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-1-, PROCESS FOR THE SEPARATI ON OF A KETOXI ME

OR ALDOXI ME FROM AN AMDE 5 This invention relates to a
process for the separation of a ketoxinme or al doxine froma ketoxinme-
or al doxi me- coWPBMI4E ani de mixture, for instance such RCTATLO0/0938S
obt ai ned from a Becknman rearrangenent 10 reaction.

BACKGROUND OF THE | NVENTI ON uch a process has been discl osed
in GB-A 1286427, which describes a process in which an oxinme- 15

containing | actam ni xt ur PROGESS eFOre'HE SEPARRWION OF A KEPOXI®E For this
process, at least 1 nol of suIFﬁBH A DOXQH@XI Smiﬁﬂ ] per nol of oxine.
The excess sul phur di oxi de i nd, through

distillation, f caprolactamthe latter is obtained in 20 pure form
The di sadvant age of such amnWiecaaveht€6nirelates R® ianpredessi Hor Ofhat

foreign substancesd i diify or aPKBES3Tng i ol dBkne! ek bBhCL Y BELFETOV e
from’t he process at a |ater stage. %5 reover, OXImes, such
as ket oxi nme or °teﬂ%ﬂﬁﬁ?ﬂ&‘cPﬁﬁéFPgﬂga%m%ﬁﬁﬂqi%ﬁﬂﬁﬁ-néPérSnﬁFP¥¢ﬁaSuCh
pol yneri zati on ofa amixiame fobtaiinedaftemi# Bdrkman rp@kyﬁﬁgéﬂéﬁ%on ?f
capr ol act am tyG, ny. 5465, ichis di sadvantageous. It is therefore
ingortant tolg’eekl!%btgioo%lﬁt;t ain the desired am de product in the purest form
possi bl e.

BACKGROUND OF THE INVENTION

Such a process has been disclosed in GB-A-
1286427, which describes a process in which an oxime-

15 containing lactam mixture is treated with sulphur
dioxide. For this process, at least 1 mol of sulphur
dioxide is added per mol of oxime. The excess sulphur
dioxide is subsequently removed and, through
distillation, of caprolactam the latter is obtained in

20 pure form.

' The disadvantage of such a process lies in
the introduction of a foreign substance into the
process, which must ultimately be removed from the
process at a later stage.

25 Moreover, oximes, such as ketoxime or
aldoxime, function as chain terminators in the
polymerization of amides, for instance in the
polymerization of caprolactam to nylon—-6, which is
disadvantageous. It is therefore important to seek to

30 obtain the desired amide product in the purest form
possible.

GENERAL _DESCRIPTION OF THE INVENTION
The object of this invention is to separate
® 35 the ketoxime or aldoxime from the amide in a simple and
direct process technique.
This object is accomplished by this invention
by separation of the ketoxime or aldoxime by means of .
distillation.



GENERAL DESCRI PTI ON OF THE | NVENTI ON The object of this
invention is to separate 35 the ketoxime or aldoxinme fromthe amide in a

si pl e and di rect process technique. This object is
acconplished by this invention by separation of the ketoxine or

al doxi me by W 9R02416 distillation. WO 98/ 02416 PCT/NL97/00395

PCT/ NL97/ 00395 -2- This is
an extrenely surprising result, since 2 B- A- 1286427 states that
separation of an oxime from a | actamis either inpossible or nuch too
expensi ve to be real i ?d by neans of sinple, straightforward physical
5 separation techni ques. Ff‘ Psiél% et hramed iy §UEpriging cresul e sdmicee or

al doxi me i s not GR-abllg8skarnatayes tidasigepdrat iohyopron sk Sned e oaX @t ect ed
to be formed up LSk i ciahy naxi.ne, (OHP) .
OHP Is di sag\%gtfgggg gh%gé% he ?Jtél&rr?&?é%gﬁgﬁf:? E?# %&%‘%a&polb ctam
It is generallyrﬁﬁgﬁﬁ hQ¥ BRRER L jgimple,,gtratghtforvand ahysiseali nst ance,

,-caprol act af) , separatiohetecbuimqess byItdanaled subpckabmy sigge’ dhgenent of
ket oxi nes or al ' r.4 Mo} n ime.. This

r ear r angenent tg%gsbqgﬁgcégwa%ﬁé%ﬁygsg*%ft g%égfgs%%f?f"%yd Sndgsized

catal yst. Such ®Yr PAPAUREBNARE expteghedydocbpdfermediypan t her the gas phase

or in the | iddsicd1padsen, for example ocAhfdfsphéfained d@p] afbd or
neutral 20 cataliksh;sH§faHBYglSusBIe He RtiGafS! &aof'it%r SR

10 caprolactam.

It is generally known that amides, in
particular lactams (for instance, ,-caprolactam), may
be produced by means of a Beckmann rearrangement of
ketoximes or aldoximes, for instance cyclohexanone

15 oxime. This rearrangement takes place with the aid of a
solid acid or neutral catalyst. Such a rearrangement
may be conducted in either the gas phase or in the
liguid phase.

As examples of a s0lid acid or neutral

20 catalyst, use may be made of boric acid on a support.
such as for instance silica or alumina and crystalline
silicas, for instance silicalite I (a silicon-rich MFI)
and silicalite II (a silicon-rich MEL); alternatively,
an acid ion exchanger or (mixed) metal oxides can be

25 used. _

An advantage of this catalysis approach to
the process is that no ammonium sulphate is formed as
byproduct, as is the typical case in a Beckmann
rearrangement through'treatment of the ketoxime or

30 aldoxime with the aid of strong acids such as sulfuric
acid. The desired amide must then be recovered via
neutralization of the reaction mixture, usually by use
of ammonia water. However, this gives rise to the
formation of a large amount of ammonium sulphate as

35 byproduct.

However, in Beckmann rearrangements conducted
in either the liquid phase or in the gas phase, only



such as for instance silica or alum na and crystalline silicas,
instance silicalite | (a silicon-rich MI) and silicalite Il (a
si'licon-rich MEL); alternatively, an acid ion exchanger or (m xe
nmetal oxi des can be 25 used
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conversi on of 3t héPR&t §Renkebpxime B Al doxyjme bet%k%;¥nﬁﬂﬂ?vgﬂ)QFﬁ&ttQPong

the r£§é8§£026ﬂfkne other hand, it is most desirable

with the desiredoximgecontainingmiiturandnnviev ofirdbstupt ilcetsoxdnmeher

t hat the ketoxine or

al doxi me | eaves gy ¢ LBFdasaﬁé ﬁ{&&s‘%&ﬂ&%@% éxﬁidé Pl e#B3b] ab! ©

oxl1 ne rempved fromt

oxi me- cont ai ni ng i *BuPE Fﬁp9¥EﬂFQﬁ ﬁﬂfﬂ“&ﬁéPoﬂs +9Ft?ﬁ§1ty ofyuthRer

downst r eam pr ocedieshgedf amh@deam de. Therefore, it is of inportance to

obtain a higjpgpurity of thﬁxamg(léke%f &etaNides JP aldoximes jnExanpl es of
ket oxi mes or al doxinmes in

m Xt ures that
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X1 me- or doxi cont ai ni ng. am de
etoxime- or a1dox1me—contain£ng aﬁ?%e Alxturesgthat

can be obtained from a Beckmann rearrangement include

unsaturated and saturated, substituted or unsubstituted

aliphatic ketoximes or aldoximes or cyclic ketoximes
with 2-12 carbon atoms, for instance acetone oxime,
acetaldoxime, benzaldoxime, propanaldoxime,
butanaldoxime, butanone oxime, l-butene oxime,
cyclopropanone oxime, cyclohexanone oxime,
cyclooctanone oxime, cyclododecanone oxime,
cyclopentenone oxime, cyclododecenone oxime, 2-phenyl
cyclohexanone oxime, cyclohexenone oxime.

The distillation techniques employed in the
practice of this invention include both steam
distillation and distillation under reduced pressure.
The temperature at which the distillation can be
effocted is between 80°C and 180°C. Preferably, the
temperature is between 100°C and 160°C.

The distillate containing the ketoxime or
aldoxime can then be returned to the reactor for
another or continuing rearrangement operation.

The distillation can be carried out in two
stages, which stages may in turn be subdivided into
theoretical trays, the pressure drop being less than

200 Pa per theoretical tray. Said pressure drop of less

than 200 Pa relates to a measurement under standard
conditions, namely the reaction of a cis-trans decalin

mixture (50% cis and 50% trans) under total reflux at a

5



can be obtained froma Beckmann rearrangenent include unsat urated and

saturated, substituted or unsubstituted al i phatic ketoxi mes or
al"doxi nes or cyclic ketoxinmes 15 wth 2-12 carbon atons, for instance
acet one oxi ne, acet al doxi ne, benzal doxi ne, propanal doxi ne,
but anal doxi WO 9%8/M#¥none oxi me, 1-butene oxine, cycl opr 86EMEAU003IS e,
cycl ohexanone oxi ne, cycl ooct anone gx%gp, cycl ododecanone oxi ne, 20
cycl opent enone oxi nme, cycl ododecenone oxi e, 2-phenyl cycl ohexanone
oxi me, cycl ohexenone oxi ne. The distillation techniques
Loclu h,st eam

enployed in th ractl his.inventiaon e, bot

distillation aﬁ’cfe |ssQieI :&tgt %gngéﬁée§n$ e?:lu‘{:a(?(?“ﬁr éggﬁr 89’ 559 MR t enperat ure
at which the distillati oAdcthep@distillgirion ag¢cosdbpgnbenti®®C and 180[err]C.
Preferably, theinventiiofiP@arlions évagsiiawsts L0l 86l hfed Ordb N iitadee

The distillate ¢ I,0i.n he_ket oxi,ne or. |, doxi C t hen be returned
to the reactor ¥ (%%Lgd%ga%éﬁﬂe?vﬁ?c’%‘?ﬁﬁ htﬁ%é’aFgéPPaﬂgE%fﬁr& o{;’é‘r dheon.

The distill &ti stisdddlo&ionr otunn any rpacking isssujbabletwhtivistgiyes may in
tﬁrn be sgggi \Iéiad(iiiais'&h(ie afpbhs@{péaé:aésnsxf 209 phhsesgeﬁmgﬁ AP ggl ngh' ess
t han r retjc ray.. Sai d _pressure dr of less 35 an
200 Pa relatesq?%sa %@ggu eﬁﬁﬁ%i?ﬁuﬁét%ﬁ FaPE® g°n855ﬁ£¥ions, nanmely the
reaction of a cloamergieldgcavahlable nifauriastsodecintalex®So%talans) under

;8;?LLB$;BUX92&w%king (des¥®1 B84 O Idhemical Engineering Progress, ¢ 50
4 ressure o ar
and a vapo § ¢ MpEck; 1879, ,pR. 86-91), Sulzer BX\ i?ﬁ?(ﬁQﬁﬂ%ﬁ ation according

to the Ingenieur Technik, volume 37, page 322, 1965) and
© Sulzer Mellapak® (see Chemical Engineering Progress,
November 1977, pp. 71-77). Preferably, a packing
material is used with which the said pressure drop is
15 less than 100 Pa per theoretical tray, for instance the
above-ment ioned Mellapak® of Sulzer. The required
number of theoretical trays in the rectification column
is usually from 1-15, preferably between 5-12, and more
preferably between 8-12. The caprolactam—oxime mixture
20 to be purified can be fed to the top of the column or
to the column itself. As a rule, a reflux ratio between
3 and 8 is used. The purity of the bottom product
obtained according to the invention is usually > 99%,
The rectification column is preferably
25 operated at a bottom pressure of 500-3000 Pa and
preferably at a bottom temperature of between 120 and
160¢°cC.

EXAMPLES OF THE INVENTION

30 The invention will now be elucidated with
reference to certain exemplary embodiments, without
however being limited thereto.

Example I

35 A mixture consisting of 700 g of water, 4.57
g of cyclohexanone oxime and 16 g of caprolactam was
supplied to a l-liter vessel. The vessel temperature



I nvent.i.on various evaporators can be used, for instance a falling-film
evaporator. As packing material for the 5 distillation colum any packing

is suitable which gives a pressure drop of |less than 200 Pa per

t heoreti cal tray. Such a packing materials are generally
comrercially a‘UQi’f’g%F(b, for instance Intalox[err] netal FEAIALAY00395
(described in Chem cal Engineering Progress, 10 March 1979, pp. 86-91),
Sul zer BX[err] (see Chem e | ngeni éur Techni k, volune 37, page 322,
1965) and Sul zer Mel | apak[err] (see Chemi cal Engi neering Progress,

Novenber 1977, pp. 71- 7%]? Preferably, a i)acki ng ~material is used wth
whi ch the sai §2fr E248F HAPQ°Er18EtpEsehigh steam ppsyPassrdoretical tray,
for instance thezoug théovixtuxd. Casdod| btpadn aras ceo18d aaa. iahe required
nunber of the hcaksdr J e L] ' I s _usually from
1- 15, preferaglbss%ét\Lk/le%n@y&llzl,riag%df?rggéigﬁga%ér%]é:r g-&:éggggt-mégneggiiz_ The
caprol act am ofFAEt#PR{aRG b each gample of ckthe Fesidueedtakenhatt op of the
colum or 5 the samecCpdin®s idfSelile,ABhe ¢ydFohekan®nlbU¥xiabi 0 bet ween 3
and 8 is used L& Vs t ained gccording to
the inventi onciog;@ﬁrslguﬁé tﬁ)&&%q&g“gmgé&d&ctrﬁgrreegg%?rgé?fgnb%ol um is
pref erabl y 25“‘°Bﬁ§r%€ e%élsatclﬁ'%ttf’sﬁ'?a?%s%‘&lr%‘ 3 9o§- sboomphograph

preferably atwithoatOfwan S fButelaknbebewsst ib20tabl placd6@fienr] C.

-EXAVPLES OF THEe! MENTE Q% 33D detector. THE gdl?(ﬁ'%g gg \c,)\%%%rse% %\/eg)e

~elucidated with reference to certain exenplar wi t hout
“however Bl ngiPi AR thereto. Exanmple | 35 A mxture
consisting of 700 g of water, 4.57 g of cycl ohexanone oxinme and 16 g of
caprol act am was supplied to a 1- lrELi‘E yessel . The vessel tenperature
p—— —
fraction + | oxime in oxime in lactam in lactam in
cumulative | distillate, | residue, distillate, | residue,
15 weight " | cumulative in g cumulative in g
in g in g
fraction 1 0.53 : 4.04 0.0035 16.10
28.7 g '
fraction 2 1.95 2.62 0.029 15.93
175 g |
20 fraction 3 3.03 1.53 0.08 15.86
265 g
fraction 4 3.90 0.66 0.15 15.82
420 g
fraction 5 4.52 0.05 1.54 14.31
25 950 g
fraction 6 4.57 0.003 3.3 . 12.67
1000 g

From this table it can be seen that there are
minimum losses of lactam in the overhead distillate and
substantial recovery of nearly pure lactam in the

5 distillate bottoms, coupled with substantial removal of -
the undesired oximes.



WD 98/ 02416 PCT/ NL97/ 00395

-5- was raised to 100[err]C, after which steam was passed

t iroug the nixture. Gaseous streamwas cool ed and in total, six
distillate fractions were collected. In each fraction and in each
sanpl e of thwoessweaée, taken at 5 the sanme points of ti mEPCENED7/00395

cycl ohexanone oxi ne content and the cgprolactanlcontent wer e

determ ned by means of gas chromatogrdphy in an HP gas chronmat ograph
with a CP wax 52 CB columm. Detection took place with the aid of an
FI D detector. The results are presented 10 in Table I

Tabl e | fraction + oxine in oxime in | actamin | act am
in cumul at g¥gmpfléstt ! | ate, residue, distillate, residue 15

wei ght cunmul at'i've in g cunul ative in g

in g fraction 1 A (vazium distillagiion set—ug)qgmygsted Oflé 10
28.7 ¢ fragbi M column (Willmer®) w1thﬁhdi15 theore®ifgP trays. 15.93
%Z;g g 20 stfrag Iégﬁeglux ratstoggras 5. The gélux ratiog ggefmed aig gg
420 g frafefbwxsflow rejative to ptogugg flow. At theqtop of the. 31 25
950 ¢ column the pressure was 5 mm Hg, at a temperature of

130°C. At the bottom of the column the temperature was.
151°C. The composition of the starting material

10 obtained upon the Beckmann rearrangement was as
follows:

40 g of caprolactam flakes and 10 g of cyclohexanone
oxime, twice recrystallized from toluene, so that >99%
pure cyclohexanone oxime was obtained.

15 ' This starting material was transferred one

' time only to the bottom of the column. The distilled
fractions obtained as overhead product of the column
were gas chromatographically analyzed as described in
example I. Upon completion of the distillation the

20 residue obtained from the bottom of the column was also
analyzed. The results are presented in Table I1I. The
distilled fractions were returned to the vessel in
which the Beckmann rearrangement took place. A large
portion of the oxime was found in the piping due to

25 condensation and solidification and as such was not
included in the various distillate fractions.
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Exanpl e 11

A vacuum di stillation set-up consisted o? a 30 cmcolum (Wdner[err])

wi th 10-15 theoretical trays.
I's defined as reflux flow relati
col umm t he pressure was 5 nm Hg,

5 The reflux ratio was 5. The reflux ratio
e to oduct flow. At the top of the
ature of 130[err]C At the

bot t om of the1"
the starting ,.terlal 10 obtasmadmapon the QQQEnbnmmeearr.@gi
fol | ows: %ﬁﬂgola tan1fg? gs and]10 g QT gycloh xanong
oxi ne, tw ce ecrys H zed filrom t ol @ t hat 1288 pure 79
cycl dhexanone [[c5@artiams Iobt aifned. 15 This startijng material wa
transferreg oiffe4,01 gine only to the bottomof the colum. {The distilled
distillate 58 1.22 0.88
fraction 2
2.10 g
distillate 11.6 0.38 2.88
10 fraction 3
3.26 g
residue - <100 ppm 32
32 g
remainder in 86.4 6.91 1.09
15 off-gas and : _
piping . u




fractlon rhead product of the colum wer e gas _
chromat o ’mm‘mj Wj ﬁ ed as described in exanple |. Upon conpletion
cl

of "t he di resi due obtained fromthe bottom of the col um
was al so anal yzed. The results are presented in Table Il. The
distilled frasoesm#aénere returned to the vessel in whi chctiResfiesdsmann
rearrangenent took place. A large portion of the oxinme was found in the
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Table 1|1 %okileh I M S g of oxine g of

| act am distillate 30.4 1.22 2.79
fraction | 5 4.01 ¢ distillate 58 1.22
0. 88 fraction 2 2.10 g distillate 11.6

0.38 1.2. 88réless F6ACENDbebarationdoffadketoxime 'dtS! dUe

- <1OO pr&dOlee from a ketoxime- or aldoxime-containing

amide mixture, characterized in that the ketoxime
or aldoxime is distilled off from the amide
mixture. 2.
Process according to claim 1, characterized in
10 that the distillation is conducted under reduced
pressure.

3. Process according to claim 1, characterized in
that the distillation is steam distillation.
4. Process according to any one of claims 1-3,

15 . characterized in that the distillation is

conducted at a temperature between 80°C and 180°C.
5. Process according to claim 4, characterized in

that the distillation is conducted at a

temperature-between 100°C and 160°C.

20 6. Process according to any one of claims 1-5,
characterized in that the distillation is
conducted in a column with 1-15 theoretical trays.

7. Process according to claim 6, characterized in
that the distillation is conducted in a column

25 with 5-15 theoretical trays.

8. Process according to claim 7, characterized in
that the pressure drop per theoretical tray is
less than 200 Pa.

9. Process according to any one of claims 1-8,
30 characterized in that ketoxime or aldoxime
obtained by the distillation is recycled to a
reactor for preparation of the corresponding
amide.

10. Process according to any one of claims 1-9,
35 characterized in that the distillation is
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CLAI MS Process for the separation of a ketoxime or 5
al doxi ne from‘ﬁoﬂﬁ‘m!é me- or al doxi me- cont ai ni ng afiCaNLAT/039 ¢,
characterized in that the ketoxinme - g Or aldoxine is distilled off
fromthe am de m xture. 2. Process according to claim1,
characterized in 10 that the distillation is conducted under reduced

pressure. m% C im1, char acterized in
that the distil I atl on1s's eg% g H??I a{)a%éf . Process according to
any one of cl ai mslil- 3,P1:1£ness as Qbaeribed i ized hien i&ﬂﬁ&bdhbﬁoﬂ} Ssti I lation is

conducted at a tenper ihetuge 0. 0 r Process
according to claim4, ara te}gﬁzgﬁg LETderattd %ﬁnkﬁg %’%’E‘ﬁ’ |'I I ation is
conducted at a t enperat ure between 100[err]C and 160[err]C. 20

6. Process according to any one of clainms 1-5,



characterized in that the distillation is conducted in a S4RuEDOZI-F

W gh -1-15 theoretical trays. 7. Process according to claim®6,
characterized in that the distil I ation is conducted in_g col‘@
25 with 5-15 theoretical trays. : Process accordi f;}v‘.‘,;; claim

7, characterized Err%gtﬂ&ﬂ? theor Mg tray
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(57) Abstract

The invention selates to a process for the separation of a ketoxime or aldoxime from a Ketoxime- or aldoxime-containing amide
mixture in which the ketoxime or aldoxime is separated from the amide mixture by means of distillation. This has proved to be a very
simple and direct method for separating the ketoxime and/or aldoxime from the desired amide.




