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ADI PI C ACI D FI ELD OF THE | NVENTI ON ~n~~en 5 The present invention rel ates
to process for the formation of adipic acid from cycl ohexane and the adipic .
aci d thus fowemeto0sshe i nvention resides in the use of purePEEIN¥MOA oxygen
as an oxi dant which results in providing higher selectivity towards the
formation of adipic aciAdPRQW&fE}PeBREMRA"H@NiQR/AmHIQAGIB to increase the
selectivity and the yield of adipic 10 acid from cycl ohexane. r
selectivities using the process of the present invention have M‘EWMW@WF
be at | east B QREHEINYENTHIN naxi num att ai nabl e usi ng the hi

conventional processes. The process of the present invention enpl o{f8®ise of
preactivated catalyst in the reactor for carrying out the reaction. 15
BACKGROUND OF THETHeNwEs.ftl ionAoh mlatesasiptoces fod the lfyrmas@dof adipib aciddronf act ur e
of polyesters, polyam des, .plasticizers and the |ike. Conventionally adipic
acid is kno ch‘cﬁéeﬁ?%g‘ﬁégg'cﬂf/af%%ﬂ‘%dp oxi dati on of eycl ohexane. In the
fi rsL step. :j CA gi 'll;hei isveptiriiecioe dif: mm;_eyst:bu}lamelwaﬂaxbmygénras%h&maﬁtaté@iaﬂ whi _cg
is then oxidized. nitric ,acid to dicarhoxylic¢ acids such as adipic acid,
glutaric aci BFSlidn é’ﬁ&'éi“ﬁ @h%{éflﬁt‘v'ﬂlf"é"’ag}r‘ gfégg’ag?}‘f"ffé igicAfigm vari ous

di sadvant ages, espaCibjct ¥ theinktrtidg id © ih@¥is€ Mo \aEGIVRY aBihe RRESofoddigihe
hydrocarbon in the first step (3-8%, leading to |large recycle; use of

nitric adPd Pod e suiehsene: B ProduRt efestisitionn upied st Prasess ghdher BieRRRt i on of
byproducts | ikéntlofhh@Ren Wah& b HROS Geatli $of hipHirithAShd MatiRGmdRaAstIE Gafg use 25
of adipic acid. In order to overcone drawbacks in the two step oxidation

process, onethsthitherigknomt rasnendipna proresrsx BIsProsass ohthe present dyewipa emplexs year s.

At is used gg oRPrefofivatadlatdiyit MR redch rPehehhd QR thekeabiydnl Ohexane. The
catal ysts nostly used in the oxidation of cycl ohexane are cobalt and its

m xture with other netals like iron. In the conventional nethods) in-situ

30 activgti ogaeikdREUNBIGE Yk INVERIGeRal tous to cobaltic state is earned
out with the help of activators |ike al dehydes and ketones. The earlier

known patents have divul ged the use of any oxygen containing gas, however,

the known art doeggpat i:NQ,; e: dinf f i Y4 40 adipic
acid and 1 ennauaﬁdlBQV\aOC%(’)f/q%'(l)S SUIEDJCaZﬁnl %9%%’%@%@%%\}%?&&%’ g?]%éﬂh%hi |l e '
usi ng pur e orkgisireisand badkeo Conyeptionilyjedipic esid Eiknowrtoda prodiited bytivostepr t  has

al so not beep,ighlof of By AHBHY Gn "i‘hehﬁrgﬁ?%al R&!AGL k%g\?cl)éd tﬁ%mgd;?gl%h&%et @F ai¥! €l ds

using hil;h purity oxygen versus use “air o ute oxygen 11
COnVCl 1t 2011 &xitldtipn wbistl is Berprddigkidryotitrio aéid &g dicanbaxflicacids shehxasradipicoaciddi pi ¢

obvi ous advaReang e and S, R T THERPRH 10 SR OBt Ton of
1CA-o0i | and edpsciglygelgiingtte tbwecanréreompsr ghads afithe ihpdgocadion n the Esst stblr Ge86kes t hat
have been o RRRACT b3k PAERSHL BV SRR AR ¢
cor r espondi ngndfgohdtion kEbypreisctafikll Betones which pose difficulties in the downstream use
25  of adipic acid.
In order to overcome drawbacks in the two step oxidation process, one step
oxidation of cyclohexane has been tried over the years. Air is used as an oxidant in one
step oxidation of cyclohexane. The catalysts mostly used in the oxidation of cyclohexane
are cobalt and its mixture with other metals like iron. In the conventional methods, in-situ
30  activation of the catalyst from cobaltous to cobaltic state is carried out with the help of
activators like aldehydes and ketones.

The earlier known patents have divulged the use of any oxygen containing gas,

however, the known art does not bring out the differences in selectivity to adipic acid and
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t0 al cohols. For exanple, US. Pat. No. 3,390,174 and British Patent

1, 304, 85S di scl ose processes requiring mxtures of two or nore of these
conmponents. 1-1owever, nmany such air oxidation processes are rTLI|tI -step
processes andY@8VMEHS provide the required high yield as wel FERENR{OYR
selectivity. Single-step direct air oxidation processes for the producti on
of dibasic acids have 15 al so been proposed and used in the prior art.
However, prevényersiog of €dlwhidnesisg pyse prygce dnstsed hbine bogen actmaemdggasby'hpoor
selectivitieg) | I t t& 0, tion s S relatlvely
rapi d deacti )ét?riag‘\r,\\l‘agfa B?ﬁgt %g{;‘ar{l@ &ale% ﬁ‘gp(etrgeq?%c%%f? N Eégefy &ér‘?ﬁ’l% U. S.
Pat. No. 2, 2BRh403ydkgghosess @e ptnwsi&uf:oxy;;&.has @mvdmbmon wedd.cyclic

hydr ocarbons to corresponding diacids, in a |iquid phase generally
containing acetic acid 20 at a tenperature of at |east 60C, using a gas
cont ai ni ng oxygenThedirdcnotidiop o€ siuhexant taaligiX hddis Dpro€Rs talFds airiGlad as
cobalt conmpound. The sel ect|V|t S reported in this patent are_as |ow as 46

to 49 nol e pé‘}ué‘éﬁi‘em‘lgﬁrof‘l"?éftﬁmg ‘Flﬂg’“ﬁ}ﬁ ntpges | therg 6”°élkl’d'?ee§‘sa‘ioﬁ’é“& beyes of
recycling theig@icid wadatidRdf KAiemb ity bdsicinbl millicacRadbdifglactigds. Adsskeen
recycled one or nore times would have, 25 U S. Pat. No. 2,6 589,648 describes
a single- steﬁ‘ﬂbkqvﬁéﬁ"tﬂqﬁﬂ%‘t@éEreﬂﬁé’ﬂéﬂﬁﬁs“aé@@%‘ﬁ’@’wgthe§&fd°f|"r'\t“t: H@dpﬂcél@e of
acetic acid ar o§9£tyo%mfsat&ﬁ§d c?altc h{&)@car%ngégdfom&-rg 5&“ §ll@ke?idng§ L‘@yor

process, suggesting that nolar i os of sol vent rated cyc

hydr ocar B@n ialsohdie Foamgammis, 11’551’& No- 730, 1(76raﬂﬁtﬁrébsh el%@ntsuﬁﬂﬁﬂ)ﬁedlbmset hat
nol ar ratios i t9 e 30 U S
Pat Mo, 4, 037 BearY BRiRACHEIE & (BRP R I 1 R E e TR S 7
acid which i mvoixweaswomodcszesrvge oyudti-gibpe pRpessoal ank dmioemmdvade hx ygmired highhe
presence of c |c{,311 rount,s “Q,ft cobaltic ions, which is nmentioned to be in
the range of ¥ "ts‘cigf) CHERRIOIRS per nol e of cycl ohexane charged. Catal yst
activation is in SinTth smhprdureg amheudanm pratesses for WO ﬁdd@ﬁ&ﬁ&d?ﬁ?lclabMQBMOOZ?
|nduct|on sper ﬂ) rve nlét hi. sag)at nt that either air

nol ecul ar ox>7£f8 cﬁrét‘?mx?tgs ¥s5¢ 1% 1 it iRV VRo PEFREY lﬁpwﬂa%"eﬁffase
concent rat i OlpraatssesX g ble& stmmwoby podr, selld&ﬁvftlé)st, alowpbR3GtIoR tafes/TRBStlyoned to

be -hi gher than 1 1 kg/cm-. Adl aﬂmd ric acid and succinic_acid are
the main proda@faé'%fw%@dr YPORP Ty WO f Y% RBREHI g 63y BB Hers. 5

The anal ysi s EL0dy NGAEVRS., 29233 43t disdRed f L Gfloceld Br RatoxidNRon 4r293ic453 is
a continuation of the above work, with a nodification in the procédure that

water is adddudioerbdns (o exseespandingidiesids, é“PHQ'{'ﬁéhflsﬁBﬁflca!“ysipalg@wbti’éﬂ@rﬂqalnce t he

sel ecti vi {oy L0, B ﬂ-l&g flxr@‘féi’a‘iijeagttm‘é uglkgv\gﬁ%ohtgﬁﬁng}oqgﬂcqlqatd ﬁ’)g dl\e@BFJn

i mproves the yie ic acid ver t t1on pe I Nncreases
several fol d axheri@bsatadyst d@braeasbarhgpotlmeundaiﬂ@ whecpyitiehusportd ne@vep@w arel, S,
Pat. No. 4, 90g, 827 9{; FChORET FerlnDGERR rTnﬁlfe Ih*ég»a%PFLHSHA 24k % /u E"C' d
from cycl ohexane in presence of cob and zirconi um an n um

cat al yst usi necyaling thUca&lydPamd thiactiviiy 3Blch 80Malybtalat Hasislen segeled ane(m:msc for

pr oduci ng adl Cc ac q\af rom cycl ohexane but with intermttent addition of
wat er . °§|"‘f?§l§i K4t water, if present IS during the induction period,
depl et es ishe concens.rrt. Nan2,689 metasdrmeuazﬁlgse-m &hdatioR pfess whercin acetone

is used in the place of acetic acid as solvent.

U.S. Pat. No. 3,231,608 describes a similar process, suggesting that molar ratios
of solvent to saturated cyclic hydrocarbon in the range of 1:5:1 to 7:1 (or more) are
suitable but that molar ratios below or above this range give unsatisfactory results.

a0 U.S. Pat No. 4,032,569 teaches a process for converting cyclohexane to adipic
acid which involves oxidizing cyclohexane with molecular oxygen in the presence of
critical amounts of cobaltic ions, which is mentioned to be in the range of 25 to 150

millimols per mole of cyclohexane charged. Catalyst activation is in situ during the initial



essential for catalyst activation. It is shown that water addition after
the induction period is nore advantageous and results in a selectivity of
about 88% HoWEIPISEhi s sel ectivity calculation is based onlPETENS(OART

i dentifiable conmpounds. The true selectivity with all other conpounds
considered is not given. 20 U S. Pat. No. 5,321,157 revisits the cobalt

' 4 oRLG iR Ws BREK 10N oBNCAR LPMAXLIEAALLRM, L f gued 11

cat al ysed; oxi&at beidd. AV;
this pat ent t[gébﬂé I nef fll cient as tﬁée?y errpleoy Initral ncentration of

cycl ohexamesddndtbhiogidation: Bacffect pf gas phase carventracbmofmxly pat is siidditbivgmheof hi gh
concentratiagns_ of cC ne,.ai. I ow conversi.on ,l evel. rovi de
advant aget(l)(ﬂ@ péﬁsé%ec'gﬂegﬁ(g%géooP\eo{riﬁgll’:er reg 8’Iqt kss/cntb\gvd'é’bcnﬁfécﬁ sglP“é?féc %ﬁ'ia'}fchi eved by
usi ng | ows2ainioadé aterthd main prodiicteafithd yesdtion st vefy low ¥ osiantgaidn @F oi¥ggen
cont ai nin gas i S re{ﬂ:ocamended.ang thc'a (ﬁonver sions are restricted to bel ow
30% THhe %ﬂ’ ARRYSHPLOOP SOV L Ay WSHTFY gas chromat ogr aphy af t er
esterificationu.tiat.axsas3 mest iBarottinuditinsof it Hbad WaH, WhRh mddiftatidi S
anal ysi s,  sel ectiéjt% of adipic a&i d is obtained to be about 80 to 88%
This is ali®&BiRetsuiiahyatends pded 10 Hha reepiannmgipeipike ikl sgeeit ration of
i nternedi ahgSicd TRNeiceMas badiPR 2314, TBOY¥lalnfbdHIREY additiA dm&&rimgfbw@_t of the
sane inventor in U S. Pat. No. 5,6463,119) never exceeds 2% ah unlikely
probabi | i the yield efhsdipifuacie. Hperepstipgienuctipn aejodoinygrgesss sensradifpidribergas i s
clai med t Q.REQHAUGER. Leordeshlied sbvegy ts. 3 wo ovoosss PCT/ 1 N99100027
Pat ent’ Applc‘f':}cag‘lhione \?\D?ﬁ’%/ 67854 a?yd U S Pat. No. 5,463,119 disclose a
process whi ch dbS.dlappio. #1562, 87adinslokesra préonessfar tht prodedtion obkdipkecilifroad i xt ur e.
This treat COonsi j i iacidl.or cooling the
ni xi ur o 1RO PR els e3P E AR bRl ik B a5
separati ng by fu.StPRatNar,i2h80¢alac didelbses mpravessLibgproducingpikigie acid droron- pol ar
one which is recycled,. and a pol gr..one . which is alsp recycled after an
opti onal  yaPas b BB ER HOR B “AleE b BRAaE R Ghel B ac. d.
Fur t heysnord@ring thepindudtidaspesiod)rdepleeatiic ednktaitmmbn of frof radinlvivhgh takesal | phati ¢
di basic acid (preferably as, a regi‘gliétate coIJﬁe,cteg by filtratiaqn, or
centri f ug&Eieaiy! famalaLsrtivatiog- It i sEpwR thabyvater addyion afigy e indyeho@dspdthent s, and
deri vat i vasmbhedaaitageoiBindiregitdint £dclec @BV ab6ft s8%E HAWe R ik GelddBvidy basi ¢
acid. US. Pat. No. 5,756,837 is simlar to this patent but discloses a
process f Grlcplaion s bagedh orlioq) s ideptifindly samrpuedsodbe tupcrigeHviy YWiteal i ng a
reaction et B6BpRRBALINGderbdlis nBGivenl € di rect oxidation of cyclohexane to
adi pic acid by extracti ng3 at |least some of the glutaric acid and succinic
aci d Wi ch ar e U-8rBaedNa- A, 32 h&STrreweitsitahcobals catalgsedpyidatiog Allpreviqusggmk  a pat ent
by the sang AeRICh cAhuids Afeuld'R RS BRENYo bR s HESERLIRY ToviinfapC eSS for
adi pi ¢ aci procT ction by c%ne-step oxi datron 1 n the presentce of & novel
Co- Fe cat aloyeniratian ¢fhéyslopenapnend higheveassivaltipes. Heyiolaimi bat etidgion ©f di scl osed
and use of_.pure o n i .S rentioned., In this Lk conversion of
vl ohexariB SSieaRERH: BF cURRNE 436 leRH GO neld bRl Bel RIS P07, %1
adi pi ¢ acidiemialRGndbectnomidorestlts. sSLpat entvesione skhowshidviedt by hesifgo-lbve cat al yst
can be_used succ‘esstLIt fl I t?e oxi dati on_of ot@er. hédr.ocar bonrbd i,ke
Xyl ene®) (BIERELnS ghcathust e st DD 853 STy Sen s R A BRIy |
aci d. and the conversions are restricted to below 30%. The product mixture is analysed in gas

chromatography after esterification with excess methanol. This is claimed that with this

analysis, selectivity of adipic acid is obtained to be about 80 to 88%. This is also borne

out by the fact that in this patent the concentration of intermediates (mentioned to be

30  many in number in a latter patent of the same inventor in U.S. Pat. No. 5,463,119) never
exceeds 2%, an unlikely probability. In this work also oxygen or any oxygen containing

gas is claimed to produce the desired results.



SUMVARY OF THE | NVENTI ON 25 The present invention relates to one-step

oxi dati on of cycl ohexane to adipic acid, using nolecular oxygen, in liquid
phase and in t‘%é“'ﬂ’fogéence of a catalyst, containing either cBEBHIN/02Tobal t
and iron. In the present invention, it is found chat by restricting the
conversi on of cycl ghexane between 20 to 30% w th catal yst activated outside

the reactor 3D and usin I I en oxi dant, el.ectivity to
adipic acid is ﬂ‘ﬁ%%%@&'%é‘{‘rﬁhi%\w@g%’%g‘g gy Bay 3‘8?55?5‘{6%1‘514@@956@027 | ~f ~e
present i nygdikisGrhied eveldpd e stagdfotiihe phisfiadyasit 1hg ffal fixiufd. TeisMRh@ep ar
oxygen as oxi dant to achi evg_ better yield and selectivity to adipic acid
compar ed t GOUSISS IMKRAPHBIRSdlage Rrmsd. Jperoaline e YEXHicAR OFCg M Pt Pophat t he

use of any i kdi@oP¥Y 4RNdizkid, 898 ik Sefafarih@ WS HIRERAURE Id0Rid A5G SwRAMhuid
over - oxi dat'i on of cycl ohexanc ther egé reduci ng the econom cs ofl he process.
a

BRI EF DBESCRh&ES,@No0p olRHENeATIIXIMD A0qY¢ MG BRANINGSe WhirhR$ jer eciclghadsem s a

graph highl | i . . ectlh ity a

i fForent SBATE! Bt Bhe Ealpaliof BHhf Badlon S, S SSp e oot of
t enper at ur eravides s@nifeentdfifoonatige wn gemevingthe wbptabt dib@lic icid {preBEbA 45D

DESCRI PTI ON OF(T E_ L INVENTI gmmyole R ESERL miorr\%gn iocn ¥ ela{ es (f.o a process for
the prepar & TGRSt AT DT & aCT 0By SRe SEF ORI UaT Y B o TV TRePle. The
mai n enbodioxiatio0Eorbpracis, as e @trivanvarnhéreaedhaieBg dBer tekovAlldGhaliati€Cd

sel ectivi ty,to.vvar.(as adipic acid as a result of the process enpl oyed zO for
the conVer Hit#¥°8F'%cycl ohexane. The | 7rCSCLI| invention relates to a process
for producing adi.pi paia®iod5f75€837 Gysmafewame peédGbupldicRedsi ¥ ptRessCRt al yst
system and nol ecul ar oxygen for oxidatjion which results in an increase in
the pr oduct’F“d’ﬁ“'i‘Eaf‘ecaéi’gS{ﬁ‘é“?‘?fﬂ&éﬁ"’%h%E’Fi“&d"?“‘é“%?i’ﬁi‘%‘&f‘éﬂ‘?“%t"?‘ﬁé‘rﬁ‘? in an

anot her emhpdhrenRtdiRtt Hidibs 65 8RIohEAKEN bBRc aliBdyaklihdRgiPRaQfsolB&rCat al yst
25 is carried out at atnospheric pressure outsidé the reactor which reduces

t he capit althepytaric peid grd suggine Aaf Waieh @t fremrd ipthetrepstion-esent i nventi on
selectiyity to ggdipbg & d 44 eat L €N ARNE S YpbiRSht LEL
conversi’on of C%Fbﬁgtxané%t’ o§lggf’owtpgo% {]n an anof)%gcrheh%%giq%e {lgconfl t he

i nventi on iihvdnsoshdesaribehatprachs fonedipivedidapredictpmmby icoersigp oxighatiormim ty pr oduct

the 30 condBRErg: voh BFGEE: ST L Rr BRECh e cR R SR B 8T i)
at .t he sanmedifcid¥ed tibuse of pure oxygen as oxidant is mentioned. In this work conversion of
cyclohexane is taken upto 70% in about 4 10 6 hours. Average selectivity 10 adipic acid is
20 about 75%. This patent also shows that the Co-Fe catalyst can be used successfully for
the oxidation of other hydrocarbon like xylencs, toluenes and cyclopentane to their

corresponding dicarboxylic acid.

SUMMARY OF THE INVENTION
25

The present invention relates to one-step oxidation of cyclohexane to adipic acid,
using molecular oxygen, in liquid phase and in the presence of a catalyst, containing
either cobalt or cobalt and iron. In the present invention, it is found that by restricting the
conversion of cyclohexane between 20 to 30% with catalyst activated outside the reactor

30 and using molecular oxygen as oxidant, the selectivity to adipic acid is enhanced

significantly.



formation of the side products |like succinic acid is also very |ess when
nol ecul ar oxygen i s used instead of any oxygen containing gas like air. 5
WO 01/ D0555 P¥R 188¥F 00027 The process of the present i nventBANGYWEa2T

nol ecul ar oxygen instead of air or dilute oxygen show ng a profound
beneficial effect on selectivity, restricts the conversion to below 3U r so
tlu~t formation_ ul'succinic. acid %nd blutaric acid is reduced and uses prc

activated Co orl"EoRTB¥NL APVETPS alsas Drpps Dopy e agNa1agss 1l ¥ o MAlYSRIahr ocess of

the preser&xy%&%@&im th BchieRt biRfyieMland iR (iG8S0 hifidiagidbphed d gactor. The
reaction mXture is in liquid phase through which the gases arc bubbl ed at
space velocities in the range of 15 to SO hr r. The liquid is well stirred
S0 as 10 ensur anhalee\f dhd Mk iRARG hish IRRARARGS o above
90% of the oxygrehn}b%cessent iPﬁ I'S lconsu]rrelg]!&n t he reactoo%b@h?ée)g%)&%&l ating
the |;as bubibs éslosevpiogdictivn raes apd ovdrexidatiotod cyclofieraroxygely wasimpoie ng out  of
the liquid.is dil d_wi nitrogen gas such that the gas phase
concentratSon of %&@eg%}rél\éelg% | ess than 5% The out going gases are cooled to

condense the organi c conpounds being carried away. The condensed organics

oxygen andieuroRkSTRIERE br T ARTOUPAKTIN A MIRASET S 5 ol ded i th

external heating coil for heating the reaction liquid and internal cooling
coils to maintain the liquid tepperature at the desired | evel, ,The reaction
can be'Ccarfigue 1RIESEN 2p? h‘"ﬁlﬂ@gp'&ﬁ‘ 86&?‘?‘&56%"% RXYERD PRiSEleFEA¥t%r . The
process ofgifheniRbeaedidnsi nventi on enpl oys use of salts of Co or Co-Fe as a
catal yst where the acid part of the catalyst is selected fromthe group
consi st i ngipfre 2depigstaRranh Radish et e effschphiemasiate) anddepat of axeepRt hal at e.
Prior to uggbitriiecprocess for the oxidation of cyclohexane to adipic
acid) the catalyst, with desired anobunts of iron is activated to
cobaltic-ferric form by bubbling oxygen through a sol ution of

cobal tPsus-bF?Eu?@ﬁws%ﬂmTP@ﬁtdrsm@ix@hwmb'&e presence of ketones such as
met hyl ‘et hy etone or cycl ohexanone or al dehydes |i ke acetal dehyde as 25
pronoters, at tenperature in the range between 90-130C and at atnospheric
pressure. The t al . res i e ratio o . .1 (nole
ratio) to cyclo ]éfé%%&f'g{k% hrgr'"lr?ag%sglt() ieao{jnerg%eé4 g)rr té%e%ra& t(gép‘ﬁ’lnrr(gl “1%3‘)”% ‘ﬁ{g bgcti vat ed
cat al yst iénetdugr ealidtion Stayriebexate. ridemradmpabadines. ofTthe peswoedseafont he

present i nvent i,0 errpl o‘%ﬁs L"I!,SlevitOf Solvent and cycl (ﬂhﬁ)l(]acne in 30 L h% ratio of
|.5:1 to 689 ipipeRaigRT SRy ¥ APE ORI IGHAER TS S e 5P EWP!P¥E% he range
from 001 fopthe cdnvidBicarof Edldhexaret h cycl ohexane. Activator is ranging froth
0.5to 1.0 nolar ratio with, cat Igst. 6 L sIonFo~d gy{q. -0 s-aasa ("Cyraw
~ul wao3 ~Cq panHyBEse8l epdon FEMInE 7| RPHESs dRpsiogudps "aeine@6ido o8 dwes
p! nbr ( se cRHBzAO LEMPiaLactie@edNcRASVEHeRUM IDATRBMED 0BER 135 aYidhtion~anpaoo~d
p! es anoge ay; ~tq pa.ranooayr Payng a;e;s p! (IOS ul a.re, al.onpo_l d not; ep! xo
aye which results in an increase in the production rate as the induction period is climinated.
Further, in an another embodiment of the present invention, the activation of the catalyst
25  is carried out at atmospheric pressure outside the reactor which reduces the capital cost.
In yet another embodiment of the present invention selectivity to adipic acid is greatly
enhanced by restricting the conversion of cyclohexane 1o below 30%. In an another
embodiment of the invention it is shown that the intermediate formation as well as by
product formation is greatly reduced by the process of the present invention, i.e., the
30  concentration of intermediates like cyclohexanol is insignificant, at the same time the

formation of the side products like succinic acid is also very less when molecular oxygen

is used instead of any oxygen containing gas like air.



-~otacaa a~(1 0; pa(arCoa.r U s~ ploe of;aae and at(; pue uoyep!;sip (q
panowai s! ialeM at ;g/ wok; oeai uo!;ep!xo ay; ~ur~np paonpo~d ~a;enn

sur el uoo uor; wanphs aeaa ay; wo.~~ paaanooal p!oe o~laol ~ FEIINGPR2Tpye
(oueq; aw “ptae of;aae "ia;eMa~!t sluayos woy suo!lezr!lels~o pa;eadai u-
uo! ; oas uori eor ~! and ay; ur amx~w at(; wo~~ paure;qo sr p!ae otdrpe and
~pai nseaw sr plae ordrpe o0; pauanuoo ausxayolo~Co ~o rC,rnrloa(as at(t pue
~tyde. t ~ol et uoAD® PEEes>Ofy the pregeny ABvepiign sy Frolcclah pxygen ingesd RICRNO®F or uc9~0
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and est er S{qf GEdERE | Iun fdaGedr GARAAIIONTRE ¥dtiveRd i catatysdis tiefebftdr watdas rookpr
exanpl e a product Ige nonocycl ohexyl adi pate, a stabl e conpound forned

during thelemPFfda'ﬁ on by the reaction of cycl ohexanol (an internediate) and
adi pic acid, i t hat
formed by rreth %t?é}g%%?qp%grggégt ?*Sf’gﬁ)g?wpl%g mroelsér{tm?ﬁgndriyacﬁlg%f%mus bot h
these doff thleemto cfbhr@dundisﬁ biby eveighbellie catalysheongapteatioptie MericdnintheEanghd appear
as same CORpo it gymth

di stributi gﬁ wsbq 1ot c"hdoﬁ?rge}cﬁ i tal g%(r?@gbcﬁ ‘g‘?c;sr%rr@? ﬁoétﬂgadéfﬁg%%ol%
erroneous mvemwitashtalysit e of the selectivity to adipic acid. 20 The ot her
method is the diazo nmethod which ensures that the esterification is
conplete. There are no strong acid catalysts and this reaction is
essentially irreversible. Mdre inportantly the esters, of the di-acids with
reaction internmediates |ike cycl ohexanol, renain unaltered. These are not
converted io di-nethyl esters of adipic acid and thus appear as separate
peaks in the gas chromatogram 25 A co‘?rparative anal ysis of results from

di azo net hod and nethanol nethod is clearly brought out in the follow ng
tabl e which shows the wei ght percentage of various conponents in the
oxidation product in a typical run. As evident fromthis table, the ester
of adi p| c aC| d and aI cohol | nternedi ates is separately estimated in the



met hod estimates 92% 8 WO 011 00555 PCTI I N99/ 00027 | ~ltc prior art is
known to hove used |]|lc 111lclhattU ntclhod and reports sclcclivity in the
range of 80 t 8'BY58yt as illustrated here the actual produ’c’:‘fT”(W%’%/qo?’buti on
is likely to he very different. 5 Table I: )rffcct of ructhod of
csterifi,cation on Ilrc estimated product distribution Conpound\éi ght

Percent Met hanolq, et Al Qta%%uerethapmwspw/o BC R %s dofSark&d AL k&ctign ,
aci d3. 53. 4Succi nlé aci dO. 60. 6Esters of adi pic acid2. 710. 6Esters of glutaric

aci d0. 51. 5Eg¢tensFafihes ranes of paramdtetd si8died Miheansiales ¢o imphcatvebenﬁsf BSTo attain
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t he present € process®o resent I nven i des
hi gher sel eﬁdmtwnt:cymttbw\angtsofditcc&ﬁtkgmm of B&0 tpénmé:npagq inh.gl utaric acid and
succinic acid formed in the present work is much | ess than the val ues
hithertd reported by the conventional processes. /1t the same tine the

intermedi ates | iARorigl ©lrecagaiTahapdseny alveitRrameloxilagoref cyRidhedint it N t he
subj ect product mxture. It neans that the process of the present invention

provi des a SpEisd@Nt atdegirgddermperaiyi #ad Biestyreyfn @swﬁaﬂwag fhpetivalsd satalelcur sor s

to adipic agj.dcRibhedSlaOMRE inf RER Rfd A GebhSanOk prapal-aReNidNshd! Pandhe$ Whi ch
formafter 5 pic acid, thereby maxim zing the conversion to adipic acid.

As ment i oned tabowmfl T he| Bactas &is crapssyrized Vierdesiresh pEsbsie eising epregenddb¢ on t he
source of q>ﬂ¥?§’{luu(?:roftth@ r&:@xﬂﬁeﬂﬁ[ﬁé b gnqunpw&@no the H&ﬁctﬂ?&nﬂ%%ﬁ@ ahd

consi dered npor t ant the cases air or dilute oxygen is
used as t henortawahcorfstnt. é%plaqﬂl lprén‘el%edo\hrouahyheoxmlen myymteaduringghgegirg s

cl ai med f Orrﬁacusn %Xacgat R0 BORE rkudNARE 1S APXERLI AR hevxgsﬁs&tqﬁedr. § the

effect of t en concentration in gas phase on the ectivity, and
fail to undambumeretrhaheatgﬂddsucﬁa\mbe of usi ng pure oxygen. Results of the

present inventi cle |nd| t .significant eff.ect of
gas concentratio e fpaclio on xuxture a ﬁﬁ cngta?tlhc oxngaﬁgléggrgal%%mo ﬁ L

cycl ohexsancacwicgcabncam fv.laﬁurcobdlt amﬂyst faad bk i eldaen ipretict Bedeas sdpibt s and
show t he sel ectivi g at different conver S} gns at. di fferent

ci
t enper at ur e*cifsigHy %‘grf“ffr"&&laf% '§“°§'8ﬂr‘8‘§m6°fd At AEnesiers 8F gRidpelng®En f rom
this braph [(rf)dllﬂurr&:oiéry sadtiod) thet diedaion\pesdut®NBe separated from acetic acid the

solvent, cyclohexane, water and catalyst. This is achieved by first distilling off the
volatiles from the reaction mixture. After all the acetic acid is removed, the residue is a
20  mixture of oxidation products and catalyst Co-Fe acetate. The separation of these two is
achieved by extracting the oxidation products with a suitable solvent like acetone or
methy! ethyl ketone. The catalyst is filtered off and dried to be reused. The oxidation
products are recovered from acetone by evaporating acetone and drying. This product
mixture contains adipic acid and other organic compounds. These are analyzed by Gas
25  chromatography and the selectivity of cyclohexane converted to adipic acid is measured.
Pure adipic acid is obtained from the mixture in the purification section in repeated
crystallizations from solvents like water, acetic acid, methanol and the like.
Acetic acid recovered from the reaction section contains water produced during
the oxidation reaction. The water is removed by distillation and the pure acetic acid is
30 recycled to the reactor.
The oxidation products are in solid state when recovered by the above said
procedure. These are derivated and analysed in gas chromatography as liquid samples to

obtain the product distribution. This is achieved by forming methyl esters of the products



the selectivity with oxygen as oxidant is nmuch higher than that using air.
This difference 5 is as high as 8% at the optimum conversion. TABLE 2:
EFFECT OF OXI DANN/ogHSSELECTI VI TY SR NoCat al yst Oxi dant Cycl oheranaNsebgdgi i vity
t oUnr ecover abl eConver si onadi ~i ¢ acid (% Cycl ohexane(% (% 1. Cobal t

acet at eAir1357. 35. 72. Cobal t acet at eAi r 2460. 49. 03. Cobal t +

i ronAi r42G4. 21 3. Qacet at e4. g@%lﬁt + i ronOxyl ; ¢cnl5Gh. 65. 5acet at e5. Cobalt +
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i ronOxygenbfideidciél. 8acetate 10 Col um six of the Table 2 show the

per cent age of cycl ohexane that goes towards glutaric and succinic acids and
their derivatives (ternmed unrecoverabl e cycl ohexane) at different

conversi ons usi | T ohe ne t hat
can not be reco@gcr"géy%%b ?%%13%5% m%% ﬂ%%e;thctﬁlg%ﬁs ??/'gb%grﬁ’ %Xcﬁ# ’fchgr pr oduce
adi pi ¢ aci thethiand.t) thehpredicsmixnae gytbé plesenamef a ¢astlyshétse mebancdwethodxardi zed even
beyond adi ci.d ain.sho hat air oxidation results in
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react ant asarcwwdedaummwgmhods@mastpnamewad Hdvirgerthis @fetHod hadsey@en has
better econom cs apd g @ fe ysed as oxidant _for_single step oxidation of
Oycl ohcxanéradadksi bireh B gsterisation iy ngvsr semBstepERIrE RO o MRBesiea ng y t he

present inygpel %1£kﬁhé\feecﬁff&r9nta'etﬁﬁt%el§§esfﬂrth@rg@soél{r%btg aﬁl-fy afipine 4cid f rom
cycl ohexane conprising formng a reaction mxture in Tiquid phase of

cycl ohcRanencaideptrects iats ceprosatoninie anahysis. 1§Eder tapiceroethip.aiongeasid or; 5
bubbl i ng pyge,oel&EUbREN SR akd ubdde HRAeGer! hﬂmaﬁ'olpxlﬂét%d 6RACHb B gF xture at
a space vel 00|ty of 15-50 hr ~, at a tenperature in the range of 90-110C
and a pr essuermedigtes Radr estrge femed 5o 3Be Kegcler? mikce indq dy-miety! teﬁerSsﬁpd
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products f rERTORS RGN FRREHI AT RMARRUPE "bIPehs LPMRIBED- g '?'o fn a
resi due corppgdust MsuriGadcd ¥ Slot astebcily @b@itied ki 1013 MEBEIIRhGing &X bh @edbhdt@is t he
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acet one) nevEyIsLEREPf theatleptiyityipdimeadid-ke, filtering off and drying the

separatgd catal Yt &iRF meRfdGh HRJJiBRAEMERBE whihCaNEed Bt tHRCesRAIdatORI idat i on
products by evaporating the solvent and drying; 20 repeatedly

recrystal | icomptste: Akers areanaosiionaesis saiplveraed it aciop Ay apsentially greaeismlre aci d,
using solv &% &#&ﬁﬁw Clhe 8GR ] 6F afik d?] AR ang! r@esod hﬁtel‘d\éﬂ‘?atc fovy

unr ecovera e cycl ohexane; recycling the unreacted cycl ohexane. I n yet
ot her enbochynlemxandiempﬂes@w!tcneﬁv'@mw o1 rroélcarn\@gcd to di-peibpiessters of agipiepar at i on

of 25 adi pi of ﬁ_ﬁ'd‘f{a 6 p%%e&pa%wgs ‘F\Qﬂé‘)@s%h@ g;mng a reaction mxture in

l'i quid phase exan preacti yst inagas liquid
stirredsreactor;A bmblbﬁratrvg apelyss ob resglts &omod(gwgenethwd aitemgthib! Imgbeddisphase

ange of oo Gt d RE QG s Gridhane i e et ee R o
stirring thempohdhts'if detxivation prbduceinsrypiSaltron. eAssdvident fhah tHiswable, the ester
of adipic acid and alcohol intermediates is separately estimatcd in the diazo method
where as by the methanol method they are all clubbed in adipic acid peak. As a result the
30 diazo method estimates the adipic acid weight fraction as 75% while the methanol

method estimates 92%.
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The process of the present invention

provides

higher  selectivity towards

oxidation. The percentage of glutaric acid and succinic acid {ormed in the present work

is much less than the values hitherto reported by the conventional processes. At the same

time the intermediates like cyclohexanone and cyclohexanol are not present in the subject

product mixture. It means that the process of the present invention provides a faster rate

of conversion of compounds which are precursors to adipic acid but slower rate of

oxidation of cyclohexane to acids which form after adipic acid, thereby maximizing the

conversion to adipic acid.

As mentioned above, in all the earlier works on single step oxidation the source

of oxygen or the concentration of oxygen in the gas phase is considered unimportant. In

most of the cases air or dilute oxygen is used as the oxidant for experiments but any

oxygen containing gas is claimed for the oxidation. None of these conventional works

address the effect of the oxygen concentration in gas phase on the selectivity, and fail to

underline the significance of using pure oxygen. Results of the present invention clearly

indicate that there is a significant effect of gas concentration of oxygen on the



nitrogen and heated to 100C. Oxygen gas (99% pure) is bubbled through the
agitated liquid at an hourly space velocity of 35 hr. '" and the reaction
is carried outvofomosd20 m nutes. The reaction is thereafter qeahRehcacs
products recovered. Total weight of product recovered is 412g. 10
Conversion of cycl ohexane'is 55% Selectivity by dia2o nethod: to adipic
acid is 64 1% glutaric acid 6 7% n[g uccinic acid 2.44% EXAMPLE 2 63g
cobal t acé@'&'f’?éc"gﬁ‘ij%' 319" %ﬁ“&fo‘ef"%\‘i i” f & YMOEEEedcIeresdsanyg shewtPe aci d and
| 5 acti vatglchivitylih edipicRBRINE Biffele Gy HIepieX aNMiTere fterftoathre 18ing oxJdag ofCt | vat ed
catal yst along with_acetic acid is mxed with 480 cycl ohexane and charged
to the gasylisgarae 8f PyeeY Asearboieen frpm this deph Gheurs %ﬁ@rfé‘ the convessiong | sed t o
20 kg/cm : I i o gas (99%
oure) 15 DB Gy e oRaiRal uinl bRR nERT REPhSCLelrB P s oHIHER, B30, L 7or
35 hr. 5-' ianghighes §%eatthe optirum ecversiott out | br 120 minutes. The 20 reaction
is thereafter cooled and products recovered. Total weight of product
recovered is 412g. Conversion of cyclohexane is 55% Selectivity by

met hanol NEABDE:2: tRFERLCPIOF QXINANT OBOSERECTIVITAY i ¢ acid 6. 7% and succinic
acid 1.8% 25 EXAMPLE 3 63g cobalt acetate and 3 g iron acetate are

di ssolved in 2060 g acetic acid and activated in the presence of

cycl ohexafigR§O] alcuudlyslS J. Oxhfet ACCycVereosheC ':ﬁﬁlleﬁﬁtityadoOIan\Mcweraﬂ@ ic acid

is mxed Wwth 480g cycl ohexane an¢ charged tp the gas-liquid 30 sti|rred
reactor. [The repction mixture is pr&S8YFTi¥ed| PEPILECIR 7 npCydehsransr assur e
using nityrogen and heated tjo 90C. |Oxyges) gas|(99% pure) i s bghpl ed |t hr ough
the agitated liquid at _an Hourly space velocity of 20hrlt. The reagtion is
carried opt Kor|1Qalkieiates. A | WO 017 00555 PCP7I3N99/ 000275 Fhe rdacti on

m xture i ot¢d oy "UCT‘FE!— poverggh—Tofat—vggight—of—prgguct—riecover ed
is 190 g. Cobzr;ve ;tlxgﬂr‘%}{g étéc%cl ohexafe is gG% el ec&?i“\&;i ty by dly"zgzo ngt hod: to
adi pic ac|d 3.s §9C@EB4it girart gr i diraciid 3. 92 and|5 su@d ni c {aci d13.9 0% {EXAMPLE
4 G3g cobplt acgtate ?rtld 3lg ironjacetate ac¢ dissolved|in 2060 g dcetic
acid and hctivaled fffthe presence of cycl ohéxanone of gbout 1 S g.| The
acti vat ed[ caf al YSToBdk afr@Ng| Okyigen 4cetigsaci d{1s masxed W[t h 48031,
cycl ohexapc and|charged to [the Gas-1iquid stijfrred reactqr. The readtion
mxture i 5 pressuri 2¢¥% o 20 kg/cfz total preéssure using nitrogen and
heat ed t o[96£: 2 98% P e T5: bubbled—t3Fgpugtritie rtatgd |iquid
at an hOU'IyS'Jsp cew\s/:gtlggﬂy g?@g%llr ~. 2‘5I'he reacti%dhd)i s darri g' out ffor 120
m nutes. (fhe re¢act pesteteri xtjure i s|cool ed and {products rgcovered. ' Tot al

wei ght of —SH-90—g-—Converst ﬁgbuf eyet u.”gclxanc i s 26%

Sel ectivity Dy ?(Flba?ll’lt(gfaﬁ%t hg’é’fge? d adi %ﬂc acijd is 5%]| gl utaric id

3.8% sucg¢iny.c accdodk Bton 200 PLE 55639 cqbal teacet atle and0.8 g 1fon
acetate afc disgolved in 20 g agetic acid dnd activated in the presence
of cycl ohg¢xanong of aciur | g. The activated catal yst along with agetic

acid is mxedwtTh 480 g CcyClonexane and charged to the gas-1rqgurd stirred

reactor. The reaction m xture is pressurized to 20 kg/cn¥Z total pressure
using 10 Column six of the Table 2 show the percentage of cyclohexane that goes towards

glutaric and succinic acids and their derivatives (termed unrecoverable cyclohexane) at
different conversions using oxygen or air as oxidants. This is the cyclohexane that can
not be recovered and recycled in the reaction system to further producc adipic acid, i.e.,
this is the cyclohexane that has been over-oxidized even beyond adipic acid. This data
15 again shows that air oxidation results in large unrecoverable cyclohexane that is greater
loss of the precious reactant as compared to oxygen. So a process using molecular
oxygen has better economics and should be used as oxidant for single step oxidation of

Cyclohexane to adipic acid.

10



25 nitrogen and heated to 100C. Air is bubbled through the agitated liquid
at an hourly space velocity of 35 hr: ~. The reaction is carried out for
500 mi nutes. WODHOYEEti on mi xture is cool ed and products re®STENEAN00270t al
wei ght of product recovered is 289g. Conversion of cyclohexane is 43%
Selectivity by diazo nethod: to adipic acid is 4.3% glutaric acid 8.3%
end 30 sucginif i ¢ ? e g . iron
acetate ar'gécglws;nsg%ﬂyg(ﬁ)?eisﬁ&zmdlgg?&gﬁwgglé ?caqggcieﬁqgﬁﬁc[&gg‘ﬁﬁbgﬁ gﬂ&?%cfdﬁg”dpr esence
of cycl ohesyalvbsranoéorailising | S g. The activated catalyst 14 WO 011 00555
PCT/ 1 N99/ 00027 al unb with ncctic acid is mxed with 48U 6 cycl ohcxane uneJ
chnrgcd to the fgmsingjyqrAaekiost mixtusel in digeidophascThe cydehckanonandi preamtieatbd
pressuri ze 1 : essure using nitrobcn and hcntcd to | UUC
nir is bub%faﬁe)%tﬁ%r%ggﬁﬁﬁﬁ%&cﬁghcgﬁ’cd liquid at an hourly space velocity of
35 hr.'s. The r 1,00,k I - re. mnutes. The reactjion 5
i xturesgi s coolbg'gglﬁa‘lﬁdﬂ'ﬁ% Zﬁ}fﬁ%gg}r@ glwanr g] .sa'ﬁrig%z‘ﬂd ] rfectsy Bi ud'%(%{arecovered
is 289g. Gpaseevesican obt 56§ bi'o hexameeramredidYhe rSedead 0MI10C ind amehaeah net hod:
to adipic acid is 1%53%%/ rgi uF ri.c.ach 7, 8%.and . succinic acid 2.2% EXAVMPLE
7 10 Gag cBpEnEe Hclerin RE/FY WSHFiNedns spidssrehoy Mt e ai0ieqsusn tratibe | vat ed i n
the presenggl Ruid ke ranBRanReS isahdtdgehouddnd dBe1RACIINVADEOH Fakapyst al ong
with acetic acid is mxed with 4%09 cycl ohexane and charged to the
gas- | i qui dOXyesT is&ansuige iy the regglor by Zeqicwating the gpscbubblep pevemlitimenin the 20
kgl cre ¢ ot @lg PreRsd’ SicktS NGrftink I 90@Ac1BAImBERE eflciti@in® O&xidaNok jg%d&w?b' ed
through the agitated liquid at an hourly space velocity of 35 hi~". The
reaction t&clofexaps Matsd 2pditadl 5 300 i nutes. The reaction nixture is cool ed
and products recovered. Total weight of product recovered is | 87g.
Conver si on of cdliehis dneaqied oygsn [ PYring 91tof tsysaidilareeenstnbigid wih adi pi ¢
acid is 60,;f30enQhdhlRatitke @6 phhsd cSerallord WP GlyBEFis AGh thafl 597 % CXAVPLE 8 2p 669
cobalt acetate is dissolved in 2060 g aceti'c acid and activated in the
presence of cyckabaxaapnaidie ods fordthe shitEredfhhviahle 63latiMsionabong Wi th
acetic acid is mxed with 480? cycl ohexane and charged to the gas-liquid
stirreds r efgem @residppsorpprising cgtNg and hecoxidatipn eredusts; zed to 20 kg/ cm- i otal
pressure using nitrogen and heated to 90C. Air is bubbled through the
agi tated |iqui cXHEctg the Q¥ifatiosaeducts drase itheysaisk regigudy psing Fhjmbleespiveniosn 25 i s
carried ou ] ' b Xk [ roduct s
recover ed. '(gu'lc'if(‘)t(2 gafé\%gf%%w%%%’ g} OIEIE'(‘:{ ﬁ?é@%@%ﬁ @dlé'lt'tg(?gg}zd grggllr%\?g? gc?grﬁggf
cycl ohexanertilgst fogecy@mgdstsamet y by nmet hanol method: to adipic acid is
87.9% glutaric acid 5.6% and succinic acid 1.7% EXAVPLE 9 30 66g cobalt
acetate is di sswotoredng the sidoxidetiqe etaductaby evapgretingohe saveatlandniryihng presence of
cycl ohexanone of about 15g. The activated catalyst along with acetic acid
is mxed with 48pmgtediyokasiaitisies tindaid hyidapiod prasdutlago sgpsratei pyped allis¢ agid,ed
reactor. T SO NiaN Godk® RELSRHRAEP dnd WP GEITSHE uhRlRersBleosSUr @
cyclohexane;

recycling the unreacted cyclohexane.

In yet other embodiment the present invention relates to a process for preparation of

25  adipic acid from cyclohexane comprising

forming a reaction mixture in liquid phase of cyclohexane and preactivated

catalyst in a gas liquid stirred reactor;

bubbling pure molecular oxygen in the said liquid phase reaction mixture at a
space velocity of 15-50 hr'! ata temperature in the range of 90-1 10°C and a pressure in

30 the range of 15-35 Kg/cm? while stirring the said reaction mixture so as to ensure that the



WO 01/ 00555 PCTI 1 N99/ 00027 Oxygen is bubbled through the agitated |iquid at
an hourly space velocity of 20 1~. The reaction is carried out for 120
minutes. The PEXBOPBA nixture is cooled and products recover Rel/INSYPA0Z]

wei ght of product recovered is 142g. Conversion of cyclohcxanc is 21 %
Selectivity by diazo nethod: to adipic acid is 72.1% glutaric acid 5.0%
and 5 SUCCLH figf hRks 1 &ll6n FXANIs EndkiheBRiths GRP A 1RF HRE Q0diSordhopgkved | n

2060 g acetic acid and activated in the presence of cycl ohexanohe of about

159. The awtyegemisecgnsumed|iyshe radctnmdpy vidinqulaidng the gaschubbles severad timas irthé80g
cycl ohexang, ANG cha’ 4o O (difhe IRSahdilh ikl 1Ml 61 Bluon THRLGEC T ON 10
m xture is pressurized to 20 5/cnf total pressure tsing mtrPogen and
heat ed t o @GloBexadr)Ngier and cidalipitd ed t hrough the agitated liquid at an hourly
space velocity of 20 I~ The reaction is carried out for 120 m nutes. The
reacti on m xt urdéhitiog disolnedctethekyperoki corsing @aionfgiicesdid ootagknaseligiit with pr oduct

dis 142g. ' f h is 21 % Selectivity b
ot hanol PR et W R 8 HasloYBLRNTNATS e, oot 5% Eiloticy oye”

succi ni ¢ agdotingtbéfMrentb R okfagicabRpaIndPbaing diadddawaghichyalidhrxaeacted adi pic

acid is carried out in ttj\.e resrg,?ce of r|a]),re- acti \g{at ed catalyst (Co-F e)

usi ng nol ePXYBER BB elFeYs 'H&ﬁ&?ﬁ’ °i%t ABANIGSPARP B er i fi cati on by

di azonet hane of the reactio Er duc]];s provi des an accurate pjicture of the

product di stri biffoyBdee &‘8%1‘1%1 RAuHIrpm e iri reawiPRbE XE Dy diniblakan Wi del y 20
enpl oyggl, [RAGSediecBorpssiny At adiahd SMida8bn bRAuGg! ectivity to adipic acid.
Selectivity to adipic acid is obtained to be greater than 90% w th oxygen

as the oxidant apfcimg the xRlafd pré@icedrsatiad Y54 rasfuan utshg sGRIWVEESH QI Of
Cycl ohexane s restri ctﬁ,d to 20-30%, Ampunt_of glutaric and succinie acid)

f
the | ower FHSAOF LTS, MSIMELTIME Se1oBT Arefhe dike, ddiering, off andh ¢rvdpe thp geparated

conventi on@,h;]%stlﬂg}qwcmé)m@mg;. In other words the present invention
relates to a 25 process where formation of the cycl ohexanc unrecoverable is

lcss than any OfecéVafing elshi@ bxidiidhHrodhbts By SVapaiatig ihEREI0MR End Ai9ingConOM cs of
the process. 16 G "Tauexayo(or Ca pai oeaaun ayi 9ui p~Coa.r :ausxayo(a~Ca
a( geaan9oaaun WRAgatedyhecA¥talliBHE the QiR Yk AW ionProfucitb 3@ ratdRIr& Raipid akid, Si uan(os
3ursn " plae aidrpe and aieaedas, of sl'anpoad uo!iep!'xo ples ay
8u! syet s~Cuging sphventedikgi watgr, aggtic~gsid. pmpthangl \ad(bs Bke: feum (useesenerable-Cq
si anpoad ug'él&g;( Q. pi es ayi 8urianoaaa :awes ayi 3uy~Caaa ao~ isyeiaa
pai eaedas a{'/l ut ~Cap pue 3,~0 9mmaip “a~!( ayi pue auoia~( pyta ~~t(iatu
auotace se tang SnAMARATIELMheRtESn anpi saa ples ayi wows sianpoad
uoi i ep! xo ayi ~u~i oedl xa al onpdad uoi I ep! xo ayi pue isrC(eiea ~utsradwoo
anp! saa a wao3 SI of uoliey!ls!lp ~q aani xrw i uei (nsaa pies ayi wa~
si anpoad al! le(on ayi 8u!nowaa : %5 ueyi ssa( s~ ua~.txo ~o uoi i eal uaauoo
aseyd sgt Fappysyans ua~otu yl!'M plnb!l snoua~owoy p!es ayl ~0lno ~u!woa
set ua~~Cxo pataeaaun ayi ~u~anl!p as~C el ea pue aai en~ "auexayol a Co
*si onpoad uoi i efFhx@resent dpMeatign esanbex pndetstnodaia saa bedter upagperowith- theahedy iof aoi aeaa
ples o f ayj yi 3ulte(naai aaa ~Cg aoi aesaa oyl
u! pamsuoékas"&lésa ~¥€%£h§gtﬂg’q§gﬁs£ﬁgﬁg%oﬁgggﬁbqe i eyi os(e pus snoua~owoy Sr
aani Xxrw uoi i acafomeesich ! thbipercpitege afy cyclahgkangainguahalcheged somvered wo uouaeaa
p'!es ayi ~ulaatis a~tynn zura/~x S-S | 30 a~uel ayi ur aanssaad a pue QO |
t-06 , 1o aPlEYS™yi ur aan;eaadwai aie i ~y 0SS | ~o ~Clraol a® coeds

25 Selectivity is the ratio of moles of cyclohexane going towards forming the

desired product divided by the total moles of cyclohexane reacted.

In the following examples, the end product formed by the process of the present
invention has been analysed by diazo method as well as methanol method whereas the
conventionally known literature and patents employ methanol method for analysis. The

30  comparative results of both the analysis methods are reproduced herein below.
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oxi dation products Icomthe said residue using suitable solvents such as
acetone, netdyg. ethyl ketone and the like, filtering off and drying the

separ at ed cat al y%on{,gglo,{@fqygbﬁeggnet,pg”%ane recovering the said oxidation
products by evaporating thé solvent and drying;
Selectivity by methanol method: to adipic acid is 89.1%, glutaric acid 6.7% and

succinic acid 1.8%.
25
EXAMPLE 3
63g cobalt acetate and 3 g iron acetate are dissolved in 2060 g acetic acid
and activated in the presence of cyclohexanone of about 15 g. The activated catalyst
along with acetic acid is mixed with 480g cyclohexane and charged to the gas-liquid
30  stirred reactor. The reaction mixture is pressurized to 20 kg/cm? total pressure using
nitrogen and heated to 90°C. Oxygen gas (99% pure) is bubbled through the agitated

liquid at an hourly space velocity of 20hr!. The reaction is carried out for 120 minutes.



5 repeatedly recrystallising the said oxidation products to separate pure
adi pic acid, using solvents |ike water, acetic acid) nethanol and the I|ike,
from unr ecovewabi/msssycl ohexane; recycling the unreacted cyckolveveana? 7. The
adi pic acid whenever prepared fromthe process as clained in any of the |10
preceding clains. |9 .As. A Ay. AR A?. A Af @ A. AY,

&?. AyL, . AQ Af . AL A (9v. A Ay, . A 9, A@.AD b. $y: 6R .
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dB*y109%&' ! yiftld%Bacior; INSAhOHEK fixusd is pressurized to 20 kg/cm2 total pressure using
109 () -y&010%& () - . 10%& (‘ - & 10%& (%- bC%/lO%&' I 31090 & f.) -,3t8100 & g)- GLO%dT &
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WA dEbQ’]-Og/jﬁ ¢ 3;|Qg®&of( 35 REL0PRESrehatioM! i3 QPkd (out Fdr056b&miinutes. The reaction
1099°& ()-y 100 &' ()-of FEAEbCy10%&' !'! GLO%I& () -1 Z109& () - F1090& () - YL! 1090 &
' () - f 1099 &miRturk-ig oosiet nd- IFpdugbheyoMed: Torah wotele ¢f) prodyssrapopgredyis A8fgre: () - +1 1

09F& () - Y40%AR ()-SL" 1100 &) - yIDIE: / 10T
10T< 10%&889‘5%?‘%&?/&’85“’(@*?&?%}&&' ()-41096& ()-" 3! 109F& ()-11096& ()- (xY:/
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30  succinic acid 2.34%.
EXAMPLE 6

63g cobalt acetate and 3 g iron acetate are dissolved in 2060 g acetic acid

and activated in the presence of cyclohexanone of about 15 g. The activated catalyst
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10T; 5}~ 2: / 10TSlO%U&() 10% U& ()- @10% U& ()-!s!10%JU& ()-!s!10% U
u& ()-10% U& (‘% FubC;/ 10T!!10% U& ()-z #!'!109%0e08& ()-zf 10% U& ()-10%
U& () - S10% U&W9 IWPEH, U () - u&~dE:/ 10T2! 10% U&' ()- , 10% U& PGT/INSS/QQI?,
U8 ()- (10% U& ()-z &10% U& ()-940% U& ()-1 " bc d e p bC

10Ty#S10% & ()-9210% & ()- 10 U 10 U 10 U; " 10% U& ()-510% U& () - Y410%

U& () -} !jiompefl Geetic acid is mixed with 480 g cyclohexane and charged to the gas-liquid
10Ty10% & ()-T10% & () -! AM 10%##& () - @.O‘V & ()-,10% -zY .
10% & () - =#ebisrsd SEBLAEh NS EFreicp AUy wymvr(Zfd 199 diglom” total pressure using

182; g 8 é’éﬁ%@} n ('%d ]iQn@cO&é& )Ij)(:ﬁ%%ﬂ%ﬁthEBQTYW*Q\(@l&J )Ilqg'%ln:l-qofh&u&))
space velocxty of 35 hr The reaction is camed out for 500 minutes. The reaction
5 mixture is cooled and products recovered. Total weight of product recovered is 289g.
Conversion of cyclohexane is 43%.
Selectivity by methanol method: to adipic acid is 85.3%, glutaric acid 7.8% and
succinic acid 2.2%.
EXAMPLE 7
10 G6g cobalt acetate is dissolved in 2060 g acetic acid and activated in the
presence of cyclohexanone of about 15g. The activated catalyst along with acetic acid is
mixed with 480g cyclohexane and charged to the gas-liquid stirred reactor. The reaction
mixture is pressurized to 20 kg/em? total pressure using nitrogen and heated to 90°C. Air
is bubbled through the agitated liquid at an hourly space velocity of 35 hr™'. The reaction
15 s carried out for 300 minutes. The reaction mixture is cooled and products recovered.
Total weight of product recovered is 187g, Conversion of cyclohexanc is 24%.
Selectivity by diazo method: to adipic acid is 60 4%; glutaric acid 3.9% and
succinic acid 0.97%.
EXAMPLE 8
20 66g cobalt acetate is dissolved in 2060 g acetic acid and activated in the
presence of cyclohexanone of about 15g. The activated catalyst along with acetic acid is
mixed with 480g cyclohexane and charged to the gas-liquid stirred reactor. The reaction
mixture is pressurized to 20 kg/cm? total pressure using nitrogen and heated to 90°C. Air
is bubbled through the agitated liquid at an hourly space velocity of 35 hr''. The reaction
25 s carried out for 300 minutes. The reaction mixture is cooled and products recovered.
Total weight of product recovered is 187g. Conversion of cyclohexanc is 24%.
Selectivity by methanol method: to adipic acid is 87.9%, glutaric acid 5.6% and
succinic acid 1.7%.
EXAMPLE 9
30 66g cobait acetate is dissolved in 2060 g acetic acid and activated in the
presence of cyclohexanone of about 15g. The activated catalyst along with acetic acid is
mixed with 480g cyclohexane and charged to the gas-liquid stirred reactor. The reaction

mixture is pressurized to 20 kg/cm2 total pressure using nitrogen and heated to 90°C.

15



10T110% & ()-010% & ()-.10% & ()- -10% & ()-+10% & ()-)Y

100/ & ()-(4OEFGQHT)c)bC 10T@H 109B& () - Y109B& ()- 100 10" 10'vy;
10% & () - 4109PQ1/0055%3! 10% & ()-c) ) *[****dEbC 10T yY10%B& ( )PCT/IN9I9/00027

f109B& ()-f:!109B& ()-S109B& () - @OYB& () - 10YB& () - *Z+q+++, W dELC

10T3109B& () - 109B& () 3 10%3&' ()-3109B& () -

1098& () -y!1098& () - E dEbC = | )

10T3) 10%3&%;303\'% M%’& ‘t")"ugi‘& Dogated iavigph uEiRurly Spaeh BoERity(9f28 hrbolbe ()-f. . :

I1100aBbC reaction is carried out for 120 minutes. The rcactlon mixture is coolc and p

10T3410%3&' ()-161! 1098BB& () -f3010%B&' ( E? 109B&' () - 3- 109B&’ ( ? iy 10‘%8&' ()-0

" 1) 1* 1+1, 18TEcresc TenTyoupt@! pductTcegusr i 4221 Gogvarsiop of m@hsmcma%

MLOYB&' () - 39610 0 b 0% &

y 10% & () - 10% gﬁ% (v)it{ &%%%&%ﬂg@gﬂé ?':cbé-% 4284 X))gltjt]agc/ &d(g 0% arMﬂ' 0-

10TFI 1094 &suckinklid 9%~ , Y! 10% & ()-3310% & ()-y! 10% & () -

10% & () - 6637, $

10T (@ ! 103@"/@?@%1?@' 10% /& ()-!,$110%/ & ()-f,$!10%& ()-fY'10% & ()-

ig;’ﬁ&&' g-z)(-%?; D i %; ; CKdB@cobﬁ)]Thc(ctaltOés dis@élvcd in 2060 g acetic acid and activated in the
<s ' - & % S0! 10% & MS0! 109&'
<, <<<d EXNBpnglncf Eig_)(y{ a}% 15 &The act}vated cat (a?yst along with acet(u): acid is

109 () - &19%8ed(\)ml{l }lob/eﬁ@ela(;\%&ha(r ed<t'b1ﬁe>€a'§?l@l@§{\@edlﬁﬂt6r The reaction
1109%&' ()-!109%& ( S) 109& ()-T10%& 9109%&' @AAABDaDAEXMB 10T! (
1@! 109 ()'n_mm@lrs P@%’r(z)’ 1o @ kggmy&(c(lz)l _pressure using nitrogen and heated to 90°C.

Oxygen is bubbled through the agitated liquid at an hourly space velocity of 20 hr''. The
reaction is carried out for 120 minutes. The reaction mixture is cooled and products
recovered. Total weight of product recovered is 142g. Conversion of cyclohexane is 21%.

Selectivity by methanol method: to adipic acid is 93.9%, glutaric acid 5.0% and

15 succinic acid 0.56%.

Thus the one-step oxidation of cyclohexane to adipic acid is carried out in the presence of
pre-activatcd catalyst (Co-Fe) using molecular oxygen. Analysis method using
esterification by diazomethane of the reaction products provides an accurate picture of
the product distribution as compared to methanol method which though widely
20  employed, leads to gross overestimation of the selectivity to adipic acid. Selectivity to
adipic acid is obtained to be greater than 90% with oxygen as the oxidant and with pre-
activated catalyst when the conversion of Cyclohexane is restricted to 20-30%. Amount
of glutaric and succinic acid, the lower homologous molecules formed is less than any of
the conventionally known processes. In other words the present invention relates to a
25  process where formation of the cyclohexanc unrecoverable is less than any of the carlier

works. This greatly improves the economics of the process.
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extracting the oxidation products from the said rcsidue using suitable solvents
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catalyst for recycling the same;
recovering the said oxidation products by evaporating the solvent and drying;

20 repeatedly recrystallising the said oxidation products to separate pure adipic acid,
using solvents like water, acetic acid, methanol and the like, from unrecoverable

cyclohexane;

recycling the unreacted cyclohexane.
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cooling to condense the organic compounds being carried away along with the unreacted
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removing the volatile products from the said resultant mixture by distillation to

form a residue comprising catalyst and the oxidation products;
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