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METHOD FOR RECOVERI NG CYCLOHEXANONE OXI ME BACKGROUND
OF THE INVENTION Field of the Invention 5 The present
invention relates to a process for recovering

cycl ohexanone oxinme contained in the residue

remai ning after vaporizing a liquid cycl ohexanone
oxime by heating. 10 Description of the Related Awt
e-caprol actam (hereinafter referred sonetines

"l actant) MF FORe REGRT TS %HQF‘?%%EE&}‘IME

synt hesi ze nylon-6 used in the production of fibers
and engineering plastics. As a process for producing

Beckmann reart gﬁgﬁgﬁﬁo@% et
cyc% Qféagpqgl Q¥ na starting material is known.
€ vapor-p ase frann rearrangement reaction,

first, d){eg;ﬁr%s%}%l 99%&99&? Mareegl §o§ Utd e for

evaporate heat'i ng usi ng a wet evapor at or

r8 Q%?Qgﬁéxﬁﬁéﬁ@h%&ﬁﬂ?%%nQéhHEd(iﬁf@Hetﬁe51due
U82002/0143 However, cycl ohexanone oxi ne may

caueemabﬂﬁgalaﬂi;%&or&agaﬂmﬁlg of ﬁlhﬁﬁmabyﬁQBﬂ@ﬂéﬁﬂ@rbx:Lme
during the step of vaporizing by heating to produce

t ar bg5h&st tndy- product since it is inferior in

thernostability. - 1 It is necessary to renove tar

out of the systemin the
Description of the Related Art

¢ -caprelactam (hereinafter referred sometimes to

as “lactam”} 1is a monomer which is mainly used to
synthesize nylon-6 used in the production of fibers and
engineering plastics. As a process for producing lactam,
a process of carrying out a vapor-phase Beckmann
rearrangement reaction using a gaseous cyclohexanone
oxime as a starting material is known.

In the vapor-phase Beckmann rearrangement reaction,
first, a liquid cyclohexanone oxime is usually
evaporated by heating using a wetted-wall evaporator to
obtain a gaseous cyclohexanone oxime (refer to
US2002/0143181A1). However, cyclohexanone oxime may
cause thermal decompcsition or thermal condensation

during the step of vaporizing by heating to produce tar

as a by-preduct since it is inferior in thermostability.
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formof a residue since it causes clogging of the
wetted-wal |l evaporator. In this case, there arises a
problemthat the liquid cycl ohexanone oxinme is also 5
renmoved out of the systemtogether with tar and thus
gaseous cycl ohexanone oxi ne cannot be obtained in high
yi el d. SUVWARY OF THE | NVENTI ON 10 Thus, an object of
the_present invention is to rovi de _a_process for

ef f FE RS Png ey GHesBHToRE BRF Bl Tt i ehéhe

residue rﬁnalnln after or zi ng

cycFBhBx&hche BXi 8§7nﬁ%af ncgauself& hﬁgglggn%gethzfnd
eas%e?é 0&: Iltvé:@al %rg@{:(;' ng I%C%?llf cgge}%lj&e!}:r rises a

her nosTt abl 1 cyc ohexanone oXi ne FnESE

C”g&*&'ﬁi%\gr e the REEREA! ol NI cPEAYAECR, %1s0

process recoverin cyc exanone oOxXl1 ne

CONPLiS6Sy V&RO IdeZichg le;t&{-ﬂ' b HIN X RAODS: %c{fﬁcm&y
heating to obtain a cycl ohexarione oxi ne gas (Al),

di sghbbbig dha JHRFBLBhAJCE Afd BiindRd8Ee 8LPA LSS hl h
| ower than the pressure upon vaporization by heatlng

andyigegovering cycl ohexanone oxinme contained in the
resi due. Furthernore, the present inventors have
tested condensing a cycl ohexanone oxi ne gas by a
condenser so 25 as to recover a cycl ohexanone oxi ne
gas separated by 2 swMMiRYl bat TBR IMGENTIDN ow pressure
inaliquid state in

Thus, an object of the present invention is to
provide a process for efficiently recovering
cyclohexanone oxime from the residue remaining after
vaporizing the liquid cyclohexanone oxime by heating,
using a simple and easy process, while taking account of
the thermostability of cyclohexanone oxime.

Under these circumstances, the present invention
provides a process for recovering cyclohexanone oxime,
which comprises vaporizing a liquid cyclohexanone oxime
by heating to obtain a cyclohexanone oxime gas (Al},
distilling the remaining residue under a pressure lower
than the pressure upon vaporization by heating, and
recovering cyclchexanone oxime contained in the regidue.

Furthermore, the present inventors have tested

condensing a cyclohexanone oxime gas by a condenser so

as to recover a cyclohexanone oxime gas separated by
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i ght of handiness in the case of reusing the
recovered cycl ohexanone oxi ne. However, they have
found that when a cooling nmediumat a tenperature of

| oner than 900C is 5 used, a crystal of cycl ohexanone
oxi me may be deposited in a condenser thereby causing
clogging in the condenser since cycl ohexanone oxine

h hj el ti ' f__90C._ Furth wh .
ot SHBTSF LA OF PBHBEr &t 7S RASSRHE OF Ai GhEY.G g 1P

as fi C?Oglép an%q.i lérsnso?t .tttjl?e 18 sceo% er]!‘%%r irsio t?l‘?e tIOe overed
preve% Crys aIﬂ eposﬁll on, Ehe anoun [0) uncon enseg{

?asc{;E‘fér?é?a%nler SSYhE! NG:dy 1200 (REI! QD! &y hac @K?gywhen

0sSS” st nce cycl ohexanone oxi ne has conparative

hi gl EéﬁignénﬁéﬁiHREatA%Séémégﬁﬁﬂﬁye o#eROntt | b DA’ is

ef fl uent gdas piping cannot be avoi ded, 15 thereby

caugkag, ¢ Q49idta 106t BEcDhid:RhordS cHeRET hPhe ARPHRited
in both cases, there was a problemthat a " continuous

st abh €a ORM@ir=@? the@bBY r@@d@idagmloggﬁg aih i @ed iWhdehser
cycl ohexanone oxine. It is considere that the

opes thd® neyrlestatodpoox thethidd at haghi e POin®ridield ed

to normal pressure or higher so as to reduce the
uncentiens @drgasrmbes, hiternwdioer watea aenpeareatperatake of
90C or higher is used as the cooling nedium of the
condenSerr Higheratiscased v cdutsidlangofmefbiemtef the
conmponent as the by-product is pronoted. The present

i NVEPRERRS S SAea s LAt PheYeRl Cryistaledenositicen ddieve

t hese problens, - 3 . , _
amount of uncondensed gas increases, resulting in non-

negligible recovery loss since cyclohexanone oxime has a
comparatively high vapor pressure. Also, crystal
deposition in an effluent gas piping cannot be avoided,
thereby causing clogging of the piping. BAs described
above, in both cases, there was a problem that a
continuous stable operation is obstructed by
crystallization of cyclohexanone oxime. It is considered
that the operation pressure upon distillation is
controlled to normal pressure or higher so as to reduce
the uncendensed gas when hot water at a temperature of
90°C or higher is used as the cooling medium of the
condenser. In that case, production of the tar component
as the by-product is promoted. The present inventors

have intensively studied so as to solve these problems,
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thus providing the follow ng inventions. (1) A process
for recovering cycl ohexanone oxi me, which conprises

vaporizing a |liquid cycl ohexanone oxine by heating to
obtain a cycl ohexanone oxinme gas (Al), 5 distilling

t he remaining residue under a pressure |lower than the
pressure upon vaporization by heating, and recovering
cycl ohexanone. oxime contained in the residue. (2) The

pr oERYE BERVIGEIEE, EPPn Gt UM XEVEREIBRP e accor di ng
to Eigagraph %}), gherein t he disti&l tion is 10
carrted SUPTTREEP ACPrERSUFE B¥ £YF1PBeTd ®a oxime.

BBl 30, gl i TR LB, Mo

par agrap or
whey ei Syeleh e ' A2 ed 1y
di s%?l ﬁq?%gg%/ et%r g’é?gg{e} Ts reg%g Otglei #t{%ﬁ%o %ac@lgw't h
as l.e . gk j s, C e j
o BhYEDS SEDAHL, Bhasls5 S S OB e

CyCLRReX@NoNR-<@6ulR ifon MEGMEIRR 1 chdby THEaPIRFeSd Of
recovering cycl ohexanone oxinme 20 according to

par agéapdy ihPloydlonbragbile tdieinfy ¢onBeXa8@NEn thd R sgase.
(A2) separated by distilling the residue is condensed

by @&2rondmrserocasvhish sedn@irihg ppdloetdndi: oXiee

hi gher circulates to obtain a cycl ohexanone oxi ne

congensaling itguipdradBaphantt Jan wirecendenseddistillation is

cycl ohexanone 25 oxine gas (A4) obtained

si nodrahEbusity unsiebr sugiesduneo of 1.4 to 10 kPa (absolute
pressure) .
(3) The process for recovering cyclochexanone oxime
according to paragraph 1 or 2, wherein a cyclohexancne
oxime gas (A2} separated by distilling the residue is
brought into contact with a sclvent capable of
dissolving cyclohexanone oxime to obtain a c¢yclohexanone
oxime solution, and then cyclohexanone oxime is
recovered.
(4) The process for recovering cyclohexanone oxime
according to paragraph 1 or 2, wherein the cyclchexanone
oxime gas (A2) separated by distilling the residue is
condensed by a condenser in which a cooling medium at 90°
C or higher circulates to obtain a c¢yclohexancne oxime

condensate liquid (A3) and an uncondensed cyclohexanone

oxime gas (A4) obtained simultaneously is brought into
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- 4 contact with a solvent capabl e of dissolving
cycl ohexanone oxine to obtain a cycl ohexanone oxi ne
sol ution, and then cycl ohexanone oxine is recovered.
(5) The process for recovering cycl ohexanone oxinme 5
according to paragraph 3 or 4, wherein the

cycl ohexanone oxine gas (A2) or the cycl ohexanone
oxi me gas ( is brought into contact with the

A4
soIG%%?a%ﬁlwqﬁg-§u?PAHEHBfCaQ?QﬁﬁﬂqfnGi658§ViW$e pr esent
' t] ts th ffect of bei 0 bl e .of
bt ST AT Eon SRR £ RS . SYRLGHEPEReR apy me

ti i npl il f i Xt . Of
cycr SRSt e R thERobr AR P S i rssrea.
VaﬁgELZ' ngd he. g?' gofy]?é!?m%%ng X LB Ah & LAhe
conpdnent defived From cycl onexarond oxl ne. Nor eover,

15 j 0 ent .1 nvenh.i :
.QE@&%&H éb g%qgg?égﬁ A) of'h, %Ehggancy§éﬁ%§#ﬂﬁﬁﬂ%none

oXlI me can De sepa at a conparative

tempelad W and) 8kSentheydmindagbadabkofe Afad NGu4) is

resul ti ng cycl ohexanone ‘oxine can be suppressed since

t hepresdiiue e dotthbt efi tWNIRY 1NVeWr PHESERE esudfiice of
addi tion, by bringing 20 cycl ohexanone oxi ne separ at ed

by disédlimg ibpdyunder a | ow pressure into contact

wWith a sol vent capable of dissolving cycl ohexanone

oxi me to T giresancythodiexisoorxeraxi the sef fdctomf ibeing

beconmes possible to recover cyclohexanone oxine in a

| i qoapalstiatef wihithénsugpreskoheganone oxime in a high
recovery ratio, simply and easily, from a mixture of
cyclohexanone oxime obtained as the residue after
vaporizing the liquid cyclochexanone oxime and a tar
component derived from cyclohexanone oxime. Moreover,
according to the present invention, cyclohexanone oxime
can be separated at a comparatively low temperature and
also thermal degradation of the resulting cyclohexancne
oxime can be suppressed since the residue is distilled
under a low pressure. In addition, by bringing
cyclohexanone oxime separated by distillation under a
low pressure into contact with a solvent capable of
digsolving cyclohexanone oxime to cbtain a cyclohexanone
oxime solution, it becomes possible to recover

cyclohexanone oxime in a liquid state while suppressing

agglomeration (crystal deposition) of cyclchexanone
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25 aggl oneration (crystal deposition) of cycl ohexanone
5 oxinme in the condenser or the piping connected to
the condenser, and thus handiness in the case of
reusing the recovered cycl ohexanone oxi me can be

i nproved. By reusing the cycl ohexanone oxi ne obt ai ned
by the 5 present invention as a raw material for

production of |actamthrou t he vapor - phase Becknmann
r eaP%%‘H%e%ﬁr’r’the COREEPBRT ‘P’ﬁgﬂlﬁ LG CBgPﬁﬁt%%d:éjong‘

of establishing a ro rocess of |actam whic
s CRTGRART | (% cBRe BEF LIy o E Igy CREheXa A 179  the

d 10 |
o oBBEET 1Y c'i?sﬁ'hsgaa B L2 2 SHFEE SRS E o oF
THE DRAW sg_n the Qy%icﬁ%ﬁtﬂ%ge SRowL N héilihed by the

enbodi ment? of ocess recovering cyc exano

OXi gBe Ol nd hﬁw]e%t%ﬁsﬁgt a! PYEHd 44 E Qorzpféd@cﬂo(hwof

chart show ng anot her enbodi nment a process f

reCQX@Eéﬁ@kHBBHg%h%ﬁ@n99§094§ﬂﬁ%éﬁbebﬂ%anﬁr?éé%%angement
invention. Fig. 3 is a flow chart show ng stil

anot-8gft iy, eROdrwent of BeHPeRPILLLr of e6OVAS1 itthing a
cyclohexanone oxi me of the present invention.

Desgtbiidoibrofprideesene el Murert altichlBfs Evgipoiedldization
101: Vacuumdistiller
efficiency of cyclohexanone oxime as a raw material and

is excellent in productivity is also exerted.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing one embodiment of a
process for recovering c¢yclohexanone oxime of the
present invention.

Fig. 2 is a flow chart showing another embodiment
of a process for recovering cyclohexanone oxime of the
present invention.

Fig. 3 is a flow chart showing still another
embodiment of a process for recovering cyclchexanone
oxime of the present invention.

Description of Reference Numerals

100: Evaporator
101: Vacuum distiller
102: First stage ccndenser
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25 102: First stage condenser 6 103: Gas-liquid
contactor 104, 106: Punp (vacuum punp) 105: Cooling
unit 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The
process for recovering cycl ohexanone oxi ne of the
present invention is a process for recovering

cycl ohexanone oxine fromthe residue remaining after
vaporizing a |iquid cyclohexanone oxi ne by heating so
as 183fo obt ai 728 ¢yBHLRSRAHATESxi me gas (Al) used as
araw nmaterial_in the groduction of e-caprol actam by

a vapdr -1 ¥hase FEERK ATV RH Y Hgenent reacti on
Specij.ftically, e..residue is a mxture of
cyc?é%exanone g%?ﬁéngnﬁng:tar conponent conposed of a
thermal | y deconposed product of 15 the cycl ohexanone
oxime, and the present invention pertains to a

process for &ﬁﬁ%&%ﬁbnﬂE§d§i Q%n%ngkﬁﬁ?N%?Eyliquid

separating fromthe mxture. Evaporation

cycl ohexapQng, Q38 BY¥y f@%ﬁ&éﬂlﬂgncgggoﬁéﬁﬁhéﬂe oxime of
obtaining the residue is usually™ 20 carried out in a

st atge vvﬁfaﬁéﬁeﬂ@qn%%saﬁeié Sa od2dUeed, r8asReYind
state of nor mal pressure to an increased pressure.

Speei &l cidtanorky @Ramat Fotm i She afddideOtbmbynipal fiveg

at a tenperature of 130 to 170C under a pressure of

101vapoddfi ddPa (ldbpddutecpslessnae oxime by heating so as
to obtain a cyclohexanone oxime gas (Al) used as a raw
material in the production of e-caprolactam by a vapor-
phase Beckmann rearrangement reaction. Specifically, the
residue is a mixture of cyclohexanocne oxime and a tar
component composed of a thermally decomposed product of
the cyclohexanone oxime, and the present invention
pertains to a process for recovering cyclohexanone oxime
by separating from the mixture.

Evaporation of the liquid cyclohexanone oxime by
heating in the case of obtaining the residue is usually
carried out in a state where the pressure is not reduced,
namely, a state of normal pressure to an increased
presgure. Specifically, evaporation is carried cut by
heating at a temperature of 130 to 170°C under a
pressure cf 101 to 140 kPa (absolute pressure)}.

In the present invention, the residue is distilled



25 In the present invention, the residue is distilled
- 7 under a pressure which is |ower than the pressure
upon vaporization by heating for obtaining a

cycl ohexanone oxine gas (Al) (hereinafter referred
sonetines as to "Low Pressure”) . Since cycl ohexanone
oxime can be 5 separated at a conparatively | ow
tenperature by distilling under Low Pressure, thernmal

degP%@%fi%nPQﬁssuFﬁeWFégﬁl%?rﬁfobeéﬁéxEﬁ%n%r%ﬁﬁqﬁ§ (o (L
be suppressed, and. thus a_high recovery ratjq can be
o h S 24T P e AL 17 K RAPAATPoR FLC 1S ariety
carried out u r reduced_10 pressure of 1.4 to 10 kPa
Cabentie s COUTr (hETHRR e YRR Bhydufndd A0 i
(abSpLUte DILSSUNE) o5 Men. LHEL BLESSUMG YRR, o

di st ation s t oo oW~ C cloﬁexanone OX1 e enas to

5 be ?gﬁ%?&@é&tﬁd a lcgmﬁlgg{;f P\?%lgr #‘%%ﬁ f%ﬂgerQE?é% upon

di s ation I's too egradati on of

Cy ChOheXPNAE [ RHeFRLEG NEPe d Qi MY 048R ma 1 THEG L SINEIRL Wie
(distillation tenperature) upon distillation is

pretrs abd i 0 29ct Bhd3Bkond kiRl @anPhef SlightesFdddMand
90 to 125C. Wien the distillation tenperature is

| owehué ham 2C reeyeh ot exaninh e 0X it a28iteads tFerbexample,
aggl onerated. In contrast, when the distillation

t enpee adidtel lilattioa bEgbrefdweabint cadegedadant omddr reduced
cycl ohexanone oxinme tends to proceed. The
10 cychobexarore aXikmeogas KPR) (depdusatedrbysure), and more
preferably 1.4 to 8 kPa (absolute pressure). When the
pressure upon distillation is too low, cyclchexanone
oxime tends to be agglomerated. In contrast, when the
pressure upon distillation is too high, thermal
15 degradation of cyclohexanone oxime tends toc proceed.
The temperature (distillation temperature) upon
distillation is preferably from 90 to 135°C, and more
preferably from 90 to 125°C. When the distillation
temperature is lower than 950°C, cyclohexancne oxime
20 tends to be agglomerated. In contrast, when the
distillation temperature is toc high, thermal
degradation of cyclohexanone oxime tends to proceed.
The cyclohexanone oxime gas (A2) separated by

distilling the residue under Low Pressure is (I)

25 recovered as a cyclohexancne oxime solution by bringing
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distilling the residue under Low Pressure is (1) 25
recovered as a cycl ohexanone oxi nme sol ution by
bringing 8 into contact wwth a solvent capabl e of

di ssol ving cycl ohexanone oxinme, or (lI1) condensed by
a condenser in which a cooling nediumat a
tenperature of 90C or higher circulates to obtain a

cycl ohexanone oxi.me 5 00£densate [ uig &AB%, and t hen
t he 1BRR o RS Withc PofiRkEeRInEaRREtE §5s9E 2891 68 %i ned

o TSROSO 2 BT SEOPLY RNk £ Bflcer
i ne.t bt ai . oh [ | uti i ch

%1 T34 SN RS RIEIS B TE S 11 B0 M o

Casﬁ%l%l&elt e%*ﬁ‘\/cﬁ%a%@% tLESOVEI£d %:1%983@98:9@ i can

be 1 ove suppr essi ng adgl oneration (crystal

deposhid e Of1 i LUG PREXANANE RENBHENuHhBENE Ser
or the piping connected thereto. 15 As the sol vent,

sol &ﬁ@i@h&&ﬁﬁﬁiee oRfimdi §§9| VANY otk hehex aneneadudy is
can be used. Specifically, alcohols such as nethanol,

et hppeterdb Bf CRNGht LHOHToRat waRl at sbl¥&ai®ldapable
tol uene and cycl ohexanone are preferably used. Wen

t heoty&l edeainen e yel bhexgecnd ARimer tbhebt20n a
cycl ohexanone oxine gas (A4) is brought into contact

wi t byt hehesainmer oxeémbheolitjors gadchi dai dhewtestvered.

whi ch can bring the cycl ohexanone oxi ne gas (A2) or

( Ad¥onsequently, handiness in the case of reusing the
recovered cyclohexanone oxime can be improved while
suppressing agglomeration (crystal deposition) of
cyclohexanone oxime in the condenser or the piping
connected thereto.

As the solvent, solvents capable of dissolving
cyclohexanone oxime can be used. Specifically, alcohols
such as methancl, ethanol, n-propancl, isopropancl, and
t-butanol; toluene and cyclohexancne are preferably used.

When the cyclohexanone oxime gas (A2) or the
cyclohexanone oxime gas (A4) is brought into contact
with the solvent, either (i) a gas-liquid contactor
which can bring the cyclochexanone oxime gas (A2) or (A4)
as a vapor intc contact with the solvent, or (ii) a

condenser which can bring the cyclchexancne oxime gas

{A2) or (A4) into contact with the solvent on the
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as a vapor into contact wwth the solvent, or (ii) a
condenser which can bring the cycl ohexanone oxi ne gas
25 (A2) or (A4) into contact with the solvent on the
- 9 surface of a cooling body can be used.
Specifically, the gas-liquid contactor (i) may be a
contactor in which the solvent cooled to the

ture | owner han 0|I|n t under, _.an
OpoPS FRSHE pricSeGPeLOrd dradY 192 Bn Santer SoCsRice1ly, the
Pressur he vapor of th cl ohexanon
oxi 78 g D FRarhas 107 A B, Rag o hastte nqiRgy Ene
eXaIP| foni€ ULV ‘i%t %”aghgaéer@cgsrgart%tfleoﬂowsg U&Q%@% b%li&fing

as a spray col umn an

C OPBOVEL wildba AR B8 ath R B b 1P B30 uhller

enser 1 n whicht sprayed over

congen spt & Rfred Li%erPé(y&?Oiﬂ %eV%Q% brObet fige
cycl ohexanone oxi nme™ gas A4) on the surface of

a  epOldHkPRAE Cheat @%@h@ﬂgeQu'Qhﬁ fﬁ%lé(ﬁpray
exanpl e, conventional heat exchangers su as a

mul A xibula1d, heatl dRafyTdangeivetaichal egps otesbrgBy on
reusi ng the cycl ohexanone oxi me obtai ned by the

pr esgnipmente uichn adSaaspeay natlemnabnfioa paddt tdodmmaf can
| act am t hr ough t he vapor-phase Beckmann rearrangenent

r eab¢ i emplayed.s ossiimsto ¢beabbndénsepridgducmaygnbea
process of |actam which has high utilization

ef f tendgnser din epékbbhekanerlrant e apravedveveit & i al

and is
condensate produced by cooling vapor of the

cyclohexanone oxime gas (A2} or (A4) on the surface of a
cooling body (heat exchanger, etc.) and, for example,
conventional heat exchangers such as a multitubular heat
exchanger can be employed.

By reusing the cyclohexanone oxime obtained by the
present invention as a raw material for production of
lactam through the vapor-phase Beckmann rearrangement
reaction, it is possible to establish a production
process of lactam which has high utilization efficiency
of cyclohexanone oxime as a raw material and is

excellent in productivity.

EXAMPLES

The present invention will now be described in

- 10 -
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excellent in productivity. EXAMPLES 25 The present
invention will now be described in - 10 detail by
way of Exanples, but the present invention is not
limted to the follow ng Exanpl es. Exanple 1 In
accordance with the flow chart shown in Fig. 1, 5
cycl ohexanone oxi ne was recovered. First, a liquid
cycl.ohexanone oxime_A was supplied to an e;%gorator

1009¢kat e P yast AnFrABR. @hodtht IRE PFREADY apbfs e oy
heati ng, under. a pressure of, 116 kPa_. (absol ute

pr eSQurEymitess tg Fggug?f1%WEﬁ%S%ﬁﬁ%%ﬁ%ne oxi ne 10 gas
Al ﬁgﬁggggerated and al so a m xture of cycl ohexanone
oxi frE? dtar conponent derived from cycl ohexanone

oxi e wa no%.tcgziqo?ﬁgggév?lli';]ﬁ%hdeu%&ggaghgrE aél??\&[ 'ZhO Fd'.g. 1,

parts by wel e resi was | ntroauce

intg ?i%%%&#gg%ﬂgﬁghglggfﬂg (QEQESp by steam (not

sho istilled at 120C after evacuati ng

the distigig, 301:i50i4 S &kidhl@RSALULR1ME €6 S L)supplied
usi ng a vacuum punp - (not” shown) . Then, the

cyctohexanaj @ttt 168 Mested ettt dhod S@dwn)ofand
parts by weight/hour and also a tar conponent D as a

di sthéh eghg@asizdde byakedt sedhangrd 20pkessutdesbartconmpaf

the vacuumdistiller 101 at a rate of 1 part by

wei gabédhule pressure). As a result, a cyclohexanone oxime
gas Al was generated and alsc a mixture of cyclochexanone
oxime and a tar component derived from cyclchexanone
oxime was obtained as a residue C at a rate of 10 parts
by weight/hour. The residue C was introduced into a
vacuum distiller 101 heated by steam (not shown) and
then distilled at 120°C after evacuating the distiller
101 to 4.9 kPa (absolute pressure} using a vacuum pump
(not shown). Then, the cyclchexanone oxime A2 was
separated at a rate of 9 parts by weight/hour and alsc a
tar component D as a distilled residue was discharged
from the bottom of the vacuum distiller 101 at a rate of
1 part by weight/hour.
Example 2

Using the cyclohexanone oxime A2 obtained by

separating using the vacuum distiller 101 in Example 1,

cyclohexanone oxime wasg recovered in accordance with the

- 11 -
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Exanpl e 2 Using the cycl ohexanone oxime A2 obtai ned by
separating using the vacuumdistiller 101 in Exanple
1, 25 cycl ohexanone oxi ne was recovered in accordance
with the - 11 flow chart shown in Fig. 2. The
separated cycl ohexanone oxime A2 was introduced into
a first stage condenser 102 using hot water at 90C
and_a liquid cycl ohexanone oxinme A3 5 condensed in the
firg%o%téhﬁiﬁz ¥Rs&l HEP- vs recovered, and al so an

d d | oh [ Ad [ d d
N0 8 03 FEEPATEBNI SR BTCTOSA PEL ™R h(H i ng. &t
95C, _Th - 1. id tact 103 i :

B b R e R
cir &g{@ eadﬁ % °% BHHpalg?q‘L?f&j d 1%@1E§¥.ﬁgne t&-‘.ﬂﬁ@ B\Ba
rom-t

spray nozzl € (not shown e upper portion of

the éﬁééﬁ“fﬁ‘%ﬂngyf%E %Qggeaegnééﬁﬂbf|¥b2 was recovered,

cycFo exanone oxine gas A4 1S liquefied by bringing

et §agol1 &5 GePhedohenfla USI DR xaaBhE NEx Uhé tgaD R4l Ras
directly into contact with the introduced

cycl RPEXRNARE in%l HEg8aS]1 Aduidcom@BcspEayo NgvhikE hanol

containing the |I|iquefied cyclohexanone oxinme was

ext hathed s atmeshanolTHoguki 0Dgibd oformyscitelreanone a

oxime during circulation. Cycl ohexanone oxi nes A2 and

A4 peclee®dlnimmoducedichtmethendli Estinstadecedndenser

102 and the
continuously is circulated by a pump 104 and is sprayed
through a spray nozzle (not shown) from the upper
portion of the gas-liquid contactor 103, and then the
cyclohexanone oxime gas A4 is liquefied by bringing
methanol E cooled to -6°C using a cooling unit 105
directly into contact with the introduced cyclohexancne
oxime gas A4 through spraying. Methanol containing the
liquefied cyclohexanone cxime was extracted as a
methanol solution A5 of cyclcochexanone oxime during
circulation. Cyclohexanone coximes A2 and A4 were
introduced into the first stage condenser 102 and the
gag-liquid contactor 103 using a vacuum pump 106.
Example 3

Using the cyclohexanone oxime A2 obtained by

separating using the vacuum distiller 101 in Example 1,

cyclohexanone oxime is recovered in accordance with the

- 12 -
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gas-liquid contactor 103 using a vacuum punp 106.
Exanpl e 3 Using the cycl ohexanone oxi ne A2 obt ai ned by
separating using the vacuumdistiller 101 in Exanple
1, 25 cycl ohexanone oxime is recovered in accordance
with the - 12 flow chart shown in Fig. 3. The

separ ated cycl ohexanone oxime A2 was introduced into
t he %as-liquid contactor 103 using the vacuum punp
106F I9Hechinet |1Shd 1BoRtActdr 103 is an 5 equi pnent in

whi ch | E i d [ ly |
R NS N T M E—

I .not f t ' of t
o084 D04 (8§01 LOMATS HRBBLAOLLL A1 B L
2 LSchiasalbed b brhoa g Telenaly B conl bt 0 g

m‘tQggiﬁﬁéﬂfnfﬂ"Wﬂi%%b@%gggﬁﬁ%qugﬁrgéhgsﬁg@??éﬁhﬁﬁﬂf y is

thro sprayl ng. ontal ning t

cycLohexanane \xicie Eéﬁp by £X4lPGedpaavad Bt PR a
sol ution AS of “cycl ohexanone oxi ne during circulation.

15 PSR AL ARRb CABbWA )T Ve ddie l:l?i’ee&@Pbri PYEIL OIBE the

exerts the effect of being capable of obtaining
cychabexaqoine dphtaetbd A0k Gihd neeeyvekyloBékanorsd Hiyhe
and easily, froma m xture of
A2 is liquefied by bringing methanol E cocled to -6°C
uging the cooling unit 105 directly into contact with
the introduced cyclohexanone oxime gas A4 through
spraving. Methanol containing the ligquefied

cyclohexanone oxime can be extracted as a methanol

solution A5 of cyclchexanone oxime during circulation.

INDUSTRIAL APPLICABILITY

The present invention exerts the effect of being
capable of obtaining cyclohexanone oxime in a high
recovery ratio, simply and easily, from a mixture of
cyclchexanone oxime obtained as the residue after
vaporizing the liquid cyclohexancne oxime and a tar

component derived from cyclohexancne oxime. Moreover,

according tc the present invention, cyclohexanone oxime
can be sgseparated at a comparatively low temperature and

also thermal degradation of the resulting cyclohexanone
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20 cycl ohexanone oxi ne obtained as the residue after
vaporizing the liquid cycl ohexanone oxine and a tar
conmponent derived from cycl ohexanone oxi ne. Moreover,
according to the present invention, cyclohexanone

oxi me can be separated at a conparatively |ow
tenperature and 25 al so thernal degradation of the
resul ti ng cycl ohexanone _- oxi me can be, suppre

si nE&THES gedﬁélppgeaggr{l,eﬂr&f thedErSEEYF PHR .

addij ti by bringi ng cl xanone aqxine .separated

oy LT 1o Fre oAy (= BRELay o5y Rt enct w th
a sol yent, capabl e 9&e5 dissalyn C%OTfX§PQ§qn%érniow
to obtain a cycl Chexantne = oxi e so ki

pos?k@%ﬁu#@ 1RGOV 2 &Y G ANEXANQNG QX E‘%’ 515‘1@ <+f qui d

tate e ‘suppressing aggloneration rys

dep fa [ €5 C
PR /AR EBREF Be ohflBs RRnone

handk \es Ssdiidilke , CasepEoh&dHidagitkie teeﬁ&y&r@ﬂ
cycl ohexanone oXi me can be i nproved. By reusing the

cyctphExRiaireX oemebidi Heti f)i d Reatpr @BENd duptailsisang
as a raw material for production of [actamthrough

t heaygpaiepitase Beeksvalh desddiariganedt dpclsaatdrmme

the effect of being capable of establishing the

pr odxithé aim prhec esadehséactamhehipdpihgscbngécted to the

utilization efficiency of cycl ohexanone oxinme as a raw

mat eehdgnsawl iamdexbukl| bmdinegy ddutcheviageist afegwing the
recovered cyclohexanone oxime can be improved.

By reusing the cyclcochexanone oxime obtained by the
present invention as a raw material for production of
lactam through the vapor-phase Beckmann rearrangement
reaction, the effect of being capable of establishing
the production process of lactam which has high
utilization efficiency cf cyclohexanone oxime as a raw

material and is excellent in productivity is also

exerted.

The present application has been filed claiming
the Paris Convention priorities based on Japanese patent
application No. 2007-087734 and Japanese patent
application No. 2007-327759, the entire contents of

which are herein incorporated by reference.
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exerted. 20 The present application has been filed
claimng the Paris Convention priorities based on
Japanese patent application No. 2007-087734 and
Japanese patent application No. 2007-327759, the
entire contents of 25 which are herein incorporated by
reference. - 14 Wat is clained is: 1. A process for
recovering cycl ohexanone oxi nme, which conprises
vapBPf%i g %ﬁ%%qﬁﬂ dS¢ycl ohexanone oxime 5 by heating
to obtain a cycl ohexanone oxine gas (Al), distilling
the remai ni ng resi due under a pressure |lower than the
pre?surezypon vapor.i zation and _recovering

by. heati
oy cE ohexdhaHe S e ECE Rt ST TR 1oh CYRACPeEreRRe Fo s
Th i | ' i
B O :lod° GAYBLL D&Y AURARNRDE) Sl ihone oxime
carﬁyeﬁewng%%b@a@ﬁigsgm ex%n%ngoo%grggp s (A1),

(absol ute pressure). e process ecovering

CyChObEXBNORE @6l Foma 2AERE S dufe %%%%9]; Hedaure lower

wherei n a cycl ohexanone oXxi ne gas ) separated by

di sthihi e thie dstgedUfoh Svdtiohlt ichnb9 £ A, Wrddh a
sol vent capabl e of dissolving cyclohexanone oxine to
obt aé ove L] @eAaReRENOXE xide TehubinBd BfdtHd@rsidue.

cycl ohexanone oxine is recovered.
2. The process for recovering cyclohexanone oxime
according to claim 1, wherein the distillation is
carried out under a pressure of 1.4 to 10 kPa (absolute

pressure) .

3. The procesgss for recovering cyclohexanone oxime
according to claim 1 or 2, wherein a cyclohexanone oxime
gasg (A2) separated by distilling the residue is brought
into contact with a solvent capable of dissolving
cyclohexanone oxime to obtain a cyclohexanone oxime

solution, and then c¢yclohexanone oxime is recovered.

4. The process for recovering cyclohexanone oxime
according to claim 1 or 2, wherein the cyclohexanone
oxime gas (A2) separated by distilling the residue is

condensed by a condenser in which a cooling medium at 90°
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4. The process for recovering cycl ohexanone oxi ne
according to claim1l or 2, wherein the cycl ohexanone

oxi me gas (A2) separated by distilling the residue is
25 condensed by a condenser in which a cooling nmedium
at 90 - 15 C or higher circulates to obtain a

cycl ohexanone oxi ne condensate liquid (A3) and an

uncondensed cycl ohexanone oxime gas (A4). obtained
S|nﬁl?ﬁn%&ﬁﬁﬂ%/Q%§Cﬁﬂéﬁﬁﬁtt?rﬂ9fa%ﬁoﬁt§¥Flﬁﬁ?¥P%P%ﬁﬂ9ﬁ§WF

capabl e of dissol vi.n c ohexanone oxi bt ai n
it T R L AL e g’éo%?é.adhungﬁa Sefend crdiche:Bnbae
cyclohexanone coverel 5. .The 00%2& for

recBheRt et RS EBsnReS AT a&@@&?&?’nbs 7o
ggﬁﬁ@aéth%l%cl LSPIR0C LI 10 G35.CAR. 1 the

exanone oxXi cont act

The%&f‘c‘?he%?ir}o‘?{ét ok NEy S&EJaal e ghe 1oﬁ8>9éﬁ&9e %e 6.

rocess recovering cyc anone oxl ne

aCCQ&ﬁ%EEbﬁ‘Jdeahﬂbﬂ cYOES R e exshehexanans,Hdqre
gas (A2) or the cycl ohexanone oxine gas (A4) is

brought into contact with the solvent on the surface
of a cooling body. - 16
5. The process for recovering cyclohexanone oxime

according to claim 3, wherein the cyclohexanone oxime
gas (A2) or the cyclohexanone oxime gas (A4) is brought
into contact with the solvent on the surface of a

cooling body.

6. The process for recovering cyclohexanone oxime
according to claim 4, wherein the cyclohexanone oxime
gas (A2) or the cyclohexanone oxime gas (A4) is brought
into contact with the solvent on the surface of a

cooling body.
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