24 August 2005 1 METHOD FOR EVAPORATI NG CYCLOHEXANONE OXI ME FI ELD OF THE

| NVENTI ON The present invention relates to a nethod for evaporating 5
cycl ohexanone oxinme, which nay be used for producing e -caprolactam
Specifically, the present invention relates to a nethod in ¥Aepust 2005
cycl ohexanone oxinme is evaporated snmoothly with [little deconposition

t hereof, which results in reducing bad_ influence upon the quality of 6

- caprol act am produced by a gas 10 phasé Beckmann rearrangenent reaction of
cycl ohexanone oxi me. BACKGROUND OF THE | NVENTI ON E - capr ol act am maybe used

as a nononer for i 5 I terial for producing
fi bers, engineeri %‘}g{ %?‘?’@‘%@’%‘%W@%@O@@B% §é{g§% may be
produced by a process in which cycl ohexanone oxine is evaporated and is
then rearranged into E - caprolactamin a gas phase Beckmann rearrangenent
reaction. The cycl ohexanone oxime has to be evaporated in this process,
and a | RIEED QBpEHEt IBKENEERYds for the cycl ohexanone oxime are 20 known.
For exanple, JP-55-141467-Al1 (corresponding to US Patent No. 4, 268, 440)

di scl oses a nEfhednesadti dnveydishexaiarkesokone mest @ Faraeedporatihg
presence of an inert gas, in contact with a fluidized bed of inert solid

part 5Cl asySlishleRenéhé | Grimad. wAbidii maiEt Bed Baeapr phlensrsuedy ddate a
portion of the cycl ohexanone 24 August 2005 ‘
-caprolactam. Specifically, the present invention relates to
amethod in which cyclohexanone oxime is evaporated smoothly with
little decomposition thereof, which results in reducing bad

influence upon the quality of € -caprolactam pi'oduced by a gas

10 phase Beckmann rearrangement reaction of cyclohexancne oxime.

BACKGROUND OF THE INVENTION

£ -caprolactammay be used as amonomer for producingNylon-6,

that is a rawmaterial for producing fibers, engineering plastics

15 and the like. € ~caprolactam may be produced by a process in

which cyclohe#anone oxime is evaporated and is then rearranged

7 in-to € - caprolacfam in a gas phase Beckmann rearrangement reaction.

The cyclohexanone oxime has to be evaporated in this process,

and a lot of evaporation methods for the cyclohexanone oxime are
20  known.

For example, JP-55-141467-Al1 (corresponding to US Patent
Nq.4,268,440) discnlowsgs a m?‘fh?fi in 'v'vhich cyclohexanone oxime
is evaporated, in the presence of an inert gas, in contact Wifh
a fluidized bed of inert solid particles such as silica sand.

25 This method has problems such that a portion of the cyclohexanone



2 oxime is deconposed in the fluidized bed and that nuch inert gas is
needed. JP-53-37641-Al (corresponding to US Patent No.4,137,263) discloses
a nmethod i n which cycl ohexanone oxine is evaporated 5 in the presence of
an-inert gas at a super-atnospheric pressure of at |east 30F4Fongust?O® — at
an absolute pressure of at |east 1060 Torr) using a falling-film
evaporator. This nethod al so has problens such that the cycl ohexanone
oxime tends to remain in the evaporat@r and to generate crusts such as tar

(or coke) 10 due to the deconposition t hereof, which may deteriorate the
orator. SUWMMARY OF THE

evaporation efficiency and may plu p| es of the eva

| NVENTI CREER@ Iobjdecompe s {Lﬁetlb?efg'éfﬁ f'r?rﬁf%ﬁ’ﬁdoﬂnﬁ ﬁ% t sk d@egtesR®d 15
for evaporating cycl ohexanone oxinme in which the cycl ohexanone oxine is
evapor atkel ee¢edeflent|y with little deconposition thereof without plugging
the evaporator so as to extend a period of time for a continuous operation
of the evaporalb+531826 $t edbnicormespondingvm USuhdteh&tNohis13B) 263) and

ot her 20 objects are achieved by a nethod in which cycl ohexanone oxine is

evapor at@gs 456 $8s a nd thd@-in IWvhtvepof el sliexaidnaeds ing 1heevepopataedi on
surf ace of the evaporator well with the cycl ohexanone oxine. In this

met hgd, irhecrfévgk_-%%%oae X1 PR AtAthe A /b8PhEY1Wi pReddddd €
deconposi tion thereof | e preventing 25 the plugging of the pipes of the
evaporatcpfr £79 Gt bﬂﬂqféiri‘ &, Sugust a%ogi%solute pressure of at least

1060 Torr) using a falling-film evaporator. This method also

has problems such that the cyclohexanone oxime tends to remain

in the evaporator and to generate crusts such as tar (or coke)

10 due to the decomposition thereof, which may deteriorate the

evaporation efficiency and may plug pipes of the evaporator.

SUMMARY OF THE INVENTION

One ob jéct ive of the present inventionis to provide amethod
15 for evaporating cyclohexanone oxime in which the cyclohexanone
oxime is evaporatedefficientlywithlittle decomposition thereof
without plugging the evaporator so as to extend a period of time
for a continuous operation of the evaporator.
The present inventors have found that this object and other
20 objects are achieved by a method inlwhich cyclohexanone oxime
is evaporated using a falling-film evaporator with wetting the
evaporation surface of the evaporator well with the cyclohexanone
| oxime. In this method, the cyclohexanone oxime 1s evaporated
efficiently with 1little decomposition thereof, while preventing .

25 the plugging of the pipes of the evaporator and continuously



3 carrying out the operation of the evaporator for a long period of tine.
The present invention has acconplished based on these findings. The
present invention provides a nethod for evaporating 5 cycl ohexanone oxi e
using a falling-filmevaporator at a pressure of |ess than 4bougustdeep
Torrwith a falling rate of the cycl ohexanone oxinme of about 170 kg/ hour or
nore per one neter around the circunference of evaporation surface at the
| owest part of the evaporator. 10 15 BRI EF DESCRI PTI ON OF THE DRAW NG Fi g.
1l illustrates a sectional view of  a faIIing film evaporator whi ch can be

utilized in the present invention Fi g. illustrate ctional ,view of
anot her FarFEVAHSf PR tB?a%?E?BF°nﬁ'ﬁql%lﬁ Cff\‘? 9 ReELPAON I n

the present invention, cyclohexanone oxine is evaporated using a
fal | i ng- bEl rimeapdine PresEnt dnypedtionohasmcoenpbsheddnased o theset ti ng
t he evaporation surface of the evaporator well with the cycl ohexanone
oxi me. Wigndtihgsevaporati on surface has a non-wet portion thereof, the
cycl ohexanone oxime may generate crusts such as tar in the evaporator. In
the present inypatpsasehbeifiveheliexappoeidssma methdd goef evapbyaeyagor at ed
together with a solvent in the form of
5 cyclohexanone oxime using a falling-filmevaporator at a pressure
of 1less thanabout 1060 Torrwithafallingrate of the cyclohexanone
oxime of about 170 kg/hour or more per one meter around the
circumference of evaporation surface at the lowest part of the

" evaporator.

10
BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 illustrates a secfional view of a falling-film
evaporator which can be utilized in the present invention.

Fig. 2illustrates a sectional view of another failling-film

15 evaporator.

DETAiLED DESCRIPTION OF THE INVENTION
In the present invention, cyclohexanone oxime is evaporated
using a falling-film evaporator. The evaporation may be
20 conducted with wetting the evaporation surface of the evaporator
well with the cyclohexanone oxime. Wﬁen the evaporation surface
has a non-wet portion thereof, the cyclohexanone oxime may
generate crusts such as tar in the evaporator.
In the present invention, the cyclohexanone oxime is

25 preferably evaporated together with a solvent in the form of



24 August 2005 4 adm xture thereof in order to reduce the heat
deconposition of the cycl ohexanone oxine. The solvent to be m xed and
evaporated w th cycl ohexanone oxine is a solvent which has a boili ng 5poi nt
| ower than that of cycl ohexanone oxime and is able to di ssol3feAsgust 200

cycl ohexanone oxi nme. Exanples of the solvent include saturated alcohols
having 1 to 8 carbon atons such as nethanol, ethanol, propanol, tertiary
but anol , 1-hexanol and 1-octanol; aronftic hydr ocar bons such as benzene
and toluene. Anmong them nethanol -and ethanol are preferred. The m xing

rati o of cl ohexanone 10 .oxi to.th | ve ( o) L QXL [Te;

sol vent )aqgé"ﬁlélf%?%b?fe/eo n r?g:%re%é:é’ %faaf% F Smg%oﬁ%g%o&%%?g%e%ﬁgﬁ. When
t he evaporation surface of the evaporator is wet well _wth cycl ohexanone
oxi me, FNNFNCLPEHATONEEXLPE| ohERE R FKS K8 PF DRGHBRIAVIRRE e
evaporation surface of the evaporator. 15 In the case that the m xture of a
cycl ohexdiridneysliohexandne oxdmee s ajsokvepbmhich has RebpidivatPeient i on,
t he above-described thin |ayer nay be nade fromthe mxture at the early
peri od dfowerre thawafbedt odncandohiesanoate pkémeaandr ispabiedtofdidsplve
evaporation, nmay be nmade from substantially only the cycl ohexanone oxi ne

si nce 2@vidiorsitamilie okimeapoEabRplear bf ahd balivehe Tyclobexatansmtmd me.
The evaporation of cycl ohexanone oxime is preferably conducted at a

pressur @1QloHdss Hadhahowb 8068rdohratdBensddie aPmRIMHEFo1 S eAliiHo11060
Torr or higher, cycl ohexanone oxinme tends to deconpose. Mre preferably,

cycl ohexanonedy M drk AP Ylb1, 1-hexanol and 1-octanol; aromatic

5‘ hydrocarbons such as benzene‘and toluene. Among them, methanol

and ethanol are preferred. The -mixingr ratio of cyclohexanone

| 10 oxime to the solvent (cyclohexanone oxime : solvent) ispreferably
in the range of from 100:'1 to 1:10, by weilght. |

When the evaporation surface of i:he evapor_ator is wet well

with cyclohexanone oxime, a thin layer of the cyclohexanone oxime

is forméd on the whole evaporation surface of the evaporator.

1'5 In the case that the mixture of a cyclohekanone oximewith asolvent

is evaporated in the présent invention, the above-described thin

laye;: may be made from the mixture at the early period of the

evaporation and then, at the latter period of the evaporation,

may be made from substantially only the cyclohexanone oxime since

20 the solvenf is evaporated earlier than the cyclohexanone oxime.

The evaporation of cyclohexanone oxime is ‘preferably

conducted at a pressure of less than about 1060 Torr. When the

pressure is about 1060 Torr or higher, cyclohexanone oxime tends

to decompose. Morepreferably, cyclohexanone oxime isevaporated

26 at apressure of about 1000 Torror lower. Inthepresent invention,



25 at a pressure of about 1000 Torr or lower. In the present invention, 24
August 2005 5 the cycl ohexanone oxi ne whi ch has not been evaporated and

di scharged fromthe falling-filmevaporator may be forced to be circul ated
in the evaporator. In order to maintain the whol e evaporati ot Sugushd@0%of
the 5 falling-filmevaporator wet with the cycl ohexanone oxine, it is
preferred that the cycl ohexanone oxinme_is suppled into the evaporator wth
a falling rate of the cycl ohexanone ox?me of about 170 kg/ hour (in terns
of cycl ohexanone oxi me when the m xture thereof is supplied) or nore per

one nmet ar Lheund.e C of,, gyapgiaty S agaccﬁ: h{%owest
part of et{k}'nee gggggbgggﬁ%%hen Irﬁ%e%}é}&ﬁ ng ra@e S ‘Igggslé{h n a%gﬁ
kg/ hour per _one ter oupnd ihe ci.rcunf erence. of evaporation rface at
Che | ovéb RIS £ 5o tBSaR bt 0P - FLAEr S ARG BEOR ER Be BFormd 5 B t ne
evaporation surface, 15 The falling rate of the cycl ohexanone oxine is
pr ef er aiiFcuylatghpbut the P XPRBEZECF 0 about 1700 kg/ hour, and nore
preferably from about 340 kg/ hour to about 680 kg/hour, per one neter
around the cilrcaerierchednaintgipdie Whelauevaperation vagdage of Wdie
cycl ohexanone oxi-nme may be conducted 20 in the presence of an inert gas
and smy flad ldarg-feidnoetrapbratorewpenat tin e lodf cincdobebanorils @@ ime ,abbuits 170C.
For reference, the present invention is described using Fig. 1, which
shoul d pekfaremstratdthe aydlbieidridnelpoRimBe is suppled into the
evaporatorwitha falling rate of the cyclohexanone oxime of about
170 kg/hour {(in terms of cyclohexanone oxime when the mixture
thereof is supplied) ormore per one meter around the circumference

10 of evaporationsurface at the lowest part of the evaporator. When
the falling rate is less than about 170 kg/hour'per one meter
around the circumference of evaporation surface at the lowest
part of the evaporator, there may be a non-wet portion of the
evaporation surface.

15 The falling rate of the cyclohexanone oxime is preferably
from about 170 kg/hour to about 1700 kg/hour, and more preferably
from about 340 kg/hour tb about 680 kg/hour, per one meter around
the circumference of evaporatiocn surface.

'The evaporation of cyclohexanone oxime may be conducted

20 in the presence of an inert gas and may be carried out at a
temperature of from about 130°C to about 170°C.

For reference, the present invention is described using
Fig. 1, which should not be construed as a limitation upon the

scope of the present invention.

25 Fig. 1 illustrates a sectional view of one example of a




scope of the present invention. 25 Fig. 1 illustrates a sectional view of
one exanple of a 24 August 2005 6 falling-film evaporator, which can be
utilized in the present invention. Falling-filmevaporator 1 is a

nul tiple-tube falling-filmevaporation colum. From suppl yidfgipgust 2¢D55¢t
the top of the colum, a m xture of a cycl ohexanone oxinme with a solvent 5
may be supplied into pipes 2, 2. The mxture falls down, while formng a
thin layer of the mxture on the surfabe inside the pi pes. The outsi de of
pipes 2, 2 is heated by a heat source such as steam which is fed into the

colum [ Emisal AW CouLaeline. WRIR Buro0el IRLILISATLK Ve Lrogughoral o

by the heati hexdnoné "OxlI
3 through oxi suppl yi .pi p . Durin tge supplying, the, .solvent may be
introduc%ﬂv?ﬁggﬁﬁh so%?@gﬁggﬁgﬁﬁﬁlnﬁvﬁpgﬁa %o Pa§‘iogpr@B§FépgﬁétHP§ture
of the cycl ohexanone oxinme with the  solvent. Aternatively, the solvent
may be iFeidingedidd ¢€82RAFBLIPRGCRAREN S tIFIUGRP LU RAKE & p& thhich is
not illustrated) other than solvent supplying pipe 5 so as to prepare the
m xt ur e topodpiy caduparta Bixhnrewdra cyadchetanogerimawisheeselvayt be
I ntroduced through gas supplying pipes 7, 8 and may be fed into supplying
part 53 R4y ibe tshppdlored dintadpiipesr 2, ther ddfe mExanrlecfabfl st Aewhnewhipas
include nitrogen gas. Exanples of the gas of the solvent include gases of
the abovecflfeshdi 8ethss! Vepés 9bi £he aacberdisel t1geiierfadetinside the
pipes. The outside of pipes 2, 2 is heated by a heat source such
as steam, which is fed into the column from heat source feeding
. pipe 6, so that the mixture is evaporated by the heating.
10 The cyclohexanone oxime is introduced to supplying part
3 through oxime supplying pipe 4. During the supplying, the
solvent may be introduced through solvent supplying pipe 5 so
as to prepare the mixture of the cyclohexanone oxime with the
solvent. VAlternatively, the solvent may be introduced to
15 supplying part 3 through a supplyixig pipe (which is not
illustrated) other than solvent supplying pipe 5 so as to prepare
the mixture in supplying part 3.
An inert gas and a gas of a solvent may be introduced through
gas supplying pipes 7, 8 and may be fed into supplying part 3
20 intheformof admixture thereof. Examplesoftheinertgasinclude
nitrogen gas. Examples of the gas of the solvent include gases
of the above-described solvents which can be used together with
the cyclohexanone oxime. Preferably, amethanolgas isutilized.

By the presence of the solvent and/or the solvent gas, the

25 decomposition of the cyclohexanone oxime tends to be reduced.




t he cycl ohexanone oxine. Preferably, a nmethanol gas is utilized. By the
presence of the solvent and/or the solvent gas, the 25 deconposition of
t he cycl ohexanone oxi ne tends to be reduced. 24 August 2005 7 In the case
thdt an alcohol is utilized as the solvent and/or the sol vehAyast 2003 he
evaporation, the solvent is introduced ogether with the cycl ohexanone
oxime into a gas phase Becknmann rearrangenent reaction systemof the 5
cycl ohexanone oxinme (for exanple, into a fluidized bed thereof), and

provi des i YA -£ap ] re_o h | phexanone
oxi me w t??&o##e%tﬁ%ﬁpﬁiée%%égr%%pp y:!:qr'\ééga% ghéra%’\fiﬁled%@\ﬁy or
together w.th the inert s and the solvent s insjde pipes 2, 2. The
enti re. 10 TR dan 108 G a PR i o e A8 9508 £5 31 fkrStnend ne
at | east cl ohexanone.oxige. W there is non-wet portion on the
evapor at i %o eﬁtr %%e%lahcygﬁghe%%g%e’ﬁ%%e n’é’ﬁ"‘f“«?na?'ﬁgat 3 h@2spoPhasR to
formcrusts such as tar, which results in plugging pipes 2, 2. 15 The
evapor at i GIFUFAME ni HIRFIIMR er abBPAHI®RCt ed S¥ELeR pregfure thel ess
t han about 1060 Torr with a falling rate of the cycl ohexanone oxine of
about 470 F¥Flrhaxanoner @¥ime offoret exampleundinte ai rflnidieade loéd
evaporation surface at the |lowest part of the evaporator. 20 The

evapor at edhErddf)e, mﬁiﬁrmtsmigmqwi&mfbﬁéﬁ%oﬁa@iﬂni s fed into a
reaction step through supplying pipe 12 tor
The mixture of the cyclohexanone oxime with the solwvent
supplied into supplying part 3 may fall down together with the
inert gas and the solvent gas inside pipes 2, 2. The entire
10 evaporation surface, which is inside pipes 2, 2, is wet with the
at least cyclohexanone oxime. When there is non-wet portion on
the evaporation surface, a cyclohexanone oxime may remain at the
portion to form crusts such as tar, which results in plugging
pipes 2, 2.
15 The evaporation of the mixture is preferably conducted at
a pressure of less than about 1060 Torr with a falling rate of
the cyclohexanone oxime of about 170 kg/hour or more per one meter
around the circumference of evaporation surface at the lowest
part of the evaporator.
20 The evaporated mixture gas is exhausted from column bottom
9 and is fed into a reaction step through supplying pipe 12‘for
introducing a raw material of the reaction. On the other hand,
the cyclohexanone oxime which has not been evaporated inside pipes

2,2 remaining at column bottom 9 may be discharged from column

26 bottom 9 and be fed by pump 11 through circulating pipe 13 into



introducing a raw material of the reaction. On the other hand, the
cycl ohexanone oxi ne which has not been evaporated inside pipes 2,2
remai ning at colum bottom 9 may be di scharged from colum 25 bottom 9 and
be fed by punp 11 through circuiating pipe 13 into 24 Augusté42uessisg2l05
supplying part 3. In such a way, the un-evaporated m xture may be forced
to.- be circulated in falling-filmevaporator -1. The <circulating rate of the
un-evaporated m xture may correspond t® the falling rate of the

cycl ohexanone oxinme m xture at the lowest 5 part of pipes 2,2 in the
evaporator. A portion of the un-evaporated m xture may be di scharged

t hr ough SMPRAYRY Bgrdi fe 13nisueh deayo ABPUdR-EHBPEBABES PLBRUTBMathe
un-evaporated m xture. This discharged m xture may be sent into a second
evapor atbey flouedd o dre edaporlatoed viin Fakkapgnfile evaresatod &. The
distillation colum) and nay be separated from inpurities such as tar

t her ei n,cig@dihatiddeatychehgxammnevadditadriiditat mhgr ebnreapohe trceused
for the evaporation. In the above description, the mxture of the

cycl 0“%@511%{;%% bt £ cSRI1\RRlxaTh DB xRk RvERe it enoiRARsZ 2 and
a 15 thin layer .Thereof maybe forned inside the pipes. Aternatively, a

heat . so ra}%% Solic:}iviﬂ)%étf,ainﬁyfilﬁc—? é@#éﬁé{:gg_ In pipes 2,2 and the m xture of

t he %ycl ohexanorié “oXl e’ W e SO may be allowed to fall down
tside th [ : that _the thin_| f ' is f tsid
the pi pes. 20 AOEREOREPROM o7 Shombr e o otH Rl alafs Rasitigd™ = °°

through circulating pipe 13 in order toc adjust the composition

of the un-evaporated mixture. This discharged mixture may be
sent into a second evapofator {such as an evaporator with scraping
10 blades and a distillation column) and may be separate.dl from
impurities such as tar therein, so that the t:yclohexanone oxime
contained there;l.n can be :eused for the évaporation.
In the above descriptioﬁ, 1;he mixture of the cyclohexanone
oxime with the solvent may be :Lntrodu_ced into pipes 2,2 and a
15 thinlayer thereof may be formed inside thepipes. Alternatively,
2 heat source such as steam may be introduced in pipes 2,2 and
the mixture of the cyclohexanone oxime with the solvent mair be
aliowed to fall down outside the pipes, so that the thin layer
of the‘mixture is formed outside the pipes.
20 ] in the method for evaporation of the present invention,
a cyclohexanone oxime may be evaporated together w_ith a srolvent,
as described above, or may be evaporated alone.
In accordance with the ﬁresent invention, l'cyclohexanone
oxime is evaporated smoothly and efficientlyusingafalling-£film

25 evaporator with little decomposition thereof, while suppressing



a cycl ohexanone oxi ne may be evaporated together with a solvent, as

descri bed above, or may be evaporated alone. In accordance with the present
i nvention, cyclohexanone oxine is evaporated snoothly and efficientuy
using a falling-film 25 evaporator with little deconpositi &t AkBEegil>
whi | e suppressing 24 ‘August 2005 9 the formation of tar and prol onging the
operation of the evaporator for a long period of time. Also, by
evaporating a cycl ohexanone oxine together with a solvent, heat
deconposition of the cyclohexanone oxinme can be reduced. 5 The invention
bei ng thus described, it will be apparenf{ that the sa may be varied in
many weydie ERERATAPPA AR SRAPTL GO LNE AP GBE TR A9 RE Ay 2R9FHEO%nd

scope of the invention, and all such nodifications as would be apparent to
one ski [flcatiai hont@eriod gfetiReendets? o WeeVAPRFALLRE BRI UISEIONE
following clains. 10 The entire disclosure of the Japanese Patent

Appl i catoxdme Nooge@ber 98361 fa | sdlvanWar del8, deoompdsidiicut i p§ the
specification, clains, drawi ngs and sunmary, are incorporated herein by

refer enQﬁgclidhémdn@r&:tmé yead Sb&Exeaghesd The present invention is
described by the -foll ow ng Exanples, which are not intended to limt the

scopg of the ippehiORtisn rRAMMENus 4@sBXanREe ft WilNowé hppaaentispe of a

falling-filmevaporator as shown
the same may be varied in many ways. Such variations are to be
regarded as within the spirit and scope of the invent:;.on, and all
such modifications as would be apparent to one skilled in the art
are intended to be within_ the scope of the feollowing claims.

10 The entire'disclosure of the Japanese Patent Application

No. 2001-93361 filed onMarch 28, 2001, indicating specification,

claims, drawings and summary, are incorporatedhereinbyreference

in their entirety.

15 Examples

The present inventionisdescribedby the following Examples,

which are not intended to limit the scope of the invention in

any way.

20 Example 1

‘Using the same type of a falling-film evaporator as shown
in Fig. 1 except to have four cylindrical pipes for introducing
cyclohexanone oxime therein, was evaporated cyclohexanone oxime
in a circulation system together with methanol as a solvent while

25 introducinganitrogen gas as an inert gas together with amethanol



in Fig. 1 except to have four cylindrical pipes for introducing

cycl ohexanone oxine therein, was evaporated cycl ohexanone oxine in a
circulation systemtogether with nmethanol as a solvent while 25 introducing
a nitrogen gas as an inert gas together with a nethanol 24 Adgdaguspde 10
gas. The falling-filmevaporator has four cylindrical pipes, each having a
di aneter of 50 nmand a length of 6 m ThdOevaporation was conducted under
the conditions as follows: - Rate of supplying the cycl ohexanone oxinme: 250

kg/ hour 5 - Rate of supplying the nethanol: 50 kg/hour - Rate of
i ntroduci ng 3@ rrgg‘ﬁarf@l F-)‘dd‘é’.' EyaRfater fas Iun eyldadaiepl mdpes,

nitrogen gas: 50 kg/hour - Evaporation tenperature: 140t - 1609C - The
evapor at i on $F&sBavénggsdiametenof|divan and a lengthiafi 6 mg rBhe evaporation
un-evaporated m xture: 250 kg/hour - Falling rate of the cycl ohexanone
oxi me m xt urwas IgHmdug tedirundeer theecomd bt ionguad £oElewseunf er ence of the
evaporation surface at the |owest part of pipe 2) The evaporation was

carried out c®dtewBSuppfimg itk d&!@&@ﬁoﬁ@eoﬁﬂﬁépréﬁﬂ@mgm of
pi pes 2 was not plugged. The anmounts of by-products (such as

cycl ohexgnone pasd Ut VAHEIBHG Ak iRy E! O anpaRxi me) in the

evapor at ed cycl ohexanone oxime in, pipe 12 and the renaini ng cycl ohexanone
Cetmepon T by e T TSSO ST 91 A A 1N
- Rate of introducing the nitrogen gas: 50 kg/hour |
- Evaporation_temperatu.re: 140C - 160T
- The evaporation pressure: 950 Torr or lower
10 - Circulating rate of the un-evaporated mixture: 250 kg/hbur |
- f‘alling rate of the cyclohexanone oxime mixture: 398 kg/hour
(peronemeter éround the circumference ‘of the evaporation surface
at the lowest part of pipe 2)
The evaporation was carried out continuously. After 60
16 days of the evaporation, each of pipes 2 was not plugged. The
amounts of by-products (such as cyclohexanone, whichwas generated
from cyclohexanone oxime) in the evaporated cyclohexanone oxime
in pipe 12 and the remaining cyclohéxanone oxime in pipe 13 were
measured with gas chromatography. As aresult, the decomposition

20 ratlo of the cyclohexanone oxime was 0.12 %.

Comparative Example 1
Using falling-film evaporator 20 shown in Fig. 2, was
evaporated cyclohexanone oxime together with methanol, while

26 introducing a nitrogen gas and a methanol gas, by one time



Conpar ative Exanple 1 Using falling-filmevaporator 20 shown in Fig. 2, was
evapor at ed cycl ohexanone oxi ne together with nethanol, while 25

i ntroduci ng a nitrogen gas and a net hanol gas, by one time 24 August 2005
11 introducing the mixture of the cycl ohexanone oxi ne w t hol4 AugustZst i ng
the mxture in a perfect evaporation system The falling-filmevaporator
has no circul ati on system and has twenty-eight cylindrical pipes 21, each
having a diameter of 50 5 mmand a le éth of 6 m From bottom part 22 of
falling-film evaporator 20, an .evaporated m xture gas of the cycl ohexanone

oxi nme QﬁH% o] SHRPLYEN [ | o] l.ng
mat er i \zgﬁ'%éc the trngc{t:llq(é)n.&‘hg“ tar c%%pgﬁgnﬁgéﬁ%éﬁ%%ﬁéo%§&h %e %Jfltc}{%#exanone
oxi me was di scharged.t hrough di scharge pipe 10 24. er than tho arts

Such: as inealptdatt dna i e ol ¥ B ey dRanabirh. srSOehnadtife same
parts as those of faIIingifiIn1evaporator 1. The evaporation was conducted

under t hElddRg-EdAd  PYAROTALSE ahpPe, FHECUIAELoR! SHAKAW ARt MEs

cycl ohexanone oxime, 15 the nethanol, the nmethanol gas and the nitrogen
gas; thé&venipoedghdncydapericadepinng 2he eacipdeatingh apdésmeter e 5i0n
Exanmple 1. The falling rate of the cycl ohexanone oxinme m xture was 0.5
kg/ Four mpeandne Megrtiareung mhe Rrom und etemcpant BReofefajdhiatgi-dd 1sur f ac
at the lowest part of pipe 21. 20 The evaporation was carried out :
conti nuay¢tapyrafbier0]0an evaporated mixture gas of the cyclohexanone

oxime was exhausted through supplying pipe 23 for introducing

a raw material of the reaction. A tar component generated from

the cyclohexanone oxime was discharged through discharge pipe

10 24. Other than those parts such as the above-rdescribed pipes,
falling-film evaporator 20 has the same parts as those of
falling-film evaporator 1.

The evaporation was conducted under the same conditions
(for example, the rates of supplying the cyclohexanone oxime,

156 the methanol, the methanol gas and the nitrogen gas; the
evaporation temperature; and the evaporation pressure) as in
Example 1. The falling rate of the cyclohexanone oxime mixture
was 0.5 kg/hour per one meter around the circumference of the
evaporation surface at the lowest part of pipe 21.

20 The evaporation was carried out continuously. After 10

days of the evaporation, tar component 25 was observed and pipes

21 were plugged with the tar components.



.days of the evaporation, tar conponent 25 was observed and pipes 21 were

pl ugged with the tar conponents. 24 August 2005 12 What is clainmed is: 1. A
nmet hod for evaporating cycl ohexanone oxinme using a falling-film evaporator
at. a pressure of |less than about 1060 Torr with a falling rtaugist 265

cycl ohexanone oxinme of about 170 5 kg/ hour or nore per one neter around the
circunference of evaporation surface at the |owest part of the evaporator.
2" The nethod according to claiml, wHérei n the cycl ohexanone oxinme is
evaporated together with a solvent in the formof adm xture thereof. 10 3.

The neth&@ €ccorgin9 %g Eéain12, wherein the solvent s an alcohol. 4. The
met hod ated d+?1g PG M1 or 2, wherein the cyclohexanone oxi nme which

has not been evaporated is circulated in the f:ﬂnl: 1i_;ing-fi | m eyaporator. 15

S. The net hod hccor dt MY L FRFnPY2BPT2t 1RAeTER BANP0E| BRERENLTE Dxi me

I's evaporated in the presence of an inert gas.
a falling-film evaporatcor at a pressure of less than about 1060

Torr with a falling rate of the cyclohexanone oxime of about 170
5 kg/hour dr more per one meter around the circumference of
evaporation surface at the lowest part of the evaporator.

2. The method accerding to c¢laim 1, wherein the
cyclohexanone oxime is evaporated together with a solvent in the
form of-admixture thereof.

10 3. The method according to claim 2, wherein the solvent

is an alcchol.

4. The method according te claim 1 or 2, wherein the
cycléhexanone oxime which has not been evaporated is cifculated
in the falling-film evaporator. |

15 5. The method accerding to claim 1' or 2, wl;erein the

cyclohexanone oxime is evaporated in the presence of an inert

gas.



