; YZe3e 7 4<Lj 6T&2% 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 -caprol actam
Specifically, the present invention relates to a nethod in which

cycl ohexanone oxine is evaporated snoothly with little deconpmmmmmmmmmmmn

t hereof, which results in reducing bad;influence upon the qual U
-caprol actam produced by a gas 10 phase Beckmann rearrangenent rea@bkon of
cycl ohexanone oxi me. BACKGROUND OF THE | NVENTI ON E -caprol actam may be used

as a monomer for pEedeo FORNEVAPORATINGh@YCLOHEXANGONR I IME for produci ng
fibers , engineering plastics 15 and the |ike. E-caprolactam may be

produced by a process in which cycl ohexanone oxinme is evapor '
then rearranged into -caprolactamin a gas phase Hecknmann r%‘m W‘ mﬂlmll
reactionFIEEB 6¥C&9Eeiﬁ0ﬁ§?§8ﬁine has to be evaporated in th process, and

a | ot of  evaporation et or the cycl ohexanone oxime are 20 Ko . For
l e, JP-55-141467- Al (. pondi to US Pat ent . 4, 268, 440).
G ool oses o BB TAEAT RV B ARGRE SokD o EEREUL B T APOHaY i

presence of an inert gas , in contact with a fluidized bed of inert solid
partiZl esyshehexansnpei ceXEBd. WiLichi $a¥et B6d RE’A prisdT emFolieinGhat a
portion of the cyclohexanone 2 oxine is deconposed in the fluidized bed
and t hat -gapRolastamgasSPechbtardly ) Ftlsg-wqgg\llf(wtb@@omﬂﬁfﬁ das
Pat ent No. 4, 137, 263) di scl oses a nethod in which cycl ohexanone oxine is
evapor at ednethod in which cyclohexanone oxime is evaporated smoothly with

little decomposition thereof, which results in reducing bad

influence upon the quality of € -caprolactam produced by a gas

10 phase Beckmann rearrangement reaction of cyclohexanone 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 cyclohexanone oxime is evaporated and is then rearranged

into € -caprolactamin 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
No.4,268,440) discloses a method in which cyclohexanone oxime
is evaporated, in the presence of an inert gas, in contact with
a fluidized bed of inert solid particles such as silica sand.

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



5 in the presence of an inert gas at a super-atnospheric pressure of at

| east 300 Torr ( i. a . , at an absolute pressure of at |east 1060 Torr)
using a falling-filmevaporator. This nethod al so has probl ens such that

t he cycl ohexanone oxine tends to remain in the evaporator and to generate
crusts such as tar (or coke) 10 due to the deconposition thereof, which may
deteriorate the evaporation efficiency,and nay plug pipes of the
evapor at or. SUMVARY OF THE | NVENTI ON é%e obj ective of the present invention
is to provided ,nethod 15 for evaporating cycl ohexanone oxinme in which the

cycl ohexgRopng OXid@dnipod\edohat1es raffiiai- A braVadd tHdt hacHecRspegdd on
t hereof wi thout plugging the evaporator so as to extend a period of tine

for a cog%i?Hgagdoperation of the evaporator. The present inventors have
found tha I'S objet, and other 20 objects are achieved by a nmethod in

whi ch cycl ohexago ' ' vapor at ed. usj f Lhg-fil t or
W th wetting tRE-Byassrarron CIFFREBSiaiie R dsfateheus  YF
cycl hexanone_oxine. In_this, metho t he cl ohexanong oxinme is ev at ed
o111 ci enBLICHPERI fTF EROR CHRPIET T Y CHACEAT OB TN b HHARRF B2 e
pl uggi ng_of the pipes of the evaporator and continuously 3 carrying out
t he oper &Ri BRe AT fFoRAt T 1935 PEng TR ROSPReT 1 Rr g5 tEent
i nvention has acconplished based on these findings. The present invention
provi desof abtIrast G0%Fapsr bii ag. 52kl ahsedidecPoREsErgsPhgat least
falling-filmevaporator at a pressure of |ess than about 1060 Torr with a
falling La6e Borrheusyvpohekahbimgofiim evapbvator 70 Kylshoetlord mdrs® per
one nmeter around the circunference of evaporation surface at the | owest
part of hhe prepdemsasuch 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 objective of the present invention is 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 in which cyclohexanone oxime
is evaporated using a falling-film evaporator with wetting the
evaporation surface of the evaporatorwell with the cyclohexanone
oxime. In this method, the cyclohexanone oxime is evaporated
efficiently with little decomposition thereof, while preventing

25 the plugging of the pipes of the evaporator and continuously



10 BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 illustrates a sectional view of
a-falling-filmevaporator which can be utilized in the present invention.
Fig. 2 illustrates a sectional view of another falling-film 15 evaporator.
DETAI LED DESCRI PTI ON OF THE | NVENTION I n the present

i nvention, cycl ohexanone oxi me isevaporated using a falling-film evaporator.
The evaporation may be 20 conducted wi th wetting the evaporation surface of
t he evaporator well with the cycl ohexanone oxi ne. Wen the evaporation
surface has a non-wet portion thereof, the cycl ohexanone oxi ne may generate

crusts S%I}x‘@%.rxtgaﬁu'tntﬁgeoﬁé!ﬁgei@ﬁ%f tHe AR £0RVaNLLAY: péPfoa

cycl ohexanoné OXIﬁE is 25 prefterably evaporated together wth™a solvent in

the form,afy adﬂé‘galﬁeeseﬂ-fﬁﬁﬁ‘&fenﬂoﬁrﬂ?é %&c&&fﬁffhécﬁ‘%a&?& ﬁf&g&@@s' tion

of the cyclo SXanone e solvent nd evapora ed wth
cyclohex% oxinme is a solvent which has a boiling point |ower than that
of cyclo ‘'oxime and is able to dissolve 5 cycl ohexanone oxi ne.
Exanpl es of the sol vent include saturated _al cohols having 1 to 8 carbon

atons such as #@Fh&ﬁ&ﬁen$tH&NSPtlBPoBEHBFdeFePtT%F9°ﬂuf%ﬁo?vaﬁpﬁ%§bﬂ%l and
1-octanol; aromatic hydrocarbons such as benzene and tol uene. Anobng them
et haol cawdoéxemwnea%lm usdngerifaThénar KAy VAN afoRFElaoPeR@seFe 10
oxinme to the solvent ( cycl ohexanone oxinme : solvent ) is preferably in the
range of offrles < ®bai about:10H)0 Hyrywigha falking hatevdigdreatyohosexamemre of t he
evaporator is wet well with cycl ohexanone oxine, a thin |ayer of the
cycl ohexexdme ®F rabawst f DTOreklg thottheonhmbeeeyemoroaiel ore tsir fawemund the
evapor at or .

circumference of evaporation surface at the lowest part of the

evaporator.

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

Fig. 2illustrates a sectional view of another falling-£ilm

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. When 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



15 In the case that the m xture of a cycl ohexanone oxinme with a solvent is
evaporated in the present invention ) the above-described thin | ayer may be
made fromthe mxture at the early period of the evaporation and then, at
the latter period of the evaporation, may be made from substantially only

t he cycl ohexanone oxinme since 20 the solvent is evaporated earlier than the
cycl ohexanone oxine . The evaporation ﬁf cycl ohexanone oxine is preferably
conducted at a pressure of |ess than about 1060 Torr. \Wen the pressure is
about 1060 Torr or higher) cycl ohexanone oxinme tends to deconpose. Mbore

pr ef er abhimeyehobexRapder o Brdexetdperdued Lhedhedt Messibes Diiabest 1000
Torr or lower. In the present invention, 5 the cycl ohexanone oxi ne which

has not Pﬁsrbﬁmﬁr%@eshﬂﬂesch@ﬁa%w&m Ebeoé ﬁh':detagaﬁaléva%\e%weﬁ or may
be forced tobe circulated in the evaporator. In order to maintain the

whol e e"@PQﬁaé%@I‘or?éﬁEéﬁ&r?e Qixlﬁlag”eéa%#ix?@n%'dﬂl‘ Y B al9d: Yk ﬁ!éotl*htt he

cycl ohexanone oXr ne I's pr e cyc exanone ox1

i?pikﬁﬂti%rtk PR 34 8 ﬁsloalrexe&ﬁn%%h%ﬁén BRIl o

t her I S i ﬁglled or, nore _per Qqne ng nd t he |rcunference 10 of
evap at ¢RI eBPRARanE O HRe § ov‘%@t‘“"ﬁﬁﬁ ft Eh§° £p&r Brot vdgwwatuaadeda | i ng
rate is |l ess than about 170 kg/ hour per one neter around the circunference

of evapoRbfPBALSURRBLRI ok ttch@ c8xben phpPsofuchaasmgidiandl, aWean®lyay be a

non-wet portion of the evaporation surface. 15 The falling rate of the
cycl ohexpnepanoki nkertiprefevtangl { rbrhemanel @0l dg/daianals @momatizo0
kg/ hour) and nore preferably from about 340 kg/ hour to about 680 kg/ hour,
per one hedeocarbond suwh @sr benkenened dio lexeseor afmongstinémcemethanol
and ethanol are preferred. The mixing ratio of cyclohexanone
10 oxime to the solvent (cyclohexanone oxime : solvent) is preferably
in the range of from 100:1 to 1:10, by weight.

When the evaporation surface of the evaporator is wet well
wilth cyclohexanone oxime, a thin layer of the cyclohexanone oxime
is formed on the whole evaporation surface of the evaporator.

15 In the case that themixture of a cyclohexanone oximewith a solvent
is evaporated in the present invention, the above-described thin
layer 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 solvent 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

todecompose. Morepreferably, cyclohexanone oxime isevaporated

25 atapressureof about 1000 Torror lower. Inthepresentinvention,



The evaporation of cycl ohexanone oxi me may be conducted 20 in the presence
of- an inert gas and nmay be carried out at a tenperature of from about 130C
to about 170C. For reference, the present invention is described using Fig.
1, which should not be construed as a limtation upon the scope of the
present invention. 25 Fig. 1 illustrates a sectional view of one exanple of
a 6 falling-filmevaporator, which can be utilized in the present
invention. Falling-filmevaporator 1 is a nultiple-tube falling-film
evaporation colum. From supplying part 3 at the top of the colum , a

m xt ur e odhea oyydlohlexanomee axime whiilkha Iso¢ vaot Semy beapupplkiedad @nd o

pi pes 2, 2. The mxture falls down, while formng a thin |l ayer of the

m xture @fstRargoafeesm ithe €a1thagPERem evdPEratbsimiey We BoRBEA2te b2 i S
heated by a heat source such as steam which is fed into the colum from

heat Souéﬁgcgﬁﬁgéag?ﬂi96e6ev§BoEQ€Br§he m xture is evaporated by the

heat i ng. e cycl ohexanone oxine is introduced to supplying part 3

t hrough oxi e P i pj . i t he | yi_ng, t l.ve be
i ntroduced thr (f)ﬁgcﬁllés/éolln\%gnitnggﬁggﬁ%ﬂéjggﬂhpe qs%skl'%%g\sgatr%g'oﬁlr gggr%gc%h% r#ﬂjgur e of
t he cycl ghexanong. oxine with the solyent. Alternatively, the solyvent may be
| nt r GHUCEALLONI5T SHB A YARRF TEAT We T KL g WIS e (MRi chE 1 not
iIIustrated% ot her than sol vent sugﬁlgin pipe 5 so as to 8repare t he

mi xt ur e PREEEPPPYi AGafarthes. CYRlPherengRs Lifd™e g% BYPRILE| dafe e be

i ntroduced through gas supplying pipes 7, 8 arid may be fed into supplying
part 3 26VRARCFALOF ikl faddilnorate REtdyt cycirhrpragneroxire phahoudas

i ncl ude nitrogen gas. Exanples of the gas of the solvent include gases of

t he abovié7dekg/hoed &bmnveerms whif vy clohexanerel Qxoijee dremithie mixture

thereof is supplied) ormore per one meter around the circumference

10 of evaporation surface 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 to about 680 kg/hour, per one meter around
the circumference of evaporation 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



t he cycl ohexanone oxinme. Preferably, anethanol gas is utilized. By the
presence of the solvent and/or the solvent gas, the 25 deconposition of the
cycl ohexanone oxinme tends to be reduced. 8 supplying part 3. In such a
way, the unevaporated m xture nmay be forced to be circulated in
falling-filmevaporator 1. The circulating rate of the un-evaporated

m xture may correspond to the falling éate of the cycl ohexanone oxi ne

m xture at the lowest 5 part of pipes 2,2 in the evaporator. A portion of

t he un-evaporated m xture may be di scharged through circulating pipe 13 in

order tofadjuay-Fhemcerapsiraitor,0ihiBR YaAneNaPEEal eded i Ufite phisent
di scharged m xture nmay be sent into a second evaporator ( such as an

evapor at 9hyhtRofGr apFad 118 ghlradgs é@ai%@réiéfi 1 atis0n, C Qg J]aé‘-q:dﬂ%y be
separated frominpurities such as tar therein, so that the cfc ohexanone

oxi e C0@5@15}?%-tfg_ﬁ_ﬂleg{}aﬁg?a?%oﬁegéﬁgwflOr Fallsin %‘ﬁ%@@rﬂwiiﬁ%pﬁltny %‘tietﬁ} ove

descri ption, e mxture e cyc exanone OXI € So may be
i nt roduced i%t i_pes (22,2 nd, a 15§¢_thin ayer _thereof, may. be forned i nside
the. i pecor ok fuf RBityl. 2 ARtR0nd 3ed et B BhahdRe ity tha SR tuced | n
pipes 2, 2 and the m xture of .the cycl ohexanone oxine with_the solvent may
be ald O\ABBYtl?)efsdmde’o%éu i6’(]‘1‘5 PdBeEne" pf ped NesBixfkare; fallifi doymy athide ¢ he
m xture is formed outside the Ei es. 20 In the nethod for evaporation of
the presEREMiRgedt tBAN AAEGE| BRe kB IR BT e eth e esunfars atetldeddieher
with a solvent , as described above, or may be evaporated alone. In
accor danpdpest h The qutssidle of mipes @n, 2cia heladednbyiea beiates ouree spmhat ed
snoothly and efficiently using a falling-film25 evaporator with little
deconposasi steaherwuich vs fedsippoests? ryplumn 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. Alternatively, the solvent may be introduced to
15 supplying part 3 through a supplying 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. Examplesof the inertgasinclude
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, amethanol gas isutilized.

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

25 decomposition of the cyclohexanone oxime tends to be reduced.



9 the formation of tar and prolonging the operation of the evaporator for a
|l ong period of time . Al so, by evaporating a cycl ohexanone oxi ne together
with a solvent, heat deconposition of the cycl ohexanone oxi ne can be
reduced. 5 The invention being thus described, it wll be apparent that the
sanme may be varied in many ways. Such variations are to be regarded as
within the spirit and scope of the invgntion, and all such nodifications as
woul d be apparent to one skilled in the art are intended to be within the
scope of the following clains. 10 The entire disclosure of the Japanese

Pat ent %bei@&%?%é\& 3208} 998R1a fydyed thR MRLEDaBBraté@ixt ek GRly NY

speci fication, ains , drawi ngs and summary, are 1ncorporated herei'n by

ref er encfol BobBEh! tELLI B ¥en oL EHATR! £21 T BEERANEVLBNERLLEM | SUgReT | Ded

by the foll ow ng Exanpl es are not 1n e scope of the
I nvention.in any.way. .20 le 1 Usin he same type.of a falling-film
evapor at 1 FRITER MR 1A HC R EpT RO AT TRy PencrpEne Shrpddq or

i nt roduci hg cycl ohexanone_oxi ne therein, was evaporated cycl ohexanone oxi ne

in a cirERPAT NG TREM Ao JELHFCLPRIXIRPR P TESMEXEBF G Gt thpilawess

I ntroducing a nitrogen gas as an inert gas together with a nethanol 11
i ntr cducPagtt RE RMiReEr é.8f iph&heyeVarexaiode oxi me without circul ating the
m xture in a perfect evaporation system The falling-film evaporator has no
circul ati on sy3teortien el theeuny eviapbrateld mdxituze papdse Al sadwxgddvi ng a
di ameter of 50
through circulating pipe 13 in order to adjust the composition
of the un-evaporated mixture. This discharged mixture may be
sent into a second evaporator (such as an evaporator with scraping
10 blades and a distillation column) and may be separated from
impurities such as tar therein, so that the cyclohexanone oxime
contained therein can be reused for the evaporation.
In the above description, the mixture of the cyclohexanone
oxime with the solvent may be introduced into pipes 2,2 and a
15 thin layer thereof may be formed inside the pipes. Alternatively,
a heat source such as steam may be introduced in pipes 2,2 and
the mixture of the cyclohexanone oxime with the solvent may be
allowed to fall down outside the pipes, so that the thin layer
of thé mixture is formed outside the pipes.
20 ‘ In the method for evaporation of the present invention,
a cyclohexanone oxime may be evaporated together with a solvent,
as described above, or may be evaporated alone.
In accordance with the present invention, cyclohexanone

oxime is evaporated smoothly and efficientlyusinga falling-film

26 evaporator with 1ittle decomposition thereof, while suppressing



5 mMmand a length of 6 m Frombottompart 22 of falling-film evaporator

20, an evaporated m xture gas of the cycl ohexanone oxi ne was exhausted

t hrough supplying pipe 23 for introducing a raw material of the reaction. A
tar conponent generated fromthe cycl ohexanone oxi ne was di scharged through
di'scharge pipe 10 24. O her than those parts such as the above-described

pi pes, falling-filmevaporator 20 has 4§ he sane parts as those of
falling-filmevaporator 1. The evapordti on was conducted under the sane
conditions (for exanple, the rates of supplying the cycl ohexanone oxine, 15
t he net hghgleo i iRt JRBat addSp PEb dih gt hé @R a33%n ¢ ehe\ARY A It
tenperature; and the evaporation pressure) as in Exanple 1. The falling
rate of ks m e - hau M R

ar ound tﬁggéféghﬁﬁéégﬁggqg?f? e'evg%%éégﬁgﬁvgﬁgfégghgiéfﬁ§ﬁ1omest pg{t of

pi pe 21. o500 ING CYARQLAL LORRWaS ERATLET OYle LONLAUANSI /A ehelqydays of
the evaporation; tar conponent™ 25 was observed and prpes were plugged
with the tai onponents. . 12 Wat is_claimed is: 1. A nethod for

evapor at $¥8§ 8§8§8H8§8n8ﬁém8xFﬁE g?iﬁﬁdﬁc?grling-filn1evaporator at a
pressure of |ess than about 1060 Torr_with a falling_rate of the

cycl dhexanone B¢ d@Ventdns ey tBug Jeafsribsd nbt é’lgérb%ﬁépﬁﬁﬁéﬁ Wadund t he
ci rcunference of evaporation surface at the | owest part of the evaporator.
2. The nthaoskme deaylibey vagiedaim manyweays n Shehcyardptiansnerexionds s
evaporated together wwth a solvent in the formof adm xture thereof. 10 3 .
The net hodgarded dsmygitbinl tienspiriwhenéiscapecofotheinvientdional andall 4. The
met hod according to claim1l or 2, wherein the cycl ohexanone oxi me whi ch has
not beensavhmsdifictatd onisr aslvadelll be appafent itogehel skEMogbdat the akk 5. The
met hod according to claim1l or 2, wherein the cycl ohexanone oxine is
evapor at géei int 8RAPI e6&MEe Wil tHaih it tsc@P® of the following 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 invention is described by the following Examples,
which are not intended to l1imit 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
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days of the evaporation, tar component 25 was observed and pipes
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