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ALKANEDI CARBOXYLI C ACI D TECHNI CAL FI ELD This inventio
- for manufacturing an al kanedi carboxylic acid by oxidizing cycl oal kanol
and/ or cycl oal kanone with nitric acid. 5 More specifically, this invention
relates to a nethod for manufacturing an al kanedi carboxylic acid using an
adi abatic reactor, wherein the yield df al kanedi carboxylic acid generated
is high, irrespective of tenperature of said adiabatic reactor. 10
BACKGROUND ART It has been convem&S&FlEEL®hown t hat cycl oal kanol and/ or
cycl oal kanone can be oxidized with nitric acid to an al kanedi carboxylic
acid at elevated 15 tenperatures. There is also a known nethod for
manuf acturi ng a nedi_c | i i d hy oxid]zi cl oal kanol and/ or
cycl oal kanone M"ﬁ%[ %%3 %W&g%a&p aﬁ‘%‘ﬁ&éﬂ%@? 1C g H 43- 19529,
for exanple, discloses a continuous one-step manufacturing 20 nethod for an
al kanedi car boxylic acid by oxidizing cycl oal kanol, cycl oal kanone or
cycl oal kyl amghe,ad/i0retdys hydr oxyl al kane dioic acids having at |east 9
carbon atons and | actones thereof or tetrahydrofuran with nitric acid at
el evated tenperatures gy A KRG AL L te 20 DES od0P4-2 system
wherein starting materials are vigorously mxed with 80 to 400 tines the
amount i n VelawiE aftAG P afd ah KHddd e A% shyIhe A8DeNby 0bxNiiziggacid is
adj usted so that the reaction tenperature dﬁrlng the reaction does 5 not
exceed 25C. chhrg oadaainadn frdeedsydlioabkdmoRdGrlirlesi er DOra@ldpressure or a
pressuri zed condition, and the reaction m xture comng out froma reaction
zone i s sep¥oateddeaadfiinallogerthoig deradrieiod mehates oo 4 esstlobdr esi dence
ti-me. The concentration of nitric acid is 10 raised again up to the
concent r at i @nE@ENWEafiRidiemn 3l kanedirrdrexvtiona¢id theingadti on zone
by evaporating water fromthe reaction m xture, and an al kanedi carboxylic
acid i s sep@HPERHHORETAN, Hhatpin ddeg iviekx@fre by an usual met hod.

5 i

The not her li.quid added to the remaining part of the reactjon
mixture, andLARISCRGETRITEE GridEh @TRERAGRA okl 1 0 x ctE SR IPEFT LR
starting material returned to the.reaction_zone. The discl osure

descri bes tﬁggq%m%%%%%Qﬁf(ﬂfnﬁﬁ%él§é%ﬁ9§%ﬁ% 5?%???59 materials (i.e.
cycl oal kgnol, 20 cycl oal kanone or cycl oal kyl am ne and/or c~ hydroxyl al kane
dioic acids having at |east 4 carbon atons, |actones thereof or

t et rahydr of wrhacRoyNY efer ably perforned within as short a tine as possible
when nitric acid (i.e. nitric acid sent to a 25 circulation |ine and/or
nitric acid freshly fed) ras igddroduGRbAtEhd DBy Ie3&GkA Ofhgene after having
been m xed with the starting materials. The disclosure describes that it is
pref erabl e toydlicalikwerals addyair tdigel o2k Deseahesn 94031 ¢1 s¢d iwptwat eri al s
are dissolved into a transparent state within 5 seconds at the | atest

usi ng, for exdrphlceacd i1y eot glkanadidanpowygiie acrid durdleeateder.

Particularly, in the case of oxidation of 5 cyclohexanol and cycl ohexanone,
it is dilcl dsapereatvygas. There is also a known method for

t hod

manufacturing an alkanedicarboxylic acid by oxidizing
cycloalkanol and/or cycloalkanone with nitric acid
using an adiabatic reactor. JP-B-43-19529, for
example, discloses a continuous one-step manufacturing
20 method for an alkanedicarboxylic acid by oxidizing
cycloalkanol, cycloalkanone or cycloalkylamine and/or
w-hydroxylalkane dioic acids having at least 4 carbon
atoms and lactones therecf or tetrahydrofuran with

nitric acid at elevated temperatures in a recirculating



an effort to obtain a transparent solution within O. Oéotiec%n}b&eﬁeads after

m xing. It describes that the reason for this is that tinme
causes a local elevation of tenperature in the reaction zone, 10 resultlng
in a decrease in yield of an al kanedi carboxylic acid. However, even wth
the mxing tine described in JP-B-43-19529, a yield of an

al kanedi carboxylic acid is not necessarily high. This neans that the m xing
time deflnag% ferd P-hdPe 19520at i A§ MAteadgUYakee bagb§oab§9 knewg i n ot her
literature at a higher tenperature lowers a yield of adipic acid in
oxi di zi ng oyrtiohexans| 4amdé Dre syehahaxanntein ¥b1ankr b€ aci dot qoolst ai n

adi pic acid. For exanple, "Preparation 20 of adipic acid by oxidizing

cycl ohexanahifantc cycldhexBinonemonnt aft nitraci déidW 3. ¥AKuASSHL Ecand
D. W VAN KREVELEN, Rec. Tra. Chem, 82, 51-67, 429-937, 438-449 (1963) shows
that yiel d tiaadipe crez¢tionweesparabubggiurénpetheureacktaopadpesul ar, not

| ower than 25 60C, even in the presence of a c er catalyst, fromresults
of a batZh %% dexFeed r 2aE orfheegteamt iy 3336’%4@@15? i atal 4 v ebeeP0%gui pped with
a magnetic stirrer and a_cooling jacket. 20 Decenber 2004 4 Therefore, in
JP- B- 43- 195%%0en 3 BR¥Ndh P§e$%ﬁﬁﬁn@ﬁdédPF85BPééééé gpnep&ic8mpénst ure of

45 to 90C under nor na ressure or a ssurized condition, thqugh a
tosi dence LTS EEaGET TR mEAERTe Fem%aaugaﬁ T8MnR( FPACKAODy EPBRERY Shor t

temper at ur 45° BACTBCERo HREEGu A, ORada, SIECF oY oPERSEPERP i Rt ©
concentration plsNhLALE BEhS. reﬂHérSQ?EQBtQQkﬁbH'BQ hie18 s yiel d of

adi pic acid increases Wt owerin erature based on & calcul ation
using the reacté@nagale of GdC£RQeé@ﬂ@bnﬁ&aﬁl&h°ﬁ@é%ﬂ9”8qh9v§§b&%c aci d
obtained in the sane literature: "Preparation of adipic acid by oxidation
of cycl ohexanoth@ngoysheopgxasenNen 1bnwi FBaBttibhCzagbkdby W J. VAN ASSELT and
D. W VAN KREVELEN, Rec. Tra. Chem, 82, 51-67, 429-437, 438 449 (1963). This
means that,e@mp@nmﬂﬂmglmmaértE£hmothgyrehouﬁbnnglkheréenaﬁﬁahure requires a
hi gher amount of nitric acid in the oxidation reaction to give an 20

i ncreased yakkainedicaripdeyhttdacItatisi sepanetadt fodmshoparinotthéhabove
descri bed JP-B-43-19529 has a problemin that a high anount of nitric acid
i s consunedreR@etien griwturago¥yanonenahoreshafor Ehel bhekamordawich nitric
acid at_low te tures such 25 as 95 to 90C. JP-B-48-21088 describes a
met hod +3r %%d%@&%@ ?%et%ﬁnﬁ%TabFlﬁgtPPEtaE?thSn§ﬂﬁ§81°8am6xGPFPc|aI

gazette discl s a_nethod, for convertin cIoaIk nol enber 2004 5
and/ or cycl A kg%%ngh?% %ﬂl%?ﬂaﬂéﬁFﬁﬁ?bbgnggoﬁePﬁ Bymi e qHF& phase

d d | f id
cssenti al 1y EoTE bERE e fE) cra bRt F1 ATy P FRned BEoths FeRRbaoTor 5
nanufact uri fg,an atkanedscaehoxy! Aoart BebY cRaki AHLInRYIRG g¥i dation of

reacti on conponents se ected Fon t he group consisting of “cycl oal'kanol and

CyC|Oa|kano@ftﬁiéha@i&ré&da§t9rtfﬁgcﬂahé§lbﬂ9r8YeQ .thechigdigbihen,in the
anount of nitric acid consuned, wherein said 10 reaction conponents are

contactz@l wibloalkatowei ori ByéheapkesentfeObnd/60pper - vanadi um cat al yst at
90 to 140C, at least a part of the reaction m xture conprising 0.30 to 0.60
~ by wei ghthydiroxytaYeaheoppeic HcHdstbha®ib atbyemetght cakboxi di zed
vanadi um and a 15 reduction product of nitric acid having an average oxygen
/' nitrogen z&ene, | bageenehavh@r&ofsori tebrahgdrofinessinia wei ght ratio of
circulation flow to reaction conponents is maintained at 200 to 1300 and a
product of Regferpbintrenforneddvikbigonsenbpsti antdmet a8 possible

when nitric acid (i.e. nitric acid sent to a

25 circulation line and/or nitric acid freshly fed) is
introduced into the reaction 2zone after having been
mixed with the starting materials. The disclosure

describes that it is preferable to mix them so that the




20 oxidi zed vanadiumis maintained at 30 to 60, foll ovwslptehfife?\HRid49 said
al kanedi carboxylic acid. Crculation here neans a cir on onfy 1n a
reaction system which is different from"total circulation flow' of an
aqueous nitric acid solution of the present 25 invention described bel ow
In this description, this circulations s defined as "circulation flow in
reaction systenm . Furthernore, JP-B-48-21088 describes that a 20
Decenber 20@4a&t3uigt alale nllaxishG rap pRIsHdIy sl s drafdndpdeent xer may be
used to reduce the difficulty of mxing of the flow by m xing the i ncom ng
fl ow of thestgtkoalikaial Sard/comdsydwalHeadmteeat tdside, cigxcul ation flow in
the reaction 5 systemfromthe reaction apparatus. This nethod, however,
requi res thakatnpéeweghtinj&totemf & elxdimg ulertz lon d1 cw turbiree reacti on
system of the reaction conponents is set at an extrenely high I evel such as
200 to 1300migefrar g@avdigvd agflibi dgultdd orage ovf i9xidrtI1en refacti on system
requires a |large punp capacity to ensure such a large circulation volune as
wel | as pi pEYLiLREEXaRgla anch VS Awidinidiamdg & Hes pliessireed 0= \ma#Rl is t hus

di sadvant ageous th respect to equi pnent cost and proportion st of
Dowar | 15 G PEERA Gy BE R G VAR byt MO SO LR o reS

| oal k I d/ | oal t I di b i idwith nitri
2ol 0 ar e knGnO-tnas PESh AL URE MUy &G SRAT PSSt Pe emperature
not - hi gher E_I%%rgogp els t{hﬁ%“'irse X 146 él]f %&%@{%%ﬁ{@%ugs cir cul ation

flowof nitric acid in e reaction syst ase o enper at ures

above 90C, 1Qda1PEAR NSy i & fptldtane diPihaCidhod fo@dghid On,
tenperatures in the reaction zone not higher than 90C has problens such as

a | ar ge 1@mowalsudft ifigt HinC a2 % eaGiah LONSURRLd 1N, 08 d@arge volunme of air in a
stripper tower and a | arge volume of total circulation flow of an aqueous
sol uti on of alikahiediaairthcoonitial rdigl .t haialdsamedieasboxith ctiaeimhi progiuct
which is wholly 20 Decenber 2004 7 circulating within the system thus
resul ting i rrimecdessed Heghds IP-B-&3rstHd9,zexr il cbreentrati on tower.
Tenper at ures above 90C al so has a_cgr obl em of an extrenely |l arge anount of
nitric aci dadikedeiddcaghPoydw s 40l Tedwt geesstanty gt aithesyiel d of
t he al kanedi carboxylic acid. DI SCLOSURE OF THE | N~ ENTI ON An obj ect of the
present i nvERENSH t%étt &heo Migiing Fridtn aafigied et aBVR tHnve? ohal et hods
and to provide a nmethod for manufacturing an al kanedi carboxylic acid by
oxi di zi ﬁgﬁ cYOoBAEMNG and/ or cycl oal kanone with nitric acid, using an

adi abatic reactor, which .enahl es .inproved yields of 15 al kanedi carboxylic
acid wi thout increasing tie 'Srocdﬁrgf"frbﬁq IC}IOW%]? S]rﬁ‘i‘?]fact‘é]&? ?itnril%tr%acti on
system nor e, t. J J., enabl | . L educki in the
anount  of nihtagﬁc%ﬂa;e@%%ewfﬁﬁggdﬁsq%%eaaily vpl‘%ﬁrgéc? :%aés él}%p%? tower, in a
total circulgtian iflg0WRf Hexdh AdUERUS NI dYd oGk thetd Uk o andeid the

| oads of a crystallizer and a concentration tower, irrespective of the

t enper at ur e ddi s aiod tzakAtddi gieacrd . | IFXi ghihpie CYeh 6ad &oael oand/ or

cycl oal kanone with nitric acid to obtain an 25 al kanedi carboxylic acid, if
t he out |28t tosfmaeristivy @cdfd $ai dad iahiatd cyebsieaxawan &edrai sed, not only is
there an advantage in suppressing the anount of nitric acid to be used as
descri bed alowd ohextaradrso Witly edidciing adiel™, W.J.VAN ASSELT and

D.W.VAN KREVELEN, Rec. Tra. Chem., 82, 51-67, 429-437,

438-449 (1963) shows that yield of adipic acid lowers
at a high temperature, in particular, not lower than

25 60°C, even in the presence of a copper catalyst, from
iesults of a batch oxidation reaction test using a
cylindrical vessel equipped with a magnetic stirrer and

a cooling jacket.




20 Decenber 2004 8 air volune to be fed into a stri ppeﬁ‘;9 b%&fnb%i __é_&_g:ri bed
in said JP-B-43-19529 can be obtai ned, because a conc

al kanedi carboxylic acid forned in a reaction liquid at a reactor outlet can
be increased. 5 There is another advantage com ng fromthe case where an
outlet tenperature of an adiabatic reagctor can be raised. Cenerally, in a
process to obtain an al kanedi carboxylic acid by oxidi zi ng cycl oal kanol

and/ or cycl oal kanone Wydyd¥ddd C i fh-my 30 ous SOl Ut 90 fé' nitric
acid containing an al kanedi carboxylic acid product contalins a |[arge excess
of nitric agledomiierids 1R Iy rRAUREdk difetdieuFeact i pN.cdhegef ore,
after separating an al kanedi carboxylic acid product from an aqueous 15

sol ution of ulider & arirthaQoRrRig¥ e tdie Al geeseshcid o Xxydn i ecdsl, f or ned by
crystallization or distillation, the excess nitric acid is concentrated and
recovered fahoeise iredidetudeatiiore dmn & mixdepcrin i 0N, rédiiBatesddef i ned as
"total circulation" of 20 an aqueous solution of nitric acid. The present

i nvent or ¥ owmidhoyr am exttmesiedst ishattudyindat Fivetlaoy eeprgblessiman be

sol ved by using a specific nethod for m xing cycl oal kanol and/ or

cycl oal kanodE Wt WAL dEarluglesqmibpt dorovsl ¢prewerptkeeyi el d of

al kanedi car boxylic¢ acid w thout increasing both volunes of ‘circulating
nitric acidb%h r'@akti on system and total circulation flow, irrespective

of the tenperature in said adiabati.c 20, Decenber 2004 9 reactor, in a
met hod for manuf act ur iy tg'he & I by 11T AU BB et iy

cycl oal kanol [ qr__cy.cl oal kanqne with an _aqueou olution of nitric acid,
and finally c(?%%p ncei:trlanglcf%@%rnelgcern ¢ ian?/lent]iﬂ%q'.ll%eih‘ﬁ ¥ ?]Weajfriur%? %}é%ect of
the pre t Jpvent. i : ] ri [.(_aggd' ar boxylic
acid _bysig)gi ﬁagl:éns;lgycra c?:ﬁ %ﬁl@%ﬁ% lcyc oa iyan%ir:%l \?\ﬁvﬁé an qéugous

sol ution of tRniddrG Rl badl L bt AT S&81 M1 dW #84 ll @patiCadepshor 10
conprising a féeed nozzle enabling to feed said cycloal kanol and/ or

cycl oal kanonetad of ldyraahesinesl tor dydiihd ayednd hah fxdhd:e ¢ s@c and
m xi ng apparatus. The second aspect of the present invention is a nethod

accordi ng t ehted fad sSin atdpecianed ITihepatansni "Brépasst ion, o fhed Spic an

outl et tenperature of said adiabatic reactor is above 90C. The third aspect
of the presentid iyertiighatiion afetdiorl cecambhend ¢hel dhesinare t he second
aspect of the present invention, wherein a fluid conprising said 20 aqueous
sol ut i o Sof Wity ind tadicd acd d"eadt i VY AREELT rad S Wi ‘A | KRERBIRI , and/ or
cycl oal kanone and sai d _aqueous solution of nitric acid and unreacted
portion of &% &FA-0&hehal Sfnd/r &l el Kehbnet 38kt 64 3&dlar d devi ati on
of not higher than 1. %Lirsn a 25t erature profiJe in a radial direction
of said adiabatic rea ACH e P54 i gh SHEFL LR IR I REY vut from

an outl et of, sai ] %I ratus by 2.5 sec. 20 Decenber, 2Q04 10 The
fourth aspe&ow%r%n:ge&&rggstge%&’aelrﬁvt&nﬁ o 155 et h}blog ec%oal’r%ﬁ’lhrbttc(’c)?t he first

or the 5600@1@%}@%&%{ ey ;%;&fﬁae&wm'@&iam&i ] ;agrqrgerature

profile in a radial direction sal d adi abatic reactor
20 increased yield of adipic acid. That is, the method

shown in the above described JP-B-43-19528% has a
problem in that a high amount of nitric acid is
consumed due to oxidizing cyclohexanocl and/or
cyclohexanone with nitric acid at low temperatures such
25 as 45 to 90°C.
JP-B-48-21088 describes a method for reducing
the amount of nitric acid consumed. Said official

gazette discleses a method for converting cycloalkanol



5 standard devi ation not higher than 1.5C at the posii_'d: ngg‘g%re} Jogyn sai d

m Xxi ng apparatus by the sane distance as the radius o

reactor. The fifth aspect of the present invention is a nmethod according to
any one of the first to the 10 fourth aspects of the present invention,
wherein a fluid conprising said aqueous solution of nitric acid, a reaction
product from said cycl oal kanol and/ or El:ycl oal kanone and sai d aqueous

solution of nitric aci d an unreacte ortion aof sajd cycl kanol

and/ or 15 cf&&({gﬁ(acr}'ocnlg?aa]ﬁ(a%naoan%&aonaaanr aadjdgav!?% :l‘%%&(’)?xﬁjo Chl%Jhcgra}L}f han 1.5C
in a tenper at; I Qfd [ J [al:.dir o) . sal I I €. reactor at
t he positi 0?1ll ugrdgrg%%gcfefc{%%t;%vﬁlo% f%fn%cgng%lu 1 e&%ﬁé%gﬁédﬁ%xi ng

appar atus by $hfourfid G SRS iSRRI S LI Ofd] Byl Bolstiidh 2
direction of said adiabatic reactor has a standard deviation of not higher
than 1.5C, alorhepeesidim Bparit fdiyp sadds N xhdhS@PesAt Us by the sane

di stance as the radius of said adiabatic reactor. The sixth aspect of the
present invVerinuFadtuZng dretdl0creadif gk $ i @ryc Diebpfat heghiast to the
fifth aspects of the present invention, wherein said aqueous sol ution of
nitric aci d gsmsehexdmatwurcivl sresatturaredcdnpdient fase becéd efrathe st eps of
separating nitrogen 20 Decenber 2004 11 oxide, dinitrogen oxide, nitrogen
di oxi de and thiet camciahSisandheod et onl kaxelirand opyatecalkanenen sai d

adi abatic reactor after the nitric acid oxidation reaction, then

concent r at i 1 it Yt 3D nivhife manipromrdi Hregredeohtent #ati on of
nitric aci dgré{aarl e&iv lent to the concentration of nitric acid at an

i nl et of “or? éb“gr%ﬂﬁ’?fgc i ST n EReEeiRi 383 ¢ reactor from

said re iqQn . m.xture, separating said .al kanedi carboxylic acid froma part
of 10 cgl(r:lien Ped s adR enaecq%son AU E c%ﬁ'?l?a?% 5l°ﬁi??|l§ aeidin the
ot her i quig d n,anQt LI &M <4 € N i her liquid
and the rerrathlnél E’g parﬁf&ggﬁc?ﬁc‘gﬁ%ﬁﬁﬁg re%%:?%g%g%i i?u?oe LE’)get her, and
mixing the joigeed EkXtuLGtWal RBad 1B ieeh AQUeAEH Milddreci d sol ution. The
seventh aspect of the present invention is a nethod according to any one of

the first tedmpiddd aspeads ®f6d e pyf aseidnt né!?néki)@izé\@eé@ﬂ)}]ﬂeﬁ,a' d
cycl oal kanol and/ or cycl oal kanone is cycl ohexanol 20 and/or cycl ohexanone
and sai d al karaditmard@y |3 Gwncisidie bef md eddireshagiadi he &ci d.
According to the nethod of the present invention, a yield of an al kane
dioic add omeuure dorprpeethat tdid utitmicr essidchdot dxy varh usresrade ci rcul ati on
25 in a reaction systemand total circulation flow, irrespective of :
t enper at ur e d¥yasdl d aditdngere ratic okardree duvan of - Speei ¢yreglabedni xi ng
state of cycl oal kanol and/or cyc| oal kanone with nitric acid. Furthernore,
20 Decenber WEF£UY Atk hgFatle R metFail afiomef hpeskat reacehenon, an
anount of nitric acid required can be saved, and an air vol une i

n a
stripper toIBIENGAdS FRNEIGDIFE A0 Ry B3COneRAt 2 RFRREbwer can
al'so be redug ds. 5 BI%I.EF DErS IOPTI %\I%THOE nWI\{éGS Fig ]]ﬁi S a schematic
di agram of M Xi r?gldaﬁ‘bér%tus H% h of PRHE P 25EnT jriuvté ion. Fig. 2is
a SChe”ﬁ§d<:éﬂf&ﬁéﬁH‘UaﬂHdﬁdﬁlis maintained at 30 to 60, followed

by recovering said alkanedicarboxylic acid.

Circulation here means a circulation only in a reaction

system, which is different from "total circulation

flow" of an agqueous nitric acid solution of the present
25 invention described below. In this description, this

circulation is defined as “circulation flow in reaction

system” .

Furthermore, JP-B-48-21088 describes that a



10 apparatus in a nethod of the present invention. Fig 0 éée bépﬁﬁﬁgtic
di agram showi ng an enbodi nent of reaction system crys%aﬁ?rzégrun—system
and concentration system when a nethod of the present invention is applied
to an engi neering use. 15 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

Cycl oal kanol in the present invention gncludes cyclopentanol, cyclohexanol,
nmet hyl cycl ohexanol , cycl ooct anol and cycl ododecanol, 20 and cycl oal kanon

i ncl udes cycdwhexsreng; x1%g sy ehehexanencaandray el odpdesaneremayhe above
conpounds may be used alone or in conbination as raw materials. In the

present i nvesd i @Hed cys| pbexeanothé saprefendblecasmaxeygl odl kpsof13% and

cycl ohexanone is preferable as a cycl oal kanone. A m xture of cycl ohexanol
and cycl oheXaynanex iy tiee ubecorabng afl owt e€i ahe apdloytkaheXaeol/mmy al so be
used by alone as a raw material. These raw materials may 20 Decenber 2004
13 remai n ascymieatkatory ckbbh kalne| candhadatiygol 6abkahonthaf reacthen
reaction. An aqueous solution of nitric acid in the present invention neans
an aqueous sIeESBNIFPRhthe SrerekienagpPpatakusnt rabisnmethed,to 70 ~,
preferably an agueous solution with a nitric acid_concentration of 40 to 65
$, and nor e BPESERBLI eSH BRRicbhat sbhat ¥8hIhEt Rahifi i ER&cid concentrati on
of 50 to 65 $, Here,. concentration of nitric acid neans concentration of
10 nitric actiFoBiathoR BHrel 01 FB% BRBGRLSPOFYERGT GhdtPEOTESEFAGPng an

o ened! co BOASoReL 9,85 FECHLCRPEAGNS) RidaypRRS! GcRYLoal e

200 to 1300. A large volume of circulation flow in the
10 reaction system requires a large pump capacity to
ensure such a large circulation volume as well as pipe
lines and a reactor considering thelpressure loss, and
is thus disadvantageous with respect to equipment cost
and proportional cost of power.
i5 As listed above, although various methods for
oxidizing cycloalkanol and/or cycloalkanone to an
alkanedicarboxylic acid with nitric acid are known,
they require maintaining a reaction zone at a
temperature not higher than 90°C or require an extremely
20 large amount of circulation flow of nitric acid in the
reaction system in the case of temperatures above 90°C,
to improve the yield of alkane dioic acid. 1In
addition, temperatures in the reaction zone not higher
than 90°C has problems such as a large amount of nitric
25 acid consumption, a large volume of air in a stripper
tower and a large volume of total circulation flow of
an agqueous soluticn of nitric acid containing the

alkanedicarboxylic acid product which is wholly




An al kane dioic acid in the present invention 15 i nCl%"ﬁe ?Hfﬂr%@o@c' d,
glutaric acid, adipic acid and dodecane di oic acid,

obt ai ned from cycl ohexanol and/or cycl ohexanone as a raw material is
preferable. In the present invention, a m xing nethod for 20 the above
descri bed cycl oal kanol and/or cycl ohexanone with an aqueous sol uti on of
nitric acid is inportant. That is, in one m xing nethod of the present
invention, csiaddhlepcoplkotioln afigé osy syeh pat kagonesustigd using a feed
nozzl e enabling to feed said 25 cycl oal kanol and/or cycl oal kanone at a

| i near vel daidnearsd | loveds tdfina SxdPst2a 1l seer Amdt heconceantigatedhod of the
present invention is to use a mXxing apparatus to m x an aqueous sol ution
of nitric ars:ivdem t rempdr Deceedh ezb@d948 0L aldodldanolpadd/ean of an

cycl ohexanone. . 1 shows an exanple of said feed nozzle 1 for
cycl oal kan(ﬂx‘-’aﬁﬁ!fl Y chat g esdemionie. o Tholighl ¢ wvec 5@t el pgulebtionokkde 1 are
showmn in Fig, |, the nozzle nmay be 5 one set or three or nore sets. The

f eed noZl eThey W%Flsqfhgﬁés‘%%et%m%t%% qov¥Ee bt PhetBRd, or have two or
nore holes at the end. The jnportant thing is the linear velocity of
cycloalkan&ﬁ' %ﬁRﬂ%ﬁ&k%n%ﬁﬁ§2 to be fed fromsaid feed nozzle. 10 The
| i near velocity of cycl oal kanol and/or cycl oal kanone 2 in the present
invention means a linear velocity of cycloal kanol and/or cycloal kanone 2 at

atipof f Jor WME DT rably not | ower than 8x10-2 nl sec,
nore prefera 3/run§§omer t%an 1;?% f$15 m sec and further nore preferably

not lower than 10 m sg¢.o M &d N0 APRIRE ztgf@sg»nt n; hPEnPLERENL tHvention neans
a usual mxer used for a liquid-liquid mxing in a pipeline, and includes

M xers sYChsdlSrd girdBX&fis @ Shatabore XeonvERDER Y] h&Ehods NAgANBL M xer,
orifice mxer and inpeller. Anong them a static mxer is preferable due to

its sinple mtgwicdaire machdd ghoim mamgf adtbriyg dMari ous types of static

m xers are described in Chem cal Engi neering Handbook, Revised 6th edition,
25 p 452, Mirhmrerdi@mrbaxyilid 999)d lpndowidi zéng sogblaglkanalact ured by OHR
Co., Z,td., which induces a conpulsory swirl flow, may be used. The nunber
of said mantlyapmyeteslanene Heith 20i eteneid20Taing an

adiabatic reactor, which enables improved yields of

15 alkanedicarboxylic acid without increasihg the
circulation flow of nitric acid in reaction system more
than is required, as well as enabling the reduction in
the amount of nitric acid required, in the air volume
in a stripper tower, in a total circulation flow of an

20 aqueous nitric acid solution and in the loads of a
crystallizer and a concentration tower, irrespective of
the temperature in said adiabatic reactor.

In oxidizing cycloalkanol and/or

cycloalkanone with nitric acid to obtain an

25 alkanedicarboxylic acid, if the outlet temperature of
said adiabatic reactor can be raised, not only is there
an advantage in suppressing the amount of nitric acid

to be used as described above, but alsc in reducing the



15 present invention is not restricted. That is, a ceggeﬁ&eg%ﬁ?ogj‘ sai d
m Xxi ng apparatus nmay be connected in series or arran in an
aqueous solution of nitric acid 9. In the case of 5 parallel arrangenent,

only a specified m xing apparatus nay be installed with feed nozzl es which

are common to them but it is preferaple that each of said m xi ng apparatus
has said feed nozzle. In the case of series connection, said feed nozzle

be instal ' 0 fi,0 st | d: m X t .15ahd feed
e ol S 0.0 408 ety Sl Teosenatesmpcr gt |

nozzle may be in of “said m xi ng appar at us.

Sai d feed ngzzlH d ANGB-SAH-0 9829 MhRARMY Bl redPYodteadi@ra from each

ot her, but the distance 15 between themis preferably not |onger than 10

mm  nor e preefriietd e tidin |ONGarkdiady S BB x B S ey | folhdd 2n gai d feed
nozzle 1 may be conpletely incorporated in said m xing apparatus 3. In the

present i nueHdtoiion dIQlid «f 2 ddaewsr 20avBdoctdry d Battkesyedoal kanol

and/ or cycl ohexanone 2 at said feed nozzle 1 to a |linear velocity of said
aqueous 5ol ution of riHeardec ixcighatrtheai adwant age apEeiay uSr8mi sher ef erabl y
not | ower than 1x10-2. These requirenents are aimng at an 25 instantaneous
m xi ng of A e attearsolaramd/tore tt yodnr kathone ehdrmdpieduscsol uti on of
nitric acid, however, shorteniq? of the mxing tine alone is not

suf fi ci ent .r9ackar iGpfbhamaisida fEREYYYe V1 2 POOEREENBRr 2004 16

cycl oal kanol_.and/ or cycl oal kanone t o, enabl e _feedi ng of cycl oal kanol and/ or
cycl oal kandGREadn 13fe E5ANRAARARIFYL Hot 2F HhelrY t PraFi 8% 2 i sec.

cycloalkanol and/or cycloalkanone with nitric acid, an

10 agueous solution of nitric acid containing an
alkanedicarboxylic acid product contains a large excess
‘of nitric acid which is more than required for the
reaction. Therefore, after separating an
alkanedicarboxylic acid product from an aqueous

15 solution of nitric acid containing the
alkanedicarboxylic acid formed by crystallization or
distillation, the excess nitric acid is concentrated
and recovered for reuse in circulation. 1In this
description, this is defined as "total circulation" of

20 an aqueous solution of nitric acid.

The present inventor found by an‘enthusiastié

study that the above problems can be solved by using a
specific method for mixing cycloalkanol and/or
cycloalkanone with nitric acid, as a method for

25 improving the yield of alkanedicarboxylic acid without
increasing both volumes of circulating nitric acid in a
reaction system and total circulation flow,

irrespective of the temperature in said adiabatic




In the present invention, the direction of a 5 feed nOEQIﬁe{p_ngxgéeahkanol
and/ or cycl oal kanone is preferably as parallel as poss of an
aqueous solution of nitric acid. A T-tube may be used as a m xi ng
apparatus, however, it is preferable to use a static mxer as a m xing
apparatus by installing it 10 so that ? feed nozzle of said cycl oal kanol
and/ or cycl oal kanone becones parallel tfo a flow of an aqueous sol ution of

nitric. In any, &as f fgig ﬁ%gﬁg L%g?gﬁﬁgggéQETgxﬁﬁk?~~ shoul d be fed at the

l'inear vel ocity not’ |ower ti _ he present invention,
A 0o COOPYI Si,Ngx$

it is preferape.that.a 0 gUEQUS o8@kUhben Of nitric

n

acid, a reactrion product$%$on1sald cygloaléanol and/ or cycl oal kanone and
sai d aqueousaﬁ&vyél@gc9$aﬂk5ﬁbﬁea&iéhaaﬁ HE0886EEdoRAL bANCeT nsdirdc
cycl oal kanol and/ or 20 cycl oal kanone has a standard devi ati on not higher
than 1.5C ata¢he, posdt f oRawher eospldeihyi dhel pwesedt byveénbisac from an
outlet of said m xing apparatus. Standard deviation here is expressed by
the following fornul a tAys, €bhe2first?aSpandand Peei presant n T Z( ~ (1) n
n: Nunmber of neasuring points for tenperature in 20 Decenber 2004 17
radi al directinoenbiondiabatinethedcfor mgapfaTenpangt ane at each neasuring
points in radial direction of adiabatic reactor wherein, n is a nunber of
nmeasuri ng porhkanedicarbenpeiat aced byseshdézangngyedenikaasdring point is
not |onger than 5 mm TenEerature iis. measured at intervals not,lon%er t han
5 mm from a ¥R OF aBCHPALKRRPRECFOFDt BRa2@RPPUSaERLNELER BPpBLiFteTsi de in
a radial direction. Thus, a reactor with_a diangt%n of 109 mm 10 gi ves 21
poi nts for ndasTri ABLEReCPBRpEFEPUPEI P EoPNeREMBPEE 1PN TERE 0Ase where a
diameter. of said adiabatic¢_reactor.Ls fl vQl of fluid
conprisi%g s&f ﬁgéggsgsg?ﬁﬁigégg enF%gB%gggig? F%gétgggggroduct fromsaid

€04

cycl oal kanol y a I ueo ut, nitric
acid and unr@ ggégiﬁég??oﬁhg?Bgaggecycngﬁéggoﬁﬁaﬁd %Péggckggpﬁgﬁgne is 0.6

m8 / hr and Jrigo2liolbe PRSh! BXM @Rk sEEORh8aexRhy RPpaPRAGALUS by 2.5
sec becones the position apart fromsaid m xing appafatus by 53 nm 20 That

is, in the case when sehd Bb¥bA@ appacdl g ihet BeceBatsyaReationt im xer,
static m xer, Banbury mxer, internal mxer, orifice mxer and inpeller
said positiohA ne&thbe pesbridongapar thér divran aspleet wierdet beeklentd fl ows
out fromsaid m xing 25 apparatus by 53 mm A tenperature profile in a
radi al dibecinventsioneasheediat anheupdsitt tempeirattuze wfasadidng points. In
the case when said m xing apparatus is a
adiabatic reactor is above 90°C.
The third aspect of the present invention is
a method according to the first or the second aspect of
the present invention, wherein a fluid comprising said
20 aqueous solution of nitric acid, a reaction product
from said cycloalkanol and/or cycloalkancone and said
aqueous solution of nitric acid and unreacted portion
of said cycloalkanol and/or cycloalkanone, has a
standard deviation of not higher than 1.5°C in a
25 temperature profile in a radial direction of said
adiabatic reactor at the position where said fluid

flows out from an outlet of said mixing apparatus by

2.5 sec.



20 Decenber 2004 18 T-tube or an injector, the startidg mleMina 26068
position apart from m xing apparatus by 2.5 sec is thE_pUSTTTUﬂ_U?_a feed
nozzl e of said cycl oal kanol and/or cycl oal kanone in the downstream si de of
a flow of an 5 aqueous solution of nitric acid. Standard devi ation
exceeding 1.5C neans that there is algeneration of local high tenperature
portions causing a |ower yield of an~dl kanedi carboxylic acid product. In a

et hod for nmanufacturgg All0n ablBoeri car bRYbE coaht ds hyefk i ghzi 89

cycl oal kanol and/or cycl oal kanone nitric acrd, since the reaction is a

sequential J eaiH QD add@r&ehGCtbVity pirap aLkpnedicashRaxykpecachd

increases if the fornmer part” of said sequential reaction I's proceeded at

| ow 15 t enpaiatpraseandidfent 2bh £rwilaréiat a hi ahpbeapetrat gresi1dbEgover,
said reaction is an exothermc reaction. If the standard deviation of

t enper at ur ea praodidle direct bsh abf dssedt a@halpit 58I deadtobahbs seactor i s not
hi gher than 1.5C, an ideal tenperature profile in a 20 flow direction for
t he above sarpretridldeebxtion tan bighbt athed beBAlseatt hehd enperature ri ses
along the flow direction froman inlet to an outlet of said adiabatic
reactor. OPaticticuntarayt Sodn sadddaividevaippaoatescepdihg $as®€ generates
| ocal high tenperature 25 portions in said reactor, which results in

| oneri ng t HELSARRR 38 tyherr3deng. of nsahé pibabaticnyeA€tor; in order to
mai ntain the standard deviation in a tenperature 20 Decenber 2004 19
profile in the radi alTRf rEtttonadpechi of abiapRreEerbatPBENESOR0EShi gher

than 1.5C at t i tion wh fluid i si i | ut i f
nric ac & TR TERTI SR ECLR: “PY R Sarh EYe| bAFRanbP BB/ or 5
e . \ eyt : ‘ed
T e e R T 2 VA
an outlet of1.pad dcéﬁ;%(fl{'sgilﬁcﬁ)pééﬁauéquééﬁéabBlHHﬂ@ﬁroffﬁ@}:?c”héiag appar at us

may be placed in parallel as nentioned above. 10 A tenperature profile in

the radial gif&cdton obr Shét agiahathcar epei®s1rhnbheangpbti on apart from
said m xing apparatus by 2.5 sec can be nade flat by arranging certain

nunber of saycloaedrsond Pedashel aduactieassDitboni 89 Aidragesaeidof several
nmeters. 15 Further, in the present invention, in order to maintain the
standard dewdtammnreactedpecatioe pfosaié cpclbelkadodl addyeeti on of said
adi abatic reactor to be not higher than 1.5C at the position where a fluid
conpri skhg segPabtrmere sotas | ansoindard| deviabitod afidnohehigheri on product
from said cycloal kanol and/or cycl oal kanone and sai d aqueous sol ution of
nitric aci dFaR im Cadifed® FEMBRBIres NP TS odl I dimd/ or cycl oal kanone
flows out by, 2.5 sec froman outlet of said mxing apparatus, a rectifier
25 plate|ﬂ§$¥ﬁ?ﬁf?ﬁa?%sﬁ%&qeﬁdﬁfb%516u¥?%?t%F ahj BhRi RPAGTAPPar at us. A

rectifier plate in the.prese inventipn include or _exampl e, a porous
pl ate andlﬁﬁ??%&?%ﬁ@ %£h+$ppi?%§ RBrmbh?s) %@eﬂuﬁ%eg afs???gation t ower .
20 Decenbennf§4%5 apparatus by 2.5 sec, and also a temperature
20 profile in a radial direction of said adiabatic reactor
has a standard deviation of not higher than 1.5°C, at
the position apart from said mixing apparatus by the
same distance as the radius of said adiabatic reactor.
The sixth aspect of the present invention is
25 a method according to any one of the first to the fifth
aspects of the present invention, wherein said aqueous

solution of nitric acid is the one which is returned to

the reactor after the steps of separating nitrogen



20 Said rectifier plate may be placed adjacent to Saiﬂo?é&%é"@@ﬁ@t us or

may be placed apart from said m xi ng apparatus by se s to
several neters. Two or nore rectifier plates nay be installed 5 in a
reactor, but it is preferable that the plate provides the above descri bed
tenperature profile. In the case of ﬁio or nore said rectifier plates being
installed, the above described tenperature profile is defined as a

di stributi at. the it fro aj ] Xi N p by 2.5
sec. Furt hg%rﬁa)&ree', rb|eln e('¥ eg{;s%ﬁ[a&%’nvrgelrl{%%%éi{ig?}gq%ér e%%‘r@a’gf‘[égél(y)g a

L emper at ur ey ¥l ivhd adlAle i GFLLO-Of SRy b abALLG Leaglor to have a

standard devi ati on not higher than 1. even at“the position 15 apart from
sai d m xi NG AR US N tdie Saner disd ancerfs dbedresidst pbnsai d adi abatic
reactor. In this case also, in the case when said m xing apparatus is a jet
m xer, statdendiiat, Banburohdentefatinyesabd réxefio®rmixeeral xer,

inpeller, and the 20 like, the starting point of the distance is defined as
t he posili amtherabta filirigl & |lawsceanutrdtoom saf dnii xi ga@ppana@tusy and in the
case when said m xing apparatus is T-tube, it is defined as the position of
a feed nozAmisfal®nd] dad Kerolconmntraytdmad kambnei ¢ ra¢chd 26 aownst r eam
side of a flow of an aqueous solution of nitric acid. Mreover, in the
present indehtgtorRf iteqatamky meare bt bng haater f fefeed obprsidg said
aqueous 20, Decenper 2004 21 solution of nitric acid, a reaction product
from sai d AHiaRR AR rE %8R | Rt K FRAGE BP0 BEXEIEBueous sol ution of

nitric aci d and unreacted rtion,of said f%Cl oal kapol and/ or

cycl oal kandiié, > b sst%%’r aglec%*ﬁaalf_%’ﬁy t ‘H:"Jg‘iiue “than 335E ?h a
tenper atgr ecoq{coéﬂﬂxgatjf%?sd{:ﬁ“%aéjﬂ r%;ﬁ%‘g@f;e?a gn@é’ﬁ%?ﬁq'ﬁ%r eactor at the

position where sai OWS ou Sec Troman ou t of said
m Xi ng appa{iad s 0G4 al S0 LReL At P5ofilLnd radi al direction of
sai d adi abatJT c reactor 10 has a stand%rcgud%v%%tﬁ?%&r’l%%f hi gher than 1.5C, at

the positi QbR irddiap SBISLdh Xi G RORRr & 148 RYLhde PAFR: 4 shgnce as the

radi us of said adiabatic reactor.” Standard devi ation of "a tenperature
profile in gie fEmesaning Mt ioh $5id Poic¢atrated £85€t06n15 manufacturing
an al kanedi carboxylic acid by oxidizing cycl oal kanol and/or cycl oal kanone
with an aqueousirsolwddetthenf, rdnd intizaingl tie ajchmedrmiatuseakethWith a
so-cal |l ed bench scale reactor, standard deviation of a tenperature profile
i's, in¥anfregdesquamld arittthan Q0id . SPwkidmwut using a rectifier plate or
wi thout installing a certain nunber of m xing apparatus in parallel,
because a di aneter ofThehe&guaiibragrgret i af sshenpre¢sert 1nvenbiound.
However, in a co rcial scale, sone neasures_as described above are

requi red t o253 AW AR B LY Vi e Rf tEhPet Hott nFgnBRet han 1. 5C
Commer ci al s.cq#g her e maanqsotgj scal e using an adi abatic reactor with a

di ameter ndt*ErHhIFEHETHald GRS er BB S T s R EF LR hEAT 800 nm 20
er o . . . ! o Uot i ey
v a par e bR ) & (RN B e oA O st 1

as a pure a pe reac 0o, "Industrial

Reacti o Appaf AlMyd Badudtithe 1984)sa Zélk%g@%i%lgﬁf{@ggcfdpe 5

adi abatic reactor iI's preferable, but 1t may be tage adi abatic

reactor of & Mdnsmomdieste XN HWH - afwiqul ti - st age adi abatic type
reactor, which is divided into several stages with heat exchangers being

install ed between eadtcimiiend G Preie deethiod esPvehdigptesd®t There is a
met hod to use an i sot her mal
invention, a yield of an alkane dioic acid can be
improved without increasing both volumes of circulation
25 in a reaction system and total circulation flow,
irrespective of temperature in said adiabatic reactor,

because of specifying the mixing state of cycloalkanol

and/or cycloalkanone with nitric acid. Furthermore,



reactor in a nethod for manufacturing an al kanedi car BxXplbembek Ddd4
oxi di zi ng cycl oal kanol and/or cycl oal kanone wi th an &quUeous solution of
nitric acid. In this case, although a standard deviation of 15 tenperature
profile naturally does not go higher than 1.5C because it is isothermal, a
selectivity for an alkanedicarboxylig acid is | owered because the above
descri bed sequential reactions proce 8 at the sane tenperature. In

addi tion, hat i.c.r t Ll e ted_ by reactions
as the hea?ﬂé égﬁg%ﬁg?é??%dgéaﬁgﬁi%figﬂ%céégséﬂgrg%gggﬁg§§bt @rnal reactor
requires a LA GhARPAE AL YSad g M EERYErddecifast| 9BvO8At 2§ ¥R higS the
heat of concentrating the nitric acid separately. 25 In the present
invention, @l |8l 4 epeipbelr ecOfe Sahfd atlbalat b€ heagyorailBipet specially
specified, but the tenperature is preferably not | ower than 80C, and nore
pr ef er abl y saatibwe SfXeentrainion 20oinec ecder a 20Mb23raduabat i c react or
conprising a feed nozzle enabling to feed cycl oal kanol and/ or cycl oal kanone
at lined velocity not |ower than 8x10-2 m sec and m xi ng apparatus is
used, a yield of an al kanedi carboxylic 5 acid obtained is not |owered but
rather i nmprERAEF dehgich Bl WK HOX hBHE aBRABINGSNnvent i onal technol ogy, even if
an outlet tenperature of said adiabatic reactor becones preferably not

| oner than 80C, nore ks ek abf y2 aphemabs dhegepBref msxdegcri bed above,
by setting 10 an outlet tenperature of said adiabatic reactor preferably
not | ower t?&ﬁ?%ﬁﬁfsnhﬁeadggﬁ%ﬁ%b?§ hoVRTePeNt| £NVENHLS8i bl e not only to

reduce an anount of n%tric acid co zi ng cycl oal kanol and/ or
i

qiuneg.by oxi di

cycl oal kanone with nitt¥c actd DUTRFEATES FARIE2PNE 18L& MEent ration of an
al kanedj argﬁﬁy ' Ci kn cli 1 X n outlet of said
adi aba?ilg r ctéoéreuﬁh%]g,gﬁﬁléflﬁ?%,oﬁaﬁgg #%8%%&i %Fgg?gg?g\'/\er a vol unme of
total circulation flowof gnigqyeggﬁeﬁ9£yéi@Qaﬁgaﬁigﬁbgi igdncirculating in
a system containing 20 forned al kanedi carboxyl'ic acid, then enables to

reduce the drassisiéntd &f yodadticgerspditen, CORGERLI L EQPi bAVBYstHE an
exanpl e, the cases where the outlet tenperature of said adiabatic reactor

are 90C anthntb @aricermoys €OMS | shes s ushag adhpthodcbf Bhetpfedbnt

al kanedi carboxylic acid. If 10Cis taken as an allowance for solubility to
prevent a deposition ¥ agphied ace dan nepgpeéentsgousegal ves, the sol ution
can contain adipic acid of about 22 ~ by weight at the 20 Decenber 2004
24 maxikam equivalent to the.solubility at 80C, in the case of an outlet
tenperature of 90C, whereas it can contain only about 15 $ by wei ght,

equi val ent B ¥ RO | KRR | ARRBINGSUT | RHE hENVENEIGN an outlet tenperature 5
of 75C. This neans that fn mounf of reaction mxture to be introduced from

a reaction systemto &% 191 4% R yRFEAPTENARVERELIPBL al circul ation
vol une of an ueous sgiution of.nitri i econes 22/ 15 = 1.5 tinmes

cid E
in order to obtain the §ﬂ%%nﬁfp%&bdﬁ%?f% © ﬁBﬁ t of adipic acid. Reduction
of total cifaylatloh Boly f $0 [ LLrl cid
contri butes tojfbﬁgr %@ad%%%?'a .?ys%gﬁ#ﬁ%eyggﬁdegcgéﬁgg%%%é??bn t ower .
Fur t herypr e;n & é}}&f@élﬁ&wﬁnﬁ@iﬁ@é‘s0E¥éﬁbﬂé£aﬁ8h9,red_UC_eS the energy 15
required for crystallization in a crystallizer. In addition, according to a
met hod of tethylecyclohexanone and cyclododecanone.
The above compounds may be used alone or in
combination as raw materials. In the present
invention, cyclohexanol is preferable as a cycloalkanol
25 and cyclohexanone is preferable as a cycloalkanone. A

mixture of cyclohexanol and cyclohexanone may be used

as raw materials and cyclohexanol may also be used by

alone as a raw material. These raw materials may




present invention, it is not necessary to increase thﬁoﬁﬁ&ﬁ%&ﬁ@ﬂﬁﬁb¥°|une
of nitric acid in the reaction systemto nmaintain a

al kanedi carboxylic 20 acid at an outlet tenperature of said adiabatic
reactor of preferably not | ower than 80C, nore preferably above 90C. In a
conventional technol ogy, when an outlet tenperature of reactor was set at
above 90C, a weight ratio of a circullation volume of nitric acid in a 25
reaction sy o,fe i t r i ed so as
ot 1 eas ¢ HERioty o “BikesPr SR R DRt Rad7oY B0L1baIRRBERCT 00 %,

using an adipbaligchLepctorigenprising a feed nozzle enabling to 20
Decenber 20%4 %% ?eed cycf%g?kanol and/ or cycl oal kanone at a | i near

velocity not |ower then $x1808s"k8€GtaBH 8rMhXtRYcaBRapatustna yield of an
al kane dioic acid can be raised even under such conditions as a wei ght

ratio of 5 gré&séstl 2hvORNL Voh URBaRk ahtagﬁeaﬁkdsbmu@ibﬁaﬁﬁhgnasysten1to
reacti on conponents snaller than 200 and an outl et tenperature of said

adi abati & resctde abbidecOfN€enThatporsent 10nyentdor, cpretetpbilye adxi dati on
reaction with nitric acid, separating nitrogen oxide, 10 dinitrogen oxide,
ni trogen diagueleuansohiutionswathdaf notreiheacédctbonentxatiiencodi 4§ out from
sai d adi abatic reactor, then concentrating said reaction m xture until
obt ai ni ng ateohecht rardonode Rrefprabivdaneampgorguiseapsarnt yithea
concentration of nitric acid 15 at an inlet of reactor by evaporating water
formed i n stbF4ei abhdi €oPeartsrtiPBnPEarl £eabfi &n nfiRTGre, separating

sai d alkanedicarboxglic acid froma part of the concentrated reaction

s f
m xture, con@RRERESFFHECRi oFi R1GEFE PRIFhBeABENEr CPPGERGTAT18R0Per
concentyating, 20 syst | Ol ning_sail ther liquid and e renmjnjng part
of "sat i BorBhtra: e § oub RuReH nbRp Lyt yBTnarotrcs: RS ENGS, SRAc i wt b e
wth a fres | Lt i i .and_ret i he m xture to
n reactor. Ciandapty B MLESReR Rkbblg1RE) dp B0Rs 8L EEEFEAERG The
concentrat!aaoaac@naﬁalsﬁreaceeaeeghgaaﬂﬁéﬁensaa$prfe?CQé%ﬁmbﬁolnhe
concentration wthin a concentration of nitric acid at an inlet of a
reactor - 5tRat ﬁy,m@ﬁgbg./ (agoDecgmbgy]2004 26 The present invention wll
be explained in detail in accordance with the drawings illustrating an
enbodi nent in the casenwhtkagendibad atitheénpeiRseptesanentin®@nitioapplied to
an engineering use. 5 1n Fig. 3, an adiabatic reactor is shown as (31). An
aqueouslsol imcbndes sutciviacadidasgauterdol atidp &Hawiicnagideaod on system
(32), is sent fromthe bottomof said reactor (31) via a punp (33).
Cycl oal kanofedepanerdegeroarkdnorn@l3syipsct agifyohthraagdiGreazzl e (34)
enabling to feed cycl oal kanol and/or_cycl oal kanone at a |inear velocity not
| ower than 8X4bcberpaet. ard{ @rcFYELPREKBACREORSI A HaWeBateddadydtem (32)
and said cycl oal kanone and/ or cycl oal kanol (35) are instantaneously m xed
by a nixingpﬁﬁgﬁfg?ﬁg'(37) 15 supported by a supporting plate (36). A

| at 38) is | |led at th Lti A tlet of id
i xing appar at us. (37) By t68,EF s RinGPYAEtRR RELRLI ST PERICE ST
Lus (37) ) . .
R e e T A o R T e S S i R

conponents SUeR 38 S4h&8ESNsOXhH€onNbEr AYS ragi o1l ik0gapdi@yirde and
dinitrogen oxide (41). Stripped gas is absorbed in an abSorption tower and

rfcngred as nitric achdt Asfeganpasi hiQAngowBEnbAr o Rhkr pgereexi de,
Jrone invention, said cycloalkanol and/or cycloalkanone is
fed using a feed nozzle enabling to feed said
25 cycloalkanol and/or cyclcocalkanone at a linear velocity
not lower than 8x107? m/sec. Another mixing method of

the present invention is to use a mixing apparatus to

mix an aqueous solution of nitric acid with



25 warm ng gas, may be installed between said stri ppg0 ég&ﬂég%ﬁnd said
absorption tower. Reaction product comng out froms r (39)
is fed to a concentration tower (42) for nitric acid. Said 20 Decenber
2004 27 concentration tower (42) for nitric acid is operated under a
reduced pressure, where a part of reaction heat is utilized for
concentrating nitric acid. Water or ¢feani ng water (49) used in a

subsequent - ryst.al | i.zat | r oc is. showered to recover nitric acid. An
aqueous sol tcﬁér%ﬁo]%nrﬂ ?alncc%ll:’ci &%c%%ec}%an%%rﬁ?’rat ed in said concentration

tower (42) to a conceftyaty rdy eesgéfhﬁ’fé eng né%oé h);eez%c‘i’r&?%%%é‘? onin a

reaction zone forns circulation tlowin reactio system rough a

punp (33) . £8rPalle 1002 BRHIAMAA G AN xRk CONGRNIZRtLQ0 Lover (42)
for nitric acid’is taken out fromthe reaction system and becones a product
(45) via crystrldd ZRidAr Or eRSSsHAM i dMEher 1] quld (45)1&£0m pgeeut from
crystallization 15 process (44) is concentrated via another concentration
system (A7pnanddtorgrm thricd Ar elowyldion friow £48) .nSad Te td@lb&i rcul ation
flow (48) is mxed with the above nmentioned circulation flowin the

reacti on systsdmgql32)tube dslvinmid rare dolk (DD)thes dedl, tor neave atwoa 20
concentration of nitric acid constant in said circulating aqueous sol ution
of nitric & dane thed aseadt itdve yst.emBte aimporttantoftisng beli Gvat i c
reactor. Said al kanedi carboxylic acid remaining unseparated is contained in
aqueous soldfiedT dfelfiaiti ofb wtdlPalkamel Ao earelvrkkanerel ation fl ow
in a reaction _system 32::{ and a total circulation flow (48). Concentration
of said al E4n&F clfﬁdo(#ﬁﬂ Sad Fesht % i n sai d aqueous sol ution of
nitric.acid is 5to $,....20 Decenber 2004 28 however, 5 30 ~is

pref er é@l e because tgfglehilﬁecaornéfeeﬁtorca’t '%no‘ga‘ilyc%e%%}r\g@aﬁﬂ n‘?‘?é}c))‘?rsol ubility
and requir 1 .sai.4d a 0 o} j.on. o itric i 0 prevent
a deposi ti %ﬁ(c‘(g};ﬁa?r%ogﬁsq ﬁ%pit%g %%sé%%riﬁ Iggln%%irﬁ;%geﬁ% a%ﬁjgl.rg?énrt he
present | @iy € AEAUNIRN Undbs! YEPILHERLOYIdC 2ci d.
contained circulation fl'ow in the reaction systemcirculation Tlow, can be
rai sed becauge olf0 ARIPHAIEL 19f waRich ai %f&ré%’tr%t Crow&r L he
tenperature preferably not | ower preferabl'y above C. In a and a total an
outlet in htamissad UmAder) Fize PrferJheo Py eseOt Lowwenthon weld-tbe

expl ai ned usi ng Exanpl es and Conparative Exanples bel ow. 15 Herei nbel ow,

yi el ds 1&f el salck amel divaitdieac imeb rar e redfqaaately hedtwwebswet heharases of feeding a
react ant, cycl oal kanol and/or cycl oal kanone, at |inear velocities of not

| ower than™®®E®-2 nisec and not higher than 8x10-2 nfsec, under the same
mxing time. Mxing tine here 20 neans a tine until the color of

phenol pht hal ei n di sapBeamy apRaT agaEH Jridn HABO Prgsem xawvarst igp

phenol phthal ein as a tracer. A so hereinbel ow,, a position where a fluid
conpri si ngMEANF Fqedid JUHRY Bt A% 3 &%ﬂ“&ﬁ?%dﬁﬁff‘%r%uct from

sai d cycl oal kanal, .and/ qr anone and sai.d aguegus solution of nitric

| .cl aal
acid and ur?.r é’z%&eel&nﬁdrtaingrcﬁg‘fcqglé*écf &R K 3hdr E5%Sbal kanone, flows
out from S%'t%t'?['cx'rﬂgze%ep%ra%tblﬂﬁq})%ixer, internal mixer, orifice

mixer and impeller. Among them, a static mixer is
preferable due to its simple structure and high mixing
ability. Various types of static mixers are described
in Chemical Engineering Handbook, Revised 6th edition,

25 p 452, Maruzen Co., Ltd (1999), and a mixer such as
manufactured by OHR Co., Ltd., which induces a
compulsory swirl flow, may be used.

The number of said mixing apparatus 3 in the



20 Decenber 2004 29 2.5 sec is sinply expressed as a pgéié! gg ggraoa‘tsec.
Exanple 1 A reactor which had a mxing part of a |engt 1th 4

el enents of static m xers each of an inside dianeter of 30 mm nmade by
Noritake Co., Ltd. and had a length of 686 mm inclusive of the static
m xers, was provided. Into said stati%ﬁﬂixer, 0. 004N of NaOH colored with
phenol pht hal ei n was charged. As shown inh 10 Fig. 1, two feed nozzles with

an inside diﬁ?@%ﬁﬁﬁﬁﬁgﬁe : 1r§giHé%gk%ggrggtggL?Zeggﬂsg%eagpside of said

static m xer’ a S rom sai nozzl'es. A distance to

the position.ybesenanarbar Bf gggaohggghﬁggﬁgggg%%gpg@ﬁﬁ@mmas converted to

a time and 15 defined as a mxing tine. the rate of 0.95 [lit/hr]

and HzSO, at &8gneatedoinl@drlibkt okr hrvanhgepassepaaad 121Mx BG tine was
determned to be 1.1 sec. Then, an oxidation reaction of cyclohexanol wth

nitric aci d agsecosdgolaedivai bg hhersamacidatdi.c 2o riheercazrd offeed nozzl es.
More concretely, 54.6 % by wei ght of aqueous solution of nitric acid
cont ai ni n§ Opér§lbglweryghhgemell, andl®. @5 spely Hieidgnti xahgV apgs nadssed t o
said static mxer at a rate of 133 kg/hr at 73.8C, and cycl ohexanol was fed
at a rate ofmayobgginstabledr withr §ebdomogaile st edd oo azieesommonod et
tenperature of said reactor was 91.8C. A mxing time in this case was 1.1
sec and a |ikeaR, verbcittyisf PEpErPsALEnENakasagh Pimsadd MAXINGuUi d sanpl e
was 20 Decenber 2004, 30 collected at an outlet of reactor, and a yield of

adi pi ¢ aci d ABB2HBFEPPASdSEEpEES. ROGRLE -no Ly 5hﬁné‘atsﬁe(5’rfetsied(¥é1e5val ue. An
t of nitri i d 0.957 kg- HNO3/.kg- adi.pi id, A
empor atur o BPBRPFEIENST SERE. B6Er: POAZAEalEY POt RE ANLES By ¥ was
d . .deyi. at | . 50C. i
reasurodj030ha, 1900°C ks 9L oaboLSIREY Bhus RS RAG, Sarparpt ve

m xing part yethngapbpabde1d daBtan1eh LG Laom x %ﬁ%] 250 nm was
provi ded. Into oﬂe Iénd of sgig T-tut%e, 6 O%A?N o%@ﬁla%glcgo oré@fwith
phenol pht hal ghpavasusgharged at the rate of 0.738

Said feed nozzle 1 and said mixing apparatus
3 may be apart from each other, but the distance
15 between them is preferably not longer than 10 mm, more
preferably not longer than 5 mm. As shown in Fig. 2,
said feed nozzle 1 may be completely incorporated in
said mixing apparatus 3.
In the present invention, a ratio of a linear
20 velocity of said cycloalkanol and/or cyclohexanone 2 at
said feed nozzle 1 to a linear velocity of said agqueous
solution of nitric acid in said mixing apparatus 3 is
preferably not lower than 1x1072,
These requirements are aiming at an
25 instantaneous mixing of cycloalkancl and/or
cycloalkanone and an agueous solution of nitric acid,
however, shortening of the mixing time alone is not

sufficient. It is important for a feed nozzle of



15 [lit/hr], and 1IN of HZSO4 was fed at the rate of 1 ' s t he

other end. A distance to the position where a color o%ﬁ%ﬁ}#%nn

di sappeared was converted to a tinme and a mxing tine was determ ned to be
1.1 sec. 20 Then,- an oxidation reaction;of cyclohexanol with nitric acid
was conducted using the sane T-tube. Mrré concretely, 55.0 ~S by wei ght of

aqueous sol Ut icqk10fa1Kalid1C a8 S RYAIHIKAMbR P el it r&fqidy ayd 0. 05 ~
by wei ght of V'was passed to said T-tube at a 25 rate of 150 kg/™hr at

75.6C, and cycdywsaneinoraddbatcidioddghdie Gt #H idddr 5 hrs from
said feed nozzle. An outlet tenperature of said reactor was 91.0C. A m xing
tine in this cedeciay hok Jewendimid i93@a0™? mPéedecenber 2004 31 velocity
of cycl ohexanol was 0.001 msec. Aliquid sanple was collected at an outl et
of reactor, and a yiel dIof 3o pPressaitd waserdeton M tttesd diordret Bdn LoDy nol .
An amount of nitric acid consunmed was 1.018 kg 5 HNO3/kg-adi pic acid. A

t enper at ur € prisfad @z ehehowyelianl kaparl dndiot hey ol o@l kdryorde ns was
nmeasured, and a standard devi ation of tenperature was 0.90C. Although the
aver age t enpemRafieradniy & nAvalie) iake pessible tane Hkow hoSenn Exanpl e
1, the 10 yield of adipic acid in Conparative Exanple 1 was |ower than that
in Exanpl e 1, BFBEAYSe SH3 Y 9 Af witgdiq aekd eyt Wl | MR atsed gher

t han 8X10-2 m sec. Exanple 2 15 Using a T-tube whjch has a .inside di aneter
of 10 nm but &9 i lgfgar?é%%ar’-’ao"fusz %ﬁ‘b‘-‘n‘f%ﬁ ot e PIREerfelesto use

|.oh |, ) X1 i red by th hod i n,
Comparat | ve BRIt A bE 5 SO sberrauialy ot iien b
cycl ohexanpd ZQ Widdt W tFd&y afd M Mas, £aduyet %g%%é# SRHPod-tube. More

concretely, 55.3 %Dby weight of aqueous solutio iCc acrd containing
0.5 % by wei gldydiiodikaithd KeSfady perdife Oftd 061 HRSSEUah Oag@élud - t ube
at the rate of 132 kg/hr at 78.1C, and cycl ohexanol was fed at "25 the rate

of 0.9 kg/hr fawldtivrs Jf amtasicl. f erd diog dose Ae 1| €ycleaprRagbure of said
reactor was 91.3C. A mxing tine in this case was 1.1 sec and a I_i near

velocity of cywidiexargticaiantnd9 ndlsmrld Ad ifpd dat the linear

~ velocity not lower than 8x1072 m/sec. .

15 In the present invention, it is preferable
that a fluid comprising said aqueous solution of nitric
acid, a reaction product frém.said cyclo&lkanol and/or
cycloalkanone and said aqueous solution of nitric acid
and unréacted portion of said cycloalkanol and/or |

20 cycloalkanone has a standard deviation not higher tﬁan
1.5°C at the position where said fluid flows out by 2.5
sec from an outlet of said mixing apparatus. Standard
deviation here is expressed by the following formula
(1):

25

Standard Deviations=

J“Z - L. (1)
n2

n: Number of measuring points for temperature in



20 Decenber 2004 32 sanple was collected at an outlet2 f..reactor &Qd a
relative nolar yield of adipic acid was determ ned to—@é’j@mj%%—rml . An
anount of nitric acid consuned was 0.968 kg- HNO3/ kg-adi pic acid. A
tenperature profile 5 at the position apart fromthe m xer by 5 mm was
measured, and a standard devi ation ofl7enperature was 0. 70C. A standard
devi ation of tenperature at the position apart fromthe m xer by 2.5 sec
was 0.50C. Althougiadieladérags ivamedr adisdadnid tHeack®nri xi ng tine were the
sanme as those in Conparative Exanple 1 with the sane T-tube type m xing
appar at us, THECY+ ef@MBETaAdMERC akc £@Chn MOEEHAIOD ReAP s I FPHS Y n Exanpl e
1, because the |inear velocity of cyclahexanol in Exanple 2 was not | ower
than 8x10-2 ni sec. 945eEkanp 832 A L1GF&GT M th a length of 700 nm

whi ch conprises a stati.c m xer . havi a_mxing part with an inside dianeter
of 12 nm 1K°6F P30 Wds apé%lg@&ratoq‘tgﬁ[éeaﬁrrla{g% RS Yo [ﬁ]cﬁ/ hr]. Two feed

nozzles wth ole qf 1 re.installed | | . sj de of said
static myxeF?%grl%&a%.u&§4N :)ngjs eci)%'l%né)ré{j e%:{}ﬂ nﬁéeén@{lprfﬁoféac{%?{rr l\/\%as fed from
said feed n I [ ate 0. | 1+ ] X1 t. was

det erm ned g‘ézcb_;}%tn%tgrtsg?r?gnrrtgt ﬁ%rd asll%%e[éxdagr}{p_ e l1S é})é%)géi%?éggc. Then, an
oxi dation reacldrQR1Qf eHCheRPANAhaM th v tdm af i h MBSFLANAUE K USi NG the

sanme static m xer and feed nozzles. Mire concretely, 55.3 % by 20
Decenber 20Q4a33oieit@hta @falaqueiss igoldt idcppedite tdide aii a ceddpaning 0.5 $
by wei ght of Cu and 0.04 $ by weight of V was passed to said static m xer
at the rateddfret30 deg/ hiThais, 7& 4Gacud: cyicilohexdiume s d2dl @ rrhe rate of
0.917 5 kg/hr fromsaid feed nozzles. Thus, a weight ratio of circulation
f1 ow i nliGhe gieast i2dn pyisttemficr aed sohexenothendser@ratiirg xi ng time was 0. 07
sec and a linear velocity of cyclohexanol was 0.17 msec. A tenperature
profile in a radial dificacts*ampdie t Ho Jds tGaTe dfete 1 diameter ouf |l et of
the static m xer by 6 mm was neasured,. and a standard devi ati on was 0. 60C.
A t enper at uS@ ik aé‘i/}a&?ttllé'ft RGN deackt Ty thiSlusw e Af 2c s

com ng out from an outl.et, of reactor was 15 Jjntroduced to a strjpper tower)
wher 6 ni t r odam Sk TP THE G, 67 i GHHRDURI SR T OHEh Tt S 1 6us aci d

were stripp i,.t.h air n cent.r at i e jon tower. Bottom
t enper at ur e%%fa\@stéi d Er?cen%r %%on%olér&a%%%@%%ﬁ%%%dé concentration of
adi pi ¢ 3¢ d J 1%1%&:%%6%9@ S0 1R a1 481 6 AG B LAY O QU {gom t he

bottom of the tower was 2 by weight. A part of sald agueous sol ution of

nitric aci d M@ JrakRittd Jorddh & 5 Ysd &N APl d 41k d FTRI A b AquUeOoUs

solution of nitric acid was returned to the reactor as a circulation flow
25 in the resQldl I sYicelal nff /adirpaadasl ds0bt3i ked vasiboh $ by

wei ght to the theoretical value. Fresh nitric acid was added so that a
concentr at | @paoft rMirdon csedicd chiatiran dppetatods tie 2 Sacier Heoanes 56h8 $ by
position apart from said mixing apparatus by 53 mm.
20 That is, in the case when said mixing
apparatus is the one such as jet mixer, static mixer,
Banbury mixer, internal mixer, orifice mixer and
impeller, said position is the position apart from an
outlet where the fluid flows out from said mixing
25 apparatus by 53 mm.
A temperature profile in a radial direction

is measured at the position with 21 measuring points.

In the case when said mixing apparatus is a



20 Decenber 2004 34 weight. An anount of nitric acidgagﬂgggﬁgepﬁbogdipic
acid was 806 [kg/ T-adipic acid]. Conparative Exanpl ctor
with a length of 800 mm which conprises an injector having a m xing part
with an inside dianmeter of 11 mm 1N of H2SO, was passed at the rate of 99
[lit/hr]. Fromsaid injector, 0.004Ni1gf NaOH col ored wi th phenol pht hal ei n
was fed fromsaid 10 feed nozzles at the rate of 0.503 [lit/hr]. A mxing
time was det-erubiened: an tie] saoer netlods tartinggaophe 4ft bheée 0. 05 sec.
Then, an oxidation reaction of cyclohexanol with nitric acid was conducted
using the gmrtiigrectrart 15rdbrelcomtrapeiyat e By by . hebgnt 1sf thgqueous
solution of nitric acid containing 0.5 $ by weight of Cu and 0.04 $ by

wei ght of \Pageist iR 2l a feed dnetate cofi x@fd atvyeheat kprobfanddokg/ hr at
60C. Cycl ohexanol_ was fed at the rate of 0.477 kg/hr Eergendicularly to a
flow of an FLRRIERRCTD 1R i e FOWRTFT2BFHABYOT N2 FhAPECPOraRith an

i nsi de q%aneter of h_enabl ed i@ di ssol ve cycl ohexanol to
e

1 whi
t r ansparent* e o9 4¥%9Tﬁéée%%tf}%e%? |l ocity of cycl ohexanol at this
diti 0. 002 devi at i t ile 25
Fodial direotion ar Ty AL TR SxC 0 thal PIBR MRS e §o70C

Th ti i Xt t d introduced t
€ reacti o JEXUU & Vias, & LDV éf?%&@%ilﬁf%eﬁéra?érgg%én | ntroduced 1o

a stripper tower, where nitrogen oxide, oxXI| 20 Decenber

2004 35 di nidxogets oxddlei Ada NiéoHSyAEid ¥ergnshikhpedivhtBoaiiiand sent
to a concentration tower. A concentration of nitric acid was rai sed up to

about 56 $ dyidwieddudt. t hen cOnGerhsat fon homefacBatiag aanperature of the
5 concentration tower was about 55C and concentration of adipic acid in an

aqueousl Golaltkaredicanrboxgl bei sctonvpgoriditiogm thelbaikanvdf the tower was
9 ~ by weight. A part of said aqueous solution of nitric acid was taken out
fromthe systdmanydheslknsdnd ngltlyuebusi¢Oasbiiut sdncef thetric aci d was
returned to the reactor as a circulation flowin the_reaction system Yield
of adi pi c akSarioRmiher wea9snbial pyeaetynn, t BhenselRebivityaPIval ue.
Fresh nitric acid was added so that a concentration of nitric acid at an
inlet of rettdIratERdeeaRROBOLLCHICHR YREreAReAndinERBf LRFPRFcPEELd

d di pi i d 890 [ _T:adi pi i . A t of nit
consured per. o pi . 2cldvee, 000, Lol T2 c agtd] A arount of (11
react! ofl L SIRGIALIN AR h O T PLOOL ALLP! 5o 361 RaRL VLR
not wi t hst andi a ower reactl on enper ure an snorter m Xl ng t1 ne.

Furt her mor &y, A SANCENLL Ak 1 P02 0 5 8H1 PLCaRCL Yot e 21 BAUEQUE 18R] Ut ken Of

nitric aci
the standard deviation of temperature profile in a

radial direction of said adiabatic reactor is not
higher than 1;5°C, an ideal temperature profile in a

20 flow direction for the above sequential reaction can be
cbtained because the temperature rises along the flow
direction from an inlet to an outlet of said adiabatic
reactor. On the contrary, said standard deviation
exceeding 1.5°C generates local high temperature

25 portions in said reactor, which results in lowering the
selectivity or yield.

In the present invention, in order to

maintain the standard deviation in a temperature



com ng out fromthe bottomof the tower to crystallizgtholmyst sgodas | oner
because the reaction 25 tenperature was | ower. An annunr4%¥aan—aqueous
solution of nitric acid to be taken out was 21 / 9 = 2.3 tinmes in order to
obtain the sane amount of adipic acid as in Exanple 2. This neans that a

load to

20 Decenber 2004 36 crystajdization system and subsequent
concentration system becones large in a commerci al process. Conparative
Exanpl e 3 brbdidecdmt itheouadiyle dstraictiess ot ealid satidyamilc appar at us,

50 $

by wei ght of an aqueous solution of nitric acid containing 0.5 $ by wei ght
of Cu and @Ge@et$rbyowmioghhighey wisrf dd 22C shethat posfitidd kipelre at 11 0C
together with cycl ohexanol at the rate 10 of 0.13 kg/hr, after being m xed
in T-tube dluhdagompriigdndi seceameotd malutiimmaroivalidetie afidycl ohexano
at this condition was 0.0003 msec and mxing tine was 1. 05 sec. A part of

reacti on nitREurearid oPaRERIFGE i ors sadbwksaliotdiagip syadRand t he
remai ni ng part maiéreturned to reaction system, Weight ratio of this

ci rcul ati n§Y&G&és

NOBELENGh S thiATHeC UL ISP I P @5 dH shAG D

| oh I 1000Q. i el d.of i pi i d .obt.ai 4.1 $ b i ght

of “the t noGPel COREATRAde POSG AT Hio B DR A Ay BHaed per adi pi

aci d vas 807 Licg TPl 78] dhoe YiPlA 0f ARG, agl dQbi i negl s | ower
a y O no t

because lin

rvel oci cyclohex was 1 ower an 11n

anpl e 2.

Fur t her nor e, 31080 £50,of B8 LeaGlQr, Alod 25 Gl Ald O DU, ARG, Pi pel i nes was
ecause IpI’C

7 times |arger

ulati'ng

times (100Qppalédas madOreeeanR@lq 24@04araliel as mentioned above.

10

15

20

25

A temperature profile in the radial direction of said
adiabatic reactor at the position apart from said
mixing apparatus by 2.5 sec can be made flat by
arranging certain number of said mixers in parallel in
a reactor having a diameter of several meters.
Further, in the present invention, in order
to maintain the standard deviation in a temperature
profile in the radial direction of said adiabatic
reactor to be not higher than 1.5°C at the position
where a fluid comprising said aqueous solution of
nitric acid and the reaction product from said
cycloalkanol and/or cycleoalkanone and saild agqueous
solution of nitric acid and unreacted portion of said
cycloalkanol and/or cycloalkanone flows out by 2.5 sec
from an outlet of said mixing apparatus, a rectifier
plate may also be installed at an outlet of said mixing
apparatus. A rectifier plate in the present invention
includes, for example, a porous plate and baffle tray

or lip tray commonly used in a distillation tower.

ow I n reaction systemwas as much as 7



37 Exanple 4 To a static mxer wth an inside dianet erzefDe%g %QEI, é%@{m

HZSO4 was fed at the rate of 123 nB8/hr. Two feed nozzl

holes with a diameter of 5 2.4 nm are installed just upstream side of said
static mxer, by which 0.004N of NaCH, colored wth phenol pht hal ein, was
fed at the rate of 1.2 nB/hr. Mxing t40re, deternined by the sanme nethod as
in Exanple 1, was 0.05 sec. 10 To an adi abatic reactor having an inside

di aneter of J8b® Ferhhfiarneigke BRY| DBODLlARFIs3d32ceRy i R Jof
circulating agueous solution of nitrjc acid in reacti.on system containing
0.5 - by weiBHEIBY ERPAFATES0ATSMBY REi GHECHH OPonks FEB AEifhe rate of 780
T/H 15 at 78.2C. Five sta%ic gixers eaih gﬁgh apn igsigesd%%ggher of 80 mMm
wer e i nst al I'BH<TRI APRAF Ab4Ti €Yr 88¢EER i FEPEFRPIEF St 5% 5FV6W%f an aqueous

| uti f niiri i d : 1 f ith
an i nsi de i SRetEF- orTdg 8 meBerPRE R Cel t RS may Be' 3R AR M
i nstal | edsneay | y ?%%@kbf' BetaiE'9§/gieéeragm@0%5a§9kﬂhl9na%g nitric_acid.

Cycl ohexanol was at the rate o 6 T/H fromsaid feed nozzles. Thus
wei ght rati OEQI)deéér eHbahhePef haWckAbEaaeknpR ra¥akeMpird faYiel.ohexanol was
138. Mxing 25 time was 0.05 sec and linear velocity of cycl ohexanol was
18.3 m sec. #hpocass pFateowas feteakatiferpesiffiesr ppates bedingn outl et of
the static mxer by 300 mm Standard devi ation of tenperature, neasured by
a 20 Decenbest2DDdd38thenpbpatudesprabele temparaadiral pdiofade ds at t he
position of 2.5 sec froman outlet of the static m xer, was 1.00C. Standard
devi ati on of deéhpedatare disthabpbtirni efi &p&r PoBLemoan apatitetfrem t he static
m xer by 5 500 mmwas al so 1. 00C. Tenperature at an outlet of the adiabatic
reactor Wis 98&d wh3irgnpREasALLEr B dn>08§€Fet of reactor was introduced to
a stripper tower, where nitroggn oxi . de, . ni trogen di.oxide,, dinLtrQ%Fn oxi de

and nitrous acid were YBTSPEEPREG . wilfh thFr PIRFSR te dRVERT A ot o Shi tri ¢
id i d t 40 $ b ight in, t r.at,i t d

Che top. prasBUFEBRDD6" RBY. BUETBRFAbTSEr REGES 161 S0ardditcent rat | on t over

was about 80G; Qgt%ﬂcg?t rsgﬁ'fiﬁgdgfgpgg'i@ %e%%lt@r' 1 ARt %g%g%gl?a\%\g ;L;on of

nitric acid comng out from m of tThe tower was A

part of SaidgggysegénSHBchqehQE Rhb iq,@@bd?w@ﬁ 8€NtnkopeLystahl i zation

process and e remal ni ng aqdeous solution of nitric acid was returned to

the adi ahati gp3P+tr e26k0L5add MiklihgUhapbla®a thisOWy R Hee @O Mistem Adipic
acid was obtained by crystallizatiion and purification of an aqueous

solution of gitethe @eddushys akednadutbardcsedact@rcrystallization process,
usi ng usual nethods. Yield of adipic acid obtained was 25 95.8 $ by wei ght
of the theoretical val de. tMisheaslk aulise,com rdpeoutasier orhesr yestiald | | zat i on
process was concentrated by anot her concentration process and returned to
t he above deméribgdappacatasi ds Bl et mixe2( BdedisemixFos FRnkagtt i on
system Fresh nitric acid was added so that a concentration of nitric acid
at an inlet BixadiabatPENPdalisehefaid 158 Bixegy WERGHLe AN fbdhe of

5 A 5. 020' by JKer gRicoR CerrEaTaPPRs Sadloste SHAMATGE ofF MRSV ELA™ in @
(o2t on SYSLRR peRBann UG G 3.0 AR Quand 0 B8 B l e o
ozl o o Lgebthaedl Soballit S UitesgiR N AR G ercent
measured by 3gt @URGHALULR ROWelsS el &5 AHRlpHit8dd Y¥ a feed
nozzle of cycloalkanol and/or cycloalkanone in the
25 downstream side of a flow of an aqueous solution of
nitric acid.
Moreover, in the present invention, it is

more preferable that a fluid comprising said aqueous
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and tenperature at an outlet of the adiabatic reacto

deviation of tenperature at the position apart froman outlet of the 20
static m xer by 500 mmwas 2.44C. Yield of adipic acid obtained was 95.1 ~
by wei ght of the theoretical value. ¥ield of adipic acid was | ower than
that in Exanple 4 because standard devi ation was not |ower than 1.5C 25
Exanpl e 6 AdGmtGon Bf waitghtc cfcidr culzragig eummdnatol fxewnsafdnitric acid
in reaction system containing 0.5 ~ by weight of Cu and 0.04 $ by wei ght
of V, was CYIJ Bddewisdr YA P akkanng and gfa TBRAYEPEhd cycl ohexanol
by a feed nozzle atlﬂtge rate of 5,6 T/H by the sane nethod as,in Exanple 4
except for LT 3fE B P SRR BT TR £ vwkidet at 68C

St andard deyi at i of .5 tepperature asured by a tenperature profile in a
Cadial di r GHIHE HENHe PEYE G OB BT PR dh TATETDf the static

m xer, S L. and t rat n tl.et o I, ahat | .eact or was
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theoretical;val Ye,gsan il iditles Deht &¢ té@%téﬁ%ﬂﬁﬁaﬁ@é@t& foveyer, anount
of nitric acid consuned per adipic acid was 834 g-nitric acid/ T-adipic
acid], whi gfbgasasidH Gird an B0 JKI-fidud oReinly T -ndidd CEAGhdani N Exanpl e
4, because of the |ower tenperature. 15 Furthernore, gas from an outlet of
the react oroulet M GHIGEhil0l i Sigd fPls | aved , aWher® tehpogetuski de,

ni trogen dioxide, dinitrogen oxide and nitrous acid were stripped with air,
then a congemifridid dm &f nadialc dicrettasn ref ssaidippdialeboit déaetdy wei ght
in a 20 concentration tower operated under the top pressure of 20 KPa.

Bot t omiGknp@mtaurat aafdans doHcdniemtioh higker vishambbu?°C70@ tartdhe
concentration of adipic acid in an aqueous solution of nitric acid com ng

out from t ROHGHIUMmaFTaithef fPheFa I Ui ng FPRETHFS Dokre $2Me5 t ot al

circul ati on, of an aqueouys solél_tion 1%)f njtri af;gald was 1.4 tines as nuch as
that in Exdhpit@y%e G et a%ﬁ’p‘%ca TEhcEFRTERF on than that in

Exanple 4, and a load, to gcrystallization in subsequent process 20
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reactor wt; e C | Si 1 Xi ing a T-tube
with an i nsﬁr}ld}llcﬁ g%}p%k_eegto%.%mrﬁﬂ&gﬁ# air{&g%éf%{;‘i%g%%%\é%a§§pr ovi ded.
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converted to tinme by the sane nethod as I n npar at i anple 1, and

M Xing ti Mgl AR erdidask t%;@fo&ﬂn&?@-wﬂm_rhn 3&%%@@“ on reaction
of cycl ohexanol with nitric acid was conducted using the sane T-tube. Mre
concretel y,sdution yf weitghic aicidueous SohmdrOiaDfschl&s] ¢ wetd gontai ning
0.5 ~a by weight of Cu and 15 0.05 ~ by weight of V was passed to said
T-tube at tdre-catledfberbth kypdlre atedBtdlf, stahdyod obexbabi omastfad at t he
rate of 0.7 kg/hr for 5 hrs fromsaid feed nozzle. An outlet tenperature of
sai d react dremper GC PR dd rigs 4 | e many Haseasesmabler Othaec and a
l'inear 20 velocity of cycl ghexanol was 0.03 nmisec. A liquid sanple was

col | ectdl ak- AR Hatheutotsidge foretid ey irdiat oo radiifitdowei d was
determined to be 94.7 $ by wejght. An ampunt of nitric acid, consuned was
0. 915 kg HNOS L HiIDi%: CRA'TRLIA RETRITF A8 LB ptied | PRP2X2EWE 38 posiLi on

f h ' by 2.5 ) d d, deviati f
e at ur UL B0 AT TR T sy (et SBETSharvar Thafet hat i n

Exanpl e 3, ﬁnayifla% qoq'rqﬁpéxcoﬁ%d %é&é’\@!’in a commercial scale,
some measures as described above are required to
25 control the standard deviation to be not higher than
1.5°C. Commercial scale here means a scale using an
adiabatic reactor with a diameter not smaller than 100

mm, preferably not smaller than 500 mm.
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An adiabatic reactor in the present invention
is defined as a pure adiabatic type reactor described
in Kenji Hashimoto, "Industrial Reaction Apparatus™
(Baihukan, 1984), p.25 - 26. An one-stage type
5 adiabatic reactor is preferable, but it may be a multi-
stage adiabatic reactor of a mid-stage heat exchanging
and multi-stage adiabatic type reactor, which is
divided into several stages with heat exchangers being
installed between each stage to provide or remove heat.
10 There is a method to use an isothermal
reactor in a method for manufacturing an
alkanedicarboxylic acid by oxidizing cycloalkanol
and/or cycloalkanone with an aqueous solution of nitric
acid. In this case, although a stahdard deviation of
15 temperature profile naturally does not go higher than
1.5°C because it is‘isothermal, a selectivity for an
alkanedicarboxylic acid is lowered because the above
described sequential reactions proceed at the same
temperature. In addition, an adiabatic reactor can
.20 utilize a heat generated by reactions as the heat of
concentrating the nitric acid, whereas an isothermal
reactor requires a cooling apparatus to remove the
reaction heat as well as the heat of concentrating the
nitric acid separately.
25 , In the present invention, an outlet
temperature of said adiabatic reactor is not specially
specified, but the temperature is preferably not lower

than 80°C, and more preferably above 90°C. If an
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adiabatic reactor comprising a feed nozzle enabling to
feed cycloalkanol and/or cycloalkanone at linear
velocity not lower than 8x107? m/sec and mixing
apparatus is used, a yield of an alkanedicarboxylic
5 acid obtained is not lowered but rather improved
compared with the case of conventional technology, even
if an outlet temperature of said adiabatic reactor
becomes preferably not lower than 80°C, more preferably
above 90°C. Therefore, as described above, by setting
10 an outlet temperature of said adiabatic reactor
preferably not lower than 80°C, more preferably above
80°C, it is possible not only to reduce an amount of
nitric acid consumed by oxidizing c¢cyclocalkanol and/or
cycloalkanone with nitric acid but alsoc to raise the
15 concentration of an alkanedicarboxylic acid formed in a
reaction mixture at an outlet of said adiabatic
reactor. This, in turn, makes it possible to lower a
volume of total circulation flow of an agqueous solution
of nitric acid circulating in a system, containing
20 formed alkanedicarboxylic acid, then enables to reduce
the loads of a crystallizer and a concentration tower.
As an example, the cases where the ocutlet
temperature of said adiabatic reactor are 90°C and 75°C
are now considered using adipic acid as the
25 alkanedicarboxylic acid. If 10°C is taken as an

allowance for solubility to prevent a deposition of

adipic acid in pipelines or valves, the solution can

contain adipic acid of about 22 % by weight at the
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maximum, equivalent to the.solubility at 80°C, in the

case of an outlet temperature of 90°C, whereas it can

contain only about 15 % by weight, equivalent to the

solubility at 65°C, in the case of an outlet temperature

5 of 75°C. This means that an amount of reaction mixture

to be introduced from a reaction system to a

crystallization system, that is, total circulation

volume of an aqueous solution of nitric acid, becomes

22 / 15 = 1.5 times in order to obtain the same

10 production amount of adipic acid. Reduction of total

circulation volume of an agueous solution of nitric

acid éontributes to lower loads of a crystallizer and a

concentration tower. Furthermore, a higher

concentration of adipic acid reduces the energy

15 required for crystallization in a crystallizer.

In addition, according to a method of the
present invention, it is not necessary to increase the
circulation volume of nitric acid in the reaction
system to maintain a yield of an alkanedicarboxylic

20 acid at an outlet temperature of said adiabatic reactor
of preferably not lower than 80°C, more preferably above
90°C. In a conventional technology, when an outlet
temperature of reactor was set at above 90°C, a weight
ratio of a circulation volume of nitric acid in a

25 reaction system to reaction components had to be
greatly increased so as not less than 200 in order to
maintain a yield of an alkane dicic acid.- By using an

adiabatic reactor comprising a feed nozzle enabling to
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feed cycloalkanol and/or cycloalkancone at a linear
velocity not lower than 8x107° m/sec and a mixing
apparatus, a yield of an alkane diocic acid can be
raised even under such conditions as a weight ratio of
5 a circulation volume of nitric acid in a reaction
system to reaction components smaller than 200 and an
outlet temperature of said adiabatic reactor above 90°C.
The present invention can comprise oxidation
reaction with nitric acid, separating nitrogen oxide,
10 dinitrogen oxide, nitrogen dioxide and nitrous acid
from the reaction mixture coming out from said
adiabatic reactor, then concentrating said reactiocon
mixture until obtaining a concentration of nitric acid
nearly equivalent to the concentration of nitric acid
15 at an inlet of reactor by evaporating water formed in:
said adiabatic reactor from said reaction mixture,
separating said alkanedicarboxylic acid from a part of
the concentrated reaction mixture, concentrating nitric
acid in the mother ligquid in another concentrating
20 system, joining said mother liquid and the remaining
part of said concentrated reaction mixture together,
mixing the joined mixture with a fresh aqueous solution
of nitric acid, and returning the mixture to a reactor.
Concentration of nitric acid nearly
25 equivalent to the concentration at an inlet of a
reactor here means, for example, the concentration
within a concentration of nitric acid at an inlet of a

reactor - 5.0 % by weight.
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The present invention will be explained in
detail in accordance with the drawings illustrating an
embodiment in the case when a method of the present
invention is applied to an engineering use.

In Fig. 3, an adiabatic reactor is shown as
{31)y. An aqueocus solution of nitric acid, as a
circulation flow in a reaction system (32), is sent
from the bottom of said reactor (31) via a pump (33).
Cycloalkanone and/or cycloalkanol (35) is fed by a feed
nozzle (34) enabling to feed cycloalkanol and/or
cycloalkanone at a linear velocity not lower than 8x1072
m/sec. Said circulation flow in a reaction system (32)
and said cycloalkancne and/or cycloalkanol (35) are
instantaneously mixed by a mixing apparatus (37)
supported by a supporting plate (36). A porous plate
(38) is installed at the position apart from an outlet
of said mixing apparatus (37) by several hundreds mm.
Reaction product at temperature higher than 90°C, coming
cut from said reactor (31} is introduced to a stripper
tower (39), where air (40) is fed to strip components
such as nitrogen oxide, nitrous acid, nitrogen dioxide
and dinitrogen oxide (41). Stripped gas is absorbed in
an absorption tower and recovered as nitric acid. A
decomposition tower for dinitrogen oxide, global
warming gas, may be installed between said stripper
tower (39) and said absorption tower. Reaction product
coming out from said stripper tower (39) is fed to a

concentration tower (42) for nitric acid. Said
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present inventiqn, in a nmethod for manufacturing an al kanedi carboxylic acid

by oxi di zi A§ &F&Ildeﬂelgarﬁﬂr FUHEVT D é}% wdh PLRIUETs sol ution

of n|tr|ca|d usm n atic eactor ossible to inprove a
yi el d of ar‘f S0 atr i/qagqc WS89, eaduc]‘g)saen ‘?{grunt of nitric acid
require ol une t RR%F r unt of
total 10 ci rS"Léﬁ:ga[J'fiorlnzaéfql0\{1 aﬁé%'sll“z'qﬁ'ies(s)ugsl-l SO Pfcll gerll@o Fl cr?i;tcl and t hus

| ower | oadg Qfy.2 aflddfersand @, fWeentyatd ogbt&)wpg?,) Wi t hout increasing

cglé
an amount of ci rculat flow of nitric acid in a reaction systemnore than
required, idorRERAGIdLER] Ofn I d RIS A Xin Ifowat d( £t apatd c reactor.

concentration nearly equivalent to the concentration in
a reaction zone forms circulation flow in reaction

10 system (32) through a pump (33). A part of bottom
ligquid (43) of said concentration tower (42) for nitric
acid is taken out from the reaction system and becomes
a product (45) wvia crystallization process (44).
Mother liquid (46} coming out from crystallization

15 process {44) is concentrated via another concentration
system (47) and forms a total circulation flow (48).
Said total circulation flow (48) is mixed with the
above mentioned circulation flow in the reaction system
(32). Fresh nitric acid (50) is fed to maintain a

20 concentration of nitric acid constant in said
circulating aqueous solution of nitric acid in the
reaction system at an inlet of said adiabatic reactor.

Said alkanedicarboxylic acid remaining

unseparated is contained in aqueous solution of nitric

25 acid in the above described circulation flow in a
reaction system (32) and a total circulation flow (48).
Concentration of said alkanedicarbonylic acid contained

in said aqueous solution of nitric acid is 5 to 40 %,
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acid by oxidizing cycl oal kanol and/or cycl oal kanone 5

solution of nitric acid, which conprises m xing cycl oal kanol and/ or
cycl oal kanone with an aqueous solution of nitric acid using an adi abatic
reactor conprising a feed nozzle enabkBng to feed said cycl oal kanol and/ or
cycl oal kanone at a linear velocity 10 of not lower than SxIO2 msec and a
m Xi ng apparsmifyer. A tetHod act @k igrakle kesause vie? driglan out | et
tenperature of said adiabatic reactor js above 90C.. 3. A nethod according
to claim1l &ongeithation MANHERaFh & FitiE ehnirtwhihbitai @3 Aqueous
solution of nitric acid, a reaction product fromsaid,c clgalkanol and/ or
Syl oal KanofEHHEF &P ERRDUP <O (110 TIUGRET | T LEr LOBrRE P BBLE ed

parti ~on of sakf C cloallq9nol and/or.qy;%galkanon have a s%andard

devi ati on of®% eﬁ%é’r’%ﬁ‘{ﬁ% it ATEETH A r S a2 Of r 8L PHRC OISR d

adi abati c: regct. t_ N han 1.5C at the position where said fluid
flows oufsfréﬁ%éﬁF%ﬁﬂ%&gaéggﬁégk m xi ng apparatus in 2.5 sec. 4. A nethod

according to claim 1 of, clipl Bdester ehdefe LANMAT doslowh BLLERoRT o2

tenperature profile 25 1n a radial direction of sald adiabatic reactor is
not hi gher tdiay lanGrdafcPOsdtyDic apeld, feom sahéamxi 89 apparatus by the
same di stance as a radius of said adiabatic reactor. 20 Decenber 2004 97
5. A et hod @iceaixitign Of By Dmetlpd éactBord & PsemWiedeantecélui d
conprising said aqueous solution of nitric acid, a reaction product from
sai d cycl oalddarmilanidirorf hyel ozdk apenea aseld slaecdaaseieansosblati on of 5
nitric acid and an unreacted portion of said cycl oal kanol and/ or

cycl oal kbbhorkenrearatize afiagaidevibabaniof reatepperan upe prbsefieupn a
radial direction of said adiabatic reactor of not higher than 1.5C at the
posi ti on whef S EIMRBERFYEfPBeferaphy apot ol over ebhar 8@iG Modehg
apparatus in 2.? s%g% and a S$@pdard deviation of a tenperature profile in
a radial di rREEIPRYY 2Yad?@batic reactor of not higher than 1.5C at a

iti t f tlet of id mxi t .Ih di st
e e radi o of sald 1S RUIBREATAS | PARTOrL OB R R AR REA b et B any one.

of clains 1'ééééhﬁ%%f%ﬁéf?§ﬁ§§k§@£§€u§xgﬁ fégqgefgwnitric acid is the one

which is return or affer separating nitrogen oxide,

dinitrogen oxide, nitragel Moxbde anhdl Hriinusipend hEgmthe;geaction

m xture comng out fromsaid adi abatic reactor after the nitric acid

oxi dation reacd | mpd FEd SORGES I Blhé NGa 586 Uof CAEEH ORg Ta XEEAELHRE] |
obt ai ning a concentration of nitric acid nearly equivalent to the

concentrati afy®fodl kdnsl agndl/ ¢ e@pcLSalvhbn®f seatineabyveyapotaksng water
formed in said adiabatic reactor fromsaid reaction m xture, separating

sai d al kaned £ ardoxibwer achan f 803 pAsécohndoncenhighed shard Bea0Ti on

m xture, concentrating 20 Decenber 2004 98 nitric acid in a nother liquid
i n anot her d@h%%ﬁﬂr%ﬂd@@ the same mixing time. Mixing time here

20 means a time until the color of phenolphthalein
disappears, when NaOH and H,50, are mixed using
phenolphthalein as a tracer,

Also hereinbelow, a position where a fluid
comprising said agueous solution of nitric acid,

25 reaction product from said cycloalkanol and/or
cycloalkanone and said aqueous solution of nitric acid
and unreacted portion of said cycloalkanol and/or

cycloalkanone, flows out from said mixing apparatus by
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concentrated reaction m xture together, and m xi ng tﬁ%—rorneé—nrxruwe wth
a fresh aqueous nitric 5 acid solution. 7. A nethod according to any one of
clainms 1 to 6, wherein said cycl oal kanol and/or cycl oal kanone is
cycl ohexanol and/or cycl ohexanone anglgsai d al kanedi carboxylic acid to be
manuf actured is adipic 10 acid.
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static mixer, and 1N of H,50, was fed from said feed

nozzles. A distance to the position where a color of
phenolphthalein disappeared was converted to a time and

15 defined as a mixing time. NaOH at the rate of 0.95
[lit/hr} and H,S0, at the rate of 102 [lit/hr] were
passed and a mixing time was determined to be 1.1 sec.

Then, an oxidation reaction of cyclohexanol

with nitric acid was conducted using the same static

20 mixer and feed nozzles. More concretely, 54.6 % by
weight of aqueous solution of nitric acid containing
0.5 % by weight of Cu and 0.05 % by weight of V was
passed to said static mixer at a rate of 133 kg/hr at
73.8°C, and cyclohexanol was fed at a rate of 0.9 kg/hr

25 for 5 hrs from said feed nozzles. An outlet
temperature of said reactor was 91.8°C. A mixing time
in this case was 1.1 sec and a linear velocity of

cyclohexanol was 0.17 m/sec. A liquid sample was
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20 Then, an oxidation reaction of cyclohexanol
with nitric acid was conducted using the same T-tube.
More concretely, 55.0 % by weight of aqueous solution
of nitric acid containing 0.5 % by welght of Cu and
0.05 % by weight of V was passed to said T-tube at a
25 rate of 150 kg/hr at 75.6°C, and cyclohexanol was fed at
the rate of 0.7 kg/hr for 5 hrs from said feed nozzle.

An outlet temperature of said reactor was 91.0°C. A

mixing time in this case was 1.1 sec and a linear
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1098}8}&’()'p|510%&f(hiﬂtﬁgﬁé%(eﬁe:gbég%ge temperature and the
mixing time were the same as those in Example 1, the
10 vyield of adipic acid in Comparative Example 1 was lower
than that in Example 1, because the linear velocity of

cyclohexanol was not higher than 8X107 m/sec.

Example 2

15 Using a T-tube which has a inside diameter of
10 mm but a inside diameter of 2 mm only for feeding
side of cyclohexanol, a mixing time was measured by the
same method as in Comparative Example 1 to be 1.1 sec.

Then, an oxidation reaction of cyclohexancl

20 with nitric acid was conducted using the same T-tube.
More concretely, 55.3 % by weight of aqueous solution
of nitric acid containing 0.5 % by weight of Cu and
0.05 % by weight of V was passed to said T-tube at the
rate of 132 kg/hr at 78.1°C, and cyclohexanol was fed at

25 the rate of 0.9 kg/hr for 5 hrs from said feed nozzle.
An outlet temperature of said reactor was 91.3°C. A
mixing time in this case was 1.1 sec and a linear

velocity of cyclohexanol was 0.09 m/sec. A liquid
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measured, and a standard deviation of temperature was
0.70°C. A standard deviation of temperature at the
position apart from the mixer by 2.5 sec was 0.50°C.
Although the average temperature and the
10 mixing time were the same as those in Comparative
Example 1 with the same T-tube type mixing apparatus,
the yield of adipic acid in Example 2 was as high as in
Example 1, because the linear velocity of cyclohexanol
in Example 2 was not lower than 8x107 m/sec.
15
Example 3
Into a reactor with a length of 700 mm, which
comprises a static mixer having a mixing part with an
inside diameter of 12 mm, 1N of H,50, was passed at the
20 rate of 99 [lit/hr]l. Two feed nozzles with a hole of 1
mm were installed in a just upstream side of said
static mixer, and 0.004N of NaCH colored with
phenolphthalein was fed from said feed nozzles at the
rate of 0.967 [lit/hr]. A mixing time was determined
25 by the same method as in Example 1 to be 0.07 sec.
Then, an oxidation reaction of cyclohexanol

with nitric acid was conducted using the same static

mixer and feed nozzles. More concretely, 55.3 % by
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circulation flow in the reaction system to cyclochexancl
was 142. A mixing time was 0.07 sec and a linear
velocity of cyclohexanol was 0.17 m/sec. A temperature
profile in a radial direction at the position apart
10 from an outlet of the static mixer by 6 mm was
measured, and a standard deviation was 0.60°C. A
temperature at an outlet of the reactor in this case
was 91.2°C.
Gas coming out from an outlet of reactor was
15 introduced to a stripper tower, where nitrogen oxide,
nitrogen dioxide, dinitrogen oxide and nitrous acid were
stripped with air, then concentrated in a concentration
tower. Bottom temperature of said concentration tower
was about 80°C and concentration of adipic acid in an
20 agueous solution of nitric acid coming out from the
bottom of the tower was 21 % by weight. A part of said
aqueous solution of nitric acid was taken out from the
system and the remaining agqueous solution of nitric
acid was returned to the reactor as a circulation flow
25 in the reaction system. Yield of adipic acid obtained
was 96.2 % by weight to the theoretical value. Fresh
nitric acid‘was added so that a concentration of nitric

acid at an inlet of the reactor became 55.3 % by
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Z#78Z1.777[ YFEWEHISS  an injector having a mixing part’ with an

inside diameter of 11 mm, 1N of H,S50, was passed at the
rate of 99 [lit/hr]. From said injector, 0.004N of
NaCH colored with phenclphthalein was fed from said

10 feed nozzles at the rate of 0.503 [lit/hr]. A mixing
time was determined by the same method as in Example 1
to be 0.05 sec.

Then, an oxidation reaction of cyclohexanol

with nitric acid was conducted using the same injector.

15 More concretely, 60 % by weight of aqueous solution of
nitric acid containing 0.5 % by weight of Cu and 0.04 %
by weight of V was passed to said static mixer at the
rate of 130 kg/hr at 60°C. Cyclohexanol was fed at the
rate of 0.477 kg/hr perpendicularly to a flow of an

20 aqueous solution of nitric acid by the injector with an
inside diameter of 11 mm, which enabled to dissolve
cyclchexanol to transparent state after 0.05 sec.
Linear ﬁelocity of cyclohexanol at this condition was
0.002 m/sec. Standard deviation of temperature profile

25 in radial direction at the position apart from the
injector by 6 mm was 0.70°C. The reaction mixture was
removed from the reactor at 70°C and introduced to a

stripper tower, where nitrogen oxide, nitrogen dioxide,
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adipic acid obtained was 95.0 % by weight to the
theoretical value. Fresh nitric acid was added so that
a concentration of nitric acid at an inlet of reactor
15 became 60 % by weight. An amount of nitric acid
consumed per adipic acid was 840 [kg/ T-adipic acid].
An amount of nitric acid consumed per adipic
acid was higher than that in Example 2 because reaction
temperature was low. Yield of adipic acid was lower
20 notwithstanding a lower reaction temperature and a
shorter mixing time. Furthermore, a concentration of
adipic acid in an aqueous solution of nitric acid
coming out from the bottom of the tower to
crystallization system was lower because the reaction
25 temperature was lower. An amount of an agqueous
solution of nitric acid to be taken out was 21 / 9 =

2.3 times in order to obtain the same amount of adipic

acid as in Example 2. This means that a load to
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To a continuous type stainless steel
isothermal apparatus, 50 % by weight of an aqueous
solution of nitric acid containing 0.5 % by weight of
Cu and 0.04 % by weight of V was fed at the rate of 130
kg/hr at 11 0°C togethér with cyclohexanol at the rate
10 of 0.13 kg/hr, after being mixed in T-tube with an
inside diameter of 13 mm. Linear velocity of
cyclohexanol at this condition was 0.0003 m/sec and
mixing time was 1.05 sec.
A part of reaction mixture was taken out to
15 crystallization system and the remaining part was
returned to reaction system. Weight ratio of this
circulating agueous solution of nitric acid in reaction
system to cyclohexzanol was 1000. Yield of adipic acid
obtained was 94.1 % by weight of the theoretical value.
20 An amount of nitric acid consumed per adipic acid was
807 [kg/ T-adipic acid].
Yield of adipic acid obtained was lower
because linear velocity of cyclohexanol was lower than
in Example 2. Furthermore, load to the reactor or a
25 circulation pump and pipelines was 7 times larger

because circulating flow in reaction system was as much

as 7 times (1000 : 142%.
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Example 1, was 0.05 sec.

10 To an adiabatic reactor having an inside
diameter of 1000 mm and a height of 10000 rmm, 53.6 % by
weight of circulating agqueous solution of nitric acid
in reaction system containing 0.5 % by weight of Cu and
0.04 % by weight of V, was fed at the rate of 780 T/H

15 at 78.2°C. Five static mixers each with.an inside
diameter of 80 mm were installed in an adiabatic
reactor in parallel to a flow of an aqueous solution of
nitric acid, and to each of the mixers, two feed
nozzles with an inside diameter of 10 mm, each having

20 two holes of 2.4 mm, were installed nearly parallel to
a flow of an aqueous solution of nitric acid.
Cyclohexanol was fed at the rate of 5.6 T/H from said
feed nozzles. Thus weight ratio of a circulation flow
in reaction system to cyclohexanol was 138. Mixing

25 time was 0.05 sec and linear wvelocity of cyclohexanol
was 18.3 m/sec. A porous plate was set at the position

apart from an outlet of the static mixer by 300 mm.

Standard deviation of temperature, measured by a
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10 strlpped w1th alr and a concentration of nitric acid

was raised up to about 40 % by weight in a
concenhtration tower under the top pressure of 20 KPa.
Bottom temperature of said concentration tower was
about B0°C and concentration of adipic acid in an

15 aqueous solution of nitric acid coming out from the
bottom of the tower was 21 % by weight. A part of said
aqueous solution of nitric acid was sent to
crystallization process and the remaining agqueous
solution of nitric acid was returned to the adiabatic

20 reactor as a circulation flow in reaction system.
Adipic acid was obtained by crystallization and
purification of an aqueous solution of nitric acid thus
taken out and sent to crystallization process, using
usual methods. Yield of adipic acid cbhtained was

25 55.8 % by weight of the theoretical value. Mother
liquid coming out from crystallization process was

concentrated by another concentration process and

returned to the above described circulation flow in
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at the pésition of 2.5 sec from an outlet of the static

mixer, was 2.50°C and temperature at an outlet of the

adiabatic reactor was 95°C. Standard deviation of

temperature at the position apart from an outlet of the

20 static mixer by 500 mm was 2.44°C. Yield of adipic acid
obtained was 95.1 % by weight of the theoretical wvalue.
Yield of adipic acid was lower than that in Example 4

because standard deviation was not lower than 1.5°C.

25 Example 6
A 55.0 % by weight of circulating agueous
solution of nitric acid in reaction system, containing

0.5 % by weight of Cu and 0.04 % by weight of V, was
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bottom of the tower was 15 % by weight. Amount of

25 total circulation of an aqueous solution of nitric acid
was 1.4 times as much as that in Example 4, because of
lower adipic acid concentration than that in Example 4,

and a load to crystallization in a subsequent process
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that in Example 3, a yield of adipic acid was lower,
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6. A method according to any one of claims 1 to
5, wherein said aqueous solution of nitric acid is the
one which is returned to the reactor after separating
nitrogen oxide, dinitrogen oxide, nitrogen dioxide and

20 nitrous acid from the reaction mixture coming out from
said adiabatic reactor after the nitric acid oxidation
reaction, then concentrating said reaction mixture
until obtaining a concentration of nitric acid nearly
eguivalent to the concentration of nitric acid at an

25 inlet of reactor by evaporating water formed in said
adiabatic reactor from said reaction mixture,
separating said alkanedicarboxylic acid from a part of

concentrated said reaction mixture, concentrating
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alkanedicarboxylic acid to be manufactured is adipic

10 acid.



