Descrip on Title of Invention CYCLOHEXANOL, METHOD FOR PRODUCI NG
CYCLONEXANCOL, AND METHOD FOR PRODUCI NG ADJPI C ACI D Technical Field The
present invention relates to cycl ohexanol, a nmethod for producing

cycl shexanol, and a method for producigg adi pic acid using cycl ohexanol ,
Background Art. 100021 Adipio acid: is an inportant internmedi ate raw
material for polyandde 66 i.F..c.nd po'iyurethane, A nethod in which

cycl onexanone and/ or cyclohexanol is oxidized by nitric acid to synthesize
adipic acid. is industrially' the PrRi®stelebth as a method for prodncing
adi pi acid. A nmethod (I) for. synthesizing a. ketone alcohol oil KFt oil; a
m xture of ;clohexanone and cycl ohexanol) by. oxidization of cycl ohexane,

and a net holdnﬁ?e) Sorensynthesi zing hystohez. anotyo®yrdyy di@sdh e ef

cycl ohexeh. e have been known as the nethod for producing. cyci ohezanone
and/ or cycighexanotzndm the produst i ik ofr@stipis achh1@ Aethod t hrough.

the method (2) for synthesizing cycl ohexanol is preferable ia that the

nmet hod i s costly advant ageous as conpared with a nethod through the method
(1) for synthesizing a KAoil. 2 [0003 As described in Patent
Docunment 1,Techretdwod Hiorldoringing a crystalline netallosilicate used as a
solid catalyst into contact with cycichexene in a Tic |Id phase has been
known as theGtetlhod for produci ng cyei chezanol by hydration of cycl ohexene,

The present invention relates to cyclohexanol, a
method for producing cyclohexanol, and a method for

producing adipic acid using cyclohexanol.

Background Art
[0002]

Adipic acid is an important intermediate raw
material for polyamide 66 and polyurethane. A method in
which cyclohexanone and/or cyclohexanol is oxidized by
nitric acid to synthesize adipic acid is industrially the
mainstream as a method for producing adipic acid. A
method (1) for synthesizing a ketone alcohol oil (KA oil;
a mixture of cyclohexanone and cyclohexanol) by
oxidization of cyclohexane, and a method (2) for
synthesizing cyclohexanol by hydration of cyclohexene
have been known as the method for producing cyclohexanone
and/or cyclohexanol. In the production of adipic acid, a
method through the method (2) for synthesizing
cyclohexanol is preferable in that the method is costly
advantageous as compared with a method through the method

(1) for synthesizing a KA oil.



List of Prior Art Docunents Patent. Document [0004] Patent DocunentJapanese
Patent Publication :Cl O 2- 310:56 Summary of Invention Problems to be
Sol ved by Invention [000S) The present inventors prbduced cycl ohezanol by
the ration of cyclohexene, separated the resultant into a
poi ht fraction and a | ow boiling phint 4raction by distillation to obtain
a. purified cyclohexanol, and ahal yzed adipic acid obtained by nitric acid
oxi dation of the cyclohexanol. and found, however, that the adipic acid
may. have ajy@sse nelting color number an ineex for evaluating a degree of
obloration;. as the nelting coior nunber is smaller, colorationis
determ ned to hed essscranddqual itayhinghergcunharn tlhata method for

bringing a crystalline metallosilicate used as a solid

catalyst into contact with cyclohexene in a liquid phase

has been known as the method for producing cyclohexanol

by hydration of cyclohexene.

List of Prior Art Documents

Patent Document

[0004]

Patent Document 1: Japanese Patent Publication No. 2-

31056

Summary of Invention
Problems to be Solved by Invention
[0005]

The present inventors produced cyclohexanol by the
hydration of cyclohexene, separated the resultant into a
high-boiling point fraction and a low-boiling point
fraction by distillation to obtain a purified
cyclohexanol, and analyzed 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 index for evaluating a degree of coloration;
as the melting color number is smaller, coloration is
determined to be less, and quality is higher) than that

of adipic acid obtained by the method through the method



of adipic acid obtained by the, nethod 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 cycl ohexanol obtained by the hydration
reacti on of cycl ohexene contains particular by-products inhibiting the
purification of adipic acid. roocH ~ 3 Even when. cycl ohexanel produced
from cycl ohexehe is. purified by the nmethod. descxi bed in Patent Docunent
I, the cot need purified cycl ohexanol is colored, which does not
satisfy qualifyrst Wssizing dhenpsesentad nverions presune that one of
t he causes of the coloration is tiase. on the inpossible separation CL a
component (highsboddtngn pot ntheonponentthe have frgna higheroboilhang poi nt
than that of cycl ehexanol fromthe purified cycl ohexanoi. :.4pecifically,
t he presentfomvéntiorts qyebkumexdhel causesnef bhetlcol loyd@tdonomas f ol | ows,
First, in the hydration reaction of cycionexene, the high-bong. point
conmponent nmeyabel pr oduced byhetdree pobyraii ydtd onl @flar Pawhederial and/ or
a subject matter as by -prodf|/cts. in ti-re case of an aspect of

Wi t hdr awi ngt RIeEP k9 i el ¢yl Hexlaho? ¢F ot aP1 @i 2441 ati on col utm bottom
with. the hi(gh- boi l i ng paint conponent, the high - boiling point conponent

cannot be sepdtated fromthe purified cyci ohexanol.. Furthernore, because
the high - boili oint co or%lent y contain gfl subst a&c% havi ng
absorption in aVigi BIET &gion THE Duri it ¢y di'dhexacol O Eontai i ng t he

hi gh- boi | po;%t%i]??e%’%‘fnéhe irﬁe‘gl%)g&i &'&58&6& blen C@At%r?g Document 1,
the obtained purified cyclohexanol is colored, which does
not satisfy quality standards.

[0007]

The present inventors presume that one of the causes
of the coloration is based on the impossible separation
of a component (high-boiling point component) having a
higher boiling point than that of cyclohexanol from the
purified cyclohexanol. Specifically, the present
inventors presume the causes of the coloration as follows.
First, in the hydration reaction of cyclohexene, the
high-boiling point component may be produced by the
polymerization of a raw material and/or a subject matter
as by-products. In the case of an aspect of withdrawing
the purified cyclohexanol from a distillation column
bottom with the high-boiling point component, the high-
boiling point component cannot be separated from the
purified cyclohexanol. Furthermore, because the high-
boiling point component may contain a substance having

absorption in a visible region, the purified cyclohexanol



EO008] Furthernore, in the case of the aspect of withdrawing the purified
cycl ohexanol fromthe bottomtogether with. the high-boiling point
conmponent, it inevitably takes a long tinme to heat cycl ohezenol. and the
hi gh-boi Il i ng poi nt conponent at the bottori.L Therefore, the possibility

t hat cycaohexanci reacts with the high.4 boiling point conponent at the
bottomto further increase the high-boiling point conponent cannot be

deni ed. The purifying method for which the increase of the high.- boiling
poi Nt conNpPopgRt aiSi CONERE NedyNBYo CaUSe Bo Pribbtembbiedt pr ocesss stkehe@s; the
clogging of a pipe in addition to a problemof |lowering the yield of the
subj ect matterpewhbThrés. not indhstrially desirable, [00091 Then, it
is ar object of the preseht invention CO provide a purified cycl oexanol
suitable fof0@8aw nmaterial of adipic acid bw decreasing. the content of
byproducts inni.biting purification of adipic acid, and a nethod for

prodi, i ci ng achrlivadicmharst ngt 1t He g utd 4 éug)dvtﬁ offeiolof Means for Sol ving
Probl ens - Because the high. boiling pofht conponent is not distilled
fromthe boW%@h@f@@é@%e¥h@A@%ré§é$@h%h%ﬁ%me¥ﬁnﬁldfé@mlF%%i%%t%@%p in the

case of the purftlf: T nethod for segafhtinq t he h%gh -boi I i ng poi nt
fraction anBC¥ReRFHW L1t Bof M ngt ot £ +agtPon"Fr oMy et phexahol , the purlia

t hod. hardl bl f the, | Cr . the high-boilij i nt
Component . HEMEVRHo LT e Bt FyiRG mobhold . heabeBt ARy ot ain of L heS |

mponent, - HBWEVEr e pi . BsESTa Brobrem of the
o esont | nBHTATRohG0] db 2b8her BETRL Rak nyP &yt SEent andl a8 AL by- pr oduct

causes the Eﬁéﬁ aLion; of d£ﬁ£5n§§%g?hé9$&ai reac?gbw§¥ﬁrth§JEDQth the

purified cycl ohexanol contal ns cycl opentanol in a m nute anount of

about 1200 ppm by, we ght , ctheocoherati one of ot henpusi tiedheycl obexansl is
observed in the case of the purifying nethod described. in Patent: Docunent

Therefore, the prgsentiinvgnborst havepenastdesedothat a@enfad, . .Théh, c.-.r
col oring causative substance

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 industrially desirable.

[0009]

Then, it is an object of the present invention to
provide a purified cyclohexanol suitable for a raw
material of adipic acid by decreasing the content of by-
products inhibiting purification of adipic acid, and a

method for producing adipic acid using the purified

cyclohexanol.

Means for Solving Problems

[0010]



and. continued anbitious research, As a result, the present inventors have
ascertained that a substance ceasing the coloration is a

cycl ohexyl oycdohexene i soner having a doubl e bond and having arsorption in.
a visibde region anong- the by-products in the case of the purifying nethod

described in Patent Document |. Furtherpore, the present. inventors have
di scovered that for nethylcyclupentanol and the cycl ohexyl cycl ohezene
i soner in cyclohexanol, there are all owable amounts for - application as

raw materi al s ofpadiic @i thiCD -satisiryy aoirel tddneaal ars muber, 1n.
conjunction. therewith, the present inventors have established a nethod for
purif cyci onexanhol e€O suehtiae | levet omt begebys r conph et vogohdeape esent a
i nvention. ;00121 That is, the present inventors have found that
adl pi ¢ aci ddcani beasubfii cient iy pueified by ahen ethotyioy peodudi hgrac
acid. containing a step of oxidizing a purified cyclahexanci having' a
et hyl cycl opent anblngonkeentt @t Tlonl tont riebied £622D1¢e A0DOCHPM Wby wei ght
and a cycl mhexyl cycl ohexenm i somer concentration controlled to 15 to 500
ppm by meig%@l%y“%i??%%ta€¥@?thﬂﬁ BEPPI €Y atPUCRIART ngtP AP PF ALY RAl probl em
in a point of a nelting. color nunber is attai ned, thereby ?r%iving at the.
[

present . ih@%ﬁ??%n@af%gﬁ3?auses ThREOPT8™ Phe PFeSenteinventi ohCis as

follows. [00141 .. A purified c clohexaqgi Q}QYi a qFHHpr cl opent anol
concentrat|%hg%fbﬁbl%%gl%%bn%pﬁ? OWei ght ‘BHE ‘& ey i ohéxyit @ydiDhexer e
Lfggﬁ;iﬁg”g@%{%ﬁ%;g%%?Q%O%gg%g?ggﬁ PPMRY w61 9Pl s bR 1R SR HOd. 04,
As a result of diligent investigation, the present
inventors have discovered that methylcyclopentanocl as a
by-product causes the coloration of adipic acid.
[0011]
However, although the purified cyclohexanol contains
methylcyclopentanol 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 1. Therefore, the present inventors have
considered that a further coloring causative substance
exists, and continued ambitious research. As a result,
the present inventors have ascertained that a substance
causing the coloration is a cyclohexylcyclohexene isomer
having a double bond and having absorption in a visible
region among the by-products in the case of the purifying
method described in Patent Document 1. Furthermore, the
present inventors have discovered that for

methylcyclopentanol and the cyclohexylcyclohexene isomer

in cyclohexanol, there are allowable amounts for



Step | of producing. a solution (1) containing cycl obexanol,

met hyl cycl opentanol, and water by a hydration reaction C cycl ohexene;
Step 2 of separating the solution (1) into a water phase and an oil phase;
Step 3 ot. obtaining a partially purlfled cycl ohexanol cont ai ni ng

met hyl cycl opentanol. fromthe oil phase® and Step 4 of separating and
renmovi ng net hyi cycl opentanol in the partially purified. cyclohexanol so as
to obtain a puritied eyci onexanoi having a. nethyl cycl opehtanti l

concentrat i 9o 0f cds Ooit 024000y ppa byi aks ght . a@ngi @ gytd ohexydt Lye) onexene

i soner. concentration of 15 to 500 ppm by wei ght - L.5] The net hod for
produci ng cyel ohexanoloaccanceng tio [2)njudctlenEitdrerewiith,t heeSt ep 3,
a dd3tillsilYoon cblum is used as an apparatus obtaining the partially
purified cyctehezanoiyemndrs havethet palisatd ya pueifo@dt ey cbohekarnol |s
wi thdrawn froma mddle part of the distillation colum- [41 Th, -
MEt hoo. t OrC e beluekavgP byed chiexanal Lacebr di mgr ¢y LCPBal ewhes eie in the St ep
4 present invention.
[0012]
That is, the present inventors have found that
adipic acid can be sufficiently purified by a method for
producing adipic acid containing a step of oxidizing a
purified cyclohexanol having a methylcyclopentanol
concentration controlled to 10 to 1000 ppm by weight and
a cyclohexylcyclohexene isomer concentration controlled
to 15 to 500 ppm by weight by nitric acid, and adipic
acid having no practical problem in a point of a melting
color number is obtained, thereby arriving at the present
invention.
[0013]
That is, the present invention is as follows.
[0014]
(1]
A purified cyclohexanol having a methylcyclopentanol
concentration of 10 to 1000 ppm by weight and a
cyclohexyl cyclohexene isomer concentration of 15 to 500
ppm by weight.
(2]

A method for producing cyclohexanol comprising:



a distillation colum is used as an apparatus separating and renbvi ng
met hyl cycl opent anol ; the partially purified cycl ohexanol introduced
into the distillation colum contains 95 Co 99.8% by wei ght of

evci ohexanol .

and 1500 to 20000 ppm by ME|ght of nethyl cycl opent anol ; and

tenperatures of SeCOnd. Co fifth plates’froma top of the di stlllatlon
colum are controlled to 144 to 154.NO (--,-. ius limHg). hi
for prod.:

Ll

Fi-1-,-).

R net hod

icing adipic acid, conprising a. step of oxidizing a purified

cycl ohexanol hayimg a et it eycliopent anolutcioncentr atdrammiofirdk) to 1000 ppm
bv wei ght and a. cycl ohexyl cycl ohexene isonmer concentratibn of 15 to 500
porn by melgp&lbyemammlp actldy 1 Advanmpagesnof , -dnventton by,amlcl

hydratlon 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
cyclohexanol containing methylcyclopentanol from the oil
phase; and

Step 4 of separating and removing
methylcyclopentanol in the partially purified
cyclohexanol so as to obtain a purified cyclohexanol
having a methylcyclopentanol concentration of 10 to 1000
ppm by weight and a cyclohexyl cyclohexene isomer
concentration of 15 to 500 ppm by weight.

[3]

The method for producing cyclohexanol according to
[2], wherein, in the Step 3,

a distillation column is used as an apparatus
obtaining the partially purified cyclohexanol, and

the partially purified cyclohexanol is withdrawn
from a middle part of the distillation column.

[4]

The method for producing cyclohexanol according to
[2] or [3], wherein, in the Step 4,

a distillation column is used as an apparatus

separating and removing methylcyclopentanol;



The purified cycl ohexanbi of the present invention is suitable as a raw
mar' tilLal of adipic acid_ The nethod 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 Draw ngs [0016]
[Figure 11 Figure 1 is a schematic view shoving an ezanple of a

cycl ohexahol production apparatus F Figure 2: Figure 2 is a schematic
viet. showi ng a eycl obexanol production. apparatus used in Conparative

Exanpl e 4, Mde dfQr Ganriwing but-ilfventdyon dne@bhdl intrddefeidnahter, the.
enbodi ments of the present invention. (hereinafter., referred to as "the
present enbodi renit )1 Widdohedeset ideddmdednilo {Ta@iby weighitt dfs; to be
noted that the present invention is not limted to the foll ow ng
enbodi ment ,caricbhdshatol .midrious to 20000 ppm by weight of
methylcyclopentanol; and
temperatures of second to fifth plates from a top of
the distillation column are controlled to 144 to 154°C
(700 mmHg) .
[5]
A method for producing adipic acid, comprising a
step of oxidizing a purified cyclohexanol having a
methylcyclopentanol concentration of 10 to 1000 ppm by

weight and a cyclohexyl cyclohexene isomer concentration

of 15 to 500 ppm by weight by nitric acid.

Advantages of Invention
[0015]

The purified cyclohexanol of the present invention
is suitable as a raw material of adipic acid. The method
for producing adipic acid of the present invention can
suppress the production of the by-products and produce

high—-quality adipic acid.

Brief Description of Drawings
[001l6]
[Figure 1] Figure 1 is a schematic view showing an

example of a cyclohexanol production apparatus.



.nmodi fication.s can be made within the range of the gist thereof, [0019]
<<Purified Cycl ohexanol >. > A purified cycl ohexanol of the present
enbodi meht has a nethyl c cl opehtanol ceheentration of 10 to 1000 ppm by.
wei ght, and preferably 15 to 1000 ppm by- wei ght. The upper limt val ue of.
the methylci' |opentanel concentration ¥s nmere preferably 250 ppm by wei ght
or less, and still nore preferably 150 ppm by wei ght or |ess. Wen. the

met hvi cycl opent anol concentration in the purified cvel ohexanol is the upper

limit val ueferglessy) tieycel or atd on ofhathipi€ acdd {hderejnafter, al so
described as an "adipic acid product”) obtained fromthe purified

cycl bhexanoty¢ sorsespptes secbdwoc t esul dppardigh Fed im domganative
Therefore, an order to obtain tha high-quality adipic acid prbduct, tha
mat hvi cyci bpenmtahol 4 concentration in the purified cycl ohexanol is
preferably |ower, The purified cycl ohexanol can be purified to have a
nmet hyl cycl opant anad concentration therein at | ess than 10 ppm However,
even when the methyi cycl opehtanol_ concentration is I ess than 10 pr-m
further inpfodenent FHCEREIEPEE n €&t otThunber of the adipic acid product
is not folam , and the yield of the purified cycl ohexancl is reduced.
Ther ef or e, E%%lh%tnvicyclopentabol concentration in the purified

cyol chexanol L PLeershly. 10, Bt JULG 11 O Yie Washaunt ol the balance
of CyCIOhexfﬁ&gntion (hereinafter, referred to as "the present
embodiment”) will be described in detail.
[0018]

It is to be noted that the present invention is not
limited to the following embodiment, and that various
modifications can be made within the range of the gist
thereof.

[0019]
<<Purified Cyclohexanol>>

A purified cyclohexanol of the present embodiment
has a methylcyclopentanol concentration of 10 to 1000 ppm
by weight, and preferably 15 to 1000 ppm by weight. The
upper limit value of the methylcyclopentanol
concentration is more preferably 250 ppm by weight or
less, and still more preferably 150 ppm by weight or less.
When the methylcyclopentanol concentration in the
purified cyclohexanol is the upper limit value or less,
the coloration of adipic acid (hereinafter, also

described as an "adipic acid product") obtained from the



[ 0021] The puxified cycl ohexanol of the present enbodi nent has a
cycl ohez. ?cl ohexene i soner concentration of 15 to 500 opt:: by weight. The
upper limt value of the cycl ohexyl cycl ohexene isomer concentration is nore
preferably 300 ppm by wei ght or |ess. The cycl ohexyl cycl obexene isoner is
al so a conpound causing the col orati onléf -t he adipic acid product _
Therefore, in order to obtain the high-quality rxiipic acid product, the
cycl ohexyl cyci chexene i soner concentration is preferably 2.1 |ower.
Tho- | ohexyagycl ohexeng- i soeinconcentatiofsdd the-puridied iyl ohexanol is
preferably. 1 ppm O nore fromthe viewpoint of the bal ance between the
nmel ting col@ranuxper of the adipic acid product and the yield of
cyci onexanol . The "cycl ohezyl cycl ohexene isoner” in the present
specificatipma®fer: to all isomers of cycl ohexyl cyci chexene, Ifthen
cycl ohexanol is produced by the hyd. T.ation reaction of cycl ohexene, for
exanpl e, a part Tofe reyfcirche Zene rids rc s icdéxed: ttacbé idibmeriazéd t o produce t he
cycl ohexyl cyci ohoxene isomer, Because the cycl ohexyl cycl obexene isoner has
a. higher btdli¥a PoihtPEIEICT hath oMy bhexariot tatel
cycl ohexyl eycl ohexene i soner can be separated by disti|lation. However, in
the hydr at i G G¥Hctd kP of Lt ydlet) exehiesd thes dprf titC of1 ¢ Hereferably
cycl ohexyl cyci cd) exene isoqgr. pr o U%Qd. is usually a | qw a un%lof a few
thousand putdV'By. Weitr BHE L THREY EPOTERSERE LomientioRal™ pdfi™. =2 f11%F) g- t he
cycl ohexyl cycl ohexene Jisoner_is not separated f: rem cycl ohexanaol. in nan
cases, HowsVals " BEROTa T 16 10 THVESI Gart h By The" BT esent” i nVahtors,
t he cyclon I | ohex S r S.. . douhl nd, absorption in
a visible rayida ORRXENR xS ARl TSN A Og’%?‘ﬁigg’%alci d product .
Therefore, the cyclohexylcyci chexens, i s, concentdatign-dyeddie: purified
cycl ohexanol is preferably 15 to 500 ppm by

the melting color number of the adipic acid product is

not found, and the yield of the purified cyclohexanol is
reduced. Therefore, the methylcyclopentanol
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 yield of cyclohexanol.

[0021]

The purified cyclohexanol of the present embodiment
has a cyclohexylcyclohexene isomer concentration of 15 to
500 ppm by weight. The upper limit value of the
cyclohexylcyclohexene isomer concentration is more
preferably 300 ppm by weight or less. The
cyclohexylcyclohexene isomer is also a compound causing
the coloration of the adipic acid product. Therefore, in
order to obtain the high-quality adipic acid product, the

cyclohexylcyclohexene isomer concentration is preferably



wei ght fromthe viewpoint ot. producing adipic acid satisfying the nelting

col or nunber. [0023] SPe fic exanples of the cycl ohexyl cycl ohexene |
sonmer. include, but not particularly limted to, cyclohexyl-2-cycl ohe:fene.
rnii,-)4a1 In the prbsent aabobl ment, the nethyl cycl opentanol

concentration and the cycl ohexyl cycl chéZene isoner concentration in the
purified cycl ohexanol can be neasured by gas chronmat ography on a capillary
colum. Specifically, for exanple, the concehtbations can be neasured as
follows. [002%dr. TheA idihdreaawiing dlidre:feore Widdidrrawidrgea triaguicth amd a
sluice valve are installed in a line ihto which the liquid to be anal yzed
flews. Whentiideowst ui ced vayveohsxapeheds phefé¢rguld Canoire sanpbed fromt he
wi t hdrawi ng |ine. The nethyl cycj.opentanol concentration and the

cycl ohexyl cfrodrohieixenbi ¢womert cohcelnt riat 1 once no¢ hieedi Tildkel reaht bed neasur ed by
sanpilnmg a liquid in an anount (at |east 10 vdd that allows analysis by gds
chr omat ogr aphdor andnaal yxi ngt e hed sahpl @d 4 i jte @ eihderd t Hee 161 ¢ b te.

condi tions bxegas chr omat bgr aphy, [ 0026] The gas chronat ogr aphy
conditions @relot3itited only to the fol | owing conditiohs. However, if
the liquid @iﬁgpt anal yzed under suitable conditions, the

nEthyIcybIob hol concentration and. the cypi ohexyl cycl ohexene i soner

ConcentrationIn?ﬁel%%§g¥gﬁéigf%}%io éggﬁgxisomer" in the present
specification refers to all isomers of
cyclohexylcyclohexene. When cyclohexanol 1is produced by
the hydration reaction of cyclohexene, for example, a
part of cyclohexene is considered to be dimerized to
produce the cyclohexylcyclohexene isomer. Because the
cyclohexylcyclohexene isomer has a higher boiling point
than that of cyclohexanol, the cyclohexylcyclohexene
isomer can be separated by distillation. However, in the
hydration reaction of cyclohexene, the amount of the
cyclohexylcyclohexene isomer produced is usually a low
amount of a few thousand ppm by weight. Therefore, in
the conventional purifying method, the
cyclohexylcyclohexene isomer is not separated from
cyclohexanol in many cases. However, according to the
investigation by the present inventors, the
cyclohexylcyclohexene isomer has a double bond, and has
absorption in a visible region, which causes the
coloration of the adipic acid product. Therefore, the
cyclohexylcyclohexene isomer concentration in the

purified cyclohexanol is preferably 15 to 500 ppm by



:nnn-il <Gas cahromat ographv Conditions> 1) Mdel: Shinmadzu 2014AF5c (Fiji)
2) Columm: Capillary Colum (C8720 -S50 -050) 3) Tenperature.: The
tenperaturo 1l:c., held. at SO'(3 for. 15 mnutes, then increased at a rate
of 5Cmnute, and held for 5 mnutes after the tenperature roaches 140C.
The tenperature is held for 5 minutes, 1£hen reincreased at a rate of
5cjeirc(l.1-lut..e, and held at 180C for 18 m .nutes, INJ.:. 200" 0 DET.:
2:20("C 4) Carrier Gas: Helium 5) Split Ratio: 1/10 6) RPINC,,: 10 7)

Amount t0 a&ddﬂﬂ(ﬁﬂdﬁtthé-vﬂé&point of producing adipic acid
satisfying the melting color number.
[0023]

Specific examples of the cyclohexylcyclohexene
isomer include, but not particularly limited to,
cyclohexyl-2-cyclohexene.

[0024]

In the present embodiment, the methylcyclopentanol
concentration and the cyclohexylcyclohexene isomer
concentration in the purified cyclohexanol can be
measured by gas chromatography on a capillary column.
Specifically, for example, the concentrations can be
measured as follows.

[0025]

A withdrawing line for withdrawing a liquid and a
sluice valve are installed in a line into which the
liquid to be analyzed flows. When the sluice valve is
opened, the liquid can be sampled from the withdrawing
line. The methylcyclopentanol concentration and the
cyclohexylcyclohexene isomer concentration in the liquid
can be measured by sampling a liquid in an amount (at
least 10 ml) that allows analysis by gas chromatography,
and analyzing the sampled liquid under the following
conditions by gas chromatography.

[0026]
The gas chromatography conditions are not limited

only to the following conditions. However, if the liquid



[ 0026; The purified cycl ohexano-1. of the present enbodi nent in which
t he nmet hyl cycl opent anbi concentration and the cycl ohexyl oycl ohexene i soner
concentration are in. the abuse -nentioned specific. ranges can be obtai ned
by a nethod for ofeducing cyclonexanol to be described |ater, for exanple.
<,..--i\lethod tor PI...O0,diAcing Cycl dFezanol . >> A nethod for
prods. | cing cycl ohexanoi of the present enbodi nent conprises: Step
47: producing a solution. (1) containing cycl ohexanol, meth7lcyclopentanol,

and water bysanohygratl{o8qreagti osuotapCel ObeX:i E?HRY, the Step 2 of
separating the solution (1) into a water phase and an oil phase; Step 3 of

obt ai ni ng anparyialtyopertihed cyectohezanobncondaiinéng nmet hyl cycl opent anol
fromthe oil phase.; and Step 4 of separating and renoving
wi et hyl cycl opehtlaneiltnct bieepant i asdbyepuxpficedtration may be unable
to be measured.
[0027]
<Gas Chromatography Conditions>
1) Model: Shimadzu 2014AFsc (FID)
2) Column: Capillary Column (CBP20-S50-050)
3) Temperature: The temperature is held at 80°C for 15
minutes, then increased at a rate of 5°C/minute, and held
for 5 minutes after the temperature reaches 140°C. The
temperature is held for 5 minutes, then reincreased at a
rate of 5°C/minute, and held at 190°C for 18 minutes.

INJ.: 200°C

DET.: 220°C
4) Carrier Gas: Helium
5) Split Ratio: 1/70
6) RANG: 10
7) Amount to Be Injected: 1 pl
[0028]

The purified cyclohexanol of the present embodiment
in which the methylcyclopentanol concentration and the
cyclohexylcyclohexene isomer concentration are in the
above-mentioned specific ranges can be obtained by a
method for producing cyclohexanol to be described later,
for example.

[0029]



cycl ohexanol sues to obtain a. purified. cyclohexanol having a

i fzetnyl cycl opentano. 1 concentration. of 10 to 1.000 ppm by wei ght and a
cycl ohexyl cycl ohexene i soner concentration of 15 to 500 ppm by wei ght.

[ 00301 [1] Hydration Reaction. of Crc.lohexene (Step 1) The Step 1 is
a step at producing a solution (1) contdining cycl ohxanol ,

I rtethyl cycl opentanol, and water by a hydration reaction of cycl ohex. E?ne.

[ 00311 A catal yst for the hydration reaction of cycl ohexene is not

particul arly«dtidedeo f Ihweverind ofy€xamMxandste,> a crystal line

alum nosilicate can be utilized- Specific not particular,l [imted to,
nordeni te, faul asiree’hoel ifRephirdcahidiey kydflohmxzeolll be, t28Morkypatzeol ity
chabazite, and erionite, AZ-1 (Japanese Patent Application No. 01-228283),
TPZ -3 (] aperanssiendat emimpiiaiak- Open |'.:i 0" 5E1-110419), Nu-3 (Japanese
Pat ent Lai d-Open No. S7-3714), Nu-5 KJapanese Patent |aid -Open No.
57-129820), Nu- &tepapaniserPatientio- ia, @icd vtQoen (No, c®nte258107), and. Ni.: 10
(Japanese Patent Laid-Qpen No. 57-200218) or the like are. also effective
as the cat @&¥stoforandb Malratl o et bf aytivvhedens, 9 0032 The
crystalline alum nosilicate preferably 1185-a | arger surface area fromthe
vi ewpoi nt  dFY et iR I H ik VY CPHEISIOIY, the crystalline

al um nosilicate . : .
Step 2 of separating the solution (I) into a water

phase and an o0il phase;

Step 3 of obtaining a partially purified
cyclohexanol containing methylcyclopentanol from the oil
phase; and

Step 4 of separating and removing
methylcyclopentanol in the partially purified
cyclohexanol so as to obtain a purified cyclohexanol
having a methylcyclopentanol concentration of 10 to 1000
ppm by weight and a cyclohexylcyclohexene isomer
concentration of 15 to 500 ppm by weight.

[0030]

[1] Hydration Reaction of Cyclohexene (Step 1)

The Step 1 is a step of producing a solution (I)
containing cyclohexanol, methylcyclopentanol, and water
by a hydration reaction of cyclohexene.

[0031]

A catalyst for the hydration reaction of cyclohexene
is not particularly limited. However, for example, a
crystalline aluminosilicate can be utilized. Specific

examples of the crystalline aluminosilicate include, but



preferably has a primary particle size 01 0.1- :Amor less, nore preferably
0,1 pm or less, and stili nore preferably 0.05 ; Amor |ess. The | ower

limi of the primary particle sire is not particularly limted. However, as
long as the crystalline alumnosilicate has 'crystallinity,” the smallness
of the primary particle size is limted> - "Crystal" in the present
specification neans one, having atons regularly and periodically arranged
with the atons having a certain symmetric property, wherein a diffraction
phenomenon dyb terXiraysris obsetvedifdeserbbedten Ehejhkese, of "Crystal”
on. page 349 in Kagaku Dailiten, published in 1963, Vol. 3, Kyoritsu
Shuppan Co, ¢1Lhdp}ilAiftaite-sbze baseédten asgrysbal zsbiucture. exists .16
in order to haves. fixed period and an observed. X-ray diffraction
phenonenort chébarstpr efedabléonhat . t e’ cr ysiabdiees afaimmosi | i cate used as
the catalyst for the hydration reaction of. cyclohezene has an observed X
-rav diffradppPohrcphénonBaen>and282pei mafyZ-parlVreprecspzB2ben0. Bave-f or

| ess. [00331 The primary particle of the crystalline, alumnosilicate
ezists in v@PP@u@Ostéﬁééloﬂ%§éveNP“?n(gﬂEaB?é§eﬁ?t§BEcF?F@é@?%ﬂ,NPhe
primary particle size of _the

I Li | umi nosi | i |
obt ai ned by5ﬂ§ééa€?ngNua5d#§ﬁ§%é;ggfPéggagtﬁg% % b?hgﬁ%ﬁegﬁgié8§é§?'afdth
f ti d ob i i d
Get or P noNa- by 4P B e S BN EhOAt PP BROT LR BP - BArP7aPEY nagrmoNrRgooPe &
d ni.imerjcal . t | i cl
el R e S ek - S i A

less, a Secgﬂ98r¥§9@%£&95¢a9fthaecs£¥§9§£|ke% ahum,pgsiLicat ecgenerated by
the aggregation of the primary particles and having a | arger dianeter also

exhi t Ats anpexgelhgntxeatal ytic ability in the hydration reaction based on
the present insTEE rlt-..01-..:3" findings.

[0032]

The crystalline aluminosilicate preferably has a
larger surface area from the viewpoint of catalytic
activity. Therefore, the crystalline aluminosilicate
preferably has a primary particle size of 0.5 um or less,
more preferably 0.1 um or less, and still more preferably
0.05 pm or less. The lower limit of the primary particle
size 1s 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 due to X-rays 1is observed
(described in the item of "Crystal"” on page 349 in Kagaku
Daijiten, published in 1963, Vol. 3, Kyoritsu Shuppan Co.,

Ltd.). A finite size based on a crystal structure exists



[0034.] Usual ly, to the hydration reaction of cy0,1.0 olefin, side
reactions such as isonerization and pol yneri zation occur. For exanple, in
the hydration reaction of cyclotezene, by-products such as nethylci.'
Jopent enes, dicycl ohexyl ether, and bicybi chexyl are produced. In order to
suppress such nide reactions and obtai A®a: cyclic al cohol with high yield,
it is also effective to use as a calalyst, for exanple, a. crystalline
alum nosilicate 5 disclosed in Japanese Patent Publication. No. 4-41131
The crystaliv neradwinddosidd catel ZSMpdrisd amedni tadeveloped-dy Mbil Gl .
Corporation. (refer to U'S. Pat, No. 3/702,H36), for which the nolar ratio
of silica atidffataumiinan (Sidrieafratrun Aa) icopstiftutiong tthetcrtystal is 20 or:
nmore and whi cin has three-di nensional pores having inlets of 10-nenbered
oxygen- cont@i it Fing s lunire chysttal stedicturtdie [@036lyst for tihwe
tenperarure of the hydration reaction of cycler:lesion is advantageously

| ow from t Hevadiagpsi nte Gl athed fedfthi ¢ Bratmhoflahethydrsgiei!l ¥e@cti on. of .
cyci ohezene and t he suppression of the side reactions. iclows.ver, if the

reactiof | tEPerHtur® ISP NBWT tHE redttiTiT ¥ &te i iClfectieds &, i ch is
not oconom cal. Therefore, the reaction tenperature is preferably in the.
range of fremBecla€SSto 300cO’ The applicable pressure of the hydration
reaction of(ﬁygiohexene is froma decreased pressure to an increased
pressure. Fbme ér, a pressure allow ng both oycl otezene and water which are

reaction raM/na&%%igkﬁm ggpgquqggggoki%%%dgg&%zglhingreferable- When t he

reaction tenperatur S to einth ration reaction of

cycl ohexene, iifig, J€actign Riessw e | s, prefer all e & MPaG,ot,e,20;¥PaG 100361
The nolar ratio of cycichezene and water which are the reaction raw

materials can herddera Wde rainge: i dloweMes ,pexGassipLe kel ohexane decr eases
t he conversion. of ovciohexene. Excessive water can increase the conversion
of cycl ohexane,cdidtrasinfrg: mlumirdsilsicate 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 numerical

value or less based on the total amount of particles is

at least 50% by quantity. When the primary particle size

is 0.5 um or less, a secondary particle of the

crystalline aluminosilicate generated by the aggregation

of the primary particles and having a larger diameter

also exhibits an excellent catalytic ability in the

hydration reaction based on the present inventors'

findings.

[0034]

Usually, in the hydration reaction of cyclic olefin,
side reactions such as isomerization and polymerization

occur. For example, in the hydration reaction of



di sadvant ageous fromthe viewpoi nts of separation and. purification of
cycl ohexanel, and has the necessity of enlarging the voluma of a reactor,
which is not economcal. Therefore, the nolar ratio of water and

cycl obexene (watericycl ohexene) is Lireferatily 0.01 to 200. [0037]

The wei ght ratio of cyclohexene and thé’catal yst varies with conditions
such as a. reaction tenperature, a reaction pressure, and a nolar ratio of
cycl ohexene and water in a continuous reaction. However, generally, the

wei ght of . ¢helcatadyat 1he-prederat dyudmn dhendangecofl dsombhO05 to 200
based on the wei ght of cycl ohexebe fed to the reactor in 1 hour. [00301
flfpr. ThANNdid St egse2yanaci3)r, and Thiec St eph@xys are speplofegepdmati ng t he
solution (I.) produced in the Step | into a water phase and. an. oi

[ 00391 oBézause theoreact$orm raweaterdaloferandheothyaliatd ony¢eact i on of
cycl ohexene mainly contains cybl onexene and water as described above, the
product af tekcelel redet i brolal $oe ednt i nss a@ﬂ%ﬁleﬁﬁ‘s@‘éﬁhd‘:% Wett e1S phase.
Therefore, the solution. (Ti produced in the Step S flrst separated into
the oil phafs«étcahdsiﬁhef%t@ﬁam%%sea by’ Y $ ot Jek%%‘pai”eumrn%“ i uid?

t 00401 | ph |l cual
xanpl e, CyEl ORRERS HRUIGH YRS OpeRt Bl Ty bkt 4 {Pa1"

The crystalline aluminosilicate ZSM-5 is a zeolite
developed by Mobil 0il Corporation (refer to U.S. Pat. No.
3,702,886), for which the molar ratio of silica and
alumina (silica/alumina) constituting the crystal is 20
or more and which has three-dimensional pores having
inlets of 10-membered oxygen-containing rings in the
crystal structure.

[0035]

The temperature of the hydration reaction of
cyclohexene is advantageously low from the viewpoints of
the equilibrium of the hydration reaction of cyclohexene
and the suppression of the side reactions. However, if
the reaction temperature is too low, the reaction rate is
decreased, which is not economical. Therefore, the
reaction temperature is preferably in the range of from
50°C to 300°C. The applicable pressure of the hydration
reaction of cyclohexene is from a decreased pressure to
an increased pressure. However, a pressure allowing both
cyclohexene and water which are reaction raw materials to
maintain a liquid phase is preferable. When the reaction

temperature is 50°C to 300°C in the hydration reaction of



tripurdties acconpanied by cycl onexene, a | ow boiling point substance and a
bi gh-boi | i ng poi nt substance by-produced in. an. ultral ow anmount during. a
hydration reaction, and a catalyst in an ultral ow anount. Therefore, a

nmet hod for industrially obtaining. cyclohezanol as a product generally

i ncl udes concentrating and. ImrliThal 6Rexanol by the operation such as
distillation to obtain a product, recovering and recvciing uhreaeted

cycl onexene, and separating and renoving. inpurities such as a

hi gh- boi | i ng,- paidtesubstiance and & Gatad fste il GAdraply Fivgtie | snows
an exanpl e of an apparatus for producing cc Q' The apparatus
shbwn in Fiqgure oomari ses a reactor |, a separatbr 2 connected to the
reactor |, and a plurality of distillation colums 3, 4, and. S serially
connected t@aiw downstreatn side of the separator 2. LU0421 A
crystalline alumnosilicate which is a catalyst is stored in the reactor |
Cycl ohezene is flégd faodmr aataw wet ewicdlohfeeedepiapel &2 twat eniicy fed from a
raw material feed pipe 7. In the reactor 1, a. tenperature and a pressure
sui t abl e f orhea.renariati o't eacts ok at ecagetbe THe & édicts dmieie cycl ohezene and
water flowing into the reactor 1 progresses, In the exanple shown in Figure
1, areacti @Y% d TG TR HEE fOrc ivertnd ryeriod oft s T e eact or 1
to progress the hydration reaction continuously . flows in% the separator 2
from the re&dctorC LA/ ThexdES&nd WiEer i (38n 1Mo GAt Sc g?esponding to the

outflow are fed to theigeactor 1, L
conversion of cycloheXene. However, it is

disadvantageous from the viewpoints of separation and
purification of cyclohexanol, and has the necessity of
enlarging the volume of a reactor, which is not
economical. Therefore, the molar ratio of water and
cyclohexene (water/cyclohexene) is preferably 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 catalyst is preferably in the range of from
0.005 to 200 based on the weight of cyclohexene fed to
the reactor in 1 hour.

[0038]

[2] Purification of Hydration Reaction Product
(Steps 2 and 3)

The Step 2 is a step of separating the solution (I)
produced in the Step 1 into a water phase and an oil

phase.



[ 0043] Hereinafter, the Step. 2 will be specifically described by
taki ng the apparatus for producing cycl ohexanbi shown in Figure 1 as an
exanpl e. [0044] The solution -1.) produced in the hydration reaction
of cyclonexene in the Step 1 contains the oil phase and the water. phase.
Wiile the solution (1) is left at rest 1% the separator 2, the solution d)
is separated into the two phases. Because a pipe 10 is proylded at a
position higher. than the oil water interface | evel of the separator. 2
only. the ofbophase which. 18 an. upper layer.. 211 flows out to the
downstreamdi stillation colum fromthe separator 2. Thb oil phase

contains, for examlese ayed ahexanaln i lnohtexene, fiapurtid itegiradcienpani ed by
cycl ohezene, a | owboiling point substance and a nigh - 1.-Jiling point
subst ance byeprodouced! | nyaholudxead one anbuntoduring ayhydratéon Feacti on, a
catalyst in an. ultral ow amount, and nethyl cycl opentanol. Cenerally, a.

cycl ohexahbiaeoncent #at¢orP¢h 2lhevei | thhasecdsct f aFteXanpt er Bt 6°115% by
wticht. Areturn pipe 9 provided on the bottbm part of the separator 2 is
connect ed tdltheCHdtRbRT partObt PheSPedlto? 12TAL SPUFFF ed THRANSE i s
recycled to the reactor 1 via the return pipe 9 m{tg%gﬁgart of the water

phase frori???h%o%%F%ﬁ%1bﬁ?t?r%@Qc? elle ?afB?PZ. 45The Step 3 is a
(1t hyl oyt BRBRE RRBI LET oMt Bhe® bl | D BRASESN Trg paft VT | 5P BUF 1Y ec©
cpol Chexanol i be PEUBLAISH, B, JOBRESLLTHLANG oot 10 e L ties from
[0040]
The oil phase is a liquid containing, for example,
cyclohexanol, methylcyclopentanol, cyclohexene,
impurities accompanied by cyclohexene, a low-boiling
point substance and a high-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
cyclohexanol as a product generally includes
concentrating and purifying cyclohexanol by the operation
such as distillation to obtain a product, recovering and
recycling unreacted cyclohexene, and separating and
removing impurities such as a high-boiling point
substance and a catalyst.
[0041]
Figure 1 shows an example of an apparatus for
producing cyclohexanol. The apparatus shown in Figure 1

comprises a reactor 1, a separator 2 connected to the

reactor 1, and a plurality of distillation columns 3, 4,



Hereinafter, the Stein 3 will be specifically described by f.,king the
apparatus for produc inc cyclonexanol shown in Figure 1 as an exanpl e,

[ 0047]

The oil

distillation colum 3 via. the pipe 10. The inpurities are crubely
separated. and renmoved fromthe oil phaSe-in the, distillation. colum 3,
The distillation colums 3 and 4 are, for exanple, multistage, and
nunber of theoretical plates of 10 or nore, and nore preferably 20 or norb
(a condensein@m & ¥€hoi{ efogasicare alisd degaddeshass one ¢f atles hereafter
the sane applies), [041 Areflux ratio is preferably I to 20 f
vi ewpoi nt ofepaecover ing unreacted cycl ohexene, [0049] The oi

whi ch cybi ohexanol is concentrated to, for ecanpie, 40 to 50% by we
the distillBt@on colum 3 is withdrawn froma. pipe 12 as a bottomliquid,.
The bottomliquid is fed to a mddle part of the

A crystalline aluminosilicate which is a catalyst is
stored in the reactor 1. Cyclohexene 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 cyclohexene and water flowing into the
reactor 1 progresses. In the example shown in Figure 1,
a reaction liquid remaining 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. Cyclohexene 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
cyclohexanol shown in Figure 1 as an example.

[0044]

The solution (I) produced in the hydration reaction
of cyclohexene 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 (I) is separated into

the two phases. Because a pipe 10 is provided at a

phase flowing out fromthe separator 2 is fed to the

have t he

romthe
phase in
i ght by

position higher than the oil water interface level of the

separator 2, only the o0il phase which is an upper layer



distillation colum 4, A part of the top liquid is recycled to the reactor

1 via a pipe 11. F0050] inthe distillation colum 4, the
concentration. of cycichexanol in the oil phase received fromthe pipe 12
is further concentrated, and thereby the partially purified c-. | ohexanol

can be obtained, The concentration of é&jclohexanol in the partially
purified. cycl obexahol is Creferably. 95 to 99,,0:: by weight, nore
preferably 97 to 99, 0% by weight, and still nore preferably 98 to 99, % by
23 - wel | Thel pas toat | yo puré f deh eyed ohexasol 11 at whi cio 1 eyel onezarnod is
concentrated to, for exanple, 9s to by weight. is fed to the distillation
COVEM 5 vi as@pfrpeo152 pr dvieded latoha sposicdriten lsgweiort leagantdiee ,connect i on
position of the pipe 12, In order to increase the concentration. ot
cybi chezanoty¢hohdeapar t | @l ¢ yolperéie edinyet ohexanotcempan st tlapl e range,
the tenperature of the pipe, 15 is preferably nmanaged to 143 to 161C (in
the. case ofyaholgpsphere presturk)Nd Mot heulvs evpor miezd of hifhieasi ng the
concentration of. cyclohexanoi to the suitable range and of recovering
unxeact ed cyeloheXerel®r ot hietore dxamprf eUFad t He i st HratPeretoitm. 4
havng the nnv, per of theoretical (gl ates of 15, the connectjon position of

the pipe 15°761p7 et P UBF§- pPdvE e 51" a PoST 17 bh° F ower®t Han-t e Eonnect i on

iti f th i 2 by 5 pl , d f bl 7 i ded at
B posi t1 on FHAGFEbY-15 BT o BhO%E HR ST ARG b o RO 0N Yol ¢1 on. of ¢ he. pi pe
15 1.8 prefc?r?f’&)(é)f%c?i”gg c%ﬁtré‘tf&i}i' %@%Q'&ffrpﬁgg@ 1he gonnection

position(|n¥ ow place.) o pI pe
example, 8 to 15% by weight. A return pipe 9 provided on

the bottom 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 from the bottom part of the
separator 2.

[0045]

The Step 3 is a step of obtaining a partially
purified cyclohexanol containing methylcyclopentanol from
the 0il phase. The partially purified cyclohexanol can
be obtained by separating and removing the impurities
from the o0il phase using the distillation column, for
example.

[0046]

Hereinafter, the Step 3 will be specifically
described by taking the apparatus for producing
cyclohexanol shown in Figure 1 as an example.

[0047]



it plates or nore, and nore preferably provided at a position higher

bypl ate arnors [ 00521 Di cycl ohexyl ether and the cycl onexyl cycl ohexenb
i soner which are by-produced in the hydratibn reaction of cyclohexene can
be separated from cycl ohexanol by wthdrawing the partially purified

cycl ohexanol not from the bottom but £Pomthe nmiddle part (1:2-5.45,-

15) in the distjilation CO1d71-1 4The concentration of the

--cl ohexyl cycl ohexene isoner in the partially. purified cycl ohexanol

w t hdrawn from tie piipe ph%sies Prefierabiy ¥y dno 50 sppmby owei2ghts, nore
preferably 15 to 300 ppm by weight, and still nore preferably 1.5 to 200
ppm The c. .feditct .the .distlilleaticlrohexiene i 3oner . theoncierd ridti ofhien t he
-artially ouxified c.y.clohexano.1l withdrawmn fromthe, ripe 15 can. al so be
techni cal | ylrgetr itol dye des soituvenl 1.5 qupm dye dvei ight =erdoweV e ;o Hitse Iagiigt hens
the time for heating cycl ohexanol to further produce the 1boiling point
com pohent "Plragul 11 nigrd el Feducti oip i he proguetisviitlption

cycl ohexanol . Therefore, fromthe viewoint of the proC uctivity of

cyci ohezandio L WHes oy A6hek . %ﬁec'ycﬁ%e%@d‘&’]tesfoﬁ@)r Cicomit r 46‘6’“’?% t he

artiall |f|e Thexanui, ...:ithd.ia om t he pipe IS
Br ef er ab?/yp d‘Eﬁ/‘y\&e‘ﬁr S g Pﬁr?etep%| Vf]aglqrf]bd‘?qrf%)'ega ﬂodfl’?exanol is

preferably wt i omthe mddle rt i e15) edlstlllatlonCC
0(1111 4 it abvxr é({)eocral%oere < Cor?éﬂe e(elps‘—’g reraesboonl a5 tHe ‘above

description, T el§0t1t gﬁ]}deqy d gﬂea‘%ostﬂégeagftcg} o egrgé A usual l'y

contains a ca al'yst a cycl ohexan we,,, tic" 't ottomliqpidis

wi t hdr awn lolfeé ha system via the pipe 14 for the purpose pf w thdraw ng

cycl ohexyl ether and t he concentrated cycl ohexyl cycl ohexene isonmer, [005-3i
[0048]

A reflux ratio is preferably 1 to 20 from the
viewpoint of recovering unreacted cyclohexene.
[0049]

The o0il phase in which cyclohexanol is concentrated
to, for example, 40 to 60% 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.

[0050]

In the distillation column 4, the concentration of
cyclohexanol in the o0il phase received from the pipe 12
is further concentrated, and thereby the partially
purified cyclohexanol can be obtained. The concentration
of cyclohexanol in the partially purified cyclohexanol is
preferably 95 to 99.8% by weight, more preferably 97 to

99.8% by weight, and still more preferably 98 to 99.8% by



[ 31 Separation of Methylcyclopentanoi (Step 4) The Step 4 is a step

of ssparating and renovi ng net hyi cycl opent anol .

cycl ohexanol so as to obtain a parffied cycichezanol having a

met hyl cy, .

[ 0054;

[ 0056]

.. lopent anci

concentration of 10 to 1000 ppm by wei ght and a
cycl ohervi cycl ohexene i sonmer concentratdom of 1.5 to 500 ppm by wei ght,

inthe partially purified

In the Step 4, a distillation colum is preferably used as an
apparatus separating and renoving nethyl cyci opentanol. [0055]
Her ei nafteryctfie: St emed pMiddidoe specifiical |y desarided by takidag the

apparatus fox produci ng cycl ohexanol shown in Figure 1 as an exanpl e,

cytholibeatlb5tikl abhcancobhuam 5o, nebhyeyghopent ahetoi nothe

partially purified cyclohezanol is separated and renoved. [00571
the viewpoilnt ofigasily Separating desbhyl tyclopentameh, 5thea di spipeati on

colum 5 preferably has the nunber of theoretica

more prei erabl yré0ided not ea Fpohtihe Voenpoinenofheoneentatdhng

met nyl cycl opentanol at the top, for exanple, the pipe 15 is preferably
connect ed teo$heldi daf ethar®ipfotZexanpl e, 25th to 35th plates ) of the

distillation

[0051]

In order to increase the concentration of
cyclohexanol in the partially purified cyclohexanol to a
suitable range, the temperature of the pipe 15 is
preferably managed to 143 to 161°C (in the case of an
atmosphere pressure). From the viewpoints of increasing
the concentration of cyclohexanol to the suitable range
and of recovering unreacted cyclohexene from the top, for
example, in the distillation column 4 having the number
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
or more, and more preferably provided at a position lower
by 10 plates or more. The connection position of the
pipe 15 is preferably provided at a position higher than
the connection position (inflow place) of a pipe 14 by
0.2 plates or more, and more preferably provided at a
position higher by 1 plate or more.

[0052]

Dicyclohexyl ether and the cyclohexylcyclohexene

isomer which are by-produced in the hydration reaction of

cyclohexene can be separated from cyclohexanol by

pl ates of 40 or nore,

From

and



colum 5 haying the nunber of theoretical. plates of 50. The partiolly
purified cycl ohexanol introduced into the distillation colum 5 fromthe

pi pe 15 preferably. contains 95 to 99. S% by wei ght of cycl onexanol and 1500
tb 20000 ppm by wei ght of netnylcyclogentanol, The partially purified

cyhi onexahol nore preferably contains 97 to 99.3% byi ght of cycl ohoxanol
end 1500 to 20000 ppm by wei ght of. mathyl cycl opentanel, and still nore
preferably 9S to 99, 9% by wei ght of cycl ohexanoi and 1500 to 10000 ppm by
-ei ght of netdnd.cyelopentane xt iHie qnieintiss dfc\eyiclehezanoln@nd rom

met hyl evci opentonol . in the partially purified cycl ohexanol introduced into
t he distil ltatd o tcodmurimt faren sete rtialdles widhi n(diee aboveirr driges., and

t hereby the anmobunt atone, used steam of the distillation. col.us, 5 tends
to be decr edsed] ] Wwhiich i® prof erabilbe [OOS3htratiopnotfhéhpr esent

enbodi nent, the contents of cycl ohexanol and nethyl cycl opentanol 10 the
partial | y. Ppurlidhiced gt lohsetion icainde feddir et byl dglds’ dhtoneitssgr aphy
using a capillary colum. The details of the neasuring nethod are the sane,

as those of XM HEtaBd fort e ll i g™t He St iA cytliohéntHoiatoncent rati on
Fatio 1 pret b G0 b BGd0. TTu060 EE Lottt e ui Ll 19k 1B col umm

ooy 2P L, sorpr b s Gt s Ao
Bicl,ogt ﬁgl o;?g{)eggér/%ca%%ee%Lé;%dﬁ%%%ﬁ?egln&ﬁ?% oé%%%{%n%%y V\Jbr% g h[e i s obtained
from a. pigﬁxétﬂéfﬁyFﬂﬁ%f%ﬁéd”@yéﬂgﬂgganol_wiﬂﬂﬁﬂéﬁﬁ(ﬁfﬁﬂldﬁﬁiéﬁbe colum 5,

met hyl cycl opentanca i's concentrated. and withdrawn fromthe top. Since an

i nsuf fici ents concentdation causes a | oss: ofo tihe pwd fded cyclohexanel as a
product, the concentration managenent of nethyl cycl opentanol is preferably
performed fyeomithe Hadexecef, ecosondegehkinci eneyrilhr the tcaseioty general
distillation, the concentration. managenent of nethyl ovol opentanol is
perfornmed ontyldyestdher efd uxrEtd oo Howeverthea tsieldbcnourt wfint
‘..a.r.surHies are withdrawn in the distillation colum 5, which ray

decr ease t heorarmumtt t or e Mi ittt rigwE o 181G o 18 a4tk darsBitther ity
instability' of the teflux ratio, Then, for exanple, the tegp%%gture of the

vicinity ofoft He/ Hop ot lexanpré S fPRE séofid g vV iewpoint o

productivity of cyclohexanol, the cyclohexylcyclohexene
isomer concentration in the partially purified
cyclohexanol withdrawn from the pipe 15 is preferably 15
ppm by weight or more. The partially purified
cyclohexanol is preferably withdrawn from the middle part
(pipe 15) of the distillation column 4 in the Step 3
because of the same reason as the above description. The
bottom liquid of the distillation column 4 usually
contains a catalyst and cyclohexanol. However, the
bottom liquid is withdrawn out of the system via the pipe
14 for the purpose of withdrawing cyclohexyl ether and
the concentrated cyclohexylcyclohexene isomer.

[0053]



fifth plates from the top) of the distillation colum 5 having the nunber

of theoretical plates of 50 is preferably controlled to 144 to 154ct (700

nmHg), nore preferably 144 to 152C (700 mrHg),. and still nore preferably

144 to 15CcC (700 mrHg), and thereby the concentrati on nanagenent of

met hyl cycl opentanol is preferably. perflormed. Lc00621 [41 Cycl ohexano

In the case of a nethod (hereinafter, also described as a "cysi ohexene

nmet hod") of obtaining cycichexanol in the hydration reaction of

cybl ohezene, the[pardd@d+yt it Hif ede eypl eheranalt usaml | yceontai ns a 1 OU

anount of nethyl cycl opentanol as described. above. Depending on conditions,

the partially puridi®deyc|ohexanotp may oo inin@bout AS007pag by wbi ght

of net hyacycl opentanol. A product using the partially purified cycl onexanol

causes probhenByinysoneearapbicati bhs, pTheipeagopunhyitde partially

purified. cylohexanol contains netngigyclopentanol in the case of the

cycl ohexenecret Abdx#gohssPoffos. OAtpart acPueifiefonBzeneekanpPsomeri zed in

the hydr' JEction. 1-...E hacO:i_c):1 to 11.)e!l(:).,s,X,..t; met

h...1,.c.yclepergenelcbpnl ereloPeifancyi Foreyet 2fbporbefene & hYdPated to

p.i.:(--.)duce netnyl oycl opentanol - Because | opent anol has a
diehthand b

Teth Ic%

boi | i ng poi APMcP¥sE thatdof cycloBexAnoYClaReh§IEytPoPeht anol cannot be
removed on a nornmal _distillatjio od which is industrially performed.

[ 0063] con%ﬁg?ﬁﬁgb?ﬁe?%h%%d?opﬁégnBPﬂoayf%?l%bgducino cy. .l ohexanol of
t he present[gaggginent separates and. renoves nethyl cycl opentanol in the
partially purified cycl ohexanol in the above-nentioned specific Step 4, and

tnereby tne purified,eysiehexanel i whish &he aEthyl Syl .opentano)

concentxation is 10 to 1000 ppm by weight can be obtai ned Exanpl'es of a

met hod for gengrekl bRgapbhea et hybeyehopeqt ahal regpeentration of 10 to 1000
ppm by weicht include a nmethcd using a dedicated distillation colum for

separ ati ng nethyleyei opentanci.as for the above-nentioned distillation
colum. 5. [0064]
[0055]

Hereinafter, the Step 4 will be specifically
described by taking the apparatus for producing
cyclohexanol shown in Figure 1 as an example.

[0056]

In the distillation column 5, methylcyclopentanol in
the partially purified cyclohexanol is separated and
removed.

[0057]

From the viewpoint of easily separating
methylcyclopentanol, the distillation column 5 preferably
has the number of theoretical plates of 40 or more, and
more preferably 50 or more. From the viewpoint of
concentrating methylcyclopentanol at the top, for example,

the pipe 15 is preferably connected to the middle part

(for example, 25th to 35th plates) of the distillation



For exanple, the netnyl cycl opentanel concentration in the purified

cycl onexenol can also be set to be |l ess than 10 ppm by wei ght by
distillation operation in the dsLilLLation. colum 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 colum 5 #Ren, the cycl ohexyl cycl ohexene

i somer and net hyl cycl ohexanol which cannot he separated in the
distillation colum 5 are concentrated. Therefore, in the purified

cycl ohexaneto nbirai neth-Ffiram dHe hotdomgf titeecoint e s wfattde of 50.

cycl oexyl oycl ohexene i sonmer and net hyl cy-lohexanol are increased- \Wen the
purified cythohezanoallls mused asd anyadipicaraci di rtaw dmatest ialto tthes

cycl bhexyl cycl obexene i soner and net hyl cycl ohexancl cause the

det eri or at i @rstof L tdel quatd tyun of adimpi tthadi e Thereforea;alflnom t he

vi ewpoi nt. of obtaining. high-quality adipic acid." the nethyl- | opentanol
concentr at i @ tiaithe® purd f9ed Tyl oHebdHol °f sC¥etor B LEFPMI0T wei ght
or nore. [006(5;{)({ The contents of pentanol. and net hyl c%cl ohexanol in

cyci chezandt© ot ¥ hetPThyPx HE et ghe et HotP R4 ®) than those
comound natHl y. SapArSUEd 1 THe GROHULE SHPes CEeae 10 o IR H to
Separatod aid Tembved a6 FBT Tt KT Th Sheeare B cheit fad o
operation i}%@@%o‘téﬂé at ¢ q{bﬁ%%g%‘bo%ﬁ ! r?oP,erﬁr?d‘Oitﬁlolm}z?&té ation in the

purified c Is set to an that 1n the partially

purified cyclohezanal ,ogTher efore, ghe,puidied cyclahexanol whiclsde

produced by the cycl ohexone rttethd and 1 n which the nothyl oycl opent anol
concentratiwan 1s0EUid@bdyy cantdiod |ed i Hhe- gbove=memd onedhspeci fi ¢ range

is suitable as a raw material for obtaining the high -TJELLii:., [0066.1
-, .-, <Met huth fart ProduciaigpAdtpicl Acidl>»ethylcyclopentanol in the
partially purified cyclohexanol introduced into the
distillation column 5 are set to be within the above
ranges, and thereby the amount of the used steam of the
distillation column 5 tends to be decreased, which is
preferable.
[0058]

In the present embodiment, the contents of
cyclohexanol and methylcyclopentanol in the partially
purified cyclohexanol 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 cyclohexylcyclohexene isomer concentration.

[0059]
The reflux ratio is preferably 100 to 5000.

[0060]



met hod for producing adipic acid of the present enbodi nent cenprises a step
of oxidizing a purified cyclonexanol haring a nethvicvci opentanci
concentration of 10 to 1000 prim by wei ght and a cycl ohexyl cycl ehexene

i soner concentration of 15 to 500 ppm by weight by nitlic acid. The

hi gh-qual i aci d having an excel | ent :mel4ing cbl or nunber can be obtained by
using as a raw materials the purified cyclohexanol in which the

met hyl cycl opent anol concentration and the cycl ohexyl cycl ohexene i soner
concentration are com rolded 1o tde spacid i€ ranggs,dik006Mlate The

met hed for producing act: 'c acid of the present enbodi nbnt preferably
conpri ses accnystahtizéngapuanfynngestep abteenthetstep obroxkanziag t he
purified cycl ohexanol by nitric acid, [006e] The nitric acid oxidation
reaction at3®heoptiPtfhedveychohekanothyscprogpessedobylifeedingrahe purified
cycl ohexanol into an excessive anmount of a nitric acid aquebus sol ution,
Her ei n, thefapmr{cPaes dl agquebiise Sol utliton.Pyst fEed ayifeloises6lut ildh having a
nitric acid concentration of 10 to 70% _The nitric acid aqueous solution is
pref erabl y ditaguedaisteblut Forl hasi hgnal nFerFeraeidiepntent Y at?ohlef 50 to

65% The nitric acid, agueous sol ution_preferabl nt ai ns copper and
van;diun1aspB%t%Yy§?%3hfOb%QﬁbtalneghEP?%a%t?bﬁgtﬁﬂp%fa?%?ebggt?%e nitric

acid oxidattgﬁpifaction of the purified cyclohexanol is preferably 60 to
100C... [00-

In the distillation column 5, methylcyclopentanol is
concentrated and withdrawn from the top. Since an
insufficient concentration causes a loss of the purified
cyclohexanol as a product, the concentration management
of methylcyclopentanol is preferably performed from the
index of economic efficiency. In the case of general
distillation, the concentration management of
methylcyclopentanol is performed only by the reflux ratio.
However, a small amount of impurities are withdrawn in
the distillation column 5, which may decrease the amount
to be withdrawn of the pipe 16 and cause the instability
of the reflux 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 154°C (700 mmHg), more
preferably 144 to 152°C (700 mmHg), and still more
preferably 144 to 150°C (700 mmHg), and thereby the
concentration management of methylcyclopentanol is

preferably performed.



The crystallizing-purifying step is, for exanple, a step at. cooling a
nitric acid aqueous solution containing a nitric acid oxidation reaction
product to a roomtenperature to crystallize adnpic acid, and thereefter
obtaining a crude adipic acid crystal. by filtration. A purified adipic
acid is obtained by placing the obtairnéd crude adipic acid crystal in pure
wat er, dissolving the crude adipic acgd crystal in the pure water, and
perform ng crystallization, solid |liquid separation, and drying. Upon the
crystallizatgosy) the solution may he stirred or heated to dissolve the
crude adipic acid crystal. Thn solution may b aged for a suitable tine to
grow t he crystal[.4]Acsudilicall-encdondi tion may be selected at the nelting

poi nt of adipic acid or |ower as the drying condition. [00711 it
becane cl ear than tthe nelstd ng eblmert hwuwhére refi naditpirc adis als stthie bebt ai ned
product was remarkably inpaired when adi pic acid was produced by using the
paxtial |y putidi'edy cydiohexanottleshtai ni rep kel tthary C U100 ppm by ' 4ei ght
of net hyl cypl opentanol according to the investigations conducted by the
esent i nventlot 1YPEE orE? ofedtel Causessy tHe present Lisiveht ors! ‘pf esume t hat
di carboz7lic acids produced in the nitric acid oxidation reaction step from

met hyl cycl dpent ekl FEme HiF P h THet blar tG A S Tpurd 198 T Eheékanol
th t al h di pi cid inth i fying. st by th
cr ot ol 11 240 G G T HE S i T S G G b DoRRECRER Frent o of
Lo d d It @ i d , . (i sfied
gﬁa: m; ggln%%rf&bncelogrg ’:it:l}g%gpar%tnfa]?f% %lg]i_ﬁj%ed péﬁ?%‘)g%en%a"ﬁlzg“a oisgrl f]ulnger of

adi pi ¢ aci dc?rlrl]tsaﬁ:@aa%’cf a5y ¢ oéoérg\;%, Q@esl%gdift 2 b +4.@al, Standards

I
JIS K4172, e production pi ¢ acid, ti ng-col or nunber is.

Kltjin{:)iefed asy the,dndex, of n £ol10s atd om, 2 100711 Measurpimeite ofndel ting .. ol or
causes problems in some applications. The reason why the
partially purified cyclohexanol contains
methylcyclopentanol in the case of the cyclohexene method
is as follows. A part of cyclohexene is isomerized in
the hydration reaction to become methylcyclopentene, and
the methylcyclopentene is hydrated to produce
methylcyclopentanol. Because methylcyclopentanol has a
boiling point close to that of cyclohexanol,
methylcyclopentanol cannot be removed by a normal
distillation method which is industrially performed.
[0063]

On the other hand, the method for producing
cyclohexanol of the present embodiment separates and
removes methylcyclopentanol in the partially purified
cyclohexanol in the above-mentioned specific Step 4, and
thereby the purified cyclohexanol in which the

methylcyclopentanol concentration is 10 to 1000 ppm by



Measur enment) | 25 q of a purified adip_c acid is placed in a test.
tube:, and nelted an a nolting apparatus adjasted to a. tenperature of 250
The nelted purified adipic acid is conpered with a Hazen col or nunber
(APHA) standard. solution to neasure, a col or nunber. The purified
cycl ohezanol in which the methyl cycl opét?anol concentration is controlled to
10 to 1000 ppm by wei ght and the cycl ohexyl cycl ohezene i sonmer concentration
is controlled to 15 to 500 ppm by weight is used as a. raw material, and

t hereby t he,yobyi nesh puei fibedi adh pi ¢:a6id Has @ geed Hwl tddyg col or nunber,
Exanpl es [ 0075 Hereinafter, the present invention will be further

descri bed | ¢aheled €ilnaceios dudrgh ¢ Bc xadptesanovweyerent her psesent1d nventi on
i8 not limted thereto so long as it is within the purp -t thereof, The

anount at elachl©90 opponent gesaich ascheddyd cyetlopentanod & nd&xanptes was
determ ned by gas chromat ography using a capillary colum, [0076] [Exanple
11 [ 1-] 7dr adi9hi Reaict poncof ui@y ci ohpxaperating mMheh hydy at dorn rdact ion of
cycl ohexenp was carried out in. the reactor I in Figure 1.

for the above-mentioned distillation column 5

[0064]

For example, the methylcyclopentanol concentration

in the purified cyclohexanol can also be set to be less

than 10 ppm by weight by distillation operation in the

distillation column 5. However, to that end, it is

necessary to increase an amount to be withdrawn from the

top of the distillation column 5. Then, the

cyclohexylcyclohexene isomer and methyl cyclohexanol

which cannot be separated in the distillation column 5

are concentrated. Therefore, in the purified

cyclohexanol obtained from the bottom, the contents of

the cyclohexylcyclohexene isomer and methyl cyclohexanol

are increased. When the purified cyclohexanol is used as

an adipic acid raw material, the cyclohexylcyclohexene

isomer and methyl cyclohexanol cause the deterioration of

the quality of adipic acid. Therefore, from the

viewpoint of obtaining high-quality adipic acid, the

methylcyclopentanol concentration in the purified

cyclohexanol is set to be 10 ppm by weight or more.

[0065]

The contents of pentanol and methyl cyclohexanol in

cyclohexanol obtained by the cyclohexene method are less



[00771 ZSM5 particulate which was a crystalline alundnosilicate
descri bed in Japanese Patent Laid-Qpen No. 3-193622 as a catal yst, was

i ntroduced int an autocl ave egpi pped with stirrers, which was the reactor
1. The crystalline alum nosilicate was mxed with water with a weight ratio
of water to crystalline alumnosilicatelf 2:1 to obtain a slurried
catalyst _ The crystalline alumnosilicate had a primary particle size of.
0,1. pm A gas phase portion was pressurized with nitrogen as so that a
reacti on pressurenwas B ka / dycrohdddi2s e toset thdng s dleacid erthenper at ure

at 125C and a nunber of. stirrer revolutions at 530 rpm Cycl ohexene was
fedan anmountyofotespatdl bya wed ghiupera hounpbasedond 1y paspabycewi ght. of thb
catal yst through. the raw nmaterial feed pipe 6 of Figure I. to the reactor.
|, and wat erhevasrd@dc i vamanoent cora@spondi nigd too t hel Bmpwr ©fe wat er
consuned in the reaction through the raw nmaterial feed pipe 7 to carry out
t he hydr at i @ ¥eactd o @frec i ohez endloweereby Pr cdEEidg -a Psoltatioon (1- 1)
cont ai ni ng oycl ohexanol , nethyl cycl opentanol, and. water. 000] Separation.
bet ween Wate? Phased LA | T PrhSR] 25 foqHeephottiteP ot Wtidh i -1) was
fed to the separator. 2 through a pipe S. The solutjon (1-1) was |left at
rest. in the'sepatatord® ey ‘g%%%?g%‘g“tjrfé S8t %%F%J({%fﬂor‘ﬁn S Y hat’er phase
and an oi| £§ sg'pentanol concentration in the purified cyclohexanol

is set to be lower than that in the partially purified

cyclohexanol. Therefore, the purified cyclohexanol which

is produced by the cyclohexene method and in which the

methylcyclopentanol concentration is suitably controlled

to the above-mentioned specific range is suitable as a

raw material for obtaining the high-quality adipic acid.

[0066]

<<Method for Producing Adipic Acid>>

A method for producing adipic acid of the present

embodiment comprises a step of oxidizing a purified

cyclohexanol having a methylcyclopentanol concentration

of 10 to 1000 ppm by weight and a cyclohexylcyclohexene

isomer concentration of 15 to 500 ppm by weight by nitric

acid. The high-quality adipic acid having an excellent

melting color 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.

[0067]



j 00. 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 |evel of
the separator 2 was |ocated | ower than the pipe 10. Thereby, only. the oi
phase which was an upper |ayer was fed to the di.stillation colum 3 via
the pipe 10 fromthe separator 2. [00821 - The oil phase fed to the
distillation. colum 3 via. the pipe 10 was a m xture contai ni ng-

cycl ohexanol and m st hyl cycl opentanol - The m xture contai ned 2000 ppm bv.

wei ght of met hylmychepenicankir haseth dmcyelighexannid cfheh el seht

cycl ohexanol was 11 _06. [Purification of Cycl ohexanol ] 100 parts My
wei ght of tdebsépasat edrofdryphagecaasrieds to ¢hestdh stitiaf+toorcolimn 3 via
the pipe 10 to purify cycl ohexanoL 8%. 198 parts by weight of a. distillate
was Wit hdr aswe roftehethopsofothie @distiitiayiore eptummd. The distillate
was joined to the raw material feed pipe 6 via the pipe 11, and then
recycl ed tocYhkohesrtor Ay mMhertonpositi on of the distillate had 99, 21% by
wei ght of cycl ohexene, 0.23% by. wei ght of toluene, 0,30% by wei ght of

nor canphanel V&% 0, 265 by o 1,....rof nethylcy,..|ohexane, [0084]

The nitric acid oxidation reaction of the purified
cyclohexanol is progressed by feeding the purified
cyclohexanol into an excessive amount of a nitric acid
aqueous solution. Herein, the nitric acid aqueous
soluticn 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 concentration of 50 to 65%. The nitric acid
aqueous solution preferably contains copper and vanadium
as catalysts.

[0069]

The reaction temperature of the nitric acid
oxidation reaction of the purified cyclohexanol is
preferably 60 to 100°C.

[0070]

The crystallizing-purifying step is, for example, a
step of cooling a nitric acid aqueous solution containing
a nitric acid oxidation reaction product to a room
temperature to crystallize adipic acid, and thereafter
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



The bottomliquid of the distillatiun columwas fed to the distillation

colum 4 via the pipe 12 to further.. PUt fy cycjohexanol, ;00851 A
catal yst and 0,500 parts by weight of cycrohexanol were w thdrawn out of
the systemvia the pipe 14 fromthe bottomof the distillation colum 4.

The distillate fromthe top of the distél Iation colum 4 was recycled to
the distillation columm 3 via a return pipe 13" The conposition of the

distillate had 91. 50% by wei ght of cycl ohem,:ane, 1,80% by wei ght of

tol uene, 2.50%dbyaaedghtaefdnergacdl i phanes R2ud0%dbyewmeighd of

met hyl cycl ohexane, and. 2,10% by wei ghr. of cycl ohexanoi. [0096]

11. 298 par tsebfo meight cofsea paraal ¢y, pwlidiebicqyy'nﬂos’smmﬁi@ommdli ng 2
ppm by wei ght of cycl ohexene and. 5 ppm by - i ght of toluene was

obt ai ned asdsyeagn f emnt Héepiqey sIB lgAevitdem , betlf@NStOHélté@rlilnéw &% part of
the pipe 12 and the distillation. colnmh 4 above the connection part of the
pi pe 14 andstherefi st¥ I heaieh tedlimralee e eaids a@cﬁ&Pkﬁjrqcﬂ‘%d cy

. ct hexanol cont ai ned 99 8% by V\ef\,\g'i %f cycI ohezanol , 15
met hyl cycl o%’elr‘ﬁ%%ljo aght %4 (,rl Gheyt cﬁéﬂ?e °somer ,

Sycl onez. . st {0 e”t%ﬂraﬁ %?fdm%lﬁ%% EFy PRy P sEHEShol |
at the meltlng point of adipic acid or lower as the
drying condition.

[0071]

It became clear that the melting color number of
adipic acid as the obtained product was remarkably
impaired when adipic acid was produced by using the
partially purified cyclohexanol containing more than 1000
ppm by weight of methylcyclopentanol according to the
investigations conducted by the present inventors. As
one of the causes, the present inventors presume that
dicarboxylic acids produced in the nitric acid oxidation
reaction step from methylcyclopentanol remaining in the
partially purified cyclohexanol suppress the crystal
growth of adipic acid in the purifying step by the
crystallization of the crude adipic acid, to inhibit the
purification of adipic acid, and as a result, a adipic
acid product having a satisfied quality cannot be
obtained.

[0072]
The melting color number of adipic acid is measured

as follows based on Japanese Industrial Standards JIS



The obtained partially purified cycl ohexanol was fed to the distillation
colum 5 via the pipe 15 of a partially purified product. In the
distillation colum it nethylcyclopentanol. in the parti.- i p fified

cycl ohexanol was separated and renoved. The tenper.,p..--.ufe of the
vicinity. r).1 the top (the second CO fifth plates framthe top) of the
distillation colum 5 havipg the ni,:nber of theoretical plates of 50 was
controlled. to 149C (700 nmHg), O0,.0027 parts by weight of the distillate
frpmthe tbpsofot heditgtd Id@lduen icol wm Hiiwas: wdikgr ame el afng he system
via the pipe lo. The distiliatc contained 52% byi ght of nethyl opentanPl, 11
purified cypsThexanabe wass obtlal ned ¢ ommd hengew i &1 edo psoelticdn wi t hdr awi ng
pdpe 17 of the bottom pf the distiiiation colum 5. The purified

cycl onexanoi Otad] a net hyl oycl opent anol concPntration of 250 ppm by whi ght,
a cycl onhxyl cycl ohexene isonmer concentration of 308 ppm by weight, a

pent anol cohéentvationt off 1Mppmby WelghtNeprb¢essQu @ net hyl

cycl ohexanol concentration of 51 ppm by weight. U0881 Synthesis of AdipilL.
Aci d] MpreSUPRRe Rt e cycl ohexanol was fed into an excessive amount of a

nitric acid aqueous solution. to carry out the nitric acid oxidation
reaction of cyci‘ehékatcl® Bierdiifd e HiG A hditd FHquesus sl t5%n as an
aqueous solution. haying a njtric id concentration,of 60%, The nitric
20Ad aqueoUsTD! LT oMM RS An AetidBTLt HBY (TP Lot &t HEAT &1 oiv amount of
copper and vanadi um [ 0089; Jhe nitric.acid oxidation.reaction was
carried out?e@Qﬁﬁﬁtﬂﬁérogtz%Pﬁ%é%gﬁon@b?e§§ﬁ€8dsgyf? 454t “dhPaf mospher e.
pressure a”QePdrfécééﬁﬁbfgﬁﬁ@{@ﬂuéeHé%en color number (APHA)

standard solution to measure a color number.
[0074]

The purified cyclohexanol in which the
methylcyclopentanol concentration is controlled to 10 to
1000 ppm by weight and the cyclohexylcyclohexene 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 in detail according to Examples. However, the
present invention is not limited thereto so long as it is
within the purport thereof. The amount of each of
components such as methylcyclopentanol in Examples was
determined by gas chromatography using a capillary column.

[0076]



Then, the nitric acid aqueous solution containing a reaction
product was cooled to a roomtenperature to crystallize .adipic acid, The
aqueous sol ution 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 di“ssol ved. The solutioncrystallized,
subjected to solid liquid separation in the sanme manner as above, and dried
to obtain a purified adioic acid_ [00911 [Quality. Measurenent] 25 q
of the aboveexenpiened purified ndioic acid was placea in a test tube, and.
melted in. a nelting. apparatus adjusted to a tenperatdre of 250 2C. The
nmel ted purifiledradi picRaetdiwasof :Cy¢laiepared with a Hazen col or nunber
(A2M4.) standard solution, to neasure a col or nunber (based on Japanese

| ndustrial Standdrds S FHATY 2)eaciipmel ft i i 8o untier G- tifel  above

-mentioned purified adipic acid was 10 APHA or | ess,
out in the reactor 1 in Figure 1.

[0077]

A 7ZSM-5 particulate which was a crystalline
aluminosilicate described in Japanese Patent Laid-Open No.
3-193622 as a catalyst was introduced into an autoclave
equipped 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 um.
[0078]

A gas phase portion was pressurized with nitrogen
gas so that a reaction pressure was 6 kg/cm’G with
setting a reaction temperature at 125°C and a number of
stirrer revolutions at 530 rpm.

[0079]

Cyclohexene was fed in an amount of 1 part by weight
per hour based on 1 part by weight of the catalyst
through the raw material feed pipe 6 of Figure 1 to the
reactor 1, 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 cyclohexene, thereby producing a solution (I-



1. 0092] [ Exanple 2] A partially puxifieb cyclohezanol. (c cl obexanci
concentration 99.8% by weight, methylcycl opentanol concentration 1500 ppm
by wei ght, cycl ohexyl oycl ohezane i soner concentration: 300 ppm by wei ght,
pent anol concentrhtioni: 50 ppm bywe. tgﬁ; met hyl cycl ohexanol
concentration 50 ppm by w ight) obtain - the sane operation as Chat.

of Ezhr:Td..e |I. was feci to the dist|IIat|on colum 5 fromthe pipe 15. In
the distillation colum 5, nethylcycl opentanol iti the partially purified
cycl ohexanel ) wasnsepat at edyandh¢ eamved. mdbheyieypesaturenot , thedvi cinity of
the top (tthe second to fifth plates fromthe top) of the distillation
colum. S hewiag.the nunber of theoretical plates of 50 was controlled to
146¢C 1700 mii 4&1200. 0024 parts by weight of a distillate fromthe top of
the distill afPoenl columm 5 was withdrawn out of the systemvia the pipe I.
The distillate contained 70% by weacni.t of nethy Icgclopentanol A purified
cycl ohexanol Saardbt &t nedt Feom YRS huF REFedapr odutt P ERlr awi ng pi pe 17 of

the bottomof the 40 - illation. col nn 5 Th urlfled c cIohezano
had a met hyl cyclope rﬂ%ﬂﬂﬂc%énﬁﬁﬂﬂ§%890§1 t%%

pent anal coRcbRETAErof BIF.® pp e@”t%@?ﬂbﬁﬁd%ﬂ-@éoﬁaﬁ@mﬁ&*ﬁ;ﬁ%“%’ "

oy, 1.9, 1 eXanoh. consepLr i on.ol .o, DU Do e S0l POSBL yncg AIBLE.

e’ ot e ooy oheron esystd and e gl st o
[0081]

The amount of the slurried catalyst returned to the
reactor 1 via the return pipe 9 was adjusted so that the
0il 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 distillation
column 3 via the pipe 10 from the separator 2.

[0082]

The o0il phase fed to the distillation column 3 via
the pipe 10 was a mixture containing cyclohexanol and
methylcyclopentanol. The mixture contained 2000 ppm by
weight of methylcyclopentanol based on cyclohexanol. The
yield of cyclohexanol was 11.0%.

[0083]
[Purification of Cyclohexanol]

100 parts by weight of the separated oil phase was
fed to the distillation column 3 via the pipe 10 to
purify cyclohexanol. 88.198 parts by weight of a

distillate was withdrawn from the top of the distillation



The neitinh col or nunber of the obtained purified adipic ac in) was 10

AEI -1 A . or |less. [00951 [ Exanple 3] A partially purified cycl ohexanol
(c cionexanol concentrationf 99, 8% by wenet hyl cycl opentani concentrati onf
1500 ppm by wei ght, cycl ohexyl cycl ohexene i somer concentration: 300 ppm by
wei ght, pentanol concentrationf SO ppm3y.~ wei ght, nethyl.caohexanol
concentration: 50 ppm by weobtai ned hy the sane operation as that. of
Exanple 1 was fed to the distillation coluffm5 fromthe pipe 15. In the
distillatiopeleehutm Sheretibydicdycltepentsanaliniaal tthe tpar tdaal Iy tpuriiafli ed

cycl ohexanol was separated. and renoved_ The tenperature of the vicinity of
the top (thEeséconokt® viafitie ppbateslTr omd hehdop)eofctde b sthd | ati on
colum 5 having the nunmber of theoretical plates of 50 was controlled to
155C r 700 maERyto0, DO7F hparcosidpys eiqghtof the distillate had 99.21%

by weight of cyclohexene, 0.23% by weight of toluene,
0.30% by weight of norcamphane, and 0.26% by weight of
methylcyclohexane.

[0084]

The bottom liquid of the distillation column 3 was
fed to the distillation column 4 via the pipe 12 to
further purify cyclohexanol.

[0085]

A catalyst and 0.500 parts by weight of cyclohexanol
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 column 3 via a return pipe 13. The
composition of the distillate had 91.50% by weight of
cyclohexene, 1.80% by weight of toluene, 2.50% by weight
of norcamphane, 2.10% by weight of methylcyclohexane, and
2.10% by weight of cyclohexanol.

[0086]

11.298 parts by weight of a partially purified
cyclohexanol 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



of adistillate fromthe top of the distillation. colum 5 was w thdrawn
out of the system-via the pipe 16. The distillate contained 75% by wea. ght
of nethyle |opentanol, A purified cycionexanol was obtained fromthe
purified product w thdraw ng. pipe 17 of the bottomof the distillation
colum 5. Tna puritied cycl ohexanoi tad’a nethylcycl opentanol concentration
of 15 ppm by. weight, a cycl onexvicycl ohexene isoner concentration of 302
ppm by. vwair..-,01lt.:i. a. pentahol concentration of | ppm by weight or

| ess, and acaethyl 4 cycalrehexanolaldongentirfitd Orey oforEtppm hyonreiightid nno. zcH
Adi pic acid was synthesized by- the sane matricide that of Exanple | except
t hat the ob?ai fiedoy pueidhedolyclohexanohowasl usedypmarvd wheglguabity

measur enent of the obtained purified adipic acid was carried out, rfl;

fl-,-; nThey hey¢ivgecoror ! nusbercof Phevobtlai ned purified adi pic acid
was 10 AP-1A or less, [00H [Exanple 4.] A partiallg pussfi ed
cycdehexanof Y ¢ £yl ehexanbPedneent $ &tF on: 9908 by welght  of

met hyl oycl opent anol concentration: 1500 ppm by wei ght,
cycIohexylc@%m%%%%%nean@s%ﬁe?p%ohﬁe%?+%?€oﬁf %%@hbgn?%?l%%?ﬁﬁ??lpentanol.
concentratiﬁ$'82g t mby- weight, nmethyl cyciohez.anol concentration.: 50
ppm by weig 9 tai ned by the sane operation as that of Exanple | was fed

Lo the ool HLation, GO0 LAPLLL 408185 Al ufbe 9 st 1t on
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 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
149°C (700 mmHg). 0.0027 parts by weight of the
distillate from the top of the distillation column 5 was
withdrawn out of the system via the pipe 16. The
distillate contained 52% by weight of methylcyclopentanol.
A purified cyclohexanol was obtained from the purified
product withdrawing pipe 17 of the bottom of the
distillation column 5. The purified cyclohexanol had a
methylcyclopentanol concentration of 250 ppm by weight, a
cyclohexylcyclohexene 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.



partially purified cycl ohexanol was separated and renoved. The tenperature
of the vicinity of the top (the second to fifth plates fromthe top) of the
distillation colic= 5 having the nunber of theoretical plates of 50 was
controlled to ISECl (700 mrHg), O.13 parts byt gbt of a distillate fromthe
top of thh distillation colum. 5 was wit hdr awn out of the systemvia the
pi pe 16, The distillate contained 13% by wei ght of nethyl oycl opentanol. A
purified cycl ohexanol was obtained frbmthe purified. product w thdraw ng

pi pe 17 of tdwsdpttom of the distillation colum i. The purtfied

cycl ohexaeol had a. nethyl cycl opentanol concentration of 15 ppm by wei ght,
a cycl ehexy| oycllehexenet isdiverc condébt Tati oh of 344 ppm by wei ght, a

pent anol conchntration of | ppm by weight or |ess, and a nethyl

cycl ohexanoi corftentatiifoecofcy Sphgprariov weisghited [L0099En exceAdilpiec aci d
was sybthesired by the same nethod as that. of Exanple | except that the
obt ai ned puridied fyct ohiexarol 2 wes Wﬁpu%nﬁplw@% ta Cél_lyrﬁfré%ls‘hrfé?mm of

t he. obtai ned purifi ed adi pic acid was carried out. r 10D _

nel ting coloythkwtderd o’-fXJt Jdkﬂaﬁﬁ%@t}ﬂﬁlﬂ éHYCa]tﬁkkﬁ}@%]td \Nt%ei@ APHA or

I ess, Ezanpl E 51 he sanme operatjon as that in Exa was carried
out uritia tHe ’b]tﬁ'lflf‘fnancgl peErEtT s(")‘? T b HEG al‘ﬂlef{irgs cﬁétuﬁjicﬁ’u on

col um. 3 tﬁ’é%%éuglnl §¥§t§HE cLﬂéLé¥r§g¥%§“§¥ édﬁll%%ec%h rlc

acid aqueous solution was an aqueous solution containing
a low amount of copper and vanadium.
[0089]

The nitric acid oxidation reaction was carried out
for 1 hour at a reaction pressure setting at an
atmosphere pressure and a reaction temperature at 80°C.
[0090]

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 separation by filtration to
obtain a crude adipic acid crystal. Next, the crude
adipic acid crystal was placed in pure water, heated, and
dissolved. The solution was crystallized, subjected to
solid liquid separation in the same manner as above, and
dried to obtain a purified adipic acid.

[0091]
[Quality Measurement]
25 g of the above-mentioned purified adipic acid was

placed in a test tube, and melted in a melting apparatus



[01. 027, Ccl ohexanol was further purified in the sane manner as in
Exanpl e | except that the bottomliquid of the distillation colum 3 was
fed to the distillation cc:L=1 4 via the pipe 12 to change a. separatien
state in the distillation colum 4, 1,0131 A catal yst and 0,500 parts
by. wei ght 0 cycl ohexanol were withdraw? out of the systemvia the p:Lpe.
14 fromthe bottomof the distillation colum 4, A distillate fromthe
tarot the distillation colum 4 was recycled. to the distillation colum 3
via the retygmupipe 43.a Thensonrpeosidtion ofothexdi stirhkake1bhad si 36, 50% by.
wei ght. of cycl ohexene, 1,80% by. weight. of toluene, 2,50% by wei ght of
nor cenphanepui 1086 bydiwei ghtcofl wet hydroyei ethexane, a andzdn 1086y wei ght  of
cycl ohexanel , [01041 11.2 part- by weight of. a partially. purified
cycl ohezanohumlont ai hFng) 2s ppnibyd wed it L of, cyel vhexene andoBoppm by wei ght
of toluene was obtained as steam fromthe pipe 15 provi ded bel ow t he
connecti on Pparper ofPefred pppelapaanee t Fedd@pstifl atfondebianniad abbie) t he

connection part of the pipe 14, and the distillation colum. The partially
purified cyctondxahold h%faP L oy ePiotrexahof e ome@nt Fae T oo et . P93 1y wei ght |
a nEthyIcyclgfentanoldconcefér ion of 3506 ppm by wei ght, a.

cycl ohexyl cyctohexEnt” i $ome ntT at$oh of 300 pun by weight, a pentanol

concentrati @0§5 50 ppm by wei ght, and a nethyl cycl ohexancl concentration
of 50 ppm b§ Wefght, [0105] The partially. purified cycichexanol

obt ai ned ab f to the distillation colum 5 fromthe pipe 15. In
t he distill§¥?gﬂg§%lf m 5, methyl cyclopentanol in the partially purified

cci onexanol was ﬁ%ﬁtﬁqeﬂ%ﬂi%@%ycﬁ%éﬁmﬁr t e pfedhe vicinity of
the top (the second to fifth plates fromthe toil)) "cf the distillation

col um 5 havimgerd hes tuberoofgt hepreli ead, phaties) Ofc Bhowasacontrol led to

146C (700 anmHgp. 0.0046 parts by wei ght
concentration: 1500 ppm by weight, cyclohexylcyclohexene
isomer concentration: 300 ppm by weight, pentanol
concentration: 50 ppm by weight, methyl cyclohexanol
concentration: 50 ppm by weight) obtained by the same
operation as that of Example 1 was fed to the
distillation column 5 from the pipe 15. 1In 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 146°C (700 mmHg). 0.0024 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 70% by weight of methylcyclopentanol.
A purified cyclohexanol was obtained from the purified

product withdrawing pipe 17 of the bottom of the



of the dtsti:LJ.ate fromthe top of the distillation. colum 5 was
w t hdrawn out of the systemvia the pipe 16. The distillate contained 75%
hy wei ght. of nmethyl cycl opentanol. A purified cycl ohezanol was obtai ned
fromthe purified product w thdrawi ng. pipe 17 of the bottomof the /18
distillation colum 5. The purified cydi®hexanol had a. nethyl cycl opent ancl
concentration of 15 C'a pentanol concentration. of 1 ppm by weight or
I ess, a cyPichezyl cycl onexene isoner concentration of 301 ppm by weight,
and a net hykieycl ohexanototongent r ationmofi HE:ppmdd ghaseirtifit :hq0k061
Adlicic acid was synthesized by- the sane nethod. as that of Ezenple 1
except thatmt¢hieydbyaioedntpusi fcedceyctaohexanpt Waspusedy andohthe qgual ity
measur emunt of the obtained purified adipic acid was carried out, [0107
The nel ti ngcyotddiGexnunberolatores obt anaedcpucentiediadi af c3@ti domasy 10 APHA
or less. [0108 [Exanple 6]

weight, a pentanol concentration of 1 ppm by weight or

less, and a methyl cyclohexanol concentration of 50 ppm

by weight.

[0093]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.

[0094]

The melting color number of the obtained purified
adipic acid was 10 APHA or less.
[0095]

[Example 3]

A partially purified cyclohexanol (cyclohexanol
concentration: 99.8% by weight, methylcyclopentanol
concentration: 1500 ppm by weight, cyclohexylcyclohexene
isomer concentration: 300 ppm by weight, pentanol
concentration: 50 ppm by weight, methyl cyclohexanol
concentration: 50 ppm by weight) obtained by the same
operation as that of Example 1 was fed to the
distillation column 5 from the pipe 15. 1In 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



A partially putified. cyclohexenol. (cyclbhexanui concentration: 98% by
wei ght, net hi cvol opont anbi concentration: $500 ppm by wei ght,
cyncchexyl cycl ohezene i sonet concentration: 300 ppm by wei ght, pentanol
concentration: 50 ppn by weight, nmethyl cycl ohezanol concentration: 50 ppm
by wei ght) obtained by the sane operati‘dn-as that of Exanple 5 was Eed to
the distillation colum 5 fromthe pipe 15, in the distillation colum 5,
nmet hyl cycl opuntanol in the partially purified cypl ohexanol. was separated
and renovedsidhe peapes at use ofc thepvief nity ©f stheldepot heo seeor to
fifth plates fromthe top) of the distillation colum 5 havinn the nunber.
of . theorethcalnpla@tesnafibd0O snasticontsolted poatdsS5C { 700 waddg), 0, 0136
parts by weight OLSCistillate fromthe top of the, distillation colum 5
was w t hdr amsniotdl ofd tthe BystemMita nnhiey)pi pé.L674Thardssbiyaltégoont ai ned
75% by wei ght of methyl oycl opentanol, purl 7...-hbed cycl ohozahol was
oht ai nod from & hél putified produche vﬁ@fhd@ﬁvﬁf?@ @@@hlartmntmlm tom of
tho distillation coludzi 5. Tho purified cycl ohexanol had a
net hyl cycl o%ﬁtvah’éhd%w%e‘h‘ﬁ af o%h%fsii%t%rﬁ’b%/ Wet ghtPe al pentlarol

concentration of 1. pp wei ght or | ess, cl ohex cl ohexene i soner
cocentrati o%ls%%l%@ﬁgp%?l?%‘%//l%ﬁi g?]% ]%%dw%l%? h?/ IE?E}P%%%X% P ERloHEeht rat i on
of 51 prim

th d 0 th t hat of

Exanpl 6 | e%zc%\blflﬁd S A o e & T PPk ot t e
| f h d ,
(o100 M PRy findhs, SR A NSE PHIALL O AL ALG, AL L iBS S S Sa

was 10 APRAdPétlffétlcgrglééiur{ugxﬁﬁplT%e ]purlfled cyclohexanol had a

methylcyclopentanol concentration of 15 ppm by weight, a
cyclohexylcyclohexene isomer concentration of 302 ppm by
weight, a pentanol concentration of 1 ppm by weight or
less, and a methyl cyclohexanol concentration of 50 ppm
by weight.

[0096]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.

[0097]

The melting color number of the obtained purified
adipic acid was 10 APHA or less.
[0098]

[Example 4]

A partially purified cyclohexanol (cyclohexanol

concentration: 99.8% by weight, methylcyclopentanol

concentration: 1500 ppm by weight, cyclohexylcyclohexene



Airtrally p
met hyl cycl o
cycl ohezyl c
concentrati

urified(cycl ohexanol concentration: 9e% by wei ght,
pent anol concentration: 3500 ppm by weight,

ycl ohexone isoner concentration: 300 ppm bvv:ei QuLrpentart ol

on 50 ppm by weight/ methyl cycicthexanol obncentration:

50 ppm

by wei ght) obtai ned by the same operati%nas that of Ezanpie 5 wss fed to

the distil

ation .7-.0.1..... 1r.an 5 fromthe pipe 15.1n the distil"’

colum 5, nethylcyclopentanol in the partially. purified

cycl _c... 1 isom€Zanehc¥Wasr separn at 8do apdn KerovedghThepteapesat ure of the
vicinity of the top (the second tO fifth. plates -fromthe top) of the

distiii..E
controll ed

systemvi a
met h*i | oycl

of 15 ppmb

cycl ohexyl ¢
met hyl cycl

tbonecotanmnob: havi pgnt be wnaiber, ofietheor evctahephaves. of

.at Lon

50 was

to 158'0 (700 mmEc-,f), 0,10 parts by weight of a distillate
fromthe topoofetheadistilbatpon ool ueipnt) Sowasingt hdy awne ostmeof the

the pipe 16. The distillate contained 75%

.jht of

opent ahpi, a$|th@ﬁr©f|%&a%@%gohewaﬁof69a§oobg%|ned fremthe pi
rjified product withdraw ng. pipe 17 of the bottomof. the distillation.

col urm 5. T%ébbh%i@?b@nc?%i%%%x%n5¥0%aﬁh% H%?ﬁyiéycﬁ%béﬁ?hnol concentration
anol concentiatl on of | ggn}by wei gn or |ess, a.

é%thg&%héovsﬁﬂivmaoﬁce%??%y Spa53"

h f 55 h
e v oy R e DL B P A LR fhp REnPh e ap S P s RS Pemoued.
the obtai ned, Lt iedcyel ohezaol , pbs. sed, cand L. Qual . tyecRask ement

of the obtained

I p1rc aci d carried
fifth plates from the top) of the distillation column 5

having the number of theoretical plates of 50 was
controlled to 156°C (700 mmHg). 0.13 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 13% by weight of methylcyclopentanol.

A purified cyclohexanol was obtained from the purified
product withdrawing pipe 17 of the bottom of the
distillation column 5. The purified cyclohexanol had a
methylcyclopentanol concentration of 15 ppm by weight, a
cyclohexylcyclohexene isomer concentration of 344 ppm by
weight, a pentanol concentration of 1 ppm by weight or
less, and a methyl cyclohexanol concentration of 57 ppm
by weight.
[0099]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the

obtained purified adipic acid was carried out.

m Byt |ght and a

AdiT c
t hat



The melting col or nunber of the obtained umtec adipic acid. was 10 API-1A
or less, [01141 [Exanple 81 Conti nuous operation was carried out for.
1000 hours by the sane operation as that of ExanpleA. purified cycl ohexanol
was obtained fromthe purified. product w thdrawi ng pipe 17 of the bottom
of the distillation. colum 5 after 1088 hours. The partially purifded
cycl ohexanol had a net hyl cycaopentenol concentration of 15 ppmby IN . ght,
a cycl ohexyl cycl ohenene i soner concentration of 300 ppm by weight, It
pentanol . c tration of 1 ppmby wel.cat or less, and. a nethyl
cycl ohexanol concentration of 50 ppm by wel.gnt [01151 Adi pi ¢ acid was
synt hesi zed by tie sameintethod rastiatr off Exanmploe alincexgepti ftikat t he
obtained partially purified cyclohexaflol was used, and the quality
measur enentadifpidiesobt arared. O purHA ieed laddpi ¢ acid was carried out. L0116l
The nelt: ing color nunber. of the obtained purified adipic acid. was 10
APHA or. |ess.0]101171 [ Conparative Exanple 1]
[Example 5]
The same operation as that in Example 1 was carried
out until the purifying operation of cyclohexanol in the
distillation column 3 to obtain a bottom liquid of the
distillation column 3.
[0102]
Cyclohexanol was further purified in the same manner
as in Example 1 except that the bottom liquid of the
distillation column 3 was fed to the distillation column
4 via the pipe 12 to change a separation state in the
distillation column 4.
[0103]
A catalyst and 0.500 parts by weight of cyclohexanol
were withdrawn out of the system via the pipe 14 from the
bottom of the distillation column 4. A distillate from
the top of the distillation column 4 was recycled to the
distillation column 3 via the return pipe 13. The
composition of the distillate had 86.50% by weight of
cyclohexene, 1.80% by weight of toluene, 2.50% by weight
of norcamphane, 2.10% by weight of methylcyclohexane, and

7.10% by weight of cyclohexanol.

[0104]



Adi pac acid was synthesized by the sane nethod as that. of Exanple | except
that the partially purified cycl ohexanol (cyclohexanol concentration: 59.8%
by wei ght, nethyl eycl opentanol concentration: 1500 ppm by w ght,

ovi ohl cycl ohexene i soner. concentration: 300 ppm by wei ght, pentanol
concentration: 100 pbm byi ght, nethyl~ éycl-ohexanel concentratien: 50 ppm by
wei ght) obtained fromthe pipe 15 in Exanple 1 was used as a synthesis raw
mat eri al of adipio acid, and the quality neasurenment of the obtained

purified. a ..pic acighwas Ganddietht bt o [REBa11y pubheingitig col or
nanber of the obtained purified adieib acid wp.s 100 APHA., L0O1191

1-"Giri npat@gd vehdxampl ec@itainind ZTywgbehexanol gktcont atyi heheaxd ur e

(cycl onexanol concentration: 99.8% by wei ght, metnylcycl opentanol
concentrationd H0mppnebyvaveiightqf yod bhezy | ey cdlohexene asoneram from
c(3ncentrat:lon: 1500 ppm by weight) was obtained Item the pipe 14 in
Exanpl e 1. W preract d mesv syai Hesi gedi by ehien samecethiod @5 thmat  of
Exanpl e | except that the cycl ohexanei -containing- mxture was used as a
synt hesi s riaWTatetHil ©Fc a6 Pi el Bt 00 arell e fuabits thsasurament. of the

obtained eh-rifled adieic acid. was, carrjed out, 201
connection part of the pipe 14 an the[é?étillation

column. The partially purified cyclohexanol had a
cyclohexanol concentration of 98% by weight, a
methylcyclopentanol concentration of 3500 ppm by weight,
a cyclohexylcyclohexene isomer concentration of 300 ppm
by weight, a pentanol concentration of 50 ppm by weight,
and a methyl cyclohexanol concentration of 50 ppm by
weight.
[0105]

The partially purified cyclohexanol obtained above
was fed to the distillation column 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 146°C (700 mmHg). 0.0046 parts by weight
of the distillate from the top of the distillation column
5 was withdrawn out of the system via the pipe 16. The
distillate contained 75% by weight of methylcyclopentanol.
A purified cyclohexanol was obtained from the purified

product withdrawing pipe 17 of the bottom of the



The nelting col or nunber of the obtatined purl ed adipic acid was 30 APRA

[ Conparative Exanple 31 A partially purified cycl ohexanol
(cycl ohexanol conL.,..anj raj ion: 99.B% by wei ght, mnethyl cycl opentanoi
concentration.: 1rJO0O ppm by wei ght, cycl ahexyacycl ohexene i soner

cor.3ceni-r.ai -Lon:. 300 ppm by wei ght*> pentanoi concentrationif, 50 ppm
by werqgitt. methyl cycl ohexanol concentration: 50 porn by weight) obtained
by the sane operation as that of Exanple | was fed to the distillation
colum 5 fromthelpipen 1S 1hmn the dirst iddm@tiion eoldluthe:mnol had a

nmet hyl cyal . opentanai. in the partially purified cycl ohexarei was separated
and renoveduneflhel ¢ enperat taeo attdmeevi canidy of theopropoy thelsecond to

fif: Tates fromthe top) of the distillation colum 5 havin the nunber of

t heor et i calpphiates] of oIS wasa tomt rof | edor® 1E8VE 4VO0 YIS, 02 50 parts by
wei ght of a di:=Jtillate fromthe top of the distillation colum was

wi t hdrawn oefcbiherel eyt @mexene t heop hecaBeeTher di et i ¢ T at @l ot dthed 0. 7%
by wei ght of methyl cycl opentanol A purified cycjohexanoi was tained from
the purifi &6FPFoduct i & HE? &W hi CPF pe 2727 L t He ot tom o7 the of ST at i on
coluRin 5. The purified yclonexanol had a methlicycl opentanol concentration
of I ppm bfa%/e"l’%h‘ihibr | ess, a cycl ohezylcy ohexene isonmer concentration of
600 rbv Weig(lg Pent anol concentration of | ppm by weight or. less, and

a. nmethyl c ®texanol . concentration of 100 ppm by weight. 101_211

AL 0 a0t SR SNSRI ZCH 3, Ll SR B bl 3 s decuamle & excen
measur ement ¢ ;of - the ©biglned purkdjed:adi pice aghh Wasy GaLFi edbQut :
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.
[0107]

The melting color number of the obtained purified
adipic acid was 10 APHA or less.
[0108]

[Example 6]

A partially purified cyclohexanol (cyclohexanol
concentration: 98% by weight, methylcyclopentanol
concentration: 3500 ppm by weight, cyclohexylcyclohexene
isomer concentration: 300 ppm by weight, pentanol
concentration: 50 ppm by weight, methyl cyclohexanol
concentration: 50 ppm by weight) obtained by the same
operation as that of Example 5 was fed to the
distillation column 5 from the pipe 15. 1In 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



The nelting col or nunber. of the obtained purified adipic acid was 30

(0123] [(.7.anparative E.z.anpl e 41 A partially purified cycl ohexanol
kcycl ohezanol concentration: 95.'1% by. weight, methylcyclopentanol
concentratiL_' : 3500 ppm by. weight, cycl ohexyl cycl ohexene i soner

concentration: 300 ppm by wei ght, pentdfol- concentration: 50 ppm by wei ght,
mdt hyl cycl ondxanol concentration: 50 ppm by weight.) obtained by the sane
operation as that of Exanple 5 was f8d to the distillation colum 5 from
the pipe 15¢i 4 theaehstitdmation cobunnt 5:hered hwd cycd opent @b r6 t he
partially purified cycjohexanoi was separated and renoved. The tenperature
of the vicimtinoftidentrdpeftde secondttoafifldtgpd atessFrioms t he top) of the
distillation colum 5 havng the nunber of theoretical plates of 50 was
control | ed ¢@3G ¢ 7064 mdHg) 5 59Q. 50 Ogamtsichy. wei ghB8copaatsdbgt wkliahe from t he,
top of the distillation CCalalnn 5 was wthdrawn out of the s emvia the
pi pe 16. Thet di sii$tatlrcontaihed ©. 79% byt W@ﬂswlmmc@%ﬁ@n%nm A
purified cycl ohexanol . was obtained fromthe purified produbt w thdraw ng
pi pe 17 cr. W%%é”h‘b@‘%%%ﬂ%foq’%eoﬁl%kﬁ’lfﬂéﬂ% ot Uit 5 1Bhel Hur itfFiced

cycl ohexanel , met hyl cyci opent anoi concent r --..ight
or less, a ' %W%%Hi@% %/ r %b%%n‘? d’ﬂ?‘g?ﬁ’{ﬁy%g‘%)%rbﬁrb wei ght ,
a pentanol oncen i on ht or ess,. .and a.

cypi ohexan eone Jrﬁ(ﬁactY% }b‘?xgljrp?r}?o ?ﬁn%y “i‘/\l/erlle%t%rorf Otl}fle PGS e\7§§d]| pic acid
ves SIS AR Leran ELO0R, o8 Pl of Pl arcent et he
the obtainegd; purified,adipignacid was cari8dOW,c1ohexanol had a
methylcyclopentanol concentration of 15 ppm by weight, a
pentanol concentration of 1 ppm by weight or less, a
cyclohexylcyclohexene isomer concentration of 304 ppm by
weight, and a methyl cyclohexanol concentration of 51 ppm
by weight.
[0109]
Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.
[0110]
The melting color number of the obtained purified
adipic acid was 10 APHA or less.
[0111]
[Example 7]
A partially purified cyclohexanol (cyclohexanol
concentration: 98% by weight, methylcyclopentanol

concentration: 3500 ppm by weight, cyclohexylcyclohexene



101251 The nelting col or nunber of the obtained pu,fied adipic.. acid
was 30 APHA. [01261 [ Conparative Exanple 5] A cycl ohexanol -contai ni ng
m xture (cycjohexanol. concentration: 99.0% by wei ght, nethyl cycl opent anol
concentration: 50 ppm by wei ght, cycl ohexyl cycl ohexene i soner concentratioh
1500 pun by. weight) was obtained fromithe pipe 14 by the same operation as
that. of Exanple 1 except that. a production apparatus shown in Figure 2
was used as a production apparatus. As shown in Piqure 2., the

cycl ohexanol seeont @midrg Mxian e Was ded. b ovd hentdi stédtatson CA U T:n 5
fromthe pipe 14, and continnous operation was carried out. Because the
distillati ororcotremetwas: | 70 arprunsy abd eyloperrattilonl stat eolaitarola | apse of
about 50 hours, the continuous operation was stopped after 100 hours. A
purified. cyelohexanolomwas® bbtr ned ¥¢iomtheokloplotd tihe distidnati on col um
5 after 100 hours, The purified cycl ohexanpi had a nethyl cycl opent anol
concent r at i Gte6F £ B0 pp BIA T vieh gifamal ent'dhol feoncenttati on of 1 ppm by
wei ght. or |ess, a nethyl cyclohexanol concentration of. 50 ppm by wei ght,

and a cyci ochexyt tytt GHeZehe Vs otrer - Sbnicentit dt s ofr of 1136¢ ppm [01271
that t he. ot el U i Gtk WYL SheSanbl Whs eeh o  and He A ity o
e NS, PILR e UL () 50 RAL000, 20 M, COUTLRS Bl T
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 158°C (700 mmHg). 0.10 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 weight of methylcyclopentanol.
A purified cyclohexanol was obtained from the purified
product withdrawing pipe 17 of the bottom of the
distillation column 5. The purified cyclohexanol had a
methylcyclopentanol concentration of 15 ppm by weight, a
pentanol concentration of 1 ppm by weight or less, a
cyclohexylcyclohexene isomer concentration of 333 ppm by
weight, and a methyl cyclohexanol concentration of 55 ppm
by weight.
[0112]
Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the

obtained purified adipic acid was carried out.



[01291 After the distillation coidm 5 after the above-nentioned

conti nuous operation was opened, deposited nmaterials were observed on the

| oner part of the distillation colum. The deposited naterials are
considered to be produced by the reaction of a cycl onexyl cycl ohezene i soner
or the like. The materials caused the4® oggini of the distiliaision

col um, which inhibited stable operation, FrOD. 11 The present
application is based on a Japanese patent application filed on July 12,
2011. (JapahgesesPatent Application No, 2011-154023), whose contents are
hereby incorporateci bv reference herein. Industrial Appiicabiij.y The
purified cycl ohexanhbielofirthe qreesentmbdawent itdre cart prevd denrtilfe el gh
-quality a -pic acid, The highgualitv adip.c acid obtained. by the present
i nvention isdusefucidsvant &b nkeiaterramssaterials. for materials in
various fields such as autonobile conponents and el ectric conponents., and
has industri@ l4applicability, Reference Signs List

[Example 8]

Continuous operation was carried out for 1000 hours
by the same operation as that of Example 1. A purified
cyclohexanol was obtained from the purified product
withdrawing pipe 17 of the bottom of the distillation
column 5 after 1000 hours. The partially purified
cyclohexanol had a methylcyclopentanol concentration of
15 ppm by weight, a cyclohexylcyclohexene isomer
concentration of 300 ppm by weight, a pentanol
concentration of 1 ppm by weight or less, and a methyl
cyclohexanol concentration of 50 ppm by weight.

[0115]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained partially
purified cyclohexanol was used, and the quality
measurement of the obtained purified adipic acid was
carried out.

[0116]

The melting color number of the obtained purified
adipic acid was 10 APHA or less.
[0117]

[Comparative Example 1]



12", ... reactomseparator 3, 4, 5,.. distillation colamm material feed.
pi pe 8, 10,
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Adipic acid was synthesized by the same method as
that of Example 1 except that the partially purified
cyclohexanol (cyclohexanol concentration: 99.8% by weight,
methylcyclopentanol concentration: 1500 ppm by weight,
cyclohexylcyclohexene isomer concentration: 300 ppm by
weight, pentanol concentration: 100 ppm by weight, methyl
cyclohexanol concentration: 50 ppm by weight) obtained
from the pipe 15 in Example 1 was used as a synthesis raw
material of adipic acid, and the quality measurement of
the obtained purified adipic acid was carried out.

[0118]

The melting color number of the obtained purified
adipic acid was 100 APHA.
[0119]

[Comparative Example 2]

A cyclohexanol-containing mixture (cyclohexanol
concentration: 99.8% by weight, methylcyclopentanol
concentration: 50 ppm by weight, cyclohexylcyclohexene
isomer concentration: 1500 ppm by weight) was obtained
from the pipe 14 in Example 1. Adipic acid was
synthesized by the same method as that of Example 1
except that the cyclohexanol-containing mixture was used
as a synthesis raw material of adipic acid, and the
quality measurement of the obtained purified adipic acid
was carried out.

[0120]



11, 12,1115,16 9, 13 ", return pipe 17 "" puriffi.E d product w thdraw ng
pipe - 56 -
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The melting color number of the obtained purified
adipic acid was 30 APHA.
[Comparative Example 3]

A partially purified cyclohexanol (cyclohexanol
concentration: 99.8% by weight, methylcyclopentanol
concentration: 1500 ppm by weight, cyclohexylcyclohexene
isomer concentration: 300 ppm by weight, pentanol
concentration: 50 ppm by weight, methyl cyclohexanol
concentration: 50 ppm by weight) obtained by the same
operation as that of Example 1 was fed to the
distillation column 5 from the pipe 15. 1In 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 thecoretical plates of 50 was
controlled to 158°C (700 mmHg). 0.50 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 0.7% by weight of
methylcyclopentanol. A purified cyclohexanol was
obtained from the purified product withdrawing pipe 17 of
the bottom of the distillation column 5. The purified
cyclohexanol had a methylcyclopentanol concentration of 1
ppm by weight or less, a cyclohexylcyclohexene isomer

concentration of 600 ppm by weight, a pentanol



Clains [Claim 2=,. purified cycl ohexanol having a
met hyl cycl opentanol . concaatration of 10 to 1000 ppm by wei ght and a
cycl ohexyl cycl ohezene i soner concentration of 15 to 500 opm by wei ght.

LG aim 21 nmethod for producing cycl onexanol conprising Step 1 of
producing a solution (1) containina cyéllohemanol , nethyl oycl opentanol, and
wat er by a hydration reaction of cycl ohexene; Step 2 of separating

the solution (1) into a water phase and an oil phase; Step 3 of obtaining a
partial ly' quuddritedciNef red ' Imddie iphaselghtand: nmetdd yagyclopentrariel in the
partially purified

cyclohexanol concentration of 100 ppm by weight.

[0121]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.

[(0122]

The melting color number of the obtained purified
adipic acid was 30 APHA.
[0123]

[Comparative Example 4]

A partially purified cyclohexanol (cyclohexanol
concentration: 98% by weight, methylcyclopentanol
concentration: 3500 ppm by weight, cyclohexylcyclohexene
isomer concentration: 300 ppm by weight, pentanol
concentration: 50 ppm by weight, methyl cyclohexanol
concentration: 50 ppm by weight) obtained by the same
operation as that of Example 5 was fed to the
distillation column 5 from the pipe 15. 1In 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 158°C (700 mmHg). 0.50 parts by weight of

a distillate from the top of the distillation column 5



cycl ohexanol sass to obtain a. purified cyclohexanol. having a
nmot hyl cycl apentanol . concentration of 10 to 1000 ppm by wei ght an& a.
cycl ohex: cl ohenena i somer concentration of 15 to 500 ppm by weight [d aim

31 The mat hod for producing cycl ohezanol according to claim 2,
wberein, in the Step 3, - a distil4 ation colum is used as an
apparatus obtaining the partially purified cycl oheeanol, and. t he

partially purified cyclohexanol is withdrawn froma mddle part of the
di still ati opacohuondrhchabut4dr the Fhetsmtthod tbe prpdutbng el ohexanol
according. to claim2 or 3, wherein, in. the Step 4, a distillation
colum is Usokboslaatappanatusegefpar at bngwandntendbvi ng- mnet hyl oycl opent anol ;
methylcyclopentanol. A purified cyclohexanol was
obtained from the purified product withdrawing pipe 17 of
the bottom of the distillation column 5. The purified
cyclohexanol had a methylcyclopentanol concentration of 1
ppm by weight or less, a cyclohexylcyclohexene isomer
concentration of 600 ppm by weight, a pentanol
concentration of 1 ppm by weight or less, and a methyl
cyclohexanol concentration of 100 ppm by weight.
[0124]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.

[0125]

The melting color number of the obtained purified
adipic acid was 30 APHA.
[0126]

[Comparative Example 5]

A cyclohexanol-containing mixture (cyclohexanol
concentration: 99.8% by weight, methylcyclopentanol
concentration: 50 ppm by weight, cyclohexylcyclohexene
isomer concentration: 1500 ppm 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 Figure 2,



the partially purified cycl ohezanol intTodflced into the distillation
columm contains 95 Sc: 99.81: by weight of cycichexanol and 1500 to 20000

ppm by wei ght of nmetnyl cycl opentanol; and tenperatures of second to
fifth plates froma top of the distillation colum. are controlled to 144
to 15,rC (700 nmmHg). [C aim>51 A et hod for producing adipic acid,

cont)rising a step of ozidizing a purified cycl ohexenci having a

met hyl cycl opent anol concentration of 10 to 1000 ppm by wei ght and a

cycl ohox, Téﬁﬂé-é@%iéﬁ@lcmﬂmm@tm%@fe 1%a & Or SO0 pprAby wei ght by

nitrie ac éistillation column 5 from the pipe 14, and continuous
operation was carried out. Because the distillation
column 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 cyclohexanol had a methylcyclopentanol
concentration of 50 ppm by weight, a pentanol
concentration of 1 ppm by weight or less, a methyl
cyclohexanol concentration of 50 ppm by weight, and a
cyclohexylcyclohexene isomer concentration of 1000 ppm.
[0127]

Adipic acid was synthesized by the same method as
that of Example 1 except that the obtained purified
cyclohexanol was used, and the quality measurement of the
obtained purified adipic acid was carried out.

[0128]

The melting color number of the obtained purified
adipic acid was 20 APHA.
[0129]

After the distillation column 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

cyclohexylcyclohexene isomer or the like. The materials



caused the clogging of the distillation column, which

inhibited stable operation.

[0130]

[Table 1]

Quality evaluation of | Melting color number

purified adipic acid APHA
Example 1 10 or less
Example 2 10 or less
Example 3 10 or less
Example 4 10 or less
Example 5 10 or less
Example 6 10 or less
Example 7 10 or less
Example 8 10 or less

Comparative Example 1 100

Comparative Example 2 30

Comparative Example 3 30

Comparative Example 4 30

Comparative Example 5 20

[0131]

The present application is based on a Japanese
patent application filed on July 12, 2011 (Japanese
Patent Application No. 2011-154023), whose contents are

hereby incorporated by reference herein.

Industrial Applicability
[0132]

The purified cyclohexanol of the present invention
can provide the high-quality adipic acid. The high-
quality adipic acid obtained by the present invention is

useful as intermediate raw materials for materials in
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various fields such as automobile components and electric

components, and has industrial applicability.

Reference Signs List

[0133]

1 ... reactor

2 ... separator

3, 4, 5 ... distillation column

6, 7 ... raw material feed pipe

g, 10, 11, 12, 14, 15, 16 ... pipe
9, 13 ... return pipe

17 ... purified product withdrawing pipe
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Claims

[Claim 1]

A purified cyclohexanol having a methylcyclopentanol
concentration of 10 to 1000 ppm by weight and a
cyclohexylcyclohexene isomer concentration of 15 to 500
ppm by weight.

[Claim 2]

A method for producing cyclohexanol comprising:

Step 1 of producing a solution (I) containing
cyclohexanol, methylcyclopentanol, 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
cyclohexanol containing methylcyclopentanol from the oil
phase; and

Step 4 of separating and removing
methylcyclopentanol in the partially purified
cyclohexanol so as to obtain a purified cyclohexanol
having a methylcyclopentanol concentration of 10 to 1000
ppm by weight and a cyclohexylcyclohexene isomer
concentration of 15 to 500 ppm by weight.

[Claim 3]
The method for producing cyclohexanol according to

claim 2, wherein, in the Step 3,



_.57_.

a distillation column is used as an apparatus
obtaining the partially purified cyclohexanol, and

the partially purified cyclohexanol is withdrawn
from a middle part of the distillation column.

[Claim 4]

The method for producing cyclohexanol according to
claim 2 or 3, wherein, in the Step 4,

a distillation column is used as an apparatus
separating and removing methylcyclopentanol;

the partially purified cyclohexanol introduced into
the distillation column contains 95 to 99.8% by weight of
cyclohexanol and 1500 to 20000 ppm by weight of
methylcyclopentanol; and

temperatures of second to fifth plates from a top of
the distillation column are controlled to 144 to 154°C
(700 mmHg) .

[Claim 5]

A method for producing adipic acid, comprising a
step of oxidizing a purified cyclohexanol having a
methylcyclopentanol concentration of 10 to 1000 ppm by
weight and a cyclohexylcyclohexene isomer concentration

of 15 to 500 ppm by weight by nitric acid.



