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1 PROCESS FOR PRODUCI NG CYCLOALKANOL AND/ OR
CYCLOALKANONE BACKGROUND OF THE | NVENTION 1. Field of
the Invention 5 The invention relates to a nethod for
produci ng cycl oal kanol and/dr cycl oal kanone by

oxi dation of cycloal kane with nol ecul ar oxygen. 2.
Description of the Related Art 10 As a nethod for
produci ng cycl oal kanol and/or cycl oal kanone by
BROCES S FCF CPRODUGENG WCYGLABLKANOEAr ANBY §Be /Y CHORRKANPNE
usi ng a heteropol yacid conpound as a catalyst has
been known in the art. For exanple, Chem stry Letters,
pl1263- 1264, 1998 di scl oses use of an iron is

substituted sil|BECKCROSHDtEF BHEAINVWENIYON i n which 1
to 3 tungsten atons are substituted with iron atons.

1 FWidEd . of JARENESPeBi6At Application Laid-Open No.
2000- 319211 di scl oses use of a transition

Met s lik?ﬁ}nérfvﬁdé'ﬂ :.g%ﬁ%@é@p@ YAGh& KOAPLYRpASd8cing

catalyst | east two 20 franme elenents are

opePSA ISR MhaPol Vel 818k RARHRECHETBR BatabRChst NaN

Ion, panese Patént - Application

Laj d- Qpen No 003- 261484 dj ses use of a
c¥€#?ﬂiﬁ%ﬁﬁ gﬁB%t??%?gﬂlgFlg%gﬁéﬁgstic aci d conpound as
a catalyst in which one tungsten atomis substituted

with a ruthenium 25 atom

2. Description of the Related Art

As a method for producing cycloalkanol and/or
cycloalkanone by oxidizing cycloalkane with molecular
oxygen, a method using a heteropolyacid compound as a
catalyst has been known in the art. For example, Chemistry
Letters, pl263-1264, 1998 discloses use of an iron-
substituted silicotungstates as a catalyst in which 1 to 3
tungsten atoms are substituted with iron atoms. Further,
Japanese Patent Application Laid-Open No. 2000-319211
discloses use of a transition metal-substituted
heteropolyacid compound as a catalyst in which at least two
frame elements are substituted with IV to XI group elements
other than iron. 1In addition, Japanese Patent Application
Laid-Open No. 2003-261484 discloses use of a ruthenium-
substituted silicotungstic acid compound as a catalyst in
which one.tungsten atom is substituted with a ruthenium

atom.
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2 SUMVARY OF THE | NVENTI ON The conventi onal nethods,
by which a high selectivity may be achieved, are not
satisfactory in sone cases from s the view point of
productivity, since the actigity of the catalyst,
whi ch can be eval uated fromthe conversion of
cycl oal kane, is not always sufficient. Accordingly,
one of objects of the invention is to provide a
process for produci ng cycl oal kanol and/or 10
cycl oal kanone with a sufficient selectivity by

oxi di zi ng cycl osftReMERYM G BHE DNVERTI@NSi on. The
present invention provides a process for producing

cycl@pd kaswberPbRal it ool l anbpewhYcaxedhighgselectivity
cycl oal kane w th nol ecul ar oxygen in the presence of

mgghgéeéeﬂﬁg¥@ﬁ'da}§ EB%DQH@QSQQEQUﬁyllhf%dﬁﬂﬂﬁdséﬁ(rﬁom

central el enent and a cobalt atomas a frane

t@ée qugwn@%%r g?:gl Bt 1€ AR thd WY of the

is o "a high conversion to

oBEgLY ?V.%'f 'ka”°hﬁ%%%&§e%ﬁ%ﬁ‘§ﬁ%§%¥ﬁ€“§é&%é%a

EMBODI MENT In th sent i ntlo cycl oal kane is
cﬂgéaaégaﬁestéﬁtpﬁ ﬁgﬁgpﬁalu ﬁﬁ' l% oildlzed with

gglecular oxyggdueég EEGOESSE gcgfoihe %ggh%B%EVQ%'Qo
provide a process for producing cycloalkanol and/or
cycloalkanone with a sufficient selectivity by oxidizing
cycloalkane with a high conversion.

The present invention provides a process for preducing
cycloalkanol and/or cycloalkanone by oxidizing cycloalkane
with molecular oxygen in the presence of a heteropolyacid
compound comprising a cobalt atom as a central element and
a cobalt atom as a frame element.

In accordance with the present invention, cycloalkane

is oxidized with a high conversion to produce cycloalkanol

and/or cycloalkanone with a high selectivity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the present invention, cycloalkane is used as a
starting material, which is oxidized with molecular oxygen
in the presénce of a heteropolyacid compound to produce

corresponding cycloalkanol and/or cycloalkane.
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25 correspondi ng cycl oal kanol and/or cycl oal kane. 3

Exanpl es of the cycloal kane as the starting nateri al

i ncl ude nmonocyclic cycl oal kane havi ng no substituent

on its ring such as cycl oprdpane, cycl obutane,

cycl opent ane, cyclohexane, cycl ohept ane, cycl ooct ane,

cycl odecane and 5 cycl ooct adecane; pol ycyclic

cycl oal kane such as decalin and adanantane; and

cydExﬂMpﬁﬁarnﬁutnpzpznlnalkammta%nth@sStarhbngu@ﬁtﬁ§lal
met hyl cycl opentane and net hyl cycl ohexane; and the

ihd¢kede Nnobecyolicacpoboalkanei heviidgdnonsubstituent on its
cycl oal kane is usually about 3 to 20. At |east two of

rify cyeéRakappa16pYopendsedycilbbueanssacyclépentane,
oxygen-contai ni ng gas may be used as a source of the

*Ei@ﬁ&kﬁﬁe°X¥9§mohéﬁ€aﬁéy9§9cieabﬂhﬁbngcg%&oﬂhbahe,apd
exanpl e, air or pure oxygen, diluted air

c élo&&£5%8§§9ﬁ9 p619c2§1i865§cﬂa§1&55€ aachl bs0dR@alin and

rgon an oxygen-enriched air prepared

aSQEgggéﬂg PHLE ¢ géXSSEkEﬁ a#hvﬁﬁpegesﬂb%%i%%%ﬂta%ntE%s

gen- COht al ni sent invention

Ii%?%@ﬁﬁ'eﬁ?@%rﬁx 8§9§88§?B32§|t AfodneTiL Feamikae.
20 ,cvel0gl k
anfl Himot CRer ofiShRetene Bp=herngtons AoRy 581 yca

t al | oal k d th
C%%%$§¥§?Bﬁ §h338a33§|%§P§§h :%gnaﬁ%r @3 ﬁ Eaﬁgﬁb9§s

cycloalkanes may be used, if necessary.

An oxygen-containing gas may be used as a source of
the molecular oxygen. The oxygen-contalning gas may be,
for example, air or pure oxygen, or may be diluted air or
pure oxygen with an inert gas such as nitrogen, argon and
helium. An oxygen-enriched air prepared by adding pure
oxygen to air may be also used as the oxygen-containing gas.

In the present invention, a heteropolyacid compound
comprising a cobalt atom as a central element and a cobalt
atom as a frame element is used as a catalyst for oxidizing
cycloalkane with molecular oxygen. By using the
heteropolyacid catalyst, cycloalkane is oxidized with a
high conversion, while cycloalkanol and/or cycloalkanone is
produced with a sufficient selectivity. The central
element herein is an element at the center of a condensed

structure of the acid constituting the frame, and may be
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produced with a sufficient selectivity. The centra

el enent herein is an elenent at the center of a

condensed 25 structure of the acid constituting the

frame, and may be 4 called a4 a hetero el enent. The

frame elenment herein is an elenent form ng, together

W th oxygen, the condensed structure of the acid, and

the frame elenent may be called as a poly- el enent .
c&gkbedl as af hehervypilemenket eMbgolEyaned edegentcherein is an

include a Keggin structure having an atomc ratio of
elé@mentenfoabhinfjemengethemewithmexgigementthef confiznsed

Ander son structure having the atomc ratio of 1/6, and
strubeiBéncst tHet Hee@dhadnag thee fataie @ Leaient afay?2bk8.called

Preferably, the nunber of the cobalt atomincluded as

akOalhs1{L8NEmBheTENExhAMpABBULEL the Typalcalnhetirepdlyacid
The " frane el enent other than cobalt may be preferably

SH:’HQ*EQEQ iﬂ&lﬂabygdﬁgﬂginAﬁtﬁ'h%‘Eﬁ% PlaRhd R s2hdld ratio

tungsten and bdenim may be included as the frane

o§|€ﬂ§ éenfialngig%%ﬁ %B@ %Q%m%u%3§h$ﬁH?Eﬁpﬁ/qﬁy k&

abo per one ecul' e at nost

R SR 10 245,20
pR¥gPRcEhteesbeh,BRy il oﬁgx“?%%?%s ERELS °Wrﬁ'é” o

Preferably, the number of the cobalt atom included as
the frame element i1s about 1 to 3 per one molecule. The
frame element other than cobalt may be preferably tungsten
or molybdenum. An element other than cobalt, tungsten and
molybdenum may be included as the frame element, if
necessary, and the number thereof may be about 3 per one
molecule at most.

The heteropolyacid compound preferably has a
heteropolyacid anion whose composition is represented by
formula (1} below:

CoX11C003: (1)
wherein Co represents a cobalt atom, X represents a
tungsten and/or molybdenum atom, and O represents an oxygen
atom.

The heteropolyacid compound may be in the form of a
free heteropolyacid or a salt of heteropolyacid, it 1s

preferably a salt of heteropolyacid. The salt may be an
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tungsten and/ or nol ybdenum atom and O represents an
oxygen atom The heteropol yacid conpound may be in
the formof a free heteropolyacid or a salt of
het eropol yacid, it is 25 preberably a salt of
het eropol yacid. The salt may be an 5 acidic salt
prepared by neutralizing a part of protons in the
het er opol yacid, or may be a nornal salt prepared by
anbdic asakt npreparedebpr nevhsalhzing heparspeify dFofons in
Exanpl es of a counter-cation of the heteropol yacid
thai et énopolpachdt eoopmhyabedacnopoahdsaidt| poepared by
cation of alkali netal such as lithium sodium
n®@t B8 E1 i gndlTeshampratonat ianthé hAkkakbpedyakcidet al
such as cal ci um and nmagnesi um an anmoni um cation; a

Ei&h%fé& kyk agnephnoeeabhefon be &hkyhet@iopplyaedse anion in
carbon nunbers are about 1 to 20 respectively; 10 and

tﬂéo$geer§$o¥§§éidt&Qmﬁguﬁﬁuﬂhéiuﬁéthoﬁﬁtﬁﬁﬁ E alkali

I ncl uded necessary. The heteropol yaci d conpound

m%@g%bSuQﬁe gtﬁxuﬂ h1u§no QFEEQQAahﬁrdgﬁyﬁm,ea

he™ net escri b nmeri can

oEAR o AR e i AR e
a NS CokbSRe| 8 LAFFE: i&#gﬁﬂogﬁ%fge AT Gyl
ggséggrﬁéggﬁtg§¥drgxhgg%e%gdaggl5 out ?r%opa%gr%%pkp%ively,

and proton. At least two of counter-cations may be

included, if necessary.

The heteropolyacid compound may be prepared by a well-
known method, for example, by the method described in
Journal of American Chemical Society, 1990, Vol. 112, p6025.
Compounds containing the elements included in the
heteropolyacid compounds described above, for example, oxo-
acids, oxo-aclid salts, oxides, nitrates, carbonates,
hydroxides and halides, are used as the starting materials
for preparing the compound in a proportion that satlsfies a
desired atomic ratio. Examples of the compound containing
cobalt include cobalt acetate, cobalt chloride and cobalt
oxide; examples of the compound containing tungsten include
tungstic acid, tungstate and tungsten oxide: and examples
of the compound containing molybdenum include molybdic acid,

molybdate and molybdenum oxide.
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for preparing the conmpound in a proportion that

satisfies a 20 desired atom c ratio. Exanples of the

compound contai ning cobalt include cobalt acetate,

cobalt chloride and cobalt 6xide; exanples of the

conmpound cont ai ni ng tungsten include tungstic acid,

tungstate and tungsten oxide; and exanples of the

compound cont ai ni ng nol ybdenum i ncl ude nol ybdi ¢ aci d,

25 e ot eropol yaxkid deonpewnd deay cbghesed for oxidation

het er opol yaci d conmpound may be used for oxidation
réfationnaptéerbbbhggmobidddonr bedéngg suapppotedd oon aa carrier

carrier such as silica, almna, titania,

sHERt 8Br 11 08ht calmenhi t eitandag hydtebaidiloedltieke zeolite
compound, if necessary. The 5 heteropol yacid conpound

ahd R'BF&F8bhYc¥e8d1 WicbNchbRpBAnasUREOhkedsgArile The
hydrotal cite-Ii ke conpound. The hydrotal cite-1ike

hgegP?ggﬁYEEiﬁa %I?SHHH hav PE‘Qf@ralbﬁé’{e Lseld Wak Heing

sIm hydrotalcite

sx[lé/ﬁ_pﬂéé%l Snglietka185 +8-13%8" 2BnpawRAUNd

rsrng 1 ween positively charged |ayers
"”ﬂ_ieqwb 1“%% GHAEE, SRR AT b anebiARTER ng o

12¥?5?thP%ﬁ§FgIS?§i§fﬁ .I ?Fa&nggagﬁﬁgpﬁ ﬁé?ngnlon i s

[arAhAd OB - MO oo, Ba b eNEEsd: gonpoupd, Foriri sing

trlvalent metal is alumi num and an interl ayer %qup
apiops between positively charged layers compose

divalent and trivalent metals. Examples of the layered
compound include typically a compound in which the divalent
metal is magnesium, the trivalent metal is aluminum, and
interlayer énion is a carbonate ion {(hydrotalcite), as well
as a compound in which the divalent metal is zinc, the
trivalent metal is aluminum, and an interlayer anion 1is a
nitrate ion.

When the heteropolyacid compound is used with being
supported on the carrier as a supported catalyst, the
supported amount of total cobalt may be 0.01 to 4 parts by
weight, preferably 0.1 to 2 parts by weight, with respect
to 100 parts by weight of the entire supported catalyst,
that is, the sum of the heteropolyacid compound and the
carrier. The heteropolyacid compound may be subjected to

pretreatment such as reduction treatment and calcination
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nitrate i on. Wien the heteropol yacid conmpound is used
Wi th being supported on the carrier as a supported
catal yst, the 20 supported anmount of total cobalt my
be 0.01 to 4 parts by weigh”, preferably 0.1 to 2
parts by weight, with respect to 100 parts by wei ght
of the entire supported catalyst, that is, the sum of
t he het eropol yacid conpound and the carrier. The
tied emepb) yiEi decespaund befobe bebpgcusdligedsfor
pretreatment such as reduction treatnent and
réa¢ciomsi on 7 treatnent, if necessary, before being
utilized for reactions. The oxidation reaction can be

per fg{d ek a t o0 W i t 161 E€Ah Abe OpyPEOrHmed Copt atlowing
cycl oal kane in the presence of 5 the heteropolyacid

m&PIPRLEE - odP§eRMPYNEoRtadEEcob1bATKARBEAAPRh¥AP@sence of
compound be 0.001 to 10 parts by weight,

tl?%gltngf&p%g:é Q&i&oﬁ?mg?ﬁﬁa. byT}‘YEiaQﬂBun‘ﬁ’i bl LeePee the

par y werg cycl oal’kane when the
s P A A R T i B
P REbEbER: OobToEe "prerele Ry, WBESRE 0PIt SRR ) 100
obEelhy FofhBh Bk efedohlutaal Bhbh e BB Epbpatyabia
céﬁﬁgﬁngfiéhﬁsggtkiﬁngﬁgpgéiﬁg %%L%%%%%H %ﬁa%h¥§b;¥} er.
When the heteropolyacid compound is used with being
supported on the carrier, the amount of use thereof may be
0.01 to 50 parts by weight, preferably 0.1 to 10 parts by
weight, with respect to 100 parts by weight of cycloalkane
in terms of the entire supported catalyst, that is, the sum
of the heteropolyacid compound and the carrier.

The oxidation reaction temperature may be 0 to 170°C,
preferably 50 to 150°C, and the reaction pressure may be
0.1 to 10 MPa, preferably 0.1 to 2 MPa. A reaction solvent
may be used, if necessary, and examples thereof include a
nitrile solvent such as acetonitrile and benzonitrile, and
a carboxylic acid solvent such as acetic acid and propionic
acid.

An optional post-treatment after the oxidation

reaction is not particularly restricted, and examples of

the post-treatment include a method in which the reaction
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is of the heteropol yacid conpound and the carrier. The
oxi dation reaction tenperature nay be 0 to 1700C
preferably 50 to 1500C, and the reaction pressure may
be 0.1 to 10 MPa, preferablg 0.1 to 2 MPa. A reaction
solvent may be used, if necessary, and exanples
thereof include a 20 nitrile solvent such as
acetonitrile and benzonitrile, and a carboxylic acid
mEot vt 1 $ UED] Berad etb csapatdatadtheoheteiropodyadidAgompound,
optional post-treatnent after the oxidation reaction

fdB1EWdd Pél-{ tr&4th B Ywi €6t whebéedanandiexanphedonl. 2%hiene the
post-treatnment include a nethod in which the reaction

réadi X4 dyﬁikfufé' &&&@Qih@ a€pgEabalkhe hoheoprebyxaded

conpoun [ owed by washing with water and

cé& %%éé@ﬁ*ﬁﬁytg%€ﬂetE?al&ﬁiﬁ&h@nag‘étHEﬁrQQB mateial,

dr oper ox corresponding to t

SR Ay A BB 4 . o

SIre ano

cl oal kanone, by an Kk tre t, .a I.Qn
°Y¥ apong, b ¥hgn|?ikai+hgrpg wPFEhgac§cﬁﬂgﬁégﬁbﬁreatment
be converted into cycloal kanone by a known nethod,
oBEntheytiBat kanone is used io as a startlng mat eri al

for producing oxinme or |actam EXANPLE The. present
| v g9 PR ever GeRaps BynvertBa°Iato

cycloalkanone by a known method, and cycloalkanone is used

as a starting material for producing oxime or lactam.

EXAMPLES

The present invention is described in more detail by
following Examples, which should not be construed as a
restriction upon the scope of the present invention.
Analyses of cyclohexane, cyclohexanone, cyclohexanol and
cyclohexyl hydroperoxide in a reaction mixture were
conducted by gas chromatography. Based on the results of
the analyses, the conversion of cyclohexane, and the
respective selectivities to cyclohexanone, cyclohexanol and

cyclohexane hydroperoxide were determined.

Reference Example 1 (preparation of catalyst)
(a) Preparation of heteropolyacid compound:

A 500 ml round bottom flask was charged with 19.8 g
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foll owi ng Exanpl es, which should not be construed as a

i5 restriction upon the scope of the present

i nvention. Analyses of cycl ohexane, cycl ohexanone,

cycl ohexanol and cycl ohexyl 8hydroperoxide in a

reaction m xture were conducted by gas

chromat ogr aphy. Based on the results of the analyses,

t he conversion of cycl ohexane, and the 20 respective
(@e@@cmmhitoéssoéiuwctuheitﬂbﬁedibydréﬁéxéﬂ@l4Qn6 of water,

cycl ohexane hydroperoxi de were determ ned. Reference
tExpogpard 4pregaeatsosodbbtianakherpof( ayhplepstirirdng at

of heteropol yacid conpound: 25 A 500 ml round bottom
rébdmskemperstarged AftbrladfugtingOpH6ofivitheohguediusm

tungstate di hydrate and 40 g of water, to prepare an

sGYEDYE €8 piti PNbyheagehg Whill g SE hEekgcabeildqorthe
tenperature After adjusting pH of the aqueous

réQﬁff §81 i dnbyagddebiuded @ih BeBkifgaCi dadeee 5

resu utlon was refluxed with heating. Added

agsgﬁfgéeihﬂsotﬁmgs éfih&éﬁdsgig%&bﬂ”ogﬁ%r2%0mﬁh%E%%§was an

aqueous 2of Ution of g of cobalt (11

o5 Shcee b B pECabooR MaPE g abotat

UX|ng mnutes wth

t§ﬁ§£ﬁ£$fa¥2?9%%eﬁh oPBoks: BabEavesiry %gﬁl%“%%r%&“re
Lltration

TREMERRRS BATad iRt ELORa Ul Polt PP %éfﬁg%haggh%f“5'1 ™

mixture was cooled to room temperature and, after removing
precipitated solids by filtration, the filtrate was
refluxed again with heating. An agueous solution prepared
by dissolving 13 g of potassium chloride in 25 g of water
was added to the refluxed filtrate, and the resulting
mixture was continuously refluxed in additional 15 minutes.
After cooling the mixture to room temperature, the reaction
product was crystallized by maintaining the mixture at 5°C
for 24 hours, and then, 16.6 g of crystals were isolated
from the mixture by filtration. The obtained crystal was
confirmed to be a potassium salt of Keggin’'s heteropolyacid
K,H[Co™™W;,CO™ (H,0)035] * 14H,0 containing cobalt as a central
element and tungsten and cobalt as frame elements, from the
results of element analysis, X-ray diffraction analysis, IR
spectroscopic analysis and UV-visible spectroscopic

analysis.
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by dissolving 13 g of potassiumchloride in 25 g of
water was added to the refluxed filtrate, and the
resulting 15 m xture was continuously refluxed in
additional 15 mnutes. Aftetr0cooling the mxture to
roomtenperature, the reaction product was
crystallized by nmaintaining the mxture at 5C for 24
hours, and then, 16.6 g of crystals were isol ated
fromthe mxture by filtration. The obtained crystal
was 20 confirmed to be a potassiumsalt of Keggin's

(bt Paepeliyacitdn KEHhEterbbdIPaLA SodP@iuba20

contai ning cobalt as a central elenment and tungsten

and moababiyatalr ageo ehpneat thef hateibpolyastlit sadtk
el ement analysis, X-ray diffraction analysis, IR

oﬁi?ﬁghéasiﬂp'tﬁ anabyel $tapd (HY- Was RldeP eGP IPRMIC o a
ana yS|s Purification of heteropol yacid

ségﬁ?ggob nTQﬁ&%hyﬁtﬁg ggog Gketid REiReHY MYMAGE in

alne I'n the ove step (a) was added into 10

wg};g"f aQE%P%Omé%ggﬂgAEp‘eé‘;E%'% ?.1:‘15\ s%fluac‘l%td GtaGigheic,

I§0Iv he resulting

uti t 100C di I

uﬁ@x#sbﬁ?g? GRMBUpAE L R ESD SR ﬁ“%‘}“#‘hﬁtﬁ’#ﬁw(@%&tm
| ed down to r erature sqther a _saturated

aaﬁﬁié'éb?t?ol uttPén f@%r Wgsofco&]teéi; PR & N was

added to the filtrate, and the product in
temperatirhas EMFENEM.i feFAPrAES AR NS soffition (10 m1)

of potassium chloride was added to the filtrate, and the
product in the filtrate was crystallized by allowing the
filtrate to maintain at 5°C for 24 hours, followed by
separating 1.68 g of the crystal by filtration. The
crystal obtained was confirmed to be a potassium salt of
Keggin‘s heteropolyacid K;H[Co™W1;CO™*(H;0)039] " 14H;0
containing cobalt as a central element and tungsten and
cobalt as frame elements from the results of element
analysis, X-ray diffraction analysis, IR spectroscopic
analysis and UV-visible spectroscopic analysis. It was
confirmed that the composition and structure of the
heteropolyacid salt obtained in the above step (a) was

maintained.

(c) Preparation of hydrotalcite-like compound:

Sodium nitrate (18.9 g), sodium hydroxide (10.6 g) and
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filtrate to maintain at 5C for 24 hours, followed by
separating 1.68 g of the crystal by filtration. The
crystal obtained was confirned to be a potassium salt
of is Keggin's heteropol yacild
K7H Co"WL1C011(H20)039)' 14H20 containing cobalt as a
central elenent and tungsten and cobalt as frane
elements fromthe results of elenent analysis, X-rax
wahéﬁr@ﬂilgﬁlwwm@ycd@edl$nspe500o@éogpgndahatygmsf&ﬁé to
UV-vi si bl e spectroscopic analysis. It was 20 confirned
pidiird hen caypesis i solabilost theteo, owhike stirring at room
het er opol yacid salt obtained in the above step (a) was
témperatwes. (A0 Hyepeast sobuviohypreparedt byl dkssolving
compound: 25 Sodiumnitrate (18.9 g), sodi um hydroxide

341P.8 gt 2w 1diveies tE8rahyarateadadisneagSof afluminum
round botton1f|ask to prepare an agqueous sol ution

ni%ﬂ@é’fmv\? SEiGatEs Rhs'R8ARA! 8FBEWALES Qnténthe above-
agueous so on prepared by dissolving 32.7 g of

péﬁ rd%atééﬁééégt§¢f¥g%3ﬁea@ng %ggg ngEOaHHthu”hiter

er was a ropvvlselntothe

r§$$¥ ng %garegrgﬂugﬂgsrgghgﬁiﬁgeﬁ ?Pﬁgtﬁ Ogvgg ghkaon at

from A XCUr
SRR 8 g b BBe R Ml separacea o
Rttt I SR
water until the water obtained after the washing exhibits
pH 7. The solid was dried at 60°C for 24 hours to obtain
16.5 g of the solid. The solid was confirmed to be a
hydrotalcite-like compound from the result of X-ray

diffraction analysis.

(d) Support of heteropolyacid compound on hydrotalcite-like
compound:

The crystal (2.0 g) of the heteropolyacid salt
obtained by repeating the above step (b) several times was
added in 74 g of water in a nitrogen atmosphere, and was
dissolved by heating at 60°C. The hydrotalcite-like
compound (3.9 g) obtained in the above step (c) was added
into the solution in a nitrogen atmosphere, to obtain a
mixture thereof, while stirring at 60°C for 22 hours. A

solid was separated from the mixture by filtration, and was
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pH 7. The solid was dried at 60C for 24 hours to
obtain 16.5 g of the solid. The solid was confirned
to be a hydrotalcite-like conmpound fromthe result of
X-ray diffraction analysis.125 (d) Support of
het er opol yaci d conmpound on hydrotalcite-I|ike
conpound: The crystal (2.0 g) of the heteropol yacid
salt obtained by repeating the above step (b) severa
diie@safisr wéshimlgdwibth727glof ofit watern wammedogdn 60°C, to
at nrosphere, and was di ssol ved by heating at 60C. The
oba1 9t 2| &1 § cof | KesoTodpouTHe( 8021g) wabt gonEd rimed; te be the
above step (c¢) was added into the solution in a
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T e ete olyaci d salt supported on
th drotalcite-liLke nd fromthe results of
v%?ihg%tsgﬁﬁ §g?g?pkérg§gggg?#fraction anal ysis, IR
spectroscopi ¢ anal ysis and UV- visible spectroscopic

anal ysis. Exanple 1 A 134 ml autocl ave was charged

W th 34 g (0.40 nol) of
Example

A 134 ml autoclave was charged with 34 g (0.40 mol) of
a cyclohexane and 0.20 g of the solid obtained in the above
step (d) as a catalyst. After increasing the pressure in
the autoclave with oxygen, the pressure was adjusted to 0.5
MPa using a back-pressure valve. Then, the temperature in
the autoclave was increased to 130°C, while oxygen 1s
circulated, and an reaction was conducted at 130°C for 24
hours in an oxygen stream. The result of analysis of the
reaction solution showed that the conversion of cyclohexane
was 5.5%, the selectivity to cyclohexanone was 59.7%, the
selectivity to cyclohexanol was 29.1%, and selectivity to

cyclohexyl hydroperoxide was 4.1%.

Comparative Example 1
The same procedure as in Example 1 was used, except
that the reaction was conducted without using any catalyst.

The conversion of cyclohexane was 2.5%, the selectivity to



io a cycl ohexane and 0.20 g of the solid obtained in
the above step (d) as a catalyst. After increasing
the pressure in the autoclave with oxygen, the
pressure was adjusted to 0.833 MPa using a
back- pressure val ve. Then, the tenperature in the
autocl ave was increased to 130C, while oxygen is is
circul ated, and an reaction was conducted at 130C for

c¥l otexamone) was 63/ gkh, stheaselapbivityl tooryahahexagonl
of the reaction solution showed that the conversion

wad TyCclphexabethavaseebbivitye el ex¢lioheyylohydroperoxide
cycl ohexanone was 59.7% the selectivity to

way/cp ohexanol was 29.1% and selectivity to 20
cycl ohexyl hydroperoxi de was 4. 1% Conparative Exanple
1 The sane procedure as in Exanple 1 was used, except
that the reaction was conducted w thout using any
catal yst. 25 The conversion of cycl ohexane was 2.5%
the selectivity to 13 cycl ohexanone was 63.1% the
selectivity to cycl ohexanonl was 25.7% and the
selectivity to cycl ohexyl hydroperoxide was 7.9% 14
VWHAT IS CLAIMED I S: 1. A process for producing
cycl oal kanol and/or cycl oal kanone by oxi di zi ng
cycl oal kane with nol ecular 5 oxygen in the presence of
a heteropol yaci d conpound
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conprising a cobalt atomas a central elenent and a
cobalt atomas a franme elenent. 2. The process
according to Claim1l, wherein nunber 10 of cobalt
atomas a frane el enment of th# heteropol yacid
compound is from1 to 3. 3. The process according to
Caiml1l, wherein the heteropolyacid conpound further
conprises at | east one of 15 tungsten and nol ybdenum
WHATaISr aLBIMERNERt. 4. The process according to Caim
1, wherein the heteropolyacid conpound is used by
bei ng supported on a carrier. 20 5. The process
according to Claim4, wherein the carrier is a

hydrpt al £ipobbks £68PPL6ducEng Togcpoalranoicanddiony
to Caim1, wherein 25 cycl oal kane is cycl ohexane.
cycloalkanone by oxidizing cycloalkane with molecular
oxygen in the presence of a heteropolyacid compound

comprising a cobalt atom as a central element and a cobalt

atom as a frame element.

2. The process according to Claim 1, wherein number
of cobalt atom as a frame element of the heteropolyacid

compound is from 1 to 3.

3. The process according to Claim 1, wherein the
heteropolyacid compound further comprises at least one of

tungsten and molybdenum as a frame element.

4. The process according to Claim 1, wherein the
heteropolyacid compound is used by being supported on a

carrier.

5. The process according to Claim 4, wherein the

carrier is a hydrotalcite-like compound.

6. The process according to Claim 1, wherein

cycloalkane is cyclohexane.



