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Adipic acid is widely used in the manufacture of polyesters, polyamides,
plasticizers and the like. Conventionally adipic acid is known to be produced by two step
oxidation of cyclohexane. In the first step KA oil is produced from cyclohexane by air

20 oxidation which is then oxidized by nitric acid to dicarboxylic acids such as adipic acid,
glutaric acid and succinic acid. This process suffers from various disadvantages,
especially relating to low conversion per pass of the hydrocarbon in the first step (3-8%),
leading to large recycle; use of nitric acid in the second step leading to NOx pollution;
and formation of byproducts like Jactones 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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cyclic Hydrdeambofsr esaruge,r 6shdadiNg 85081 U6 and Britishi Sl PRESEsoeRSIAL! Y
containing acetic acid.20 at a tenperature of at |east 60C, 'UsSi'ng a gas?
cont ai ni ng oRYHEFFSRIITPE PHAuSE 85t er loraafl thesd datparencatiahestr, HETy @sh

cobalt compo N i viti reported in is patent are as low as
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of recycli ngcldhe weltaahiphtselantéhifyhe activity which a catal yst that has been
recycled one or npre tinmes would have. 25 U. S. Pat. No. 2,589, 648
descri bes a si ngl ¥ngesiPoiicetals ondpiacreesssisdpeite modictine of idsbadiestidshavhe

pl ace of j@acet;i [ o).ve U S Pat, No,, 3,231,608 describes a
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cyclic hydropacdises havet beenr angrie@f by Pock tQeckiviidOrjolor e suitabl e but
that molar ratios bel ow or above thlllsé? ange give _S‘Unlg{a;?ipg%da%g'%ym %ssu‘fotsﬁ? 30
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20 at atemperature of at least 60°C, using a gas containing oxygen and in the presence of an
oxidation catalyst such as cobalt compound. The seiectivities reported in this patent are
as low as 46 to 49 mole percent. Furthermore, the patent fails 10 address the issues of
recycling the catalyst and the activity which a catalyst that has been recycled one or more
times would have.
25 U.S. Pat. No. 2,589,648 describes a single-step oxidation process whercin acetone
15 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:] to 7:1 (or more) are
suitable but that molar ratios below or above this range give unsatisfactory resuits.
30 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
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with a nodification in the procedure that water is added to the reaction
m xture in the initial -stages to enhance the selectivity to adipic acid.
It is clained. that the addition of water inproves the yield of adipic
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Pat. No. 5,3,21,157 revisits the_caobalt catal ysed oxjidatioen. Al previous
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tines almthat oxidation of high Concentrations of cycl ohexane at
| owi @ ondexrsasimg Umntat@fmroducdessmmt ageous chem cal and economi c results.

6 of owyger st b d A AbeliRr Ferophis e ARRRERMIAL AR R ge oY=
CONVer SgiisheXafe i€ e predeack éfobslt and Sﬁ%mﬂihennﬁoﬁdatﬁiummmmmsufg @nal ysed in

gas chriomat ography after esterification with excess nethanaql . 0(15
cl ai med that UnSt B2t AN 522180050 disglperstd processdpr BIPFpripe ééfpdc PEIdJFe; ned to

be about, 89, £0.38% wifh h@nﬁxrv&l{ chﬁ@oh %@%&m RENdiRdg tﬂ:It \ira'icxobﬁﬁfc‘é@ﬂ

in-this - patent that elt alr nol ecul ar oxygen can used for the
oxiidat |dmmgl\ldaeeiﬁcbxctlomfpcgaé, Mes Me@rkﬂenm-'mnﬂf)ffl%)(%éﬁsl‘ﬂ“?E @#% &8, but,

the t of al 2 For s Itsacnrm\}&lon 8d Sl %arf"\ﬁtt]&radhﬁi%n aﬁéﬁth%%%on%hghc aci d
gI utarlc?%{gf)él I’l(]a O OXygen OI’ any oxygen contalning gas IS I"ai ned to
pr oducés tnftdre advamageous and results ina selectmty of about 88%. I-Iowcvcr this sclcctmt}r
cajeulation is based only on the identifiable compounds. The true selectivity with all
other compounds considered is not given.
20 U.S. Pat.No. 5,321,157 revisits the cobalt catalyscd oxidation. All previous work
on one-step oxidation is.argued in this patent to be inefficient as they employ low initial
concentration of cyclohexane and higher reaction times. "ﬂ:ey claim that oxidation of
high concentrations of icyclohexane at low conversion .cvels provides advantageous
chemical and economic results. Low conversions are achicved by using low
25  concentrations of catalyst. Use of oxygen gas or oxygen containing gas is recommended
and the conversions are restricted to below 30%. The product mixture is analysed in gas
chromatography. after esterification with cxcess methanel. This_i; claimed that with this

analysis, seiectivity of adipic uci¢ is obtained io be about 80 to 88%. In this work

also oxygen or amy oxygen containing gas is claimed to produce the
30 Jesired results.
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xyl enes, tol'uenes and cyclopentane to their corresponding dicarboxylic
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oxi dation of cyc]ohexane ta adipic, agid,. usj.ng nolecular oxygen, in liquid
phase and ‘H‘fng]t” 'cﬁ‘rcléi csé’c?if“céw@dt"g'l‘:5§_f°, fo%?# ‘giqh‘i 'r"r@&'oé"r ther cobalt or
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selectivi t;:%cstf:(r)lcg1 Cci)lfexl gm?e(iléio-kcs cg&?)?sT.CFndlhis ngtiglntf,lacﬁen\zr lc)éialyst activalion step 15

disclosed and use of pure oxygen as oxidant is mcmioﬁc_d. In this work conversion of

cyclohexane is taken upto 70% in about 4 to 6 hours. Average selectivity to 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 xylenes, 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.
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better yield and sclectivity to adipic acid conpared to air. The process of
the present invention highlights that the use of any dilute oxygen 5
results in | ower production rates and over-oxi dation of cycl ohexane thereby
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cing the
process enployed 20 for the conversion o ohexane. preseﬁt
i nvent i orecprdmiaithe propesscess for produci ng adipic acid from cycl ohexane
usi ng pre-activated catal yst system and nol ecul ar oxygen for oxidation
which results in an increase in the production rate as the induction period

is elim ' | _present invention,
the acti \r/!gltﬁlﬁgﬁl)o the cé?g{?@?}gg%@%ﬁw%?ﬁ%{f&%%smen C pressure
out side the reactor which reduces the capital cost. In yet another

enbodi ment. of the present invention selectivity to adipic acid is greatly
enhar€ed Toguicek PresepisigeteRb highlighliag te dfeccylicicmexeinmxygon bel @iecd®¥y din an

anot her qug%g& F?Imacgs(?% the invention it is shown that the internedi ate

formati on as we I§/5 product formation is greatly reduced by the

process dfighhe Bé[ﬁ&@l’htgliaﬁl\(ﬁrgﬂﬂi?ﬂiné th€ efledi RE 13CherARE SR rséﬁljcgrbf%fx_y#gn op
e
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f or mat i ortgecavigerbsq @8- products |i ke succinic acid is al so very | ess when
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15 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process for the preparation of adipic acid by
one step oxidation of cyclohexane. The main embodiment of the present invention
resides in the enhanced sclectivity towards adipic acid as a result of the process employed

20  f{or the conversion of cyclohexane.

The present invention relates to a process for producing adipic acid [from
cyclohexane using pre-activated calalyst system and molecular oxygen for oxidation
which results in an increase in the production rate as the induction period is climinated.
Further, in an another embodiment of the present i:1ve:1tioh, 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 cycichexane to 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,



The process VOOHEISE} esent invention uses nol ecul ar oxygen i nstpeadhdsisaisild
or dilute oxygen showi ng a profound beneficial effect on selectivity,
restricts the conversion to below 30% so that formation of succinic acid
and glutaric acid is reduced and uses pre- activated Co or Co-Fe catalyst.
5 The oxi dati omn¢ @aRkisopr iR ndPa RLAARIS.LL hhe Aresent invention .is
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the |i qui'd hshasé0teso Huwdyevboud suerdniakeid anHatuiaboved $0Aotcd e ey gra 10
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times in ﬁ%éaleﬁgﬂé&rgp&gﬁéﬂﬁiygen gas comng out of the liquid is diluted
with nitrogen gas such that the gas phase concentration of oxygen is |ess
than 5% The out going gases are cooled to condense the organi c conpounds
bei ng carried ahayxiddive conde faate progesi dahapeseRtidiaRdntio chhRI'RRAG @r - The

gas is vented out after me_?]_?uri ng the oxygen and carbon 15 di oxide
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present invention enploys use of salts of Co or Co-Fe as a catal yst® where
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bubbl ing oxygen through a sol ution of cobaltous-iron acetate in acetic
acid, in tIndepeedentrgadif copwpeissbang kaasdneivhayl Tée hydndeesednerganics are

cycl ohexarré ne &)[ ﬁ‘ledr%z@(dreﬁ‘ i ke. acet a] dehyde as 25.H§r noters, at

t enper at uFSTH 1S TSR BUF ReLi GBS0t Al measy égﬁéﬁ"ﬁ'&erbﬁ”é%%fbé’.“ The
cat al psst &bQidk @oRRnRERHIEMhel rBadidtSs pANVIR dQTitD eQiednal ﬂcg'rég §STPLR He At 5%)] el O
cycl ohexane for the reaction to proceed optimally. Tf’u activated calal yst
i s t her eafeaerongliqudahdaintermd nooling wpidy wtruzietaid e ipqod esspofitutdia the dssrid

i nvention, e s use of ,solvent and cycl ohexane . in 30 the ratio of 1.5:1
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catalyst where the acid part of the catalyst is sclected from the group consisting of
20 acelate, propionale, naphthenate, adipate and phthalate.

Prior to usc in the process for the oxidation of cyclohexanc to adipic acid, the
catalyst, with desired amounts of iron is activated to cobaltic-ferric form by bubbling
oxygen through a solution of cobaltous-iron acctate in acetic acid, in the presence of
ketones such as methyl ethyi ketone or cyciohexanone or aldehydes like acetaldehyde as

25 promolers, al temperature in the range between 90-130°C and at atmospheric pressure.
The catalyst should be present in the ratio of 0.0} to 0.1 (mole ratio) to cyclohexane for
the reaction to proceed optimally. The activated catalyst is thereafter stored at room
temperature.

The process of the present invention employs use of solvent and cyclohexane in

30 the ratio of 1.5:1 to 6.5:1 by weight. The catalyst concentration is varied in the range -
from 0.0] to 0.] molar ratio with cyciohexane. Activator is ranging from 0.5 to 1.0 molar

ratio with catalyst.



2 2 DEC 2003 CTRNOQ9/ 00027 Oxygen flow rate is such that at |eas
oxygen i s con Srpé@"?s% the reaction system For the range of pag,éggig;%%gq’}
studied this translates to a space velocity of 15 to 50hr-1. Tenperature
is varied in the range of 90 to 110C. Pressure of the systemis maintained
in the range of 15 to 35 kg/cn2 or 200 to 500 Ib. per sqg. inch. 5 According
to process of tHeygmmelemratt iventitbn,attibe oghrlatiRp ot ,@[,ﬁ.]ecahi%xm@em#c%
carried out at desired tenperature and pressuré€, in t?’le presence 0 3h
activat ed a5 $§f the rapge g@?‘i’@'ﬁ?‘éﬂ; Pudiaf ysis tianslacets @ spetadvalndig vel1gligxane

i's prepar eg),gar hi.ar.. t. ferred tot reactor. The reactor is
pressurized to é:g{prc (?aﬂqf)rlgeggrzcr e Ul g es PP%&e‘ﬂ. e Rgsiusensdrthe sysicmf ist he

reacti on nxintsiediis Ugraskeadsl |y s as t | ped. temperature and

mai nt ai ned const ant . O(f/%gdn IS %ﬁﬁ%@gﬁ%‘%@@&ﬂﬁ@ﬁé%g g‘ll%lclé'l’l m xture during
the entfire reaction process. The oxidation reaction time is neasured from
t he nmonment the éi uid tenperature reaches the desired value. The reaction
mxture at the BREPTEPEIHE ?So‘atjlihBrF"E%ﬁi avsstiomrthn gxletien ©f @etdheganells
acid, cycl@g , 2R, t t and all the axidation products
such as adi g?faagc?f g?ég%?g}%?%lj%m ,I?rlgﬁsz’éﬁ’r’l?g]“aE’ieEF“F%Q&aF@ﬁ“l"ﬁ‘@@l‘ﬁ’é‘bﬁht es
and est er sThefactivaied dstalybnintdeetic priddne tcyEREOMRE Ys 5&%&&8%:*&%%%%&%8
products are separated fromacetic acid the solvent, cyclohexane, water
and cat al ySt e TIRLOL- sThee Fisasipe s bRressurized diosdésined ngrestife sy vitk@dch) G%ef r om

the regcti L X1 hhe_acetic acid is renoved, the residue is
o R e S 5 i ST abperbes v

a 20 m xture S a

separ at i onmahtairRdsenitma. OsygeachibayeddRyrdxhAC Hgad | dafi Loducts
with a suitable solvent |ike acetone or &Prﬁ?et hyl &t %@Pﬁﬁ@%gg{;'hgﬂ}égggfrﬁl yst

is filter 80D PAPRFSHr e Pridptipe reastiondimd e mexswted ifom ther HPen (A Aquid

recovered e vapor ati ng acetone and drying. This product
m xture co‘%"ltrngigpﬁ@?ca;l%feémaéccf%a"egdﬁv&?‘bet her organi c conpounds. These are

anal yzed by GasTiZbreafiicanaixagt aphe efof N SELARN M f | ohexane .
converted to adipic acid is measured. = Pure aleOE)]i éédng%llwg aln-g(yn b?‘gicﬁeaccf“?om

the nilRt urdéid, §yelnkexgne.i waltracolait sazlysoand all nbpeaidadon protictl hichadd gsicl rom
solvents |j I1<0e \ive}tl_eé, l?cetci c.aci ﬂ met hanol and the |ike. Acetic acid
recover ed Trom Lhe FERctTGH S 8EE BACLYhiBicHacdMee e csdit ef deeidngn thee

oxi dat i on gre@kt ir€ddbverkheece Ehe | skid RV 8L da¥isdiyst d I{0R.aNnd t he pur

acetic acid is 30 r-eycycl ed to the reagtor.ls%{g g()(:)kgl‘l"gclftdi (i;rrc]’%prag%ilﬁ%t"gféaﬁ in
sol i d st atselvshierryrlobexsae.edaloy antheatdheste This & agioeadyy dirstT BRI 81f the

derivated v%?aqilc?sq%lx %l?cdregtgio%a}%ix?qu.oﬁqﬁgp g!rl ?I?chz)a/ce?ii alciidqilglirgmiee ,llﬁg r::s(i)due 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 arc analyzed by Gas
25 chromatography and the selectivity of cyclohexane converted 10 adipic acid is measured.
Pure adipic acid is obtained from the mixture in the purification section in repcated
crystallizations from solvents like water, acetic acid, methanol and the like.
Acelic acid recovered from the reacticn section contains water produced during
the oxidation reaction. The water is removed by distillation and the pure écetic 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



obtain the predusioogssstribution. This is achieved by forning methyl? &9E62003
of the products 7 WD 01/00555 2 2 DEC 2003 PCT/ I N99/ 00027 and ’%ﬁ é%‘?&?P‘H&

themin ether. This liquid solution is injected in gas chromatography with
FI D detector. There.are two nmethods of form ng the nethyl esters. One is by

addi ng ex ; I : i xture in the presence, of .
cat al yst %ﬁﬁglsﬁgiﬁgﬁaﬁ& F}@8§' Hgﬁgfqt%ﬁ]g&g'flw"ris e B EpLERrPmalReraghy \Xﬁ’&h
di azo net Fabeletddwer.di azo nethod). Fromliterature it <c. i be noted that

met hanol nethod is nost wi dely used. However this nethod has several
drawbacks. Firstly the esterification is never conplete. Therefore there

ohr omat oar aphy THER TRLVE RO Srmut BF endiin Seramne # Gyadisa e t he
anal ysis. phdihaKd186 thOpRUBEGAR RS H e i C.i,a(i’a%&?t%,@'n?’c?\ﬁa%q IS EoBPL
e S (0] (0]

trifloride are used. wever, methan met hod con
i nt er medi shestands &ytestesificatioredith Midzbemetbant {tondimk et d). rErOmdiiemirb Mt
esters. For _exanp) Frod ct |ike nonocycl ohexyl adipate, a stable

conpound FoFP@@oEﬁr‘ﬁﬁ‘g‘“ thano! gygthngh 15 gpshyideheused ddaweyar bis mebbdhescanohl (an
i nt di LR [ PP ted 15 tq,. diz= hyl adi pate which
o canre. altPRuRRS PRUY Bebldhnchil RNGE Bimic, TofeidE PR o8BI ho

reaction. {dimied bofith hines diffbrér eeentior aFROUAdRe ghyehremﬂ%%kapﬂy e HenE-
retention tinme and appear as sane conpound in the gas chronatogram

Ther efbr e methel espirpdUvs leaistornisator imthieginplosis clororéws td gvanbirad W siogngt duiids

net hod | ead] 4.an ver-estimate of the selectivity to adipic
aci.d. 20 %%{ealot%glrk%n% ﬁéﬁl’??@H? ?‘lea‘?%?'esﬁtg ﬂgt" i FFUERC e msHe s“f“r’(é%{s t'?i‘ec'fj
esterifi cahlepfiedisicsCanpeats. fofhed 6nafhe RQAcSIH eIGuAC o CAlAbypt 8s1aRd Fohi S

reaction is essentially irreversible. Mre inportantly the esters, of the
di -aci ds WEmPIead¥PHIt ilke snonsaydekexyl pdipatecy slableeseamobnd fermed duning|ther ed.

Th l § O dj- | ter f i.pi id.and th
o5 2 ARBEITNPRL St TN S 5l s S0 BB PPo

as separaté peaks™i

resul i f rx_@rﬂidh@mfn a%;_hlecbvﬁiani HWTBiM@aohaTabhRAcH by meéthyBAldnYo DIl glibicOMligi N
the follow ng table ich shows the wei ght percentage of various

conmponent ormedq fre tlox regatiemonl s dtle theise daffergnti cabpounds gite aepdaliemtthé samet hi s
table, the es

SRR P LS R T T TR SR
oo PR PPl S il 19 0 LRGP PR BPUGRAS
over-estimate of the selectivity to adipic acid.

20 The other method is the diazo method which ensures that the esterification is
complete. There are no strong acid catalysts and this reaction is essentially irreversible.
More importanily the esters, of the di-acids with reaction intermediates fike
cyclohexanol, remain unaltered. These are not converted to di-methyl esters ol adipic
acid and thus appcar as scparate peaks in the gas chromatogram.

25 A comparative analysis of results from diazo mcthpd_and methanol method is
ciearly brought out in the following table which shows the weight percentage of various
components in the oxidation product in a typical run. As evident from this table, the ester
of adipic acid and alcohol intermediates is scparately estimated 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 methano!

method estimates 92%.



nmet hod estimates 92% 8 WD 01/00555 2 2 0 E C 2003 PCT/ 1 N99/ 00027 EEE
prior art is woawoss® have used the nethanol nethod and report %% imﬂty
in the range of 80 to 88% But as illustrated here the actual EFE CY00027
distributionis likely to be very different. 5 Table 1: Effect of nethod
of esterification on the estimated product distribution ConpoundWei ght

Per cent Met haiibd priet mods BhaaPig®t Adipl e aci 492, 176.1 Qutaric .

aci d3. 53. 4 Succi nic aci do. 60. 6 Esvltag!r;?ﬁg’:‘m‘lé“glu’%?’lcg’é@‘f’ HRY TepOs gelegingtyof

gl ut ari cnaks tOBE 2 §0re B8V ot asilbsirated heeitOactlal Produbedist B eERAN|LS0. 80. 5
To attailg 1% rcu_:r(i,lt”e I sults, the diazo nethod has been used to ana Jge t he
products of th 5Fé ‘ent invention. 10 The process of the present invention
provi des higher selectivity towards oxidation. The percentage of glutaric
acid and succinic acid fornmed in the present work is nuch less than the
val ués hTalnerltdzﬁrepofnmnldnyoccsheimmw)ﬁra,hi:@@@shinpmpﬁﬁﬁﬁét a@rs§u?.ﬁam time
the internedi ates |i ke cycl ohexanone and cycl ohexahol are not present in

t he subject product mxture. It nmeans that the process of the present

I nvent ifomrpreytdes—afaster—ate—1b-0f conversi on of conpounds which are
precurdors t Og'gPB?cg aci d but slower rate Ytighidragati on of cycl ohexahe to
acids which formafter adipi L O, eby maxi m zing. the conversipn to
adi piclacid. As mentioned abrgS@?hgnm%th he earlier \?ﬂ?ﬁﬁ%mﬁﬂ“%"i ngle step
oxi dat i|@wdiplsecgbur ce  of |oxygen or 9efle concentfationm of FRygerm i the gas
phase its—ecensi-dered—uninportant ln__20 npst_of the cases air or dilyte
oxygen jQuiiedcsl ¢ he oxildant for ekperi nents but any oxggen contai njng gas
is clai WL d e oxTdatiromr—Nenre—of—these—cohventional works address the
ef f ect e oxygen congentration (?Jﬁ gas phas¢ on the s8lfctivity, fnd

fail tqEswisiefidipe dche sifgnrtrcance of usimg pyre uxygc..mgtcsu! t+s—of{t he
presentl_invention clear] .

T
orceln

Esters of glutaric acid 0.5 1.5
Esters of succinic acid 0.3 1.3
Other intermediates 0.3 6.5

To attain concrete results, the diazo method has been used to analyse the products
of the present invention.

10 The process of the present invention  provides higher  selectivity  towards
oxidation. The percentage of glutaric acid and succinic acid formed in the present work
is much less than the values hitherto reported by :he conventional processes. At the same
time the intermediates like cyclohexanone and cyzlohexano! are not present in the subject
product mixture. It means that the process of the present invention provides a faster rate

15 of conversion of compounds which are precursors to adipic acid but siower rate of
oxidation of cyclohexane to acids which form afier 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

20  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
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i r onOdy gerslBoigitts. Hoattt apembmCobakdior | ronOxygen2570. 06. 7 acet ate 6. Cobal t
acet ateOxygen2172.18.1 7. Cobalt + ironOxygen5564. 110. 8 acetate 10 Col um
six of the Table 2 show the percentage of cycl ohexane that goes towards

glutaric C iy i 2@ S.e éﬁ;ﬁg [ (termed unrecoverabl e
cycl ohexa?e[&‘)%l?gjg' ﬁlﬁe@gr@sgg éh |‘13ﬁ ‘¥| \')ﬁﬂe/gen or air as oxidants.
This is the cycl ohexane that can not be recovered and recycled in the
reaction_systemto further produce adipic acid, i.e., this is the
cycl ohexp®& Npgt héatdeen olveridai[diCzedhertan DeSeBeaty # § BhicdovelWs |dat a
15 agai n| shows |that air oxidation (results in large unrecoyerable
cycl ohexane that is greater| |oss |of “YNEec| 88Pit ekl (Hnt] &ychbapaneed to
oxygen. {So a prlocess usi ng [nol eculjar gen has better eCOnom'g/g and
shoul d be_used las qxidant fjor sindle step oxi¢ation of QCIohe(x° ne tg
adi pi ¢ agi dl. 1 Cobalt acetate Air 13 57.3 5.7
2. Cobalt acetate Alr 24 60.4 9.0
3. Cobalt +iron Air 42 64.2 13.9
acetate
4. Cobalt+1iron | Oxygen 15 65.6 5.5
acetate
5. Cobalt+iron | Oxygen 25 70.0 6.7
acelate
6. Cobalt acetate | Oxygen 21 72.1 8.1
7. Cobalt +iron | Oxygen 55 64.1 10.8
acelate
10

15

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 produce adipic acid, i.e.,

this is the cyclohexane that has been over-oxidized even beyond adipic acid. This data

again shows that air oxidation results in large unrecoverable cyclohexane that is greater

loss of the precious reactant as compared 1o 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



WO 01/ 00555 22DEC2003 PCT/ 1 N991 00027 Accordingly the present inve t'm 06
relates to a P@OE8SSS or preparation of adipic acid from cycl oﬁ
conprising formng a reaction mxture jr, liquid phase of cyclo /00
preactivated catalyst in agas liquid stirred reactor; 5 bubbling pure
mol ecul ar oxygen in the said |liquid phase reaction mxture at a space

vel oci ty d¥cconlingyife presant invengompedaisube prétetd1er HRARIE, S 4ik0G; and a
pressure icn l ‘he range of 15-35 Kg/cnR while sti ?rPng'@ %P;gog% arcéiﬁ'ﬂrbn
mi xture s&?aS"PHFENSHIPESNRat the said |iquid phase reaction mixture is
honbgenous and al so that above 90% of tile pure oxygen is consunmed in the

reactor by recilogning pngacte gasuibuisbliqsid SAMES 8t chdIRKahd b A0SR d
react or th{a%&g-Jé)rmIE‘ggg reaction m xture including oxidatli oh pro ucc{s,
et B4 £ rl’ifg

cycl ohexane,” Wa n FACtef | uting the unreacted oxygen gas coning
out of the said honogenous liquid with nitrogen such that the gas phase
concentration dtubslpgarre salesalar hpgensesthe efoViqdT $HaSe YQlcabh | Fixi el S
fromthe §B$C% eSSt ant _%Eture %di stillation to 15 forma residue
conprising" catal ys And ThE ofl ¥ RSFRUHE R thetrangeet 9P ed 0T @ gnd heprexsuskain on

product s fifeomEbef $RI38 K @smugids i t.abl e .solvents such as acetone,
net hyl et hyl k%t one and ?he I ke?@?& tﬁjgrsitﬁﬁgm&f’?” DRHUES9ia8 4o epeire S the ed

cat al yst fad liquid phasegeatimnsainaire isehiomepirdgs hitalseiid: 9¥dvladdo ducts by
evapor at i n tehe. sol vent an%ﬁdr yi ngq;y 20 repeat ed?y recryst g‘{qﬁ%&fﬂégtpﬁée sai d
oxi dat i on 8¥%&h‘ét°§”‘f‘8“§%ﬁh tFBACRITY Taeirqmlating dhadgas hubbleg seedryenines lih kg

wat er 1o acgiidC a&ictor MRLRBNO h L ke, from.unrecoverabl e cyclohexane;
recycling the unreacted %gc#ogﬁfe"’gahe?ca‘:[ho'yé?'*@f%éf‘géﬁ‘ﬂ&dP?‘r’éﬂ't'o’f hefoguelsent

i nvent i oncy@bbexase.twatar raeswstf or preparation of 25 adipic acid from
cycl ohexane conprising formng a reaction mxture in |liquid - phase of

cycl ohexane andiipligacid v, | F as. liauid stirred.reactor:
bubbl i ng pure ol ec%l ar %&%ﬁn@%a{%ﬁkggﬁmﬁqﬁaﬁ}% S%Hé@@%é%‘ﬁq]dﬁi“ Withire at

a space WHragensyclothatitheq@s birasd coratnteatiod NGTRKEAN IS kN HaR8o4.ange of 90-1 10C
and a pressure in 30 the range of 15-35 Kg/cnk while stirring the said

reaction m xturemseingsht cvowiseusredidiafromhgs 1dig resultant mixture by distillation to

15 form a residue comprising catalyst and the oxidation products;

extracting the oxidation products from the said residue using suvitable solvents

such as acetone, methyl ethyl ketone and the like, filtering off and drying the scparated

calalyst for recycling the same;

recovering the said oxidation products by evaporating the solvent and drying;

20 repealedly 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.

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 2t a
space velocity of 15-50 hr”', at a temperature ir: the range of 90-110°C and a pressure in

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

t




WD 01/ 00555 PE¥P/M885§6203 said |iquid phase reaction mixture is
and al so that above 90% of the pure oxygen is consuned in the ?Qg@%ﬁ%&ﬁ
recircul ating the gas bubbl-es several tines in the said reactor thereby
formng a reaction m xture including oxidation products, cyclohexane,

wat er andsaatignisphass resiclien mixgure e HomopagtRth Xy ing .put of the
sai d hompgenous liquid with nitrogen 0?uch t hat gcﬁgxagggo%géad;/é Ogc}ﬁ%é’ﬂfer ation

FES SORNAT 50 e aFIoncly tppircwanng e ga OBRERSPerbNEmeL GaL

of oxygen )

conpounds I NG, rj .al ong wit.h the unreacted oxygen gas, and,
recycl i ngS:{?ﬁe gcc;%g%nlslg bg\pg%‘ﬁﬁ‘é é‘or‘r‘fi‘&hﬂ‘&lsf“"f"é%\/‘l‘ﬁgd‘ﬂaeOv)t.f/)ilﬂeioﬁI produodpict s
from the spilchoxasymasditandtatilygie by distillation to 10 forma residue
conprising catalyst and the oxidation products; extracting the oxidation
pr oduc sui.t abl e | vents such as acetone,

§s from e | LMSLN ) .
met hyl~ et hyl ktgth ﬁ‘r':}a‘;ﬁa“’ﬁﬁﬁﬂfﬁzé?n £ %%’.“f‘ﬁg’”b?f‘ﬁﬁa'ddqumn@weh@é@aviat ed
cat al yst hismgeesyd thagthehas S8Ee codd ' | ¢ oxigation products
by evapor at i .r%g t he sol ve% gnd dryi r?g;%&}rlgcg)ﬂe%%&g 38 ?cgﬁrglaﬂ é\% {Oélloﬁﬁgttﬁe sai d
oxi dat | oncgsiB@UR £andenssip arganie cpmpeuratiiteing aetied aWs) BNE WiVEHeSurrddcgat er
acetic ac(’sd egeggggglr ang tr}lle | i ke, from unrecoverable cycl ohexane;
recycling ’f:'ige &hr aCt &Y '%'I b Aeed orgris amPPEmdshe present invention can
be understood in a_better manner with the help of exanples wherein the
fol | owi ng def i MHIdR& herwlalideprodesnirems thensaid reshbamen bawe agedRfillation to

| oA ted ft, ducts. 25 Selectivit
The Tak ora 4isPabe She B af BB R CaliGePR S m ng the. dosired |

product divided b‘}/ the total noles of cyclohexane reacted. In the follow ng
exanpl es, the EHGHPEANT P> FYioRTIoNFtY Femptiwcead rofiduchesipp esanbie soheaR i on

has been | ¥Sedohy S I, as-, et hanpl t hod whereas the
convent i oﬂjaalﬁlaé Known lﬁtﬁégéﬁ%ggg%gﬁdpﬁ%elmes %gﬁﬁﬁngf?ﬁ%ﬁﬁﬁ”d‘l’g Hist ¢oeratast

anal ysi s. caldlgst f@orecymiipgniatsame; results of both the anal ysis nethods are
reproduced herein below. 12 W 01/ 00555

recovering the said oxidation products by evaporating the solvent and drying;
15 repeatedly recrystallising the said oxidation products to separate pure adipic acid,

using solvents like water, acetic acid, methznol and the like, from unrecoverable

cyclohexane;

recycling the unreacted cyclohexane.

20 EXAMPLES

The present invention can be understood in a better manner with the help of

examples wherein the following definitions are used:

Conversion is the percentage of cyciohexane from that charged converted to
products.
25 Selectivity is the ratio of moles of cyclohexane going lowards 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 wel! 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.

12



EXAMPLE | 2 2 DEC 2003 'PCT/1N99/00027 63g cobalt acetate and 3 g hr
acetate are dVOIHOWEE in 2060 g acetic acid and-activated in tpg%@%%&@
of cycl ohexanone of about 15 g. The activated catalyst along with acetic
acid is mxed with 480 g cycl ohexane and charged to the gas-liquid 5
stirred reagkngpLPel reaction mxture is pressurised to 20 |leg/cn? total
pressure using nitrogen and heated to 100C. Oxygen gas (99% pure) is

bubbl ed t hrough the a@gBf adafl acdih@U . hour | ace vel ocity of 35 hr.
"1 and the reaction is %arri ed oﬁ?ngo}?é fggaceﬁ?qﬁﬁgee‘igso’?f‘ﬁé If 2860 At etin acid

t her eaf t er H@olettamddngho gustrsc racortdebanchetal ,aei 9ot, of . product
recovered i 41%9 10 .Conver si.on, of ¢ cIf(|)1;10e‘xane‘b}(ygll gg‘% G)‘é}é'l %éﬁ'l"\?lﬁtvuﬂ{f“
di azo net ha®"§ ‘Qcﬁcﬁi'%aaéi‘ﬂmléedaw.ﬂh%/&)gg eyelohexaae iadd GhZYeand the Yesiinkia

aci d 2. 44% o =lANRL &2 lt.acetate and 3 g iron acetate are dissol ved
in 2060 g acetic acd ﬁﬁ%egﬁgﬁdéfﬁwﬁt BPTRUDHR %r%%éﬁ@@ﬁofot@iynﬂcmwo(&ﬂioge of

about 15 g.niffbgeramtd haateicioc0E.yOky @nOpd (994 b, BC &t cid is.mxed wth
480 g cycl ohexane and charged to t%ggé g%%-(l ?ffu?h({ )(s:ﬁ tsru%gcfd t(r%é%lucgtholrh." agfjated

reaction miauif &t 28 hgrdy $pace sislpcity G03X dut criant ak@keaRties SHkErrIsS &8 3} ipggen

and heat ed 0 en . 99% pure) i s bubbled through the agitated
liquid at a'{r’mﬂ‘“é’guﬁ“f/qé% ¢8 ‘ggtf‘%’%i"?v 8?0'9% 3¢ . produciy deadverede dixttalowveight of

carried outprt)@m;&gvmmutﬁgg_ The 20 reaction is thereafter cool ed and
products recovered. Total weight of product recovered is 412g. Conversion
of cycli@hexane i&oBsHorSH cgcibhasiahy iHys5%et hanol nethod: to adipic acid is
89.1% glutaric §$| d 6.7%and succinic acid 1.8% 25 EXAMPLE 3 63g cobalt
acetate and 3 g TN VHE N firoametiwds doladiic peid2664 g%acgtiaeicagid 6. 788 Gnd
activated ifcdihg pieessge of cycl ohexanone of about 15 g. The activated
catalyst "along with acetic acid is mxed with 480g cycl ohexane and charged
to the gas-EX4MBLBQ stirred reactor. The reaction mxture is pressurized
to 20 kg/cn? totj@@l &r?essure using .nitrogen and heated to 90C. Oxygen gas
(99% pure) is b AU REGRIGRNE Heg dtfint 2actde ate diasodvealt ina0AT0I ki pEa eand

vel oci tyy OfacgPhEd dn ”‘Ir}ﬁ"&ﬁ&%ﬂ ‘gy}ldh%xg nrelo ab%%tt I_Ia %r T}ig%c{p\r;ﬂl&lé %gt'alysl along

with acetic acid is mixed with 480 g cyclohexane and charged to the gas-liquid stirred
reactor. The reaction mixture is pressurised 1o 20 kg/cm” total pressure using nitrogen
and heated to 100°C. Oxygen gas {99% pure) is bubbled through the agitated liquid at an
hourly space velocity of 35 hr. ' and the reaction is carried out for 120 minutes. The
20 reaction is thereafter cooled and products recovered. Tota] weight of product recovered is
412g.
Conversion of cyclohexane is 55%.

Selectivity by methanol method: to adipic acid is 89.1%, glutaric acid 6.7% and

succinic acid 1.8%.

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.

13



13 WD 01/ 00586 o Gasssi992t 10ZTC 2003 The reaction mxture is coq&q%yﬂ 2003
products recovered. Total weight of product recovered is 190 ¢ si on
of cycl ohexane is 26% Selectivity by diazo nmethod: to adipic acid is

69. 7% glutaric acid 3.9% and 5 succinic acid 1.0% EXAMPLE 4 63g cobalt

acetate dihd Bagtiom omoet aisecoledl dhd SRbYRE d2orlEd 'gotép%&c' ' d
activated in the presence of cyclohexanone of about 15 l@hggﬂagﬁd\?g‘t ed

cat al yst rq@"&l"—@ri@]ﬁpﬂh acetic acid is mxed with 480g cycl ohexane and
charged to the irred reactor. The reaction mxture is

pressurized to ‘gbveﬁﬁ?'éﬂgcbf%@’éf‘a'ﬁr'égéﬁe usi ng ni trogen and heated to 90C.
Oxygen gas (99%1%{%@%' }idlp#g%gtﬂoﬁ MPYgh;the, & §?J/n 1*%;[,9‘%'%.3 ﬁﬁ f)urly

space velocity o he reaction Ts carrl The
react $ on sneeibigraeid 50%0o0l ed and products recover ed. Tot al wei ght of product
15 recovered is 190 g. Conversion of cyclohexane is 26% Selectivity by

nmet hanol nethod: to adipic acid is 89.5% glutaric acid 3.8% succinic
acid 0.3 XQ%%MPLE 5 63g cobalt acetate and 3 g iron acetate are

di ssol ve?x g acetic acid and activated in the presence of

cycl ohexanone of abéﬁg cdilgaceibleeanicd fVhateis &%lvcé'n@@gw"%tﬂ&lﬁ%w ¢ acid
is mxed with 480 P/d ohexane and charged to the gas-| stirred

reactor. a'Fﬁe”CF'éﬁ‘éfll'Bﬁ iPRESEReE ‘P%CW@S@GMTE&{ Etb@ulZ(DS Igg/l"(hmzacumtadl cpaBssUr e

usi ng, 25 |tro atedt 0 s bubbl t hrough the agltated
| i qu?%l at "ar Wourwupgélcgc'é’ N &F gc‘?’@ 9@95 §§"|HlP‘““ ﬁ‘ﬁ h‘i’lé%fgfq HH’ B%-leaid i ed
out for 3QRediBaies. TlEhfe ERGF iibre 79 B ! S

recover ed. '?'otral wei gjht gf (proéuc{e regoe\glgeuﬁé%josltcgg@ %Qn&n%oaq\}g%ﬁ%nus'

cycl ohexaﬂeogcsi agh/he®e &r OG- tQxygendiaaz(©9vephadis mmbladnhrcmgaahd apisatédt. 3%
glutaric amcg 3% apd 30 s sy ucgi nbg ac \(} 2.34% EXAMPLE 6 63g cobalt
acetate ANH1%B2AN PAHIYLIREES Elogity 0 Qlro &g reaRtigmsFagiedcttifer B @inuigsd

actl ?/at tect HeNrdRBoPT GRRAGE Rf cdo¥d AREXHBANREs FLccAPRHL LRI Gweidhie oRGH AL €d
catal ys
I?’:/ recovered is 190 g.

Conversion of cyclohexane is 26%.
Sclectivity by methanol method: 1o adipic acid is 89.5%, glutaric acid 3.8%,

succinic acid 0.3%.

20 EXAMPLES
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 480 g cyclohexane and charged to the gas-liquid
stirred reactor. The reaction mixiure is pressurized to 20 kg/cm’® total pressure using
25  nitrogen and heated to 100°C. Air is bubbled through the agitated liquid at an hourly
space velocity of 35 hr.”'. The reaction is carried out for 500 minutes. The reaction
mixture is cooled and products recovered. Total weight of product recovered is 289g.
Conversion of cyclohexane is 43%.
Selectivity by diazo method: to adipic acid is 64.3%; glutaric acid 8.3% and
30  succinic acid 2.34%.
EXAMPLE 6
63g cobalt acetate and 3 g iron acetate are dissolved in 2060 g acelic acid

and activated in the presence of cyclohexanone of about 15 g. The activated catalyst

14



14 WD 01/00555 2 2 0 E C 2003 PCT/1N99/00027 along wth acetic aci CME% 00
m xed with 480VQ0E)®Sbhexane and charged to the gas-liquid stipeEphiNogoon2
reactor. The reaction mxture is pressurized to 20 kg/cn2 total pressure
using nitrogen and heated to IOQU'C.. Air is bubbled through the agitated
liquid at an hourly space velocity of 35 hr."'. The reaction is carried
out for 506lumignyithsicelipacideimonixon \\BlhmmtgjE)&:Ithx;ﬁQQhﬁChh@.%‘gdRBQﬁlLuﬁﬁﬁliquid
recover ed. Totgl vvellghf of product recovered is 289g. ( nver si on of

cycl ohexandtiiTed 489510 Rec 1526119R, MYtutees Pagrotnzae i B@: ky/omhitpl presmird useig
85.3% gl utari..ac 8 ki id 2.2% EXAMPLE 7 10 66g cobalt
acetate i snlgg%gﬁz\ﬁ/iacgl]?nr%ggz/%%gg% Cé(?g'f fstr:lb lg’gﬁ:g lgrﬁ’aglh(':fi(i el gpid g an S}%'@nce

of cycl ohexpaeneeletitpladuis hBY. TREcaa6d Kot dahiafor ooah RRgsWThD RE&1drC
acid is mxed with 480g cycl ohexane and charged tc the gas-liquid stirred

reactors Theixnseds icopledningt pnodudts respeessiuiomd dveight 20 rgduenPechoérall ipRESgUr e
usi ng nitrqggen and hreat iog to 905: ., Alr is bubbled through the agitated
liquid at BRI O EiDes#eGR P39 of 35 ha". The reaction 15 is carried

out for 300 mn ; i WA o/ d,product cover ed.
Tot al wei ght of L%?gﬁ:ﬁﬁ%@%&%bgghﬂ‘ﬁig‘%g‘f‘lb%g%@el; ?bﬁ)‘?’ogfi&é?claﬁ'ﬁzxgﬁeaqog

24% Sel ectsuadibiy abid 2ll%z0 nmet hod: 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 deAMPEET] and activated in the presence of cycl ohexanone of

about 1g0. The activaigd ceghiphacthe &l ARG LA hGRGEA 19 o xed (it

480g cycl ohexane and charged to the gas-Iiq

reaction rpredeéeof Sydqdsiasshsriezalthbb® 130, R £Rab AL ARIVE ASTAHAh YSétN0adl i 0gen
and heated to 90C. Air is bubbled through the agitated I quid at an hourly

space vel odhixgd ofitig4Bley cyplolerane andehirged w5ihi gachiquid strroditeator. BeOreattion es.
pr oduct r edBuirEdt PEGEFES % 20 VBRET OGS bOREREIER end fodealy Bl vi 1
by met hanoljs Bebted ihrbeglatheRigfareilGuidt $7hAMy Bhitt AdGiyaftiazg v 6%aaRdction
succinic acid 1.7% EXAMPLE 9
15 is 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 acetale is dissolved in 2060 g acetic acid and activated in the
presence of cyclohexanone of about 15g. The activated catalyst alonp with acetic acid is
mixed with 480g cyclohexane and charged 1o the pas-liquid stirred reactor. The reaction
mixture is pressurized to 20 kg/cm? 1otal pressure using nitrogen and heated to 90°C. Air
is bubbled through the agitated liquid at an hourly space velocity of 35 he'!. 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 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 kgfem? total pressure using nitrogen and heated to 90°C.

15



66g cobalt aoeoatmansss di ssol ved in 2060 g acetic acid and acti \@tﬁﬁ%}%&%ﬁ@
presence of cycl ohexanone of about 15g. The activated catal yst "along w
acetic acid is mxed with 480g cycl ohexane and charged to the gas-liquid
stirred reactor. The reaction mxture is pressurized to 20 kg/cn® total

pressure i Al 90C. 1 01/ 00555 2 C 2003 PCT/i
99/ 00027 on %@3@8\‘@8@‘{ @?ﬁéﬁﬂ#ﬁ ”“281 ?’h?%‘%/f\gl RG6F aclasm)aﬁPE%br E;f hepace

vel ocity ofacZionhit chrrielhaut f6 8T hiiuesS Thaleh® i . e
reaction mxture is cooled and pr odusct s r cc%\?gﬁiﬁpﬁTg%%l%%%ﬁ%qi%r oduct

r ecover ed ' verggTolabygiahiai! grpdott resokist ex bide. Conpdrsitn oBeydalidxait 3 tiwedi azo

nmet hod: to adi pi ci.d.s,.72. 1% gqlutaric acid % ang, 5 succinic acid
0.98% EXAMPLE %ﬂ%%‘g‘? St métiod: & flivgi 255y 321878l icacid 6% 2nd d and
acti vag edgjidtifikacideg@ence of cycl ohexanone of about 15g. The activated
catalyst along with acetic acid is mxed with 480g cycl ohexane and char ged
to the gafXANKIEIOi rred reactor. The reaction 10 mixture is pressurized
to 20 kg/cn total pressyre using nitrogen and heated to 90'C. Oxygen is
bubbl ed t hr ough t he ftogﬂ’éacqtqlwi@ssa{vc rn K86 IByecspaseidvadactivytedfin Bge hr' .

Th [ I [ t ] nut Th tion, m xt N
cool ed andr SEEolelhBaBH o Bbu B3, THEHY Roteg LS HionerbisB pestiraid T ang
Conver si OfifEd Gl 408X ¢16hdxnc2ehd%hargell € tieVddsMidavd m&mgkmﬁﬂgrkgﬂg%@ﬁ, ™

. 0 us

adipic acid is 93.9% glutaric acid 5.0%and 15 succinic aci
t he ohe- steptkiidarcsonized (i kplaxdetel presadt pismgatidges asdheated 100°Cn t he

o i talyst, {(Co-F i | | 1.
Anatyer s Sevsh ARblWBard 3dita by hin B3P wiie Seloc e SUdE L Bhe
product s péRYioHESs camiedCouufat 2P HihHES THe rehdRnPFREMAL 1dESHILH '%IHH iangd@cis
e

conpared to nethanol nethod which though wi dely 20 enpl oyed, S to gross
over est i mitGyaredf Tetakbwaiahtad proguetyeayerediipi 42 ga€iodyerSminad iy viohgxane is abepi ¢

re- ot vated S PEP OB RBHIE A, o R shenR R4 Sl e ed 1o

20- 3098 Arnedihic aefd 8adk.ari ¢ and succinic acid, the | ower honol ogous

nol ecul es fornmed is less than any of the conventionally known processes.
In other words the present invention relates to a 25 process where

f or mat i on Ts theeonsysidpotrédatine o Lgyclobioxane ab bdipicsadid sscartiahowny tiaf presemceal | i er

works. Thip%c-gtrzt?\?atu‘!dy ciag%frsp V&so-]-lc euggé) nr%%ie%tsjlag)f ogcpgenpr %%gligi's 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 10 gross overestimation of the selectivity to adipic acid. Selectivity to

adipic abid is obtained 10 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 plutaric 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 earlier

works. This greatly improves the economics of the process.
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16 22DEC2003 WE CLAIM 1. A process for preparation of adipic acid from
cycl ohexane consisting essentially of. formng a reaction ”‘Xture22®5CZM3
l'iquid phase of cyclohexane and preactivated catalyst in a gas |iqui
stirred reactor; bubbling pure nol ecular oxygen in the said |iquid phase
reaction nixture at a space velocity of 15-50 hr' , at a tenperature in
the range of 90-110 T. and a pressure in the range of 15-35 Kg/cnR while
stirringﬁthe said reaction mxture so as to ensure that the said |iquid
phase r Mivi xture is honmpbgenous and al so that above 90% of the pure
oxygen is consuned in the reactor by recirculating the gas bubbl es several

times id. Aheosas ﬂ)rrpeqﬁrmtontdfetﬂqmyadxd)Iﬁmsimgca)tfegﬂiétdoﬂﬁlstnt% edseHtRlly el udi ng
oxi dation products, cycl ohexane, water and catal yst uting the unreacted

OXygen gasenif@FrdldtiOn nivfurd MYiRA il
that theg gﬂsf)pklgae ng}ricelﬁtratl ong}e xygen |s ﬁt#g Cgt%@rmwa?%gt he
vol atlle products rofnthe sai d resultant mxture by di stl llation to forma

resi due risin st an the X i on ducts extracting .t he
oxi dat i J; %@ﬁﬁtﬁ %geé‘a‘P& f‘r%%ft gﬁn‘ég E?Sﬁge RYMXENG 3 2 386G &oedoGy of
acet one teqtlaﬁﬁmﬁ?lta“%ép Beyangg of RB-14856r aideipreatuag ipshe rage pEEY3Pi ng t he
sane; hide stheEing shegsaiskiegetigromixture g es to dngursthaschesaichtiquidehsss reemtionand

dryi ng nrletpeealts @dmgammﬂ alsoitbatrahovd20% aif theguralaxygen ipcadunted it the seqotorat e
pure adbpirecimolating thei grg babbles Béveral sipdeg ¢ 8@ shidavadthrethgreby forGOMSh sdattigh Of

vat er, afigfuteCindlidihg AAchITRIASMRLS, cfdBxaRY, SEfrahakh@lyscycl ohexane; and
recycl i ng the unreacted cycl ohexane. 2. A process for the preparation of

adi pi ¢ afighd e Elehs a@%oﬁ'xlu%tﬁﬁ%f 1} s%ldalhorﬂufgenw @w:tﬁlq?trgg%{ldsuch
et Sl SErAiai Pl e i O LSRR

pr opi onat e, .napht henate, adi pate and _ pht hal at e. praocess for the
pr epar afSeAYiRg git’(l,e BRadHcts fTom the spidesuliaal rastae éwmlhahomcatomz resifes ei n
t he sai GOIEE@%PS@QWK plopndythe exidauerepredusisnt ration is varied in the range of

0.01 to 0.1 nolar ratio. 4. A process for the preparation of adipic acid

f r om cyecitodveratie asdalami predudsfremnahensald restiee eking nidileylediyd keteae boaceiomne,

pr essur filtedng off das dryéng ficasparard ¢ataligt for kdcPElRik the safepr ocess for the
preparation of adipic acid fromcycl ohexane as clained in claim4, wherein

17 2 2 [&bvetfd3he said oxidation products by evaporating the solvent and drying;
repeatedly recrystallising the said oxidation products to separate pure adipic acid, using solvents
selected from the group consisting of water, acetic acid, and methanol, from unrecoverable
cyclohexane; and
recycling the unreacted cyclohexane.
2. A process for the preparation of adipic acid from cyclohexane as claimed in claim 1, wherein
the said preactivated catalyst comprises cobaltic or cobaltic-ferric salts, the acid component of
the salt being selected from the group consisting of acetate, propionate, naphthenate, adipate and
phthalate.

3. A process for the preparation of adipic acid from cyclohexane as claimed in claim 2, wherein
the said catalyst and cyclohexane concentration is varied in the range of 0.01 to 0.1 molar ratio.

4. A process for the preparation of adipic acid from cyclohexane as claimed in claim 1, wherein
the said reactor is pressurised to desired pressure using nitrogen.

5. A process for the preparation of adipic acid from cyclohexane as claimed in claim 4, wherein
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the said reactor is provided with external heating coil for heating the
honogenous liquid and internal cooling coils to maintain the |iqui gZDEE 2003
tenperature at the desired level. 6. A process for preparation of adi'pic
acid from cycl ohexane consisting essentially of: formng a reaction m xture

in liquid phase of cycl ohexane and preactivated catalyst in a gas liquid
stirred reactor; bubbling pure nolecul ar oxygen in the said |iquid phase
reaction nlxture at a space velocity of 15-50 hr- , at a tenperature in

the randbe #id poctpt & movisad vathppdesaal heating eailifor heaiwgdhe hgnagenokg ligwd anfi | e
sti rri ngntemal selisigreods té maimdix therlequidteagperatureras thealesinet levéle said i quid
phase reaction mxture is honogenous and al so that above 90% of the pure

OXygen 65 ACSosds8 sk propdriteor SREAIE aciYroneEydishexatd Qhsisting eaentuiibifes sever al
times in the said reactor thereby form ng a reaction mxture including

0x1 dat | Qo d¥Edction kRAE RXMIEa Rk BF o g?e’! EaheaPhreadtivatid Ao, dlptseact ed
oxygen g ?hdc B%&%r enous liquid wth nitrogen s
that the ase concentrati on of oxygen is less than 5% followed by

cool ing .t B condense t anj c con&)unds bei ng carrjed away al on g
the unr &% IEB{ ‘t‘;‘i"go"é{ "d’mrt ¢ SCIg H’é‘ﬁ@é‘&‘%@bé?ﬁ’ﬁ?ec‘!ﬁgfi&lﬂ
renovi n t%vo?fdlttﬁmeﬁﬂiﬂuﬁ}@ IRRESA t9ﬁe1 HCelandca presyie imihgtrangs A
di sti | | #g/on’ whild stimning thesssiditeectiaronixtivsisn @s taersixesthatthel saif diquid piasa Action
pr oduct spixaxt rsdemaggnodmeanodl shathatabope bl shd purenok hgensiaconsuemiddo cheusaaigr
met hyl eiyhydlrdaeitmgeh@gasaﬁ%m@ @everdlitiniedrin fig @id reacter theybydoirhifg Sepstiah ed
cat al ystmikftire [RAMEAd BeidAdiR Srofits, COAONSahAGvitbeandathlyxi dat i on products by
evaporatl ng the solvent and drying; repeatedl y recrystal lising the said
]9X' dat 'hcen Hﬁ G nSedefd %‘?ﬁ@&fgfs d%&HEg B-ﬁ’t'd%*tﬁe 884 omb'% s Pﬁll.ll\dq,PiTtl‘? 1%%543&{%?1

rom haq eé)as %E? gonce ration o ogaen é? Fess aﬁ%l’ fo lo fl 0001 con ensc
unr ecover abl. eﬁ H & UNY eacte %

organic compounds emg carrie awayaongw: the unreacte oxygen as an recyc mg

condensed organic compounds;

removing the volatile products from the said resultant mixture by distillation to form a residue
comprising catalyst and the oxidation products;

extracting the oxidation products from the said residue using methyl ethyl ketone or acetone,
filtering off and drying the separated catalyst for recycling the same;

recovering the said oxidation products by evaporating the solvent and drying; repeatedly
recrystallising the said oxidation products to separate pure adipic acid, using solvents selected
from the group consisting of water, acetic acid, and methanol, from unrecoverable cyclohexane;
and

recycling the unreacted cyclohexane.
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