; e3e0j 6TOWZWO 00/ 48981 PCT/ US00/ 04473 1 METHODS OF EXTRACTI NG CATALYST IN
SCLUTI ON 1N THE MANUFACTURE OF ADI PI C ACI D TECHNI CAL FI ELD Thi s invention
rel ates to nethods of oxidizing cyclohexane to adipic acid 5 and nore

speci fical | Woéoss1o conti nuously extract catal yst as a sOMGHUSHH04473
preferably for recycling. BACKGROUND ART There is a plethora of references
(both patents and literature articles) dealing with the formation of acids,
one of the nost inportant IMETHOBRSIGH EXARACTING CATAKYSBINon of

hydr ocar bons. Adi pic acid, | r e 6 jhers.and resins,
pol yesters, poIyurethangngiﬁéﬁﬁgggg#@ﬁﬁhﬁh?ﬁyﬁggnkgﬁggg . There are
di fferent processes of manufacturing adi pic acid. The conventional process
involves a first step of oxidizing cyclohexane with oxygen to a m xture of
cycl ohexanone gpdusycho@repol (KA m xture), and then oxidation of the 15

KA m xture with nitric acid to adipic acid. Oher processes include, anong
ot hers, the "Hydroper oxidus ipyedien selates tp anetlpds proxadizige pycdehesaneto adigictapid

"Direct Synthesi] 1 | j i i i i ane
B e s R L e
pronoters. Therebyalingt Synt hesis Process has been given attention for a | ong
time. 20 However, to this date it has found little conmmercial success. One

of the reasons is that although it |ooks very sinple at first glance, it is

extrenely conpBaxKGROEBRDIART Due to this conplexity, one can find
strikingly conflicting results, comments, and views in different

references. It is well KHWnisthalethera ef referpncss (hoth PASE'S 1k diterpuesc articles)
according to t&gs i RE formRbl §F hdlds, %ng‘o}"é}férrﬁ?s‘?gm% asg b%‘t{?%ﬁﬁﬁ%ﬁﬁ.b S

present at anbrent tenperature, along wth a soli y consi sting
of adi pi ¢ awi doxiddtentofihydriocprbahs p Aalges ahid vsaushbe enprodideadylorheé fibot and Rhiase”
and t he "Non- Pol.ar Phas&BI" i on_has dﬁeen paid so far to

t he i nport ancePYYestHa PP °HﬁH§%\A*§§‘,%r’E%%€e@B%°$‘§&B%‘é’B&P8W g the adipic VO
00!48981 PCTI USO0/ 04473 Thefe @ GifterenPqiradesdeh agfe manictuegy Gldipitg atideserhghases
to the reactor partially or totally with or. without further treatnent.
conventional process involves a first step of oxidizing cyclohexane with oxygen to a
mixture of cyclohexanone and cyclohexanol (KA mixture), and then oxidation of the
15 KA mixture with nitric acid to adipic acid. Other processes include, among others, the
“Hydroperoxide Process,” the “Boric Acid Process,” and the “Direct Synthesis
Process,” which involves direct oxidation of cyclohexane to adipic acid with oxygen in
the presence of solvents, catalysts, and promoters.
The Direct Synthesis Process has been given attention for a long time.
20 However, to this date it has found little commercial success. One of the reasons is that
although it looks very simple at first glance, it is extremely complex in reality. Due to
this complexity, one can find strikingly conflicting results, comments, and views in
different references.
It is well known that after a reaction has taken place according to the
25 Direct Synthesis, a mixture of two liquid phases is present at ambient temperature,
along with a solid phase mainly consisting of adipic acid. The two liquid phases have

been called the “Polar Phase” and the “Non-Polar Phase.” However, no attention has

been paid so far to the importance of the two phases, except for separating the adipic
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It is also inportant to note that nost studies on the Direct Synthesishave
been conducted in a batch node, literally or for all practical purpdses. 5
As aforenentioned, there is a plethora of references dealing with oxidation
of organi c WOpeRIBds t o produce acids, such as, for exanpPE€l/USiip7e aci d
and/ or internediate products, such as for2exanpl e cycl ohexanone,

cycl ohexanol , cycl ohexyl hydroper oxi de, etc. The follow ng references, anong
ot hers, may be. consik. ' ' '

el'atve ty ¢ MOTpPEpERAEh R - FRLRIRAL Bhiskho the LR BF RESRAER,
products. U. S.orRéheuttfuler tréatéh6&@, 119 (Kol lar); U. S. Patcnt No. 5, 374, ?67

Drinkard et al.); U S._Patent. No. 5 321,157 (Kol | . U S._ . Patent No.
g, 987, 100 (Bar ne% te et HI'S ?f;o UnROrtgsh (% ppte I{EB.t ré?ségt?%gén(théygﬁﬁtrfyn&w& )
U S. Patent Wave%e%ﬁ@orﬁﬂl&bdHﬁﬁ{chl?ﬁé@nﬁte%ﬁ)é bofor 311 pRBtichBpurp&ledi ) . U. S.

Patent No. 3,515,751 (Cberster et al.); U'S. Patent No. 3,361,806 (Lidov et
al.); US. Patent No. 3Ap3forpmentioped.kibercets a| plythony of redgreners dggling withh 608

(Kol lar); U.S. . 3, . of R t . NQ.
2,565, 087 ( Por°€‘leﬁr%‘g'{]ggpgﬁ’?‘gﬁ?’%g’°‘g‘g§ é‘%#’%@%“%sf%s%’ (%%F‘EF g‘?blé:\&}d; u.s.
Pat ent No. 2, 43&pb iteintddivd @rodatis,akuch; adl)f@ eRampatcyblohexan@i23, c4Bldhdxhmder et
al.); U S Pat eYrE]t NoI gro 2,223,493 (Loder et al.) German Patent DE 44 26
132" Al (Kysel &YgphexylhydrgpartXifegte 5 et hod of dehydration of process acetic
acid fromliquid -phasergxifdadviap fferénted, ORasN Gthdrd, Nl T be | Ebnkidere®r ASence
of cobalt salts as a catalyst after separation of the adipic acid after
filtrationl0 whienresentative elapradation prepgescsl Felfivedpdhe pespsratiqn el digsidy prdsother t he
dehydration 23 .¢c eﬁmoxq&%]?&toﬁﬁétged in that the acetic acid phase to be
returned to the beginning of " the process is subj ected to azeotropic
distillation by the useU& PateuteNb. 5y168,0 Hefeaiiar); Urbd BatewtiNd. i5|374176V nirkemival  of

the water down t si dual contept han, | si 3-0.7% P

| nt er nat i onal e%@f ﬁc{a? Ia{?ﬂtulg@) %ﬁﬁg&g&?%?géa}% N%t é’é%?’fooaw&"ﬁ?tps?tagi‘t ent
No. 5,756, 837 (f SopdtenttNoN3,987,826 (Rapdh&it E0S9; 8.9 PaefSNof 9,032,813y ¢UiSI@antcobal t
30 contai ni ng cat al \6st in a direct reaction of oxidation of cyclohexane
into adipi & adled 3530085 dBreibded. PemiUSo07.dld7Ad @bertr £t abki U ed Paignt Nel udi ng
a step in whi ghyel BB (ERGT el B )TXE Ubfer® Nci3NAE, 2By f(ﬁ&&k&laét'a?.?, URL @aRfh RhC acid
is treated by éxtraction of at least a portion of the glutaric acid and the
succi ni ¢ aci d 3281688 dGeliary W.Re Prenic NooR.16N6vk (fyshdre ctablov dJ.BePatrnes, or

any other refer nown ) L nve i scl g ty. o1, L,oply,
singly or in ?oiﬁg;bﬁztﬂik D th%)lﬁt p(r)ﬁe P(%%entgrﬁ?'giaﬁ@r?qr(ea@? fégﬁtsagugj%ggf Pef'toN?'he
intricate and2p1bf5i% @Hartibled étal.y ASdPatan WNo. @284 (Lodehet AlNSUB PaienvaL i on
as described and clai med. DI SCLOSURE OF THE | NVENTI ON As af orenenti oned,
this inventi od428148% €Lt 3kt hods of oxi di zi ng lo hydrocarbons, such as
cycl ohexane for exanpl egedfin TRRREDEIMS26 1H26A el RfaCet AKX} BREILRE aRhARBICES .
such as adipic acid for exanple, and nore specitically, how continuously to
extract cat al yshydratiog of pioress acetie a¢id dratn Nquidyiphase oyidationgof dvblobexsng Witk eik.ar | y,

this inventio rial I I utd : tal yst
froma reacti E?’]Bﬁel é’?%)egge ?)1; g%gceggh%%s g?%%ﬁlg{ %%egc%%:%ﬁ%x(g{ntggtaglpg%%%# 3ﬁ§rci din
t he presence diltrana} whilacinthlanebutlyeaveslinpetablalt csalt girgedpitatdshin tietdehyglration

conprising steps of (a). renmopving substantially the totality of the
cycl ohexan&, 68 eﬂ%{/%cﬁ’ﬁ‘z _'Hﬁ?agfheﬁﬁ?t‘(c agd Pﬁhﬁ&_‘%h? fﬁt‘l‘fn"‘éj?tf’dl?%(eé)m}nér?é\t)}cng a
maj or part of ptdaessas ehHjéctaiCiothzbdtRplcodisliaasR By kiR Mk Jr QB34 cylshedad, Nd&ar ef ul
not to exceed a .FOI_ nt of acetic acid 20 renoval beyond which cat al yst may
start preci pi distiilafiye rermersl oigheivalgr dovguinearniduat content afdesstthadsic 43-0.7%.
i ntroducing the Concentfiéf‘?ntélﬂgt%ngi ﬁqbﬂgitﬁnf\@@%ibsﬁés m@o‘éﬁiﬂiﬁi% al)'4hfi 7%,
stream the counter-current streamalso having a I ower

Patent No. 5,756,837 (Costantini et al.) disclose a process for recycling a cobalt-

30 containing catalyst in a direct reaction of oxidation of cyclohexane into adipic acid,



regi on and an upper region, the |lower region having a bottom 25 and the
uppér region having a top; (e) introducing cycl ohexanone, which may
conprise a mnor anount of water, to the |lower region of the

count er - cur werpp/4898t eamy (f) introduci ng water, which nmay ®ERAISPEE4E m nor
amount of cycl ohexanone, to the upper regidon of the counter-current stream
WO 00/ 48981 PCT/ US00/ 04473 4 (g) withdrawng a first liquid or raffinate

part of t he conEenErARey ibBLE R bl b e shRHbE RERER Gofntd iR eg
second |iquid iaf «digi¢ add isftreated tbyextation o af ledshe pbrtioa W her ggthidacid gl hecond
l'iquid conprising the jor, part_of the netal catalyst. The netal catalyst
is preferably %¢ Hﬁéflfl%?ﬂldmg’i‘gn@eﬁe@%nd. ~The metal catalyst is
substantially the netal Nohe®fthe BEREGERRINYes! Br I@ﬂlﬁ&%j@kﬁe@%ﬁ%ﬁ%&h@f the
conpound or noiety that it is associated wth. us, the netal may be
associ at ed i tihvanipre dischess, sbgaesinors inegly,(u)shaed ipicombimatior, foonteelt ofnasiidatipn i n
step (h); for ex ] he. B t acetate in st (a),
and it may be rﬁarcgiggéms ur?éér?k f°§ﬁ’§ olgtglf@g g"g‘?gt{{f%? Clé%(mg%%g({ %eql(jllreu ?&Sa?%e{ﬁgrmsco al t
succi nate, or iaventioh ¥4 deseribeand¢claimedt c in step (h). The renoval of the

cycl ohexane may be conducted before, during) or after the renoval of the
adi pic acid, or both before and after the renoval of the adipic 15 acid.
Before or aft eysoeaRt/rat ORTHBANVENTION at a | ater stage of the process,

whil e during neans at the same stage. For exanple, the cyclohexane nmay be
renoved by | owering theAse#pemeniioned.aihds dnvestipthgelpiss rtat methods of vexidizing i nct

| i qui d phases, - nol h i_ni h ole J .ohexane
and a pol ant pityBisPRBoRs st A'GRERGERE Mollple o FRRRI! yfinghilf SUBLEITHE
and ot her pol girodwisgtuchas adipicl aoidefdr dnanghés amt mbrespedificallynbwe c@ginibely to

non- pol ar phase, and crystall.ization to.renove t adi pj c, aci d, ,Anot her

al ternative i s‘”‘%rﬁ“é CP@}S}‘B e S°H‘°Eﬁ?§ﬁ8&§ﬂéreﬁn¥mﬁgq§?f§ e Y’a‘g'lsi B of
the adi pi ¢ aciginaif @ HMEOPBLEARLHNEM HBRNLLmeRIeMER st StehddoRthRfure It 1S
highly preferable that steps (d), (e),raé_fl, gﬂg), and (h) are perforned

si mul t aneous| yproduged beexidigme sy¢lehexpne tgadipiy gkl W thoprgsrnceell aspticiacdd ad the i on.
Smal | anounts DY, jnuously or intermttently in
step (c). i i‘é‘?“é‘%&%@rg{?ly p(}dgc?g’?ggﬁgmt%ﬂ substantially the totality of
the acetic acid is renowd |irmeving siis)antidhydht teitlitsoftibe eyrldhakdng; t he totality
of the nmetal catalyst ig.wthdrawn in.sg}slg é@% ln the case that
substantial |y conpl ete FlnoVEFogReemRaYRatelte afipicagdi v oq” 30 it is

a?s;ﬂhutel y critical to (@i ntaiddviaght ehjeePaHObF theniReficihsid Qup o tdiBst@ialy ONS
(0} e

100%), but being careful not to exceed a point of acetic acid
20 removal beyond which catalyst may start precipitating, thus
forming a concentrate in solution;

(@) introducing the concentrate into a middle region of a counter-
current stream, the counter-current stream also having a lower
region and an upper region, the lower region having a bottom,

25 and the upper region having a top;

(e) introducing cyclohexanone, which may comprise a minor amount
of water, to the lower region of the counter-current stream;

® introducing water, which may comprise a minor amount of

cyclohexanone, to the upper region of the counter-current stream;



WO 001 48981 PCT/ US00/ 04473 5 counter-current stream such as the upper
portion of the counter-current stream where only small anmounts of catal yst
are present, in order to reduce or elimnate a tendency for enul sification.
The tenper amaroegsssf the upper, niddle, and |ower portionsPERBYSHDIEI
substantially the sane; preferably in the4ange of 50C to 80C. It is nore
pref erabl e, however, that the upper port| on tenperature is higher than the
m ddl e portion tenperat the r r

than the | ower portion t rrpera urF“gmggv 80} r Em&e %Fl% tﬁ? Oftﬁe m)pg’ortl on
temperature is in the range gdion)Ghé oﬁrgocllquidheompﬁsixhga th@rﬁnayaﬂ ;iaetrrpermure
isin the to range of 30C to 50C, and ortion tenperature is in
the range of 10C to 40. Thi sCOUNGTHS B %ﬂ‘% %%"rt‘llgq’r?é] a method of extracting

in solution a metal cat@Lystwitﬁ&mvﬁagraeee%ﬁ@n?m&le;(@acprﬁ%ﬂyae%&wmoa@tﬂeZI ng
cycl ohexane to adipic acid in the presence of acetic acid and the netal

cat al yst, tHhe lwetmwgionchpsdceidiifust epprieing tednajorpap\if thy rseibisatlysi.al |y t he
totality of the cycl ohexane; t5 (1) renoving a major part of the adipic
acid; (m renoving a major part of the acetic acid, w thout precipitating
catal yst, thus formn ng Theomtsatabiseisi psre&faiblyt & @obalt comprizingochingiong. t Mee
concentrate into a mddle sta

e .o ur,rent, metl-st nbl vy,
the mddle st a‘ﬁ‘éta]c‘i?ﬁ‘bfsf is;sHbstaptially {I?Ffﬂff 1t §P’ﬁg&r‘ib@h@ ighig foym S%%%g fating

zone, the counduaf oﬁwmﬂ&le@uﬁéﬂmmgeae&wnbhmﬁlt&qnaglrmﬁy B¢ AGocRatéd WM
stage and a back stage the front stage conprising a front m xing zone and

a front sepAr aenermpoigtyrie stenfe) andevibne kitforeal motetinisr sten dhyy far B&%ﬁ@lmlkmmgbéone
and a back s epe}rfotrﬁlg%tl?%?alt a%?ta{e@x ste %{)’t %Mq ﬁ%ﬁ ?é’ ]%:(?J}E ﬁ%ﬂgﬁc%balmlfate

conprise a m or- arouri XI'ng z
i ntroduci ng wadobalt gmazhomyalcmmmts,e)ranynnmm&remoﬂtetoah sepchohexanone i nto

t he back m xi ng zone; sz\o 00I4i3 g PC T Us00104 73 6 ‘S tIhdraV\A nﬁﬁa
raffinate from the back "98pdPRRl A theoslohesne may rhe cond ‘i'ﬁ%ﬂr%? P AYNS BRj or
part of the cofee e rehbval O feldipidadid)@r GathBetss an@mr §150) rebol41 Hf AW amq;uan
extract fromthe front segaratl ng zone, the extract conprising a major

part of theSmeacd Refersioy gtter meang at agrcaFlisr appte lﬁﬁla%ta&etqushqmcqse wWelsdlyergd by
distillation, g, Hﬁ? n%ﬂé@ragé. heor RLHAE, SR Yy ekt m chdFedby loSRrifld

adding water in's
the temperature and allowing formation of two distinct liquid phases, a non-polar phase

containing the majority of the cyclohexane and a polar phase containing the majority of
the acetic acid, adipic acid and other polar moieties, followed by decantation to remove

20 the non-polar phase, and crystallization to remove the adipic acid. Another altemnative
is the removal of cyclohexane during flash crystallization of the adipic acid. The
cyclohexane may also be removed by distillation.

It is highly preferable that steps (d), (e), (f), (g), and (h) are performed
simultaneously. Further, step (c) is preferably conducted by distillation. Small amounts

25  of water may be added continuously or intermittently in step (c).

It is also highly preferable that substantially the totality of the acetic acid
is removed in step (c), and that substantially the totality of the metal catalyst is
withdrawn in step (h).

In the case that substantially complete removal of the catalyst is required,

30 it is absolutely critical to maintain a high enough temperature in the portions of the



At least in the back separation zone, separation may be at |east partially
contucted by a step of centrifugation. yo In one enbodi nent of this

i nvention, the back stage has a back stage tenperature, the m ddl e stage
has a mi ddIWOge/4838 t enperature, the front stage has a froRET/HEHHET3
tenperature; and the back stage terrperatu?e, the m ddl e stage tenperature,
and the front stage tenperature are substantially the sane. Preferably, the
substantial ly _LEaRek I €ch S b SSIE QuROst- I

di fferent enbo, ?’Hrrgrn‘%“ thg%%rg’c%cgt%?ﬂgﬂg l{pggrrpﬂerét u‘r’fe)&‘fg%t%r%er G
st age t enper atontyesmalnandints ofi adthlyst arte poesentempardert tareduics oh lighimatet higndentye

front stage t(iglper t.yrﬁ. Preferably, the back stage tenperature is in the
range of 50C t G i ddl e stage tenperature is in the range of 30C to
50C, and the front stagehd estmREairds @f ithe uppdrthiddé)gmdofowkp Goftiond Gkay BO
According to this invention, it is preferable that substantially the
totality of5t isabsiamsalythgsarae; peeferablyinctie ranee pe}°Cig 809G is al so preferable
that substantially the i enowdval t i 1 LN, step
(s). As aforenenti oned,hﬁhghdrlr%%bgf%rgfe’altg’aryst |’stﬁ%rt§%>eﬁ?g rlédgbﬁcg%ﬁl%%uws
conpri si ng corghencthanTthe muddlal poctidnatepperaiuge, samdstha middle| portidre tamgplerekure tisel f |

preferably in. iqnig f 25 regardl ess of the compound, or .noiety that it
P associ at ed Hieh b AfE R go R oo, A8 SEPERRHR N PR |
step (k) and wehperaudii$ freihe Fng@ifS03C itd) 967C; fthe( iddld gurtie effpeituré is ifBle be
predonmi nantly cobalt acetate in step (k), and it may be predom nant l(ﬁ

cobal t adi pait 82088101 8G6alP POt Pa g VB POLIBATEPEHEE 1R e rapge ofrl)"rriodir e
thereof, etc., in step {g)inven) AN AGARL PETMLEOPLARAER: To Miudoh Ainetal ¥
preferable that steps (n), (p), (q), (r), and (s) are performed

si mul t aneous| yeatalystr frorara, regdtiop nfipjure proguasfl diy ixidizing aiiehteaahelty adipit adid it i on.
Smal | anounts of water . be. ti usl i nter.m ntly in step
(m to maint ai’ eWﬁ%“%%ﬁ%%%Vﬁ? ?%%&%%@e?%%@ﬂ?tég}eéeySotd_co p?ﬁlgé%'rtgxf °(§'ds of the
present invention may f&)theemoeoinpsitsantalBtteptotlity efakd ¢yripbhtxume;adi pi ¢ acid
produced with a reactant_ selected from a@grg‘ip &onsi sting of a polyol, a
pol yani ne, 'and a pol yanflhga i TRIMQ VIR A FEFOT P8 PO PSS her  of a pol yester, or
a polyamide, or a (polyjy der_ee,e%gra RAbY Bt kY LBdic aéie;swftﬁ&dt\ﬁ%cgyitawﬁg ch
pol ymer may further be Spun into Tibers or mxed with fillers and/or other
additives to form 10 conposidatalyst, thusjfermingmepncerdiatsrin sglutiemgar di ng a noi ety
nmean nore than 50% and, up t. i 9 f .sai i et ei ght .
"Mnor" and "mnority" ?n garlgvﬁdggg]tgrar@%é:%&%{r%%%qﬁ%sg ‘ﬁ%h% A;opfaynag‘é(t)c\@mﬁ to
0% of said noiety by wei ghtcurrdft Mufipstagep baably] shereddile tseagaemmptisiagad | vel y
| ess pol ar cycl ohexanone phasg font ai ni ng t(?e rr.igl%riiéd)_/r of the catal yst,"
while "l owé? phase" is meant™idgleBixpe 200f 3p eéﬂ‘} F HEBAone, BEW " Phase
containing the majority of tdheeferhati%tise asséMbfy ARonRtispla BIH ¥tapdlardde case
that the separator is a decanter, which produces an upper cycl ohexanone
phase and a | ower aqueous phsk stagrsthealias stage emeprisingen Fommixing zeepandsa or 20

is a centrifugal separator, e f_sionlicht " M.ddl.6 .S "is
any stage other than the fro%@ﬁss'?%%&gn%ngh%ﬁbgﬁ%kb% a%;{aeg.e BRITER I%E%%%%DTI ON
OF THE DRAW NG The reader’' s mixilgrzehaand atgclosepatatisg izamgnt i on wi | | be

enhanced by reference tgwt he f?c)ﬂlowi n(g t(ijt ai | e‘%ﬁ escrigti on taken in ¢
conbi natiof with the dr@hi ng 38 oGy Eonsipeng; pich may comprise a minor amoun

of water, into the front mixing zone;

(qQ)  introducing water, which may comprise a minor amount of

cyclohexanone into the back mixing zone;



FIGURE 1 illustrates a block diagramof a preferred enbodi nent of the
present invention, wherein the catalyst extraction is conducted in a
counter-current stream WO 001 48981 PCTI US00/ 04473 8 FIGURE 2 illustrates
a bl ock di a®io084881 anot her preferred enbodi mnent of the pr @ENSIHMYENt i on,
wherein the catal yst extraction is conductPed in a nulti -stage extraction
assenbly. 5 BEST MODE OF CARRYI NG QUT THE | NVENTI ON As aforenentioned, this
invention relates to netkods [ i djzZi c t

adi pic acid for exanpl ewandWﬁrrg(?%‘gg%e%ierﬁﬁ%g{el g&hhgl\év oke%(/eﬁlr“gc g(%g Al tg%t
solution after the reacti on, rafirefecalprisidgor mape \pattioighe Evropwrate sicelhying
handl ing in oxidation reactigns has always been a 10 consi derabl e probl em
in the art. According to theﬁlﬁr"%&fﬂa‘}dﬂventi on, the catalyst is separated
ina liquid formdissol ygd i ®itAdraRfyQn esrlhasa, thefcht RERfAnABbYE, tRtewkaed to
the reaction chanmber with or wthout any further treatnent. It was found by
the inventofs that the react fomprifingragpaior paftiod thegnstal getabyst- of t he cycl ohexane
to adipic acid to a desiy: IS : r; l..of 15
the majority of the adi E{‘ggéég‘?g‘?lg?ﬁggt?‘g@/ ﬁiﬁg&%tyeg?’%ﬁ%ﬂfgﬁﬁ&ér%%%ce  wat
and at | east tthemethodmalyfurtifer tdmprise estep ofmidthg waasgr imstea(m). or be mai nt ai ned

in a solids-free, nonophasic Jiguid state before and after addition of
critical anpunts of cyc:}‘éﬁe@ﬁtdﬁélﬂ%baﬁ]ﬁaeﬂﬁ%g? .Zonfh@ep&r&g%’f %Y%ﬁﬁﬁlgf‘%é’ﬁmﬂ@y
extracted w t heogfucteddiyt b xombf eiifidati®f. water, or by a tenperature decrease,
and preferably returned_to the reaction chanber with or w thout 20 any

further trdtment. AccoftipPhgembodimeny qf {his fayegHon, tthisbickt sigapdhas achagk stagdn
process is hi ' ' 0} i [ ow.
Ret or 1 ng. now CarErD: BEHaRtsual B « gl SRRl AR Tt talrha TR 7"
conpri si ng an stagapempdranrep ands thie |backl #ageneinpbrafuse, clonmikiicestageotemperatured dhd

region 19 of 25 conplex counter-current extraction col.um_ 14 through a
transfer |i neatﬁ%?mﬁgg eof‘(?ﬂ'lpg?pué%ﬂwts B a}_l%ﬁ{le 885 a?fel%?fﬁéi&oﬁhﬁrﬁqgsf%l | oses
a conpl ex ext ragiitddiberAee &in Ik raddeef609046180%% has in addition to the niddle
region 19, a lower region 20, and an_upper re?(i on 22. The | ower region 20
has a bottdf 24 and t he Ip fifereng gbadiment the back stage sampepatyggvhighsr feanthe and a
cycl ohexanone JjiiR @eALRpsraine Qﬁ@%etrﬁidﬁf?:est&‘éér@méaﬁ%‘ﬁt}ﬁéher ¥ Q0/sbAP81
PCT/ US00/ 04473 9 current extraction colum 14, ich inturn is connected
to a catal yst stageuthpmativendPreferably thechack isiage Smpergtte & mothe amgeafS0ESwt i on
line or raffingp L ne, 34 r-at o khdo &~ C cte 0 a
vapor |ine 15%\/\‘% tk‘%médnd%%f)t? gégﬁrg‘ﬁé/rgtg% 1? invé’éle?{nﬁgtoggé gn§ Sg%’rag]g{ﬁged& ornggttg % on

m xture |ine Idmpergturdsniiahé aegé of WP@t40CQaporator 12. A heater or heat

exchanger 17 is part of the evapoQrator 12. . . )
d 20 P According to t 'sainvention, it is preferable that substantially the totality

in

er

of the acetic acid is removed in step (m). It is also preferable that substantially the
totality of the metal catalyst is withdrawn in step (s).

As aforementioned, the metal catalyst is preferably a cobalt comprising

compound. The metal catalyst is substantially the metal itself, preferably in ionic form,

25 regardless of the compound or moiety that it is associated with. Thus, the metal may be

associated with one moiety in step (k) and with a different moiety in step (s); for

example, it may be predominantly cobalt acetate in step (k), and it may be

predominantly cobalt adipate, or cobalt glutarate or cobalt succinate, or any mixture

thereof, etc., in step (s).



Apparatuses in front and in back of the catal yst separation unit 10 are not
shotimm in Figure 1, since they are well described in nost of our patents and
appl i cations, which have been incorporated herein by reference. In
oper ati on oWad9i4898enbodi nent, a treated reacti on m xture fRCIHSPHM4TO
oxi dation of cycl ohexane to adipic acid (a% described for exanple in our
patents and pendi ng applications, which have been incorporated herein by
reference) enters the e . I Lighde sk r | i\n Leat ed
reaction mixture is the\ﬁ%g%%ﬁlg pfée}%rrg?ni ngsa %@’ Q’Z’%bu(ﬂgg‘édtl&? gr-aggfmg maj or
pare of the adsipiuttaroisly.f i Burthiehestepe &o} i praferatily re@npdwitidc hy rdéaidiaiion rSmalur e
is produced by oxidizing cycl phe e to adiipic.acid ipn 15 th resence of
hoebi o mod anttoauohN ey e fd e cap R oLy Sh . e, P TREREReat ed
reaction m xt U sbRKiliGOsHR Mefah@tdptority or the mnority of the unreacted
cycl ohexane. The cycl ohexane nmay be renpbved by separating the reaction
mxture intd (i) a pol arThsHagtBodsopft the Bresenttinecniian anayt farther qomprise etste elci d,
adipic acid) o - ni.at | @O & 1) a phase
cont ai ni ng theI‘f'JrargtjEn IF‘)(IR% )%[ I%IFQ %ﬁ?%%c%%ﬁ%%?ﬁ%ﬁg?n suféﬁhg gggué;e]&gflﬁglga({fa

non- pol ar phasgolyelya hayansioy,cané d polyamide it b enanwmgr ¢o formp agfolyiniee ofi el pplyesteacird may
be renoved by crystallization fromthe pol.ar se. The, repainder, after
Che removal of PENEN R el ce Shket ru L dhpREriesteay SRERRSH HYr e | n
this case. In grfef berspoh ifStbert e MBle@rwitly fMlershriiidri bher0hddifiresCiCfopiaexane
may be renoved sinultaneously with flash crystallization of the adipic

aci d. The r®nafHeRAsItesp5 after the renoval of the adipic acid, constitutes
the treated reaction m xplei SHSHR f35@ineg dmbiSty! AOhat 909 ediHe

t hat renoval of cycl ohexané IS notﬁne@egégari/n,gaarflble?’t |é‘l&ly éﬁes?r"hﬁ eu,%

bef ore the trettsbstansially i1 009o,mfssid moignbewsightie evaporator or still 12. 30
The treated reaction m xture,enteri.ng..t.he evaporator 12 i s conce at ed

WO 00/ 48981 PGT/ US00/ 044%”% g r AT, L By é’%?&‘bg?ségli’a&nﬁé}f” "‘P’ﬁe

maj ority of thgowe®tow, olesidndidpbyiveight is evident that any cycl ohexane

present and nost of the water evaporate through line 15, even before the
acetic aci dlSevapor at es, GlpEeR Phagt eis meant omedrh [ relatively less| polar cyglehgxanone

| mport ant and ?ﬁds%]'c&ﬁﬁinﬁlg%e In%ngpapﬁefcmry@t;pmﬁ@@ls@emaw%%yeaﬂ%%eaan of
the majority of the 5 acéetic acid leaves through Iine 16 in the formof a

l i qui d, which &eltivély nmdre ipelay agupous phasaoriaining the npjarte df tiduedtalyst{ hdhis
process of evagorl.ati r{?ﬁnﬁ he @cet icCt atc'hd,s S aOlrl.sa un%s wf.cwa;totarccan ubeeradded
continuously o PRISY 89°iYY &h Ffast hP%utg% PRE AU FE i N }ig. AT i8R of
wat er can be cgyddherdnohdphtis61ant Ziowgr idueosphtke] bt algctthecase ttdt the sépastcko
concentrate to maintain the concentrate in a solids-free form depending on
conver si ons20 r lagentyidgabiFaatop oS e RISICt e concentrate, etc. The

concentrate enters the OQERHIEXtagetiS MBL R oftREIHARN thbroRf sth 8 AEY 26 stage.
counter-current extraction colum 14, in which region 18 there is present a
counter current stream 18 . 15 The counter-current stream 18 has a mddle
region 19', whj RRPA g;ﬂI region 19 of the colum 14.
Simlarly, thehéﬂohufﬁﬁgrg-ecurrgﬁltélg#{g?n% ' ﬁas a |l ower region 20
(correspondi ng to the | Giler readgtsonnd2tstantiinghef ¢ios Linvenfidy ,witinbe aahatpge by

region 22' (corresponding.to the u . region 22 .0of the colu 14). .

Furt her, the IEﬁKﬁF&Fé‘Q iﬂlfnf°§®wm§fdefaﬂg‘?gﬁﬁwﬁé’f‘-t@fﬁ‘r‘@r?f’ F‘Fﬁwg{g'th%%@wﬁ‘g
bottom 24" 20 feateRgndi ng to-the bottom 24 of the |lower region 20 of the
colum 14). The upper region 22' of the counter-current stream 18 has a
top 26' (correspondi ng tHAGURE 1 Blystpatesof blegkediagrparof agyefomedanlyidirent of theum

%3) - As one cap.Sae i infild Witreh thd EafH MheroH it TBhdiRtddA™ Lountdrubgduced

stream.



a plurality of secondary streans entering and exiting the colum 14. 25 One
of these secondary streans is the concentrate entering a middle region 19°
of the counter-current stream 18'. Another secondary streamis a stream of
cycl ohexanoWe,004#98ch is i ntroduced through the cycl ohexanBEHUSI@A#MTS0 at t he
| ower region 20' of the counter-current s8ream 18'. Still another secondary
streamis a streamof water, which is introduced through the water |ine 28
at the upper region 22 . t . ' 48981
PCT/ USO0/ 04473 11 Si nceFi(gJ/c o%elggsrtl%{r%ggﬁgi‘:ka %@Qe%fg%orgge?ﬂ %%ﬁdae\ﬁl)t\é@"%%n
water, it noves thepp@sas ifvention, ehheremt the kathlystnaxtraciohdsveonduetgd dm a 20iltistagar d

t he upper region 22' of e counter-current stream 18') in the colum 14,
whil e the wat A\ PBESEBR A war ds (in a direction fromthe upper region 22
toward the | ower region 20' of the counter-current 5 stream 18') in colum
14. As the two secondary streans nove in opposite directions, the
conposition of the counter-current stream 18 changes from place to pl ace,

finally result { (A RIVRRE OUSOFHER N | east the major part of
3 E}Ml\d@)lﬁipﬁe VI CI ni t§/) of t%g@%%??gﬁrﬁ

the metal catalyst, In 24' , and a cycl ohexanone
phase, containing at | edstaféroeentmpet, thiaritvenfiont hddatesntoc methodd end dmdéesdbng t he

ot ratt and wiIPRERCATRERE AR P 15 5Pt R ATl Jer R FEMID 61 5 1 he

cat al yst sol utda@fyst inR6lufion Sidr KGEactibn) predetablMiirrecyting. cycl ohexanone phase is
removed via the concentrate solution line or raffinate line 34. By this
t echni que, a di ssol uti oRrogsr cHalystohandiing dp eoxidatign HEasviers WAt BIvGaYsleeRfeous

extraction,pf &Hﬁa&?&@kr@a Y e drf? geé&aihg%ﬁﬁyg&&xt 1R Hon, Tﬂaeca%%st is

concentrate solution o I'nate and the Catal yst solution or extract may
be treated f urstpeatediimdy liquid ooy cliseal versingin aqusvgephase) and prefarably minghgd todint | oned
patents and pate

t l.ications.. Substantially the totality of the netal
catal yst may B'gacg?(?? "é"ﬁwﬁfha”F"éhr?Sg%‘H‘?ﬁ?% 5?’1%83% al yst solution line or
extract line 32 by cont Itatadsiférdd bl ehel ievgnesraihdt the redctichnmixtui€ afieaskidatibe of
t hrough lines 16, 28, and 3%.,Th,e wat er, en ering the [ine 28 may contain a
m nor anount dhe w&ismé% Blc agjditp @ dﬁﬂéedéffaesﬁ SOMNSHione AR Gemeyabeigh
line 30 mays Cond bjBrify STHRCAdRERUD th Ol cyciohSah@h1bdg with Vatd b ¥ 3éast
solution in water "or "extract exiting through |ine 32 contains a m nor

amount of cycltbhsiantyred thagseticacid may gHein o bamaintagiedtin 8 solisls-fe8, merfophasint e _
exiting through lin 4. cont.aj N . r. n reqgiQ of the
counter-curr eﬂltqmsdt Srtae%l%fo\r/%%}‘g ﬁ‘{fﬁg\a‘/@lﬁm&w&zz%ﬁlggﬁﬁoﬁ {soo\r@&gl? hecxgrtl %eyagfl ,wna Fch as
for exanpl e tleheuqapdyst paeyt then t22éxtratted Hvathc anntditiowalramenht sf meddn) dBby a
enul sification of water and cycl ohexanone cont ai ni ng tﬂe m scel | aneous
product s tendée’f‘%er%fﬁ’&f{e?remi KpP TEHEe t%lhﬁlfﬁ‘fcé‘ Bf "E'élieél“ﬂ}@t“t"ﬂt Bcone
i ncor por at g¢l iaRy Quringetreh@n&pncentrate solution or raffinate line 34. In

order to considerably reduce or elimnate WO 00/48981 YCTI USO0Q/ 04473 12
According to this invention, the catalyst separation process is highly

improved by using the techniques described hereinbelow:
Referring now to Figure 1, there is depicted a catalyst separation unit 10
comprising an evaporator or still 12, which is connected to the middle region 19 of a
25 complex counter-current extraction column 14 through a transfer line 16. The complex
counter-current extraction column 14 encloses a complex extraction region 18. The
column 14 has in addition to the middle region 19, a lower region 20, and an upper
region 22. The lower region 20 has a bottom 24 and the upper region 22 has a top 26.

A water line 28 and a cyclohexanone line 30 are connected to the complex counter-



such a trend, the tenperature in the upper portion 22' has to be above a
certain critical tenperature, which can be found easily w thout undue
experinmentation. Thus, the whole counter-current stream 18 nay be :
mai nt ai ned WO 0/48%8hper at ure above said critical tenperat u?@?"@i’/"’%ﬂnl east
just its upper portion 22'. An easy way td control the 5 t enper at ures of
the I ower potion 20', the mddle portion 19' and the upper portion 22' of
the count er - CUsRRL exdtab®ReohBnn 1§, WctE NfuFPls| doRfkciel 8o aeiaRBfsRtdieh 18fe drhe
cycl ohexanone streamthrough Iine 30, the concentrate streamthrough |ine
16, and the wetxactdined3randlarcongshiraty padutia lineos prdbingte/ing34. | n t he case that it

is desirable to nmintai r.- [ ea t the
sanme tenperature, pref e&ggﬁgaﬁ%i?éﬁﬂpgg 1sa(r5§151|{e§t'3{1 ﬁzéqdr g%?é)g g%a@o@%ﬁg Boc.
More pref er abl gptiohslveeiditive linb € 3t Bdpeteitadr adfonthigtunp fiee 1prd t@meded td the

mai ntai ned in a range_ of 50C to 90C, the m'ddleogortion 19' is maintai ned

in a range 6f %@EPOTRRT EHcA Sﬂﬁoﬁﬁéatleﬁmgebé?ﬁ%ﬁ éne qv?%%]tza! ned ina
range of 10C to 40C 15 Mpadiuesafiaohi M0 etbackRdf BRTHtaWRYsehMa@sNin®VI® drdthct 1S
by controlling the tenperatures of the cycl ohexanone streamthrough |ine
30, the concenthewnen Eigpeednsings bexgtre weH descgbedainanashefl oy patents apdsapplieaiiontigh
line 28, respegci. eV i | ssary, since external or

i nt ernal heati‘%glc%ﬁé%gg%%ggﬂlgﬁ%?g?reglﬁggfe{%ﬁegerature control neans nay be
used for this purpose. 20 obehtsn bfithinembddimEntgarteeatdd redvtive mistueke fiont the a
catal yst separation unit 110 conprisin n evaporgtor or still 112, ich
i s connect €8 ¢ Sxidatign of gyglehexpneqie afinic agld asn%f‘f -eg'?fﬁrg@‘aﬁ’(ﬂf‘nf’e?“-r(ﬁﬂ?eflﬁrﬁl
extraction assgiitng abpHoaiBhS WeHictAhiveaBteh Shcokpdifed. hbreinTHE réfedles effeROfe 119
conprises a mddl e separator 118 and a m ddle m xer 118a. The nufti-stage
count er - cur r endVapyaion Of st 13stBeonBh Jinpdd. | Fheatented eaction mpdurpiiytheemitteige

119, 2s a fro e %gg ' . £ rOr . has a
front separat gltre m%%%a%%p% ger]p?vgﬂ% Qtrnﬂégeiir%1 aﬁ)aéizor?rfi tf%?ﬁxg;?c ?(ﬂ&e ﬂ%gggl%s%gcglgg 122
has a back sepaixhirerwhiébtreastibnanibimekis prodeced hyGeidiAngveyobohekanedo hdificiasid in
connected to the back m_xer. 126 and a.cycl ohexanagne |i 130 i s.cqonnected
Lo the frore rifikBresanssof saglicaieid ks merph CAIaySl; Brofeuahe acabalt EOFRRURE it

separator 124, yqnd Radtdhfmiaire A%S%n&%tﬂesm@j@ﬂ@esﬁ £d hiotifieod e kundlicted
separator 126. WD 001 48981 PCTNSO0/ 04473 13 I nternedi ate stages 136 and

138, conpri si neyclohexanere Ghagyslobexaae may be remuyed Ry sepatating e seactipn, Biixfure Aixe)
internmedi ate mixer o IS I tJ are:al sa. s i . gure
2" Fowever, U aosiet PR WhhaddiiPne WRRARG o (R Y8l nIPICARL LA pobs

i ndi vi dual ci rooie8¢sanod ssataiyst ahdg@ipea abn-polapipbisenemtinng akd magdritprof the The
m xers and separfabors aFe connected to efach ot her .t hr ougp ig] e%l and?{’gutlet
lines as cl®arfy °8%8HpI ' T9 aicﬁsngﬁdPE’pﬁ.arEEi?sférﬂxqcr{F%ytc i Wele the AN t o
nmerge into eacdt MthApid Acil tha) Bk HEheved e bryballizstidne A6inNGie tpsdldr $hake. X ahs .

Thi s, however, is not necessary. The inlet |lines may |ead individually and
directly to tHempindery afterthg semaevaleaf theadhinie adidhgienstiutpnibeitieated Feagtionemixgb| e
for cases in wWhigh hherg &iff@&hpgafszf,%e ffori®Pbi ﬁ&o%i]g Bf 16| RLIbALLA ma 8EPS

within lines for nmoving tdhe m scel I'aneous streanms froma given vessel to
anot her vessel remggedmultasowthwith fasle systeiliggionafshmedipshaswhn The repamdeses  of
clarity and_brevity, but .t ad their | on . _ar.e [l _known in.the
are The sdbar b i el ot Alifie pO8 LonRFEF HsdRealaTat Bpn piREMM ot £,
type of separagagd.s which are suitable to separate two fl owabl e phases from
each other. 15 The different stages or. ﬁtgrts of the stages (including

m xers, separators, inl &SRO [etealizeriad reppgal)of gyglobrxant ol neiesePel ed
by any nmeans wgbdit iRaVaediAble BeBfd the HERSd rRHHOA RikdEL Jﬁ?éi‘@ﬁxe%’(r%o?ﬂ&r orR@n in
Figure 1 for purposes” of clarity. The evaporator or still 112 1s connected
to a vapor |ing.115, while an

(2]

30 The treated reaction mixture entering the evaporator 12 is concentrated



optional additive line 113 and a treated reaction mxture line 111 are
connected to the 20 evaporator 112. A heater or heat exchanger 117 is part
of the evaporator 112. Apparatuses in front and in back of the catalyst.
extracti on WEi00/48980 are not shown in Figure 2, since theyPEFESREH{73
described in nost of our patents and appl]ocati ons, which have been

i ncorporated herein by reference. In operation of this enbodinent, a
treated reacti ] - [ ' cl.ak adi.pi c
aci d (as descr BemEby U O R O P a0 Bl T
whi ch have beeaidencthatpny atyedhdxencepraseblandahast ofi the)watertezapprith threnghpoediSor or

still 112 through, line 111. The treated reaction mxiure i.s the.mxture
ermi ning af t VO RARHFoATe b PSR duf BTG SRkt picvaimpetatly e
reaction m xt wn@,critibil Qhatrth@¢bnoafitrdie toducedi 18y heCsugsstidnyoOthe dhabrity of the

cycl ohexane to adipic acid in 30 the presence_ of acetic acid _and a netal
catal yst, pfefasstimcd savasshorsh bisobuindhe fom of apiawd whids svenaf itUsBEO8473 14
treated reacticgﬂsmggwngpe@y contain the nmagjority or the mnorihy of the
unreact ed cycl ohexane. The cycl ohexane may be renoved by separating the
reaction mixture into (Pyriag sl procesh af eeveppmitmignthe geetiveaaidyj smallt gmanis be

acetic acid, adipic acid,,ofher.polar noigties,.and catalyst. .an i) a
non- pol ar phas"éat%oﬁatnalg%iarqgei ﬁ%nnn"%fl(‘)si}f %y 13%“‘9 %gﬂtg' %Sﬁlﬁhgygﬁ%@“fenﬂgééh‘ a
case, the non-pgitan phaaer kay bbecritieslyial Mthimisig tet dgouimjodracétie &id tileheadi pi c
acid may be renoved by crystallization ,from,é he pol ar, phase. The renai nder,
after the AemsongenBite fRainiibe copcepratedysphidsireedommdepsnden cPREENqNSH

mxture in thigagaSeveld &f BmPbirddsiPRE cosfiratd B8, Mj ority or ninority of the
cycl ohexane may be renoved sinultaneously with flash crystallization of the
adi pi ¢ acid. The remai ndkg congenteafetqafers the cpapley gxtrastion regioadi8pifdhaedmplex
constitutes t e .0 ] re |J a . u he
cycl ohexane n&émgér'cﬁ%[%ngtvéexgag@dneé\%%g%{i lgn‘%ﬂ%}? %gr%] %)ét:ﬁ%%’ 'tsgé?"lsnﬁqug&nfe%. is

i mportant to reeabitzgednhd®'. r enoval of cycl ohexane is not necessary, 15

al beit highly desirabl eT before the treated reaction mxture enters.the
evaporat or 1dr still 112 TherfQuptFrscHrigpt rsg_Sﬁ'PEi bh Pasxeurud ﬁt@il‘ioﬂg.l?’hé"hmh
evaporat or 112} 8&p6RRa6 thd Aldtk fefiof 198TikethdRY 1 £ SRYiANARR' RlhBcudfent e
majority of the acetic acid present. It is evident that "any cycl ohexane
present and nugeamf8'tige a ey regiem B (erssrondiag dhtheilpwer regon 20 of thersolyaior e
the acetic aci . ' L hi r l.at-J. L} It {S. VERY

i nportant and Ig%’i%%{?gglthséeﬁz%gl%% %}}%ﬂﬁ‘?lg g(gglrgggﬁ%ergélhéb% ﬁgthee\fgggnrnaﬁ)'on of
the majority dfurthére tize &twee regiom 20cal de thuntengiarrént retredrii 619 rhas ebdtmmm2df a
l'iquid, which even if.it i.s Viscaous still ed. [ t he
process of 2&vAFBreshandps e diehospm ad(ﬁtﬁﬂéﬁgvﬁﬁfelgmél%@dﬁ#g? fﬂqmi‘g]l%?gl’e YR be
added conti nUQedy206f thetamtdrichfet: sitedrN T HEE tbh 26'FetsttehpIn@ingitd ere1dp326 of
Addition of water can be critical in mnimzing the anount of acetic acid
in the concentheinpet1gsigaLhrhihp celi@ndfhcentrate in a solids-free form
dependi ng on conver si onge of &l akEVig FiYEl ShPdoufiRAR, Q#EHQ f 1igh e at e,
etc. The concentrate enters the md e st age?_119 of 't reémrquuﬂ trlg-pgétaage ount er
30 current assetishiity of secondanisficarns endering@nd wtitinghthaeelgms Iti th a streamin
line 140") 2gnd

One of these secondary streams is the concentrate entering a middle
region 19' of the counter-current stream 18'. Another secondary stream is a stream of
cyclohexanone, which is introduced through the cyclohexanone line 30 at the lower
region 20' of the counter-current stream 18'. Still another secondary stream is a stream
of water, which is introduced through the water line 28 at the upper region 22' of the

30 counter-current stream 18'.



WO 00/ 48981 PCT/ US00/ 04473 15 |ater with a streamin line 142", ending at

m ddl e m xer 118a. The three streans, fromlines 116, 140', and 142", are
well mixed in the mxer 18a, and the resulting mxture is transferred to

t he separ at B0 00488t hr ough |ine 118a', where it is separat dEFTUNUIMAR upper
phase, rich in cycl ohexanone, and a Iowerlbhase, rich in water. The |ower
phase is 5 directed to the previous mxer (intermediate m xer 140a) through
line 118", while the up i i t . 1 .
(internediate m xer 142a Th @Eg%}daﬁ?r%eﬂag%ésgeltcﬁyg%lgﬁgxangr#eﬂrﬁ(gat ré(glt 70 The
front m xer 12dpwardy @ughlitectiva 1@0 thenlosver ragioni 20' veevdrd thexggbenmidgiona22s bf tham
comng fromthe | ower phase of.the inter iate separator 140, through |ine
190" The r esUTLTTECHFRE BTG L} Bdnt SPIERE 19y Bhle CEBAE rrved STvPHRR N 410
line 124a') wh@fRtion from theppfedr@bor TU' oviard GwEbwphREion 20hb e @it -ciktént
assenbly through line 132, and an upper phase, which is directed to the

i nt er nedi at & nitseam 18208 coMmBUGh A5 the t9 4econdagy stresms Mmeyie B8 Orposite idiections
assenbl y 114t it QbiBodiddhor e cdubeeiRufith SAGhm ¢0VREIgSt Bt Mg/ ck ! dnall 1 Ne
catal yst in an aqueous solution. It also contains sm':llTn 15 anmounts o

cycl ohexanone. reftltinghia abratér phasegeont@dng it ledsethaswagoriplayt of the, metalt @talyshirethe t he

m xer 126a thrau | fpne, 128 ere it.js well mxed w.th St ,eam. com. ng
(o tha. aopor ity ot BF bk AT SRyt bl Sisiphiesforagng afledh HEFAE $H0°
The resul ting & the EbkoehGateli dxeliliing the chthigsts &P theaticthityl 36 thdfopus Theeval26a’ ,
where it is separated_into a | ower phase, and an 2q upper phase. The | ower

. 1 C e
phase is dilfecthsse thidhis thefxgahand atichfioriains thmmaieHRidhe patafgstiis gemovgdi | e
the upper phasg,qid taalhescAfRaMeY orl dlrakN iRd8H, Lhile ﬂ;@é){clﬂlﬁm{éﬂpﬁyhasgkﬁése’

exiting the assenbly 114 through line 134, is a raffinate containing a

sol uti on of t hemougdovia the coficentnatc sadutinmriine ot mffinatecnel3dhexanone. A smal |
anount of water is alsopresent.. .25 As.sh i Lqure t.he pperation is
based on successive st aggfs&b pegx et (rills Oglﬁl?nélg}s'tﬁet 8n?e8%?ﬁealsfﬁcﬁ%’edagﬂgous
cat al yst ext r agult@xols Bgrdctién afsheabmytall bdtalyktr @i gblutiom efordd 2by aier! eawe ng
behind a concentrate raffjinate in cyclohexanone, which exits the assenbly
114 t hr ough?| i GpEcengate solujien (g rallinate apgthe 8afalysfaspiuiion qor seXtragiemay bp drepted g

sol vent (wat er g, iRVE/dr T8kl Gs RAGsse L RAbR ?rgvilaé’s@y ARG AL fiffentd iﬁ{&t patent

separator 124, it is enriched in catalyst, aving a continuously nore
cat al yst - depl eapplicatighs.i nat e, which finally exits the assenbly 114 through

e, 134, By Chie Cechinng aoBla B4 T SERDSES AV . L
Si mul t aneous removed through catalyst solution line or extract line 32 by controlling the temperature,
20 and the feed rates through lines 16, 28, and 30.

The water entering the line 28 may contain a minor amount of
cyclohexanone, while the cyclohexanone entering through line 30 may contain a minor
amount of water. Similarly, the catalyst solution in water or extract exiting through line
32 contains a minor amount of cyclohexanone, while the concentrate solution or

25 raffinate exiting through line 34 contains a minor amount of water.

In regions of the counter-current stream, which have low concentrations
of catalyst, such as for example the upper portion 22' of the counter-current stream 18',
emulsification of water and cyclohexanone containing the miscellaneous products tends

to occur, which allows small amounts of catalyst to become incorporated into the

30 concentrate solution or raffinate line 34. In order to considerably reduce or eliminate



extraction of the metal catalyst in solution formby water. The raffinate
and the catalyst extract may be treated further and/or recycled as

di scussed in our previously mentioned patents and patent applications. .

| ntroduct i oW@00/48982 concentrate in a mddl e stage of the MEWISIEM4TGe t o
counter-current assenbly or extractor (or 2n a niddle portion of a simlar
counter current colum) is critical in maxim zing the efficiency and

ef fecti veness X f.

I nt roducti on 02 ke %ﬁecn?nglrgﬁ%{rl %?Xetu{%r{n tﬂ%eup %ga%k%éé%%éemf 1%’6‘&)? 9&%(3&%'?{'@{%1 t age
counter-curr enuemm whigh oantheaﬁntmdr edsilst, WI&wdt noduei encpbﬂmaexbatmkx sThge tHe22)
ensures that a Sld rabIe ﬁs[rtmunt at aI t t%ﬁat a atd¥ alrj?een 1 "
extracted bef or Frn%ﬁm - (el 61“3 galﬁmn?{guq qre i eitigely
126. I ntroduct R@ﬁbeﬂftur"e her @pneenjusatte tlp@eﬁ pertibi @2 SARGRsyl 2yol &diol the
nufti-stage counter-current assenbly or extractor 114, would result in

consi der abl y5 h ﬁﬁ%ﬁmrﬁ%@r%}%ﬁ B‘ﬁméfzoe:%é@ﬁ‘tl? apriond P and ghe yppetportiongnof

catalyst) int Cigr ally
the totality o?l%t e rre%('ﬁfen{gga&%i yfsgt%)r?gtéoggdqe]ﬁ ?iaégtl?rg érgtﬁgfl 0 r?’#@ %{3}1?” ough
the extract i meaixBﬂlrcbsghdont}Ookﬂel qogcentrate tsgpque tlabugheliget 14, laed dicf Wateestteam

st ages, the feﬁg r@d hrougt il nes 128 and 130, and by the nunber of
stages. The wa pu t“g T@S}}C &M ne 128 may contain a mnor anount of

cycl ohexanone, while t heInCt}i€|o@§beﬁla1l’lﬁl’1§ desifablel fo0mhbifitaglige Whele chderBuyrent
contain a mnor anmount of water. Simlarly, s af orenenti oned, the catalyst
extract exitq n§irea G@Qﬁutﬂhw%ﬂfegmet?nwa?(ef@ e leTRpFIaures A% 1t the Fange of 50°C
cycl ohexanone, (Myebe the raffinate exiting through line 134 contains a

m nor anount 01! vvat er. In late stages of the counter-current assenbly 114,
closer to the back stageMemprefatablyh hbwewsr,sthe trueperetwre of dhapper portion 22" is
concentrations of ca VS i n ¢cl.ohexanane

cont ai ni ng t he THTSERY dﬁéﬁéo Oprpritk)) 1;[:Otés\(fa%:én 9{ldle Borglﬁlrlqaaﬁsn EBeR A s ral |
amount s of cat af $6%C toas0OE candethe buwat portiah @d' ik Maintdibel mad fahgﬁbﬂlWWﬂbGlb%EXI ts
WO 00/ 48981 PCTI U?OO/ 04473 17 the assegblg thrg gh | i ne % I n ord r to
reduce consiideraBfayerpsntiongdypmeasy way, fapchieys Wisds by Fentroliipgdhey ‘F{HP%““%H"SP the| at e
stages nust beGQNRarRnE StkdaRl Mrduh i€ 30 tt@ém@éatawanem\thm%hgmﬁe ke ahPuied
easi |y without undue experimentation. Thus) all stages may be naintained at
a tenperature 3steyetrepsi @raugh ding 28, rpmé/ﬁb(t without dlis pefpg neqessalya siacs exderedl

5 just the bac y i oI

t he terrperaturér‘?)‘%%{]aefgh%ar%rtg1 cgﬁﬁ ﬂfgoﬁéd%sr?:ﬁte%g%ﬁgﬁmﬁégﬁgﬂ L%?nskrﬁtamﬁe '&g@? e
art, such as f dismxepospl e heaters, coolers, heat exchangers, etc. O course,

th t ' b h
e o K S5 S BSE Ter BPeB LTy o

cool i ng devi ces10 adHridingQinapdrabper Sllure, Whitk EsOdonﬂ&ﬂ’é%lSto th®midild fszeciase
that it is desirable to maintain the whole nulti-sta counter current

assenbly at ab8fis MrstaggraountsHSureRt FrEaction assembly B4 h & wanser Hpe 116Gy t he
range of SOC t ?g@%gd%%gﬁ@%ﬁﬁpﬁgg ¥ mlmw?% ator 1€ aﬁc?g%ﬁ&cﬁ%iﬁ'ifer ?{sal AgePaCk

stage 122 shoul ined Tn a range 50C to 90 e tenperature of
the m ddl e st agmltitdt8gelBusthceiminbextraetiontasiemdly hian irnaddatingdo dtie Blddletsmgs 00, and

10G 110 40 21 s B HECIZR0B ST SRROREGTAR allh CrLgate 1E B b AT 028 ages

shoul d be pr ef aficdryntaixet Bi4ae Sidilarlye fHeedadit stags1d2eHiadRetiuck separator 126 and a

back mixer 126a. A water line 128 is connected to the back mixer 126a, and a
cyclohexanone line 130 is connected to the front mixer 124a. An extract line 132 is
connected to the front separator 124, and a raffinate line 134 is connected to the back

30 separator 126.



the tenperature of the mddle stage the respective end (front or back)
stage. |f unacceptable enulsification occurs in the back stage 122, or any
ot her 20 stage, a centrifugal separator such as separator 126, shown in.
Figure 1, nMOOH&89%ised in place of a sinplg decanter. WhenPEIFEW{H47 ugal
separator is used at |least in the back stage, maintaining the tenperature
above the critical points of emulsification is less inportant. It should be
understood that accordi Hﬂexﬁx@di‘hﬁé%ta?é@ﬁ%%d 'lﬁ'iy,_%ﬂﬁxkﬁﬂng RARYmEPate stk ASrs 950 gases
or off gases may be recycled totally or partially fromany section to any
ot her sect i on,and fl42,oreshestivelid and dmtetvediateamixerso flareati 143e, nefpettinelyeraemplse f yi ng
enbodi nents, | arte.or i,n r i n qQr ..any
combi nati ons &f° eqll?l Iillg'lugr%t ﬁé’%eg%lrgteh?}élﬁlt%g&n%?&ﬁ%ﬂﬂ%?ﬁ %fe%‘f?ogﬁnm%% @ep\?m“‘%“ﬁﬁ n the
scope of the phesdivitdudl BitQmistades, andiPgfee of Eafletblishs LiSORAAHBAT3 18 Al t hough

m scel | aneous functions_are preferably controlled by a conputerized
controller,5it is possib ee‘,“"%@c"é‘ﬁéla 1913 afefjoRneoiRdIn epehother Jhugpeh nfet and,y
other type of qgadtine! hetlefly S¥RBLARIMFigEon! IQr@indAR Rhes! A0 HowOb merge
controlling one or nore functions. Preferred conputerized controllers

i ncl ude arti f iietp Zh¢hyothert ta|fprmy aingle dnlet lines leding,tp dle mixgest chhgs, howayeaal is not

net wor ks, and_f [Fate]] . Os: r . t . e
types of arti fre] %‘ﬁ'yﬂ?énl leeﬂ{?égsenﬁ 15%',@ %‘P’r@gmae“tdndé}&% f%rﬁel% %x?ﬁs,' 'f\}ﬁsl I(1:1Eerc?s a
| ear ni ng syst edaneciidn &cpaticuddriyr deviraldle for cavediid whichnthefel BCsentil fdresolidyi ce

(for exanple pressure, tenperature, chem cal or other analysisg, etc.),
stores thi 0| rﬁ’f"tﬂﬂ‘rtﬁ?‘i"bn}g%n%nﬁ‘ ifes 195 moxig) the mizcgllangeys SHF%BS Fame Bivehot i on

rate) reactiVivbibel @fhottRE vbdséiCas (ol a8 %BRPh&LssoARY ateSndt ShNR I6 ed Bf USE
this information in the future, along with other data if applicable, to
make deci si onslarispgpddrevity: b they andther gpgratiangrewelh knavgein the@t. ance. The
expert systens are progmsrrg% p i ri man
bei ngs. The fuzzy | ogic sys grﬁswéarﬁ%yg%s%égggﬁ)é’l %’{nmqﬁg%%%ag%tgg Pﬁgﬁggtlhtgﬁuon to
expertise rul egpe obDrépdestarowhicheroudatigtotsepardte twa fiaveadbld miasesdrom each other.

non-destructive oxidatigns,..15 wherein the i dation product is different
than car bgﬁs Im\;noxi(itle, I'glimo@ﬁ%‘iﬁpto%@%%l?r B OJ%F: Wﬁflf’ Zlnglﬁglpggxp:,(erlg,&gw{r%{grsadi pi c

acid for exanphig:an@oull@ WasE ercS Rl lbe AEREHSrTobled bY BHEMEARRRUNGSWHRY theartf or med
along with the oxidation product, which may be one product or a m xture of

products. Regdlediingjcoalingmeansarenot shoavngp Ejgaireal fos puppsepiaf elantys especial |y
suited to the 20 netho LS. { DB, | i e
found in a plethora of dfregévahgvta@ﬁpggﬁg%%ﬁgb %o'%ﬁgeb?éd?{é)fdeps n?:gg.é l‘?ﬂ’e‘g@yei %cl ude,
but are not | iopiidnatadditiveUins.11Pane attreptod reatiGiPmjx@8;lin2 158 9retob8necRdA85hed14;
3,231, 608; 3,234, 271 ; .3, 361, 806;. 3,390 174; _3,530,185: 3 649 685;

3. 657, 334 2 §uapopr11Z: Ahpudtiynen gl 417 grbdvanprdee 0007 o1 Ly ari o
acid),; 4,263,453; 4, 331AphRitusés 60RorBRRd ir’Backt 09 OBe 82 TystoexttadkioBQlit 1a0dre
5,321,1S7. Diacids (for _examz)I e adipic acid, phthalic acid, isophthaljc
aci d, terepht A8} Provacind Figdrra2¢ HEcq fhier)argpvelt drspritsdiinappe {o%d&m& My be
reacted, accoﬁﬁﬁlggt'&rﬁ, WRLH hiVRBeh ihEPh B Rerein®ylrbiBreféd » Wi th a third

react ant sel ecte flrom a group consisting of a“polyol, a polyamne, and a
pol yani de in a nanner tlm dépsration ofshiyresbodimedt aatrpatédy resctinn, mixtura fomh yizeni de,

or a (polyjmde. and/o am dei m de espectively. WO 00/ 48981
T usho1 oty 3B & oPRrRR: RE Wb ke GF RBREHY Br Ciamerd iy SEHLRSS oad g
are gai nly a @emding appdiica[ﬂl?aewhfﬁﬁdmaec df@rﬁnd@pom&:ip&&ﬁﬁ }b@h‘yferérl]’lﬂc)odfrdﬁﬁ thie0

avoi d excessive cross-linkin The .pol yner resulting fromthis reaction may
be spun by teéYﬁPPﬁEfgs"fv%@llI“QgWng} lihe, HH- ke Feptedopengtionymiciure i the FEKPer may
al so be m xed Mdifing 'ahlﬂefeﬁmo@ﬂ%{ ANed Behaj@Opr bV B8R ddPhi QR Porfk AP ARG

mat eri al s. Exanpl es denonstrating the operation of the instant invention
have been gi vanxtiss whichueactien inbsiurp ig produssd b bxidizingtyelhbaane tedipieacidinst r ued
as limtingt 0 [ S.:l t] | In i £ s oul d
be stresse tﬂgctﬁgﬁ?g&p?é?%&r éﬂhg}{nggcﬂ] er%@n a%ly%?ipé%@}étél&/ i %oabggtcéw&ﬁ{gf elﬁtr%above,
as well as any other enbodinents to enconpassed within the limts of the
instant invention, may be practiced individually, or in any conbination

t hereof, according to conmmon sense and/or expert opinion. |ndividual
sections of the enbodinents nmay al so be practiced individually or in

conmbi nation with other individual sections of enbodinments or enbodi nents in
their totality, according to the present invention. These conbinations al so
lie within the 15 real mof the present invention. Furthernore, any
attenpted explanations in the discussion are only specul ative and are not
intended to narrowthe limts of this



i nvention. WO 001 48981 2~ PCT/ US00/ 04473 CLAIMS What is clained is: 1. A
met hod of extracting in solution a netal catalyst froma reaction mxture
produced by oxi di zi ng cycl ohexane to adipic acid in the presence of acetic
aci d and t hewaew#98icat al yst, the nethod conprising steps oPCTH§ONETDVI ng
substantially the totality of the cyclohex4ne; (b) renpving a major part of
the adipic acid; (c) renoving a naj or part of the acetic acid, wthout

precipitating catahYstriod M fomm antgialctgg' 9&5&{@'[0? Ot%xé‘ nﬁf?Arb&%io?%e ﬁgx)eactq[d

i ntroduci ng the concentrate 1nto a m portion a counter-curren
stream the counptleliexens rEwicydbhozama radyste lemovaidpyscpayanarg thoreactonm maimthreamtoupper
portion, the I gwer portion havi.n bottom .and the uppey .portion having a
Lop: (6] i ntrodtc: RUBCRAEPOARSERBR AT TRicoR hadhecsri rat alinib asit SiheuRtIeror
water, to the lxi@iesPaid cflysf abhd giif QUISIESO1GUPHEE tcosthin@@Mhe (fbjokitt bPECT Ng
wat er, which may conprise a m nor anmount of cycl ohexanone at the upper
portion of the ckgohfxate doskent casertbappn-pRlsr Rizbn@ralfe rrgyded: iwhile thg majotyor
raffinate from ic0dcid fy Stibd " e U R i flend
the maj or part OE? Eet g%o%ée%?ﬁ%eogg ugiodr%}éjs%lﬁe lzéatﬁzlblt“)l/sﬂ;“:'?H{%ll(filrd%{2 }? e
wi t hdrawi ng a secandtr, dfguihd renowak of the adipreoarid;, henshiwtesoime péatedhreadtionmrixture

portion, the secqnd liquid ¢ rising the major part af the tal catal yst.
5. A mot hod as MUY FASE e THR: £ e BRAT G BJunesy of (s SYelghpRane ggay |
(h) are perfor m@afovet KthilAeAHS| With BashAryerdliatonss BRf4dReE atid. A rathaifidedi M5
1-2, wherein step i s conducted distillation. 4. met hod as defi ned

c) by . A net | ‘
in any of cl&i gierithgremqyal plsthe adipisracid, sgnsitidesdpe Gratedierpetpniaixgie ihsush @p
(c). WO 00148981 21 PCT/ US00/ 04473 S. A method as defined in any of
clainms 1-4, wherein substantially the totality of the acetic acid is
removed in step (c). 6. @fc¢nursagte ciclabexdnaandyiba remredby evapioration.-of anywiberei n
substantially rtehg’flitoetality of the netal catalyst is withdrawn in step (h).
7. A method as Géffhed in any of clainms 1-6, wherein the upper portion has
an upper portion tenper alt ¥ fnpokthast toireklize thao kdniaval o cPhek e liengtafctdsedty,
tenperature, the |ower portion has_a |ower portion tenperature, and wherein
the upper pbrt 2BAit ﬂ‘é%li‘ﬁ’e‘s)e&’c“ﬂ’rl ,be@%thﬁitrﬂﬂ%wﬁ‘éﬂopiIB‘HW%FP&%TF e gaporgiagion Y
| ower portion yejpperature are substantially the sane. 8. A nethod as
defined in any of clainms 1-6, wherein the upper portion has an upper
portion tenperature, thelheithdied resstion mixterasntaripg did(cwapgmater I3 is egngenteatedr e,
t he

to a desired degree by evaporation of the majority of the acetic acid present. It is
evident that any cyclohexane present and most of the water evaporate through line 115,
20 even before the acetic acid evaporates, due to their higher volatility. It is very important
and critical that the concentrate produced by the evaporation of the majority of the
acetic acid leaves through line 116 in the form of a liquid, which even if it is viscous,
can still be pumped.
During the process of evaporating the acetic acid, small amounts of
25 water can be added continuously or intermittently through the additive line 113.
Addition of water can be critical in minimizing the amount of acetic acid in the
concentrate to maintain the concentrate in a solids-free form, depending on conversions,
relative levels of compounds in the concentrate, ezc.
The concentrate enters the middle stage 119 of the multi-stage counter-

30 current assembly 114 through line 116, which merges with a stream in line 140', and



| ower portion has a |ower portion tenperature, and wherein the upper
portion tenperature is higher than the m ddle portion tenperature. 9. A

nmet hod as defined in claim8, wherein the mddle portion tenperature is.

hi gher t harwOl&4898wer portion tenperature. 10. A nmet hod a®CHESIAH3 I n any
of claims 1-9, further conprising a step Bf reacting the adipic acid with a
reactant selected froma group consisting of a polyol, a polyamne, and a
pol yam de in ne r pl : r 0 ) de, or
B bl yi mi do 01Eh iR bt e B2 oHATRE altiaBe R MR TPl BRSHEPE,  Per
conpri se a st @jpenf165piatiindd 42'h arepodlyiided iimthe nhik&relRs, aid thé westildng hextpeliy mer
with fillers and/or other additiyes to.formconposites. 11. met hod of
extracting in U2R§TERgdSA e fFBf‘%F“&X?&FQ}éﬁh lf‘}eolrlrg%’ngg%f&“i ’Bﬁeﬂﬁ%{?@l“? Bryted by
oxi di zi ng cyclahexaneid eycisheRinonélGind al IBwkNEhals, a&BNa Swaér. JERS lo%eﬁ?héie and the
metal catal yst, the method conpri sing steps of (4% renmovi ng substantially
the totality cfreeterotoctiie Petyious mixer((Infermegiplei migeral4pa) Broughrlinegil 8Y, tyéhilgdhei ¢
aci d; WO 00l ' ' :  the
acetic acid, v‘\l/? ?%%#g?@gg%??%%gﬁgf é@é{ﬁg@#ﬁs&g F%rl?n%r?gtﬂréu@glﬁ%eﬁ rate in
solution; (n) introduci Qgclolerarona dsefed tathe fiont mixer d24hdheugh e 130, where it

count er-current fti-stage assenbl, the mddle sta conprising a mddle
m xi ng zone ahﬁwgvfﬂ“ffél%‘a%%ﬁm‘i" gz@?f@,thﬁ‘?geﬁ@t?ﬁ? Bgt-?‘ﬁﬂﬂt?r@’r?fhamf’?@tg'f age
assenbl y al so 140 WRough Rk B4ohr QRS re%ﬁlﬁﬁ%rr@)ﬂdreas RAGK 115 REAR segabford 122NkrodgA0E
conprising a front mxing zone and a front separating zone, and the back

stage conpit siling 184 arherdritis ppatatsddniaridloyehplare, sdpelr exitsibe essermbly typugh

i ntroducing cygl ?E@&ﬁﬁ'gﬁﬁ peWﬁhEs@, WR¥h RUREES B Be TelHedRIOMAE: PloatRbEiy 1 NLO
the front mxing zdne; qg I ntroduci ng wat er, ich may conprise a nor
amount of cyclliobé¥none into the back m xing zone; (r) withdrawing a

raffinate fromthe back._.separating zone, the ffinate . .co I.SI ng a nmj or

part of the concentrate,% gﬂﬁ_’]}laﬁ e @8{‘1%#@}@3';“52%0?@31‘%{3}%? ﬁaﬂ‘ﬁc'an

extract from th@pfidimdthe SRt of Mg a0t id REagebisxolutioR N 4150 BehtAndBhAr part

of the metal catalyst. 12. A nmethod as defined in claim1l, wherein step

(m is con#ucemguyyofgyslobpXagencon. 13. A nmethod as defined in any of clains

11-12, further conpri si f i j t hod
RPmd b%%_eéfgg? 1 V%%%@I 'tk{éghsy@{b%f 1 14:' wcaie? Qm&xtep tBe gnfl:xer '?‘2658

as defined in any of clalns erein, at least 1nt ack separating
zone, separ at itlooughslinet12Bewldre pas welhiixedovitidaisiteank doyning Soreghaofpper phase of

centrifugation. .15. .met hod . a i ned..in, any. of clains.1l1-14 .wherein the
back stage hagneamgggélq?a«a:@m{ogf}égﬁgrpﬂﬁbl,meth i %IfeéUIgp%QEXW%?s’S aﬁhryﬁ\éfl‘a‘{jg’e

st age tenper aiy Rpark®de 126 iddughtinge 268 Swhert itaB sepfatAGEIntCAMEN R tpHisR, arfigh
wherein the back stage tenperature, the mddle stag,e tenperature, and the
front stag® t SPRFEPhRSSr dhgrlevephateahdirented torthe amediategnixer Higequalslintet i ned
in claim15, waer ghfle BGpst bR A XsatF 114 MRLRNASISE 23 PCTI USOO/ 04473
tenperature is in the range of 50C to 80C."17. A nethod as defined in any
of clains 1-14, wher ei nThehuprsaaihass gydingathe astradily dl Agbroughgimeatdf ds at he

m ddl e stage h m ddle sta t epper ature, -t.he front as. a front
Stage t emper at e BhiShife PRl STRE RIS ot ¥ oni b P ARGt Ecl ' Bra

t he m ddl e st agell baowER bAWaeLis aBo@rdsére. M ddl e stage tenperature is higher

than the front stage tenperature,, 18. A nethod as defined in claim 17
wherei n th# back stage fx@ﬁ%t}atqﬁlgulieg, the operation is based on successive stages of

extracting catalyst to form a final aqueous catalyst extract, exiting the assembly 114

through line 132, and leaving behind a concentrate raffinate in cyclohexanone, which

exits the assembly 114 through line 134.



in the range of 50C to 90C, the mddle stage tenperature is in the range of
30C to 50C, and the front stage tenperature is in the range of 10C fo 40C
19. A nmethod as defined in any of clainms 1-18, wherein substantially the
totality of wohw/M4sssetic acid is renoved in step (nm. 20. APREUSMDI4S defi ned
in any of claims 1-19, wherein substantial®y the totality of the netal
catalyst is withdrawn in step (s). 21. A nethod as defined in any of clains

11-20, further comprising ﬁese&ﬁﬁ’ctiﬂésfjﬁréffttmgkr)t Hx%v?sdhﬁhcthé‘%hfi(yg% ntecgi‘ 126

reactant selected froma group conSisting of ‘a polyo a po and a
pol yam de i n atomarthtae ftoot Sepamatoa 1R4| iy iseenrichedainpatalyst tevingar cantipaduglymae, or

a (polyimde and/or | yam.dei m de) ,. respect.,i vel j ch et hod y further
conprise a st e?f‘g% S“égﬁqﬂﬁﬁ?ﬁﬁg‘iaﬁeewg@f%fy xﬁ‘f&)hefﬁsi%lbiyvﬁd' tﬁf"k‘%gmﬁ }‘g‘?pol yner
with fillers andlor oth@y m@dictini@e, & @iskaluibrCoNDeohntrate AL KBRM- 1/ 2

s' 15 QI3 ~ 22,22' 11 16 @8 _12 14 18,18 19,19 inn Q0 "- i 24,24 10~
PCT/ US00/ 0447 3stege~ countergprrant agsembly thyough ling 11G\ isyachjeyedwith Aimuydtangqus Ah. Af

o o) X a0 eYarrt el sl ARl omn ovjer. Mhe e mAe U ca) ca
] ca] ca] ca] ca] cadieed] ma] bafesl datlea bjd/al recycled a§ dis@us#gdUnNur previously mentioned
patents and patent applications.

Introduction of the concentrate in a middle stage of the multi-stage

10 counter-current assembly or extractor (or in a middle portion of a similar counter-
current column) is critical in maximizing the efficiency and effectiveness of the
extraction of the catalyst from the concentrate. Introduction of the concentrate in the
middle stage 119 of the multi-stage counter-current assembly or extractor 114, and not
in the back stage 122, ensures that a considerable amount of catalyst has already been

15 extracted before the final extraction takes place in the final separator 126. Introduction
of the concentrate in the front stage 120 of the multi-stage counter-current assembly or
extractor 114, would result in considerably higher incorporation of concentrate moieties
(other than catalyst) in the catalyst extract exiting through line 132.

Substantially the totality of the metal catalyst may be extracted and

20 removed through the extract line 132 by controlling the temperature at the different
stages, the fecd rates through lines 128 and 130, and by the number of stages.

The water entering the line 128 may contain a minor amount of
cyclohexanone, while the cyclohexanone entering through line 130 may contain a minor
amount of water. Similarly, as aforementioned, the catalyst extract exiting through line

25 132 contains a minor amount of cyclohexanone, while the raffinate exiting through line
134 contains a minor amount of water.

In late stages of the counter-current assembly 114, closer to the back
stage 122, which late stages have rather low concentrations of catalyst, emulsification of
water and cyclohexanone containing the miscellaneous products tends to occur, which

30 allows small amounts of catalyst to become incorporated into the raffinate, which exits
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It should be understood that according to the present invention, any

25 liquids or gases or off-gases may be recycled totally or partially from any section to any
other section, if so desired. Further, any combinations of the exemplifying
embodiments, in part or in total, or any equivalent arrangements or any combinations of
equivalent arrangements may be utilized, and are within the scope of the present

invention.
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1098 () - 109&' (Jystems tqlseetsérrfoamﬂpm{’)co@ diffferepOpigess of the degice (for example pressure,
temperature, chemical or other analysis, etc.), stores this information along with the
result (pressure drop rate, reaction rate, reactivity, and the like, for example), and is

10 programmed to use this information in the future, along with other data if applicable, to
make decisions regarding the action to be taken at each instance. The expert systems
are programmed based on the expertise of experienced human beings. The fuzzy logic
systems are based on intuition rules in addition to expertise rules.

Oxidations according to this invention, are non-destructive oxidations,

15 wherein the oxidation product is different than carbon monoxide, carbon dioxide, and a
mixture thereof, such as adipic acid for example. Of course, small amounts of these
compounds may be formed along with the oxidation product, which may be one product
or a mixture of products.

Regarding adipic acid, the preparation of which is especially suited to the

20 methods of this invention, general information may be found in a plethora of U.S.
patents, among other references. These include, but are not limited to:

U.S. Patent Nos. 2,223,493; 2,589,648; 2,285,914, 3,231,608; 3,234,271
3,361,806; 3,390,174; 3,530,185; 3,649,685; 3,657,334; 3,957,876; 3,987,100;
4,032,569; 4,105,856, 4,158,739 (glutaric acid); 4,263,453; 4,331,608; 4,606,863;

25 4,902,827, 5,221,800; and 5,321,157.

Diacids (for example adipic acid, phthalic acid, isophthalic acid,
terephthalic acid, and the like) or other suitable compounds may be reacted, according
to well known techniques to the art, with a third reactant selected from a group
consisting of a polyol, a polyamine, and a polyamide in a manner to form a polymer of

30 a polyester, or a polyamide, or a (polyimide and/or polyamideimide), respectively.
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Individual sections of the embodiments may also be practiced individually or in
combination with other individual sections of embodiments or embodiments in their
totality, according to the present invention. These combinations also lie within the
15 realm of the present invention. Furthermore, any attempted explanations in the
discussion are only speculative and are not intended to narrow the limits of this

invention.
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B (d) introducing the concentrate into a middle portion of a counter-current
stream, the counter-current stream also having a lower portion and an upper portion, the
lower portion having a bottom, and the upper portion having a top;

(e introducing cyclohexanone, which may comprise a minor amount of
water, to the lower portion of the counter-current stream;

® introducing water, which may comprise a minor amount of
cyclohexanone at the upper portion of the counter-current stream;

(g)  withdrawing a first liquid or raffinate from the top of the upper portion,
the first liquid comprising the major part of the concentrate, excluding the catalyst; and

(h) withdrawing a second liquid or extract from the bottom of the lower

portion, the second liquid comprising the major part of the metal catalyst.

2. A method as defined in claim 1, wherein steps (d), (e), (f), (g), and (h)

are performed simultaneously.

3. A method as defined in any of claims 1-2, wherein step (¢) is

conducted by distillation.

4. A method as defined in any of claims 1-3, further comprising a step of

adding water in step (c).
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middle portion temperature, and the lower portion temperature are substantially the same.

8. A method as defined in any of claims 1-6, wherein the upper portion
has an upper portion temperature, the middle portion has a middle portion temperature, the
lower portion has a lower portion temperature, and wherein the upper portion temperature is

higher than the middle portion temperature.

9. A method as defined in claim 8, wherein the middle portion

temperature is higher than the lower portion temperature.

10. A method as defined in any of claims 1-9, further comprising a step of
reacting the adipic acid with a reactant selected from a group consisting of a polyol, a
polyamine, and a polyamide in a manner to form a polymer of a polyester, or a polyamide, or
a (polyimide and/or polyamideimide), respectively, which method may further comprise a
step of spinning the polymer into fibers or mixing the polymer with fillers and/or other

additives to form composites.

11. A method of extracting in solution a metal catalyst from a reaction
mixture produced by oxidizing cyclohexane to adipic acid in the presence of acetic acid and
the metal catalyst, the method comprising steps of:

(k) removing substantially the totality of the cyclohexane;

4)) removing a major part of the adipic acid,
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separating zone, the counter-current multi-stage assembly also comprising a front stage and a
back stage, the front stage comprising a front mixing zone and a front separating zone, and
the back stage comprising a back mixing zone and a back separating zone;

) introducing cyclohexanone, which may comprise a minor amount of
water, into the front mixing zone;

() introducing water, which may comprise a minor amount of
cyclohexanone into the back mixing zone;

() withdrawing a raffinate from the back separating zone, the raffinate
comprising a major part of the concentrate, excluding the catalyst; and

(s) withdrawing an extract from the front separating zone, the extract

comprising a major part of the metal catalyst.

12. A method as defined in claim 11, wherein step (m) is conducted by

distillation.

13. A method as defined in any of claims 11-12, further comprising a step

of adding water in step (m).

14. A method as defined in any of claims 11-13, wherein, at least in the

back separating zone, separation is at least partially conducted by a step of centrifugation.

15. A method as defined in any of claims 11-14, wherein the back stage
has a back stage temperature, the middle stage has a middle stage temperature, the front stage
has a front stage temperature, and wherein the back stage temperature, the middle stage

temperature, and the front stage temperature are substantially the same.

16. A method as defined in claim 15, wherein the substantially same
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17. A method as defined in any of claims 1-14, wherein the back stage has

a back stage temperature, the middle stage has a middle stage temperature, the front stage has

a front stage temperature, and wherein the back stage temperature is higher than the middle

stage temperature, and the middle stage temperature is higher than the front stage

temperature.

18. A method as defined in claim 17, wherein the back stage temperature is
in the range of 50°C to 90°C, the middle stage temperature is in the range of 30°C to 50°C,
and the front stage temperature is in the range of 10°C to 40°C.

19. A method as defined in any of claims 1-18, wherein substantially the

totality of the acetic acid is removed in step (m).

20. A method as defined in any of claims 1-19, wherein substantially the

totality of the metal catalyst is withdrawn in step (s).

21. A method as defined in any of claims 11-20, further comprising a step
of reacting the adipic acid with a reactant selected from a group consisting of a polyol, a
polyamine, and a polyamide in a manner to form a polymer of a polyester, or a polyamide, or
a (polyimide and/or polyamideimide), respectively, which method may further comprise a
step of spinning the polymer into fibers or mixing the polymer with fillers and/or other

additives to form composites.
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