:e3eTDDEHr | DT6zTTT# 1 |11 DESCRI PTION METHOD FOR MANUFACTURI NG w0087
. ALKANEDI CARBOXY Ww CAL FIELD This invention relates to a met?]od
for manufacturi mwmmm i carboxylic acid by oxidizing cycloalkanofw/7
and/ or cycl oal kanonegyheth nitric acid. 5 More specifically, this invention
relates to a nmethod for manufacturingjian al kanedi carboxylic acid using an
adi abatic reactor, wherein the yield of al kanedi carboxylic acid generated

is high, irr i t enper abeserafprgaind adi abatic reactor. 10
BACKGROUND Am@@m\mmﬂm%n conventional ly known that cycl oal kanol and/ or
cycl oal kanon ized with nitric acid to an al kanedi carboxylic
acid at el evat ed*®85% enperatures. There is also a known net hod for
manuf act uri ng aNEaHkaNEORc NANKEACTERANCh ARIKANED IEARBOXYILIG AT IXdi abatic
reactor. JP-B-43-19529, for exanple, discloses a continuous one-step
manuf acturing 20 nmet hod for an al kanedi carboxylic acid by oxidizing
cycl oal kanol , cycl oal kanone or cycl oal kyl am ne and/ or co- hydroxyl al kane
di oi ¢ aci ds TH&VNAG A&t EIT&&$t 4 carbon atons and | actones thereof or
tetrahydrofuran with nitric acid at el evated tenperatures in a
recirculating 49/7 T2isydnyertiRe dedades tihg matdait®tare vigorously
m xed with 80 t(% 400 tinmes the amount in volune of, 4%to 70, .nitric acid.
The amount BPPHEETNTACE] 3Fs FadPRSCEF TS YA G RE T L8t 1987 Hiét at ur e
during the rea tign doeis a%dr}ot excei%%l%(Sacﬁ‘.onTh%irt acntiitq_,nlcor oceeds at 45 to

i
o) 0alkano or Evt a . ;
90C under a “Hor Tl 6ressure or aypressurl zed condi tion, afd the reaction

T XEUr e GOMAg OULIHANAINSACkAAL 20081 SERAALAL forg Hiduingen oxi de

after 4 mnutes o ess o esi dence ti ne. e concentration of nitric acid

is 10 rai se¢adaamudR ik GONGaKarRd i MR M @l Riing Qurf he _
concentration in the reaction zone by evaporating water fromthe reaction
m Xt ure, an@dddrbaltkanedaeatlgX whetedel dHes Beay ajffed froma part of the
reaction m xture by an usual nethod. The nother liquid 15 is added to the
remai ni ng palikaofdike rbexgtliian amixt wesme et d hies thhigh,| dimsspgaottiree | S
vigorously m xed with fresh starting materials and returned to the reaction
zone. The dicdcltespes adager idfesatiidatadifadatind mpeagftaritric acid and starting
nateriah% (i.e. cycloal kanol ,

BACKGROUND ART
It has been conventionally known that
cycloalkanol and/or cycloalkanone can be oxidized with
nitric acid to an alkanedicarboxylic acid at elevated
15 temperatures. There is also a known method for
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 thereof or tetrahydrofuran with

nitric acid at elevated temperatures in a recirculating



20 cycl oal kanone or cycl oal kyl am ne and/ or w hydroxyl al kane di oi ¢ aci ds

. having at | east 4 carbon atons, |actones thereof or tetrahydrofuran) is
preferably performed within as short a tinme as 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 zone after having been m xed with the
starting materials. The disclosure describes that it is preferable to mx
t hem so thatsyistem, Ihshavit Garmiierd alateariald s36@ wadydrmtus lay triarespar ent
state within 5 seconds at the | atest using, for exanple, an injector, a

m Xi Nng nozzlwe thr 88 tuer Hilde trimeesr .thearaniccud tarilry ,valuntehe frade taf dkitdat i on of
5 cycl ohexanol and cycl ohexanone, it is disclosed to make an effort to
obtai n a tradgparcercisbl utlhen amiauitn o 08t O .aciskdendsliafateadd MXing. It
descri bes that the reason for this is that a |onger mxing tinme causes a

| ocal el evattihgt dhe agsertauy éqwqwqr@a&qr&ﬁlgzg’ﬂ? TRRGEQN t99RF i n a
decrease in yield of an al kanedi carboxylic acid. However with the

mi xi ng tiome "@Es EXWES 147 §P- BTAS- 16556708 prergess &k ﬁﬁk&ﬁeg car boxyl i ¢
acid is not necessarllﬁérl h. This means that the ra A ti.re definped in

JP- B- 43- 195289 £5 1}, q‘ifaﬁséirq ©f & &5 KT Wt ¥t ure t hat
a hi gher tenperature .l ower.s i el d.of adi.pi aC| d Z]
cycl ohexanoIr‘t‘Haland:/eéElc clfa ghexxté‘lnoenecovl\rnutr}? nluttlrolf‘ccr acicd 1% Cgcélog} - adi p| T aci d.

For exanpl e,gq, td 2 £ e gy oxidi ziv qyiclqhexanol  and
cycl ohexanonep\?\n rﬁat rr"l%(;:'n ang "qu%lvgj VAN ASSELT an D W VAN KREVELEN, Rec.

Tra. Chem, . reaal-fohcddOnt37, MR8-MRdnkdedi shays diadi yifdih of s adi pic

acid lowers at a hi gh tenperature, in particular, not |lower than 25 60C,
even in jtthe fFiesRNCRy0n aiaRpathes ddlasitrduidn mesk s «fuiardadch
oxidation reaction test using a cylindrical vessel equipped with a nagnetic
stirrer and td» e idtthdaatkeition 4nlhtteefryastion R 43¢ 19529, a reaction
is reconmended to proceed at the tenperature of 45 to 90C under a nor nal
pressure or evgmeEsHlmy et twonditdmwihd hoaaght iow esixdencs tame @r a m xing
tinme is regulated 5 within an extrenely short tinme. Further, exanples in
JP- B- 43- 19520 keiresstl| qp bt pe il ot [P a et dame & Pavt mﬁ: thh the
other hand, it is also clear that a concentration of nitric acjd required
for obtai ni AFadfeoro LA A B HHGE PP i nd R RGE 1B i ng of

t enper at.yr e base the reaction rate of ,él}/rcel ohexanol
4

or cycl exd‘r?osr‘?égd[eépgdﬁ ﬁ%c%%%&ﬁl § P HP S P T 18 dHure
LB eper e ol ALY S AL & B Rl | ohexanone
fresh starting materials and returned to the reaction
zone. The disclosure describes that the mixing of
nitric acid and starting materials (i.e. cycloalkanol,
20 cycloalkanone or cycloalkylamine and/or o-
hydroxylalkane dioic acids having at least 4 carbon
atoms, lactones thereof or tetrahydrofuran) is
preferably performed within as short a time as possible
when nitric acid (i.e. nitric acid sent to a
25 circulation line and/or nitric acid freshly fed) 1is
introduced into the reaction zone after having been
mixed with the starting materials. The disclosure

describes that it is preferable to mix them so that the



Rec. Tra. Chem, 82, 51-67, 429-437, 438-449 (1963). This neans that, in
.conventional technol ogy, |owering the tenperature requires a higher anount
of nitric acid in the oxidation reaction to give an 20 increased yield of
adipic acid. That is, the nmethod shown in the above descri bed JP-B-43-19529
has a problemin that a high amount ofs nitric acid is consumed due to

oxi di zi ng cycl ohexanol and/or cycl ohexanone with nitric acid at | ow

t enper at ur et ndp M AL 416 A6 R BUER LMD deserdhgss et hod for
reduci ng the anount of nitric acid consuned. Said official gazette

di scl oses a amteodviftdrirconeerddrdy atcltdsd Kaatadst JBsiangd/ ofoxcycl oal kanone to
an al kanedi carboxylic acid by a |iquid-phase oxidation with nitric acid,
wher ei n onl yexamgdlle arountrs) esft ani,t rd oniacing are Zlssant ialtyltiorsuned. More
specifically, it discloses a nethod for 5 manufacturing an
al kanedi car B8aY ¢ FAFigplanlivuild phescang dul o FHt¥@a@d on conponent s
sel ected fromthe group consisting of cycloal kanol _and cycl oal kanone with
nitric ad dCXHiFARELY rﬁﬂdo\Fé/d:JtQ%EexraéHUtet'i ot i° thHe ARRRf ot ®ak%%ic acid
consunmed, wherein said 10 reaction conponents are contacted with nitric

0 i Ao

acid in theab'\'@sfgfr?cré: d° LRGIger Rfth CHt &1]/51Hn 9ot at | east
a part of the reaction mxture conprising 0.30 to .Q.60 b i ght of

oxi di zed cop Oerofa‘a]o.wotnorgso.%q% WW%’M %r 33 Hi LS v@h%%i% and a 15
reduction pr t 4y .aci VJ Yot %‘Mﬂ? ifrogen ratio
| ar ger thaPl I%%nsq%ifrqcth “at elgsf: %ﬂgge% g%a%féﬁtﬁ%%i 00 nc(:r!llursr(;éu a‘fi on flow
to reaction jcONERS i TRI M@ ALy 200 f G HS0Q and & praduct of said

wei ght ratio and the concentration of the 20 oxidized vanadiumis
mai nt ai ned ates3A tihPGin fDldevrsh day Irecomerd nge sad d al kanedi car boxylic

acid. Crculation here neans a circulation only in a reaction system which
i s differentalfhaoraditcatrdoxgilriculaatiicon fHow'ved, aaverqueotls thd mixaoy d
solution of the present 25 invention described below. In this description,
thi s circul dtimgn desdefiared rasTP-d-rdad & 5afh fd gnie Id refactn on syst ent
Furt hernore, JP-B-48-21088 describes that a 6
alkanedicarboxylic acid is not necessarily high. This
means that the mixing time defined in JP-B-43-19529 is
15 not adequate.
It is also known in other literature that a
higher temperature lowers a yield of adipic acid in
oxidizing cyclohexanol and/or cyclohexanone with nitric
acid to obtain adipic acid. For example, "Preparation
20 of adipic acid by oxidizing cyclohexanol and
cyclohexanone with nitric acid"™, 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
results of a batch oxidation reaction test using a

cylindrical vessel equipped with a magnetic stirrer and

a cooling jacket.



sui tabl e m xi ng apparatus such as draft-tube-m xer nmay be used to reduce

. the difficulty of mxing of the flow by m xing the incomng flow of the
cycl oal kanol and/or cycl oal kanone with the circulation flowin the reaction
5 systemfromthe reaction apparatus. This nethod, however, requires that
the weight ratio of the circulation ftowin the reaction systemof the
reacti on conponents is set at an extrenely high I evel such as 200 to 1300.
A large volune of cirTtuéa¢fonef| bw Th-Bhé€310D9b2Act aonesysiem tequires a

| arge punp capacity to ensure such a large circulation volume as well as

pi pe |ines aadommerdedotocpnsceedi ag the pewpsuatubessf ahdtos90tls

di sadvant ageous with respect to equi pnent cost and proportional cost of
power. 15 Asndi¢stadnabove, Pueshonghovadi puesaerhodd tondakidnzi ng
cycl oal kanol and/or cycl oal kanone to an al kanedi carboxylic acid with nitric
aci d are knehpugbhayreefderee nhifeaPhi AgnaxiBactiBh z8necgrlatednperature
not hi gher thaH,QOC or re%HiLe an extrenely 20 | arge annunﬁ of ,circul ation
flow of mit¥HERER; i X tHETPehcPORtsyit8m | AUFhRSEasBX8FPL Bfpelat ur es

above 90C, j 0 e yield of alkane dioic id. . Ln addition,
tenperatureépT%D?%éygzggt?% 2y %edﬁﬁfrﬁgﬁﬁe?ntﬁﬁgfﬁgcpﬁﬁgeﬁ?%ﬁfgns such as
a large amppt, of ;pétric 25 acid consunption, a large volune of air in a
stripper tower and a large volume of total circulation flow of an aqueous
solution of nitric achq cABtgtRLRInLAG akkanedheapbexybiceagtdaproduct
which is wholly circulating within the system thus resulting in
increased | ggfiseRtrat oy sbal hizeicandia ceRGERERAELONCHONERindCFREr at Ur es
above 90C al so has a problem of an extrenely |arge amount of nitric acid
circul atponshhewbeld afrgacpionasyat encteapasnvatn aoykeel dgobrt he

al kanedi carboxylic acid. D SCLOSURE OF THE | NVENTI ON An object of the
present i nveahpenatsréobdfedobueaprcabtestobnt heiabovkeconuentiponal net hods
and to provide a nethod for manufacturing an al kanedi carboxylic acid by
oxi di zi ng cyeteapkanptlahdkxanotyeroaikanbasanpntd hot adipaci dcidsi ng an

adi abatic reactor, which enables_ inproved yields of 15 al kanedi carboxylic
aci d wi t houPPFatredsipgthpesanechiberahureow' BFeRRERLECRCPE RALPASCE T ON
systemnore than is required, as well_ as enabling the reduction in the

anount of nREFRCLACPULIFREUPReAE FHCLABCRRROVOPDRRCYRIGNSXRPBPEr tower, in a
total cjpculatjon.flow of.ap 20 aqueqQus_pLiric _acid sgl utj in the

| oads o#ga %fé@tﬁf F%%raﬁﬁgna @oﬁcgﬁﬁrg?ghh&t8&5rb‘Wr§égpggEV€gg§f t he
tenperature,in sajd adjabatig,reactor. 0% kdi zi,RE_ I ol and/or
cycloalkano%%gﬁj?%thg?gg'écgé'tggog?éi%Egnégg’aﬁEgngégcgiggggric acid, if
the outlet tenperaturenpf maibdsadhabatis rEAGLAL:6AR1bPEcERhSEdgyNOt only is
there an advantage in suppressing the amount of nitric acid to %e used as
descri bed abewerihyttRéSeehpetaduebngeliieres8aahkgekubmobatbesfed into a
stripper tower as described in said JP-B-43-19529 can be obtai ned, because
a concentrahioniof aalanedthar bexyghtitoacrdataeiordtongaveeaation liquid at a
reactor outlet can be increased. 5 There is another advantage com ng from

t he case0wheneraasedt yeeldenpeadipie afidn aBlhabatee thacmethodn be rai sed.
Cenerally, in a process to obtain an alkanedicarboxglic acid by oxidizing
cycl oal kanothavid/ n thel aaprandaechibAdnyPrBc4dcil85284nhae aqueous sol ution
of nitric acid containing an al kanedi carboxylic acid product contains a

| arge excesBTrePlamt incthefdawhigh PBOHBFeCfhRAtFéGuAFéd £6r the reaction.

Therefore, after separating an al kanedi carpoxylic aci roduct from an
Tnoeous 15 COPSURES arenFbr PR atrandoY el RhaNEPRE SRalol

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 discloses a method for converting cycloalkanol



al kanedi carboxylic acid fornmed by crystallization or distillation, the

. excess nitric acid is concentrated and recovered for reuse in circul ation.
In this description, this is defined as "total circulation” of 20 an
aqueous solution of nitric acid. The present inventor found by an
enthusiastic study that the above probl ens can be solved by using a
specific nethod for m xing cycl oal kanol and/or cycl oal kanone with nitric
acid, as a grtlfiod torldalkapva¥i ag theaykahddotaabkagedccachaxyli @ acid

wi t hout increasing both volunes of circulating nitric acid in a reaction
system and fLotakdephaskabtkadatliow, witheapeetcvacatl,t hibetredpevalyre in said
adi abatic 9 reactor, in a nethod for manufacturing an al kanedi carboxylic
acid by oxidinaihganpechbdal kdnolitand/ ecidyelkeakkaroheaniliyhcensagadous
solution of nitric acid, and finally conpleting the present invention. 5
Thus, the fMpse gppeéfiehlibe predéarlpaeenti vathodafawt hod for

manuf acturing an al kanedi carboxylic acid by_oxidizing cycl oal kanol and/ or
cyc|oa|kénoﬁénuﬁﬁﬁtaﬁlaqUéauélgépeﬁFSﬁrBPXMﬂﬂPiécaéigy #hildAuéEpri ses
using an adiEbatic react or 12 congrlsin a feed nozzle engblin% to feed
sai d cycl 0aPR&AGI CEndR5LBy e 0APREHOAB GPMROPEAESr SGEFE6EREY £6PMnot | ower

t han 8X10- d_mi xi.ng. t T d t th t
i nvontion | £% SEPRBACRUESPOILG C6 CHELPRrEr SUpBEE oFCCRELBPESERT 15
hehD 290

invent fon & ordi g Spact oF “HE 15
00C. The i hiF A aCBEet of T e BFRanEoEnyBAFPea S FEPRG BReardi ng o the

first or thengegpRAnaspechielithgc-Pres8RLuMA¥ENhaReiWhEEEKWN a fluid
conprising said 20 aqueous solution of nitric acid, a reaction product from
sai d cycboakkanel candbpposiekeakikanesatandegaivitaqueeus csakdi @a of nitric
acid and unreacted portion of said cycloal kanol and/or cycl oal kanone, has a
st andard dexhat peasehcaobvfhagheppthanahabCumncatadysenper @oute profile in a
radi al direction of said adiabatic reactor at the position where said fluid
flows out fiéATGNn dutledssbfaspadt ndkibige appachious myxubesec. 10 The
fourth aspect of the present invention is a nmethod according to the first
or the secopdmpszpeéngof -BRetpr 8séAt %i hyeneight efiepaidizederpepratur e
profile in a radial direction of said adiabatic reactor has a 5 standard
devi ati on nBt Ohi §ReP -PRaR Pyseeightt Ré psirired ¥paprfibpomnsard ni xi ng
apparati by the sanme di stance _as the radius of said adiabatic reactor. The
fifth a Sec egPCERENPPESERE LI RYeRtFEAC 8CA9BAKOBaBBoRYRRGI0 any one of

the first tgxthgnlz fggrth gsgeéts Qf t he Eke%e t i pvention @hgrein a
fluid cpnprlsVﬁg sai d 58g8us §orat roh9of mier '39%5,CérF8&8tF n product
fTO”?Sa'd_C%ﬁ%gékﬁaaokeﬁgﬂéoEaEXB!8%'%?98@% a0dnSgh g, agueous ?QBHt'O” of
nitric acid and an unreacted portion o said cycl oal kanol and or 15

cycl oal kanopgmpBagnasstandar drdeukat benoeh @Qtlbbghﬁhdiﬁaﬁrédﬁgt'n a
tenperature profile in a radial direction of said adiabatic reactor at the

posi tion whgresgagdwbhiyghd thews aut themcanceuthatieh & @nai xi ng apparat us
by 2.5 sec, and also a tenperature 20 profile in a radial direction of said

adi abat 20 readctiareHasaaastandasdmdevicatned at B0t tbhi gher fohaowed5C, at the
position apart fromsaid m xi ng apparatus by the sane distance as the
radi us of shivdradiabating seadt eAkalkdiskxbhxgdpectcdfl.t he present invention
is 25 a nmethod according to any one of the first to the fifth aspects of

t he present CLEGERBLORAN WREFeMR28Ei @ salcvddtsaPuPndy &P RBi EFectadnd is the

one which is returned . to the reactor after the steps of _separating nitrogen
system, which is different from "total circulation

flow" of an aqueous 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



11 oxide, dinitrogen oxide, nitrogen dioxide and nitrous acid fromthe
.reaction m xture comng out fromsaid adiabatic reactor after the nitric
acid oxidation reaction, then concentrating said reaction mxture 5 until
obtai ning a concentration of nitric acid nearly equivalent to the
concentration of nitric acid at an inlget of reactor by evaporating water
formed in said adiabatic reactor fromsaid reaction m xture, separating
sai d al kanediiardpoey Inikiae ddgaamtapaiictoiaslQreomcaniyeatreitkaainthy eact i on
m xture, concentrating nitric acid in the nother liquid in another
concentrati g sysEeEmo jreiduorg t3al diffierl dy g dniadichd ket rigraifliowg part of
said concentrated reaction m xture together, and m xing the joined m xture
with a 15 f lesmiaguepuheniitrdaniag o lsot utfi dthe Thes lssddwno laspettomf t he
present invention is a nmethod according to any one of the first to the

si xt h aspectaydfoalf@names artth hbentdigreulatarast f lsw dircydieodtdegioiorand/ or
cycl oal kanone is cycl ohexanol 20 and/or cycl ohexanone and said

al kanedi Car FHB&HST T e FeafHi TR AR 5 -adi e &gt odccording to the

net hod of the present invention, a yield of an al kane di.oic acid can be
i nproved wi ?’r? Vqrncrrt,?%ijﬁgesod{}}‘?tv i G RGPS in a reaction

d | circulation.flqw i i f t i.n said
2 abat | ¢ 1 SACTOH e hr TS pis AR He THIATTy G TS O 2/ch il kanol
and/or - cycl %adrdéaao@u%’hects""!itsh s%'ttt sy a%C'eq(trEelxlr{etlgfr 'g[hezleve112 fGerdi ng to the
en n ni

met hod of the present inv i on, an anou ri'|c acid required can be
saved, and aihAid, OIGYT 12 13,Yd RP&Imd 83’19% '%Jkgnl' %Sn gclc?w C:M/S%@ lizer
and a concentration tower can &l so be re uced} §%%'F SCRIPTI CF THE
DRAW NGS Fi Greaktiord sSteRtd e irady am1gfrJ8 i aip@tus 4 a net hod of
the present invention. Fig. 2 1s a schematic diagramof m xing 10 apparat us
in a method edfsure quadsentl dryediirxul dtipn 3rd Sunde soherdllll G di@igeam show ng
an enbodi ment of reaction system crystallization system and concentration
syst em when larnest kodl af rdee e sentsliderantg drhd prapHumed ltassgn anyi neeri ng
use. 15 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Cycl oal kanol in the
present i nvert itdms rilastbmrhadespentwintdl | respd dhesaresiuipmsity layatl ohexanol ,
cycl ooct anol and cycl ododecanol, 20 and cycl oal kanon i ncl udes

cycl ohexanorfgd proportional cost of power.

15 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. In
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 aqueous solution of nitric acid containing the

alkanedicarboxylic acid product which is wholly



met hyl cycl ohexanone and cycl ododecanone. The above conpounds may be used
_alone or in conbination as raw materials. In the present invention,

cycl ohexanol is preferable as a cycl oal kanol 25 and cycl ohexanone is
preferable as a cycl oal kanone. A m xture of cycl ohexanol and cycl ohexanone
may be used as raw materials and cycl ghexanol may al so be used by al one as
a raw material. These raw materials may 13 remain as unreacted

cycl oal kanolc iang{1ert igyc wdaltkanane afjsden heemaaid ALt Ay aiqueous sol ution
of nitric acid in the present invention means an aqueous solution with a 5
nitric acidiceneaidadatlicaisofoflG taryAdl, 1 ipreaf exrablay camaqiteausi ol uti on
with a nitric acid concentration of 40 to 65 0, and nore preferably an
aqueous sol utawar Wi tTlempearatine ackbwordEat rasbohasf a5prpbles «f Her e,
concentration of nitric acid neans a concentration of 10 nitric acid

obt ai ned puresiyremed drenge SrgfurlNGE anid- H20 asded wdinaplation flow

al kanedi carboxylic acid as a reaction product and unreacted cycl oal kane
and/ or cyx| ddl itarGactiipnt SYStqHNES maintn 2 INE)d 1o AT al kane dioic
acid in the present, invention 15 inpcludes succinic acid, glutaric acid,
adi pi ¢ acid NFSHESCHRE H 10ic 3iY, and adi pic aci d obtained from

cycl ohexanol and/or cycl ohexanone as a raw naterial is preferable. In the
present invention, a mxing nmethod for 20 the above descri bed cycl oal kanol

and/ or Cy?'Qfﬁ?ﬁﬂ5§ﬁiémdﬂ]§ykf%ﬂ#%ﬁ#ﬁxﬁ?'“tion of nitric acid is inportant.
That is, in one mXxing nmethod of the present invention, said cycloal kanol
and/or cycl oal kanone iz, gbject of the present invention is to
10 solve problems of the above conventional methods and to
provide a method for manufacturing an
alkanedicarboxylic acid by oxidizing cycloalkanol
and/or cycloalkanone with nitric acid, using an
adiabatic reactor, which enables improved yields of
15 alkanedicarboxylic acid without increasing 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 also in reducing the



fed using a feed nozzle enabling to feed said 25 cycl oal kanol and/ or

. cycl oal kanone at a linear velocity not |ower than 8x10-Z nisec. Another

m xi ng net hod of the present invention is to use a m xing apparatus to m x
an aqueous solution of nitric acid with 14 cycl oal kanol and/ or

cycl ohexanone. Fig. 1 shows an exanpl ¢ of said feed nozzle 1 for
cycl oal kanol and/or cycl ohexanone. Though two sets of feed nozzle 1 are
shown in Fi girl vdlmenazzle mad et enesteippyr tduwesr s My rsigie’l The
feed nozzle may be a single tube having one hole at the end, or have two or
nore hol es dtn tdee ek -BHIS H i@ arstn e ngptissintduy [bawesarseved ocity of
cycl oal kanol and/or cycl oal kanone 2 to be fed fromsaid feed nozzle. 10 The
| i near vel osiangegft mayrclogalddaddlk sarediogra myosd Wl k @sorte formed Her pr esent
invention neans a |inear velocity of cycloal kanol and/or cycl oal kanone 2 at
atip of fe&@asdiAre 1Equi &t iss Rasrtamamut iadt dagwdre tingre®ers2 nf sec,
nore preferably not |ower than 1x10-1 15 msec and further nore preferably
not | owerP than 10 mf s&dQeN¥ ¥ish@ a3 539 KOMPres &iton iféht i on neans
a usual m xer used for a liquid-liquid mxing in a4ﬂ¢)line, and incl udes

ni xers such FSG dHEK & Gt ERA S BaHh Y atiqternal mxer,
orifice mxer__and i npell.er. ANDQQ t gL a %PatL%lnixqg is:£ﬁ§ferable due to
its sinple s}:terad%tolfre aéh(?%ir AR n?e %ﬁa\:‘t yy.’ VAr i%ds qc‘yepses of static

m xers are i i ]S%Fgg- kﬁgg; eerj n A ised 6th edition,
25 p 452, N%%uscga;lr{p%gl ,anLt (fgcc%r) nl ecg_a{réh%elrﬁg&%ﬁ%;su?%\:uf actured by OHR
Co., Ltd-1‘M?dﬁbdﬂkﬁﬂ%%Sé%d%ﬁﬂﬁ?f%%&éf%ﬁddné|WE%h'H%&ﬁ%%!&%%Eq'Eh? nunber

of said m xing apparatus 3 in the 15 present invention is not restricted.
That is,1m crRidcajus HEhari @f said ddxd ng-appaildis iy He connected in
series or arranged in parallel in an aqueous solution of nitric acid 4. In
the case of A Kaaterli®rboyAngenild prdduct spraddired andd e appagsd us may
be installed with feed nozzl es which are common to them but it is

pr ef er abl e tdfatnigacic afcishiwhimxiing reppardtars fepisad feedhwzzle. In the
case of series connection, said feed nozzle may be installed only in 10 the
first said reaaig appardiarse mresaiaf e ds ey el nmyan

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. In this
description, this is defined as "total circulation" of

20 an aqueous solution of nitric acid.

The present inventor found by an enthusiastic

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



be i ndependently installed in each of said m xi ng apparatus. Said feed

. nozzle 1 and said m xing apparatus 3 may be apart from each other, but the
di stance 15 between themis preferably not |onger than 10 nm nore
preferably not |longer than 5 nm As shown in Fig. 2, said feed nozzle 1 may
be conpletely incorporated in said ming apparatus 3. In the present
invention, a ratio of a linear 20 velocity of said cycl oal kanol and/ or

cycl ohexanopga@t&t, Sah dz freeehd@zzbe dahefactuneag yelocity of said aqueous
solution of nitric acid in said m xing apparatus 3 is preferably not | ower
t han 1x10- 2a1Hdwesei c2cjpidx ehiat schd ebai okhgiaingnc@Sloaskantaneous m xi ng of
cycl oal kanol and/ or cycl oal kanone and an aqueous solution of nitric acid,
however, shandéni ngyoioaheamdné ngithnenabgneous sotutubhiefenitric is
important for a feed nozzle of 16 cycl oal kanol and/ or cycl oal kanone to
enabl e feedd@idofarycfbagkhvioforpdgbingytheabkasent apveheiennear vel ocity
not |ower than 8x10-2 msec. In_the present invention, the direction of a 5
feed noz2l e of cycl oal Kafol tRRdfbFSEyRFBAFkanbnEnEsPheetRFabl y as paral | el

as possible , to a flow of an aqueous solution of . nitric acid. A T-tube ma
be used as %p%$&Fhﬁnab%a?aT%g?oﬁogﬁﬁe??nFFaFguﬁ?Ege?ﬁble to use a staticy

T 2% S AL SRR DYoL 13 AL Lol A0 s0ctbal.gplped nocel e o

said cyclo ano anohe Hecones” pa o a flow of an

aqueous sol yt ey of 01 L1 fanbfle A0Ye6a3E. 28ALOEYELOAL kaNOL e andL ot c

cycl ohexanone at i near “velocity not |ower than 8x10-2

msec. 15 Ig-ikhe @ﬁ?éﬁnéoﬁ§¥§§é£0@siﬁ§ Lg phaehsrablecthatoa fluid
conpri sing said aqueous solution of nitric acid, a reaction product from

sai d cychoatkmppisang/ or reyel pak kanoagapningatd agygoysigol ution of nitric
acid and unreacted portion of said cycloal kanol and/or 20 cycl oal kanone has

a standard devliatl banodtahdgbercybdnalkafont abeapdshébonvebecetgai d fluid
flows out by 2.5 sec froman outlet of said m xing apparatus. Standard
devi ati on hefends kaperssiednb§>tHE’ frof $oni agd foixiha {padstnE. T2 (~ T)2 (
1) Standard Deviation = 2 -~~~ n n: Nunmber of neasuring points for
tenperature in The second aspect of the present invention is
a method according to the first aspect of the present
15 invention, wherein an outlet temperature of said
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 cycloalkanone 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.



17 radial direction of adiabatic reactor T(C): Tenperature at each

. measuring points in radial direction of adiabatic reactor wherein, nis a
nunber of measuring points for 5 tenperature. D stance anong each neasuring
point is not longer than 5 mm Tenperature is neasured at intervals not

| onger than 5 mmfroma wall face of i1he reactor to a wall face in an
opposite side in a radial direction. Thus, a reactor with a dianmeter of 100
mm 10 gi ves 21 poi nt s Thar fieasily iggpddie dfemer gngsentFamveeanre,id n t he
case where a dianeter of said adiabatic reactor is 100 nm a flow vol unme of
fluid conprissimeghoal écaguedugy dal utheorf iofs nidy itheadatonrdeastdemt prioduct
fromsaid cycl oal kanol and/or 15 cycl oal kanone and sai d aqueous sol ution of
nitric acidtied preseadt édvsorttiicon ofhes i ¢y dleaisatolr eamd/ i ey clroal kanone
is 0.6 nB/ hr and nis 21, the position apart fromsaid m xing appar at us
by 2.5 sec Beddddsl Wérwéiltqur?é)lpﬁa?ﬂ{d faBmbadi if rﬁ%éqwraﬁi?éraﬁus by 53 mm

20 That is, in the case when said m xing apparatus is the one such as jet

m xer, sttt iscandegd BRI it DA dhes ﬁeﬂa%]xesr Crofftf £EE ni xer and

|rrpeller sai d .pasition |s he posifion apart froman outlet where the
(1o 11 ous Pt FrBm S oG i Fpeie R (PR Y A fAent ur 6

profile in Sacgilnacl %ﬂrqﬁ,}l o(riljdlsusrreoafsusra%dd iy ta%eatt{om ti r];Fv]\%th 21 rreasurl ng

points. In the ¢ase when said HixXi ng appar atus 1's ‘ube or

injector, the starti ”&lr{éo'ﬂtftgfeat oS i Sgﬁ?ger{ O a4 Q%q arat us by

2.5 sec is the position of nozzle o cycl oa kanol / or

cycl oal kanonge pdt HE LRWIRIMRAN S I L8 Pna df AUOTr a5 @aUgRUS SO' ution of
nitric acid. Standard deviati'on excéeding 1.5C neans that there is a

gener at ilgn Eourathla Spedt & ey Wik AT |01 rodiusi NGvie dedMera yi el d of an
al kanedi carboxylic acid product. In a nmethod for manufacturing an 10

al kanedi car Fo>wild eoagird siynhoXd i iavgheayed aad Iahiadn anfd/rairt reiwc | sgailkanone with
nitric acid, since the reaction is a sequential reaction, the selectivity
of an al kanediremdidor irrciat ifmmeaseis idydlw faner gattonf said
sequential reaction is proceeded at |ow 15 tenperatures and the |atter part
at hi gh tenparcdtasrldanans edvibrsaighiafiyeatd iohlYsin Qaﬁ(d'tﬂﬁ%:-‘?rlrﬁ A%¥%hction. |f
t he standard devi ati on of tenperatureqtprofl le in a radl al qutl on of said

adi abatic r & 6 P HBICHRYRAT PiRih At sE I Af e e ¥F profile in

a 20 fI d| re for the above se reaction.ca e. qbt ai ned

because é:ﬁﬁé‘gg‘tatﬂoé‘er’l & gt q:r?er# ngjoqtrje%} i%n 39 ntoﬂi Shlet to an

outl et of s |d ad_Ll tl% re fn%ﬁragﬁ t he (%ntrar Sal(éli tandard devi ati on
i

exceedi ng 1. generat &8 Poca gh 't re eratltflLreel 5 pgtatl ns in said

reactor, "‘h'a‘"i*}ercgﬁ%& S L4 el g, 4 f}zﬁéaecgfddéé 3¢ e yﬂoeéldclér{‘ the present

|nvent|on In order to naintaln the sta viatlon aterrperature
where said fluid flows out from an outlet of said

mixing 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



19 profile in the radial direction of said adiabatic reactor to not higher
.than 1.5C at the position where a fluid conprising said aqueous sol uti on of
nitric acid, the reaction product from said cycl oal kanol and/or 5
cycl oal kanone and sai d aqueous solution of nitric acid and unreacted
portion of said cycloal kanol and/or cycloal kanone flows out by 2.5 sec from
an outlet of said mxing apparatus, certain number of said mxing apparatus
may be placegige,paiaitebgas BRAWONSd tabee. diGxAdeenPRr aliwrurrofile in
the radial direction of said adi abatic reactor at the position apart from
sai d m xi ngagppakabns thy 2e%c2eontal e rmadenfingt oyt &roangian@ certain
nunber of said mxers in parallel in a reactor having a dianeter of several
nmeters. 15 Bdibbetici mebhéopr esertr itheentitornc amicr deridadime ntai n t he
standard deviation in a tenperature profile in the radial direction of said
adi abati c r&gecsione Baenorconicghdratiay Ba8C aeadid opogiititerrenhere a fluid
conpri sing said aqueous solution of 20 nitric acid and the reaction product
from sai @ c{erédl RRASLNAAG ér cCopcrddirRiAone cdndidile agicomsagdivut i on of
nitric acid and unreacted portion of said cycl oal kanol and/or cycl oal kanone
fl ows out bﬁqﬂlgaééétfﬁ8nﬁgﬁ SQPF@Pt6@@§%ndO§|%ﬂﬁglépﬁéﬂé¥@§'a@ rectlfler

25 plate ma | so he install at an outl et of sald m Xj n ppar at us.
oA ??ty B OB " A0 £ OB e S

rectifier EY R tﬁ@aﬁF€§e a porous

pl ate and b £ y Rt nnDnI sed in dlstlllatlon t owner.

20 Said rec? |§rtt %af% ﬁ&o be ac%ﬁ éf%%%htntguggig HIX|ng apparatus or
may be pl acggp%%rttln%r ggllaa'aqk%é'dq@a TRRAALNS oh S RRAly G TRt ers Lo
several neters nore rectifier plates may be inst al in a
reactor g ObUthEe'n%rB"t%fders@Qlde rehat ilhe Mkt ) AU tihe l@x@ove descri bed
tenperature profile. In the case of two or nore said rectifi'er plates being

instal |l ed, hh@ral@oxaeldlea@r ithed moemper ativfia Prief idmtherdef i ned as a
distribution at the position apart from 10 said m xi ng apparatus by 2.5
sec. Furthecobentirattihg present, ijoMenhicoraiid mokherefldralile sy a
tenperature profile in radial direction of said adiabatic reactor to have a
st andard detheat remanotinkgi glaert tlfasal.dsCoenvcem tata tidte reesittiioon 15 apart from
said m xing apparatus by the sane distance as the radius of said adiabatic
reactor. |nTEHCIreaseItder /i anchaisdde wien Joding dnimdinty rappartdt @s is a jet
m xer, statlc m xer, Banbury m xer, internal mxer, orifice mxer,

|npelleﬁ aﬁ&ePﬁeaﬁGePPﬁeanﬁécsﬁéﬁﬁ FQ iR -of the distance is defined as

the position where a uid ro out from_said m xi ng apparatus, and in the
case when said mxing i\’ﬁp&reé(te% ?s?etcﬂfbé’fsltth% PIES e d WS HEDosi ti on of

a feed nozzl, f gl I d cl oal e i e .25 downstream
side of a fﬁ%wgopggﬁ gqgggﬁgdégﬁht ot fO%%iEﬁQQhC|&qrﬁbr§%begl in the
present lnvga&mn,asg ey B endr ¢frelablie jhhalha J u'v%x is3iing said
aqueous 21 solution of nitric aci a reaction pgro ron1sa|d

cycl oal kano'cg@'l@’a‘lﬂca%‘l' @@Ja%&o@&%1&@%@@@@@%&%@ nitric acid
and unreacted portion of said cycloal kanol and/or "cycl oal kanone, has a
standard0 and/or cyclohexanone and said alkanedicarboxylic acid
to be manufactured is adipic acid.
According to the method of the present
invention, a yield of an alkane dioic acid can be
improved without increasing both volumes of circulation
25 1in 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,



5 deviation not higher than 1.5C in a tenperature profile in a radial
.direction of said adiabatic reactor at the position where said fluid fl ows
out by 2.5 sec froman outlet of said m xing apparatus, and al so a
tenperature profile in a radial direction of said adiabatic reactor 10 has
a standard deviation not higher than 125C, at the position apart from said
m Xxi ng apparatus by the sane distance as the radius of said adiabatic
reactor. Stardardideyitt it afethdemrersidierqyafd liavdandin prasent
invention is inportant in a case of 15 manufacturing an al kanedi car boxylic
acid by oxi dimoiungd @ycIndalrdanalciahd/eayuioyel gk reawdd h and agqueadus
solution of nitric acid in a coomercial scale. Wth a so-called bench scale
reactor, staedare devisatsitonppfera tawgperaatdirlegatofdl @ i ystalnemecases,
smaller than 20 1.5C without using a rectifier plate or without installing
a certain n@fser sonFASNLTRHEFartaweyr iTRpaldad &e 1rBmesk a dianeter of the
reactor tube is as small as 10 nmm around. However, in a commercial scale,
some nmeasures as described above are required to 25 control the standard
deviation to _be naot higher than 1.5C._ Commercial scale here neans a scale
using an adiSRoatt CHS Pt Qh ?Orf d Tt AENGROt snal ler than 100 mm

preferably not snmaller_.than 500 mm ZZC(fIAn di abatiocf reactor in the
present invention is derd ned a5 aasp(ﬂ}eénaa L) Jt‘:‘l%r%rglpe FEctSt described in

Kenj i Hashi e NAUSE 1 t " (Baihukan, 1984), p.25 -
26. An one- rsggatap%é: t;}lrpget% éa{d?fla 14a%tee)% ééa%c}?g&ﬁf%%?teflerggébﬁi&gut it my be a
nul ti stage adi abati c ggactor; Ofy & dHhA98 NRAlane XS angl 1igy and

nmul ti-stage adi abatic type reactor, which is divided into several stages
wi th heato exghangans Bei ng ndtgial led dhist whelsSach stage 0. provi de or
renove heat. 10 There is a nethod to use an isothermal reactor in a nethod
for manufacturing an a@ikanediisard®atdntataiot diiyg e Blrowihe el oal kanol
and/ or cycl oal kanone with an aqueous solution of nitric acid. In this case,
al t hough a simdnvddime:rde\dfatiest wiforl 5 wshrgper atwy st prlofid el arataystidny does not
go higher than 1.5C because it is isothermal, a selectivity for an

al kanedi car Bay |dan caritdr & sl drovisrsserb et e et kdsdb el ddse rptrserequent i al
reactions proceed at the sane tenperature. In addition, an adiabatic
reactor can ZyaRtiiaye s Rt qeiet Ao RHA A T1DASBs the heat of
concentrating the nitric acid, whereas an isothermal reactor requires a
cool i ng 1ar‘pparat us to renove the reaction heat as well as the heat of

out et torperaruNets i A SRT A F i o oot al 1y epeci e

but the tenperature i %gg{lgt[)aelr]{aam&/l ngt ﬂk?é(’:‘ﬁérém 8%?%33§Dr e preferably

above 90C. If an 23 atic reactor nprising a nozzl e enabl i ng
to feed cycligplikanol AnRd et rl kaponshatahdnear vel ocity not |ower than
8x10-2 msec and m xi ng apparatus is used, a yield of an al kanedi carboxylic
5 aci d obt aineath }iscyrdoHeiEld, tifc Yad dednd I 10y esly Endiedeshndl ) t he case
of conventional technol ogy, even if an outlet tenperature of said adiabatic
react or Zdecares qyciferlddnomatnd lovdes tdyanl G ammes, pr ef er abl y above 90C.
Therefore, as described above, by setting 10 an outlet tenperature of said
adi abati c r esdthyl quafaretd@nonmmtandveyclddod8oomdr e pref erably above 90C,
it is possible not only to reduce an amount of nitric acid consunmed by

oxi di zi ng cycl oal kanolThhdFRsve et uedd iea ke wedizlers dbutnal so to
rai se the 15 concentration of an al kanedi carboxylic acid formed in a
reaction mi AURBTRTIAN AR 1AW JF2 2 ¥R Bl abER i €19 RERHPRE This, in turn,

makes it possible to | ower vol u of total circulation f]ow of aqueous
Sol ution of MY AR XA IRAERT TG 15 B SYTENIS cOnt i T TP 20 o hred

al kanedi gar boxyld ¢ aGld . 1den enqbles. 19,1 eduge, Lhs.| oale. of, 2 crystal lizer

and a concentrati an ‘exanpl e, ere the outlet

temperatur e of ald Al ARatife d A5 Und &y SOHERIRIRE RLF KOV 681 der ed

usi ng adi pi c acl
as raw materials and cyclohexanol may also be used by

alone as a raw material. These raw materials may



25 al kanedi carboxylic acid. If 10C 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 o by weight at the 24 maxi mum
equivalent to the solubility at 80C, in the case of an outlet tenperature
of 90C, whereas it can contain only abgut 15 o by weight, equivalent to the
solubility at 65C, in the case of an outlet tenperature 5 of 75C. This
neans that arranburis afnresadidd ey ddaineanol end fdr oohuclesk fkaomree r eact i on
systemto a crystallization system that is, total circulation volune of an
aqueous sol utfiter dfhenintgaariagid, becones 22 / 15 = 1.5 tines in order to
obtain the sane 10 production anount of adipic acid. Reduction of total
circulation vol une of Zgh aEnROs FOIURITh mitrie agid gonths butes to

| ower | oads of a crystallizer and a concentration tower. Furthernore, a

hi gher conc&ftasaiton "orerddi P RN arrédif&é%oﬁﬁes%]ﬁéﬁﬂg%n MR red for

Cha” present TR iBie 1001 HAe b stary 15 | Herbade HARF T Teat | on
e pres i i htrea |on
olune of nitric acid t he reaction. temtrrant a
w kaned carlbao ' i Izg(?lélcntljdjrétwqﬂ]olutr?]ettsys%nap 1RSSR St e8] 2

t f I ~dhan 0] I
convent i o Qb ot vénen an out k%t terrpe 5@; % WAL N2

conventlonal no’I ogy, ure of " react or was set at

above 90C, %1"’@&1@%&%'6&@@&&{{% al# ofh WAl uge of nidrdc acid in a 25
reaction systemto reaction conponents had to be gr eatly increased so as

not |ess thabdht rhtrdieros it it addi @ v ¢l Of caicahtadei s ab€ acid. By
usi ng an adi abatic reactor conprising a feed nozzle enabling to 25 feed
cycl oal kanoln it/ ora it | st it epite By | £ reraraveloes tyf Mo ewer Huban
8x10-2 msec and a m xi ng apparatus, a yield of an al kane dioic acid can be
rai sed even axuderdisur harc aididrieisccarsoax ki ghicidta afrdaa@ctom cul ati on
volune of nitric acid in a reaction systemto reaction conponents snaller
than 200 andrdunit |atd tenpactet et eal kbreli abdior cratoatkabolbe 90C. The
present invention can conprise oxidation reaction with nitric acid,

separ ati ng riatogen obiNa, /1d #:@i t rid@n loxi de, nitrogen dioxide and
nitrous acid fromthe reaction nm xture com ng out fromsaid adi apatic

reactor, then concent rpeﬂ A LIt oH n’r&t‘iﬁ% Rﬁﬁ??n%b’t%Y?ﬁWgo%
concentr i on |tr acid nearly ival ent t concent n of
e a o ettt TR ER G e AR ERA T TR T e n sai o
adi abat i reaaoc& OJarTé Oﬁdp%?é daélecf‘Ctér?&‘ {ﬁ HL &, - 5P ?%i%@d .

0 reactlon m xture,

al kanedi car box I C acl foma ‘par e concen

concentrati ’EQy&LcIHé;&Tar?&i b Ady dhec oL ek d Ao da & Ny apgk et £pNgeniLating 20
system joini'ng said nother liqui'd and the remaining part of said

concentr at e Fee@Gtd I M xture together, mxing the joined mxture with a
fresh aqueous solution of nitric acid, and returning the m xture to a
reactor. Concentratiommofthg tgresact dimeatt Vo2p £l vah@nhetivod heor
concentration at an inlet of a reactor here neans, for exanple, the
concent rft i arhenidbdnve adeoncdnd atyolcalkanel i andtid aychrhéxdeenef a
reactor - 5.0 % by wei ght. 26 The present invention will be explained in
with an aqueous solution of nitric acid is important.
That is, in one mixing method of the present
invention, said cycloalkanol and/or cycloalkanone is
fed using a feed nozzle enabling to feed said
25 cycloalkanol and/or cycloalkanone 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



detail in accordance with the drawings illustrating an enbodinent in the
.case when a nethod of the present invention is applied to an engi neering
use. 51n Fig. 3, an adiabatic reactor is shown as (31). An agueous
solution of nitric acid, as a circulation flowin a reaction system (32),
is sent fromthe bottomof said reactoy (31) via a punp (33). Cycloal kanone
and/ or cycl oal kanol (35) is fed by a feed 10 nozzle (34) enabling to feed
cycl oal kanolcyand/aakyl ealdkanonsg dtoreddi®as, vel ocity not | ower than
8x10-2 msec. Said circulation flowin a reaction system (32) and said
cycl oal kanone and/ or @Vic}.oal kaials (a3b)esamplidd Ardaneofsd Y MLk by a
m xi ng apparatus (37) 15 supported by a supporting plate (36). A porous
pl ate (38) i1 nstdldadckaatolt endasi tdyorl @parandnreom dFhaugt etwofsestas d m xi ng
apparatus (37) by several hundreds mm Reaction product at tenperature
hi gher than 0Eeasbmiarglsutl farsmsdwvin rigadtior. (B1)ths nerzlduced ko a
stripper 20 tower (39), where air (40) is fed to strip conponents such as
ni t rogen oxiME SR rBuS A O MiRFTY i IR oxi e AREHITRETER)ERBRYe (41).
Stripped gas is ahsorbed in an absorpht'ion tower and recovered as nitric

i t

acid. A dec@nﬁd:ﬂgaeor? 9 @ thdderf oxiftfe, et ol PSR ng gas,
may be installed be en sai d.stripper tower (39 nd_.sai d absqrption

t oner . Reactolror?loﬁreogl? % '%ﬁleoﬁrpcf'ror#hseaijdn ?J?%ab%e?tl?ﬁ%rli éoi s fed to
a concentratyi.qn )., f | L4 i | o ' 27 .concentrati.on tower
(42) for ni tlrl?{(:éaécgﬁ%llogcﬁgtp}’erogf{ ecg)%lndc?glrl&g{o?le u%(%ie)d rprC %%?agf,ﬁ{a oer}eeéa)t part of
reaction healy iy Wdd i@ Qi FAUKNIALI NG nitric acid. Water or cleaning
wat er (49) used in a subsequent 5 crystaljllzati on process is showered to
recover g tric acid. Ahaquerss sA18diany off Nijdlda BEdkh( 43)d concent rat ed
in said concentration tower (42) to a concentration nearly equivalent to

t he concent reatdlara likarreedctirort o e s iaivand adn aeddow i Niteact i on 10
system (32) through a punmp (33). A part of bottomliquid (43) of said
concent r at i oreltoadry (of2)cyaroalikarial arid) ars dyakere kEindnem? tdte a eacti on
system and becones a product (45) via crystallization process (44). Mother
| i quid (46) tcamiafy fmed magmler \ist attictatl pxet eralries ngd)ovesr concent r at ed
vi a anot her concentration system (47) and forns a total circulation flow
(48) . Sai d theral8>did cd/ze Dn MA%Rv Rzshetab ki xael whewex Hehabolel hrent i oned
circulation fJowin the reacti on system (%. Fresh nitric acid (50) is fed
to mai nta@ n™ BT A TS oG MASEE AR H st HRY i HPai P circul at i ng
aqueous sol lflr'l[ n, of nitric acid in the reaction systemat an inlet of said
adi abatic reactor. Said al kanedi carboxylic acid remaining unseparated is
cont ai ned i n aqueous |t ] ot rd - | d 1 ahqys,descri bed
circulation flowin aﬁé%%ﬁoo%r}i)cgsay%t%{n% 533%)5}1 %ﬂfdf%o%%ﬁ Cl rcﬁ?%ﬁ%n flow
(48). Concemfd-atd QN RfuaSaim alkanedi caybonyl i &, A6l 0 o %ﬂ%d( npaid
aqueous solution of nitric acidis 5 to 40 % 28 however, 51to 30 o is
preferabl e hegaysa itrRg @D GRNGRIMY ati -y By dreasd fed ifite®f solubility
and requires warm ng up of said aqueous solution of nitric acid to prevent
a deposia0 ostaft ier yeibalrs iBardyms} imess dmtiddresiediede, tarnksSicd n t he
present invention, a concentration of said al kanedi carboxylic acid,

cont ai ned i mixed raqd dtriperl fdmow iAmdrige theamt i 2rs tststemianel aig ot al
circulation flow, can be rai sed because an outlet 10 tenperature of said
adi abat i ¢ r ®F&ferakde e Fiosdd U itp tches tramparzg rnd pridleredsd inqot | ower

than 80C, nore preferably above 90C. , _ ,
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



The present invention will be explained using Exanples and Conparative

. Exanpl es bel ow. 15 Herei nbel ow, yields of an al kane dioic acid are conpared
bet ween the cases of feeding a reactant, cycl oal kanol and/or cycl oal kanone,
at linear velocities of not |ower than 8x10-2 nfisec and not higher than
8x10-2 m sec, under the sanme mxing tige. Mxing time here 20 neans a tine
until the col or of phenol phthal ein di sappears, when NaCH and HzS09 are

m xed usi ng gikereltphtrialrtiidms s otaeeyst Alaedier eindieligyy, 4 position where
a fluid conprising said aqueous solution of nitric acid, 25 reaction
product fromesaiad nCyGinbalrk @fols adrd ik iayee | agad dearrtane nand ksai d aqueous
solution of nitric acid and unreacted portion of said cycloal kanol and/ or
cycl oal kanomenndaies] dut sferdmssaird anpanypdppansEnsl gl iR, 5 sec is
sinmply expressed as a position at 2.5 sec. Exanple 1 A reactor which had a
m xi ng part aguepusesglivntg ogf dfonimnig 8¢l & emdimt Shef e iaf i xers each
of an inside dianeter of 30 mm nade by Noritake Co., Ltd. and had a | ength
of 686 mm PRdaddidle BT AFRETS i Ok & SPRE DM IdEdY IFRRP KW st ati ¢

m xer, 0.004N of NaOH cal.ored wt henol pht hal ei h .was charged. As shown in
T B . 1 i Pena et it A e e i e e it &S et ol e

[ ' i de of ' [ d AN of . HZS®9 fed f

a1 d | ood nOTECDR ditetnde TETHE DOUITT G There SEbrgrgts
h | pht hal_gj ' : ' i

xi ng. Ui me KA T TR a0 SO n SHE 19800 Tk e Fht o of 102

[1it/hr] wereiassadand A dixddg ddm am felenmden (o bal, Lpec. Then,

an oxidation reaction of cycl ohexano nitric acid was ¢ uct ed using
the sang ost atneC fAG- 98 %l ARd fieRH et fus MY & LN L IN6z Dk G DY
wei ght of aqueous solution of nitric acid containing 0.5 % by wei ght of Cu
and 0.05 % e Weidgperefent Mas eassded drsalabistafl iaid Xerxialg a rate of 133
kg/ hr at 73.8C, and cycl ohexanol was fed at a rate of 0.9 kg/hr 25 for 5
hrs from saiagpfegedusozzl es. An outl et tenperature of said reactor was
91.8C. Amxing tine in this case was 1.1 sec and a linear velocity of
cycl ohexanol was 0. 17 S#isedeeal Inaqpile sarfgick seisl mi30irepldmmmat e an
outlet of reactor, and a yield of adipic acid was determ ned to be 94.1 %
by mol to tReMaedetiRadt Ja¥e eah Sk, dfutiths digianc®nsuned was
ofile 5 at the position apart

0. 967 kg-HNQ3/ kg-adi pic acid. A tenperature pr

fromt thm' (?rt‘”’%fnl§ Wers Y diff alcgrt%ﬁﬁatrktf‘rhejxﬁ doriyte

t enperature_was 0Q.50C. arative . Exanple 1 10 A.reactor wth | engt h of
650 mMm corrpﬁrsel%ﬁgagq’ﬁ tng%g&r?é\ﬂeﬁg%eparﬂ ?rﬂjﬂ'pa S @R r%mli%‘e i amet er of
16.1 mm and g .l t f ' - sai d T-tube,

0. 004N of  NSBI S aTEred S pndia i i s ChEr e M9 ace o

0.738 15 [liddilyf Ini@ndy W frd#30Q was fed at the rate of 115 [lit/hr] from

the other end. A distance to the position where a color of phenol phthal ein
di sappeared was converiredHeO grdddti anten o NG thdeigvass deterddded to be
1.1 sec. 20 Then, an oxidation reaction of cyclohexanol with nitric acid
was conduct ek lusiing tdfe ssane chrdldedl kavivle aahtoetelyl oExkdhdndy? vei ght  of
aqueous solution of nitric acid containing 0.5 % by weight of Cu and 0.05 %
by wei ght ofsa\ldvdegshgsed o Isdiad ar-tirmmntveal @5 ratef ofa bt dgugdus at
75. 6C, and cycl ohexanol was fed at the rate of 0.7 kg/hr for 5 hrs from
sai d feed nEPAuEiom cdutnidir it Rsairchtiuy esaifd JuliHineaRRAratss B 0C. A m Xi ng
time inthis case was 1.1 sec and a linear,

preferably not lower than 1x107°.

These requirements are aiming at an
25 instantaneous mixing of cycloalkanol and/or
cycloalkanone and an aqueous solution of nitric acid,
however, shortening of the mixing time alone is not

sufficient. It is important for a feed nozzle of



31 velocity of cycl ohexanol was 0.001 misec. A liquid sanple was collected
at an outlet of reactor, and a yield of adipic acid was determ ned to be
91.6 % by nol. An anmount of nitric acid consuned was 1.018 kg 5

HNO3/ kg- adi pic acid. A tenperature profile at the position apart fromthe
m xer by 8 nmwas neasured, and a stajglard deviation of tenperature was
0.90C. Al though the average tenperature and the mxing tinme were the sane
as those incExagRh®aholt B@d¥R ryicglcd 0fl kioRieC ta€icthall CrERariald \u Exanpl e 1
was | ower than that in Exanple 1, because the linear velocity of

cycl ohexanokywasangtnbilghen /ohrar X ba1% afoseC atEtamepllandald Using a T-tube
whi ch has a inside dianmeter of 10 mm but a inside dianmeter of 2 mmonly for
feedi ng si deedbedyyl obexdooler & hainxi8xdofi me sesxs. neasured by the sane nethod
as in Conparative Exanple 1 to be 1.1 sec. Then, an oxidation reaction of
cycl ohexanol 20 wi th dint the gciedends iomeduidioed ddienglitries tsame of- taube. More
concretely, 55.3 o by wei ght of aqueous solution of nitric acid containing
0.5 % by Sweifgled olzedeard GYT5E oRlpangdi GMA/Gr ¢ Wil Pdeswd e dsai d T-t ube
at the rate of 132 kg/hr at 78.1C, and cycl oghexanol was fed at 25 the rate
of 0.9 kg/ hPTRECISHYs oS GRrsdil@lf é6d sAARd e AP Suthl&w tdmfe ature of said

reactor was 91.3C. A |rzr[ixi,n ti in this case was 1.1 sec and a || near
vel ocity of 2ECLTexa Eﬂtl\ﬁg’s . B TS @SR i fuilgtubs n?é’n%ee col | ect ed
%ti ve nol ar_ y.i el

at an outlet of reactaor, and a rel © d off %ilpiq__acid was
determ ned tag_ l?em‘ﬁ{.l&g%aﬁ%ar YSAn act’rvr"t')et}’netr’pfl ni'tr if¢ A c_c()enfsuom::u Svas 0. 968
kg- HNOS/ ko- adlighl ¢k e LEMRCRALULG REMILG A 3y Uhsmasitipn apart from

the m xer by mm was neasur ed, r evi ati on of tenperature was

0.70C.  Acst ardahd rdevirld0m oz 1lemReraliy & @il JN& PRSI tdrfyApart fromthe
m xer by 2.5 sec was 0.50C. Although the average tenperature and the 10

m Xing time cyene a1hke nsHeEe ke des dra 1GNpaatd va Fxawla awddud he sane
T-tube type m xing apparatus, the yield of adipic acid in Exanple 2 was as
hi gh as in bsxamplienl ofbedause .t harn iamgarcass,oddid afycdysd Ideanol in
Exampl e 2 was not |ower than 8x10-z misec. 15 Exanple 3 Into a reactor with
a | engt h of an@l ommewdliodie xaowpre seoud s teat ifedriatertHealiingeaar mi Xi ng part
with an inside dianmeter of 12 mm 1N of HzS09 was passed at the 20 rate of
99 [lit/hr] velwsiftaedotodawey wittsn $>A6 e wfsecim were installed in a just
upstream side of said static m xer, and 0. 004N of NaOH colored with

phenol pAtthal ei n was f @ FAEMPFESEFeddMRIHA DYy dit tife RERfE GO YR 967

[lit/hr]. A mxing time was determ ned 25 by the sane nmethod as in Exanple
1 to be 0.0FN&&c 2 friaid &?I'Wilc?dﬂgor?arléﬁcﬁq ki %@a%@kﬁﬁlnww nitric
acid was conducted using.the sa tati 1. xer and feed nozz| e Mor e
concretely,a§§93 g reaé%igﬁmgﬂﬁgié%égréﬁ'ga1J q%éioa(i I an&?or.

by aqueous so ionof nitric acid
cont ai ni ng Q.59 i.ght % i SAVAF sed to
said stati c%r# %eé.;aqé:ta\?ﬁhr%hraéltqi S(%i O?%gxl%go/ _%r é)a&t?L 92 J%fgfa(r%{dl t\c%/%}?%%%npl was
fed at the raie Ofr bl Hddiln fgomsal ¢jershnezrd esndhys, a vei ght

rati o of
20 cycloalkanone has a standard deviation not higher than

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

ny T2 — (3 T)?
Standard Deviation==J z 2(2 . (1)
n

n: Number of measuring points for temperature in



circulation flowin the reaction systemto cycl ohexanol was 142. A m xi ng
time was 0.07 sec and a linear velocity of cycl ohexanol was 0.17 nisec. A
tenperature profile in a radial direction at the position apart 10 from an
outlet of the static m xer by 6 nmwas neasured, and a standard devi ati on
was 0.60C. A tenperature at an outlety®f the reactor in this case was 91.
2C . Gas comng out froman outlet of reactor was 15 introduced to a
stripper tower, wher@iRilt dagert@e¥ndef Ridiegen dirgddder di nitrogen oxide
and nitrous acid were stripped with air, then concentrated in a

concent r at i an°tpweremBetra@mrice e kaldly eefs Sdindy goriead riat ireriiadwer was
about 80C and concentration of adipic acid in an 20 aqueous sol ution of
nitric acid com ngdiouecftriom tife aboebernicf ndaettconer was 21 o by weight. A
part of said aqueous solution of nitric acid was taken out fromthe system
and the renaihsineg naq@ecis asglugicsn off mAasywi e irP s rfstiur ned to the
reactor as a circulation flow 25 in the reaction system Yield of adipic
aci d obt & né@TRES L 06 B SEETFR FPKhEaTeRATERANV AU Fresh nitric

aci d was added é% t hat concentratjon of nitric acid atecdal inlet of the
reactor becdfe an 354%| gﬁ&empﬁrf%tlsofm‘?ﬁsc% a?ctrd consumed per

Feact or wi tHTEY na&%‘%ft 554h %:‘mprfc" TELE i Rror %5}%322 i h
i 9

;nai(lengf pggtﬁlatc;{h%]n ?alo%%s;il tnje:ac or ]C(#B(%}OSZEI\JTII\QL’ ]Iéa_l%iqq Wg[fe aavsﬁsteh at the
phenol pht hal g, Mas,f ed fram %a'r%ajcocgf%ﬁﬁ}ﬁzglﬁsan?étéx{:eodf 00 0.503

[lit/hr]. AMXing time was ‘determn e same net anple 1
to be 0.0 $/GresTPANpAM QXA i) S18AGH] AhOftpd ahaxanol with nitric
acid was conducted u5| ng the sane injector. 15 Mre concretely, 60 o by
wei ght of aqueous sol WHdrOR:@mPlid,l iih atHel Y aindy H.di dndnened fHht of Cu
and 0.04 by weight of V was passed to said static mxer at the rate of 130
kg/ hr at 60GaiCyadilededna neesctfoad iat 1tde mmpt e of 1l dw Al dagd ho £
perpendicularly to a flow of an 20 aqueous solution of nitric acid by the
i njector witihuad jaegipds sdirgnesteard efgquib uam s adhi tirpre b reid: tios disishl ve

cycl ohexanol to transparent state after 0.05 sec. Linear velocity of

cycl ohexanolr&@ctiilging REGFIAY diF A S 0. DO Hrelkar larid P Xlevi at i on of
terrperature profile 25 in radial direction at. the position apart fromthe
i nj ect or by HHA %@%@”Wﬁ@%é&q%ﬁ?%%&%ﬁ@%soﬁm 3% t he

t t 70 d tr t t t d
ni trogen d &a%dilr}lréa%é e St T4 PP e A WAe St 1 pped i th
d t f d
air and seni. o A qaneent last'oorﬁquh asanﬁe@fsra&' 00,0 i LEiLG,acl d uas

rai sed up tO a OUt y wel ght concentration to

tenper at ur e f; 1& Ronf QRGN 3Ly ;gmlr RPOMLs e UL GRIC SR at i on of

adipic acid in an aqueous sol ution tric aC|d com ng out fromthe

bott om of t hydi@wRIn Wit rd %ran VI iGhimiA RArdpsdr Sl wguEdugn sol ution of
nitric acid was taken out fromthe system anthhe renal ni ng aqueous 10

solutiorpef nitric aciThatasig,eti natk tnddariaacdoid asiaimg rcul ati on flow
in the reaction system Yiel d of adipic acid obtained was 95.0 o by wei ght
to the theoragtpanatumlitse. . tHe este riuah asacjek waiskaddesk stol ¢ hatxer,
concentration of nitric acid at an inlet of reactor 15 becane 60 % by

wei ght. An &andmwrywfmiden, crdeinhal 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



consuned per adipic acid was 840 [kg/ T-adipic acid]. An anount of nitric
acid consuned per adipic acid was higher than that in Exanple 2 because
reaction tenperature was low. Yield of adipic acid was | ower 20

notw thstanding a | ower reaction tenperature and a shorter mxing tine.
Furthernmore, a concentration of adipiggacid in an aqueous sol ution of
nitric acid comng out fromthe bottomof the tower to crystallization
system was |pweibdeasause thadeaet 1ok %téﬁm%%éﬁ@t% tigaer . An anount
of an aqueous solution of nitric acid to be taken out was 21 / 9 = 2.3
times in ordeysit @btapdrd her sanel ey dpwd rah iy a&i 8§l ssc i s Bxeapl e 2.
This neans that a load to 36 crystallization system and subsequent
concentr at i grossitsiteemdieconfsed ar@ez i &f comierey @l ogl lomess . ar@nar at i ve
Exanple 3 5 To a continuous type stainless steel isothermal apparatus, 50 %
by wei ght ofcyanl Guesgumesaluttiton adwmstream axide contai hiaoy OF 5286 by wei ght
of Cu and 0.04 % by weight of V was fed at the rate of 130 kg/hr at 11 0C
t oget her i tdnusiordanoiomtof heltate aoidf 0. 13 kg/ hr, after being mi xed
in T-tube with an inside dianeter of 13 nm Zinear velocity of cyclohexanol
at this condition was -3 f R SnkPHi S TRELIMRE had O MERNsedhak part of

ti i Xt t ak t.to 1 |Jizat | t d th
el ni ng pAto VRS T A AT 0l Podtt | ISyt e VTG T4T 0 of 1his

. lati LUt fomitric acid i . .
cyel ohexanalB e Sobc = 4% it i B EE b bk ek RERTEIIRE B wei gn
f the th i .2 n‘ﬂi@“ﬂ:} P i . d di pi
gci d \(/avas gggae{{]{(%%rlélcgd i pic %&:%] . Yie df)%? qg%\?%fl:%@g%?ﬁ?%b ainﬁedp\(/av;sal Ioalle(r:

because 14 near el pCid b Ay CHE! LhEX P! o MBS 2 ONET {888 1 Bakxpmpl € 2.

Furthernore, load to the reactor or a 25 circulation punp and pi pelines was

7 tines | argaig hecasksel ¢d e dtd g dh ovd &7 & eaetd ONs Sy S epmavas as nuch as 7
times (1000 . 142). 37 Exanple 4 To a static mxer with an inside

di ameter of AfhamiorlN ofa HesPewasal eckadt idre, raie oflé2SivBiyrof Two feed
nozzl es each having two holes with a dianeter of 5 2.4 nm are installed
just upstrean slderddis@dtbetytic ackérindyeadeshi 0. O0—INofmé&aGhartol or ed
wi t h phenol phthalein, was fed at the rate of 1.2 nB/ hr. Mxing tineg,

det ermi ned Bt dagrauritthicl]l ased et Bxanpt ecuoceeded. @5 bee¢. 10 To an

adi abati c_reactor having an_inside ,
15 temperatures and the latter part at high temperatures.

Moreover, said reaction is an exothermic reaction. If
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
obtained 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



di ameter of 1000 mm and a hei ght of 10000 mm 53.6 o by weight of

circul ati ng aqueous solution of nitric acid in reaction system contai ning
0.5 % by weight of Cu and 0.04 % by weight of V, was fed at the rate of 780
T/H 15 at 78.2C. Five static m xers each with an inside dianeter of 80 nm
were installed in an adiabatic reactofgin parallel to a flow of an aqueous
solution of nitric acid, and to each of the mxers, two feed nozzles with
an inside dipaggtiae ah themiacraqh diadoid o2 divsdial esiiefoat i nm were
installed nearly parallel to a flow of an aqueous solution of nitric acid.
Cycl ohexanolresas ored camothé ighiee atham 6 .B°E Btobhsapdsfiéédnnebelresa Thus
weight ratio of a circulation flowin reaction systemto cycl ohexanol was
138. M xi ng f2%id mempas sG.n@5 ssed @updduseaso udlioei of afiteyicd ditexhnol was
18.3 m sec. A porous plate was set at the position apart froman outlet of
the static riheereametion muodgcindaan $aiidatdvsd fl kediderdtd i neasured by
a 38 tenperature profile in a radial direction at the position of 2.5 sec
from an Jut I¥cler i@ cdcadnd Mk 2aNeeVE R tSeih ¢ P ifeviad o of
tenperature at_the positjon apart from.,an outlet of the static m xer by 5
500 mm was &"So YIEEE CefeMpdEy € ts%#q&}iqlé)[a]d(fant% aé&i%d:élti c reactor

was 95C. Gas caom out from an outl et .of. react.or was introduced to a
stri pper toﬁé’rc?‘ gﬁﬁéloﬁ}et rfgtgoé‘qﬁs (%H%d&y nzl'tSr osg%cn dsloglxiadle,oud:llneldct rootgen oxi de

and nitrous [ . tri d wit [ gTate] it ion of nitric
aci d was raisggigdtﬁnp l%‘%%@ﬁ’taf%'b\y%%agﬁ{ In ae%cgb(r?g%%ﬁlo}%q}%mr under
the top pr oS HuLhdPre BALQA LOMELAIWS ofs SR CONEEHIRE On tover
was about 80 anél concentration of adipic acid in an 15 aqueous sol ution of
nitric ag daCoEne euudd Yadiia Haid amofrddiant amrfedmiorRlo@ digwei ght. A
part of said aqueous solution of nitric acid was sent to crystallization
process and ddiav=aithi Maag taqueal e lpdd ion of apdrt £xami dsaad returned to
the adi abatic 20 reactor as a circulation flowin reaction system Adipic
aci d was obtdixedy pramested bz & .iSorseandgurhd insate odnladf n aqueous
solution of nitric acid thus taken out and sent to crystallization process,
usi ng usual amEmg et iof radigsic ofci gk ishteiFfus vids Zrablel %y wei ght
of the theoretical value. Mther liquid comng out fromcrystallization
process was 2 érReeHitqtathey 19 ahstifete toh ht TS ont prefc®ss: and returned to

t he above described circulation flqQw in 39 reaction system_ Fresh nitric

aci d wastadded so t hatf W W¥ifeentt 1P ESH T VG P2 Yh 959t of
adi abatic reactor. heca 53.6 % i ght_.. An anmount, Q itric acid
consumed per oadr}aﬁirgc%&n&%sswaﬁ%\%%laaﬁ%% Jg"oa"’lcitoﬁr{p aatrrl%) % 5A5500
by wei ght of_. cid. 4] | Ut 1.0 f.onitrd i d. .1 reaction
sgstemg conrparlcdnf‘lrl(r)iLgL;g ildl Bt%ea(’}o Eylé\?l\e?%h}{g&o ’béj? Oaf]ndga(r)i.%f?%i%/é‘\{;l\eﬂgght of V, was

fed at the rnatg«Qfr 180 td Rt Hifhandrene! phexane tfhreo?o%iftq%q) nozzl e at
the rate of 5.6 T/H, by the sane nethod as in Exanple except for not

instal ling aHerous flhate.comipmidarh deyviatdQredls tesmer sdnres 15 measur ed
by a tenperature profile in a radial direction at the position of 2.5 sec
from an 2t Ireitt mifc tdel Gtatd ccha xergctasn piihandftempsad ure at an outl et
of the adiabatic reactor was 95C. Standard devi ation of tenperature at the
posi tion aparytcX¥aarkarm burndetonfcydio@katcens camd xezidyadoowsn was 2. 44C.
Yield of adipic acid obtained was 95.1 % by wei ght of the theoretical

val ue. Yi el csafutadipiaf aritrimsadioheand Hamreacied P et 04 ptduse
standard devi ation was not |ower than 1.5C 25 Exanple 6 A 55.0 o by wei ght
of circul at iFHf RAFARCS ANV DICHRITFINNRSE £ 191F et i Syt 27T

contai ni ng Ofr50n(1)/0ab1¥ gl\?filger% oog sClaJiciann(lji>9ir(1)c_:§1 g@ggr%&g,htaoéegti%gr
25 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.



40 fed at the rate of 780 T/H and cycl ohexanol by a feed nozzle at the rate
of 5.6 T/H, by the sane nethod as in Exanple 4 except for tenperature at an
inlet of the adiabatic rector was set at 68C. Standard deviation of 5
tenperature, neasured by a tenperature profile in a radial direction at the
position at 2.5 sec froman outlet ofy,he static mxer, was 1.00C and
tenperature at an outlet of the adiabatic reactor was 85C. Yield of adipic
acid obtai ned i\wase?8.1§ i@ by 1Weicga e e sk d heprRidmaltovdies a little
better than that in Exanple 4, however, anount of nitric acid consuned per
adi pi ¢ aci d mias n8B34 ddedativs ior aeiydbel pAdiqad aacird] ,frdd aiwas hi gher than
800 [kg-nitric acid/ T-adipic acid] in Exanple 4, because of the | ower

t enper at ur e mik3 nieu ripperates, byascdfreamalarcaitimett eofs ttve seemetadr was
introduced to an stripper tower, where nitrogen oxide, nitrogen dioxide,

di ni trogen owitégesand Thict cgusoas d avdrid isty ipdpde swimay de | ingted led
concentration of nitric acid was raised up to about 40 o by weight in a 20
concentrat i ¢t LowerRcEserated ditdds e fesipipreddnte tdfe 20-8@a. Bottom
tenperature of the concentration tower was about 70C and concentration of
adi pi ¢ aci d BE?VaRiesqtdGuSLeYuERTOP ST (PG P o RERf 0@ f ridn t he

bottom of t t ower 15 % by wei ght.., Anoynt_.of 25 total circul ation of
an aqueous L{g’leutclagﬁ g?fsrjﬁwtor i (o %&&dl.rfci i P MIET & At in Exanpl e
4, because qf J r. adipi_c i trafi t EQa i n.Exanpl e 4, and a
| oad to cr ygtnﬁtl%@aetdﬁor?%len a%cbsu g%q%&?r%lbeg% c;cgegl?seqaa% vv;)slloa ls@c% i%;lcr eased by
1.4 tines. At ive Bxangpl.g eagt qiy M & 4l g%fg £54, m

conpri si ng a ?rllei% réla\gls paart usi r}f’gltgo'rlr'l-tﬁ)e vﬁMtx{lJéaln llcﬁ{;I etg:lfamater of 2.9 mm

and a | engt k0fq Z28GiHY Waba=aUded, LDistance to the position where col or
of phenol pht hal ei n di sappéared was converted to tinme by the sane nethod as

in Conparative Exanpl eukthaithdfiesi NG tihHe prasckt detweyndingd tix bies 0. 01 sec.
Then, an oxidation reaction of cyclohexanol with nitric acid was conducted
usi ng the sarefEralie i e cenrpeatature Frd¥ %y nvedaghitalof aqueous
solution of nitric acid containing 0.5 o by weight of Cu and 15 0.05 % by
wei ght of Vdieegidssedfi casial cddi-ahaia aatradw amatte dfavib® kay/andaatd 78. 4C,
and cycl ohexanol was fed at the rate of 0.7 kg/hr for 5 hrs fromsaid feed
nozzl e. An @gMiaticenpetathiiobest tderd r-Sa€t 6venadtothecroAifileing tine in
this case was 0.01 sec and a linear 20 velocity of cycl ohexanol was 0.03
m sec. A i GRAF tsdRsiMe SRS FHMiEG SPPRT AT DRY dthofSamaGicitantfl a vyiel d

of adipic acid s determ ned t.o be 94.7 o by weight. An anount of nitric
aci d consuné® 5%%@%%6% tcl%c‘iyecf‘.c enperature profile at
the 25 position apart fr the mxer, by 2.5 .sec S sured, ., and a
standard devi ati on of ne%rpEéLrsatcl?;gee \Ka/ea:Lss%. éd'b.t%ﬁ t%oueg% & Sn%dlx(% ng tinme was

shorter thanthaly idh XML 13 2 Ml Qfr adipiG QG4 RS B OWRIry 42
because the linear velocity of cyclohexanol in
mixer, internal mixer, orifice mixer, impeller, and the
20 1like, the starting point of the distance is defined as
the position where a fluid flows out from said mixing
apparatus, and in the case when said mixing apparatus
is T-tube, it is defined as the position of 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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solution of nitric acid, a reaction product from said
cycloalkanol and/or cycloalkanone and said aqueous
solution of nitric acid and unreacted portion of said
cycloalkanol and/or cycloalkanone, has a standard
deviation not higher than 1.5°C in a temperature profile
in a radial direction of said adiabatic reactor at the
position where said fluid flows out by 2.5 sec from an
outlet of said mixing apparatus, and also a temperature
profile in a radial direction of said adiabatic reactor
has a standard deviation 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.
Standard deviation of a temperature profile
in the present invention is important in a case of
manufacturing an alkanedicarboxylic acid by oxidizing
cycloalkanol and/or cycloalkanone with an aqueous
solution of nitric acid in a commercial scale. With a
so~-called bench scale reactor, standard deviation of a
temperature profile is, in many cases, smaller than
1.5°C without using a rectifier plate or without
installing a certain number of mixing apparatus in
parallel, because a diameter of the reactor tube is as
small as 10 mm around. However, in a commercial scale,
some measures as described above are required to
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 standard 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 wutilize 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
90°C, it is possible not only to reduce an amount of
nitric acid consumed by oxidizing cycloalkanol and/or
cycloalkanone with nitric acid but also 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 aqueocus 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 outlet
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 aqueous solution of nitric
acid contributes 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 dioic acid. By using an

adiabatic reactor comprising a feed nozzle enabling to
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velocity not lower than 8x1072 m/sec and a mixing
apparatus, a yield of an alkane dioic 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 reaction
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 liquid 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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embodiment in the case when a method of the present
invention is applied to an engineering use.
5 In Fig. 3, an adiabatic reactor is shown as
(31) . An aqueous 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
10 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 cycloalkanone and/or cycloalkanol (35) are
instantaneously mixed by a mixing apparatus (37)
15 supported by a supporting plate (36). A porous plate
(38) 1s 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
out from said reactor (31) is introduced to a stripper
20 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
25 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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_Applicability According to a nethod of the present invention, in a nmethod
for manufacturing an al kanedi carboxylic acid by oxidizing cycl oal kanol 5
and/ or cycl oal kanone with an aqueous solution of nitric acid using an

adi abatic reactor, it is possible to jyiprove a yield of an

al kanedi carboxylic acid, reduce an anount of nitric acid required, reduce
an air vol uggnicen® rSiiioRP@owedWers2 )| @ear Al AW Ofi & Jlrak@qci rcul ation
fl ow of an aqueous solution of nitric acid and thus |ower |oads of a
crystal li zefinaied a GereeRld alredurevefvhaMd ROWa dithfeasiaty iah aEant of
circulation flow of nitric acid in a reaction systemnore than required,

i rrespecti vesofuttiie zeehferrataone eoft rBf isw chiadiiabatdic.r edlettarr. or 46 CLAI M5
1. A nethod for preparing an al kanedi carboxylic acid by oxidizing

cycl oal kanolclard/iog eypdleaal MEiomesesl it lr swbsgurend sol ution of nitric
acid, which conprises m xing cycl oal kanol and/or cycl oal kanone with an
aqueous Sol grivetastl igiattdion Faicgassi ig ahoawirsshiliocc neseatest nddisd sing a
feed nozzle enabling to feed said cycl oal kanol, and/.or cycl oal kanone at a
li near vel o&Cth-10 A8 A IS L8 0f0 o tice @i @i xi ng appar at us.
2. A net hod accordin% to_clainhg, wher ei n an og%#gt tenperature of said
adi abati c r ERECEPTEETASLVE §GEd $OTK SRR 9% g d%i®n 1 or claim
2, 15 wherein a fluid.conmprising sai.d ueoys | ution of nit.ric.acid, a
Feacti on pr SO TGS BeeydroSeRaa Ao g Tyl caeans i 95 ¢

aqueous sol ut i, 4% it Akt 3 ] Galdipnel Angharo,eyc oal kanone

have a standar evi ation of a tenperature profi ina 20 radial direction

of said adi akatde reagt ahRfudiots Hher(dhan h adt dhediasit i on where

said fluid fl'ows out froman outl & of said m xing apparatus in 2.5 sec. 4.
A met hod acaQriiRy 43)Clod Mak OlcdHRinfrdt Wier@iwed ctpndad deydiad i on of a
tenperature profile 25 in a radial direction of said adiabatic reactor is
not hi gher tahdn Ls5E€adenn quAsifirican teante fatarors ayd Heidigl appasmaus by t he
same di stance as a radius of said adiabatic reactor. 47 5. A net hod
accordi ng t @ @xpwduwek of4 50| aiires crytsd a4, 1 ivdegrieim rerddadsd @anpri si ng sai d
aqueous solution of nitric acid, a reaction product from said cycl oal kanol
and/ or cycl dalth@erordd carid sEid aprEag 8l Jiiash afySadiltidatiggi d and an
unreacted portion of said cycloal kanol and/or cycl oal kanone have a standard
devi ati d? ofPX®ESFeurie FrgaandHates rad AnihectG B BTt i iPadi abat i ¢

reactor of not higher. .than 5C at the position where said id flows out
rom an 50 GYStA oA e EanTs ol ine it Gt fidg (4

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 %,



standard deviation of a tenperature profile in a radial direction of said

. adi abatic reactor of not higher than 1.5C at a position apart from an

outl et of said mxing apparatus by the sane distance as a radius of said 15
adi abatic reactor. 6. A nethod according to any one of clainms 1 to 5,

wher ei n sai d aqueous solution of nitrjg acid is the one which is returned
to the reactor after separating nitrogen oxide, dinitrogen oxide, nitrogen
di oxi de and hdheRidy,08s tacizd fyr am ik faawllicobdiaddd ePMikg out from said
adi abatic reactor after the nitric acid oxidation reaction, then

concent r at i R@nRING ra@dein @ yirdadhe auntini whkifaigd g id iaoneent rat i on of
nitric acid nearly equivalent to the concentration of nitric acid at an 25
inlet of reaciuides exapdmat iupg ofatserid ergrebusn ssdiut iadi alfatnicmieact or from
said reaction m xture, separating said al kanedi carboxylic acid froma part
of concentr @&ced $ai dnevaatti en deipasurtd,orc efc emyrsdtd sy in 48 psltimies acid in a
nmot her liquid in another concentrating system joining said nother |iquid
and a rerai RhghF@nest adq daddifeentrated reaction mixture together, and

m xing the joined mxture with a fresh aqueous nitric 5 acid solution. 7. A

met hod according to ary* ¢ & SISH e W & 101 miferF TR IR &l kanol

o kaned: var BRNT P RS AR R e OIS CG i 0. A

a A Ay AR Ry AR R PR AR T s At A
] ca] cal o) AT AT e A B e R, L e o €] ca cal ca] ca] ¢
a] cal] calraliehpd RihR & s nidd Adica] calsa] sl ca] o calcalsaleal cal cal ¢

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] calca]ca]calca]calca]ca! hi|}? A
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ajcalca]lca]ca]cal rTVefm . . _ _ .

?p' ) 6>@} xsni d_Z] ] ca] i girssderd] cajwsitciadre ajicha] dud el i ajsiaiaa) cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!, - @G\&y27FabVWop

1} xsni d_Z] ] Exjeem) e et danasdtdae drearlid c ddekdvea] ca] cal cal ca) ca] ca] ca] ¢

aJ ca] ca] ca]cal cal]ca]calcalca]ca]cal!, o ,
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was provided. Into said static mixer, 0.004N of NaOH
colored with phenolphthalein was charged. As shown in
10 Fig. 1, two feed nozzles with an inside diameter of 1
mm were installed in a just upstream side of said
static mixer, and 1N of H,SO, 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. NaQOH at the rate of 0.85
[lit/hr] and H,SO, 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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5 at the position ‘apart from the mixer by 15 mm was

measured, and a standard deviation of temperature was

0.50°C.

Comparative Example 1

10 A reactor with a length of 650 mm comprising
a T-tube having a mixing part with an inside diameter
of 16.1 mm and a length of 250 mm was provided. Into
one end of said T-tube, 0.004N of NaOH colored with
phenolphthalein was charged at the rate of 0.738

15 ([lit/hr], and 1N of H,50, was fed at the rate of 115
[1it/hr] from the other end. A distance to the
position where a color of phenclphthalein disappeared
was converted to a time and a mixing time was
determined to be 1.1 sec.

20 Then, an oxidation reaction of cyclohexanol
with nitric acid was conducted using the same T-tube.
More concretely, 55.0 % by weight of agqueous 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 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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Ogthavadipic acigdey gA(fegperature profile at the

position apart from the mixer by 8 mm was measured, and
a standard deviation of temperature was 0.90°C.
Although the average temperature and the
mixing time were the same as those in Example 1, the
yield of adipic acid in Comparative Example 1 was lower
than that in Example 1, because the linear velocity of

cyclohexanol was not higher than 8X10™? m/sec.

Example 2

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 cyclohexanol
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
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,S50, was passed at the
20 rate of 99 [lit/hr]. Two feed nozzles with a hole of 1
mm were installed in a just upstream side of said
static mixer, and 0.004N of NaOH 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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10#5#5 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 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 taken out from the
system and the remaining aqueous solution of nitric
acid was returned to the reactor as a circulation flow

25 1n 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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NaCH colored with phenolphthalein 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 agqueous solution of

Q

nitric acid containing 0.5 % by weight of Cu and 0.04

o°

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
cyclohexanol to transparent state after 0.05 sec.
Linear Qelocity 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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5 " concentration tower was about 55°C and concentration of
adipic acid in an aqueous solution of nitric acid
coming out from the bottom of the tower was 9 % by
weight. A part of said aqueous solution of nitric acid
was taken out from the system and the remaining agqueous
10 solution of nitric acid was returned to the reactor as
a circulation flow in the reaction system. Yield of
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 aqueous
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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system becomes large in a commercial process.

Comparative Example 3

5 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 together 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 aqueous solution of nitric acid in reaction
system to cyclohexanol 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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5 2.4 mm, are installed just upstream side of said static
mixer, by which 0.004N of NaOH, colored with
phenolphthalein, was fed at the rate of 1.2 m’/hr.
Mixing time, determined by the same method as in
Example 1, was 0.05 sec.

10 To an adiabatic reactor having an inside
diameter of 1000 mm and a height of 10000 mm, 53.6 % by
weight of circulating aqueous 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 velocity 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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was 1.00°C. Standard deviation of temperature at the
position apart from an outlet of the static mixer by
5 500 mm was also 1.00°C. Temperature at an outlet of the
adiabatic reactor was 95°C.

Gas coming out from an outlet of reactor was
introduced to a stripper tower, where nitrogen oxide,
nitrogen dioxide, dinitrogen oxide and nitrous acid were

10 stripped with air and a concentration of nitric acid
was raised up to about 40 % by weight in a
concentration tower under the top pressure of 20 KPa.
Bottom temperature of said concentration tower was
about 80°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 aqueous
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 obtained was

25 95.8 % 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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cl /[ F[ F10%& lea ‘HtF]thé& x(a)tél[d%le%@ (DA 7°C and cyclohexanol from
gWEcdef ghi j k}cl /[ F109%&' ()-4[ F10%&' ()-4[ F109%&' ()-4[ F10%&' () -4[ F109%&' () - 4[ F10
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measured by a temperature profile in a radial directiodn

at the position 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 value.
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 aqueous
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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