
Descrip on Title of Invention CYCLOHEXANOL, METHOD FOR PRODUCING
CYCLONEXANOL, AND METHOD FOR PRODUCING ADJPIC ACID Technical Field      The
present invention relates to cyclohexanol, a method for producing
cyclshexanol, and a method for producing adipic acid using cyclohexanol,
Background Art. 100021      Adipio acid. is an important intermediate raw
material for polyamdde 66 i.F..c.nd po'iyurethane, A method in which
cyclonexanone and/or cyclohexanol is oxidized by nitric acid to synthesize
adipic acid. is industrially' the mainstream as a method for prodncing
adipi acid. A method (I) for. synthesizing a. ketone alcohol oil KFt oil; a
mixture of ;clohexanone and cyclohexanol) by. oxidization of cyclohexane,
and a method (2) for. synthesizing byclohez.anol. by hydration of
cyclohexeh.e have been known as the method for producing. cyciohezanone
and/or cycishexanol" In the production of adipic acid, a method through.
the method (2) for synthesizing cyclohexanol is preferable ia that the
method is costly advantageous as compared with a method through the method
(1) for synthesizing a KA oil.  2 [0003      As described in Patent
Document 1, a method for bringing a crystalline metallosilicate used as a
solid catalyst into contact with cycichexene in a Tic Id phase has been
known as the method for producing cyeichezanol by hydration of cyclohexene,



List of Prior Art Documents Patent. Document [0004] Patent DocumentJapanese
Patent Publication :CIO, 2- 310:56 Summary of Invention Problems to be
Solved by Invention [000S) The present inventors prbduced cyclohezanol by
the :ation of cyclohexene, separated the resultant into a
poiht fraction and a low-boiling phint fraction by distillation to obtain
a. purified cyclohexanol, and ahalyzed adipic acid obtained by nitric acid
oxidation of the cyclohexanol. and found, however, that the adipic acid
may. have a worse melting color number an ineex for evaluating a degree of
obloration;. as the melting coior number is smaller, coloration is
determlned to he iess, and qualityhigher) than that 



of adipic acid obtained by the, method through the method  (L) for
synthei-zine a KA oil- As a result of: the investigation of the cause, the
present inventors have found that cyclohexanol obtained by the hydration
reaction of cyclohexene contains particular by-products inhibiting the
purification of adipic acid. roocHi      Even when. cyclohexanel produced
from cyclohexehe is. purified by the method. descxibed in Patent Document
I, the      cot need purified cyclohexanol is colored, which does not
satisfy quality standards.      The present inventors presume that one of
the causes of the coloration is tiase. on the impossible separation CL a
component (high-boiling point component.) having a higher boiling point
than that of cyclehexanol from the purified cyclohexanoi. :.4pecifically,
the present inventors presume the causes of the coloration as follows,
First, in the hydration reaction of cycionexene, the high-bong. point
component may be produced by. the polymarization of a. raw material and/or
a subject matter as by -prodflcts. in ti-re case of an aspect of
withdrawing the purified cy-Icihexanol from a. distillation column bottom
with. the high-boiling paint component, the high - boiling point component
cannot be separated from the purified cyciohexanol.. Furthermore, because
the high - boiling point component may contain a substance having
absorption in a visible region, the purified cyclohexaeol  containing the
high-boilpoint component. is considered to be colored. 



E0008] Furthermore, in the case of the aspect of withdrawing the purified
cyclohexanol from the bottom together with. the high-boiling point
component, it inevitably takes a long time to heat cyclohezenol. and the
high-boiling point component at the bottori.L Therefore, the possibility
that cycaohexanci reacts with the high.- boiling point component at the
bottom to further increase the high-boiling point component cannot be
denied. The purifying method for which the increase of the high.- boiling
point component is concerned may cause a problem in a process such as; the
clogging of a pipe in addition to a problem of lowering the yield of the
subject matter, which is not indhstrially desirable, [00091      Then, it
is ar object of the preseht invention CO provide a purified cycloexanol
suitable for a raw material of adipic acid bw decreasing. the content of
byproducts inni.biting purification of adipic acid, and a method for
prodi,icing achrucaci.d using the purified cyclohexanol. Means for Solving
Problems       Because the high. boiling pofht component is not distilled
from the bottom together with cyclohehanol ih a distillation step in the
case of the purftlf:T method for sepafhtinq the high -boiling point
fraction and the low - boiling point fraction from cyclphexanol, the purlia
method. hardly causes a problem of thc, increase Cr the high-boiling point
component, However, the purifying. method ...auses a problem of the
coloration of adipic acid, As a result of diligent investigation, the
present inventors have discovered that methylcyblopentanol as a. by-product
causes the coloration of adipic acid, [00111      However, although the
purified cyclohexanol contains mothylcyclopentanol in a minute amount of
about 1200 ppm by weight, the coloration of the purified cyclohexanol is
observed in the case of the purifying method described. in Patent: Document
Therefore, the present inventors have considered that a. far,....h,c.-.r
coloring causative substance 



and. continued ambitious research, As a result, the present inventors have
ascertained that a substance ceasing the coloration is a
cyclohexyloycdohexene isomer having a double bond and having arsorption in.
a visibde region among- the by-products in the case of the purifying method
described in Patent Document I. Furthermore, the present. inventors have
discovered that for methylcyclupentanol and the cyclohexylcyclohezene
isomer in cyclohexanol, there are allowable amounts for  - application as
raw materials of adipic acid CO satisfy a. meltirtg. color number, In.
conjunction. therewith, the present inventors have established a method for
purif cycionexanol CO such a level, thereby' completing the present
invention. ;00121      That is, the present inventors have found that
adlpic acid can be sufficiently purified by a m.ethod for producing ac
acid. containing a step of oxidizing a purified cyclahexanci having' a
methylcyclopentanol concenttation controlled to 10 to 1000 ppm . by weight
and a cyclmhexylcyclohexenm isomer concentration controlled to 15 to 500
ppm by weight by nitric acid, and adipic acid n.axing- no practical problem
in a point of a meltinq. color number is attained, thereby arriving at the.
present. invention. [0013i      That. is, the present invention is as
follows. [00141      A purified cyclohexanai htrving a methylcyclopentanol
concentration of 10 to 1000 ppm by weight and a cyclohexyl cyclohexere
isomer concentration. of 15 to 500 ppm by weight. [21 R method. for
producing cyclohexanol comprising: 



Step I of producing. a solution (I) containing cyclobexanol,
methylcyclopentanol, and water by a hydration reaction Cr cyclohexene;
Step 2 of separating the solution (I) into a water phase and an oil phase;
Step 3 ot. obtaining a partially purified cyclohexanol containing
methylcyclopentanol. from the oil phase; and      Step 4 of separating and
removing methyicyclopentanol in the partially purified. cyclohexanol so as
to obtain a puritied eycionexanoi having a. methylcyclopehtantil
concentration of 1.0 to 1000 ppm by weight. and a cyclohexyl cyclonexene
isomer. concentration of 15 to 500 ppm by weight - L.5]      The method for
producing cyclohexanol according to [2], wi-JenEidn... in the Step 3,
a dd3tillsilYoon cblumn is used as an apparatus obtaining the partially
purified cyclohezanol, and.      the partially purified cyclohexanol is
withdrawn from a middle part of the distillation column- [41      Th,-.E.,
mEthoo. tOr producing cycichexanol according to L [31, wherein, in the Step
4, 



a distillation column is used as an apparatus separating and rembving
methylcyclopentanol;       the partially purified cyclohexanol introduced
into the distillation column contains 95 Co 99.8%. by weight of
evciohexanol. and 1500 to 20000 ppm by weight of methylcyclopentanol; and
temperatures of SeCOnd. Co fifth plates from a top of the distillation
column are controlled to 144 to 154.NO (--,-. ius limiHq). hi      R method
for prod.:icing adipic acid, comprising a. step of oxidizing a purified
cyclohexanol haying a methylcyc1opentanol concentration of 10 to 1000 ppm
bv weight and a. cyclohexyl cyclohexene isomer concentratibn of 15 to 500
porn by weight by nitric acid. Advantages of -Invention rr,n1c1
L'ri-l-,-).: 



The purified cyclohexanbi of the present invention is suitable as a raw
mar' tiLal of adipic acid_ The method for produeinc adipic acid of the
present invention can suppress the production of the by-products and
produce hich-gualitv adipic acid. Brief Description of Drawings [0016]
[Figure 11 Figure 1 is a schematic view shoving an ezample of a
cyclohexahol production apparatus  F Figure 2: Figure 2 is a schematic
viet. showing a eyclobexanol production. apparatus used in Comparative
Example 4, Mbde for Carrying but Invention roo17.i      Hereinafter, the.
embodiments of the present invention. (hereinafter., referred to as "the
present embodiment') will he described in detail. [colai       it is; to be
noted that the present invention is not limited to the following
embodiment, and. that. .siarious 



.modification.s can be made within the range of the gist thereof, [0019]
<<Purified Cyclohexanol>.>      A purified cyclohexanol of the present
embodimeht has a methylc clopehtanol ceheentration of 10 to 1000 ppm by.
weight, and preferably 15 to 1000 ppm by- weight. The upper limit value of.
the methylci' lopentanel concentration is mere preferably 250 ppm by weight
or less, and still more preferably 150 ppm by weight or less. When. the
methvicyclopentanol concentration in the purified cvelohexanol is the upper
limit value er less, the coloration of adipic acid (.hereinafter, also
described as an "adipic acid product") obtained from the  purified
cyclbhexanol is suppressed to result in high Q. O. a 1 it y.
Therefore, an order to obtain tha high-quality adipic acid prbduct, tha
mathvicycibpentanol concentration in the purified cyclohexanol is
preferably lower, The purified cyclohexanol can be purified to have a
methylcyclopantanad concentration therein at less than 10 ppm, However,
even when the methyicyclopehtanol concentration is less than 10 pr-m,
further improvement in the melting color number of the adipic acid product
is not folami, and the yield of the purified cyclohexancl is reduced.
Therefore, the metnvicyclopentabol concentration in the purified
cyclohexanol is preferably 10 ppm or more from the viewpoint of the balance
between the melting color number of the adipic acid product and. the vaeict
of cyclohexaaol, 



[0021]      The puxified cyclohexanol of the present embodiment has a
cyclohez.?clohexene isomer concentration of 15 to 500 opt:: by weight. The
upper limit value of the cyclohexylcyclohexene isomer concentration is more
preferably 300 ppm by weight or less. The cyclohexylcyclobexene isomer is
also a compound causing the coloration of the adipic acid product_
Therefore, in order to obtain the high-quality rxiipic acid product, the
cyclohexylcycichexene isomer concentration is preferably  2.1 lower.
Tho-lohexyacyclohexene isomer concentration in the purified cyciohexanol is
preferably. 1 ppm Or more from the viewpoint of the balance between the
melting color number of the adipic acid product and the yield of
cycionexanol.      The "cyclohezylcyclohexene isomer" in the present
specification refer: to all isomers of cyclohexylcycichexene, Ifthen
cyclohexanol is produced by the hyd.T.ation reaction of cyclohexene, for
example, a part of cycichezene is considexed to be dimerized to produce the
cyclohexylcyciohoxene isomer, Because the cyclohexylcyclobexene isomer has
a. higher bc>lira point than that of cyclohexanol, the
cyclohexyleyclohexene isomer can be separated by distillation. However, in
the hydration reaction of cyclet)exene, the amciunt of the
cyclohexylcycicd)exene isomer. produced. is usually a low amount of a few
thousand purn by. weir4ht. Therefore, the conventional puri..-,filr)q-the
cyclohexylcyclohexene isomer is not separated f: rem cyclohexanol. in nany
oases, However, according to the investigation by the present inventors,
the cyclonexylcyclohexene isomer Cat S. double bond, and has absorption in
a visible region, which causes the coloration of the adipic acid product.
Therefore, the cyclohexylcycichexene isomer concentration in the purified
cycIohexanol is preferably 15 to 500 ppm by  



weight from the viewpoint ot. producing adipic acid satisfying the melting
color number. [0023]      SPe fic examples of the cyclohexylcyclohexene I
somer. include, but not particularly limited to, cyclohexy1-2-cyclohe:fene.
rnii,-)41       In the prbsent aaboblment, the methylcyclopentanol
concentration and the cyclohexylcyclohezene isomer concentration in the
purified cyclohexanol can be measured by gas chromatography on a capillary
column. Specifically, for example, the concehtbations can be measured as
follows. [0025]      A withdrawing line for withdrawing a liquid and a
sluice valve are installed in a line ihto which the liquid to be analyzed
flews. When the sluice valve is opened, the liquid can be sampled from the
withdrawing line. The methylcycj.opentanol concentration and the
cyclohexylcyclohexenb isomer concentration in the liTidd can be measured by
sampilmg a liquid in an amount (at least 10 vdd that allows analysis by gds
chromatography, and aalyxinq the sampled liquid under the followinc.
conditions by gas chromatbgraphy, [0026]      The gas chromatography
conditions are not limited only to the following conditiohs. However, if
the liquid  is not analyzed under suitable conditions, the
methylcyblopentanol concentration and. the cypiohexylcyclohexene isomer
concentration may. be unable ro bo meanred, 



:nnn-il <Gas cahromatographv Conditions> I) Model: Shimadzu 2014AF5c (Fiji)
2) Column: Capillary Column (C8720 -S50 -050)  3) Temperature.: The
temperaturo 1:c., held. at SO:'(3 for. 15 minutes, then increased at a rate
of 5'Ciminute, and held for 5 minutes after the temperature roaches 140C.
The temperature is held for 5 minutes, then reincreased at a rate of
5cjeirc(1.1-lut..e, and held at 180C for 18 mi.nutes, INJ.:. 200'0 DET.:
2:20("C  4) Carrier Gas: Helium  5) Split Ratio: 1/10  6) RPINC.,,: 10  7)
Amount t0 Be. Injected:. I. !Al 



[0026;       The purified cyclohexano-I. of the present embodiment in which
the methylcyclopentanbi concentration and the cyclohexyloyclohexene isomer
concentration are in. the abuse -mentioned specific. ranges can be obtained
by a method for ofeducing cyclonexanol to be described later, for example.
<,..--i\lethod tor PI...0,diAcing Cyclohezanol.>>       A. method for
prods.lcing cyclohexanoi of the present embodiment comprises:       Step I
47: producing a solution. (I) containing cyclohexanol, meth7lcyclopentanol,
and water by a. hydration reaction of. c lohex.E?ne7       Step 2 of
separating the solution (I) into a water phase and an oil phase; Step 3 of
obtaining a partially purified cyclohezanol containing methylcyclopentanol
from the oil phase.; and Step 4 of separating and removinq
wiethylcyclopentanoi in the partially puxified 



cyclohexanol sues to obtain a. purified. cyclohexanol having a
ifzetnylcyclopentano.1 concentration. of 10 to 1.000 ppm by weight and a
cyclohexylcyclohexene isomer concentration of 15 to 500 ppm by weight.
[00301 [1] Hydration Reaction. of Crc.lohexene (Step 1)       The Step 1 is
a step at producing a solution (I) containing cyclohxanol,
Irtethylcyclopentanol, and water by a hydration reaction of cyclohex.E?ne.
[00311      A catalyst for the hydration reaction of cyclohexene is not
particularly limited. flbwever, for exam:-;:de, a crystalline
aluminosilicate can be utilized- Specific  not particular,1 limited to,
mordenite, faulasite" clinoptilolitey L -form zeolite, ZSM -type zeolity
chabazite, and erionite, AZ-1 (Japanese Patent Application No. 01-228283),
TPZ -3 (jap.anese Patent. Laid.- Open l'.:io" 5E1-110419), Nu-3 (Japanese
Patent Laid-Open No. S7-3714), Nu-5 KJapanese Patent laid -Open No.
57-129820), Nu-6 (Japanbse Patent -i,aid -Open No, 57-125817), and. Ni.:10
(Japanese Patent Laid-Open No. 57-200218) or the like are. also effective
as the catalyst for tbb hydration reaction of cycichexene. [0032j      The
crystalline aluminosilicate preferably 1185-a larger surface area from the
viewpoint of catalytic ac. nivity, Therefore, the crystalline
aluminosilicate 



preferably has a primary particle size 01 0.1- :Am or less, more preferably
0,1 pm. or less, and stili more preferably 0.05 ;Am or less. The lower
limii of the primary particle sire is not particularly limited. However, as
long as the crystalline aluminosilicate has 'crystallinity," the smallness
of the primary particle size is limited.       "Crystal" in the present
specification means one, having atoms regularly and periodically arranged
with the atoms having a certain symmetric property, wherein a diffraction
phenomenon dub to X-rays is observed (described in the item. of "Crystal"
on. page 349 in Kagaku Dailiten, published in 1963, Vol. 3, Kyoritsu
Shuppan Co,, Ltd.). A finite size based on a crystal structure. exists  .16
in order to haves. fixed period and an observed. X-ray diffraction
phenomenort. ft is preferable that the crystalline aluminosilicate used as
the catalyst for the hydration reaction of. cyclohezene has an observed X
-rav diffraction phenomenon and a primary. particle size of 0.5 vc:f or
less. [00331      The primary particle of the crystalline, aluminosilicate
ezists in various states. However, in the present specification, the
primary particle size of the crystalline aluminosilicate means a value
obtained by measuring. a diameter of a portion having the narrowest width
of a particle to be measured observed by a scanning electron microscope and
determining a. value at which a proportion of. particles having the
measured ni.imerical value or less based on the total amount of particles
is at least 50% by quantity. When the primary particle size is 0,5 mm cr
less, a secondary particle of the crystalline aluminosilicate generated by
the aggregation of the primary particles and having a larger diameter also
exhitAts an excellent catalytic ability in the hydration reaction based on
the present insTEE:rlt-..01-..:3' findings. 



[0034.]      Usually, to the hydration reaction of cy0,1.0 olefin, side
reactions such as isomerization and polymerization occur. For example, in
the hydration reaction of  cyclotezene, by-products such as methylci.'
Jopentenes, dicyclohexyl ether, and bicybichexyl are produced. In order to
suppress such nide reactions and obtain a. cyclic alcohol with high yield,
it is also effective to use as a caLalyst, for example, a. crystalline
aluminosilicate 5 disclosed in Japanese Patent Publication. No. 4-41131i
The crystalline aluminosilicate ZSM -5 is a zeolite developed by Mobil Oil.
Corporation. (refer to U,S. Pat, No. 3/702,H36), for which the molar ratio
of silica and alumina (silica/alumina) constituting the crystal is 20 or:
more and whicin has three-dimensional pores having inlets of 10-membered
oxygen-containing rings in the crystal structure. [0035I        The
temperarure of the hydration reaction of cycler:lesion is advantageously
low from the viewpoints of the equilibrium of the hydration. reaction. of.
cyciohezene and the suppression of the side reactions. iclowis.ver, if the
reactiofl temperature is to low, the reaction rate is decreased, which is
not oconomical. Therefore, the reaction temperature is preferably in the.
range of from Sec.C. to 300cO" The applicable pressure of the hydration
reaction of cyclohexene is from a decreased pressure to an increased
pressure. However, a pressure allowing both oyclotezene and water which are
reaction raw materials to maintain a liquid phase is preferable- When the
reaction temperature is 50'0 to $00'e in the hydration reaction of
cyclohexene, the reaction pressure is preferably 0 MPaG. to 20 MPaG. 100361
The molar ratio of cycichezene and water which are the reaction raw
materials can be in a wide range. However, excassive cyclohexane decreases
the conversion. of ovciohexene. Excessive water can increase the conversion
of cyclohexene, litrwwmfg.m..', it is 



disadvantageous from the viewpoints of separation and. purification of
cyclohexanel, and has the necessity of enlarging the voluma of a reactor,
which is not economical. Therefore, the molar ratio of water and
cyclobexene (watericyclohexene) is Lireferatily 0.01 to 200. [0037]
The weight ratio of cyclohexene and the catalyst varies with conditions
such as a. reaction temperature, a reaction pressure, and a molar ratio of
cyclohexene and water in a continuous reaction. However, generally, the
weight of. the catalyat is preferatdy in the range of from 0.005 to 200
based on the weight of cyclohexebe fed to the reactor in 1 hour. [00301
flfpr.ThAnnt (Steps 2 and 3)      The Step 2 is a. step of separating the
solution (I.) produced in the Step I into a water phase and. an. oil
[00391      Because the reaction raw material for the hydration reaction of
cyclohexene mainly contains cyblonexene and water as described above, the
product after the reaction also contains an oil phase and a watet phase.
Therefore, the solution. (Ti produced in the Step I is first separated into
the oil phase and the water. phase by, for example, Tic, 'd-kiquid
separation, [00401      The oil phase is a Ilcualci containing, for
example, cyclohexanol, methylcyclopentanol, cyclohexene, 



tripurdties accompanied by cyclonexene, a low-boiling point substance and a
bigh-boiling point substance by-produced in. an. ultralow amount during. a
hydration reaction, and a catalyst in an ultralow amount. Therefore, a
method for industrially obtaining. cyclohezanol as a product generally
includes concentrating and. ImirliThalohexanol by the operation such as
distillation to obtain a product, recovering and recvciinq uhreaeted
cyclonexene, and separating and removing. impurities such as a
high-boilinq. point substance and a catalyst. 11;C:All      Figure I snows
an example of an apparatus for producing             cc C\ The apparatus
shbwn in Figure comprises a reactor I, a separatbr 2 connected to the
reactor I, and a plurality of distillation columns 3, 4,  and. S serially
connected to the downstreatn side of the separator 2. LU0421        A.
crystalline aluminosilicate which is a catalyst is stored in the reactor I.
Cyclohezene is fed from. a raw material feed pipe 6. Water is fed from a
raw material feed pipe 7. In the reactor 1, a. temperature and a pressure
suitable for a. hydration reaction are set. The reaction of cyclohezene and
water flowing into the reactor 1 progresses, In the example shown in Figure
1, areaction liquid rmaininq for a certain period of time in the reactor 1
to progress the hydration reaction continuously flows into the separator 2
from the reactor 1. Cycichexene and water in an amount corresponding to the
outflow are fed to the reactor 1. 



[0043]      Hereinafter, the Step. 2 will be specifically described by
taking the apparatus for producing cyclohexanbi shown in Figure 1 as an
example. [0044]      The solution -1.) produced in the hydration reaction
of cyclonexene in the Step 1 contains the oil phase and the water. phase.
While the solution (I) is left at rest in the separator 2, the solution Cl)
is separated into the two phases. Because a pipe 10 is proylded at a
position higher. than the oil water interface level of the separator. 2
only. the oil phase which. 18 an. upper layer..  211 flows out to the
downstream distillation column from the separator 2. Thb oil phase
contains, for example, cyclohexanol, cyclohexene, impurities accompanied by
cyclohezene, a low-boiling point substance and a nigh - 1.-Jiling point
substance by-produced In an ultralow amount during a hydration reaction, a
catalyst in an. ultralow amount, and methylcyclopentanol. Generally, a.
cyclohexahbi concentration in the oil phase is, for example, 8 to 15% by
wticht. A return pipe 9 provided on the bottbm part of the separator 2 is
connected to the bottom part of the reactor 1, A slurried catalyst is
recycled to the reactor 1 via the return pipe 9 with a part of the water
phase frori. the bottom part. of. the separator 2. 100451 The Step 3 is a
step of obtain'a partial\,, Pu fled cyclohexanci contag
m(-ithyloyclopentanol from the oil phase_ The partially purified
cycichexanol can be obtained by separating and removing the impurities from
the oil phase using the distillation column, fCr example. [0046 



Hereinafter, the Stein 3 will be specifically described by f.,king the
apparatus for produc inc cyclonexanol shown in Figure 1 as an example,
[0047]  The oil phase flowing out from the separator 2 is fed to the
distillation column 3 via. the pipe 10. The impurities are crubely
separated. and removed from the oil phase in the, distillation. column 3,
The distillation columns 3 and 4 are, for example, multistage, and have the
number of theoretical plates of 10 or more, and more preferably 20 or morb
(a condenser and a reboiler each. are also regarded as one plate; hereafter
the same applies), [041      A reflux ratio is preferably I to 20 from the
viewpoint of recovering unreacted cyclohexene, [0049]      The oil phase in
which cybiohexanol is concentrated to, for ecampie, 40 to 50% by weight by
the distillation column 3 is withdrawn from a. pipe 12 as a bottom liquid,.
The bottom liquid is fed to a middle part of the 



distillation column 4, A. part of the top liquid is recycled to the reactor
1 via a pipe 11. F0050]      in the distillation column 4, the
concentration. of cycichexanol in the oil phase received from the pipe 12
is further concentrated, and thereby the partially purified c-. lohexanol
can be obtained, The concentration of cyclohexanol in the partially
purified. cyclobexahol is C referably. 95 to 99,,0:: by weight, more
preferably 97 to 99,0% by weight, and still more preferably 98 to 99,% by
23 - wellThe partially purified cyciohexanol in whicn. cyclonezanol is
concentrated to, for example, 9s to by weight. is fed to the distillation
COMEM 5 via a pipe 15 provided at a position lower than the connection
position of the pipe 12,      In order to increase the concentration. ot
cybichezanol in the partially purified cyclohexanol to a suitable range,
the temperature of the pipe, 15 is preferably managed to 143 to 161C (in
the. case of an atpsphere pressure). From the viewpoints of inbreasing the
concentration of. cyclohexanoi to the suitable range and of recovering
unxeacted cyclohexene from thefor example, in the distillation column. 4
havng the nnv,ber of theoretical plates of 15, the connection position of
the pipe 15 is preferably provided at a position lower than the connection
position of the pipe 12 by 5 plates armors, and more oreferabl7 provided at
a position lower by 10 plates armors, The connection position. of the pipe
15 1.8 preferably- provided at. a position higher than the connection
position (inflow place.) of a pipe 14 by 



it plates or more, and more preferably provided at a position higher
byplate armors [00521      Dicyclohexyl ether and the cyclonexylcyclohexenb
isomer which are by-produced in the hydratibn reaction of cyclohexene can
be separated from cyclohexanol by  withdrawing the partially purified
cyclohexanol not from. the bottom but from the middle part (1:2-5.45,-.:::
15) in the distjilation COild71-1 4The concentration of the
--clohexylcyclohexene isomer in the partially. purified cyclohexanol
withdrawn from the pipe 15 is preferably 15 to 500 ppm by weight, more
preferably 15 to 300 ppm by weight, and still more preferably 1.5 to 200
ppm The c..7.sict.....: .1- e :clohexene isomer. concentration in the
-artially ouxified c.y.clohexano.1 withdrawn from the, ripe 15 can. also be
technically set to be less than 15 ppm by weight- However, this lengthens
the time for heating cyclohexanol to further produce the 1boiling point
com.pohent" resulting in the reduction in the productivit'i. of
cyclohexanol. Therefore, from the viewpoint of the proC'uctivity of
cyciohezanoi, the cyclohez.vicyclohexene isomer. concentration in the
partially purified cycirThexanui ...:ithd.iawn from the pipe It is
preferably '' ppm by weight or more. The paiLiaily purified cyclohexanol is
preferably withdrawri from the middle part (pipe 15):. the distillation CC.
0(1111 4 in the Step 3 because .-.-.:.f. the same reason as the above
description, The bottom liqu.id of the distillation column 4 usually
contains a catalyst and. cyclohexanol. Howe,,,tic" the bottom liqpid is
withdrawn out of tha system. via the pipe 14 for the purpose pf withdrawing
cyclohexyl ether and the concentrated cyclohexylcyclohexene isomer, [005-3i



[31 Separation of Methylcyclopentanoi (Step 4)       The Step 4 is a step
of ssparating and removing methyicyclopentanol. in the partially purified
cyclohexanol so as to obtain a parffied cycichezanol having a
methylcy,...1opentanci concentration of 10 to 1000 ppm by weight and a
cyclohervicyclohexene isomer concentration of 1.5 to 500 ppm by weight,
[0054;       In the Step 4, a distillation column is preferably used as an
apparatus separating and removing methylcyciopentanol. [0055]
Hereinafter, the Step 4 will be specifically described by taking the
apparatus fox producing cyclohexanol shown in Figure 1 as an example,
[0056]       In the distillatica column 5, methy yglopentanel in the
partially purified cyclohezanol is separated and removed. [00571       From
the viewpoint of easily separating merhylcyclopentanel, the distillation
column 5 preferably has the number of theoretical plates of 40 or more, and
more preierably 50 or more_ From the viewpoint of concentrating
metnylcyclopentanol at the top, for example, the pipe 15 is preferably
connected to the middle part (for example, 25th to 35th plates ) of the
distillation  



column 5 haying the number of theoretical. plates of 50. The partiolly
purified cyclohexanol introduced into the distillation column 5 from the
pipe 15 preferably. contains 95 to 99.S% by weight of cyclonexanol and 1500
tb 20000 ppm. by weight of metnylcyclopentanol, The partially purified
cyhionexahol more preferably contains 97 to 99.3% byight of cyclohoxanol
end 1500 to 20000 ppm by weight of. mathylcyclopentanel, and still more
preferably 9S to 99,9% by weight of cyclohexanoi and 1500 to 10000 ppm by
-eight of methylcyclopentanol. The contents of cyclohezanol and
methylevciopentonol. in the partially purified cyclohexanol introduced into
the distillation column 5 are set. to be within the above ranges., and
thereby the amount atone, used steam of the distillation. col.us, 5 tends
to be decreased, which is proferabio. [0053]      In the present
embodiment, the contents of cyclohexanol and methylcyclopentanol i0 the
partially. purified cyclohexahol can be measured by gas chromatography
using a capillary column. The details of the measuring method are the same,
as those of the method for measuring the methylcyclopentanol concentration
and the cyclohexylcydionexene isomer concentration, [0059      The reflux
ratio is preferably 100 to 5000. [0060        In the distillation. column
5, a. top distillate component having an increased. concentration, for.
ezamplee 30 to 800. by weight of methylcyclopentanol is withdrawn fr,-,m a
pipe 16. Thereby, the purified cyclohexanol in which. the
pc,ethyloycaopentanol concentration is 10 to 1000 ppm by weight is obtained
from a. pipe 1.7 of the bottom. F0061]       In the distillation. column 5,
methylcyclopentanca is concentrated. and withdrawn from the top. Since an
insufficient concentration causes a loss of the purified cyclohexanel as a
product, the concentration management of methylcyclopentanol is preferably
performed from the index of economdc efficiency. In the case of general
distillation, the concentration. management of methylovolopentanol is
performed only by the reflux ratio< However, a small amount of
'..a.r.surHties are withdrawn in the distillation column 5, which ray
decrease the amount to be withdrawn of the pipe 16 and cause the
instability' of the teflux ratio, Then, for example, the temperature of the
vicinity of the top (for example, the second to 



fifth plates from. the top) of the distillation column 5 having the number
of theoretical plates of 50 is preferably controlled to 144 to 154ct (700
mmHg), more preferably 144 to 152C (700 mmHg),. and still more preferably
144 to 15OcC (700 mmHg), and thereby the concentration management of
methylcyclopentanol is preferably. performed.  Lc00621 [41 Cyclohexanol
In the case of a method (hereinafter, also described as a "cysiohexene
method") of obtaining cycichexanol in the hydration reaction of
cyblohezene, the partially putHfied cybichezanol usually contains a IOU
amount of methylcyclopentanol as described. above. Depending on conditions,
the partially purified cyclohexanol may contain. about 1500 pa: by wbight
of methyacyclopentanol. A product using the partially purified cyclonexanol
causes problems in some ar:plications, The reason why tbe partially
purified. cylohexanol contains metnyicyclopentanol in the case of the
cyclohexene method is as follows. A part of c - clohezene is isomerized in
the hydr'JEction. 1-...Eihac0:i_c):1 to 11.)e!(:).,s,x,..t: met
h...1,.c.yclopentene, and the .i.ii,,,dilyicyc-2lop:rbtiene is hydrated to
p.i.:(--.)duce metnyloyclopentanol- Because methylcy lopentanol has a
boiling point close to that of cyclobexanol, methylcyclopentanol cannot be
removed on a normal distillation method which is industrially performed.
[0063]        On the other hand, the method for producino cy..lohexanol of
the present embodiment separates and. removes methylcyclopentanol in the
partially purified cyclohexanol in the above-mentioned specific Step 4, and
tnereby tne purified eyciehexanel in which the methylcyclopentanol.
concentxation is 10 to 1000 ppm by  weight can be obtained Examples of a
method for controlling. the methyloyclopentahml concentration of 10 to 1000
ppm by weicht include a methcd using a dedicated distillation column for
separating methylcyciopentanci as for the above-mentioned distillation
column. 5. [0064] 



For example, the metnylcyclopentanel concentration in the purified
cyclonexenol can also be set to be less than 10 ppm by weight by
distillation operation in the OlsLiLLation. column 5, He'...,-cu.'" to that
end, it is necessary to increase an amount to be 1,,dddhdi-Es'4.n from,
the top of the distiiiatton column 5. Then, the cyclohexylcyclohexene
isomer and methyl cyclohexanol which cannot he separated in the
distillation column 5 are concentrated. Therefore, in the purified
cyclohexanel obtained from the bottom., the contents of the
cycloexyloyclohexene isomer and methyl cy-lohexanol are increased- When the
purified cyclohezanol is used as an adipic acid raw material, the
cyclbhexylcyclobexene isomer and methyl cyclohexancl cause the
deterioration of the quality. of adipic acid. Therefore, from the
viewpoint. of obtaining. high-quality adipic acid." the methyl- lopentanol
concentration in the purified cyclohexanol is set to be 10 ppm I / weight
or more. [0065]       The contents of pentanol and methyl cyclohexanol in
cycichezanol obtained by the cyclohexene method are less  3(.) than those
by a yv-lohexane method- Pentemol and methyl cyclohexanol may produce a
compound hardly separated, in the production process of adipic acid to
influence the qualiof dipic acid However, for example, pc,ntanol is
separated and removed as for methyl !clopentanol by the distillation
operation in the distillation column 5, and a pentanol concentration in the
purified cyclohexanol is set to be lower than that in the partially
purified cyclohezanol, Therefore, the purified cyclohexenol which is
produced by the cyclohexone rttethd and in which the mothyloyclopentanol
concentration is suitebdy controlled to the above-mentioned specific range
is suitable as a raw material for obtaining the high -TJELLii:., [0066.1
-,..-,<Methud far Producing Adipic Acid>> 



method for producing adipic acid of the present embodiment cemprises a step
of oxidizing a purified cyclonexanol haring a methvicvciopentanci
concentration of 10 to 1000 prim by weight and a cyclohexylcyclehexene
isomer concentration of 15 to 500 ppm by weight by nitlic acid. The
high-qualiacid having an excellent :melting cblor number can be obtained by
using as a raw materials the purified cyclohexanol in which the
methylcyclopentanol concentration and the cyclohexylcyclohexene isomer
concentration are controlled to the specific ranges, F00671       The
methed for producing act: 'c acid of the present embodimbnt preferably
comprises a crystallizing-purifying step after the step of oxidizing the
purified cyclohexanol by nitric acid, [006e]      The nitric acid oxidation
reaction at the purified cyclohexanol is progressed by feeding the purified
cyclohexanol into an excessive amount of a nitric acid aquebus solution,
Herein, the nitric acid aquebus solution. is an. aqueous solution having a
nitric acid concentration of 10 to 70%. The nitric acid aqueous solution is
preferably an aqueous solution having a nitric acid cpncentration of 50 to
65%. The nitric acid aqueous solution preferably contains copper and
vanadium as catalysts. [00691      The reaction temperature of the nitric
acid oxidation reaction of the purified cyclohexanol is preferably 60 to
100C... [00-7H 



The crystallizing-purifying step is, for example, a step at. cooling a
nitric acid aqueous solution containing a nitric acid oxidation reaction
product to a room temperature to crystallize adnpic acid, and thereefter
obtaining a crude adipic acid crystal. by filtration. A purified adipic
acid is obtained by placing the obtained crude adipic acid crystal in pure
water, dissolving the  crude adipic acgd crystal in the pure water, and
performing crystallization, solid liquid separation, and drying. Upon the
crystallization, the solution may he stirred or heated to dissolve the
crude adipic acid crystal. Thn solution may b aged for a suitable time to
grow the crystal. A suitable, condition may be selected at the melting
point of adipic acid or lower as the drying condition. [00711      it
became clear that the melting cblor nuwher of adipic acid as the obtained
product was remarkably impaired when adipic acid was produced by using the
paxtially purified cyclohexanol csntaininq more than. 1000 ppm by '4eight
of methylcyplopentanol according to the investigations conducted by the
esent inventors. As one of the causes, the present inventors presume that
dicarboz7lic acids produced in the nitric acid oxidation reaction step from
methylcyclopentanol remaining in the partially purified cyclehexanol
suppress the crystal growth of adipic acid in the purifying. step by the
crystallization of the crude adipic acid, to inhibit the purification of
actinic acid, and as a result, a adipic acid product haying a satisfied
quality cannot be obtained. rnn-7,-)1 cL j      The melting color number of
adipic acid. is measured as follows based Ofl. Japanese Inustrial Standards
JIS  K4172, In the production of adipic acid, the melting-color number is.
utilized as the index of coloration, 1007.$] Measuroment of Melting ..olor
Number- 



Measurement)]       25 q of a purified adip_c acid is placed in a test.
tube:, and melted an a molting apparatus adjasted to a. temperature of 250
The melted purified adipic acid is compered with a Hazen color number
(APHA) standard. solution to measure, a color number.      The purified
cyclohezanol in which the methylcyclopetanol concentration is controlled to
10 to 1000 ppm by weight and the cyclohexylcyclohezene isomer concentration
is controlled to 15 to 500 ppm by weight is used as a. raw material, and
thereby the obtained purified adipic acid has a good melting color number,
Examples [0075]      Hereinafter, the present invention will be further
described lid deteil according te Examples, However, the present invention
i8 not limited thereto so long as it is within the purp -t thereof, The
amount at each of omponents such as methylcyclopentanol in Examples was
determined by gas chromatography using a capillary column, [0076]  [Example
11 [1-]7dration Reaction of Cyciohpxenel      The hydration rbaction of
cyclohexenp was carried out in. the reactor I in Figure 1. 



[00771         ZSM-5 particulate which was a crystalline alumdnosilicate
described in Japanese Patent Laid-Open No. 3-193622 as a catalyst, was
introduced int an autoclave egpipped with stirrers, which was the reactor
1. The crystalline aluminosilicate was mixed with water with a weight ratio
of water to crystalline aluminosilicate of 2:1 to obtain a slurried
catalyst_ The crystalline aluminosilicate had a primary particle size of.
0,1. pm, A gas phase portion was pressurized with nitrogen  as so that a
reaction pressure was 6 k /(.--..1112G with setting a reaction temperature
at 125C and a number of. stirrer revolutions at 530 rpm. Cyclohexene was
fedan amount of 1 part by weight per hour based on 1 part by weight. of thb
catalyst through. the raw material feed pipe 6 of Figure I. to the reactor.
I, and water was fed in an amount corresponding to the amount of water
consumed in the reaction through the raw material feed pipe 7 to carry out
the hydration reaction of c iohezene, thereby producing a solution (I-  I)
containing oyclohexanol, methylcyclopentanol, and. water. 000] Separation.
between Water Phase. and Oil Phhsej      The produced solutibn CI-1) was
fed to the separator 2 through a pipe S. The solution (I-1) was left at
rest. in the separator 2 to separate the solution (L-1) into a water phase
and an oil phase. 



j00.311      The amount of the slurried catalyst returned to the reactor 1
via the return pipe 9 was adjusted so that the oil water interface level of
the separator 2 was located lower than the pipe 10. Thereby, only. the oil
phase which was an upper layer was fed to the di.stillation column 3 via
the pipe 10 from the separator 2. [00821      The oil phase fed to the
distillation. column 3 via. the pipe 10 was a mixture containing-
cyclohexanol and m.sthylcyclopentanol- The mixture contained 2000 ppm bv.
weight of methylcyclopentanbi based on cyclohexanni, The yield of
cyclohexanol was 11_06. [Purification of Cyclohexanol]      100 parts My
weight of the separated oil phase was fed to the distillation column 3 via
the pipe 10 to purify cyclohexanoL 8$. 198 parts by weight of a. distillate
was withdrawn from the top of the distillation  cplumm 3. The distillate
was joined to the raw material feed pipe 6 via the pipe 11, and then
recycled to the reactor 1. The composition of the distillate had 99,21% by
weight of cyclohexene, 0.23% by. weight of toluene, 0,30% by weight of
norcamphane, and 0,265 by o 1,....rof methylcy,..lohexane, [0084] 



The bottom liquid of the distillatiun columnwas fed to the distillation
column 4 via the pipe 12 to further.. PUt fy cycjohexanol, ;00851      A
catalyst and 0,500 parts by weight of cycrohexanol were withdrawn out of
the system via the pipe 14 from the bottom of the distillation column 4.
The distillate from the top of the distillation column 4 was recycled to
the distillation columm. 3 via a return pipe 13" The composition of the
distillate had 91.50% by weight of cyclohem.,:ane, 1,80% by weight of
toluene, 2.50% by weight of norca.I:iphane, 2.10% by weight of
methylcyclohexane, and. 2,10% by weighr. of cyclohexanoi. [0096]
11.298 parts by weight of a partially purified cyclohexanol containing 2
ppm by weight of cyclohexene and. 5 ppm. by -7..ight of toluene was
obtained as steam from the pipe 15 provided below the connection part of
the pipe 12 and the distillation. colnmh 4 above the connection part of the
pipe 14 and the distillation  columr1 4, The partially purified cy
.cthexanol contained 99,8% by weight of cyclohezanol, 1500 ppm
methylcyclopentanol, 300 ppm by weight of a. cyclohexylcyptchexne isomer,
50 ppm by weight. of pentanol, and 50 ppm by weight of methyl
cyclohez..anci, [007] [Separation and Removal of Methylcyclopentanoll 



The obtained partially purified cyclohexanol was fed to the distillation
column 5 via the pipe 15 of a partially purified product. In the
distillation column it methylcyclopentanol. in the parti.- i p fified
cyclohexanol was separated and removed. The temper.,p..--.ufe of the
vicinity. r).1 the top (the second CO fifth plates fram the top) of the
distillation column 5 havipg the ni,:mber of theoretical plates of 50 was
controlled. to 149C (700 mmHg), 0,.0027 parts by weight of the distillate
frpm the tbp of the distillation column 5 was withdrawn out of the system.
via the pipe lo. The distiliatc contained 52% byight of methylopentanPl, 11
purified cypichexanol was obtlained from the purified product withdrawing
pdpe 17 of the bottom pf the distiiiation column 5. The purified
cyclonexanoi had a methyloyclopentanol concPntration of 250 ppm by whight,
a cyclonhxylcyclohexene isomer concentration of 308 ppm by weight, a
pentanol concentration of 1 ppm by weight or less, and a methyl
cyclohexanol concentration of 51 ppm by weight.  U0881 Synthesis of AdipiL.
Acid]      The. purified cyclohexanol was fed into an excessive amount of a
nitric acid aqueous solution. to carry out the nitric acid oxidation
reaction of cyciehexancl. Herein, the nitric acid aqueous solution as an
aqueous solution. haying a nitric acid concentration of 60%. The nitric
acAd aqueous solution was an aqueous solution containinC4. a low amount of
copper and vanadium_ [0089;      The nitric acid oxidation reaction was
carried out. for1. hour at a reaction pressure setting at an atmosphere.
pressure and a reaction temperature at 



Then,              the nitric acid aqueous solution containing a reaction
product was cooled to a room temperature to crystallize .adipic acid, The
aqueous solution was subjected. to solid liquid separationfiltration to
obtain a crude adipic acid crystal, Next, the crude, adipic acid crystal
was placed in pure water, heated, and dissolved. The solutioncrystallized,
subjected to solid liquid separation in the same manner as above, and dried
to obtain a purified adioic acid_ [00911 [Quality. Measurement]      25 q
of the above-mentioned purified mdioic acid was placea in a test tube, and.
melted in. a melting. apparatus  adjusted to a temperatdre of 250  2C. The
melted purified adipic acid was .:-.iiaimpared with a Hazen color number
(A2M4.) standard solution, to measure a color number (based on Japanese
Industrial Standards JIS F4172). Tin melting color number of the, above
-mentioned purified adipic acid was 10 APHA or less, 



1.0092] [Example 2]        A partially puxifieb cyclohezanol. (c clobexanci
concentration 99.8% by weight, methylcyclopentanol concentration 1500 ppm
by weight, cyclohexyloyclohezane isomer concentration: 300 ppm by weight,
pentanol concentrhtioni: 50 ppm bywe.tqnt. methyl cyclohexanol
concentration 50 ppm by w ight) obtained. by- the same operation as Chat.
of Ezhr:Td..e I. was feci to the distillation column 5 from the pipe 15. In
the distillation column 5, methylcyclopentanol iti the partially purified
cyclohexanel was separated and removed. The terperature of the vicinity of
the top (tthe second to fifth plates from the top) of the distillation
column. S having the number of theoretical plates of 50 was controlled to
146cC 1700 miii4&1200.0024 parts by weight of a distillate from the top of
the distillation. column 5 was withdrawn out of the system via the pipe I.
The distillate contained 70% by weacni.t of methylcyclopentanol. A purified
cyclohexanol was obtained from the purified product withdrawing pipe 17 of
the bottom of the  40 - distillation. column 5, The purified cyclohezanol
had a methylcyclopentanol concentration. of 15 ppm by weight, a
cyclohexylcyclonexene isomer concentration:. of 301. ppm by weight, a
pentanol concentration of I. ppm by weight or less, and a methyl
cyc.1.0.1]exanol concentration of 50 ppm by. weight, 1,0093]      Adipic
acid was synthesized. by the same method as that. of Example 1 excbpt that.
the obtained purified cyclohexanci was used, and the quality measurement of
the obtained purified adipc acid was carried out, [00941 



The meitinh color number of the obtained purified adipic ac in) was 10
AEI-IA . or less. [00951 [Example 3]      A partially purified cyclohexanol
(c cionexanol concentrationf 99,8% by wemethylcyclopentani concentrationf
1500 ppm by weight, cyclohexylcyclohexene isomer concentration: 300 ppm by
weight, pentanol concentrationf SO ppm by. weight, methyl.caohexanol
concentration: 50 ppm by weobtained hy the same operation as that. of
Example 1 was fed to the distillation coluffm 5 from the pipe 15. In the
distillation. column 5, methylcyclopentanol in the partially purified
cyclohexanol was separated. and removed_ The temperature of the vicinity of
the top (the second to  fifth plates from the top) of the distillation
column 5 having the number of theoretical plates of 50 was controlled to
155C r700 mmEh). 0,0074 parts by weight 



of a distillate from the top of the distillation. column 5 was withdrawn
out of the system -via the pipe 16. The distillate contained 75% by wea.ght
of methyle lopentanol, A. purified cycionexanol was obtained from the
purified product withdrawing. pipe 17 of the bottom of the distillation
column 5. Tna puritied cyclohexanoi tad a methylcyclopentanol concentration
of 15 ppm. by. weight, a cyclonexvicyclohexene isomer concentration of 302
ppm by. vwair..-,01t.:i. a. pentahol concentration of I ppm by weight or
less, and a methyl cyclohexanol concentration. of 56 ppm by weight. nno.zcH
Adipic acid was synthesized by- the same matricide that of Example I except
that the obtained. purified cyclonexanol was used, arid the quality
measurement of the obtained purified adipic acid was carried out, rfl;
fl-,-;      The melting color number of the obtained purified adipic acid
was 10 AP-IA or less, [00H: [Example 4.]      A partially pussfied
cycdehexanol (cyclohexanol concentration: 99,8% by weight,
methyloyclopentanol concentration: 1500 ppm by weight,
cyclohexylcyclohexene  isomer concentration: 300 ppm by weight, pentanol.
concentration: 50 t m by- weight, methyl cyciohez.anol concentration.: 50
ppm by weight) obtained by the same operation as that of Example I was fed
to the diblillation COlUllir 5 froifi the pipe 15, In the distillation.
column 5, methylcyclopentanol in the 



partially purified cyclohexanol was separated and removed. The temperature
of the vicinity of the top (the second to fifth plates from the top) of the
distillation colic= 5 having the number of theoretical plates of 50 was
controlled to ISE'CI (700 mmHg), 0.13 parts bytgbt of a distillate from the
top of thh distillation column. 5 was withdrawn out of the system via the
pipe 16, The distillate contained 13% by weight of methyloyclopentanol. A
purified cyclohexanol was obtained frbm the purified. product withdrawing
pipe 17 of the bottom of the distillation column i. The purtfied
cyclohexaeol had a. methylcyclopentanol concentration of 15 ppm by weight,
a cyclehexylcyclehexene isomer condebtTatioh of 344 ppm by weight, a
pentanol conchntration of I ppm by weight or less, and a methyl
cyclohexanoi conbentratioo of. 57 ppm bv weight. [00991      Adipic acid
was sybthesired by the same method as that. of Example I except that the
obtained purified cyclohexanol was used, and the qu,--, Ly measuremhnt of
the. obtained purified adipic acid was carried out.  r 10D]      The
melting color nuwtber of the obtained purified adipic acid wds 10 APHA or
less, EzamplE 51      The same operation as that in Example 1 was carried
out uritia the purifying operation of cyclohexanol in the disttilation
column. 3 to obtain. a bottom liquid of the distillation columm 3. 



[01.027,      Cclohexanol was further purified in the same manner as in
Example I except that the bottom liquid of the distillation column 3 was
fed to the distillation cc:L=1 4 via the pipe 12 to change a. separatien
state in the distillation column 4, 1,0131      A catalyst and 0,500 parts
by. weight 0 cyclohexanol were withdrawn out of the system via the p:Lpe.
14 from the bottom of the distillation column 4, A distillate from the
tarot the distillation column 4 was recycled. to the distillation column 3
via the return pipe 13. The composition of the distillate had si36,50% by.
weight. of cyclohexene, 1,80% by. weight. of toluene, 2,50% by weight of
norcemphane, 2,10% by weight of methylcyciehexane, and 7.10% by weight of
cyclohexanel, [01041        11.2 part- by weight of. a partially. purified
cyclohezanol containing 2 ppm by weight of cyclohexene and 5 ppm by weight
of toluene was obtained as steam. from the pipe 15 provided below the
connection part. of the pipe 12 and the distillation column 4 above the
connection part of the pipe 14, and the distillation column. The partially
purified cyclonexahol had a cyclohexanol concentration. of. 93% by weight,
a methylcyclopentanol concentration of 3506 ppm by weight, a.
cyclohexylcyclohexene isomer concentration of 300 pun by weight, a pentanol
concentration of 50 ppm by weight, and a methyl cyclohexancl concentration
of 50 ppm by weight, [0105]      The partially. purified cycichexanol
obtained above was fed to the distillation column 5 from the pipe 15. In
the distillation colitmn 5, methylcyclopentanol in the partially purified
ccionexanol was separated and removed. The temperature of the vicinity of
the top (the second to fifth plates from the toil)) cf the distillation
column 5 having the number of theoretical plates of 50 was controlled to
146C (700 amHgp. 0.0046 parts by weight 



of the dtsti:LJ.ate from the top of the distillation. column 5 was
withdrawn out of the system via the pipe 16. The distillate contained 75%
hy weight. of methylcyclopentanol. A purified cyclohezanol was obtained
from the purified product withdrawing. pipe 17 of the bottom of the  /18
distillation column 5. The purified cyclohexanol had a. methylcyclopentancl
concentration of 15 C''a pentanol concentration. of 1 ppm by weight or
less, a cyPichezylcyclonexene isomer concentration of 301 ppm by weight,
and a methyl cyclohexanol concentration of 50 ppm H', weihht: [01061
Adlicic acid was synthesized by- the same method. as that of Ezemple 1
except that the obtained. purified cyclohexanpi was used, and the quality
measuremunt of the obtained purified adipic acid was carried out, [0107
The melting. odiOr number atone obtained pu. .tied adinic acid was 10 APHA
or less. [0108 [Example 6] 



A partially putified. cyclohexenol. (cyclbhexanui concentration: 98% by
weight, methicvoIopontanbi concentration: $500 ppm by weight,
cymcchexylcyclohezene isomet concentration: 300 ppm by weight, pentanol
concentration: 50 ppn by weight, methyl cyclohezanol concentration: 50 ppm
by weight) obtained by the sane operation as that of Example 5 was Eed to
the distillation column 5 from the pipe 15, in the distillation column 5,
methylcyclopuntanol in the partially purified cyplohexanol. was separated
and removed, The temperature of the vicinity of the top the second to
fifth plates from the top) of the distillation column 5 havinn the number.
of. theoretical plates of 50 was controlled to 155C (700 mmHg), 0,0136
parts by weight OLSCistillate from the top of the, distillation column 5
was withdrawn out of the system via the pipe 16. Tho distialte contained
75% by weight of methyloyclopentanol,   pur1_7...-hbed cyclohozahol was
ohtainod from the purified product withdrawing pipe 1.7 of the bottom of
tho distillation coludzi 5. Tho purified cyclohexanol had a
methylcyclopehtanoi oc.centration of 15 ppm by weight, a pentanol
concentration of 1. ppm. by weight or less, a cyclohex.yloyclohexene isomer
cocentration. of 304 ppm by weight, and a mothyl cyclohexanol concentration
of 51 prim.      Adipio acid was synthosized 07 the same method. as that of
Example I except. that the abtained purified cyolchexanoi was used and the
quality measurement of the obtained purified adiplo acid was carried out,
[01101      The melting color number of the obtained purified adipic acid
was 10 APRA or less, [01ill [Example 7] 



Airtra1ly purified(cyclohexanol concentration: 9e% by weight,
methylcyclopentanol concentration: 3500 ppm. by weight,
cyclohezylcyclohexone  isomer concentration: 300 ppm bvv:eiQvLrpentartol
concentration 50 ppm. by weight/ methyl cycicthexanol obncentration: 50 ppm
by weight) obtained by the same operation as that of Ezampie 5 wss fed to
the distillation .7-.o.i.....1r.an 5 from the pipe 15.In the distil'.atLon
column 5, methylcyclopentanol in the partially. purified
cycl_c...1:-.,.ezanol Was separated and Kemoved. The temperature of the
vicinity of the top (the second t0 fifth. plates -from the top) of the
distiii..E:tion column 5 having the number of theoretical plates. of 50 was
controlled to 158'0 (700 mmEc-,f), 0,10 parts by weight of a distillate
from the top of the distillation colurim.: 5 was withdrawn out. of the
system via the pipe 16. The distillate contained 75% by c.,ie...jht of
meth*iloyclopentanpi, Ti. purified cycJohexanol was obtained frcm the pi..;
rjfied product withdrawing. pipe 17 of the bottom of. the distillation.
column 5. The pnxified cyclohexanol had a methylcyclopentanol concentration
of 15 ppm by weight, a pentanol concentration of I ppm by weign or less, a.
cyclohexylcyclohezene isomer concentration. of 333 ppm by weight, and a
methyl cyclohexanol concentration of 55 ppm. by weight, [01121       AdiT c
acid was synthesized. by the same method as that Df Example 1 except that
the obtained ptrified cyclohezanol ohs used, and the Quality. measurement
of the obtained purified. adipic acid. was carried. out. 



The melting color number of the obtained umitec adipic acid. was 10 API-IA
or less, [01141 [Example 81      Continuous operation was carried out for.
1000 hours by the same operation as that of ExampleA. purified cyclohexanol
was obtained from the purified. product withdrawing pipe 17 of the bottom
of the distillation. column 5 after 1000 hours. The partially purifded
cyclohexanol had a methylcycaopentenol concentration of 15 ppm by IN .ght,
a cyclohexylcyclohemene isomer concentration of 300 ppm by weight, It
pentanol. concentration of 1 ppm by wel.cat or less, and. a methyl
cyclohexanol concentration of 50 ppm by wel.gnt [01151      Adipic acid was
synthesized by the same, method as that of Example I. except that the
obtained partially purified cyclohexaflol was used, and the quality
measurement of the obtained. purified addpic acid was carried out. L0116I
The melt: inq color number. of the obtained purified adipic acid. was 10
APHA or. less. [01171 [Comparative Example 1] 



Adipac acid was synthesized by the same method as that. of Example I except
that the partially purified cyclohexanol (cyclohexanol concentration: 59.8%
by weight, methyleyclopentanol concentration: 1500 ppm by wight,
oviohIcyclohexene isomer. concentration: 300 ppm by weight, pentanol
concentration: 100 pbm byiqht, methyl cyclohexanel concentratien: 50 ppm by
weight) obtained from the pipe 15 in Example 1 was used as a synthesis raw
material of adipio acid, and the quality measurement of the obtained
purified. a ..pic acid was carried. but. [011B:      The meitig color
namber of the obtained purified adieib acid wp.s 100 APHA., L01191
1-"Cirimpatative Example 21      A cycichexanol -containing. mixture
(cyclonexanol concentration: 99.8% by weight, metny1cyclopentano1
concentration: 50 ppm by weight, yclohezyley(clohexene isomer
c(3ncentrat:lon: 1500 ppm by weight) was obtained Item. the pipe 14 in
Example 1. Adipic acid was synthesized by the same method as that of
Example I except that the cyclohexanei -containing- mixture was used as a
synthesis raw Tatetaul of adipic acid, and the quality measurament. of the
obtained eh-rifled adieic acid. was carried out, [01201  



The melting color number of the obtatined purl ed adipic acid was 30 APRA.
[Comparative Example 31      A partially purified cyclohexanol
(cyclohexanol conL.,..anj raj ion: 99.B% by weight, methylcyclopentanoi
concentration.: IrJ00 ppm by weight, cyclahexyacyclohexene isomer
cor.3ceni-r.ai -Lon:. 300 ppm by weight, pentanoi concentrationif, 50 ppm
by werqitt. methyl cyclohexanol concentration: 50 porn by weight) obtained
by the same operation as that of Example I was fed to the distillation
column 5 from the pipe 15. In the distillation coluutn 5,
methylcyal.opentanai. in the partially purified cyclohexarei was separated
and removed. The temperature attire vicinity of the top ;the second to
fif:Tates from the top) of the distillation column 5 havin the number of
theoretical plates of SO was controlled t0 158'C L700 mmHg). 0.50 parts by
weight of a di:=Jtillate from the top of the distillation column was
withdrawn out of the system via the pipe 16. The distillate contained 0.7%
by weight of methylcyclopentanol_ A purified cycjohexanoi was obtained from
the purified product withdrawini pipe 17 of the bottom of the distillation
coluRin 5. The purified yclonexanol had a methlicyclopentanol concentration
of I ppm by weight or less, a cyclohezylcy ohexene isomer concentration of
600 rbv weight, a Pentanol  concentration of I ppm by weight or. less, and
a. methyl cycloCexanol. concentration of 100 ppm by weight. 101_211
Adipic acid was synthesized by the same method as that of Example 1 except
that the obtained purified cyclohexanoi was used, and the quality
measurement of the obtained purified adipic acid was carried out: 



The melting color number. of the obtained purified adipic acid was 30
(0123] [(.7.amparative E.z.ample 41      A. partially purified cyclohexanol
kcyclohezanol concentration: 95.'1% by. weight, methylcyclopentanol
concentratiL_'_: 3500 ppm by. weight, cyclohexylcyclohexene isomer
concentration: 300 ppm by weight, pentanol concentration: 50 ppm by weight,
mdthyl cyclondxanol concentration: 50 ppm. by weight.) obtained by the same
operation as that of Example 5 was f8d to the distillation column 5 from
the pipe 15. In the distillation column 5, methylcyclopentanol in the
partially purified cycjohexanoi was separated and removed. The temperature
of the vicinity of the top (the second to fifth plates from the top) of the
distillation column 5 havng the number of theoretical plates of 50 was
controlled to3C (700 mmHg). 0.50 parts by weight of a. distillate from the,
top of the distillation CCalaInn 5  was withdrawn out of the system via the
pipe 16. The distillate contained 0.7% by. weight of methylc lopertanbi. A
purified cyclohexanol. was obtained from the purified produbt withdrawing
pipe 17 cr. the bottom of the distillation column 5, The purified
cyclohexanel had a methylcyciopentanoi concentration of I ppm. by --..ight
or less, a cyciohexylcyclohexene isomer concentration of 600 ppm by weight,
a pentanol concentration of 1 ppm by weight or. less, and a. methyl
cypiohexanol concentration of 1.00 ppm by weight,. [01241      Adipic acid
Was synthesised by the same method. as that of Example l except that the
obtained puriiried cyclohexanol was used, and the quality measurement of
the obtained purified adipic acid was carried out. 



101251       The melting color number of the obtained pu,fied adipic.. acid
was 30 APHA. [01261 [Comparative Example 5]      A cyclohexanol -containing
mixture (cycjohexanol. concentration: 99.0% by weight, methylcyclopentanol
concentration: 50 ppm by weight, cyclohexylcyclohexene isomer concentratioh
1500 pun by. weight) was obtained from the pipe 14 by the same operation as
that. of Example 1 except that. a production apparatus shown in Figure 2
was used as a production apparatus. As shown in Piqure 2.,  the
cyclohexanol -containing mixture was fed. to the distillation COlUIT:n 5
from the pipe 14, and continnous operation was carried out. Because the
distillation colemn. was in an unstable operation state after a lapse of
about 50 hours, the continuous operation was stopped after 100 hours. A
purified. cyclohexanol was obtained from the top of the distillation column
5 after 100 hours, The purified cyclohexanpi had a methylcyclopentanol
concentration of 50 ppm by- weight, a oentanol concentration of 1 ppm by
weight. or less, a methyl cyclohexanol concentration of. 50 ppm by weight,
and a cyciohexylcyclohezene isomer concentration of 11300 ppm, [01271
Adipic acid was synthesized by the same method as that of Example I except.
that the obtained purified cyclohexanol was used,, and the quality
measurement of the obtained purified adIOJO acid was carried out,      The
melting color number of the obtained purified adipic aswas 20 APHA, 



[01291      After the distillation coidmn 5 after the above-mentioned
continuous operation was opened, deposited materials were observed on the
lower part of the distillation column. The deposited materials are
considered to be produced by the reaction of a cyclonexylcyclohezene isomer
or the like. The materials  caused the cloggini of the distiliaision
column, which inhibited stable operation, FrOD.11      The present
application is based on a Japanese patent application filed on July 12,
2011. (Japahese Patent Application No, 2011-154023), whose contents are
hereby incorporateci bv reference herein. Industrial Appiicabiij.y      The
purified cyclohexanbi of the present invention can provide the high
-quality a -pic acid, The highgualitv adip.c acid obtained. by the present
invention is useful. as intermediate raw materials. for materials in
various fields such as automobile components and electric components., and
has industrial. applicability, Reference Signs List 



1 2 ", ... reactom separator 3, 4, 5,.. distillation colamn material feed.
pipe 8,  10,  



11,  12,1115,16 9,  13 ", return pipe 17 "" puriffi.E:d product withdrawing
pipe  - 56 - 



Claims [Claim       2=,. purified cyclohexanol having a
methylcyclopentanol. concaatration of 10 to 1000 ppm by weight and a
cyclohexylcyclohezene isomer concentration of 15 to 500 opm. by weight.
LCiaim. 21 method for producing cyclonexanol comprising       Step 1 of
producing a solution (I) containina cyclohemanol, methyloyclopentanol, and
water by a hydration reaction of cyclohexene;       Step 2 of separating'
the solution (I) into a water phase and an oil phase; Step 3 of obtaining a
partially' purified cNcfrci'm the phase.; and mettlyagyclopentanel in the
partially purified 



cyclohexanol sass to obtain a. purified cyclohexanol. having a
mothylcyclapentanol. concentration of 10 to 1000 ppm by weight an& a.
cyclohex:clohemena isomer concentration of 15 to 500 ppm by weight [Claim
31      The mathod for producing cyclohezanol according to claim 2,
wberein, in the Step 3,  -      a distillation column is used as an
apparatus obtaining the partially purified cycloheeanol, and.       the
partially purified cyclohexanol is withdrawn from a middle part of the
distillation column. [Claim 41      The method for producing cyclohexanol
according. to claim 2 or 3, wherein, in. the Step 4,      a distillation
column is Usolos an apparatus separating and removing- methyloyclopentanol;



the partially purified cyclohezanol intTodflced into the distillation
column contains 95 Sc: 99.81: by weight of cycichexanol and 1500 to 20000
ppm by weight of metnylcyclopentanol; and      temperatures of second to
fifth plates from a top of the distillation column. are controlled to 144
to 15,rC (700 mmHg). [Claim 51      A method for producing adipic acid,
comt)rising a step of ozidizing a purified cyclohexenci having a
methylcyclopentanol concentration of 10 to 1000 ppm by weight and a
cyclohox,T):11-lexene isomer concentration of 15 t0 500 ppm by weight by
nitric acid, 










