 10 the process stages

descri bed abov eIh%rprorcr:%gls oli) ﬁlec;i)lrefsgnet rirgrg;[ltio% rlllgaylolsntic?n?ill efntcl%ge z];nr a%g}tiléga(imsgge

after the second elevated temperature heating stage and prior to recovery of the
polyamide. The third optional step involves maintaining the reaction mixture at a

20  temperature in the range of 250 to 350°C while reducing the reaction pressure to
atmospheric pressure. This allows further polymerization of the amide and may be
useful in obtaining a polyamide having the molecular weight desired, and particularly,
a higher molecular weight polyamide. The third stage is often referred to as fim'sixing.

The third temperature range of the process is determined by the rate of the

25  polymerization and the melting point of the product polymer. In particular, the
polymer should be molten and the temperature must be high enough to geta
reasonable rate of reaction. However, the temperature must not be too high so as to
significantly degrade the polymer. The third temperature will generally be in the range
of about 250 to 350°C, preferably 260 to 325°C, more preferably 270 to 300°C. This

30 temperature may be the same as or different from the second elevated temperature

provided it is within the range of about 250 to about 350°C.



suitable reactors. Notably, the process of the present invention is
conducted in a continuous manner. For exanple, there is hbOatebar 2@P4

di scontin %h JBrocess to cool the reaction prior to_noving to the next
step of hg’g(f %’3‘.‘ Mor eover, there is no need to di scont ?ﬁ[{gs‘l}gﬂﬁgiﬁe process
to add additional reactants in different stages. Accordingly, the process
sinplifies the manner of produci ng pol yam des by not having to interrupt
the continuing reaction to produce the polyam de. The inventors have found
that the pr oducﬁ;ﬂgro yced according to_this _invention have |less triam ne

cont ani nation t fhe v teppergipng df heing maitaingd, the dnalpressuye shonlddet may be

neasur ed, tedicedteRIosphely odass. The ARRE RECRMYrlburd Beedipddtgm de hydrol ysate.
For exanpl e, V\l/rg}]en t he di am ne, hexanet hyl enediamne, is used in the

present pr 8EWsRhens pressaga AL fess t5mot griticql, hus prefegably, iscradusted enfpstaset ri ani ne
(BHMT) , maycdaemidallyepradtiegd. The greater the trianmine content, the nore
contam pation. J.n .on enbodi ment of the invention, the polyam des produced
according to thehedengthefitime-fos this siep isssubicicet iraeol farapthe desired 1 | anmi ne cont ent |

such as abgilecdlaORGg polyRer. | BSsimd Will tBAFNRE6n SITROG AR fealhindd i | Nvention,
t he pol yam dﬁs aye Z]Ftrl am ne content of ;900 ppmor |ess, preferably 500

ppm or | esBrodypesitgd, dheseapioy temperapaihg reactionpressig ang the liker ef er abl y, 200 ppm

or |ess. ThenduIRCHe!stpi¥il M4aR6IRaE 018 s RBurk, prdfiSh1P 028 &Y ndupy ent i on furt her
may be 30 charagter |cfzo§g)raccor ding to.its relative viscosity. Relative

viscosity ref er SR s thyd feating serpbe thesamegpaptondesignused fori es nmeasur ed

in a capi | tehlockds $G8NRIeRKibEL abdPlor mMdYbe diFRFMEMd it SoldcRiHom 1Boldl CONt @i ni ng
10% by wei ght  of water. The solution is 8.4%by 10 13 Cctober 2004 WO
01/ 79327 blegrertotfo27 wei ght polVani de pol ymer dissol ved in the sol vent .

This test is baggsbipmheyedddhs B aes ihestonbidaackt if & Qontibibus €l ati ve

vi scosities of 'élpe gol am des of the present invention are generally

wi thin t he™PRiG e BFaEPle el no predfiedisgopioup ghansossss to vl therenstier s may be

anal yzed agidiélindging & thd\fdxe stfPbfheatinde MORGDvE! MR Ss nd te®toRfichhtigkar , t he

am ne ng cid end %g&s a‘},ie determned in nol espgxcﬂar mllion granms of

pol ymetd b§eRISHH t‘h%#i bonal rrapfanisingifterqnf ptages ofyccopineli agiipesss t he pol yners

produced agaplifidsAl: bl pRoadiRE PSlyRaER baRal havRg timeaLpithd to the met hods

on pages .. .

pag continuing reaction to produce the polyamide.
The inventors have found that the products produced according to this

invention have less triamine contamination than prior art products. The triamine

20  content may be measured, for example, by gas chromatography of the polyamide
hydrolysate. For example, when the diamine, hexamethylenediamine, is used in the
present process, the levels of the triamine, bishexamethylenetriamine (BHMT), may be
determined. The greater the triamine content, the more contamination. In one
embodiment of the invention, the polyamides produced according to the present

25  invention have low levels of triamine content, such as about 1,000 ppm or less. In
another embodirnent of the invention, the polyamides have a triamine content of 900
ppm or less, preferably 500 ppm or less, more preferably 400 ppm or less, and most
preferably, 200 ppm or less.

The products produced according to the present invention further may be

30 characterized according to its relative viscosity. Relative viscosity refers to the ratio of

solution and solvent viscosities measured in a capillary viscometer at 25°C. The

solvent is formic acid containing 10% by weight of water. The solution is 8.4% by
10



293-294 in Volunme 17 of the Encycl opedia of Industrial Analysis published
by John Wley & Sons, Inc. in 1973. In general, the polyﬁbédﬁégraﬁﬂne end
groups in ange of |less than 150 noles per mllign grans pol ymer,
preferably&pggégfﬁan 110 .... noles per mllion grans 651 Vymﬂbreover,
the pol yner has acid end groups in the range of less than 400 noles acid
per mllion grans polyner, preferably | ess than 250 noles acid per nmllion
grans pol yner. The pol yam des of the present invention can be used in any

known appl i cati o 15 fqr polyam des. For exanple, these polyam des can be
used as fi B@@‘P{’Vﬂ%‘gﬁ’@l{m&ﬁ ved i the splyens; E&%ﬁﬁbﬁﬁ@gmﬁ LES This
i nventi on \Stdodard QestiMethdd F8a. athe gelfive VREositRs bKE pdlyales dr teldrégntspeci fi ¢

exanpl es. IL.n each of the ex | es, the products are anal yzed according to
the 20 fol I"GFEPHL Heedn Ywﬂﬁf' rTF’lgFi"PéO §Pgrsferably 184@9%" and products were

determined by {Th@profucBsfaytR ahdlpued docoldip B iR pBRAMIdE e fbup3h YS! S;

relative vi sc,o&llt I(‘?gm O‘itl t,(;ue pol yner, sanpl es was deternmned as a 8.4
wei ght per & %ﬁfi eapf 44 exd Bropps aredstermined in mojesipgr milliongramsief end gr oup
anal ysi s waslydRisHy knb®almbiiods, $ucRbd B trafbsl 1rs Holyaied riam ne ((BHMT)

| evel s were determ ned by gas chroratography 25 (GC) anal ysis of the
pol yani de %ﬁ%@?&gmplfswgn frptcarding o theimethads op pegepr oduct i on

-of pol yan des-20yinemichd\ ¥ 6F th8 Bricpdi6pedialof tdagstshi Ainkiybik Bubldhedy¥enn Wt er, and
~catal yst t igé}yf%?t g}ggﬂpﬁﬁt?re of 180-240C, and heating to a second

t enper at ur Brsg h %ﬁ“@ﬁal’ﬁﬁrlljﬁyﬁt?‘@squém*“ﬁbethe 30 second
t enper 40ur ganga BllesRhdit 130 Riokd pbhiENoRBRSEsHoWnRr, P fISIVERROI2R P1350C wWhil e the
pressure is reducegd to atnospherjc pressure. 11 13 October 2004 WO 01/ 79327
PCT/ US01/ 18§ pgpym "g%‘%WFsP"i‘F"e&d BRYeLy the polymer bagacid endeeroppsimther , and 63. 12

grans of 6%ang6of MEitAl40p fiofs Btid PEUENIE eRdisoiyaier, PRXGIRY (i aaediam ne (44. 03
gram equi val Ent .af hexanet hyl g’ndi amne) were mxed with the catalyst,
phosphori c "8 o8 POBReI-0. 100 grans of a 85 wei ght percent

aqueous sol uti oﬁh@olﬁhﬁxﬁpbﬂh&: Precent Elvértioh) &h 18Rl iR aBFlkHoa! apPlicalbn PhOSPhori C
aci d) Ilg a f(%'%glyggﬁdzg. all‘o? LEa?nsples, Eh%s%l po yléllgn? els ga\ilebeatl]tsec{ a%%@ers, plastics, films,
and molding compounds. '
EXAMPLES
This invention will now be illustrated by the following non-limiting specific
examples. In each of the examples, the products are analyzed according to the
20  following methods: adiponitrile hydrolysis levels and products were determined by
high pressure liquid chromatography (HPLC) analysis; relative viscosity (RV) of the
polymer samples was determined as a 8.4 weight percent polymer solution in 90.0%
formic acid; polyamide end group analysis was determined by titration; and -
bishexamethylenetriamine (BHMT) levels were determined by gas chromatography
25  (GC) analysis of the polyamide hydrolysate. '
| Example 1
This example demonstrates the production of polyamides by heating a mixture
of the dinitrile, diamine, water, and catalyst to a ﬁrét temperature of 180-240°C, and
heating to a second temperature of 250-350°C with water purging of the reactor at the
30  second temperature, and maintaining the temperature of between 250-350°C while the

pressure is reduced to atmospheric pressure.
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tenperature. The autocl ave was pressurized to 2.07 MPa (300 psig) with
nitrogen and the pressure was then rel eased. This oper at1dRcighs" 2&eat ed
for a totaﬁly g& %’grree times. Wth stirring, the autoclave was heated to 200C
with the pPQ8YTP¥ vent set at  1.72 MPa (250 psig). Af &SI/ ng 200C,
the pressure was found to vary between 10 1.14 to 1.71 MPa (166-248 psig).
After 3 hours at 200 C, the tenperature was raised to 275 C at which tine,
a water purge was punped into the autoclave at a rate of 0.5 nL per

m nute. Through, _vyenti ngﬁ t he reaction pressure was maintai ned between 1.70

to 1.72 MPa (2480-9%gramsafadipopitie.if-20igeamsal meter.ond ohE2 eamepf 617 . 15 After |
hour at 275fgight Peceibiedid ¥lutidiheXARdiBlerd@iRink 94460 Rl flebessure over 1

hour. After g at nospheric pressure, the autoclave was nmi ntai ned at

achi_eyi > . ut ocl ¢
275C for a ﬁe’é’&ﬁﬂlyy"(’}ﬂléﬁ“mﬁbw?ﬁ Hpredavi catplysh Phesphorigasid; nan amounhedd t o cool
to room t@npepaiisofasd W@igﬁ@éﬁc@ﬂtag%&ﬁs %Jﬁﬁioﬁ'éf PIsphbsic Waa fo Gsdrymed for
an

rel ativg viscosity, end groups, BHMI content as described in Table
r Il

1. Conpar atRW¥alent ghphosphoriqpgid) ip  Afheeestainfess sigel pptoelavratinem r at es the resul ts
obt ai ned WigkRrat¥iBehd dtclabSway HeBinitld I PRVERL 06 psig) wRIPRiREEn @ Wat er

purging is added to the autoclave. The procedure of Exanple 1 was repeated
except for theREessYE ManibaRyreicaserlg dhis ongationayas repsated iormtotel of thergitimssi tri | e,

Wwater, hexanmet hyhi@ngging thérochE vRRIRAYS ddoeE Gl iiir&su@Jdfdedp the 300 cc
- stainless steel autoclave at roomtenperature. The ‘tenperature was raised
to same | eV@RMBa(25hpsimdadfitzachieving 20056, thepgssury wis found to eag betweni t h wat er
was coRguc A tenperature of 200C was reached, the
observgg B?gé"sﬁ?é%ﬁg@?“?ﬁ’%ﬁh 10 to 1.74 MPa (159-252 psig). After the
second t enper at After Bdusfat 2065°C, tha scmpeeative drasaisbdtot2 78 AG apwhigh figie,  he pressure

was found to, vary between,.4 03 to.4.6 a 4- 675 psi g 12 13 Cctober
2004 W0 017755 BP0 LRI i3 el 35 e 03D pdcaniBie gt ave v
vent ed downerting ahenzggiive pressupr wssorigainalietween A Flto W2 MPargdd6258i ni ng t he
t enperat ure.. 275C Al ter..achievi at nospheric pressure, the autoclave
was mai nt a‘ﬁsﬁgdda g% eoorft%nexgec{51?ngonal 45 m nutes. The

15 After 1 hour at 275°C, the autoclave was vented down to atmospheric pressure

over 1 hour. Afier achieving atmospheric pressure, the autoclave was maintained at
275°C for an additional 45 minutes. - The autoclave was then allowed to cool to room
temperature. ‘
The contents of the autoclave were analyzed for relative viscosity, end groups,
20  and BHMT content as described in Table 1.
Comparative Example 1
This comparative example demonstrates the results obtained where, when the
second high temperature is reached, no water purging is added to the autoclave. The
procedure of Example 1 was repeated except for the following changes. The same
25  amounts of adiponitrile, water, hexamethylenediamine, and phosphoric acid were
added to the 300 cc stainless steel autoclave at room temperature. The temperature
was raised to same levels as in Example 1, but no purging of the reactor with water
was conducted. Afier the first temperature of 200°C was reached, the observed |
pressure ranged from 1.106 to 1.74 MPa (159-252 psig). After the second temperature
30  of 275°C was reached without any purging, the pressure was found to vary between
4.03 to 4.65 MPa (584-675 psig).

12



autocl ave was then allowed to cool to roomtenperature. 5 The contents of
the autocl ave were analyzed for relative viscosity, end ghFolpieber 2084 BHMVI
content a ed in Table 1. In particular, the prqguﬁs uced
accordi ngsvg%?lﬁév'%r)ret hod of this exanple showed a produc as\'}lﬁhlgga hi gh
triamne content of 5,590 ppm This high triam ne content indicates a
significantly contam nated and inpure product. 10 Conparative Exanple 2

Thi s conparative exanpl e aI so illustrates the results obtai ned where no
purging is Condxéﬁ’oﬂi‘ﬂ dure of Exanp ﬁ 1 was foll owed using the
same types and “Ea aHYQc a%'a‘f’@r"emﬂﬁl Wi foagmosghegic PRRSEBfor i ¢ aci d.

However, wigbd 1%wﬁml&mém %ettefﬁi;%e%évfheamr &cﬁle nglgte jgut ogenous
pressure observed at 240C was 15 within the range of 2. 10 t 5‘ 14 MPa

(304- 455 p@regﬁ)ure Hietagfoctave wasrogintgined at 22%7C for dncadditignad 45 mimitesaIhheat ed t o
260C. The r Cranged from3.63 to 4.08
MPa (526- 5 |g§£%i tag§‘§ tg%gﬁch%éﬁg rﬁ]%eé%%g the pressure was vented down
to atnoSpheri c Bheceontents obthe putgdaveiwant @slyz@hioerchtinosipiosity, endgregsur e - was
attained, LHERfIRAC | m nutes. The
20 aut ocI ave was a"fopféﬂt%]d&cﬂcoo olg?oglrﬁ%k&ﬁ%ﬁ?%t ugﬂq}g‘taiI g&{cﬁe contents were
anal yzed. awoslingtalteshethasfoftigexgmpliubowed a”producsha&mgpdummmnexarrpl e are

shown in Tg @Bl e t arative exanple 2
-.produced a Q{t&é ?SJ %@%@cmﬁt@ mgs*rh 8g?gr oups per mllion
grans of poommted'mdsnhmgmrodactwnt of am ne groups is indicative of poor
adi ponijprile hydrolysis. As suyg a poor hydrolysis of the

b

4
adi poni'trile. This is further eV| encegx e analysis showing that there
was no pr oducti'ﬂlisgﬁmmtldeem@ad,ﬂgpﬁustrﬁtﬁn&bte,sult&db@ineéwhbmmg product had

hi gh | evel i | 1 Toly h
Conparat i vgu%ingrlr%%éﬁg&éﬁ?ggég?mar atf%e lgar?p%gﬁfsé%d%?égg?%% ¢ obt ai ned
when t he t ewpaneuntsrof digmineg@ater diniile ol ahesgherioacids Bowever, avithastirringl y once to a

hi gh terrpe'ﬂi%taU{o laye Q&H%tg&&)%b e {léz" Jessm%b;emed ° pt t hat
i & st JeoR-LRes

phosphorous acid 1 n an anount was use cat al yst.
The autlécl m@ndbmwfﬁdoﬁmblﬁmlﬁ(&%ng) e@%ﬁ!ﬂﬂmtqscat%@ﬂ the@ 13 Cct ober

2004 WO 014 &8&2\% &’&Eéééé%’z&%z fhe autogenous pressure observed at 260°C ranged
from 3.63 to 4.08 MPa (526-592 psig). After 80 minutes at 260°C, the pressure was

vented down to atmospheric pressure over 30 minutes. Once atmospheric pressure
was attained, the reaction mixture was maintained at 260°C for 15 minutes. The

20  autoclave was allowed to cool to room temperature and the contents were analyzed.
The analysis of the products in this comparative example are shown in Table 1.
Table 1 shows that the method of comparative example 2 produced a product with
222.3-232.8 moles of amine end groups per mitlion grams of polymer, This high |
amount of amine groups is indicative of poor adiponitrile hydrolysis. As such, there is
25 apoor hydrolysis of the adiponitrile. This is further ev;idenced by the analysis showing
that there was no production of acid end groups. Finally, the resulting product had
high levels of impurities as shown by a BHMT level of 1,684 ppm.
Comparative Exampie 3
This comparative example shows the results obtained when the temperature of
30  the autoclaved mixture is raised only once to a high temperature. The procedure of
Example 1 was followed except that phosphorous acid in an amount of 0.0836 grams

was used as the catalyst. The autoclave containing the mixture was pressurized to 2.07
13



MPa (300 psig) with nitrogen and the pressure was released. This procedure
was conducted three times and, with stirring, the autocl®/acigher 484t ed to
275C with the ressure vent set at 1.72 MPa (250 psig). After achl evi ng
275C, a wa‘f"éfmﬁg‘rge was punped into the autoclave at ZCEABMAGR70 5 m per
m nute. Through venting, the 5 reaction pressure was mai ntai ned between
1.67 to 1.74 MPa (240-253 psig) during the course of the experinment. After
| hour at 2750 t he vvater purge was di sconti nued and the autoclave was
vent ed do o atrrp ric pressure over 1 hour. At atnospheric pressure,

t he aut ocl qgen adhe pressims aves relsrpsk Jhispeocedie Wi cont ent s
wer e anal y%&ﬁuct&@ﬂn?&éenmaﬁd;wﬁﬁs&frmghﬁeﬂ&&@kﬁ%h&&mﬁ%@seém'ﬂfe are shown in

Table I. Table I shows that the nethod of conparative exanple 3 produced a

product wi PRSI yeghset a3 MPaE5¢ psigniAdisr W@EWS'@ wetetmgwrr content was
1,039 ppm phapssaaw the/itdeaddiladatd of 015 SIICRFRANAL I THeoy j the | ustrates the

results obt ai ned where ne purging is 15 conducted.” The procedure of

Exanpl €1 VRetiongrressie trapiaigsined heivveqn o@e 1gdaviRe @40-253msig) Huningutee aci d was
used as t hgogaiFhedkperidting NS 1 HoldEat Q’??@eﬁlk”'\aﬁtegiiﬁr%@@%chlgc ﬂ%etfxa”pl el in
that the pressure at 200C was between O. 147 psigQ).
After thredtdiberwodavestss vented dovwndopiaosphgrie pirgssreroxprsidipur. 0A'275C The reaction
_was al | owegmio@plietit preddure? the GutbQhveARs alloWed tHichd td REmRERRSEE set at 1.72
-+ MPa (250 20 psig). br pur gi ng V\)I’t \zat er was condrtljlct ed. Thge{cgﬁ%ocl ave was
“vented dowRoRigNts We ﬁﬁ%ab‘f%ﬁll c pressure over one hour. The autoclave was

furthenqmai nt ai nRtn@ysiddfahe prb@icts3R tRAkhipRAR! shiwn (B TH8aS 18Bd 1t hen cooled to

roomtenperature. The analysis of the products in this _exanple are shown in

Tabl e 1. TShowe ﬂl‘atﬂ'@mﬁ%dt"lﬁéqmﬁal‘?é“’%‘t berodusadapradyoywithadighl e 4 produced a

product W bkiowht BE GiBmiR cBABM Hinc® the HANIT c6Rteht Ha® Y B9 dﬁingnifyi ng poor
adi ponitrile hydrolysis. It further shows _an acid 'end group content of

22.2 noles per million grams gAmMEfive Bpamie4 s i ndicative of poor

production of thﬁs&ﬁﬁiaﬁaﬁde@@hﬁﬁ%&&&ate%&?&ﬂﬂobﬁﬂé@“@%og @iignt  of 2,709
a

ppm|s$nd|ct|v a high amount of triam ne content nple 2 30 The
procedlir e ERndpst Prociie elgpiampled wasdellnwed exqepl thy 83 mamaofyr ans of a
69. 76 wei gbmosplﬁfr&srabldaﬂue@uasmelcm Qnme&%&e@}daydm&emaﬁ (43.42 gran
equi val ent of tIexa Ienedl ami ne) was used and the catal yst phosphor ous
aci d, ample 1 in epressureat200° wasbetween0918t0101 MPa(132-14

psig). After three hours at 200°C, the temperature was raised to 275°C. The reaction
was allowed to stir at 275°C for one hour with the pressure vent set at 1.72 MPa (250
20  psig). No purging with water was conducted. The autoclave was vented down to
atmospheric pressure over one hour. The autoclave was further maintained at 275°C
for an additional 45 minutes and then cooled to room temperature.
The analysis of the products in this example are shown in Table 1. Table 1
shows that the method of comparative example 4 produced a product with a high
25  amount of amine end groups signifying poor adiponitrile hydrolysis. It further shows
an acid en_d group content of 22.2 moles per million grams polymer, which is
indicative of poor production of the desired polyamide. Moreover, the BHMT content
of 2,709 ppm is indicative of a high amount of triamine content.
Example 2
30 The procedure of Example 1 was followed except as follows: 62.24 grams of a
69.76 weight percent aqueous solution of hexamethylenediamine (43.42 gram’
equivalent of hexamethylenediamine) was used and the catalyst, phosphorous acid,
14



14 13 Cct ober 2004 WO 01/ 79327 PCT/ USO1/ 10027 was used in an anmount of
0.0836 grans. At the tenperature of 200C, the pressure whsCOrebaU24%4 vary
bet ween 1 .72 MPa (163-250 psig). At this secon ture of
275C, the%%lt(]:"??z n pressure was nai ntai ned through vengfrﬁ@&g}éﬁfzen 1.69 to
1. 78 MPa (245-258 psig) during the course of the experinent. The contents
of 5 the autoclave were anal yzed as described in Table 1. Exanple 3 The
procedure of Exanple | was foll owed except as follows: 62.54 grans of a

69. 76 wei ght percent ague ol ution of hexamet hyl enedi am ne (43.63 gram
equi val entw't‘ﬁ‘&ﬁ M@Pﬁgﬁ‘té’gﬁiﬁfﬁﬁ'ﬁ@ﬁ' Aldee lswperate T 2AL Cothe Brejsie  phosphor ous

acid, 10 wass fdeRTtoivArydReae® U tof 70MP3863 25 P%g). At tliiRcéANPer at ure of 200G,
the pressure was found to vary between 1.17.tq 1.58 MPa (170-229 psig). At

t he secondtemperatup ? &t Hedeastiompresure pyas maipiained dhroyghyertingdetnesn pet ween

0.965 to 11 g7 Nib4 (248338 piig) diting ﬁb@o&ﬁﬂf@ﬁte&gﬁfm&h%d%‘%‘h@?p&mr ole |
E e procedure o anpl e

anal yzed as described in Table 1. Exanple 4 15
was f ol ov@ﬁa'étﬂﬂé‘f?tw"é%aqab’lz .Scf’halegjlgbo}ﬁ}st, phosphorous acid, was used
in an amount of 0.0836 grans. At thy@mbrrperature of 200C, the pressure was

found to vary hetween 1.17 to 1.58 MPa (170-229 psig). At the second
t enperature of E’?Q@ce‘fq’iﬁoﬂ%@ﬁ‘ﬁ’}ednwﬂﬁrf@g‘é'{?ﬁ@x%%asﬁ"é'{%é@-ﬁ@@53 3 1.74 MPa

. (140- 253 pg9. 1 weightpercetA@idiSsolftioh BEheRthQRYIeRialile]4ReRdRed as descri bed
in 20 Table 1. Ex Thi s exanpl e denmpnstrates the useful ness of

] anple 5 |
cat al yst n§aegleasof hexpmethylsnediamine) vigs ussd-and the catalysts phasphogRbgdcidx cept  as

fol | owsy awssised M afflolktléf 6.08356 Sarkls Okx tBY @MPer@ture dFROENME BHSsuci d and 0. 0075
grans of cal cium hypo%gosphl te was the 25 tenperature of 200C, the

used. At th U
pressure wWi& oBRia Very bepregn bdT iteletd MPa O 7Pg29 psi®)- ibsheseepnd 251 psig). At the
second t enpgpahtifeofRf7 5L e redctiéh prénet Wan bwemIIEB W94 ML \RRD531. 66 to 1. 72
MPa (241-249 pi_b?ép The contents of the autocl ave. wer alnal yzed as

descri bed PSOT n{entsgaf g}ﬁﬂ)@c]&v& were analyzed as described in Tagle .
: Example 4

15 The procedure of Example 1 was followed except as follows: the catalyst,
phosphorous acid, was used in an amount of 0.0836 grams. At the temperature of
200°C, the pressure was found to vary between 1.17 to 1.58 MPa (170-229 psig). At
the second temperature of 275°C, the reaction pressure was between 0.965 to 1.74
MPa (140-253 psig).. The contents of the éutoclave were analyzed as described in

20  Table 1.

Example 5
This example demonstrates the usefulness of catalyst mixtures. The procedure
of Example 1 was followed except as follows: a catalyst mixture of 0.0205 gramsﬂof
phosphorous acid and 0.0075 grams of calcium hypophosphite was used. At the

25  temperature of 200°C, the pressure was found to vary between 1.12 to 1.73 MPa (163-
251 psig). At the second temperature of 275°C, the reaction pressure was between
1.66 to 1.72 MPa (241-249 psig). The contents of the autoclave were analyzed as
described in Table 1.

Example 6

30 The procedure of Example 1 was followed except as follows: a catalyst mixture
of 0.0205 grams of phosphorous acid and 0.0075 grams of calcium hypophosphite was
used. At the temperature of 200°C, the pressure was found to vary between 1.12 to

15



30 The procedure of Exanple | was followed except as follows: a catalyst

m xture of 0.0205 grans of phosphorous acid and 0.0075 gthRgtoBer 2ci um
hypophosphi used. At the tenperature of 200C, t essure was found
to vary b&%‘%\@g\éﬁ?. 12 to 15 13 October 2004 WO 01/79327}‘}%@%’%7 10027 1.73
MPa (163-251 psig). At the second tenperature of 275C, the reaction
pressure was between 1.66 to 1.72 MPa (241-249 psig). After 2 hours at
275C, instead of the 1 hour as set forth in Exanple 1, the water purge was
di scont i nuF?' { he §ut ocl ave was vented down _to atnospheric pressure over 1
hours:; andl{hMPai1&es>d \nsie) At theseqend traperaurg of 3755C; theseaction BEFAYS onal 45
mnutes. THgs keandeaNies ©1.72 MPadpd 105403¥i9). Vol 2 20k ¥ZE8 @A instdd@ oEMmbed in Tabl e
1. Exanpl ehg Thi s ?%&lrml e denpnstrates the production of polyam des by
heating a hPuras set igsth 1p Example i sthe waler nyres yyas disconiinesd; the aWoda¥eyasst to a

first tenpamiddotnd atkdsphddOfressaGverthobiRCahdansRERRIe Waish@indd € Of
wth water purging of the reactor at the second tenperature at two

250- 350

di ffer e??t st &< tonan widitipnal 9 nyputesyiThe pentents of thepmtoolavewerpanalyzedas er . 62. 24
grans of O6&sdfbe@i TdHle 1.p€r cent aqueous sol uti on hexanet hyl enedi am ne (43. 42
gram equi val ent of hexanet hyl enedi am n?, and 0.0836 grans of phosphorous
acid were added to a 300 15 cc st &%iMB&d steel autocl ave at room

tenperature. Thﬂxi@d*ﬁﬁﬁle%‘éﬁoﬂﬁﬁte%@ﬁﬁuﬁ&ﬁéﬁg?&%_aﬁﬁdé33/Wa?iné§9:9xt&%i g) with

nitrogen and the pressure was then rel eased. This operatron was repeated
for a t ot a9f thy dipilecdigmine qvatepyang cajalyst fq a:fifst tempergiieof 18,1008 amBeat ed to 200C
wWth t , dend |G ﬁ}!&chi evi ng 200C,

t he prgjsasgdrhgéz?v‘v%gg &(;tgﬁgetoevdgtrzf/o ‘eot%e“é@%a%g%g%go?gwfé&%? a (168-223 psigQ).
After 3 howrenddempa@ae at tveo diferpdraitsur e was rai sed to 275C. After achieving
275 C, a water g%”m [ C 5.0 nL per
m nut e. Throué’ﬁw\@ ti ng,aggﬁgﬁ?eég%%fﬁﬁg?gg%%éﬁvﬁ r%n%‘?fnf{gg?ﬁ"ée tet ween 1.71
to 1.74 NPeerceDaiBeqs 3olpuorgfexainethyiepedinming (i Beerah equiwleskper i nent . 25 After
20 m nute per mnute.

%&h@iﬁg}%w%gg%%ﬁ 2.0% %?:mé @fﬁpﬁo%&oﬁ%ﬂ%&c heftied (tha %}i Pe

After 40 m nutes purge-was di scont i nued.
15  cc stainless steel autoclave at room temperature. The autoclave was pressurized to

2.07 MPa (300 psig) with nitrogen and the pressure was then released. This operation
was repeated for a total of three times.

With stirring, the autoclave was heated to 200°C with the pressure vent set at
1.72 MPa (250 psig). After achieving 200°C, the pressure was found to vary between

20  1.16 to 1.54 MPa (168-223 psig).

After 3 hours at 200°C, the temperature was raised to 275°C. After achieving
275 °C, a water purge was pumped into the autoclave at a rate of 5.0 mL per minute.
Through venting, the reaction pressure was maintained between 1.71 to 1.74 MPa
(248-252 psig) during the course of the experiment.

25 After 20 minutes at 275°C, the water purge rate was reduced to 0.5 mL per
minute. After 40 minutes at 275°C, the water purge was discontinued. While
maintaining a reaction temperature of 275°C, the autoclave was vented down to
atmospheric pressure over 1 hour. After achieving atmospheric pressure, the autoclave
was maintained at 275 °C for an additional 45 minutes. The autociave was then

30 allowed to cool to room temperature.
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mai ntai ning a reaction tenperature of 275C, the autoclave was vented down
to atnospheric pressure over 1 hour. After achieving at nbsgRePPC2Messur e,
t he autocl ave was maintained at 275 C for an additional 45 m nutes. The
aut ocl ave WRAPHEn 30 allowed to cool to room tenper afGIESIAEI2I3 ot ober
2004 WO 01/79327 PCT/USQ /10027 Exanple 8 This exanpl e denonstrates the
production of polyam de by heating a mixture of the dinitrile, diamne,
wat er, and catal yst at various tenperatures within 180-240C for the first
tenmperature and within 250-350C for the second tenperature with 5 purging.
40. 00 grams of adiponitrile, 33.265%PBRKS of water, 62.24 grans of a 69.76
wei ght percent mw@meﬂeﬂnuﬁgua@sﬂ&pmﬁambhwlﬁ?ﬁaa B Meafng Aixfide Jr M

equi val ent of hexanget hyl enedi ami ne), and 0. 0836 grans, of the catalyst,

phosphor ou8f the figitrilgediaming,wates, and cafalyss gt ‘@So'éstt%‘i“?ﬁf%t%@s withig| 180248 ave at room
t enper at ur gor the iRstasthRednay Bnd\Rihia 95003 0SS firitieadednd tefnpferanl®@ith 300 psig) with

nitrogenp and the pressure was then released. This operation was repeated
for a totaP"8M8t hree times. Wth stirring, the autoclave was heated to

220C wi th the pjamSis ofelipositlle,35.24 rE%sW@até@@@Z@%ﬂaﬂ%ofﬂﬁﬁ achi evi ng
220C, the pressure varied gt a rangego 59 to MPa (230-251 prig).

After thre®eighgisreentaquepnsiolutionof pagmethyersdiamined43-42 giamn squivalemfof At thi s
second te”H&JaﬁzEﬂl?ﬁnedih:ﬂr?e)VﬁEl@rOSW%ﬂﬂs Mﬁﬁem?%hbdﬁh&o&mlﬁ%ﬁd ave at a

“rate of O per m nute hr ou venting, the reaction pressure was

“mai nt ai ned MA@ A00cc ppiniess %ee}&u%ve(aéwsmzwerwegi YRt RYEMIE cour se of

the experi pR&urizedits 2107 Mﬂagwo lg) ¥R RitropfandePresRis U8s WBSrelddicacont i nued and
t he autocl ave was_vented down to an_at nospheric pressure over | hour.

After achi &b Qperationyes Frppated f9F  tdal phthreg Héle%luWHE sHBg Waeaviaglane Wphed at 275C

20 for an ﬁ%&tb@f@bvﬂétﬁ%ﬂbﬁs&%v&xﬂ@&aﬁl bPM@Qgis@pGi%WAﬁé}aElQ%é enper at ur e.
17 13 Cctober 2004 WD 01/.79327 PCT/ US01/ 1002 nts of the aut ocl ave

ver e anal y2eCaihepreprarevaded 3t @ rapes ofibatioj lyddia(230-251 psig). After thr
hours at 220°C, the temperature was raised fo 275°C. At this second temperature, 2

15  water purge was pumped into the autoclave at a rate of 0.5 mL per minute. Through
venting, the reaction pressure w::\s maintained betv&reen 1.71 to 1.74 MPa (248-252
psig) during the course of the experiment. After 1 hour at 275°C, the water purge was
discontinued and the autoclave was vented down to an atmospheric pressure over 1
hour. After achieving atmospheric pressure, the autoclave was maintained at 275°C

20 for an additional 45 minutes then allowed to cool to room temperature.

17



Table 1. TABLE 1 5 End group End group ExanpleRel ative Analysis for

Anal ysis for BHMI ViscosityAnmine Acid (ppn) (noles/ml|iohl \6toeer204 i on
grans pol y‘ggrg%r ans polyner) 1659314.5860 22018139. 0148 32419123. 6415
4503063. 5499 "8185169. 0413 64610610. 21, 010- 71518235. 23 FETHPEHYF7. 7133
Comp. Ex. 119N.M N. M 5,590 Conp. Ex. 2162330.01, 684 Conp. Ex.

35N.M N. M 1,039 Conp. Ex. 41218122.22,709 "N.M" neans not neasured. 18 13
Cct ober 2004 WO 01/ 79327 PCT/ US01/ 10027 WHAT IS CLAIMED | S:

The contents of the autoclave were analyzed and the results are described in

Table 1.
TABLE 1
Example Relative End group End group BHMT
Yiscosity Amnalysis for Analysis for {ppm)
Amine Acid
(moles/million {moles/million
grams polymer) | grams polymer)
i 65 93 14.5 860
) 2 20 - 18 139.0 148
! 3 24 19 ' 123.6 415
4 56 30 63.5 499
5 16 21 69.0 413
6 46 106 10.2 1,016
7 15 18 2352 318
8 15 17 207.7 133
Comp. Ex. 1 19 N.M. N.M. 5,590
Comp. Ex. 2 - 16 233 0.0 1,684
Comp. Ex. 3 5 N.M. N.M. - 11,039
Comp. Ex. 4 12 181 222 2,709

“N.M.” means not measured.
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1. A process for producing a polyam de conprising (a) contacting a
dinitrile, a diamne, water, and optionally a catal yst to!3@eieber 04eacti on

m xture; (. h jng the reaction mxture to a first el ey t enper at ure
of bet vveen‘%a?ffgﬁy 180 to about 240C, nmmintaining said t%ﬂ%&?’g’t"ﬁ?’e for about
0.10 to about 20 'hours; and optionally controlling the pressure by
venting of water; (c) heating the reaction mxture at the first el evated

tenperature to a second 10 elevated tenperature of between about 250 to
about 350C, d%ﬁ?@ﬁi gr ég the reaction mxture before or after -second
el evat ed te‘H%é‘r p thed; maintaining the pressure in step (c)
above at nospheric pressure by venting at |east sone of the water; and

mai nt ai ni ng the second, el evaied tenperature for a period of about 0.10 to
about 10 hdurs dPrfESIooRIOdECIngapPalprpKle femprisinghe nrocess according to claim

1, wherein in s{fpoh@tingtalitisilca FinmirdeSwasd Sl dpfionall a 3MEN S0 Wik 1 10 nol e
percent _of eagul nol ar based on the dinitri (e and further wherein in step
(a), the witaHoRRIxgEded in at | east a stoichionetric anount relative to

dinitrile. 20 3(b)THReidRCREFR GERid1dS fifsPel&aftld Rrdperafte bbdiwaht er step (c),
mai ntained at a third tenperature of about 250 to

the reaction m xture is |
about 350C"’W’HtI1§0E°h"§°‘F85‘&tCF taipingsaid tsmpezature dorabert0d 04 Abpab P r i ¢ pressure

or |ess. 2&0&-5;iﬁh%pﬂj‘ngﬁﬁ&ﬁﬁamﬁ%ﬁgipfwsﬁé)bﬁeﬁ" oFwandperein the first el evated
temperature is  between about 200 to abgut 220C and the second el evat ed

tenperature is (tlifalg thefstipn mpgure gt the,Bist cleptsd temperatya tog sseeds of claim 1,

wher ei ot heledhtedichPerafreddibeeithtohOIP0 id Sholl TR, 38diEOWateSlolthd Of
hexanet hyl enedi am ne,  tet ramat% enedi am ne, 1,12-dodecane di am ne,

p- xyl ene’ difeastipfemixurgbelore gpaisr Uissrond gavpted tampemtws ifdgachedine, and t he
dinitrile !nin'ntﬁﬁkgﬂfe%sﬁiﬁ'@ﬁ\sfeBQc)QbWéFhuﬁ&gﬁérﬁt;)}égﬂu@ﬁ AALRORILHI | e,
suberonitril e, aconi t‘{flpl,e,, 1,12- 19 13 Cctober 2y004 01/ 79327
PCT/ US01/ 1G0/8% olf8e waigh andmajpipininedhe sseopdielpypted temprratirefapaipdiogd 98

t er epht hal @Bédt 010 € abd3td 0MHoiids U6 SSduce a polyamide

15
2, The process according to claim 1, wherein in step (a), the diamine is added in
an amount within 10 mole percent of equimolar based on the dinitrile and further
wherein in step (a), the water is added in at least a stoichiometric amount relative to
dinitrile.

20
3. The process according to claim 1, wherein after step (c), the reaction mixture is
maintained at a third temperature of about 250 to about 350°C while the reaction

pressure is reduced to atmospheric pressure or less.

25 4. The process according to claim 1, wherein the first elevated temperature is
between about 200 to about 220°C and the second elevated temperature is between
- about 270 to about 300°C.

5. The process of claim 1, wherein the diamine is selected from the group
30 consisting of hexamethylenediamine, tetramethylenediamine, 1,12-dodecane diamine,
p-xylene diamine, 1,8-octanediamine, and 1,10-decanediamine, and the dinitrile is

selected from the group consisting of adiponitrile, suberonitrile, sebaconitrile, 1,12-
19



thereof. 6. The process of claim5, wherein the diamne is
hexanet hyl enedi anine and the 5 dinitrile is adiponitrilel3@ctoppe2®ocess
of claiml, wherein in step (a), a catalyst is used. 8. The process of
claim7, WRPKP¥" he catalyst is selected fromthe grofFVU ¥ hsisting of
phosphoric acid, phosphorous acid, hypophosphorous acid, __ pyrophosphoric
aci d, sodi um hypophosphite hydrate, manganese(l!|)hypophosphite
nonohydr at e, cal ci um hypophosphite, sulfuric acid, sulfamc acid, sodium
bi sul fate, , ammoni um hydr oggen sul f at e; _.phosphot ungsti c_aci d hydrate,
phosphonol §erseznegingle, ‘Wﬂ‘g 'éﬂ,S'PEi“ﬁ'&cdﬁ’E‘é'feafeEﬂPB‘gwﬂ -@nd BXtres; | f at e

hept ahydr atigreogopper (1 1) acetate 15 nonohydrate, cal cium acetate, glycolic
acid, adipic acid, isophthalic acid, terephthalic acid, 5-sulfoisophthalic
acid, lanthanumtrifl uoronet hanesuyl fonate, nanganese(ll)acetate
tetrahydrage, CERefrédetsBEbhih SAARRinE: BiaRiHedEhexddethyTorl MRS dnll @leC aci d
hydrate, 2-pyr.jdyl et hyl phosphonic acid, 5-sulfoisophthalic acid, and

m xt ur es tﬂ@ﬁ@kﬂs%@P@Wﬁd%he process of claim8, wherein the catalyst is
phosphoric acid or phosphorous acid. 10. The process of claim1, wherein
in step (b%, the pressure s 0.689 to 3.44 MPa 25 (1100 to 500 psig) and in
step (c), the pHisJueress afglage hwheredp 1n step (Ryprcatadyst 8Ys%o0 psig). 11- The
process of -claim 10, wherein in step (b), the pressure is 1.03 to 1.79 MPa
- {150 to 260 psi and in step (c), the pressure is 0.965 to 1.79 MPa (140
to 260 psi§). 3 elpzqceSFwécls%géfé@w the pafalyst & selgpied &M e @Eoun st el evat ed

t enper 3 Ur gordsHtREsMAGIPheiUdid, pifdphokdhs 8818 UlypabhBsphorohieichi,n t he second

el evated tenperature i s between about 270 to about 300C, wherein after
step (c), pyyaphasphoric a¢id.spdipm hgponbosphite/israte sraggangse{lRhynepbesphite Ot ober 2004 -
WO 01/ 7932 hoRSHlydtdR) dd1G QA AfpdpRespRit butfusic afid abeutic 268, sb@iudlinifae50C while the
reaction pressure is reduced to _atnospherjc regsug§# wherein the third

t enper at ur 8PEGRE *tyﬁ'é’ﬁ%%'ffi‘tﬁé’hg%{’i‘fet_“ﬁﬁm&?‘?‘i iy, Phop Urdlicaibnd el evat ed
; enper at ur ﬁ?dr@tg,flkiw&_eétﬁb flih?&ht@, AR héglahyaadpbhghanred am ne and said

hnitr I1 © Im%nghyl a?e?L éi:lmgcelate, glycolic acid, adipic acid, isophthalic acid, terephthalic
- acid, 5-sulfoisophthalic acid, lanthanum trifluoromethanesuyifonate,
manganese(Il)acetate tetrahydrate, cetylirimethylammonium bromide, 12-

molybdosilicic acid hydrate, 2-pyridylethylphosphonic acid, 5-sulfoisophthalic acid,

and mixtures thereof.

20
9. The process of claim 8, wherein the catalyst is phosphoric acid or phosphorous
acid.

10.  The process of claim 1, wherein in step (b), the pressure is 0.689 to 3.44 MPa
25 (100 to 500 psig) and in step (c), the pressure is 0.172 to 3.44 MPa (25 to 500 psig).

11.  The process of claim 10, wherein in step (b), the pressure is 1.03 to 1.79 MPa
(150 to 260 psig) and in step (c), the pressure is 0.965 to 1.79 MPa (140 to 260 psig).

30 12.  The process of claim 9, wherein the first elevated temperature is between about
200 to about 220°C; wherein the second elevated temperature is between about 270 to

about 300°C; wherein after step (c}, the reaction mixture is maintained at a third
20



5 13. A pol yam de produced according to the process of claiml. 14. A

pol yani de produced according to the process of claim12. 1HO¢Bbepe@Mocess
for producing a polyanm de conprising (a) contacting a dinitrile, diam ne,
wat er, andv%&r{g%ﬁal ly a catalyst to forma reaction nirstire/ %) heating
the reaction mxture to a first elevated tenperature of between about 200
to about 220C, and nmaintaining said tenperature for 0.10 to 10 hours; 15
(c) heating the reaction m xture to a second el evated tenperature of

bet ween about 270 to aboutzggOC' adding water to the reactjon m xture

before or Hmperatyueef abgut 230 tp abpuh 330 whilsitheteagtion preswure is sedwesd tos ubsequent | y

renovi ng s giRsptert pRseE Gferciv@icahird REPEIGRV/@A LIRS be A8 Jarh®biifférBitnd t he
second el evated tenperature for a period_  of about 0.10 to about 4 hours;
20 (d) heaftrrghe sreondelavated temppratugs; and whesein paid diamingder at ure of bet ween about

275 to  abgulanR@fendipfnif@inalsa AidiGild 9 gdipdHidift .t enper ature, which may be the
sane or _different fromthe second el evated tenperature, while the reaction

pressuré is reduced to atnospheric pressure or |less to produce a

pol yami de. 125 18 pofjuilRe e aRioRANF@Uncias@slirmink 9. the process of claim

14. A polyamide produced according to the process of claim 12.

10 15, A process for producing a polyamide comprising
{a) cotitacting a dinitrile, diamine, water, and optionally a catalyst to form a
reaction mixture;
(b) heating the reaction mixture to a first elevated temperature of between
about 200 to about 220°C, and maintaining said temperature for 0.10 to 10 hours;

15 (c) heating the reaction mixture to a second elevated temperature of between
about 270 to about 300°C; adding water to the reaction mixture before or after the
second elevated temperature is reached; subsequently removing some of the added
water through venting; and maintaining the second elevated temperature for a period
of about 0.10 to about 4 hours;

20 (d) heating the reaction mixture to a third temperature of between about 275 to
about 300°C and maintaining the third temperature, which may be the same or
different from the second elevated temperature, while the reaction pressure is reduced

to atmospheric pressure or less to produce a polyamide.

25
16. A polyamide produced according to the process of claim 15.

21



