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PRODUCI NG C 'YEEﬁNF“ L FI EL The present invention rel ates

to a process for producing 10 a cycl oal.kanone from a cycl oal kane usin
mol ecul ar oxygen in the presence of a particular oxidizing cat ﬁmmw‘wnmjmm“‘m
BACKGROUND TECHNOLOGY Anpbng cycl ones, C xanone is a
useful in producing E-am nocapro?@é@n Wrﬁ(ﬂﬁés’ébéw mat eri al for «nybe@n.
It is known that, in the production of cycl ohexanone, in the |liquid phase
cycl ohexane is oxidized with nol ecul ar_15 ox§8en or a nol ecul nmwmmmmmmmm“
oxygen-contai ning gas in the presencREBFRIPELPRbI e cobalt salt
catalyst (e.g., cobalt 0.1 to 100 ppm) to form cycl ohexanone and *Goooo2*
cycl ohexanol, followed by the conversion of the by-produced cycl ohexanol
i nto & cycl ohexanone by 3ybleq! 0% WROODEY YA arlGhaialliydr 0genating
5 TECHNICAL FIELD
The present invention relates to a process for producing
a cycloalkanone from a cycloalkane using molecular oxygen in

the presence of a particular oxidizing catalyst.

10 BACKGROUND TECHNOLOGY
Among cycloalkanones, cyclohexanone is a compound useful
in producing e-aminocaprolactam which is a raw material for
nylon. It is known that, in the production of cyclohexanone,
in the liquid phase, cyclohexane is oxidized with molecular
15 oxyden or a molecular oxygen-containing gas in the presence of
a soluble cobalt salt as a catalyst (e.g., cobalt 0.1 to 100
ppm) to form cyclohexanone and cyclohexanol, followed by the
conversion of the by-produced cyclohexanol into a cyclohexanone
by subjecting the cyclohexanol to a dehydrogenating reaction
20 using a dehydrogenator ("Handbook of Chemistry: Applied
Chemistry” page 536, October 15, 1986 version, edit by Nippon
Kagaku-kai, published by Maruzen).
However, a conventional process not only involves the
generation of a large amount of by-products but also pose a
25 problem of low production rate of cyclohexanone, and further
requires the by-produced cyclohexanol be treated by

dehydrogenation. Moreover, when nitric acid or the like is



20 usi ng a dehydrogenat or ("Handbook of Chem stry: Applied Chem stry" page
536, Ocjober 15, 1986 version, edit by N ppon Kagaku-kai, published by
Maruzen). However, a conventional process hot only involves the generation
of a large anmount of by-products but al so2pose a 25 probl em of | ow
production rate of cycl ohexanone, and further requires the by-produced

cycl ohexanol be treated by dehydrogenati on. Mreover) when nitric acid or
the like is 2 enpl oyed for the oxidation of a cycloal kane, the process
requi res the use of an expensive exhaust gas-treatnent facilities.
Therefore, d@@pl@ﬁe@hﬁoﬁrgb%sgxbéﬁhgoﬁoﬁﬁlﬁcﬁygéPa&kéyéboﬁ@ﬁaﬁ6ﬁ@e@§nnot be
obtained with high efficiency. 5 Thus, an object of the present invention
is to provi dEegupFeectiecapabPt 8 PrBERELNG eFbPYSLkIRASNETSRLTR™dr oduct i on
rates through a, se Anot her qﬁ%ect of the £§esen Jdnvention

f st .
s to providBagiiibiess CHRRALON: - SPRPATEtY DEPGRSS: bt iy COBR 10
th h t i t hout i i by- d | | k | t
oo e AnEPEEaRe%REo1e | dRBhaR, B EshERYPa Ki R BYGR! <FETsaRnsy s 1o °
id bl f duci d i1, ; .at i 1. ,
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the treatmeny of exhaystgas. B SCLEEURE, OF JHE, | NMRMILOW e pliaveliaics, of

t he pr esent ntion e |rnten ensi ve o-achievé the

above object§8ggsagﬂrgh€ﬁlgyféguggc&hgﬁ gtgég[oalkanone can be efficiently
c ne

formed by oxidizing a cycl oa I'n the presence of a specific oxidizing
catal yst (oxidati 0ﬂn§€ﬂﬁté§%ﬂeé@r&19:|ﬂeap§%@eﬁ§ QhveheRen _i18eH"HisiMde a

invention was acconplis ased on the above findings. 25 That is, the
present inveprbeBskScapRbPEESS é?fi@i@ﬂﬁignﬁrﬁuﬁbﬁﬁbké nes1kagdnes

cycl oal kanes using an oxidi zing catal yst having an imde unit represented
by the fxl | oshpgughr Aukaqhehce stdps without subjecting a by-produced
cycloalkanol to a dehydrogenating step.
Still another object of the present invention is to
provide a process capable of producing, under mild or moderate

conditions, cycloalkanonesat high conversions and

15 selectivities without requiring the treatment of exhaust gas.

DISCLOSURE OF THE INVENTION
The inventors of the present invention made
intensive and extensive studies to achieve the above objects,
20 and finally found that a cycloalkanone can be efficiently formed
by oxidizing a cycloalkane in the presence of a specific
oxidizing catalyst (oxidation catalyst) through a series of
steps. The present invention was accomplished based on the
above findings.
25 That is, the present invention is a process for producing
cycloalkanones from cycloalkanes using an oxidizing catalyst

having an imide unit represented by the following formula (I):



Oii C~-NX (1 ) CO 5 wherein X represents oxygen atom or hydroxyl group,
whi.ch cponprises (A) a step for bringing a cycloal kane into contact with

nol ecul ar oxygen in the presence of the aforenentioned oxidizing catal yst |,
( B) astep ( s ) for separating the catalyst , and a by-produced acid
conponent or a derivative 10 thereof fromthe reaction mxture , and ( C)
steps for separating the cycl oal kane , a cycl oal kanol , and a cycl oal kanone
fromthe reaction mxture. Further) fromthe reaction m xture may be
separated a | ower-boiling point conponent conprised of the cycl oal kane ,
and 15 a higher-boiling point conmponent cgnprised of the cycloal kanone and
t he cycl oal kanol . The cycl oal kanone and qgcloalkanol may be separated from
t he hi gher-boiling point conponent , a \he cycl oal k and | ower-boiling
point impurities may further be separéagé,NF8h1the | owerL boi | i ng poi nt
conmponent. Further, 20 the cycl oal kan ne,ﬁcycloalkanol, and hi gher-boiling
point inpurities may be separated fromthg higher-boiling point conponent.
The aci d conponent or a derivative thereof nmay be separated by extraction,

hydrol ysiss, saponiji&atiP QUpreilidad | Fadon- adhif &ﬂCﬂsﬁéé# SR t}”ﬁéﬁtﬁg.t he

cycl oal kanol, and 25 the acid conponent or derivative t d by

nmeans of extracti qmhidyebRp¥8kes @PRYHd S abrYUYiGg iR} azﬂjcﬁaﬁmw@yn%
separated fromthe reaction m xture |nd|V|duaIIy.E%he reacti on can be

ef fected i n ddittdutesentie mdlecsTay editygednin i fhé hptes@s€e dhetkdl vent nay
be separated fromthe reaction m xture. The process of the present

i nventi on nMeyf o tseored) okhidiziayicltd s S) €B,) d step(8) HA@pséparating
separating a | ower-boiling point
the catalyst, and a by-produced acid component or a derivative
10 thereof from the reaction mixture, and (C) steps for separating
the cycloalkane, a cycloalkanol, and a cycloalkanone from the
reaction mixture.
Further, from the reaction mixture may be separated a
lower-boiling point component comprised of the cycloalkane, and
15 a higher-boiling point component comprised of the cycloalkanone
and the cycloalkanol. The cycloalkanone and cycloalkanol may
be separated from the higher-boiling point component, and the
cycloalkane and lower-boiling point impurities may further be
separated from the lower-boiling point component. Further,
20 the cycloalkanone, cycloalkanol, and higher-boiling point
impurities may be separated from the higher-boiling point
component. The acid component or a derivative thereof may be
separated by extraction, hydrolysis, saponification, or
neutralization. The cycloalkanone and the cycloalkanol, and
25 the acid component or derivative thereof treated by means of

extraction, hydrolysis, saponification or netralization may be

separated from the reaction mixture individually. The



conponent, a higher-boiling point conponent, and a conponent containing the
oxi.di zi ng catal yst, a by-produced acid conponent, and a derivative of the
acid conponent by distillation; (ii) a.step for separating the cycl oal kane
fromthe | ower-boiling 10 point conponent4and then recycling the separated
cycl oal kane to the oxidizing reaction system and (iii) a step for
separating the cycl oal kanol fromthe hi gher-boiling point conponent and
then recycling the separated cycl oal kanol to the oxidizing reaction system
The oxi di zing catal yst may be 15 separated fromthe conponent contai hing

t he oxi di zi ngesatapystan heefifiegrastdaehacpresonponefita frilveer iand iWfe

t hereof and then recycled to the oxidizing reaction system There is the
option of cathgtngas@: the sei¥ensbnma¥ PResgPazakhed 5TCR &BPVERABCTION t hat
case, the solvent may be separated fromthe reaction 20 m xture and
recycl ed to MAELBXRdi zi ng reaction system By produced water may be
separated fromthe | ower-boiling point conponent, with which wate ;Hglacid
conponent or a der FRAMRACATRPETNSRFESE LRY Rt 9N My SQUPTiRE {r% e

sel ected fromextraction, hydrolysis, saponification,. and neutyalizatiaqn.
25 These St oBSiAAY 108 TERR | dd)ghE HEBhEPRBRRISA LAY PHOVSETER ke Pofnt

10 | oh ticul arl h d, . qi.zi
caTal yat mmycBoQREAT- § REGRFHPSEl RS Ui b e Ey i dpdetete O
DESCRI PTI ON OF W NGS . Fi ] fl h |l 0

of 5 the preSERaHoRH o EHhS shra 3t by pto R R Bl A0kttt e
process of ¢ HRAPLCAENT LOYFE LONNET M chrigorfendd B el sondl A 10

still another process o esent 1 nvention; O Figure 4 is a

flowchart faqr | ai i CERS e thd N\eidd -Ho i 181
MCDE FOR CAR%YF%%B%PTH %PN%IEE% d%gtf,iler eilnﬁltlée&r}?e ﬁ\e pr g}sent [ nventli oﬁ |1

ib]? descripedpointSchrpbhght dghdi thath thedPd BIeN Gthd Gdpiratid eyed cH1REmgS |
to the oxidizing reaction system; and (iii) a step for
separating the cycloalkanol from the higher-boiling point
component and then recycling the separated cycloalkanol to the
oxidizing reaction system. The oxidizing catalyst may be

15 separatedfrmnthecomponentcontainingtheoxidizingcatalyst,
the by-produced acid component and a derivative thereof and then
recycled to the oxidizing reaction system. There is the option
of carrying out the reaction in the presence of a solvent. 1In
that case, the solvent may be separated from the reaction

20 mixture and recycled to the oxidizing reaction system. By-
produced water may be separated from the lower-boiling point
component, with which water the acid component or a derivative
thereof may be treated by at least one means selected from
extraction, hydrolysis, saponification, and neutralization.

25 These steps may be carried out continuously.

As the cycloalkane, a C,_jgcyclohexane (particularly,

cyclohexane) can be used, and the oxidizing catalyst may be used



necessary. The process of the present invention need only conprise (A an
oxidatipn step, (B) a steps) for separating a catalyst, and an acid
conponent which is by-produced or a derivative 20 thereof fromthe reaction
m xture, and (C) steps for separating a cycl oal kane, a cycl oal kanol, and a
cycl oal kanone fromthe reaction m xture. Figure 1 is a flow chart for
expl ai ni ng the production process of the present invention. In this

enbodi ment, there 25 are a step for preparing a catalytic solution

contai ning a conpound having an imde unit of the formula ( I )

(her ei naf t ertogethep il thed FRrfidZiRIsfgPNY - as an i nide conpound) in a
m xi ng vessel 1, (A) a step for form ng a cycl oal kanone using the catal ytic
solution by bringing a cycloal kane into contact with nol ecular 5 oxygen in

o o diaing reactor 2 { Splee SHERCI oL OGRREThRAphg ol vst rom the
[romthe eacti on alygey A0 GhbR TSR, e SHARIRIR 3pb0URER o
conponenty hayg, bEEN: 86P V&t ion;
Figure 2 is a flow-chart for explaining another process
of the present invention;
Figure 3 is a flow-chart for explaining still another
process of the present invention; and
10 Figure 4 is a flow-chart for explaining another process

of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the present invention will be described in
15 further detail with reference to the attached drawings, if
necessary.
The process of the present invention need only comprise
(A) an oxidation step, (B) a step(s) for separating a catalyst,
and an acid component which is by-produced or a derivative
20 thereof from the reaction mixture, and (C) steps for separating
a cycloalkane, a cycloalkanol, and a cycloalkanone from the
reaction mixture.
Figure 1 is a flow chart for explaining the production
process of the present invention. In this embodiment, there
25 are
a step for preparing a catalytic solution containing a

compound having an imide unit of the formula (I) (hereinafter,



(B3) a step for separating inpurities such as a carboxylate fromthe
reaction mxture fromwhich a | ower 15 boiling point conponent such as the
cycl oal kane or water has been separat ed, %hd (C2) a step for separating a
hi gher-boi |l i ng conmponent fromthe reaction m xture from which the

| ower - boi | i ng conponents) and inpurities have been separated. In the 20
separation step (C2) for separating the higher-boiling point conponent, the
cycl oal kanone and a cycl oal kanol have been separated. Mreover, the

separation s j ituted.of -(Bl) a step for separating the.
cat al yst fro%gﬁﬁéa%%%e%érﬁﬁé# ar glgpe&lﬁg )arhlg‘rlgﬁ ?Bngﬁﬂg att iy "R i d
conponent ?Qgsé B3 ) 25 a step for separating inpurities such as a
car boxyl at e ron1%he’reaction m xture, and the separation step (C) is

tituted of t] -hot L [ .
component - trom Uhb Rt Fok Yo ALohodfka i 182k %%%&%ﬁarlg%eh
hi gher - boi | i i at f K ks ] NGI t he
oxi'di 71 ng. 1 cootForoh K BB Thg & SCTUAIEAR ARFoRAMAS: it BBTe
by dispi@Iingxy@éﬁri@ngnt@giéigyﬁgpfgggggrby azeotropy and totally
refluxi ng the cycl oal kane phase iTe extracting the aqueous phase.

Moreover, the cycl s j<&n§te§)£(310§éb§ﬂﬁ|tin%n€hé Ra teakaltysion et abedihem
the reaction m xture nay be recycled to the m xing vessel 1 or the reactor
2. 10 (i di zéagtteh ahisturds the oxi di zing catal yst which catal yzes the
oxi dation of the cycl oal kane with nol ecul ar oxygen, use can be made of a
conmpound havi ng an(B2) de sitep feprespatatihy aheaéodnubmpbnént @rdm tNeX (
l ) C

reaction mixture,

10 (Cl1l) a step for separating a lower-boiling component from
the reaction mixture from which the catalyst and the acid
component have been separated

(B3) a step for separating impurities such as a
carboxylate from the reaction mixture from which a lower-

15 boiling point component such as the cycloalkane or water has
been separated, and

(C2) a step for separating a higher-boiling component
from the reaction mixture from which the lower-boiling
component(s) and impurities have been separated. In the

20 separation step (C2) for separating the higher-boiling point
component, the cycloalkanone and a cycloalkanol have been
separated. Moreover, the separation step (B) is constituted
of (Bl) a step for separating the catalyst from the reaction
mixture, (B2) a step for separating the acid component, and (B3)

25 a step for separating impurities such as a carboxylate from the
reaction mixture, and the separation step (C) is constituted

of (Cl) a step for separating the lower-boiling point component



0 wherein X stands for dxygen atom or hydroxyl group. The preferable
oxi.di zing catalyst is a conpound of the 20 followng formula (I1): O I

R~-C~NX (I 1) RZCIl 0 25 wherein Rl.?nd R2 are the sane or differen{:
each representing a hydrogen atom a hal ogen atom an al kyl group, an aryl
group ( a cycloal kyl group , a hydroxyl group , an al koxy . 8 group, a

car boxyl group, an al koxycarbonyl group, or an acyl group: Rl and R2 may
coupl ed together to forma double bond or an aromatic- or non-aronatic

ring; Che aramnt e LAANALOIRYS L 10LQHG08d 0L RE ANt B2 MY, Rk

| east one i mMde uni't” représente oned

and X has the 3 i .defi e. a .of t la (
T " an AR YD 516! CORLANNS ot Se TR O i GERL 2,
i ncl ude i odi ‘ ) C ri I jng. u Ll de
e.g., 10 str]!;rlf‘cgwtfg:n%grﬂﬁrr'anghgd-c a?%ga y:f%gr_gérdcj)c%c?sffb\I hﬁﬁ’n?ﬁb%ﬁf Ie%Ctteo 18Y
carbon ato TELRYhati6hNY by 898t 9RYling WAt th
i sobut yl gg%- thﬁ?d??Eg¥yF,ﬁgnfyf??ﬁgéﬁp¥gﬁeﬁ#y?, gctyP? and dggb ©
(preferabl y)c(}@a,o%ﬁée}% bY S r DY tdnwkafsxlﬁéﬂammg{ ¢haUDSY1 0d P AR Y!
groups include phenyl group and naphtyl group™, and cycloal kyl groups
include C3_lgha6C! QY K| StQURT iTChtRE %ﬁﬁé&%@“ﬂﬂas&y0|ﬂb%@ﬂweﬁﬂ“&he
cycl ooctyl groups. Al koxy groups include al koxy groups having about 1 to 10
carbon at oneycidiilkaite meiyBovdlkahbeX yan@ t®Ross tal $6P <Hmna t dll ifF@Xh the
i sobut oxy, 20 t-butoxy) pentyloxy, and hexyl oxy, preferably Cl_6 al koxy
groups, and gedticn aikyuCk Magl ke e grallga®s toAkkexyisat g wds sgrlouperi hinkude
al koxycar bonyl groups having about 1 to 10 carbons atons in an al koxy
noi ety (prefmadtior; 2C1_6al koxy- car bonyl groups, Cl_4al koxy-car bonyl 25
groups), such as nethoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
i sopr opdfycar bonyl( Oxdgtigdiyeadad@dlysti)lsobut oxycar bonyl ) t-but oxycar bonyl
pent yl oxycar bonyl, and 9

As the oxidizing catalyst which catalyzes the oxidation

of the cycloalkane with molecular oxygen, use can be made of

a compound having an imide unit represented by the formula (I):

. Q
5
C
I =X (1)
C
1!
0

- wherein X stands for oxygen atom or hydroxyl group.
The preferable oxidizing catalyst is a compound of the

20 following formula (II):

0]
4 Il
R C

'-. I N==X (11)
N 2 /
R C
i
0

25 wherein Rl and R2 are the same or different, each

representing a hydrogen atom, a halogen atom, an alkyl group,

an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy



hexyl oxycar bonyl group. As the acyl group, there may be exenplified those
havi ng about 1 to 6 carbon atons , such as fornyl , acetyl , propionyl ,
butyryl) i sobutyryl, valeryl, isovaleryl, "and pival oyl groups. 5 The
substituents RL and R2 may be t he sane oﬁ different . Mreover, in the

formula (11), the substituents Rl and R2 may bond together to form a double
bond or an aromatic- or nonaromatic ring. Preferred aromatic- or

non-aromatic rings are about 5 to 12-nmenbered ones, particularly about 6 to
10-nmrenbered 10 ones. The ring may be a heteeocycle or a condensed

heter ocycl e gudvaugle ganparydagbonPri Af FRKARAGAEBSBEL FRBUAr oftht 72- agyl

non-aromatic ring may have at least one imde unit re esentgg bg g
formula ( | grqupssBalayd)R oﬁéYo@Otl%efirﬁ’-Ql%eW’Estﬁ AnPPERLE: PUEHCT i ng

i ncl ude non-aronatic alicyclic rin cl oal kan n h nma
have a substdn udrematigen é§ EVH}GHgig%%;QIHBHQCyC alﬁﬁﬁ@aﬁ%%ésgakm@%ﬁ g
have a substituent, such as cycl ghexene r ar onp ri

(e.g., br|dgﬁﬁmﬁV@Kb€&P50ﬁ°mp%§§dW%ﬁé% éqﬁiwathiﬁﬁs?F%%%ht oggg iaggs
5-norbornene rjn and n b t

such as Benz‘gﬁlet 9‘)619 CIRG %pnﬁ gﬁ‘% %Pore mgﬁ]e&m%Mfaa(Is)u %tnld Heﬂés

rTng. I'n many 1 nstances

aforementlone]b‘ae IS CQnSt'tL“&%%{Hcﬁ”hﬁﬁé¥mat'C ring. Included anong the
%%ﬁ% S

preferredllﬁ & &% ompoun expressed by the follow ng fornula:

éle g tCo(g E)l 33 Nﬁlﬁé c%n%o(lﬂn@))f%é) £B8¢ma1aNVT P, ExBAdslet the Raloghll XN~

atom designated by the substituent R or R include iodine,
bromine, chlorine, and fluorine. Alkyl groups include, e.g.,

10 straight- or branched-chain alkyl groups having about 1 to 10
carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl,sec-butyl,t—butyl,pentyl,hexyl,heptyl,octyl,and
decyl (preferably, C;.¢ alkyl groups, particularly C,_, alkyl
groups) .

15 Aryl groups include phenyl group and naphtyl group, and
cycloalkyl groups include Cj3_jg cycloalkyl groups such as
cyclopentyl,cyclohexyl,andcyclooctylgroups. Alkoxy groups
include alkoxy groups having about 1 to 10 carbon atoms, such
as methoxy, ethoxy, propoxy, 1isopropoxy, butoxy, isobutoxy,

20 t-butoxy, pentyloxy, and hexyloxy, preferably C,_¢ alkoxy
groups, and particularly C;_4 alkoxy groups.

Alkoxycarbonyl groups include alkoxycarbonyl groups
having about 1 to 10 carbons atoms in an alkoxy moiety
(preferably, C,_galkoxy-carbonyl groups, C,_4alkoxy-carbonyl

25 groups), such as methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,

isobutoxycarbonyl, t-butoxycarbonyl, pentyloxycarbonyl, and



~NX R5 ~ ~ CRs 0 (le) (1f) wherein R3 to R6 are the sane or different,
each 15 representing a hydrogen atom an al kyl group, a hydroxyl group, an
al koxy group , a carboxyl group , an alkoxycarbonyl group ( an acyl group,
a nitro group, a cyano group, an am no grdoup, or a halogen atom and Rl, R2
, and X have the sane neani ngs as defined above. As to the substituents’RB
to R6, exanples of the alkyl 20 group, al koxyl group, al koxycarbonyl group
acyl group, and hal ogen group are sinmilar to those listed above. Usually ’
the substituents R3 to R6 each stands for, in many instances, a hydrogen’

atom a | owdiexfllody cpmdnemia\gneprabout 1 to 4 carbon atoms) a carboxyl
group, a nitro group, or a halogen atom |nide conpounds of the fornula (1)
can be used eitheAs2Sheiagyly wous shesrpPa%th e FXEMPldd 16 pge DRy {ng
anhydri des corresponding to the imde conmpounds R3.0 il C i ~ ~NX C 0
(1 ¢) R3 R4 abouNX IR50~6 CREbON rafise U B¢ LAEWor 3PSty BTPREPIER-
saturated or unsaturated 11 aliphatic dicarboxylic acid_anhydrides such
as succi ni ¢ kutgrrl désaRutFEY & i 6k kr F&Q;Va%&fférlat%‘b‘fé’rlv&?fféﬂu ) ‘éﬂg'
non-aromatic cyclic polycarboxylic acid anhydrides (alicyclic.,

pol ycar béxyl i ¢ acitheastpatidaeptsuBh ard (et MaK\RE dith FaMecor different.

Moreover, in the formula (II), the substituents R1 and R2 may
bond together to form a double bond or an aromatic- or non-
aromatic ring. Preferred aromatic- or non-aromatic rings are
about 5 to 12-membered ones, particularly about 6 to 10-membered

10 ones. The ringmay be a heterocycleora condensed heterocycle,
though a hydrocarbon ring in many cases. The aromatic- or
non-aromatic ring may have at least one imide unit represented
by the formula (I) (usually, one or two imide units). Examples
of such ring include non-aromatic alicyclic rings (e.g.,.

15 cycloalkane rings which may have a substituent, such as
cyclohexane ring; cycloalkene rings which may have a
substituent, such as cyclohexene ring); non-aromatic bridged
rings (e.g., bridged hydrocarbon rings which may have a
substituent, such as 5-norbornene ring); and aromatic rings

20 which may have a substituent, such as benzene ring and
naphthalene ring. In many instances, the aforementioned ring
is constituted of an aromatic ring.

Included among the preferred imide compounds are

compounds expressed by the following formula:



5 acid anhydri de, hexahydrophthalic acid anhydrides (1,2 cycl ohexane
di,carboxylic acid anhydride), 1,2-anhydride of .
1, 2, 3, 4-cycl ohexanet etracar boxylic acid; bridged cyclic polycarboxylic acid
anhydri des (alicyclic polycarboxylic acild anhydri des) such as hetic acid
anhydride and himc acid | 0 anhydride; and aromatic pol ycarboxylic acid
anhydri des such as phthalic anhydride, tetrabronophthalic anhydride,
tetrachl oropht hali ¢ anhydride, nitrophthalic anhydride, trinellitic
anhydride, methyl cycl ohexene tricarboxylic acid anhydri gg, p¥fronellitic
anhydride, nellitic anp%jride, and 15 8; 4, 5- naphtihial enjet et rjacar boxyl i c
gt d A )

acid di anhydridesg!'Exampl es of t hR'prefrerred i mi de gQ Gxcl ude

Nhydr oxysucci ni nm de, droxymal ei mjjde N, - - e ‘==
N—hydroxyhexahydrophthaLﬂﬁTﬁe,N,N'-d'hdeox§cyé%oﬁ% : Ar boxi mi de,
N-hydr oxypht hal i mpde” hydroxyteR’rabrI pht hal i m d§, N

hydr oxyt et r achl or opht halli mi de, N-hydr oxyhetinm de, Npohydr
N-hydroxytrimellitimde,” N, N -di hydroxypyronel litim de,
N,N'-dihydroxynaphthaLﬁ etetracarboxiqhgp. A particul ar(1g) preferred
conpouncP i ncl udes an R&droxyinide conpound derived froman alicyclic

pol ycar boxyl i ¢ anhydride, 25 especially one derived froman aronmatic

pol ycar boxyl i c anhydride, such as N-hydmdxypht hal i mi de. [ Pgbduction step of
Oxi di zi ng catal yst] Rio" TR i mi de gonmpaund gan be prgpar eg thr%ugh a
conventional im g3 ' i on) f Bre .-slep\by r ead? Nag-tNRe_cOr r espondi ng

ti g\ ea

acid anhydride with xyl\@m e NH2( D opge=X he rinp of the\Namxd
anhydri de group and clo iﬂg t he Alng 46 /inidati%n z

concrete, when tRe oxXhdl zi | catal ®st is Nhyé%oxyphtHﬁlini‘e, with phthalic
anhydride and hydroxyllam ngyas raw nat ergfal sGor the catal g&t, Ohe

oxi di zi catal yst may* be prepared by reactively distilling the reaction

m xture whil e rennving1§?ter gener at ed in15pe reaction. The(xi di zi ng 10
catal yst can be producg in a conventional manner, such as In a batch
system a sem -batch system or a continuous system The oxidizing catalyst
t hus obtai ned canyhereuhj &t €d, Risatré tBe sama omtdifferensl ueRER- preparing
step which will be described later. Incidentally, as wil| he explained 15
her ei naf t er rejphe sexitding agywhtadersatom.t e ad&YdxgaPYP nG BYSRP*Meyd HRUP -
separated fromthe reaction m xture, regenerated, and re%ycl d }ou%hean
reacti on sysinealkpkydestupd.a CREBQHYLI FHOYPe A AWPEYCAIPE N ne T RSP
exanpl e, hydroxylam ne as a raw material for the 20 oxidé &Rg ﬁﬁggé%sg can
be prepasedaaylt BEONE | GwiAETRaAREMP - ARNE¥RRO( FhPEP Ae§™ b S HToNT & Whi Oh i S

by-produced in a catal yst-regeneratin te pch w il . j : er)
is oxidized W@@hoﬂ%?@d:tﬂma'ra%‘g%eﬁ t'fﬁ‘?%%wé?‘f)g\?h?rﬁaé“en[f‘ $§6g§§o%;él %g.gl%&gha

catal yst for .this oxidizing reaction, generally) a 25 platinum based
catal yst is3i%yed. The nitrogen oxi de may be extracted using an

extracting sol vent (e.g. wat, er,)s exbr agkhmg1 it BEweher alkker e
may be used water %?cccﬁ tll'ge S t)lt‘uem Vﬂ%'%o RET 2]

group, alkoxyl group, alkoxycarbonyl group, acyl group, and

il
Xy il m de

20 halogen group are similar to those listed above. Usually, the
substituents R3 to R6 each stands for, in many instances, a
hydrogen atom, a lower alkyl group having about 1 to 4 carbon
atoms, a carboxyl group, a nitro group, or a halogen atom.

Imide compounds of the formula (I) can be used either

25 singly or as a combination of two or more.

Acid anhydrides corresponding to the imide compounds

represented by the formula (I) include saturated or unsaturated



d in a |lower-boiling point conponent separating step separate 1 be
described hereinafter. Hydroxylam ne can be which will b subjecting the
extracted nitrogen oxide to a forned by jjon reaction using hydrogen . Any
reactor can be used hydrogenate ' ammonia and there is no particular
retraction on 5 for oxidizing ' but a tubular reactor is usually enployed
For the the choice on of the nitrogen oxide , a commbn apparatus nmay be
used . extracts hydrogenating reactor, an apparatus or device which is As a

by 9 em oyed, 154G 125 43 AFoly13% WeS S lamih{Re- ideRAISHANS asL GaEiyid ' on
can be carried out in a conventional nmanner, such 10 The reacts conti nuous

system a balRy et Bna0maleiic Rahsiarsyi ;e Batafrdtiedd oif andammetédius
obtained may bé reused in-the oxidizing The by talyst production step or

the cat al ystydrEe&natd cSEfe116pol fdrvost ¥l #¢ ag idgenhydusdesf(ahicyclic
above-descri bed am de conmpound nmakes it 15 The to inprove the oxidation

activity wi thaulcaH)xeMiiRg aRASS iabihgdridgentswic asast edopierd odplothalkic and
an oxidizing a co-oxidizing is catalytically facilitated even under mld
reactions Thisid antiydrdaekamesahyardph theined adird egihydisidemdi tidns
oxi dation of the cycloal kane at a high selectivity. 20 efficient when the
cycl oal kane dy:1wtedianed dirarbexyd-igr essint anvirdondsy), , cordroamey deddegod unit
of the fornula (1) and a of an imde 'dazing agent, the conversion and/or
sel ectivity 1,2, 040Xy Flohexrand tgimaaarborilice afidheAsd dFEFhyCagent as
a co-catalyst 25 Ex P
polycarboxylic acid anhydrides (alicyclic polycarboxylic acid
anhydrides) such as hetic acid anhydride and himic acid

10 anhydride; and aromatic polycarboxylic acid anhydrides such as
phthalic anhydride, tetrabromophthalic anhydride,
tetrachlorophthalic anhydride, nitrophthalic anhydride,
trimellitic anhydride, methylcyclohexene tricarboxylic acid
anhydride, pyrromellitic anhydride, mellitic anhydride, and

15 1,8;4,5-naphthalenetetracarboxylic acid dianhydrides.

Examples of the preferrred imide compound include N-
hydroxysuccinimide, N-hydroxymaleimide, N-hydroxyhexa-
hydrophthalimide,N,N'—dihydroxycyclohexanetetracarboximide,
N-hydroxyphthalimide, N-hydroxytetrabromophthalimide, N-

20 hydroxytetrachlorophthalimide, N-hydroxyhetimide, N-
hydroxyhimimide, N-hydroxytrimellitimide, N,N’'-dihydroxy-
pyromellitimide, N,N’-dihydroxynaphthalenetetracarboximide.

A particularly preferred compound includes an N-hydroxyimide
compound derived from an alicyclic polycarboxylic anhydride,

25 especially one derived from an aromatic polycarboxylic

anhydride, such as N-hydroxyphthalimide.

[Production step of Oxidizing catalyst]



i ncl ude netal conpounds) such as transition nmetal (pronoter) conpounds and
conpounds contai ning a G oup el enent-containing 14 13 el enent of the
Periodi c Table of Elenments (e.g., boron B, Al um num Al) typified by a boron
compound. The co-oxi di zi ng agent can be kded either singly or in

conbi nation with other co-oxidizing agents. 5 As the transition netal

el enent, there may be nentioned, for instance, Goup 3 elenents of the
Periodic Table of Elenments ( a, g . , besides scandium Sc and yttriumyY ,

| ant hanoi d el enents such as | ant hanum La, ceriu . sapmarium i;noi d
el ements such as Fbeiimidn A@wpoeﬂ@mmb&w&%f ﬁ@gﬁe?icgd}vc%rﬂﬁalﬁégo of

Elenrents ((a. g . , titaniumTi , zirconium Zr, hafnium

el ements ( amidgtion xeamkdemn Wor ﬁ?‘G'BPEIﬁ]':%bY Fngﬁgglguknﬁ?ei'alj 3]')1:eséa;)up gi
elenents ((a. g . , chromiumCr, nol ybdenum M tungsten W), 7
el enents ( acidganhydntl@ga\ﬁefé“ehwﬁr))xy{@"&ﬁ‘ﬁ NH QR fonpRep Ype I)g:fn.g %% Fe,

rut heni um Ru, osmumGs), Goup 9 elenent e. C t s ddHPsk um
Rh, iridi umacdg a@zéﬁiée %]F%legrﬂ%‘f( .e“g.,sl°%l(%’1?g|'chﬁi ?9§é|f%§i1§%%%) )
latinum Pt), and Group 11 el epents .(e. v C i r igol - Au
gf_ the Peri za“aa cbs at91°eregf cEPEﬁﬁggs. "Bg(?l%i %aﬁearﬁg?&%%n?c?nﬁ/%%% i % an )
i mi de conpound. of tp%ggaﬁ%ué% tlelfi%r? LOG §YHAIdY BEdehy@RéRpT@hine

el ement sucRYSFoRY ment such as 11 , a Goup 5 el ement

such as V, a Group 6. el enept Bt Wena 8%26Bzing EEALYSUCHARS
M, a G oup & Eﬁgn@ﬁfegﬁgﬁgafsg}ég}é%}% a Group 9 el enent such as Co and

Rh, a Group &%eog%ﬁgfga @‘f@a@fi%lgcﬁiﬁtﬁ% theet @i os urlxtasreQuhile

exhi bits hi ron-actrvit 5 There is no specific restriction on
the species Iogm&ﬁ%r?co-aﬁéﬁi e rad {600t abyattdon pr ofiteer pxpAdeiagd
that it cont'alhs ar el emsnt sel ected fromthe el ements |isted above and

15 has fhe %tddfg{é‘tgc%@i biel Yrodliee@oi nxa dariven gerdl manHer a sWaly 8% 48 but
is usually a nmetal oxide , an organic acid salt , an inorganic acid salt, a
hal i de, a coprglite ef oW demiomaltet) systieai,nomgaafoBtaRBRUSOFYEREYe

| isted above, a 5 heteropolyacid, or a salt thereof which contains an

el enent of those |jisd eskiahioimg Ratidlarst dhushebaianedc §7Fob8d SUPHEFESHay be
exenplified boron hydrides (e. g., borane, diborane, tetrabarane, .

pent abor ane, agleidaher, ahe)a dedrilytds delusiog-prepPeKebsr ?Eeac‘i’la’,‘&‘ré?ﬂa{'bgﬁ c
acid, tetraboric acid), borates 10 (salts of borjc qgi d%j’ééf' i 954 ni ckel
borate, magnésscnibedatatemanddrtideniakie) as pptbh ki 48R %as B203,
borazane, borazene, borazine, boron am de, -boron i de, and pt t

ni trogerﬂcﬁonthﬁﬂeh@aﬁ‘éﬁﬁom,OxBlflfsl,“B’@l§?% ¥ P &f ?ﬁo%r%%ocroate aér?'L g% &2

hal i des , and esters of boric_aci a . . PBHBS:I b(}re%teg, Y lankb
borate). As PA¥ 'B‘?g%‘ﬂ?%r%fc‘?‘ilii LAY ,dd{%erreea%alyorbe entioned. for exanpl e)

acetates. proplonalesy osahis -l RRRNl bodenchd, aadrskearates, and

exanpl es of TREYF re nitrates,” sulfates, and phosphates.

Mor eover, as t hal i t ' exgopLified chlorides and
brom des. As apf‘?% lﬁ%gg?nt%gé%ogrr%%%?r?ﬁ%re may be exenplified OH ( hydroxo

) ; al koxy groups §8§he§:§ %%hOMdzr_o%fl%ne HHpLXyYarnaaketrdeay drooupshe
acyl groups such as acetyfn and propionyl groups ; al koxycarbonyl groups

such as ppt hexyaanLhaRyl-atad¢sdt @anamé prepared in the following manner.

Ammonia (this may be ammonia which is by-produced in a
catalyst-regenerating step which will be described later) is
oxidized with molecular oxygen thereby to form a nitrogen oxide.
As a catalyst for this oxidizing reaction, generally, a

25 platinum-based catalyst is employed. The nitrogen oxide may
be extracted using an extracting solvent (e.g., water), and when

extracting with water, there may be used water which is



25 et hoxycar bon |
yl groups;
atons such roups; acetylaceton :
om0 off "o e 88 B By e st e (W
as'triphenyl ph - uch as phosphi ne : atom HZO ( aquo
(ammi ne), KIOIO Klséghl(zle%r and ni trogen-contliaiesni(ﬁggéb a triaryl phosphi n)e such
di et hyl enetri ani ne rpéz NO3 (nitrato), ethy|enegp°“UdS such as NH3
complex 5 salt, a éiﬁylg :De and phenant hrol i ne ASI?n1ne,
may be coordi nated thg _ i gand or |igands of the 0 the por‘rpl ex or a
containing add ﬂﬂﬁd.ﬁé(i)::ien:’ﬂnél- &S{”VEf ghrg?_?iﬁgnpbgﬁ6306mz§g§@gr di ff%‘{lfﬂ& 51:@95
The conpl ex may be constitut EFefent “sél ected fromth %%%¥ Xes
el ement and aqﬂ,i@anditha@ear‘ig%q(ﬁjtba%‘fOﬁpkaﬂhhﬁ“enf éY@%E%gHEﬁE]nEﬂn%neé’a@bBée_
ably selected fromteh albovgn éo met al
xidel to a

exanple, the preferred
conEI ex &ﬁﬁe?ﬁge@m@ aBetERIFs,

cobal tac i
A pol yac?gymiﬁgﬁm?ﬁ &Y r SEREAF acetonat o
™ the hot erppokuaagthpmmatme, M HeRaEor (et e o

A s, 83GHAY cases, at

| east one of A
t LeR
Tabl e of El erregfl?gggfhg;f' V nrs or the Group 6 el enent
VAQdida dsedp is M9 paﬁp:9,88§89';1élég)ﬁieeﬁ.bnd¢n
, and W

(tungstic gci s dizi
Concrete egalrrp(il)o:s(f?é?ﬁ;pge %peci fic restriction as t
cobal t t ungst atiehe mqmeybﬁgﬁaeé QR deac&o@obﬁl‘%%}-tﬂslylﬁg eﬁ,gﬁog@ﬁ_r Foratbem
\I‘llanadom)l ybdenunphosphat e untungstate, vanadi ummol at €,
et er opol yaci dexEraf {]%Pf Jfichdepbakhygxide & ﬁgmoﬁggﬁafatﬁﬁd\ay be used.
to participate in a hydr z1hg catal yst, the
$oragas abshesaieowhich is

reacti on, and a cobal .
conmpound are t vars BhatRhggreanpoundadr &
héu@hﬁ ES gart|0|pate in the Br “H%25"wor on- cont ai ni ng
vessel-type apparatus.

commonly employed, such as a agitation

d out in a conventional manner, such

10 The reaction can be carrie
as ina continuous system, a patch system, or semi-batch system.
The hydroxylamine thus obtained may pe reused in the oxidizing
catalyst production step OT the catalyst recycling step.

(Co-oxidizing agent)

15 The use of the above-described imide compound makes it
possible to improve the oxidation activity without employing
a co-oxidizing agent such as copper chloride, and an oxidizing
reaction 1is catalytically facilitated even under mild
conditions. Thus, a cycloalkanone can be formed through the
20 efficient oxidation of the cycloalkane at a high selectivity.
Moreover, when the cycloalkane is oxidized in the co-presence
of an imide compound having a unit of the formula (I) and a

co-oxidizing agent,

further improved.
Examples of the co-oxidizingd agent as a co-catalyst

25
metal

(promoter) include metal compounds, such as transition
element—containing compounds and compounds containing a Group



deconposition of a peroxide. An imde conpound expressed by the fornmula (1)
or a 17 catalytic system conprised of the imde conpound and the
above-descri bed co-oxidi zi ng agent may be either honpbgeneous or

het er ogeneous. Further, the catalytic system may be a solid catalyst
conprising a catal ytic conponent supported on a 5 support or carrier . The
support is , in many instances , a porous support such asactive carbon,
zeolite, silica, silica-alum na, and bentonite. As to the anmount of

catal ytic conponent supported on the support in the spoligd catalyston Bhe
amount of the igfledRntoBEOLRE BérihéiﬁoTﬁglﬁ ?flEieT§n %oﬁ?'%’f 1 to 50
parts 10 by weight relative to 100 parts by weight qf t supPoOxiaizing
amount of t hey e Qi) raypddeied @Npﬂop9€8ni§°W893P fidgﬁ%o 100 parts by
wei ght of the support , about O . 1 to 3Q parts_b i ght 1ionl #2tRl yther
sol uti on- pr epgéntgeat dsed:Hét@&FaF}PE&Ys8Fu%?o§°%§%par%ng step, the
oxidizing 15 catalyst is mxed with other conponents (e. g., cycl oal kane,
co- oxi di zi ngcagertdisbhgeaygntHh- t he i xi ng vessel 1 for adjusting the

concentration of the catalyst to a predeterm Lie hierbent ipnegdar e
the catalgtic sol uks dine ‘Fﬁénéatt&PS}t‘F%t% I %%§21®m§ﬁbe on%ﬁli n which all

conponents are conpletely 20 dissol ved, or i SPEf S8l Fudllent Elemeattiso of
the i nide cogppunstEnaeheGCrERRA ﬁl?m?nj:stoof ?Hg co-oxi di zing agent is, for

exanpl e, inmide conmpound/ cooxidizin = f ©5/Madthan @i (Eehsimgnts
ratio) , pr ef(er-abl.yba%bﬁ?sWﬁ?&*%gfg?gggh(%?gr%r atio) ( and nore

preferably about 25 85/15 to 50/50 (s ééll’géﬂlé)ﬁiuxhﬂsﬁeoaet;_n@hé elements
concent r at i osugh @%é%% E?S cge jllr?s?dt ed to the value at an oxidi zi nt()g]i%t ep

which will be described hereinatt eprod8Pendiogentst b thoRerdihela
catal ytic sols®CloRst Bcgéng'hlglp?‘%d. é'rl'?\eﬁcat al ytic sol ution prepar

d Ln _such
manner is fed to.an oxidizing ﬁ@gﬁp@ A1 [ £xtclomivmg th.elpaim&‘]‘m@fsn %ﬁ%‘m
oxidizinéoreégig}eﬁe?%§q§Véﬂdaf anonénié'forned by re%ct%n a %%§Io§%ggge
wi th nol ecul ar oxygen J n.the pygagacemof, aniabdumn Nng tERES 't
formula (| ) @%“&%3%% di zi ng agent).

6 elements (e.g.. chromium Cr, molybdenum Mo, tungsten W), Group

., iron
7 elements (e.g.. manganese Mn), Group 8 elements (e.gd

. obalt
Fe, ruthenium Ru, osmium Os), Group 9 elements (e.g., C

., nickel
15 Co, rhodium Rh, iridium Ir), Group 10 elements (e.d

Ni, palladium P4, platinum Pt), and Group 11 elements (e.g..

copper Cu, silver Ag, gold Au) of the Periodic Table of Elements.

Particularly, when combined with an imide compound of the

. . ch
formula (I), a compound containing a i1anthanoid element su

i as
20 as Ce, a Group 4 element such as Ti, a Group 5 element such

ch
V. a Group 6 element such as Mo and W, a group 7 element su

ent
as Mn, a Group 8 element such as Fe and Ru, a Group 9 elem

such as Co and Rh, a Group 10 element such as Ni, or a Group

11 element such as Cu exhibits high oxidation activity.

s s . he
25 There is no specific restriction on the specileés of t

i t it
co-oxidizing agent (co-catalyst or promoter) provided tha

i ove and
contains an element selected.fron\the:elements listed ab



(Cycl oal kanes) 10 As the cycl oal kane, there may be exenplified C4_
2ocYcl oal kanes (preferably C4_l 6¢cYcl oal kanes, nore preferably
C4-iocYcl oal kanes), such as cycl obut ane, cycl opentane, cycl ohexanes,
cycl ohept ane, cycl ooctane, nethyl cycl ohet@nes, ethyl cycl ohexanes,

di met hyl cycl ohexanes, chl orocycl ohexanes, 15

nmet hoxycycl ohexanes, cycl ooct ane, cycl ononane, cycl ododecane,

cycl opent adecane, and cycl ooct adecane. These cycl oal kanes can be used

either singly or in conbination. Included anong the preferred cyclqal kanes
are C4_ 10 dyas oehek arreisd izsimg @W%Y@E@@ya%%%@ﬁg m‘iag.}’%%e &
cycl ohexane) nethyl cycl ohexanes, and cyclooctaqﬁ%mLBualﬁ% .%yclogeégg% i's
empl oyed. ArhydaeridePutetousHALLELY BE Lyt BHdemE™s QEFRE CcFEMSnERaNe i s

converted by an oxidizing reaction at i . 10~ i h
bee\rll regar d)é@ a%n‘gl:”fﬂfltfijlr‘blg?q% %%?%&ga%fg‘%/g%ﬁg%fél%gg% Ir%ér;ygggg{llgv\g\s/er,
th f h i dj zi at al yst i i i

e e o ootSmSiar SR G Shn A GRoht BESPROLE 10aPE8VM0BYE, o )0
e moaphers OORSTAReYvdRd, S brdde LSS WliLh 6YRLANRKAIE ibrdiht of

at mospherle he "O0xi dati on process described above is

useful in oxjdizi g[%is%%ogg#ﬁgqgip?%%%gerhécmrecg))rén%@n 158 Ut e X Wa§N

used for thetBFY C ahe 1s not particularly restricted,

and oxygen LuLeth 1R a8 boRSH M9scpHch 089l !1BesEhehChibTEaRE 0N, O

carbon di ox e enpl oyed as as pure oxygen . Fromthe view

poi nts of no&gpgﬁ%g&%gﬁ%%%a%??&é{if 8L¥aBUtanb$o BEEMEMUcidkl (80gi.S

preferably use nol ecul ar oxygen is usually, relative to 1

mol of the C%E£9355958 acfd, mebRhbOFiBDABiA,atetBaborit EvLA);, borates
preferably about 1 to 100 |, and nore preferably about 2 to 50 nol. In

many i nsfoancgsgalgg SXMRSS dakid) (Bl gcyl pickeaydmordte | snagned v donad & .0
t he amount of the cycl oal kane. When supplying the reactor with nol ecul ar

oxygen, the pgaaghheBe Bitate )Caboien oxuldesisact hesims st angpbiosd zgineh
sufficient nolecular oxygen in advance, or w th nol ecul ar oxygen f |ow ng
cont i nuous! ybokaztihe, chseonf ambdei nbousnf imd@e20apf pBheEuRLT n, the
flowrate of oxygen is, e.g., about O . 0001 to 10 NnB /mn . ( a . ., 0
1 to 10 NnBohmafniny compdupdeteBEbJyBQﬂxmﬂtQIﬂﬁﬁkQ9nPhQﬁﬂﬁﬁr?ﬂ@aoéi%17o.1

to 5 NnB/mn.) per 1L unit vol une. .
halides, and esters of boric acid (e.g., methyl borate, phenyl

15 borate).

As the organic acid salt, there may be mentioned, for
example, acetates, propionates, salts of naphthenic acid, and
stearates, and examples of the inorganic acid are nitrates,
sulfates, and phosphates. Moreover, as the halide, there may

20 be exemplified chlorides and bromides.

As a ligand of the complex, there may be exemplified OH
(hydroxo):; alkoxy groups such as methoxy, ethoxy, propoxy and
butoxy groups: acyl groups such as acetyl and propionyl groups;
alkoxycarbonyl groups such as methoxycarbonyl (acetato) and

25 ethoxycarbonyl groups; acetylacetonato, cyclopentadienyl
group; halogen atoms such as chlorine and bromine; CO; CN;

oxygen atom; H,0 (aquo); phosphorus compounds such as phosphine



(Reaction solvent) 25 The oxidation process of the present invention can be
carried out in the presence or absence of an organic solvent insusceptible
to the reaction. Exanples of the organic _sol vent 20 are organic acids
such as acetic acid and propionic acid, Ml riles such as acetonitrile,
propionitrile, and benzonitrile; anldes such as formam de, acetam de,

di net hyl f ormam de (DVF), and di net hyl acet am de; al cohols such 5 as
t-butanol and t-anyl alcohol; aromatic hydrocarbons such as benzene;

hal ogenat ed hydr ocar bons such as chl orof o chl.or .

di chl or oet haffe: 9 cardort 1RFYLRAPEPRIRE SHEh g%?ot b@ﬁ%gﬂgbﬁﬁgﬁP%nggﬁpgagds

such as nitrobenzne, nitropethane, and |troe%hgg
[

acetate and RBLFRESH- %%%Y%}%ln%t?ﬁwgogﬁ R 28° ne?ﬂy? en1er dléﬂﬁyl e¥her
d||sopropyl tg&%%}vgﬁfa?gat gghetr§§§2e8 edid 1n?2ddgb{ﬁgléﬂk %ﬂhﬁlne.

t her eof . a nil or a

oL TP NG B R S e

as the react e use of cycl ohexane as 't he

substrat and sql V?L”é&gaff a %ﬁl 9'1?;833305‘:‘ dirzd BAmeeas didE e ot xderss not

require so?@ ti%g addir'tio y enp and, consequently, a sol vent

recovering s dhe+REPLERL  Oof the i mi de conmpound of the fornul a
(1) can Zd¥l %Igg%£§§€?8n1mft n a w de range, and may for exanple be

about 0 . 001 nol ?ererﬂeHD&dﬁ 16Red TRE1(0d480cBmbYeXes poataialing about O
OL ml (1 ml%) to 50 nol %) , and nore preferably about 0.05

nmol to 0.30 gPhnketabhVifiet® keiddeny sehectyd sabiatieosaindn talvmed @Lbre .0
0.25 nol of the imde conpound practically 25 enployed. The anount of the
co-cat al yst fpe-compliet Mayaperignstsituted 9f. a caativiutattion 0@la ylansif-ion
ml%) to 0. 7 mol ( 70 nol %) , preferably 21 about 0.005 to 0.5 nol,
and nor e1pr ehetahl 1 ebowt dhda 1bgénd thablameekatitablyoselaptedffxom teh
cycl oal kane, with about 0.005 to 0.1 nol of the co-catalyst practically
enpl oyed. InabbeecaseomhexemplaetEh@pprqécrneérC@mBh@% PA¥rBBf is 5 used as
the co-oxidizing agent , the anount thereof is about O . 1 to 25 parts by
wei ght , preterabmpcebyldacetonsatpe §9b94¢ﬁ§eﬁyhﬁ§%ﬂﬂpat%nminnre preferably
about 1 to 5 parts by weight relative to 100 parts by weight of the
cycl oal kane. rifthepivmase tyilaces oppdenCy FPERSTSTS ééﬂﬁﬁ% ‘zed |n 10

that an oxidizing reaction snoothly_proceeds .even un e
condi tions. The reécPPbﬁaFéﬁngéfﬁrEg¥@s ﬁ? é%%%%?%?%&?a %éf%ég re?era

about 30 to 250C, and nDr referably 0 2
reactionlds BPRI:FBGeSr & g Ea‘ﬂﬁ eo%g ou?)u%o t%g%Sg%HaN%%g%%‘%i&?%%

reaction 15 gaglc%ﬁ%ﬁ%?. ng%gﬁ%%{ @EEBEE%E plehRai e ShcHMley apphdede

pressure. e reaction under applied pressure) the pressure

|'s usually a%%litdr%l 48 HOLPAE dbrqf) and W (LInsOLED A18) . mnehe ablyo

about 2 to 7 prefera I’y ‘about 5 to 50 atm The reaction tinme
( residence téﬁ’é% t;lc; £8¥"t£§é€ibﬁ%’% 103 LaBnbLas W ticibl Y coakeetredetdmples
within the range o ., about 30 mnutes to 48 hours, preferably
about 1 to 3&Maues rfet@%ﬂﬂlrﬁdlr@faﬁj@bk}bcﬂmwl%daxé4 dxha bt turgsitabe,
choi ce depends on the reaction tenperature and pressure. Incidentally, it

i s possibbe mpIvdditttingdttate, Aammdidainorybvdaiot i ondy effecting the
reaction at a higher reaction tenperature and/or under higher reaction
pressure, butvemapionmdyddenagpitbsphateer oxi de may soneti mes be by- produced.

Incidentally, in the oxidizing catalyst, the
heteropolyacid is thought to participate in a hydrogen
abstraction reaction, and a cobalt-containing compound or a

25 boron-containing compound are thought to participate in the

decomposition of a peroxide.

An imide compound expressed by the formula (I) or a



22 In the presence of or in a streamof nolecul ar oxygen, the oxidizing
reaction can be carried out in a conventional manner, such as in a batch
system a sem -batch system or a contingeus system The reaction nay be

- carried out by reactive 5 distillation acconpani ed by renoval of water, or
by a reactive distillation involving enploying a water-separating
apparatus, such as a decanter 5a used in a |ower-boiling point conponent
separating step which wlll be described later ) in conbination with the

reactor for ﬂ@l‘.ﬁ}"{% Valetem QompiasiPasAal ¥he USELdY) Eampbandadndf the
convent i onaléone . englerrpl oying a continuous systemreactor or sem -batch

system r eaCt Qv &l dddr Oha do 18 BYLlmpldgent aaynbeesutReronygegeheonsa
gas contai ni ng nol ecul ar oxygen), or both conmponents may be supplied from

one or a pl WahitsregendpRlsy PRiither FUHdeatalieipEytsfers mayf bera whildd t he
15 reaction conponents are supplied may be made in the formof a nozzle for
raising the gaxangsefl topbeaeyngThe ocadalytficaddintporendf shppoohpdnednsais
not particularly restricted and these can be added in any order. The
reactor may ©eppensortcderiaf. a Thenghpport oy.ein ramyt WosveBseFs & oRROYSed
serially. 20 [Catal yst separating-step (Bl)l Using one or a plurality of
filters 3, adupporbeuchant aohiwextanten nzehdibgi diidiivg .redtiranazumdngool ed
if necessary ) the precipitated catal yst (e.g., N-hydroxyphthalimnmde) is
filtered outand@hdendoiirtg.or A$| tter | hiyet et uef CataddihliosCcomPENENiC,
preferably about 5 to 70C, and nore preferably about 10 to 50C. The

treat ment preepportedron Hihe supporininethersolitCaldky Huodds amothRifse,

or sem -batchwi se. As the 23 filter, conventional one u k#a &
centrifugal Fhetiidefempound Oﬁr'é%%e%o%?‘_é]‘%\)(éi)l a5 @poﬂlgréoie ?s‘c’toné)ar S
Cho 1 eadlh onbERRATHE R IREIVE bo T RBAF o B YeREnEooh I AURPEYn, The %y
, t iti I h | t h - ed
Subj ecting. tABORRE 4% Hher GOTREERDF hpd AUER T SPLRIRE S, LorarLiB R oMo

i xt f whi the. | Yt t ilt
3 s Cub cor BACES by BEAERE v ke, SIPRARER attR, BrE S SREpALES B ittt e
t ti t X i : i t (Cl).
| nctdental 1y FeatER Bl oL LA g el V&t 15 separabl e by

a_conventional meapy {n& cdkalytild 5baLkABn Praphtlayi OFep crors Ahdilaatinay) .
15 [Aci d conponent separating step (B2)] The reaction m xture sonetines

cont ai ns; A byapregueedshinghes- hothi 8gnpei dompondntemenegnt, etycdcddkanst. ve
thereof (e. g., eSters). Therefore, the reaction mxture is usually

subj ect ed t oca-s&panatingg sdap of sbheehagerimoithiengnipoimg 2@ seedpoherfior
after the higher-boiling point acid conponent has been renoved by
extracti on omddustiihgathercdnteart repttirac biforhe slahalyst Paeh paeiehaiined er
as an extracting solvent, the extracted conponent constituted of the

hi gher - boi | i nglpei therehyl tarprapears th&yCQ)*éarTiéWJ%%éoilHt&ﬁni-rrp'ﬁh?tqaé'sa-]r%"n’cﬁ/i ng
step by 25 hydrolysis or the like which will be described |ater.

Furt her nor e, scBatdenr Fey die mie B corbeRt 841 bFORPEREPLSt BdH( SAMRE T

distillation). As the extractor, use
20 dissolved, or a dispersed system.

The ratio of the imide compound of the formula (I) to the
co-oxidizing agent is, for example, imide compound/co-
oxidizing agent = about 95/5 to 5/95 (molar ratio), preferably
about 90/10 to 20/80 (molar ratio), and more preferably about

25 85/15 to 50/50 (molar ratio). Moreover, the concentration of
the catalyst is adjusted to the value at an oxidizing step' which

will be described hereinafter, depending on the amount of the



24 can be made of an apparatus which is commonly enpl oyed, and such
apparatus may be enployed singly or in conbination with other ones.

[ Lower - boi | i ng poi nt conponent separating step (Cl)] 5 The reaction m xture
in the oxidizing reactor 2 contains the I®wer-boiling point conponent
(conprised of, e.g., the cycloal kane | eft unreacted, water, solvent,

| ower-boiling point inpurities) and the higher-boiling point conponent
(conprised of, e.g., cycloal kanone, cycl oal kanol, higher to boiling point
inpurities). In Figure 1, separation of the | ower-boiling point conponent
(cont ai ni ng davelrythial |Saigitgoimtte MRrsYERS)YeG rom the reaction mixture from
whi ch the acid conponent has been elimnated is_effected usj

plurality of distilHe rgtedykmessplatien BPFeRATE &%5“%?‘%%%6&? ﬂn %gﬁ;'ﬁreough
this distilling operation, a conponent containing the cycloal kanone and
cycl oal kanol arf hoxftrtkz beg | FeRCEHWF nd - conponent) and a distillate containing
the | ower-boiling point conpone%t constituted of the cycl oal kane, water,
and the |ike dioxidiiging &F<dt f(%)lom the bottom and the overhead of the
first 20 distilling colum 5, respectively, Ln i $4 I1fdvinfE um
6, a distillate frﬁ?ntthr?e°6w’r§?ﬁé38 E?a‘f%czrle 7§t c%?%???ﬁigﬂgngol um 5 | sm4

separated into the cycl oal kang whi i s d. 14 4 e kel piregethdehe
| ower - boi | i nﬁeﬁBFﬁ?giW?f?ag@( "?gﬁﬂlhg “ﬁ%‘%‘ﬂ%ﬁ Jf}{%gg t he over %ead. The

distillate froamthe. 25 qverh t Lr &l B4 i(d) p8nad wor oxiidd Ziedy t o
the distillifl EHbPﬁﬁﬁlél&?acgﬁ%lg%%éﬁfg? 5a for separation of water.

Furt her nor e, thetgycloalkane separated in the second 25 distilling colum
6 is recycl eB9PB Y he ni xi ng vessel 1 or oxidizing reactor 2. The water

separated in t may be drained, but it may be used as
extracting matggygggﬁp%%gvg?ing the nitrogen oxide in the production step

of the Ry > materjal tﬁ@ygﬁre?ﬁﬁhﬁﬁhﬁél ehetrBemagt By sikembhld fieder,_of pl at es
of the dirstilling colum recovering colum) may for exanple be about 5 to

80, preferabl gc?,pybglﬁgnég 6o £ dieb Tl | Lévol optkanenn mene RrefniARYed
at an overhedl ténperature of about 5 to 180C (preferably, about 40 to

1200) , 10 ao} (mileimerdisy,e srichkmtcysil amZses (greferemtane about 70

to 150C) and éfl%.pressure of 1 mtHg to 20 atm (preferahl about 100 gﬂf@
to 5 atm, dw@mma,heyspeneesaue.t%ec%%%avﬁarf%e.”ﬁ%ec%‘fb]s‘?‘??*%% .

operation is conducted in a conventional manper, e.qg. refl
distillatezﬂeuhymbynﬂdnHXaaeﬁﬁdimﬁthﬁipﬁcéoae¥aﬁe?zéﬁiﬁkﬁc ci%ﬁ&%%ﬁgg.,

preferably about 1 to 20). For the separation of the | qwer-hbqkl] hat
conponentis, mmﬁhnxyﬂyQiﬂﬂeﬁﬁﬁﬁﬁaﬁY%ﬁoﬂEEﬁgemQWQﬁ§Q9ﬁﬁ%w©8§8%égﬁagggha'

condensation, distillation, evaporatian nd. e cti Pl 12fh1kanes
conmbi nati on t9EFFNIARGE TS ar qrﬁf%ié?é%ﬁ%ﬁg%%?liggﬂﬁbiﬁj%

can be used either singly or in combination.
Included among the preferred cycloalkanes are C4.
joCycloalkanes (preferably, C5@cycloalkanes), such as

20 cyclohexane, methylcyclohexanes, and cyclooctane. Usually,

cyclohexane 1is employed.

An oxidation method whereby a cycloalkane such as
cyclohexane 1s converted by an oxidizing reaction at a
conversion of 10% or higher has been regarded as an oxidation

25 method of remarkable excellence. However, the use of such
oxidizing catalyst makes it possible to provide cyclohexanone

at a high selectivity and in a high yield (e.g., about 20 to



conponent, the |ower-boiling point conponent nay be separated fromthe
reaction m xture by azeotropy. Moreover, though the |ower-boiling point
conponent can be separated fromthe react%on m xture nmerely by distilling
the reaction m xture and 25 the separatiB may be carried out in a single
separation step, a nultiple separating step is advantageous for separating
the cycl oal kane. If needed, water and the cycl oal kane cut may be 26
separated from each other by cooling the cut (lower-boiling point conmponent
) distilled in the distilling colum 5 and th i QU epakabh8gahbeimat er
cont ai ned irsd%vaomuhighsrhgbﬁ.iHﬁEuﬁR%IFﬂnqI%ga%tbgﬂyhgtﬁlgﬁgugh t he

cycl oal kane cut is reusable 5 as a rayw nmatet| f o hEh8x9dh€iahnproeassi on
syst em even aw tdimasyhend iQfatQ’inﬂer‘t'hex\‘lsﬁ(?Fgéhgl'aLXé cut, }v{vhi ch is made much

purer by renoving inpurities therefr i i L8USAEh BadRanesaw mat eri al
for the reacdéescripedpaPeYe kS sEpe ‘é‘?ﬂ'l% s’t‘%%f%%t gt egéf or separating a 10
derivative of the acid conponent) (B3)] The m xture from which the

| ower - boi | i ng Wmemcﬁﬁ%ﬁ has been separated by the first distill ihng
colum 5 sonetinmes contains derivative 83 For egher Hxidfatim of the

hi gher-bdi | i ng poi Bhe aiod &S nef ?%éee{gu carboxylic acids) by- E-Of”{es%d in
15 the oxidizing reaction, and s L Kgr1Fofe SaRiaiadd Nansucky § e ¢4 ,
it is prefer F’Jé@g?ﬁ&i‘af‘ﬁel$ é‘é’rc{t?%%g%négtiufe?f rom whi ch the | ower-boiling

poi nt conponent has been,s r IS SUPEsée( Hel fumj npegdn i ¢&F s“e’d%PrOéti ng
step. A cycl ¥dtkaR® éHSrEyﬁggaﬁﬁo{’ of higher purity are yiel ded through
such 20 operation., In ﬁ;ﬂé‘ré?npl’ofé}f AL aeliloas pute oxyidesm wWAEeR the Vi€

| ower - boi | i n&lﬁdﬁlﬁte @8/ ponent ]has been separated is _:)eg t]to a?%gh{%&yzég

col urm 7 for hydrol yzi ng 193t §8FabiiLbyvaicsafesyPRERLSP s

bei ng refl ux&i},/lqtﬁegirrg(g% (r? ?E)?ﬁti on 25 is neutralized and/ or saponified
usi ng an _al kal i iv tdwgeof in a neutralizing and/or saponiyying

col um 819 %Q%ee?ealcsqaaaeo%s phase in the hydrolyzing col 7 seqmriivnéego
contains 27 hi ghefydejulain?d tRobdtmo Iepruriay @xygen §= Ueft Yt

conponet (s)), the aqueous phase is fed to a catal 1%strecover]_ilgglqﬁi fotd) ,and
t he organic p{ﬁm bt hige Ig@diviadikamiext Or B Ml ROWAPER Genlird '€ have been
renoved) in the neutralizing 5 and/ or saponifying cq b By A actedot o
a hi gher - boi | pgsepabpLy cainpanenttos 498 BPi ng28 ébgﬁ?tgéré@n%]?%t%e has been
separated fromthe phase by a |iquid-separatar t&f nileculle oxygen

el i mi nation oboi mplri tiremands dNSE@NCLEm ?Heeﬁ?/%%gﬁgg?s, or the

neutralization and/or saponification m fGeQ:ty%(j dMxdnd.i | | ation or
reactive g6 stiiksl asednrelpitdygeto [the; ?mé)luglg %%sgl le’to eliminate the
inmpurities by evaporation, extraction, Gt kMe dinfdliddultdmroxygen the
neutralization, or ¥WhsAnSHPRAFIBY, THSi r%:%)g\t/c\;/éc'?)er, an alkali, or a sa%;l -
thereof. A conbination of these opgraii,ensni 8 SUy¥ssedagestenfsupplied &t hg
15 the inpuri tﬂ@tﬁtﬂ”e“@ﬁf&’ i Sﬁngnghlel neutral i zation or salgtggi fii:]atlili)gr
may be carried out ,. usin I o@%gdhkall @dvansel t orheriddt , meHeq

conti nuous syﬁ‘bﬁﬁl%% C 92@%‘?%%? 8r E}g sem - batch system At this stgg
the tenperature for saponifi cadmdsusibout 120the ces200€, cppELBRABFy T ABYut
80 to 150C. Th%’qfﬁ gstre |s about 0.001 to 20 atm pref erahl y about gbgjutto
15 atm There js H018 1icWdfgdestitiectilnw aatehofc RSSO 5hE -pecies of
the al kal i%%r ¥ sa thereof , and exanples of which are hydro&d de%ec%rably
salts of al kal BnSOH?ttQ:I $00E> /&in .| (€hgumo.1 to 10 Nm /min.)’, and pre

3, . .
about 0.01 to 5 Nm3/min (e.g., 0.1 to 5 Nm /min.) per 1L unit

volume.

(Reaction solvent)

. . be
25 The oxidation process of the present invention can

i vent
carried out in the presence or absence of an organicC sol

i vent
insusceptible to the reaction. Examples of the organic sol



25 sodium potassium or alkaline earth netals (magnesium cal cium, such
as. al kaline netal hydroxides (e. g., lithium hydroxide, sodium hydroxide,
pot assi um hydr oxi de), al kali ne 28 netaé hydr ogencar bonates (e. g.,

| i t hi um hydr ogencarbonate, sodi um hydrog Rcarbonate, pot assi um

hydr ogencar bonate), al kaline nmetal carbonates (e. g., |ithium carbonate,
sodi um car bonat e, potassi um carbonate), alkaline earth netal 5 hydroxides
(e.g., nmagnesium hydroxi de, cal cium hydroxide), and al kaline earth netal

bonat . 9., i t ] ci i ,
amonia or O e b Sy ah et EA TP ipnl ACEREET ¢
are al kaline ﬂ§%ﬁ%§$é§§£%iggsaégkoﬁhtriiéhh#?%ﬁi€%9§f £e  SAFGUM hydr oxi de,

10 pot assi unt AS™ an aqueous sol r slurry) of the alkali,

usually, U, GRLBACIRLE; Oln e S0UERN aSOkuLIAN: daY | dGotaRihol about 7 or

hi gher (pre y - abou ough the concentration of the alkaline

sol ution (Ord%@%ﬁ#}rﬁé{}mﬁ?%éﬁD?ﬁ')qcéﬁé,éim%Iéﬂzé‘t&nMQ? 1YL buch

usual |y sel eC omw he r'ange in whi handl i ng easi ness is kept

good . The c 2 IANahS t-&nyl B1lcohc@AROHtohat@cWyabycaEbGNE such as
preferabF& a%%ﬁfqéﬁ%%k%bg by mei%ht ,c%nd nore preferably about 10 to 30~

by wei ght. 29e+£wé‘?fn§%!};wat9@i RYAE68REPENE SEERT aki Bpletepotmeparating
step of cycl oal kanone (C2}] The reaction m xture fromwhich the

| ower - boi | i ng4 gR1 BtoROTREAENt A8SH1bAPEthah&s bavboheeatranhliedident ands t he
cycl oal kanone and the cycl oal kanol, and inpurities having 25 hi gher-boiling
poi nts, suchcRsotbBehyepepdhited aadpdbhrdsatathsas(nhtiabdengnehe
co-catalyst), nay sonetinmes be left. Therefore, the reaction mxture is
subj ect ed t onathogbehane2&mbnlitngepbane ; cotparesucbapneihyp@egepte and
(separating step using distilling colums 9 and 10 ) to separate the

reacti onom xbuteli acetahe; cythens ksuehas dimeddiasdiherpndigidyl ether,

hi gher-boiling point inpurities (e.g., by-product, oxidizing catalyst, coy
oxi di zi ng agéaiyopThapyli stherp ﬁ&g&ﬁéel,aﬂﬁetﬁFﬁﬁdeEB¢PFﬁQ’p&Pﬂtd&xed
conponents are separated by supplying the distillate tron1t€e bot.t om.of the
first distilBphyenbpurree?h- t S éé&o%llYﬁ%‘fi 130 RE 9BBEEACEE  haiditstiS i ng

of f the cycl oal kanone_and the higher-boilin O ppint. inpurities fr e
over head andofhan Ftidanls exgeditiely. e%#%%@ér, frhc%%%r%isﬁi Ialsnnée’%o%slhgr}n

10, the cycl oal kanol i s separated by side-cu €. Q. il QM e
posi tioning 8F égﬁeFéﬁﬁOBﬁRfBetSagogegyetﬁ% %B&bggagflﬁﬁafgggkggﬁlthe

bot tom 1 I thi s gohediipaL, ! hey£¥elost kaRabnespRlcra ety stbstiSte and

distilli%@ col um 'S recyc e reaction systemin the reactor 2 to

be converted i pf 9, 8nEYFhi0al Kanang, 1t oxAaGeH digngb¥ctibni $hPERSdde € dax
forn1cyc|oalfanones efficrently without a dehydrogenating step.

I'nci dental Iy .ol QW% ROk 1 Méh PYNbddARYbNKIEY e@playBadand, tdunsegemittlphase
in the 20 saponifying step are distilled fromthe overhead of the first

distilling cql 4y ventAretdyedasey ished akowvmitted.he case where a product
resulted fromthe treatnent by neans of extraction, hydrolysis ,

saponi fication, or TReuamalinzadforhé ninitke icoppaunidofr shevEagmrbasf Ep can
(moderate-boiling point inpurities) is left in the reaction m xture
t hrough aodi $ie Islkeileg tege fabmomithiih ai widehevangest agfisnay| Fof %%ﬁ@ﬂ%eg?ethe
noder at e- boi | i ng poi nt
about 0.001 mol (0.1 mol%) to 1 mol (100 mol%), preferably about
0.01mol (1 mol%) to0.5mol (50 mol%), and more preferably about
0.05 mol to 0.30 mol relative to 1 mol of the cycloalkane, with

about 0.05 to 0.25 mol of the imide compound practically

25 employed.

The amount of the co-catalyst (co-oxidizing agent) is,

e.g., about 0.001 mol (0.1mol%) to 0.7 mol (70 mol%), preferably



30 inpurities are renovabl e in advance of the separation of the

cycl oal kanone and cycl oal kanol. The nunber of plates of the distilling
colum ‘(recovering columm) nmay be about 5 to 80, preferably about 20 to 60.
The 5 distilling operation can be conduct®ed at an over head t enperature of

about 5 to 200C (preferably, 40 to 120C) , a bottom tenperature of about 50
to 250C (preferably, about 70 to 150C) and a pressure of about 1 mmHg to 20
atm (preferably, 100 mMHg to 5 atm)) and the choi ce depends on the species
of 10 the cycl oal kanone. The distillation m ogppBAti 0.01 to 0.3
convent i onalapsarner. 00Boto ek s - E?“?é??ﬁ&?%ﬁggﬁgsggstiIIate at a suitable
reflux ratio ( a. g . , about 0 . 1 to 50., r aQh ¥nhahsgtit10t 0020¥0 It
matters not kiglg rieflattisrentghkrmdbiqh ﬁﬁ‘epgﬁ’ﬁtloia%%fﬁ%t'i es 15 separated from
the bottomof the distilling colum 10 is_ j.nci t f®fedi sposal

However, in d.e nods eofividre QOITé’arﬁad'IYegr - @o$q¢{r:bé%§ﬁt&§brrpuri ties cont afi n a
co-oxidi zing agent (e. g., transitio Psdi @0 @balll)t, thiegeot 18
co- oxi di zi ng agentIred#MeaCRES ?ﬁ%F%i?:ﬁéﬁ?{ﬁgiﬁade reusabl e by suqflxigglthe
20 hi gher-boiling point inmpurjti.es +Cat b Vartourac everend LsiabAu* or
separat i @n. mm@@@nFBPI%'@%n%hgfe y the hi gher-boiling p]icJJi nt bty
conponent is separated. is not Jinfi £ 81 Abow es reent 0 eaed: sdpE Wier

means , and Bo@SRAFET B¥A© ta'rg%%g%rmaagﬁrs such as 25 condense}lia‘i%l\éeo ta
distillation, evaporatio nel et S @Et1 O Prparteody metlight & f y
be enployed.aP@e?%F?eBr§€%5$%?¥dﬁgﬁeans include at least distillation
means. Moreover, th 31 ape- bkl e 1palkinenpurities and the
cycloalkanol198n955%5iEyiwgggﬁFron1the over head and the bottontof.%hﬁ 0
distilling colum § Jﬁ%&ggéé\b@ﬂ ¥heapiele ¢ et ciyotestl I FeCRARAHECE AT at ed
by side-cut. 5 Furtﬁér re, the higher-boiling point conponent JRyePe
separated in.a g rg,lq,:(%,araﬁimgl tﬁe[alo&idimtSMddﬂigl}brP"é%dgﬁpi%Vge%t ep. For
providinéoa 5&5 oal kane and cycl oal kanol of higher_gur%t¥ ek&th§e igs for
advant ageous IteqLaﬁfbijE‘élty t{ha s epaddtionsof The RegRELOBolf Rg poI nt
inmpurities in conblination with that of the 10 nod ra%e-ggdq:ngaggiﬂbre

i npurities. [é§3ﬁ§y§tor@genﬂfetipgeipépPthéh@§Fa%9ti8 donponent in the
reaction mxture is separated at the catalyst-separat] . 8R {PéFfeklted

i Mpuri ti es- sepas A AGEY eps(BISGitd 299 ,C-anHZPﬂéiﬁi' 3‘1%‘2% k%gﬁ ?Lng 15 poi nt
conponent separating step (C2). The separ.at 0x1 diyz1 Ft alpre reaction
suppl i ed to aaeat Aleystermaaayel PEgaRARE 13 ttoo‘i%g éégé@eﬁ% ed there. The
oxi di zing catal yst denatured or detefiora LNLaekkuabi ef lydele apgddieidon
can be regenemayedebyffﬂéﬁﬁﬂnBHG?rr@g%?ﬁﬁéggﬁg €atalyst with hydroxyl am ne
or an 20 acid, because the denatured il zing+¢dhalndr hppidedipressure,
constit ut ed obrassgryeaf%B%9PPBdgggangé?ﬁégponding to the inide cggpqug,
or an acid anhydride thereof (e. 2ddUthal ¢ & 180 dtm rfed®,. .pht hald a ’
anhydri de) . A§hﬁyﬂ¥%&§V5ﬂFﬁb?é?%%E%yéggxyIanine prepared in the
hydroxylanine-producig&isé% tnaytg57Qeaaﬁgdan&bmenaepyef¢@@bhyd¢699FaﬁiE%
or a salt of mﬁﬁﬁﬁﬁﬂb i %e. g., sulfates) may be used. The rgggggigﬁg?g
reaction may Q&)%&LECt@gebgegé%ggﬁjﬁﬁme(hﬁﬁsﬂdanqy1ﬂm@eré&cf18ﬂ

of, e.g., about

20 can be suitably selected from within the range

and more

30 minutes to 48 hours, preferably about 1 to 36 hours,

i the
preferably about 2 to 24 hours, and the choice depends on

reaction temperature and pressure.

Incidentally, it is possible to raise the rate of

’

i - ced.
a carboxylic acid or a peroxide may sometimes be by produ



32 mxture while renoving anmoniumresulting fromthe reaction. Exanpl es of
the acid are hydrogen halides typified by hydrogen chloride and hydrogen
brom de; inorganic acids typified by hydpgfluoric acid, hydrochloric acid,
hydrobrom c acid, 5 sulfuric acid, nitric acid, and phosphoric acid; and
sul fonic acids typified by benzenesul fonic acid and p-tol uenesul fonic acid.
It is preferred that the acid is anhydrous. The reaction, asin the

oxi di zi ng cat al yst - produci ngstep, can be effected in a conventional manner,
such as in a 10 batch-system sem - S¥Sis@Peaftf oF Molkbicnlals OXYSEEM As
the reactor, a reak?® o"rhf%/\m’%ﬁ?‘?rbcesiorﬁblao;‘fqto t he one used above ca;tthe g
enpl oyed, and the reactor can S eptheareiegl puer innacopbVeRHIGRA t h
ot her react okbe %%@ﬁ%?%r’é?aglg;ogoﬁggnti onal apparatus can serve asq};ehae
‘reactor, and the reactor 1 ed ik dihesFet ath y i -gmmoicks e STRET Gty
utilized as maRper: FHC saié)oisllzi le to uslg@ﬁt he obt ai nedhgé(i ditz‘i)ngqe::?aétail ést
N- hydr oxypht hal i m de |t I8 e ragctibainmdy be odrx ©3aPYt

sol uti on-preﬁ&P&f"PBﬂu)ftsé‘b&ﬂ}éboverey of the nmetal conponent fromthe {ve
co- oxi di zi ng 2.0t3 nt ; n%hggﬁgaﬁpga%plﬁemwamefmmamrdiozi RY adericthb
serve as ?he 934t ﬁ;?t o] e catal ytic sol ution-produci ng step. Fi%ué‘gsz IS
a flow chart h(%%g_%tqra%t Dgho PobRGefpLoyan o AwapesseeParRtREG PP 3

for the cat al%- generating process for regenerat i_ng t he cat al %Séonen
denat ured or deteriopaggdarBetsaaided tiy bylowerrbadtiss, PPHR pFBeRes~ 0o
this enbodi néht 1S basi cal l y common to the process.shown in Fé:g“%gngtiggat
is, the catalyyg Epﬁé:ﬁr}{g)@q@p s;nﬁahaﬁtﬂlfb@rﬁqwlr%t]ia&?rm sPufFe y 33
means of the catalyst-separation unit 3 such as fil ert'h% Bgﬁagrgthgq use
cat al yst - r egeperRtiny) reddtdi3.£dm nemo R R WA e genfal T ng 't 13, the
catal ytic conponent [e.g., a polycarboxylic acid corr NP chatliheocus de
conmpound, oor é&n%@mhdemﬂ’nﬁd@bm‘eebhé?’ééi P ht h’gﬁ%e‘f‘ﬁﬁiﬂgbphf hali c
anhydride , or the like ] denatured or deterjora i4} agliithelYohé s£mpd ed
by treating ogyseeatiearter prhgembxprAFPRYS %Iﬁegagcyec i'ng reaction is

carried out while supplying oxygen or air an & NSo AP 18g W ldtular
produced in t bgcleatkaos. o MOReE A 8XYPSH; ﬂ%]l': c;%gﬁgge obtai ned in the
following manner . That is to say, in 2 IAliddNFEron tonsl qr a
amoni a ( thi sxyggnde &FTBRLE \ﬁﬁ%@ﬁr’leg%%rg‘ ciﬂg isﬁfﬂt#%e brth
catal yst-regenerating unit 13 ) is | di gedh it h R pevtas) dnaenhiehf vren a
nitrogen oxi de@lnoaliiy af (,Sé’tpﬁ]?sf’ofgé't his oxidizing reaction, a 15

pl ati num tigsetlecaaé[tallo%s%oitn%o%%%eérsagkg sippoyed. mdPpeveainadgyem the form of a

t

ici ition
nozzle for raising the mixing efficiency. The order of addit

i an
of the components 1is not particularly restricted and these C

be added in any order. The reactor may be constituted of a

single or more than two vessels connected serially.

20 [Catalyst separating-step (B1)1

Using one or a plurality of filters 3, after the reaction

. . . _ the
mixture in the oxidizing reaction 2 is cooled if necessary

precipitated catalyst (e.g.., N-hydroxyphthalimide) is

filtered out. The cooling or filtering temperature 1is about

25 0 to 100°C, preferably about 5 to 70°C, and more preferably about

10 to 50°C. The treatment procedure in this step can be

i i i . the
performed continuously, batchwise, or semi-batchwise As



oxide NOx is recovered in a recovering colum 15. The NOx can be recovered
t hrough. an extracting operation using an extracting solvent (e. g.. water),
a crystallizing operation, or a distillig operation. Hydroxylamne is
produced by 20 hydrogenating the recover nitrogen oxide NOx in a reactor
16 . The hydroxylam ne thus obtained is fed to the catal yst regenerating
unit 13. The catal yst (im de conpound) recycled in the catal yst-recycling
unit 13 is separated by a separation unit 25 17 such as a filter, m xed

with a cycl ane if needed nd then reserved in a.ta 8. . When_usi ng
the cat al ystE 1 1P GofEmgondt Griek i e repntRERa L S bt ehRertdo
dehydr at ed, fed to the mx| vessel 1 for the preparation of the
catal yst . (ﬁ'{%f’erif eesrsdehsana © aavnaolry?liag%l[em ytic conponent separated by the
separation unit 17 1.8 SHRP!I t j.St4 1 1] q(r% ﬁﬂg t _
distillate (Il ower -z'l)dm 9 ng ’pc;cﬁ%t s%@?rap%ntze& )Adfﬂrqaglr#%e rg'saelr ead {(}gen B2

subj ect ed t%,gir&ﬁq@rgggh@g e FE)eOI:ei:{}%Lza"\@ét Q LéQQtPBh@\;{&P&W?'&%ay

[ Sol vent -renovi ng or COVer | step en enploying a solvent 1h the

oxi di zi ng reactbABefafdtit PRESON 1M PEgen 8GO, NS thAnNg 19 hé b1

point of the solvent , 1o the solvent may be separated and recovered In a

suitabl e st euidie asdeobille) e bR féesveebatth@feﬂ&mrar BabHeteiRY the
conponent separating step ) , or it nmay be separated and recovered by

addi tional | yeeetlyti "G aArinatiieovah tikNeboiitertNartee it May
be recycled to the reaction system or 15 may be used for preparation of

t he above- memixtned feamawiich Slioé Wd tdly H @ Wompdneh tahklsobe shasépabareag
still another enbodi ment of the present invention . In this enbodi nment (
there i s shdowy thepfddées Boissapfaietted ttnd separartimg atep vEnthéoacide
case 20 where a solvent having a boiling point higher than that of a

| ower - bdP| i mpmpminentdi(B3) lande thery.to s etdmamatid)g sutdp asf atleg cloeekane i s
used. That is to say, the reaction mxture fromthe reaction unit 2 is
suppl i ed t o bitlengh@indr cemponanta (Ghler - boi | ing point 25 distillate from
t he overhead of the evaporator 21 is subjected to the sanme | ower-boiling
poi nt conponent sdpsidEnt@ldiep i thes Gty HhSRPaatiMe BEeRr thed, a

distillate fromthe . 35 . i ,
catalyst is separable by a conventional means (e.g., filtration,

distillation, crystallization).
15 [Acid component separating step (B2)]

The reaction mixture sometimes contains a by-produced
higher-boiling point acid component or a derivative thereof
(e.g., esters). Therefore, the reaction mixture is usually
subjected to a separating step of the lower-boiling point

20 component after the higher-boiling point acid component has
been removed by extraction or distillation in an extraction
column 4. When employing water as an extracting solvent, the
extracted component constituted of the higher-boiling point
acid and water may be reused in an impurities-removing step by

25 hydrolysis or the like which will be described later.

Furthermore, the extraction may be conducted by

distillation (extraction distillation). As the extractor, use



bottom of the evaporator 21 (e. g., catalytic conponent, higher-boiling
poi nt conponent, solvent) is fed to a desolventing colum 22, and a
distillate fromthe bottom of the desolv?gting colum 22 is supplied to the
catal yst-separation 5 unit 3. The catalytic conponent separated in the
separation unit 3 is fed to a catalyst-regenerating unit 13 simlar to the
one descri bed above. Wthout being subjected to the abovedescribed acid
conponent separating step, the higher-boiling point conponent from which

the catal yt i&adjcpmg;)iﬁ@ﬁ gggﬁ{gsrmgﬁﬁn%g?ﬁﬂﬁgg?téﬁ@/ﬁ?é@p@i@gﬁghuni t

3 is subjected to, via olyzing co he "saponi Tyi ng col um
8, a higher-hail.l i 0, SENRS i St K | t @itheoPhREer
descri bed ab%}!eé.fdgm?a‘lg%tb%er gﬁ%‘%dpart %}f‘ da}'g(%?ls?iefnlgggglt?Pgmgt he over head
15 of the degplaenting colum 22 is recycled to the reaction systemfor use
as a solvent and, in a mxing tank 23, the rest of the distillate is m xed
wi th the catal eredeiernabedolintt B h@hiS%eF%&%&Qf ist@punial )3 and the
distillate fréﬁ?%%e botton?og t he fi?@? distilling cé?tnn guof t he

| ower - bokl i ng 20 pojteaetROAaN xS€PE Al the SxEPlzIhgneaidter 2t bentasnkt ant
m xture in the mxing tank 23 is fed to a distilling colum 24 for
recovering airk delwelr-adigidd @ aiattal semporcanp ofemiiprfseld séf | | ate. f r ohet he
overhead of the distilling colum 24 is subjected to the above-descri bed

| ower - boi | i neyqimaltk axssosEn turite sepad atwalest epoleent a Howertbateihgom t he
bottom of the distilling colum 24 is fed to the above-descri bed m xi ng
vessel for tpwimpr epanatitoies heanshttiie thighat thebhing PeivkepoBPRRERENt
havi ng a boiling point equal to or |ower than the boiling point of a

| ower - boi | | ngcqrenTits &b rafonentg sucky akoa Heangre o %@k 1 Karept oydgherr s
possible to recover the solvent in the |ower-boiling point conponent

separ at illg Repling eqint Wipuyrt¥eskt JdinsFigunsy %ol%ﬁﬁﬁraaiﬂd’?é?fset% t he
reacti on solvent . Myreover, when a solvent having a boilig .RQi nt thQer

than the boilQ¥RERAMENGPOLRE EYRPBRLRENGRN P 1HE 1OV G g pg+
| d, [ nent taini t h | f b bject ed h
ox| dat o StUIPURL CLES yiT O SIS TAC P bA WG STED Mhteh the acfa
| oal k d l.oal | ve, b
et on tRRMRnE S RO SO REELe EP B St b o PEEBTOE 2 it e

o he | 0BT e 1L0% PRI 199TRANER] oAR" PAILADLL DR e AR Brand e

hi gher 15 b conponent “contal ni ng the cycl oal kanone and

cycl oal kgnol riyf §enite el B9 s34R186GCEHpELat NN ¢ ol AaricTRAR FonhGistieRy thiegur e
4 is a flow chart™illustrating anot her enbodi nent of the present invention.
In this enbogidEM1kdhEnd eaed | OFc POa Tk ah ol e(highde-psilidgngoiractor 2 is
supplied to a distilling colum 32 for separating the m xture into the

| ower - boi | i ngomesRORENtandng dia: ihiighes cbaithiing ngotipenemner -Siaiiliarg poinie
above, a lower-boiling point cut fromthe overhead of the distilling colum

32 is fed t ocomponhenstcatisstitdiied ofolthenccPdadkane hewseeoncand] dihe Liikg
colum 6 for separating the cycloal kane and the | ower-boiling point
i mpurities favenddadhildtetepffafmomns djecbrstiomcanhdheopEerbspd of ths fdrst

conponent 37 separating step (C1). .
20 distilling column 5, respectively. In the second distilling

column 6, a distillate from the overhead of the first distilling
column 5 is separated into the cycloalkane which is distilled
from the bottom and the lower-boiling point impurities which
is distilled from the overhead. The distillate from the

25 overhead of the first distilling column 5 is fed to the
distilling column 6 via the decanter 5a for separation of water.

Furthermore, the cycloalkane separated in the second



On the other hand, a higher-boiling point distillate fromthe bottom of the
distilljng colum 32 (catal ytic conponent, higher-boiling point conponent)
is, if needed, cooled and 5 filtrated by 3 single or a plurality of filters
33 thereby to filter off the precipitate& catal yst. The resultant reaction
m xture from which the catal ytic conponent has been renoved is fed to the
distilling colum 39 for separating the higherboiling pointconponent and

t he higher-boiling point inpurities 10 fromeach other. Simlar to the

above, a distjl] fromihe overhe e di s il i o. 91i
supplied to 1ﬂFﬁfW$ nﬁoi‘g{“ﬁm% Eio g%‘ayéﬁ%jaeggegh%oﬂn%ﬁgn%i g%g??%oill ?rrlg

poi nt conponent .separ at i ( I td t I aere sand
cycl oal kanol O¥1dhs ré%hr%%] e(?E.\ e#he%p&%&tegg%?c fgg%lgarl%gl ang ?%lcfl'éecycl ed to

Lhe reactor g.,MLequeinedl oBGE - Pp!hapUnROuBbal EBUEKEEEEERGMRRErDELTOM of
a distilling &b urm contalns the catalyst, a higher-boiling point acid
conponent or | i - fiQf €hei préduist Botbediepeof, thdieranut
havi ng a hi gﬁg?gg(é)ﬁ(ﬁ%ge%o?%'?iglg%{ll (I;_}Pg%éf rom-t hﬂé‘r bot t om of te%z 20
distilling Cﬂb‘dﬁ?iﬁ?g Lﬁyék‘@ 186i58) aceatabyshtaggevering unit 41. Simlar
to the above, the higher-boiling point inpurities may be subjected to the
separation steps fohe SR bPPldtes betatalsyit land erlunt dmecoysrigrg n
derivative thereof. Incidentally, in the present invention) the 25

hydr oxyl am ngpRuRAYCHAY S6€RxaMPIHE Biehaboattaby so- 0 pduns frraitkp atertlaf ic
sol ution-preparing step, |ower-boiling point conponent separating step,

cat al yst -regepeg@l i Mhesd £t i Bthd beerals osohae e cendythgd @it akeyashiarf
step is not necessarily required, but a conmbination of the steps £ A)(} ( B
) ( C) withteheeratarebof labogtpite 18070 dmaat erabdivat Ahgut4) tios120°C) .,
advant ageous for providing cycl oal kanones with high efficiency and the
catal ytito 5 sobotiton- pewparatyrst ef abres pp Bﬁsggﬁl% &F . abou
cycl oal kanones steadily. The order of the steps_.is not particularl
restricted ad@ thel®N°ar angyatha BressiEs: of r bk tor %Be%é" o‘@srcera%r P hove.

For exanple, after the |lower-boiling pqgi nt conponent .is 10 separ rom
the reacti onakpo’tudd0 MrEe tRe Or %m%t'aﬂtel)rﬁ % Gy iie SESSAY a{leo? ﬁﬁ%&é

lyst, the acid _a_derivati her eof 0 a
Py gher < boi | | (3 H6PARSBBTpoRent SLFELFOEA BYSFRE EhpaPabPaq or ohd®

cycl oal kane from the hi gher-bailing poi r£ d1Si sed
15 anot her oSOPYFSOLEFaMI g “t e gg‘a(ta y%ﬁgﬁﬁ% t-g{c}aledﬁcéo‘?rlp%inée% p%\?pa;
derivati t her.eof .fr i i X apditfenosepreatirapiyhgbout

| ower - bo?‘{gi nfuﬁgﬁarﬁlecggn%gﬁgn%%% (ﬁ}e“ﬂh’i E#E?Fbgi Illﬁr}g poi gt comongnt from
the reaction myg urg fromwhich the inpurities have been renoved. It is not
necessary 20 to separate the catal yst and by-produced acid conponent or a
derivative thereof pgadiiidiadddat Bt ofayhd € ovesmiedli 1 ingpe istepompbnenter
in the present invention, the cycl oal kane, the cycl oal kanol, and the

cat al yst are NQiofiaaasisaidl wepmet iash neandanaxile zémploredt | 9achras
hydrol yzi ng or saponifying 25 step, as the reacti on apparat uses,

conventi onal dreSersdet o) ldalsitd 1 land onheeshpprasdfionheand mitHast k. vF 2

spherical or columar. The reaction apparatus does not require_a parti_cgél ar
50 combination thereof. When separating the lower-boiling poin

t

component, the lower-boiling point component may be separated
from the reaction mixture by azeotropy. Moreover, though the
lower-boiling point component can be separated from the
reaction mixture merely by distilling the reaction mixture and
25 the separation may be carried out in a single separation step,
a multiple separating step is advantageous for separating the

cycloalkane. If needed, water and the cycloalkane cut may be



39 nmechani sm i nsi de. However, the apparatus may be equi pped with a unit for
control ,of mxing, such as a draft, or nenbers such as perforated pl ates

wi th which the inside of the apparatus iaﬁseparated into a plurality of
chanbers . Moreover, for raising 5 the stirring efficiency, the apparatus
may be equi pped with a nmechanical stirrer such as stirring blades. Further,
a single or a plurality of reaction vessels nmay be used for the reaction.
Furthernore) as the distilling colums and extractiondistilling col um,
there may be used |l at e col umm e diplatgt CohHWBr-Bokas K

t ower (regulﬁ?pﬁﬁiggg ?59ﬂr?au?rggﬁ?%?bgaéégéﬁbgmgﬁ Ca gubble tomer,%gr a
val ve tower._ As_lhe extractor.,, I seslyifsi 520NN IR heReS,
such as nixe?‘?%%{:t(fcg?%?n ?)fgﬁgitgg-lgldg]\e{ @g??r?ns splrn?;/ct owers, packed

towers, ring, & Rigl gg,;gfggingf Pha' ¥alksCoBthRbORN L EnEOLUEN (uahdgCw |

col unms. As onventional ones such as natural circul ation

Lype- evapor augLgy RIdZPAL 3liddie £YRHBIGh AT chalyhTkase bud 2 rensaye
short-tube vértical evaporators, horizontal -tube descending filmtype

evaporatof s, E%Qaﬂhﬁéﬁ%&i ¢ak dasegndiRanki eadypen eyapemadwsrs wiftbroaed 20
circulation horizontal tube-type evaporators, forced circulation vertical

tube-type evaposelehtiodNttRidydirmhifiidie evapownichsis madsi matle mirer by
plurality of apparatuses may be used, and these may be used either singly
or as a combi-BableAgOfimp¥ei®heBDLRekdomOf iappasat reesabls BRDESTRWAL
APPLI LI CABI LI TY According to the present invention, since a specific 40
oxi di zi ng camakwystails fege@dhkoretbeioni.dati on of a cycloal kane, it is
possible to efficiently produce a cycl oal kanone using a set of production
equi pment  wi t hpopahYoi&s ngepadahynig ogtent { agsteppforbsebaER}F1REedpr esent
invention makes it possible to 5 produce cycl oal kanones at a high
conversi oms dedilviaghveelodctthei sicdd epaponeddr) B3 lconditi ons, and to

effectively utilize a catalyst wi thout deteriorating the activity of th
catal yst. Further nffhe, mb&hﬁmtf%wbi'éht%tmﬁ?rm‘?ﬁg&é%@ ing f?éx'tﬁoeréeérhf

i nvention can provide cycl oal kanones with 1Q.ecqnon cal advanta .
EXAVPLES Her diasabeen, SeRarpted iy th?v5ﬁﬁs$n89fﬁﬁggén§eg8?\nﬂ%g§ i% Rt

Mhvent i on. SERRIARE CSdRAG S o reta g s dp dRS el e
R o oy s R L PR SRRY £%aSk FUEbREIERSed0agP Pl stonucea oo
15 +the oxidizing reaction, and the like. For separating such
impurities, it is preferred that the reaction mixture from which
the lower-boiling point component has. been separated is
subjected to an impurities separating step. A cycloalkane and
cycloalkanol of higher purity are yielded through such
20 operation.
In Figure 1, the reaction mixture from which the
lower-boiling point component has been separated is fed to a
hydrolyzing column 7 for hydrolyzing treatment. With water
contained in the mixture being refluxed, the treated solution
25 is neutralized and/or saponified using an alkali or a salt
thereof in a neutralizing and/or saponifying column 8. Since

theaqueousphase:h]thehydrolyzingcolumn'7sometimescontains



(2) Oxidation step The catalytic solution prepared in the above proportion
, cycl ohexane, and air were fed to a reactor 2 at rates of- supply of
840g/H and 1.3 NnB/H, respectively, and t m xture was 25 reacted at 160C
and 40 atmfor a residence tinme of two hours . At a conversion of 11~, the
cycl ohexane was converted into a cycl ohexanone and a cycl ohexanol at

sel ectivities of 40~ and 41 49~, respectively. (3) Catal yst-separating
step The crude reaction mxture was cooled to 20C) and the catal yst was
separated by filtration.,at a rate.of 9.8.a/H, _The 5 catal yst was
treated by iﬁ&ﬁh@FéhP&Eng P8&8%e}mpﬁgl§5 R ﬁfafaggi?%gggin and t hen
recycled to the reactioR,sy u n;an tracti Egﬁp 4

equi pped mﬁtﬁ°PP85§n§AS) Va?ég, &ﬁéopgi?ﬁﬁgkel%aggéugﬁe%tggt?g an

extraction step w e 3 ' aVvi- & 84 ixt
hi gher - boi | i ﬁﬁgféfe%gf‘ t lﬁ{r\%iilheg'lﬁhl e ?%’Qﬁ%ﬁeaﬁrhaﬁ% ?it Eg ot LONpenent

separ ating Skeny fndcReLfgh 2l £ Bl o fo GOLUATL Enddd) Ih QtldiMeralise ing he

or gani ¢ phaseé was separ at I nto cycl ohexane/ cycl ohexanol (KA oil) and the

hi gher - boj | i g apaink apBAReYeRl BY1ARANS D4 Sdb FEANd ARy Dhitticar-wling

cycl ohexane. istillate was separated into the aqueous phase and the

cycl ohexane phase R¥mpodendnkeparatifgt Reeprairteranisemrectas been
perforated-plrate colum 6 with 30 columm plates, the | ower-boiling point

conponent wagepRRAtAIGEErbnomhd Oy byhaxanguphasepafato? O dgycamher adw) f r om
the bottomwas recycled to the reaction system (5) Inpurities-separating

step As to the sol gheorlafmihheikA oifl iapdriitdelsi glesulyeid ifmpmpdihe
conponent, an ester having a higher-boiling point was hydrolyzed, using an
aci di ¢ aqueohsydrellytsien of theeneutdahivatdonsand oxsapondifilionfisgt ray be
obt ai ned above and a perforated-plate colum 7 with 30 colum plates, to
separ at elpar tefiffectiedl hiyghist bblatinp 931 reagtiye dhetibpatieRd AHPTLNERT t hen
42 incinerated. As to the distillate, using a perfonaped-glate |l umm, 8 with
40 col unm pl dtteds @i apesEiblet @ 6ApMLEaE eothe IMpNRidiias P¥reARER tHo -
hydr oxi de aqueous sol ution and 5~ by wei ght by of soq%%l carbonat e aqueous
sol ution ni xextnpation. exdractiye digtd LiGtd g et i?a%ﬁ"rff“' or

hi gher-boiling points were then 5 saponified.or neutraliz ved
The di stil | at®ReR i€ iqedUEiPg ‘t’%@e’éqﬁ}b&s‘ d<e®and St"‘ﬁgc ﬁﬁg&r %@Ehas% by

lliflgﬂgr [Dbgi ??Cﬁ%%q’ﬁtaigog}égﬁ Mtegé%%fgﬁiﬁég %s‘é‘%&véfééé’é(ggs f(o@eliminating
15 the impurities more efficiently. The neutralization or
saponification may be carried out, using water or an alkali or
a salt thereof, in a continuous system, a batch-system, or a
semi-batch system.

At this step, the temperature for saponification is about

20 50 to 200°C, preferably about 80 to 150°C. The pressure is about
0.001 to 20 atm, preferably about 0.1 to 15 atm.

There is no particular restriction on the choice of the
species of the alkali or a salt thereof, and examples of which
are hydroxides or salts of alkaline metals (e.g., lithium,

25 sodium, potassium) or alkaline earth metals (magnesium,

calcium), such as alkaline metal hydroxides (e.g., lithium

hydroxide, sodium hydroxide, potassium hydroxide), alkaline



As to the KA oil phase, the noderate-boiling point 1 conponent was
separated using a bubble tower 9 wth 20 colum fates. Using a
perforated-plate colum 10 with 60 colu P fates, the product

cycl ohexanone was collected fromthe P réaction m xture conprised of the KA
oil and the higher-boiling 5 oint conponent. According to this process, the
purification 1 P efficiency was 90~, and the purity of the product was 99~
Further, cycl ohexanol collected fromthe 50th colum plate fromthe top and
recycled to the re ion s st a ﬁﬁﬁﬁ y.

cyclohexanod@eF { ﬁ§§r09?8 rE %@tﬁou US?%Q a eh?gggégﬁg?ggbonate

m e bl L e zfi‘fﬁgﬁgggﬁ."g‘%?%} BRI FrEEPhERREoRated.

col um 10 wad

sol uti on-pr C ol n 0 i of
>0 ¢ o onoxuikalthg fRLAY @hﬁhxh%%@péﬁa%". m“’é%*ﬁ%‘%‘é%%%%ﬂa‘%ﬁﬁsﬁtﬂ“ﬁ

acetonato 64glhthonafs, (2boE§bQ§Eh°”c§E@%ﬁHﬁéﬁxﬂfﬁhﬁdliﬁéﬂL@aﬁﬁhprQQQEQd in
t he above proportion, cyclohexane, and air were fed to a reactor 22 at

rates of SSUPRgerJ:l@éQQ/eHgan%&gﬁe% dresherd | ¥elyiuantydiexde) Uamdras

5 reacted at 160C and 40 atmfor a residence time of four hours . At a

conversi on 0§1R2TinEY&h PR XAEECaYEaEPONatEEd (ENHO, amayehshanarambonadt eq
cycl ohexanol at selectivities of 89~ and 5~, respectively. (3)

Cat al yst - sepgaating Sdepoddtde Trudeceeaatrygnamnahiiacomsn cogagdia GazeC,
and the catal yst was separated by filtration at a rate of 158 g/H In an
extracti on ceéugn, 2dmenespprdywbehusedgs Brpfareed ahkaillikt pxee aldaline
subjected to an extraction step with water at 20C to extract an acid having
a hi gher - boi héhgl poydtomhdes hie 1d ke 11 th6iym hytdnesridsoi Isofg ywohydroxide,
conponent - separating step In a perforated-plate colum 25 with 30 colum

pl ates, Xthe DogaﬁStUphhzérmaidggparated into KA oil and the higherboiling
poi nt conponent by neans of azeotropy of water

d . Th
distillate was sephf ANeAARRPWYS SIRd Uide@o (9T 53 YRT: 3 g%@et fﬁﬁ%@%r &fé&e?eHé’

hase by a decanter. In a_perforated-plate
Phe Iomgr-boPFPnﬁa%oP%ﬂm%%gﬁHhéﬁtaﬂ&§%§§p§PiPéaoPrﬁﬁ¥fﬂg %y@? ef%%@ﬂéhase

The cycl ohexane, fromt tto was, recy d the reaction systemfor
reuse. 25 (5?r|HﬁaPPF.ZEr§ ﬁﬁ? ¥ng 89% SAE ég)He sol ution of the KA oi

and the higher-boij}89,R0LRE SBHBGAER he18R 63 Shehatiad s eer-al | (a0

pOI nt was
15 slurry) can be selected from within a wide range, it is usually

selected from within the range in which handling easiness is
kept good. The concentrationis, e.g., about 1 to 90% by weight,
preferably about 5 to 60% by weight, and more preferably about
10 to 30% by weight.

20 [Higher-boiling point component separating step (separating
step of cycloalkanone (C2}]

The reaction mixture from which the lower-boiling point
component and impurities have been removed contains the
cycloalkanone and the cycloalkanol, and impurities having

25 higher-boiling points, such as the by-product(s) and the
catalyst (including the co-catalyst), may sometimes be left.

Therefore, the reaction mixture is subjected to a higher-



44 hydrol yzed, using an acidic aqueous solution of the acid having a

hi gher-bhoi |l i ng poi nt obtained above and a perforated-plate colum with 30
colum plates, to separate part of the 2;g¥er-boiling poi nt acid. The
separated acid was then 5 incinerated. othe distillate, using a
perforated-plate colum with 40 colum plates and a sol ution conprised of
5~ by wei ght of a sodi um hydr oxi de aqueous sol uti on and 5~ by wei ght of
sodi um car bonat e aqueous solution mxed in aratio of 1 to 1, the acid and

and thon r onBubdr bt PAmBAREb] AR At ey F T ROBRAELAAG S6OR B
(8 H gner - barFF it 9 LIS AP, 101 ol PR e AR ERE P S
20 wi th 20 B Birt SRR Uq P I HPB SEPEY Al e M oRel PR ™
mxture com P san SRRk D R R D e ent The

purificaty onoyighgdiRf ¥genP3i- and the 20 purity of the product was 99-~.
Cycl ohexanol, collected fromthe 50th colum plate fromthe top and then

recycled to the repghtan SYSiFEIGuMas , Caps bl ghelr -easilliygoesuet idofponents
cycl ohexanone in a 97~ yield. A dehydrogenator, which is conventionally

required, wagrB80sépagetedSbyes@SSEY ng Tiiee higdiert hoie i fagpnpdile beonipom erft
was incinerated to recover the cobalt contained therein and then recycled
to the react ths sysseioriYEise.colulm O7roCehal setond ghldridtl ing stodmmmd
Catal yst material producing step As to the catalyst, the catal yst was
regener at ed 19iamy lictddyliag o&f arle aypedoadkaneaephndet e highexi-theiddng
colum 5 plates (regeneration rate: 95~). The regenerated catal yst was
recycl edl@ o phéntdamnimitinstrendhecpvephead aadhghe begkom, i FhFRetively -
therefromby a perforated-plate colum with 30 colum plates, and then
reused. Mor eMPEEOVERe éycﬁgﬁeﬁéﬁélﬂﬁlpﬁeceépwmyép'wé§eaP§§¥99$%ﬂQ9}t%?the
reaction systemfor reuse. 10 As to the hydroxyl amqi ne which.is used when

R L ol A I A
?ngnir Zag%/;)rpptﬁggﬁ‘ég‘r’n g})‘ﬁm Y?{eaor%gé’iﬁér‘%t PERPSE ?geilﬁgjf%? T O LHE b6 Eiegall 'tnhg
NOX with ring® &%%F@EO@?P&&% BN Fls%,’g‘&g(r‘)’a’%d%%i’atﬂr%gﬁaﬂra q—bi‘% i nS
POt i oo TPk 3$RIRR! bOSudh oy 1AL AOES HlD ot o) 854EBAALA Khe

reaction.” Exanple _ ) ution-preparing step”A catal ytic
sol ution was prepared ikl RLORRhiRRE a0k el ¢yRAich1Warie HHdre .

N-hydroxyphtﬁéllnlde 160 g/H and cotalt acetonato 64 g/H (2) Oxidation
step Accordingly, it is possible to form cycloalkanones efficiently
without a dehydrogenating step. Incidentally, lower-boiling
point impurities contained in the organic phase in the
20 saponifying step are distilled from the overhead of the first
distilling column 9.

As was described above, in the case where a product
resulted from the treatment by means of extraction, hydrolysis,
saponification, or neutralization in the impurities-removing

25 step (moderate-boiling point impurities) is left in the

reaction mixture, through a distilling operation utilizing the

first distilling column 9, the moderate-boiling point



25 The catalytic solution prepared in the above proportion, cyclohexane,
and air. were fed to a reactor 32 at rates of supply of 840g/H and 1.3
N8/ H, respectively, and the m xture was;y, 46 reacted at 75C and 40 atm for
a residence tine of 4 hours . At a conversion of 31~, the cycl ohexane was
converted into a cycl ohexanone and a cycl ohexanol at selectivities of 90~
and 5~, respectively. 5 (3) Lower-boiling point conponent separating step
In a forced circul ati on-type evaporator, the crude reaction m xture was

separat ed i Qi %i'ggwtag-gbgblnwsb gl fh &8VBROENSs CORD " d sk £ 1 sy doharane,

wat er and othérs) a I gher-boi 1 ng pol nt conponent™ conprised of

acetic aCidcy%ﬁ%aiQaﬁéd@|and*%%d¥@a§k%%bland others. Using a
perforated-plate colum with 30 plates , water and the cycl ohexane were

separated from t hgnkOWahbERIol Hiba 06 Bl ERERARAAL 1A PEE LM (e b iey
resultant m xture was separated into the aqueous phase and the cycl ohexane

phase by usidgdumndesaft BE- aPoh VeIt ®d i Ppireffeiraib1i6 adeionentoves. sefe at ed
fromthe cycl ohexane phase in a perforated-plate colum with 30 plates and

the cycl ghexanra iinamqgt bpheition Wwan et yondhdted ket rapnaviearhesyist em f or
reuse. (4) Solvent-separating step Acetic acid was separated fromthe

hi gher - boi | itegp@atemeo e tabowtpsi Ted 20f0°aceprefacadlyt ha0KLool20°Ghe a
catal yst and others using a perforated-plate colum with 30 colum plates ,
and recycl ebatkarhéempachitaresyst @bofibr5¢ s @506) (preferably. sepemtitThg
step The hi gher-boiling point conponent conprised of the KA 25 oil,

cat al yst andoihefd) wasl soptressure 20Caband 1 HarHg e 28t Aty stPrefe PHT at ed
by filtration at a rate of 158 g/H Using a perforated-plate colulm wth
30 col um pllegmHg: e Eseém)wi 8Ad the eheigmciepRnds nep pittsremtes il in
the filtrate was hydrolyzed with water to_separate part of the

h
hi gher - BBi | ithg soicHrad&anongd The déghidialigri Bavabesppréorngd dn a
i nci tion treatment .. As to the distil]ate, usi f or at ed-p| at
ol U w t h SRR PRAPES - S RIS oY B ELaB S AR W AHE of
di um hydr,oxi de, | ution and 5% by . wej ght i
Saueous sof d nohi EaHTPnteE Pk RS s BREH: 4 koo PRCRl R

havi ng a hi eqibqjling%ﬁoint wer e saponified or neutralized, and then

renoved. |0 igﬁﬁ? i'ling point conponent separating step The

distillate was seqaraledloLa higARKeALT AlRse B0t (e pAndi impliape; b8 2

decanter, and the water separated was refluxed. The noderate-boiling point
conponent WassERA A &3 dd ARd M HEdmPIde RIS il iN0L Bh P WDl Bt OVRrigvi th 20

columm plates . 15 Fromthe KA oil and the higher-boiling point conponent,
t he incinerated for disposal. However, in the case where the
higher-boiling point impurities contain a co-oxidizing agent
(e.g., transition metals such as cobalt), the co-oxidizing
agent contained therein can be made reusable by supplying the
20 higher-boiling point impurities to a catalyst-recovering unit
11 for separation.

Incidentally, a means whereby the higher-boiling point
component is separated is not limited to the above-mentioned
distilling means, and a conventional separation means such as

25 condensation, distillation, evaporation, and extraction, or a

combination of thereof may be employed. Preferred separation

means include at least distillation means. Moreover, the



product cycl ohexanone was col |l ected using a perforated-plate colum with 60
colum plates . In the production process , the purification yield was 91~

and the purity of the product was 990. 29, Cycl ohexanol, collected fromthe

50th plate fromthe top and recycled to t%e reacti on system was capabl e of
easily converting a cycl ohexanone in a 97%yield, with consequent oni ssion

of a dehydrogenator. The hi gher-boiling point conponent was incinerated to

recover the cobalt therefrom and 25 the recovered cobalt was recycled to

the reactio dﬁﬁ?ﬁ%@L%%&lgﬁﬁagoiﬁ%)i Al ¥l s rHaE M8t BIoal RAno148aASbé O

the catalys e catalyst S regenerated using hydroxylam ne and a

per f or at ed- pj;atq 1GQIUIR W tHe30vePhUHR Rhat ehe ¥6tEsm®F StnE cafsi Deeng
renoved, the regenerat eg catal yst was recycled to the reaction systemfor
reuse . AnmoRyq

Rtc§ , G A St SrSUP) ARl thb T diFod Bakidie cadl bbasgbat dted
amount of a catal ysf 'denatured or deteriorated in activity was small, it
was treateddprlgilgegengration, and the denatured or deactivated catal yst was
ascertained to give no influence on the reaction. Mreover, the cycl ohexane
in the cgtal yst wasirtheahoae, ceyel Righertbeileagt poinsysoeponadtrvagede As
to the hycroxylam ne for use in regenerating and producing the catal yst,
t he hydr oxyamspdieatess ipr adecadlbyonxadhal hjplendiastibkingaet osepanabhng
by- produced upon the regeneration of the catalyst with a plati num based
catal yst to gfiefe aRoNPrévading a gy loaNKane\N208, ckedsplkapeodr BEngigher NOx
using rings & plates and water; and carrying out a dehydrogenation
reaction. plfriG@iydl N8 lis adradsgedus iy cfifdely the weraraaiomeot r bita
cycl oal kane by using an oxidizing catalyst having an imde unit 5
repr esent ed HohghereYagllioe nginsrimpurities dnjgonbinatien withctihat ®fkBRej n
X represents oxygen atom or hydroxyl group,

10 moderate-boiling point "impurities.

=

[Catalyst-regenerating stepl
The catalytic component in the reaction mixture is
separated at the catalyst-separating step (Bl), the
impurities—separatingsteps(BlandB2),andthetﬂgher—boiling
15 point component separating step (C2). The separated oxidizing
catalyst is supplied to a catalyst-recycling unit 13 to be
regenerated there. The oxidizing catalyst denatured or
deteriorated in activation by the reaction can be regenerated
by treating or reacting the catalyst with hydroxylamine or an
20 acid, because the denatured oxidizing catalyst is mainly
constituted of a polycarboxylic acid corresponding to the imide
compound, or an acid anhydride thereof (e.g., phthalic acid
imide, phthalic anhydride). As. hydroxylamine, the
hydroxylamine prepared in the hydroxylamine-producing step may
25 be used. Moreover, free hydroxylamine or a salt of
hydroxylamine (e.g., sulfates) may be used. The regenerating

reaction may be effected by reactively distilling the reaction



whi ch conprises (A) a step for bringing the cycloal kane into contact with
nol ecul ar oxygen in the presence of the oxidizing catalyst, (B) a step for
separating the catalyst( and a by-producgg acid conponent or a derivative
thereof fromthe 15 reaction m xture, ang (C) steps for separating the
cycl oal kane, a cycl oal kanol ( and a cycl oal kanone fromthe reaction m xture
. 2. A process according to Claim1, wherein a first conponent containing

t he cycl oal kane and a second conponent which has a boiling point higher

than that of,yiarld (il 1600BABGIRg2AnABH 16ANEELASLIHG £¥GhoBLLAROAG 20 . t he

cycl oal kanol""are separ ate romthe reaction mxture, and the cycl oal kanone

and the cycl rgg,lzofr é%%ﬁ@hﬁ@ hy@PbEER Rl ¢9PREIRA byShydfogencess

according to I'm 2, erein the cycl oal kane and inpurities are separated

fromthe firgh SAMOMEIE hRbddif i Saldaniific tdw &y of sl £eea! byand

inmpurities are separated fromthe second conmponent. 4. A process according

to Caiml, MBI AHAd, HWEIHRMSHc e defydrsimemidededd, i s
separated by "at | east one neans sel ected fromthe group consisting of

extractign, dwidh@ivsia®iasaneeribcatia) adphephicaliiczactidl. ahd dupfonkes
according to Claim1l, wherein the 5 cycl oal akanone and the cycl oal kanol are
separated frguid typified by benzenesulfonic acid and p-toluenesulfonic
acid. It is preferred that the acid is anhydrous.
The reaction, as in the oxidizing catalyst-producing step,
can be effected in a conventional manner, such as in a
10 batch-system, semi-batch system, or a continuous system. As
the reactor, a reactor which is similar to the one used above
can be employed, and the reactor can be used either singly or
in combination with other reactors. Furthermore, any
conventional apparatus can serve as the reactor, and the reactor
15 used in the catalyst-producing step may be utilized as it is.
It is possible to use the obtained oxidizing catalyst
(N-hydroxyphthalimide), as it is, as a catalyst of the catalytic
solution-preparation step.
Recovery of the metal component from the co-oxidizing
20 agent mentioned above allows the co-oxidizing agent to serve
as the catalyst of the catalytic solution-producing step.
Figure 2 is a flow chart showing another embodiment of
the present invention. Except for the catalyst-regenerating
processforregeneratingthecatalystdenatured(n:deteriorated
25 in activity by the reaction, the process of this embodiment is
basically common to the process shown in Figure 1. That is,

the catalytic component separated from the reaction mixture by



conponent containing a product resulted fromthe extraction, hydrolysis,
saponi fication, or netralization. 6. A process according to Caim1, which
conprises at |east one step selected fromthe group consisting of: 10 a
step for producing hydroxyl amine; a step3Bor producing an oxidizing
catalyst recited in Gaim1l; a step for preparing a catalytic solution
contai ning an oxidizing catalyst recited in Gaim1l; and 15 a step for
regenerating the catalyst subjected to the reaction. 7 . A process
according to aim1l , wherein the cycloal kane is a C4 | ocycloal kane . A
process accarating ofotleatatalysheseparahioryienbh ik HYCHS| %ia:ifr@Foﬁﬁxgﬁg. 9

. A process according to Claim1l , wherein the reactign is carried out in
the presencewfthe sEttadmgt wrganfraicinenits Kiparkd ég‘ef [c&%agﬁ(g eaction
m xture. 10 . A process according to Claim1l , ses the 25

Fol | owi ng SEARPHARALING S ind 111498 Q393 W She P ORoRahar i 19" (Re Fi rst
g(irrponent COpncgfy}cna{rnogo:;}bleicc%%lj,(c)iaclzgraggépgrrllgirslgCt°o”%h%°1 f&g rgorr?poéﬁr?& ’n io'}.gaﬁhe
5 acid anhydride thereof (phthalic imide, phthalic anhydride, or
the like] denatured or deteriorated in activity is recycled by
treating or reacting with hydroxylamine. The recycling
reaction is carried out while supplying oxygen or air and
removing ammonia which is produced in the reaction.

10 The hydroxylamine can be obtained in the following manner.
That is to say, in an ammonia oxidizing unit 14, ammonia (this
may be ammonia which is produced in the catalyst-regenerating
unit 13) is oxidized with molecular oxygen to form a nitrogen
oxide NOx. As a catalyst for this oxidizing reaction, a

15 platinum-based catalyst is generally employed. The nitrogen
oxide NOx is recovered in a recovering column 15. The NOx can
be recovered through an extracting operation using an
extracting solvent (e.g., water), a crystallizing operation,
or a distilling operation. Hydroxylamine is produced by

20 hydrogenating the recovered nitrogen oxide NOx in a reactor 16.
The hydroxylamine thus obtained is fed to the catalyst-
regenerating unit 13.

The catalyst (imide compound) recycled in the
catalyst-recycling unit 13 is separated by a separation unit

25 17 such as a filter, mixed with a cycloalkane if needed, and

then reserved in a tank 18. When using the catalyst in the tank

18, it is supplied to a dehydrating tower 19, dehydrated, and



cycl oal kanone and the cycl oal kanol, and a conponent containing the
oxi di zi ng catal yst, by-produced acid conponent and a derivative thereof |,
at which the first conponent and the secgnd conponent are separated from
each other by distillation; 5 ( ii ) a s?ép for separating the cycl oal kane
fromthe first conponent and then recycling the separated cycl oal kane to
the oxidizing reaction system and (iii) a step for separating the
cycl oal kanol fromthe second conmponent and then recycling the separated

| oal kanol |0 h d
0. G ai m 10, F5heporhe HaF A é‘e%%ﬁfiﬁda"@g?yﬁ%eeé%ﬁaﬁm FB: nBSEdibonen:
t th di t, duced
dori vat ve (@feithir otheTTnsiac A G g et R ey e
t d t | ,
eparated {rOWIRE AL %FL%@E%E* v ST AR 20 2
is recycled to t(ge oxigfliltzl ngldg‘yea‘tctﬂg $t M0t ‘%“Z% éh Py Oﬁfélﬁ ageording

to Claim10 th%W1*%ﬁ+1 uced water separa ron1t e tirst

h foi
component, WAk LARNEL LG 86t dh COTPORE e is 1 ¥BEpVBe ! babeo! S

treated one nmeans extraction, hydrolysis

saponi ficati | @mp ggégg A process according to daim 10,
wherein a stgﬁw {%ﬁﬁélng e cycloalakne and the catalyst, a step for

carrying out t%l%rpszéa%vrie@ctdxorbemxslt@ dtidp] the step (ii), and 52
the step (iii) are conducted continuously. 15. A process according to Caim

1, wherein the oxiypthen %p%ty&h}g% dolvht Whdehe oxpadzd ngepeasendacdbihiehe
formula (Il ) 05,. RL'C~ (r 1)y " RC1l 1 0 wherein RL and R2 are the

sanme or diffgresént e_@%nltabhesaacf&cbﬂglm Ryditegpaialngpod niabbddre aobventn
al kyl group, 10 an aryl group , a cycloal kyl group , a hydroxyl group ( an
al koxy grooupthé €arvanty may bepseparaltkdxgodrbecyveneduln aosuditadchd sgedup;
R1 and R2 may be coupl ed together to forma double bond or an aromatic- or
non-aronati c(eigg; the howemtbeilbngnpainbrnaerchighgrcbapdiegd 8PiRE and R2
may have at |east one imde 15 unit represented by the aforenentioned
formula (| yompanenk sepanatd ngaskepbafihit AaYRS SaBAraL6fand recovered

by additionally employing a solvent-recovering unit. The
separated solvent may be recycled to the reaction system, or
15 may be used for preparation of the above-mentioned catalytic
solution.
Figure 3 is a flow chart showing still another embodiment
of the present invention. In this embodiment, there is shown
a process for separating and recovering a solvent for the case
20 where a solvent having a boiling point higher than that of a
lower-boiling point distillate (e.g., acetic acid) such as a
cycloalkane 1is used.
That is to say, the reaction mixture from the reaction
unit 2 is supplied to an evaporator 21, and a lower-boiling point
25 distillate from the overhead of the evaporator 21 is subjected
to the same lower-boiling point component separating step as

described above. On the other hand, a distillate from the



16. A process according to Caim1l, wherein the oxidizing catalyst is at

| east one conpound sel ected fromthe group consisting of

N-hydr oxysucci ni m de, N-hydroxynal ei m de 5N 20 hydr oxyhexahydr opht hal i m de,
N, N di hydroxycycl ohexanet et racar boxi m d%, N- hydr oxypht hal i m de,

N-hydr oxyt et rabr onopht hal i mi de, N-hydroxytetrachl orophthalim de,

N- hydr oxyheti m de, N hydroxyhi mi m de, Nhydroxytrinellitimde,

N, N - di hydroxypyronel litimde, N, N 25

di hydr oxynapht hal enet et r acar boxi e., Qor, a 1,
wher ei n the%é’ﬁglf?ﬁ't %f e “OXt %rzalqlr?% & 4 y?t %O g& to CfLH“&rr%)blI{e?letldat: \r/ne to

1 nol I 1 S [foleTftel t 1, which
I/\Ert her errpl § %ﬁom %ﬁgta%on@oq{ CteA%[??'ocestg g%co%d?n?{ao Cl ai m 18,
erein the £ sog. el QQl&Hﬁrﬁz | $n@ §YRAUNG KA ERLRT Fidle Hot 1726 bEOFIge
el ement sel ec rom group consisting of Goup 3 elenents , Goup 4

elements , @ %ﬁ.ﬁ'@;&e )SLug@Qlaps Sl AR %o CES Qi AL Pl eregpsrat AP 8

el enents, G oup oup 10 el'énents, Goup 11 enents, and G oup

13 el emept s.,,4q 20 . TﬁepéQE§§gti‘EC86ﬂbBHeﬁ@ sihraidd, 1M\hali@1@ep$1faan®unt
of the co oxi di zi ng agent is 0.7 nmol relative to 1 nol of the

cycl oal kane.yn A A {5 A%a to a catalyst-regenerating unit 13 similar to the
A A9 A& Al & A&HI9% Al . An. Al . AL. A9. A9. A9. A&5s2. ALr. A . A9l . As(_. A A AAL. A A

L. A8 . A&H. A% s AG.LARD oA .. ARlitAduA. AeiAlg. AubAecAledA tatshin ahose
L ASL. Al Norhd s W 0. AubAB.CcAle meA. A A

O vgl gb] X] cajesdciajeahlacdlac epmppaehtakepprakdapcaier) ctipe dptghenieal tipd<a] ¢
Ta] ca] ca] ca] ca] ca] ca] caV] cOa] ca] caU] c"a! O&FWKT, -@ A
point component from which the catalytlc component has been
10 removed by the catalyst-separating unit 3 is subjected to, via
the hydrolyzing column 7 and the saponifying column 8, a
highef-boiling point component separating step similar to the
one described above.
On the other hand, part of a distillate from the overhead
15 of the desolventing column 22 is recycled to the reaction system
for use as a solvent and, in a mixing tank 23, the rest of the
distillate is mixed with the catalyst regenerated in the
catalyst-regenerating unit 13 and the distillate from the
bottom of the first distilling column 5 of the lower-boiling
20 point component-separating step. Thereafter, the resultant
mixture in the mixing tank 23 is fed to a distilling column 24
for recovering and dehydrating the catalytic component. A
distillate from the overhead of the distilling column 24 is
subjected to the above-described lower-boiling point component
25 separating step, and a distillate from the bottom of the

distillingcolumn24.isfed1x>theabove—describedndxingvessel

for the preparation the catalytic solution.
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boiling point component and the higher-boiling point impurities
10 from each other. Similar to the above, a distillate from the
overhead of the distilling column 39 is supplied toa distilling
column 40 and subjected to the higher-boiling point component
separating step (C2) for separating the cycloalkanone and
cycloalkanol from each other. The separated cycloalkanol is
15 recycled to the reactor 2. Moreover, higher-boiling point
impurities from the bottom of a distilling column 39 contains
the catalyst, a higher-boiling point acid component or a
derivative thereof. Therefore, in this embodiment, the cut
having a higher-boiling point distilled from the bottom of the
20 distilling column 39 is supplied to a catalyst recovering unit
41. Similar to the above, the higher-boiling point impurities
may be subjected to the separation steps for separation into
the catalyst and acid component or a derivative thereof.
Incidentally, in the present invention, the
25 .hydroxylamine—producing step, oxidizing catalyst-producing
step, catalytic solution-preparing step, lower-boiling point

component separating step, catalyst-regenerating step, and the
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the order may be different from the process described above.
For example, after the lower-boiling point component is

10 separated from the reaction mixture, from the resultant mixture
may be separated the catalyst, the acid component or a
derivative thereof, and the higher-boiling point component,
followed by the separation of the cycloalkane from the
higher-boiling poing component. There is also proposed

15 another option of separating the catalyst and the acid component
or a derivative thereof from the reaction mixture and then
separating the lower-boiling point component and the
higher-boiling point component from the reaction mixture from
which the impurities have been removed. It is not necessary

20 to separate the catalyst and by-produced acid component or a
derivative thereof individually, and may be removed in one step.
Moreover, in the present invention, the cycloalkane, the
cycloalkanol, and the catalyst are not necessarily recycled.

In the oxidizing reaction or hydrolyzing or saponifying
25 step, as the reaction apparatuses, conventional ones are

available, and the shape of the apparatus may be spherical or

columnar. The reaction apparatus does not require a particular
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IC
5 the stirring efficiency, the apparatus may be equipped with a

mechanical stirrer such as stirring blades. Further, a single
or a plurality of reaction vessels may be used for the reaction.
Furthermore, as the distilling columns and extraction-
distilling column, there may be used a plate column, a

10 perforated-plate column, a packed tower (regular packed tower,
irregular packed tower), a bubble tower, or a valve tower. As
the extractor, there may be exemplified conventional ones, such
as mixer-settlers, perforated-plate columns, spray towers,
packed towers, ring & plate towers, rotary-disc extraction

15 column, and curl columns. As the evaporator, conventional ones
such as natural circulation type-evaporators, horizontal-tube
evaporators, natural circulation-type short-tube vertical
evaporators, horizontal-tube descending £film-type evaporators,
long-tube vertical descending film-type evaporators, forced

20 circulation horizontal tube-type evaporators, forced
circulation vertical tube-type evaporators, and agitated £ilm
evaporators. Asingleor apluralityof apparatuses may be used,
and these may be used either singly or as a combination of two
or more kinds of apparatuses.

25

INDUSTRIAL APPLILICABILITY

According to the present invention, since a specific
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5 produce cycloalkanones at a high conversions and high
selectivities even under mild conditions, and to effectively
utilize a catalyst without deteriorating the activity of the
catalyst. Furthermore, exhaust gas treatment is unnecessary,
the present invention can provide cycloalkanones with

10 economical advantages.

EXAMPLES
Hereinafter, the present invention will be described in
further detail and should by no means be construed as defining
15 the scope of the invention.
Example 1
(1) Catalytic solution-preparing_step
A catalytic solution was prepared in proportions of
cyclohexane 10,000 g/H, N-hydroxyphthalimide 10.g/H, and
20 cotaltacetonato 64 g/H.
(2) Oxidation step
The catalytic solution prepared in the above proportion,
cyclohexane, and air were fed to a reactor 2 at rates of supply
of 840g/H and 1.3 Nm3/H, respectively, and the mixture was
25 reacted at 160°C and 40 atm for a residence time of two hours.
At a conversion of 11%, the cyclohexane was converted into a

cyclohexanone and a cyclohexanol at selectivities of 40% and



i?c%);ﬁﬁg%ﬁ&éu( )D-)/i! " $109%44H8 () - 2! " $10%HH& () - 2@~CC06 Dz DDWU3P=

| h& ()-3! DYA0%& () - 3! Y0%CCE: () - 3! <9d 09008 () - 3! 1 90%&' ()- 3! {q" YL0Y&
HoLohe ()3 DA ) ) ()-3!1 9409 ()-3!{q YL0%&
11 COd 09888’ () - 3! %A0%$&’ () - 3! %a0%& () - 3! $340983& () - 31 DYAL09YB3& ()- 3!, | 940%
c& () - 3GFFFFGQGaXV4P= 1! %0% [ & () - 3! d9%0%& () - 3! 9%40%14& () - 3! 0%0% V;

V& ()-3 Y%40%& ()-3')9%0%t ct & () - 3GGHEHHHHWU4P= 1! ’
FOA0% & () - 3! $94.09& () - 3! 940%p& () - 3! x9L09NNE () - 3! T 94.09& () - 3! YL0%HE ()
-3HEl1111 @) oPL OSf '63;0%?( )-910%& ()- 10++ 10++

10++! i 9409%6-F&%0) {Y( 31 %40% | & () - 3@ UIKLMINF OyVBoPL ! >

%409 () - & ® &! %4 0%&' ( 04 009 '
Z%OZ%{fbf)oggloéégégé%%%ip v %gé%§§glﬁxgp() S#lO%é‘?;-/égfg%g'gg flO%&f()
~ R L. I 0 0
L0 () - U100 (’['§1)e f?ﬁ&éa)@%gg a]glm(l}&%_r Swaﬁlgé@ﬂ@i % Y1090 4 ) thSMs

Hy " 10%& () aﬁ:@i%%éé sgpézpa@éci )by %QY@ré):lo;xQ{@a rate of 9.8 g/H. The

5 separated catalyst was treated by incineration to recover the
cobalt containéd therein and then recycled to the reaction
system for reuse. In an extraction column 4 equipped with rings
and plates, the filtrate was subjected to an extraction step
with water at 20°C to extract an acid having a higher-boiling

10 point and the like.
(4) Lower-boiling point component separating step
In a perforated-plate column 5 with 30 column plates, the
organic phase was separated into cyclohexane/cyc'lohexanol (KA
0il) and the higher-boiling point component by means of
15 azeotropy of water and cyclohexane. The distillate was
separated into the aqueous phase and the cyclohexane phase by
a decanter, and then water was removed. In a perforated-plate
column 6 with 30 column plates, the lower-boiling point
component was separated from the cyclohexane phase. The
20 cyclohexane from the bottomwas recycled to the reaction system.
(5) Impurities-separating step
As to the solution of the KA oil and the higher-boiling
point component, an ester having a higher-boiling point was
hydrolyzed, using an acidic aqueous solution of the acid having

25 a higher-boiling point obtained above and a perforated-plate

column 7 with 30 column plates, to separate part of the

higher-boiling point acid. The separated acid was then
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by weight of a sodium hydroxide agueous solution and 5% by weight
of sodium carbonate agqueous solution mixed in a ratio of 1 to
5 1, the acid and ester having higher—boiling points were then
saponified or neutralized and removed. The distillate was
separated into the agueous phase and the KA oil phase by using
a decanter, and the water separated was refluxed.
(6) Higher-boiling point component separating step
10 As to the KA oil phase, the moderate—boiling point
component was separated using a bubble tower 9 with 20 column
plates. Using a perforated—plate column 10 with 60 column
plates, the product cyclohexanone was collected from the
reaction mixture comprised of the KA oil and the higher—boiling
15 point component. According to this process, the purification
eff101ency was 90%, and the purity of the product was 99%.
Further, yclohexanol collected from the 50th column
plate from the top and recycled to the reaction system was
capable of easily converting cyclohexanone in a 98% yield.
20 Without using a dehydrogenator, the higher- _boiling point
component from the bottom of a perforated—plate column 10 was
incinerated for disposal.
Example 2
(1) catalysti solution—preparing step
25 A catalytic solution was prepared in proportions of
cyclohexanone 1,000 g/H, N—hydroxyphthalimide 160g/H, and

cobalt acetonato 64g/H.
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()-g@s§ixg§ﬁza%32%{gN%m3/H, respectively, and the mixture was

5 reacted at 160°C and 40 atm for a residence time of four hours.
At a conversion of 32%, cyclohexane was converted into a
cyclohexanone and a cyclohexanol at selectivities of 89% and
5%, respectively.

(3) Catalyst-separating step
10 The crude reaction mixture was cooled to 20°C, and the
catalyst was separated by filtration at a rate of 158 g/H. In
an extraction column 24 equipped with rings & plates, the
filtrate was subjected to an extraction step with water at 20°C
to extract an acid having a higher-boiling point and the like.

15 (4) Lower-boiling point component-separating step

In a perforated-plate column 25 with 30 column plates,
the organic phase was separated into KA oil and the higher-
boiling point component by means of azeotropy of water and
cyclohexane. The distillate was separated into the aqueous

20 phase and the cyclohexane phase by a decanter. In a
perforated-plate column 26 with 30 column plates, the
lower-boiling point component was separated from the
cyclohexane phase. The cyclohexane from the bottom was
recycled to the reaction system for reuse.

25 (5) Impuritles-separating step

As to the solution of the KA oil and the higher-boiling

point component, an ester having a higher-boiling point was
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5 1incinerated. As to the distillate, using a perforated-plate
column with 40 column plates and a solution comprised of 5% by
weight of a sodium hydroxide aqueous solution and 5% by weight
of sodium carbonate agueous solution mixed in a ratio of 1 to
1, the acid and ester having higher-boiling points were then

10 saponified or neutralized and then removed. The distillate was
separated into the aqueous phase and the KA oil phase by using
a decanter, and the water separated was refluxed.
(6) Higher-boiling point component separating step
As to the KA oil phase, the moderate-boiling point
15 component was separated using a bubble tower 29 with 20 column
plates. Using a perforated-plate column 210 with 60 column
plates, the product cyclohexanone was collected from the
reaction mixture comprised of the KA o0il and the higher-boiling
point component. The purification yield of was 91% and the
20 purity of the product was 99%.
Cyclohexanol, collected from the 50th column plate from
the top and then recycled to the reaction system, was capable
of easily converting cyclohexanone in a 97% yield. A
dehydrogenator,whichjj;conventionallyrequired,wasrm>longer

25 necessary. Thermgher-boilingpointcomponentwasincinerated

to recover the cobalt contained therein and then recycled to

the reaction system for reuse.
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producing step
As to the catalyst, the catalyst was regenerated using
hydroxylamine and a perforated-plate column with 30 column
5 plates (regeneration rate: 95%). The regenerated catalyst was
recycled to the reaction system after moisture has been
eliminated therefrom by a perforated-plate column with 30
column plates, and then reused. Moreover, the cyclohexane in
the catalyst was also recycled to the reaction system for reuse.
10 As to the hydroxylamine which is used when regenerating the
catalyst and producing the catalyst, it was produced by
effecting an oxidizing reaction in which, using a platinum-
based catalyst, ammonia by-produced upon the regeneration of
the catalyst is oxidized in a tube reactor to form an NO, (e.g.,
15 NO,, N,0;, N,05), absorbing the NO, with rings & plates using
the water separated in the lower-boiling point component
separating step, and then carrying out a hydrogenating
reaction.
Example 3
20 (1) Catalytic solution-preparing step
A catalytic solution was prepared in proportions of
acetic acid 1,000 g/H, N-hydroxyphthalimide 160 g/H, and cotalt
acetonato 64 g/H.
(2) Oxidation step
25 The catalytic solution prepared in the above proportion,

cyclohexane, and air were fed to a reactor 32 at rates of supply

of 840g/H and 1.3 Nm3/H, respectively, and the mixture was
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a conversion of 31%, the cyclohexane was converted into a
cyclohexanone and a cyclohexanol at selectivities of 90% and
5%, respectively.
(3) Lower-boiling point component separating step
In a forced circulation-type evaporator, the crude
reaction mixture was separated into the lower-boiling point
component comprised of cyclohexane, water and others, and the
higher-boiling point component comprised of acetic acid, the
KA oil, the catalyst and others. Using a perforated-plate
column with 30 plates, water and the cyclohexane were separated
from the lower-boiling point component by azeotropy, and the
resultant mixture was separated into the aqueous phase and the
cyclohexane phase by using a decanter. A lower-boiling point
component was separated from the cyclohexane phase in a
perforated-plate column with 30 plates and the cyclohexane from
the bottom was recycled to the reaction system for reuse.
(4) Solvent-separating step
Acetic acid was separated from the higher-boiling
component comprised of acetic acid, the KA oil, the catalyst
and others using a perforated-plate column with 30 column plates,
and recycled to the reaction system for reuse.
(5) Impurities-separating step
The higher-boiling point component comprised of the KA
0il, catalyst and others was cooled to 20°C, and then the
catalyst was separated by filtration at arate of 158 g/H. Using

a perforated-plate colulmn with 30 column plates, the ester with
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As to the distillate, using a perforated-plate column with 40
5 column plates and a solution comprised of 5% by weight of a sodium
hydroxide aqueous solution and 5% by weight of sodium carbonate
aqueous solution mixed in a ratio of 1 to 1, the acid and the
ester each having a higher-boiling point were saponified or
neutralized, and then removed. -

10 (6) Higher-boiling point component separating step

The distillate was separated into the aqueous phase and
the KA oil phase in a decanter, and the water separated was
refluxed. The moderate-boiling point component was separated
from the KA oil phase using a bubble tower with 20 column plates.

15 From the KA oil and the higher-boiling point component, the
product cyclohexanone was collected using a perforated-plate
column with 60 column plates. In the production process, the
purification yield was 91% and the purity of the product was
99%.

20 Cyclohexanol, collected from the 50th plate from the top
and recycled to the reaction system, was capable of easily
converting a cyclohexanone in a 97% yield, with consequent
omission of a dehydrogenator. The higher-boiling point
component was incinerated to recover the cobalt therefrom, and

25 the recovered cobalt was recycled to the reaction system for
reuse.

(7) Catalyst-regenerating step
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of a catalyst denatured or deteriorated in activity was small,
it was treated for regeneration, and the denatured or
deactivated catalyst was ascertained to give no influence on
the reaction. Moreover, the cyclohexane in the catalyst was
10 also recycled to the reaction system and reused. As to the
hycroxylamine for use in regenerating and producing the
catalyst, the hydroxylamine was produced by oxidizing, in a tube
reactor, ammonia by-produced upon the regeneration of the
catalyst with a platinum-based catalyst to give an NO, (e.g.,
15 NO,, N,0;3, N,Og5); absorbing the NOx using rings & plates and

water; and carrying out a dehydrogenation reaction.
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10 wherein X represents oxygen atom or hydroxyl group,

which comprises (A) a step for bringing the cycloalkane
into contact with molecular oxygen in the presence of the
oxidizing catalyst, (B) a step for separating the catalyst, and
a by-produced acid component or a derivative thereof from the
15 reaction mixture, and (C) steps for separating the cycloalkane,
a cycloalkanol, and a cycloalkanone from the reaction mixture.
2. A process according to Claim 1, wherein a first
component containing the cycloalkane and a second component
which has a boiling point higher than that of the first component
20 and contains the cycloalkanone and the cycloalkanol are
separated from the reaction mixture, and the cycloalkanone and
the cycloalkanol are separated from the second component.
3. A process according to Claim 2, wherein the cycloalkane
and impurities are separated from the first component; and the
25 cycloalkanone, the'cycloalkanol, and impurities are separated
from the second componént.

4. A process according to Claim 1, wherein an acid
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hydrolysis, saponification, and neutralization.

5. A process according to Claim 1, wherein the

5 cycloalakanone and the cycloalkanol are separated from a
component containing a product resulted from the extraction,
hydrolysis, saponification, or netralization.

6. A process according to Claim 1, which comprises at
least one step selected from the group consisting of:

10 a step for producing hydroxylamine;

a step for producing an oxidizing catalyst recited in
Claim 1;

a step for preparing a catalytic solution containing an
oxidizing catalyst recited in Claim 1; and

15 a step for regenerating the catalyst subjected to the
reaction.

7. A process according to Claim 1, wherein the cycloalkane
is a C4_j;pcycloalkane.

8. A process according to Claim 1, wherein the cycloalkane

20 is cyclohexane.,

9. A process according to Claim 1, wherein the reaction
is carried out in the presence of a solvent, and the solvent
is separated from the reaction mixture.

10. A process according to Claim 1, which comprises the

25 following steps (i), (ii), and (iii):
(i) a step for separating the first component containing

the cycloalkane, the second component containing the
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10 to the oxidizing reaction system.

11. A process according to Claim 10, wherein the oxidizing
catalyst is separated from the component containing the
oxidizing catalyst, the by-produced acid component, and a
derivative thereof.

15 12. A process according to Claim 10, wherein the reaction
is carried out in the presence of a solvent, the solvent is
separated from the reaction mixture, and the separated
oxidizing catalyst is recycled to the oxidizing reaction
system.

20 13. A process according to Claim 10, wherein by-produced
water is separated from the first component, with which water
the acid component or a derivative thereof is treated by at least
one means selected fromextraction, hydrolysis, saponification,
and neutralization.

25 14. A process according to Claim 10, wherein a step for

supplying the cycloalakne and the catalyst, a step for carrying

out the oxidizing reaction, the step (i), the step (ii), and
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representing a hydrogen atom, a halogen atom, an alkyl group,

10 an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy
group, a carboxyl group, an alkoxycarbonyl group, or an acyl
group; R1 and R2 may be coupled together to form a double bond
or an aromatic- or non-aromatic ring; the aromatic- or non-
aromatic ring composed.ofIﬂ'and.Rznmy'have at least one imide

15 unit represented by the aforementioned formula (I); and X has
the same meaning as defined above.

16. A process according to Claim 1, wherein the oxidizing
catalyst is at least one compound selected from the group
consisting of N-hydroxysuccinimide, N-hydroxymaleimide, N-

20 hydroxyhexahydrophthalimide, N,N’-
dihydroxycyclohexanetetracarboximide, N-hydroxyphthalimide,
N-hydroxytetrabromophthalimide, N-hydroxytetrachloro-
phthalimide, N-hydroxyhetimide, N-hydroxyhimimide, N-
hydroxytrimellitimide, N,N’'-dihydroxypyromellitimide, N,N’-

25 dihydroxynaphthalenetetracarboximide.

17. A process according to Claim 1, wherein the amount

of the oxidizing catalyst is 0.001 to 1 mol relative to 1 mol
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of the cycloalkane.

18. A process according to Claim 1, which further employs
a co-oxidizing agent.

19. A process according to Claim 18, wherein the co-
oxlidizing agent is a compound containing at least one element
selected from the group consisting of Group 3 elements, Group
4 elements, Group 5 elements, Group 6 elements, Group 7 elements,
Group 8 elements, Group 9 elements, Group 10 elements, Group
11 elements, and Group 13 elements.

20. A process according to Claim 18, wherein the amount
of the co-oxidizing agent is 0.001 to 0.7 mol relative to 1 mol

of the cycloalkane.



