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DESCRI PTI ON *159159* METHOD FOR PRCDUCI NG E- CAPROLAGTAM 0 FI ELD OF THE
| NVENTI ON 5 The present invention rel ates to a method for producing E
-¢aprol actam having low free basicity. Specificall mmm“mmmmME i nvention
relates to a method for producing E - caprolactan1h @m\ lI e baS|C|ty
whi ch conprises a step of producing E -caprol actam 35 phase
Beckmann rearrangenent reaction of cycl ohexanone oxinme u3|ng a SO|Id
-catalyst in the presence of alcohol. BACKGROUND OF THE | NVENTI ON
E-caprolactamis an inportant conﬁggggegﬁpgf intermedi ate in producing
nylon-6. A nmethod for producing - e I%ctan1f;oggf¥glggfg?;g?eiSX|ne

as phase Becknmann rangenent reaction usin
E%oam, gnd as the solph% PRQDYCING ot CABRREACEAM o1 0n- based
catal yst, silica-alumna catalyst, solid phosphoric acid catalyst, conplex
nmetal oxide catalyst, 20 zeolite-based catalyst and the |ike. Further,

Japanese t n_lLaid-Open (JP-A) Nos. 62-123167 and 63-54358
shEW/exanpfggﬂéﬂq?niﬁﬁn VENT QN type nmetallosilicate catal yst, and the

selectuylty in %%e present invention relates to a method for
producing € -caprolactam having low free basicity.
Specifically, the preserit invention relates to a method for
producing ¢ -caprolactam having low free basicity which

comprises a step of producing ¢ -caprolactam by a gas phase

10 Beckmann rearrangement reaction of cyclohexanone oxime
using a solid catalyst in the presence of alcohol.
BACKGROUND OF THE INVENTION

€ -caprolactam is an important compound as an
intermediate in producing nylon-6. A method for producing

15 € -caprolactam from cyclohexanone oxime by gas phase
Beckmann rearrangement reaction using a solid catalyst is
known, and as the solid catalyst, it is known to use a

’ boron-based catalyst, silica-alumina catalyst, solid
phosphoric acid catalyst, complex metal oxide catalyst,

20 zeolite-based catalyst and the like. Further, Japanese
Patent Application Laid-Open (JP-A) Nos. 62-123167 and
63-54358 show examples using a high-silica type
metallosilicate catalyst, and the selectivity in gaé phase
Beckmann rearrangement reaction of cyclohexanone oxime

25 using such a catalyst system has been fairly improved as
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Beckmann rearrangenent reaction of cycl ohexanone oxinme 25 using such a
catal yst system has been fairly inproved as 1 conpared with conventi onal
«catal yst systens. JJP-A No. 2-275850 discloses that the selectivity is
further inproved in a nmethod for producing E -caprolactamin which a | ower
al cohol is allowed to exist together with a solid catalyst. 5 Moreover,
JP-A 5-201965 discloses that the selectivity and catalyst |life are

-i mproved when E -caprolactamis produced by gas phase catalytic reaction
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agent such2a2 APRLLoPoLarPa ek ing Sobnet Aty o REtREs Bundoydnic am
' -1-cycl oheptene (hereinafter, sonetinmes 15
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varies depggggri%s?:nlz?.%grg]rgSi%p:?c?\(rjecii %vhrg;[ € ~-caprolactam is produced
by gas phase catalytic reaction of cyclohexanone oxime in
allowing water to exist in the reaction system using a
" zeolite catalyst in the presence of alcohol and/or ether
10 compound.
On the other hand, it is known that by allowing an
alkylating agent such as dimethyl sulfate and diazomethane
to act on ¢ -caprolactam, a corresponding l-aza-2-
alkoxy-l-cycloheptene (hereinafter, sometimes
15 abbreviated as AAH) is synthesized. However, it is not
known at all that AAH is generated as a by-product in gas
phase Beckmann rearrangement reaction of an oxime in the
presence of alcohol, and that one of standards for the
product, free basicity, may sometimes not be satisfied when
20 AAH remains in the product, ¢ -caprolactam. The standard
in free basicity varies depending on every user and is not
restricted. It is required that the product usually have
free basicity of about 1 meg/kg or less, preferably about

0.3 meq/kg or less, more preferably about 0.1 meq/kg or less.

25 It is known that when free basicity in the product, ¢ -



restricted. It is required that the product usually have free basicity of
about 1 neqg/kg or less, preferably about 0.3 neg/kg or less, nore

. preferably about 0.1 neq/kg or less. 25 It is known that when free basicity
in the product, E 2 caprolactam is high, reverse influence is exerted in
pol ynerization to a nylon. SUMMARY OF THE | NVENTI ON Under such
circunstances, the present inventors have 5 Intensively studied to find an
-industrially advantageous nethod for Producing E -caprol actam havi ng | ow

| nvent or & SRREOTBGHATRAS Wl € TekFrbe tRatneBRs e kP SE Al orace

Beckman rearangenent, reaction usjng a solid 10 catalyst in the presence of
al cohol m?ﬂiﬁg‘gﬁgez%’bhte&%o%i%&r me as a raw material, AAH is usually

produced a e [ Lon product in a selectivity of from
about O. 1£§%§§a@%ut%wqgéﬁng on the reaction conditions, and that
when the AAH is_caontai negali in E _-caprol %glt am the piesenﬁe of . t he AAH
causes to enhanUR9&% SUCHLSLEFEMSEIAR utBeREPPERESIBYSRRRTS BAYG:, and

t hat en,the reaction product is treate | t te the free basicity
s red cediﬁ’n'&ng?ieié’let}yofs‘%qj&f%rtcﬂfét an I}%r}e‘?\iﬁ%]d{y V‘T"b{%%ﬁ?éf’si on of
the AAH with water into E -caprolactam _ 20 conpl eting_the present

i nvent i on. Methed fof pRANGANY n§earfiPrirctamdiaving: A8y fope

basicity and providinghighyield. As aresult, the present
inventors have found that when € -caprolactam is obtained
. by gas phase Beckman rearrangement reaction using a solid
10 catalyst in the presence of alcohol with using
cyclohexanone oxime as a raw material, AAH is usually
produced and present in the reaction product in a
selectivity of £from about 0.1 % to about 10 % depending on
the reaction conditions, and that when the AAH 1s contained
15 1in & -caprolactam, the presence of the AAH causes to enhance
free basicity and reduce qualities of the product, and that
when the reaction product is treated with water, the free
basicity is reduced and yleld of € -caprolactamis increased
due to conversion of the AAH with water into ¢ -caprolactanm,
20 completing the present invention.
First, the present invention provides a method for
producing & -caprolactam which comprises the step of
treating, with water, a reaction product containing 1-

aza-2-alkoxy-l-cycloheptene, which is obtained by gas

25 phase Beckmann rearrangement reaction of cyclohexanone



praoduci ng E -caprol actam which conprises the step of treating, with water,
a reaction product containing 1- aza-2-al koxy-I|-cycl oheptene, which is

- obtained by gas 25 phase Becknann rearrangement reaction of cyclohexanone 3
oxinme using a solid catalyst in the presence of alcohol, to elimnate the
1- aza- 2- al koxy-1-cycl oheptene. Secondly, the present invention provides a
nmet hod for producing E -caprol actam whi ch conprises the steps of 5
-separating a conponent conprising 1-aza-2-al koxy-1- cycl oheptene froma

reaction RERAE nERRL RTERI LI B det e PHAiRN o dl¥Gnarg by gas

phase Becknmann rearrangenent reaction o?%cyclohexanone oxime using a solid

catal yst g, L0 i Aaea carl Flgaho) 3 By L 22LLBIohBpeAResCpal al e

conmponent conprising I-aza- - cycl oheptene with water to elimnate

the 1-aza 2- al §8§}snh CLBQ% gntﬁwam%ﬁgfr la hBYRBHI HGr Pr OVi des

a nethod for produci n actam accor e above flrst- 15
descri bed ne
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the reactlggcgog %e from a reaction product containing l-aza-
2-alkoxy-l-cycloheptene obtained by gas phase Beckmann
rearrangement reaction of cyclohexanone oxime using a solid
‘ catalyst in the presence of alcohol, and treating the
10 separated component comprising l-aza-2-alkoxy-1-
cycloheptene with water to eliminate the l-aza-2-
alkoxy-l-cycloheptene.
Thirdly, the present invention provides a method for
producing ¢ -caprolactam according to the above first-
15 described method, wherein the reaction product to be
treated with water is a reaction product obtained by
substantially separating an alcohol.
‘ Fourthly, the present invention provides a method for
producing £ -caprolactam according to the above
20 secondly-described method, wherein the reaction product to
be used for separating the component containing l-aza-
2-alkoxy-l-cycloheptene is a reaction product obtained by
substantially separating an alcohol.

Fifthly, the present invention provides a method for

25 producing ¢ -caprolactam, which comprises the steps of



be used for separating the conponent containing 1-aza-

2- al koxy-1-cycl oheptene is a reaction product obtained by substantially

. separating an alcohol. - Fifthly, the present invention provides a nethod for
25 producing E -caprol actam which conprises the steps of 4 separating a
conmponent containing 1-aza-2-al koxy-1- cycl oheptene froma reaction product
contai ning 1l-aza- 2-al koxy-1-cycl oheptene obtai ned by gas phase Becknann
.rearrangenent reaction of cycl ohexanone oxime using a solid 5 catalyst in

Lhe bresengenglah 6Nl coluBld0 ddifs 2ERRAG! £0azE0TRANRE AR i Ni o

1-aza- 2-al | ohepténe wth water t0 convert the

1-aza- 2-al kgxyof oY EhRN RGNS Uy Los CFP68LEE! BBh AR 1Y 1y sul Ling
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cycl Ohexangg%e%xtl_‘g%o%svier}% %hseoli—g.za-z-alkoxy_-1—cycloheptene into €

-caprolactam, and put the resulting product into a step

‘ prior to the step of separating the component containing
10 1-aza-2-alkoxy-l-cycloheptene from the gas phase Beckmann
rearrangement reaction product.

Sixthly, the present invention provides a method for
producing € -caprolactam according to the above
fifthly-described method, wherein the reaction product to

15 be used for separating the component containing l-aza-
2-alkoxy-1l-cycloheptene is a reaction product obtained by
substantially separating an alcohol.

. Seventhly, the present invention provides a method for

producing & -caprolactam by gas phase Beckmann

20 rearrangement reaction of cyclohexanone oxime usinga solid
catalyst in the presence of alcohol, which comprises the
step of treating 1-aza-2-alkoxy-l-cycloheptene generated
as a by-product with water so that a l-aza-2-alkoxy-1-

cycloheptene content in the & -caprolactam is 100 ppm or

25 1less.



catalyst in the presence of alcohol, which conprises the step of treating

1- aza- 2- al koxy- | - cycl ohept ene generated as a by-product with water so that

. a’'l-aza-2-al koxy-1- cycl oheptene content in the E -caprolactamis 100 ppm
or 25 less. 5 DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON E- Caprol act am
in the present invention usually has an AAH content of about 100 ppm or

| ess, preferably about 25 ppmor |less, nore preferably about 10 ppm or

-less, and 5 has |l ow free basicity and has excellent qualities. The r:

- capr ol act #:B%Eééﬁ??‘nbﬂvw in9{k hEWESENT SINVERPYONCal properties can
be produce exanpl e a nethod in which a reaction product '

cont i ni g AAH 201 Ghfieth BVl LAVAG BYELUNRAR0R NN Rd T B Gaginder gas

phase 10 reaction I'OAS uSlI ng catalyst In the presence of

al cohol 1s %;gﬁﬁsu%x\% ‘QFV@’fe‘{ ok Pd&fﬁsemﬂ 1aesrsea<aférbraspptaao@pnt ai ni ng

AAH obt ai n& separating an al cohol fromthe

above- desciég‘%‘%n‘gﬁt éngg?hlﬁéfgt#feféraﬁi t 2okt Y0 WebR! or Oledis MA@ i N

which a 15 al ni ng His further separated f rom the

reacti §”W%§9mg§gb¥rg' Stia ﬁ:tlt%té}{dtﬁ'gsl ékéeﬁﬂenﬁ:h%ﬁaltﬂt@.@”ponent I's

E(r::gﬁ gl WAL >|é suc treat nent, I's converted into E
obtai ned. 20 InT #‘ﬁe ab%%%razgggla@gg‘ aevl}m:é éaﬁflﬁnzi %g{:}nhg{}&ngan be
such physical properties can be produced by, for example,
amethod in which a reaction product containing AAH obtained
. by allowing cyclohexanone oxime to react under gas phase
10 reaction conditions using a solid catalyst in the presence
of alcohol is treated with water, or preferably a reaction
product containing AAH obtained by substantially
separating an alcohol from the above-described reaction
product is treated with water, or a method in which a
15 component mainly containing AAH is further separated from
the reaction product by distillation or the like and then
the component is treated with water. By such a water
. treatment, AAH is converted into £ -caprolactam so that &
-caprolactam having a small AAH content can be obtained.
20 In the above-described methods, silicon-oxide-
containing catalysts, preferably crystalline
metallosilicates ma& be used as the solid catalyst. In
particular, it is.more preferred to use crystalline

metallosilicates having a Si/Me atomic ratio of 500 or more

25 (wherein Me represents one or more metal elements selected



containing catalysts, preferably crystalline netallosilicates may be used
as the solid catalyst. In particular, it is nore preferred to use
-crystalline netallosilicates having a Si/Me atonmic ratio of 500 or nore 25
(wherein Me represents one or nore netal elenents selected 6 fromAl, Ga,
Fe, B, Zn, C, Be, Co, La, Ge, Ti, Zr, H , V, N, Sb, Bi, Cu, Nb and the
like). Also, it is nmore pref erred to use a crystalline silicate conposed
-of silicon dioxide containing substantially no Me conponent. The Si/M

atomc 5 ral n S eg Py cqomgRNl poUsed, agel yeis Zeanss, o
exanpl e, an‘%ﬁgﬁﬁt(%ﬁkorpiidn met hod, a'fISéreséent'X—réy met hod gnd t he
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netallﬁfill ate ‘an alTtne silicate are known to include various 10
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iR S A T S
”'prOpano'méL388rQR%UQLeQTiﬂkx These catalysts can be produced by
known methods. The crystalline metallosilicate and
. crystalline silicate are known to include varlous
10 crystalline types, and those having so-called pentasyl
structure are preferred.
In the production of ¢ -caprolactam, a lower alcohol
may usually be used as the alcohol to be'allowed to exist
in the reaction system. Examples of the lower alcohol
15 include alcohol having 6 or less carbon atoms, and
specifically, one or more kinds of alcohol selected from
methanol, ethanol, n-propanol, isopropanol, n-butanol,
sec-butanol, n-amyl alcohol and n-hexanol. Particulafly,
it is preferred to use one or more kinds of alcohol selected
20 from methanol, ethanol, n-propanol, isopropanol and n-
butanol since remarkable effects are manifested in
improvement of selectivity to & -caprolactam and catalyst
life. Amongthem,methanolandethanolmanifestremarkable

effects and, therefore, these are particularly preferred

25 in the industrial point of view.




but anol since renarkable effects are manifested in inprovenment of
selectivity to E -caprolactamand catalyst |if e. Among them methanol and
. ethanol manifest remarkable effects and, therefore, these are particularly
preferred 25 in the Industrial point of view 7 Further, water can al so be
used together with alcohol In the above-described production of E
-caprolactam The anount of water to be used is 0. 06 to 2. 5 tines,
-preferably 0.18 to 1.9 tinmes in terns of nolar ratio based on 1 nol 5 of

cycl ohexanone Oﬂ"yst @ew‘é%te'rocﬁﬂtaP o [JH fied¥8getheT wiehCelEehbar ge

dfgreas$ of cata activity. Use o sui tabl e anpbunt of water exhibits
effect for roving ¢ actd b fected
under a pr%gs 2 ati%v%f &§35¥§‘ﬁ1egr 8&/;&?% Elegtrfe?gt rggﬁeg%)sﬁo Sﬁéct ed

under o COMEEHnR St Wbl naeaaig‘?mwoczp%eeme Jherefgseyi on may

be conduct as a common ase tic reaction in fixed bed node or

fluldized .rdlame%% oL e A Ve I fS1der 86 TBREEAAbn' EafbE. |1 2

catalyst 1 ayer in“gaseous ase may be previously m xed

W th the cy Q}Siéﬂg&g&%@”&&&@ S’fth EB'&@Q 42 thid eanlgeotenassel

separately cyclo exanone ox1 nme e case of the fixed bed reaction,

It is pref %”g,gu;%e i 80085, #ndogls gl R P | gl log i xed and

pass 20 throu ayer in suc xed condi tion.
sultable amount of water exhibits effect for improving

- catalyst life.
-‘ The reaction may usually be effected under a pressure
10 of 3 atom or lower. The reaction can also effected under
reduced pressure lower than atmospheric pressure. The
reaction may be conducted as a common gas phase catalytic
reaction in fixed bed mode or fluidized bed mode.
Cyclohexanone oxime as the raw material reacts ina catalyst
15 layer in gaseous phase, and alcohol may be previously mixed
with the cyclohexanone oxime or also be supplied to a
reaction vessel separately from cyclohexanone oxime. In
. the case of the fixed bed reaction, it is preferred that
cyclohexanone and alcohol are sufficiently mixed and pass
20 through the catalyst layer in such a mixed condition. 1In
the case of the fluidized bed reaction, it is not necessarily
required that cyclohexanone oxime and alcohol are
previously mixed. They can be supplied separately, and

alcohol can also be divided and then added. Alternatively,

25 in the case of the fluidized bed reaction, alcohol may also



the case of the fluidized bed reaction, it is not necessarily required
that cycl ohexanone oxi me and al cohol are previously mxed. They can be

. supplied separately, and alcohol can also be divided and then added.
Alternatively, 25 in the case of the fluidized bed reaction, -alcohol may
al so 8 be added at an upper flow side than cycl ohexanone oxi me. Water may
al so previously be m xed with cycl ohexanone oxide and supplied to a
-reaction vessel, or may al so be supplied separately from cycl ohexanone

oxi me. |n weaﬁ&é& at 8h Lpgel! ﬂéwzgddtée%hh%a icbhdstarteie hacahiei ded and
t hen added e amount of alcohol to be allowed to exist in the reaction

system may be siyhtall ¥al 180 pkeva Rfh iy BesmixeRI i € Yol cHbiidnGe or | ess,

and nost preferably fromO0.3 to 8 times Interns of ratio by weight

based on CyghgUCYARORRLPIAE +d M LA TCH! 9BSSKLCBL hagOEBYIb naCLi Ve

in the reactron suc enzene, Cyclo exane and t ol uene, or an Inert gas

such as ni L, 00¢0 . 4BYe 30yt dibrek oS oxdfing. didithecags. The
y Gsull y r

reaction te rature om about 250 to about 5001

preferably_ kr ) 45 real I r bout
3001 tg abgﬁt 0c£%§d$2§d§B§§eP€§ E%Pn ?3%%%? 6 %g&?gﬁgxiggﬁgﬁgglne as
the raw nggghgrial Is fromabout 0.1 to about 40 hr-1 (nanely, the

The amount of alcohol to be allowed to exist in the
reaction system may be suitably from 0.1 to 20 times,
‘ preferably 10 times or less, and most preferably from 0.3
10 to 8 times in terms of ratio by weight based on cyclohexanone
oxime.

In the reaction system, a compound inactive in the
reaction such as benzene, cyclohexane and toluene, or an
inert gas such as nitrogen may also be allowed to exist as

15 a dilution gas.
The reaction temperature may usually be from about
250C to about 500C, preferably from about 300C to about
. 450.‘C , more preferably £from about 300C to about 400C. The
space velocity (WHSV) of cyclohexanone oxime as the raw
20 material is from about 0.1 to about 40 hr’' (namely, the
rate of supplying cyclohexanone oxime per 1 kg of a catalyst
is from about 0.1 to about 40 kg/hr). It 1s selected in

the range preferably of from about 0.2 to about 20 hr?

more preferably from about 0.5 to about 10 hr!

25 One of the embodiments of the present invention is that



- rat.e of supplying cycl ohexanone oxi ne per 1 kg of a catalyst is from about
0.1 to about 40 kg/hr). It is selected in the range preferably of from

- about 0.2 to about: 20 hr-1, nore preferably fromabout 0.5 to about 10
hr-1. 25 One of the enbodinments of the present invention is that 9 a
reaction product containing AAH is treated with water wunder specific

condi tions wherein the reaction product is obtained by gas phase Becknmann
-rearrangenent reaction of " cycl ohexanone oxime conducted in the presence of

al cohol , STaPQaEbﬁBnﬁﬁgo%@idmé{hfnéeﬁﬁﬁi 98 Bredvel QQtd RRLtdlY

substantially separating an al cohol beforehand by distillation or the Iike
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specific conditio not I ment of the present invention Is that

10 AAH- d - i
an gegma bpegggt gggfg%nﬁe%k YAt JEnd e Fead¥tbncont ent of ,

usual ly, 1 pm or erably about 25 ppmor less, nore preferably

about 10 PAPLSLNESSoR oxIFIALBE AL A HeOp B oo b A1 datonn from &

reaction i ned by gas phase Beckmann rearrangenent 15

react | gn of,fr oLe ASACLOR ALAIGY GPLARAL B HIRRIGE | dBkatRed Gphol from

t he above- ed reactlon produ an t hen 't he AAH-condense raction

s treat eds%&@a?%&%rl&épnfjsgé a’?#]g%i‘éi gncggébhbgngef‘gﬁglﬁﬂd GRpdensed

fraction nmay contain pro m a product ving a’low boiling 20

point and wakes115R 194 Broeh8SA R Fro'Ene b 60808856 1ved reaction

product is treated with water under specific conditions.
" Another embodiment of the present invention i1s that
10 an AAH-condensed fraction and € -caprolactam having an AAH
content.of, usually, 100 ppm or less, preferably about 25
ppm or less, more preferably about 10 ppm or less are
separated from each other by distillation from a reaction
product itself obtained by gas phase Beckmann rearrangement
15 reaction or from a reaction product obtained by separating
an alcohol from the above-described reaction product, and
then the AAH-condensed fraction is treated with water under
. specific conditions. The AAH-condensed fraction may
contain € -caprolactam, a by-product having a low boiling
20 point and water. In such a case that the AAH-condensed
fraction is previously separated by distillation and then
is treated with water, it is preferred that a treated liquid
obtained after the water treatment is used and recycled in

'a step prior to a step of distillation for condensing AAH

25 since a small amount of by-products other than € -



fraction is previously separated by distillation and then is treated with
water, it is preferred that a treated liquid obtained af ter the water
treatnent is used -and Fecycled in a step prior to a step of distillation
for condensing AAH 25 since a snmall amount of by-products other than E O
caprolactamas well as E-caprolactamitself may be contained in the
reacti on product obtained after the water treatnent. This nmethod is
-especially recomrended since there is no need to add a nem/facility and

th i st 1 i f 1 -
reost o Ebraldfidn ASwERT B8 dlicapflihBelh’ TEHEAE hal '0E N21° bY
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phase BecKkrann rearrangenent react I's produced in a selectivity

10 usual | X:[Ipfag qm abgyts 0. 'ﬂ’{%ﬁgda‘bgugsg’gé%%il%k, n @%ed NsikEereaction,

and is contained in the reaciion produc His different

d di he, | ¢oh I
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by-
ene I's pro uce propanol is~utilized,

1- aza- 2-n- ooaféyskn AL ANERE SN %&P&i ra%?&h et %%ga]s; of gas

phase Bec rearrangeman% reac I on cont al n| n -aza- a

recover € -caprolactam produced by conversion of AAH.
In the above-described gas phase Beckmann

. rearrangement reaction, AAH is produced in a selectivity

10 usually of from about 0.1% to about 10% as a by-product in
the reaction, and is contained in the reaction product. The
kind of AAH is different depending on the kind of alcohol
utilized in the rearrangement reaction. For example, when
methanol is utilized as the alcohol, l-aza-2-methoxy-1-

15 cycloheptene is produced, when ethanol is utilized, 1-
aza-2-ethoxy-l-cycloheptene is produced, and when n-
propanol is utilized, 1-aza-2-n-propoxy-l-cycloheptene is
produced. The reaction product of gas phase Beckmann
rearrangement reaction containing l-aza-2-alkoxy-1-

20 cycloheptene as a by-product or the component containing
l-aza-2-alkoxy-l-cycloheptene separated from the reaction
product is treated with water and the AAH is hydrolyzed and
converted into £ -caprolactam to consume the AAH. When AAH

exists in € -caprolactam in a specific concentration or

25 more, free basicity as one of product standards of ¢ -

- 11 -



20.cycl oheptene as a by-product or the conponent containing

1-aza- 2- al koxy-| -cycl oheptene separated fromthe reaction product is
treated with water and the AAH is hydrol yzed and converted into
E-caprolactamto consune the AAH. \Wen AAH exists in E-caprolactamin a
specific concentration or 25 nore, free basicity as one of product
standards of E caprolactamdeteriorates. In the present invention, when the
-reaction product containing AAH and E -caprol actam obt ai ned by the

above-described.r | Q4 edled with water, the AAH is 5 elimnated and
the yield %SPEP}%§g%%Igbf&%?%hcr§3§es, since E -caprolactamis produced

fromthe AAH | in: ghgg %géﬁgq i}lg@hé._go&.‘r'e%%ql lpH i LA D fradder the

Separaling. 8l cohol stace. chie to Lbe water tEoatymot + AN g NIy 10
P:}o?ﬁgemgigaﬁr?gagf;gg?%da&%éo‘?Egngﬁw? 8&119'1%?@?96%2 of water used
cqu va o oot SEPEBIM spEsaol Ve I 8BS PE
wter 1 ebindnayh by Sl BB R Pt sb Sl ot
?re SL |htes| : ﬁé?g}‘??ﬂ’g°%?€tg?“eé?eﬁr?1iﬂﬁf*§ gﬁ?ﬁi ﬁ§8 g{’\pér fﬁ‘e)i/% ?%%ryfne?é?@@&ﬁ. Icﬁn
chigh cost, ¢23 TG Y (¥ ed i G fER L FeRaReipL ON the

‘ is used and recycled in a step prior to a step of separating

alcohol since, due to the water treatment, AAH mainly

10 produce € -caprolactam and a corresponding alcohol.

The amount of water used in the water treatment may
be from about 1 equivalent to about 50 equivalent,
preferably from about 3 equivalent to about 3 equivalent
to the amount of AAH existing in the reaction system. When

15 the amount of water is less than 1 equivalent, decomposition
of AAH is not sufficient. When the water is too much, the
water needs to be removed by evaporation or the like from

’ the treated liquid obtained after the treatment, which
‘results in high cost.

20 The temperature for the treatment depends on the
amount of water to be used and may be from about 45T to
about 250C, preferably from about 60T to about 200T.
Under a condition such that the treatment temperature is
higher than the boiling point of water, it is preferred that

25 the treatment is conducted under pressure. The period of




ampunt of water to be used and may be from about 45t to . about 2501
preferably from about 60 C to about 200c Under a condition such that1the

- treatnent tenperature is higher than the boiling point of water, it is
preferred that 25 the treatnment is conducted under pressure. The period of
time for the treatnment is a period enough to hydrolyze the AAH The higher
the tenperature is, the shorter the period of tonme is needed. The
.treatment may usually be conducted for about 0. 1 hour to about 10 hours,

and pref eraly AR0Yne Tkt 1PaPBYiol SRGSN TOMmpMICTye i used in

the water treatnent nmay be added fromoutside of the reaction system Wen

wat er exi s{s.in e h _ _
roduct R ¢ DS LYEhAY, cHEPESipePhebiaR 1) Mnd BABKERE the perpeact!on

distillatiop ttlfc‘é) ue%n j:[a%g\ere%% | Ojmfr @?Eﬁttmetnrfem%t §5usdlybse ddrndicesafor the

treatment Ing addi tional water from outside of the reaction

system In_the water,t e Walg | &1 AA
obt ai ned b?ofh%b%% voeiggﬁéfb@gd%%g?qp%g?gs{ﬁig'Bﬁg%ﬁf?gﬁ}ghﬁmt "

reacti Pnggﬁﬁgog?y?rgg)laéﬁoi% Egoﬁgéﬁrpgg of AAH), (A) a reaction product

cont ai -renoved conponent obtained after

separating al cohple EPHLUISHESIELAGh BRATHELoF AHAH ALY fnel das6el

gzarei nafter, ( er W s sonmetines 20 referred to as an
contal erg% 8898988“8%-1:1?&(%&?1&{ system. When water exists in

an amount needed for the water treatment in the reaction
. product to be treated with water or in the AAH obtained after
10 distillation from the reaction product, the water can be
utilized for the treatment without adding additional water
from outside of the reaction system.
In the water treatment of the react:l.o'n product
containing AAH obtained by the above-described gas phase
15 Beckmann rearrangement reaction method (hydrolysis
treatment of AAH), (A) a reaction product containing AAH
or (B) an alcohol-removed compoﬁent obtalned after
. separating alcohol from the reaction product containing AAH
is used (hereinafter, (A) together with (B) 1s sometimes
20 referred to as an AAH-containing component). Examples of
the method for the water treatment include (1) a method in .
which water is added to the AAH-containing component, heat
treatment is conducted and then the product is subjected
to purification, (2) a method in which only AAH is, or a

25 fraction containing a condensed AAH is separated from the



the nethod for the water treatnent include (1) a method in which water is

addedlto t he AAH cont ai ni ng conponent, heat treatnent is conducted and

- then the product i's subjected to purification, (2) a method in which only
AAH is, or a 25 fraction containing a condensed AAH i s separated fromthe
AAH- cont ai ni ng conponent by fractionation and the like, and then the
obt ai ned AAH or the fraction containing the condensed AAHis treated with

-water to recover it as E -caprolactam 5 Alternatively, exanples of the

ot MO0 01 Bt B L SAIFObnBGLHA BT fIoch ud el e Yake chsaiol

having |o an that of water i1s used in the gas phase

Beckmann rear t I. i i i
' BACHARALTN ISR Ky 4! Phe! ErBETHOA Toht ANy tnd e

Iroreg&ra{]ge RS ![on system an e 10 rearrangenment reaction

uct containin ter.is_,tre R { H

tlher ﬁl In 0P°F|Pr§ﬁs%&-lrﬁt%sf eﬁ%ﬁtﬁﬁ&tﬁiﬁt g’rgtre gmtﬁn?%gf%}%lgri%l ovméﬁg

al cohol to ow.out, of the rearrangenent reaction product by distillation
and ot her Eﬁ-aBF(?dl?&tsa'"f‘s renoved fromthe 15 resulting product by

O oS o AT AT 1697 BBl Bilng R ot ameand (4 =
he. ai conoteatrant tBcabgef 3 4 RS LB OF¥Eh (4 aTeOnol hEGLRETIY! N0
orysial | 2 AbNsE Bohid: AN SO el PR AS 19X WY URItRECERS O Dy
phase Beckmann rearrangement reaction, water is previously
‘ added to the rearrangement reaction system, and then the
10 rearrangement reaction product containing the water is
treated as it is so as to treat AAH therein, or then AAH
is treated with water remaining after allowing alcohol to
flow out of the rearrangement reaction product by
distillation and other by-products is removed from the
15 resulting product by distillation or the like to obtain a
product, € -caprolactam, and (4) a method in which a
reaction product obtained by gas phase Beckman
‘ rearrangement reaction is, or a reaction product obtained
after removing the alcohol out of the reaction product is
20 contacted with water by extraction using an organic solvent
and water as extracting agents, or by crystallization using
a solvent containing water, and the like, and removal of
other by-products and hydrolysis of AAH are conducted
simultaneously, and the like.

25 Further, examples of the method for water treatment



a solvent containing water, and the |ike, and renoval of other by-products
and-hydrolysis of AAH are conducted sinultaneously, and the |ike. 25

- Further, exanples -of the nethod f or wat er treatnent include (5) a nethod
in which a reaction product containing AAH of gas phase Beckmann
rearrangenent reaction is, or a remaining |iquid obtained after previously
recovering alcohol is dissolved in an organic solvent which is 5

cimm scible with water, and then the resulting solutionis allowed to

cont act wi§RoNGRET (51 % AERUME 1PNAKLN'S SoRbeAGH pRodustiaastdniiey E

-caprol actam'sr nul eously so that 8 -caprolactamcontaining no AAH is

recover ed, \gidokNgaLi fifasl B Skithifl FOIFEEhGeh8ntOFBRBR LRSS MBENAS Wi th

known 10 puri nef hods using water Such as a nmethod for effecting

crystal | | 289 49ig"d 10 £ s fndR! 8Pel0predh bRty G-d¥bveinRg | On

treat nent g an “aqu SSI um per nanganat e solution. ese

hydrol ysi s JRLARMS 1 d lad Se Pl FLET {£%ah NokBEn1L® 19 RihLdh opsi ness in

recoveri ng capr ol ac 0O use water 'n a m nli num anmount enough to

hydr ol yze g’i@r'ﬂ._i?ggﬁ%eg L $2.APUALOtBRCLAY +ashelihEedolitachr 95ess for

iggﬁggtis a capron tam r?n1Water. herefore, a industrially preferable
Tpur ity aadgadien,Sdhtabe R vl 8 CORREL R AIYNL0 ohARD
and extraction of £ -caprolactam simultaneously so that &
-caprolactam containing no AAH is recovered, and the like.
. It is also possible to combine these methods with known
10 purification methods using water such as a method for
effecting crystallization using water and a method for
effecting purification treatment using an aqueous
potassium permanganate solution.
In these hydrolysis methods, it is preferred in the
15 wviewpoint of easiness in recovering € -caprolactam to use
water in a minimum amount enough to hydrolyze AAH since a
large amount of energy is required in a process for
. separating ¢ -caprolactam from water.
Therefore, a industrially preferable method is as
20 follow: |
from a reaction product containing AAH as a impurity
obtained by a gas phase Beckmann rearrangement reaction of
cyclohexanone oxime using a solid catalyst in the presence

of alcohol, the alcohol is substantially separated with

25 distillation or the like beforehand, and the resulting

- 15 -



cycl ohexanone oxinme using a solid catalyst in the presence of alcohol, the
al cohol is substantially separated with 25 distillation or the |ike

bef orehand, and the resulting fraction containing AAH is separated and
water is added to the fraction containing AAH so as to convert the AAH
into E-caprolactam It is noted that the previous renoval of alcohol is 5
preferred since the hydrolysis of AAH may be suppressed in the presence of
-much al cohol when AAH is treated with water, while the explanation of "an

al conol i se3uRFy BN FBht41nIARARANCEs (Qpd LaPYE Hndihidt &l il hhabliogoor the

_Ili)ke f rom e reaction product f sed in the present invention. The
anount a ' I d¢ S SYRKLC varies
dependi ng gﬁea%ggggér?ﬁhg?g&%?&lrinéq s}{%go%ﬁ thyﬁ?%ﬁ???sﬁh%r%ﬁnﬁ%ﬁ

tenperature or the_like. Al cohol may preferably be renoved in an anmount of
about 90- WorCABF8LB5L8E: on the anount of water existing before the

renoval . 15 As SGrj e .t -

ihnvegt i on hgs |§\% rsleg‘%%éagéljgﬁ?yt a‘%ga E)rre?c‘gf%l% ?%%ﬁi%ﬁ?apgﬁggtﬁ usual |y
as 1l-aza-_2- - l-cyc -
28 pplm%é; predeisit SAPGECHARIRY GRG0 825C0F A mild oaPBLgEre85Ra PAD CLLY
caprol actam af _ter t j j

orbduce i SheRhEEphERate Moeh AERbRBIHES St 15 ¥hatedlus e forye

g;‘;;ﬁgf'né Ehﬂ%it&eiﬂ?%&&atl@ﬁ BECSER a1lddnRAl 1 Syt difSida (gt hod for

separated (or removed) with distillation or the like from
the reaction product” is used in the present invention. The

10 amount of alcohol which should be removed is not restricted
and varies depending on an amount of water existing in
hydrolysis, treatment temperature or the like. Alcohol may
preferably be removed in an amount of about 90% or more based
on the amount of water existing before the removal.

15 As described above, the & -caprolactam of the present
invention has low free basicity and preferable qualities,
since it usually has 1-aza-2-alkoxy-1l-cycloheptene content

. of 100 ppm or less, preferably 25 ppm or less, more

preferably 10 ppm or less. AAH is converted into ¢ -

20 caprolactam after water treatment and makes the yleld of
the aimed product high and, therefore, industrial available
value thereof is extremely high. In addition, the present
invention provides a‘method for producing €& -caprolactam
having a low free basicity with a high yield of the aimed

25 product without additional installation of new facilities

- 16 -



having a low f ree basicity with a high yield of the aimed 25 product
m4thoqt additional installation of new facilities f or separating or

~ recovering by-products produced by the water treatnment, when AAH is
separated with distillation or the like fromthe reaction product to
obtain a crude caprolactam having a AAH content of 100 ppmor less, the 5
separated AAH is subjected to the hydrolysis treatment and then the

-hydrol ysis -treated product is recycled and treated in a step prior to the

step of se aratina I
R gh | ndusPPraPeRREa R G ks ren G Y PR EOGpL RS Bl AT L RRTR Y

described in nore _det y nts
t hereof an§2 t§ﬁb&ﬁfﬁ$ e%ﬁ ég%gkrued as a n??%??@%eﬁpgﬁggﬁgbgg%gg of the

present [ nyention 46 LArbhecpLeagab egé:l'o(ahctcofﬁ/eéﬁtﬁhoé g¥ghghexanone

?é;ngétlvel aIc o 2 an1an ectivity to AAH were
?ty)cf’ghexa?x_ Rt Oafvs‘ f?&{* %éﬁ‘é%ﬂqsé?reg??'&‘??;“c?%v%“’*825?5 act am
o et 8, ORI 9 AT e 4k e
R T R g R X
in a step prior to the step of separating AAH. Therefore,
the present invention has extremely high industrial
‘ available values.
10 EXAMPLE
The present invention is described in more detail by
following Examples, which are embodiments thereof and
should not be construed as a limitation upon the scope of
the present invention.
15 In the present invention, conversion of cyclohexanone
oxime, selectivity to € -caprolactamand selectivity to AAH
were respectively calculated using the following formulae:
Conversion of cyclohexanone oxime (%)=[(X-Y)/X]1X100
Selectivity to & -caprolactam (%) = [2/(X-Y)1X100
20 Selectivity to AAH (%) = [W/(X-Y)] X100
wherein X, Y and % respectively represent the followings:
X = molar amount of cyclohexanone oxime supplied

Y molar amount of cyclohexanone oxime unreacted

7 = molar amount of £ -caprolactam in a product

25 W = molar amount of AAH in a product

- 17 -



25 W- nolar anpunt of AAH In a product Reference Exanple 1 0.375 g of a
crystalline zeolite- containing catalyst was packed in a quartz reaction
» tube having an internal dianeter of 6 nm(~ and a | ength of about 60 cm
heated to 5 370cC (catalyst |ayer height: about 23 mm. Raw materi al
liquid having a ratio by wei ght of cycl ohexanone oxi ne /nethanol /water of
1/1.89/0.052 was introduced into reaction tube at a rate of 8. 5 4 g/h

-under nitrogen gas f low of 140 cc/mn as a carrier gas. The tenperature

of cataly 10 | ave 4€. jfeaction tenperature) was 380r Th [
! 1 . e resultin
reaction ;#%ﬁﬁg?n\%éskgc%g#%% and collected from the outlet of the reactiong

tupe in a dry igesqet §a0ely RabErallihd GAG AL Ridieinig Gl yged by gas

gng{mt O%rSaFEé e e ti\e/is'tjl OIl:e E:onver:is-l 0{1 of cyclo eéangne oxime was
Zﬁ/:—bec\tl\kii \S/i Byzz&pfgéggé?ﬁ r%uxag-tﬁ gé%ﬁ%ﬁe%ﬁegngzﬁgrggpg‘a?{l (rarq'?léaét}q‘l;_rg/i at e::l_ as
Iﬁ;)g'; ﬁi ni n%?????’;fsgf fg%gzﬁg’ggé'd ller?g%rhlfz{[ tazborlgtégq g%lﬁtﬂu%éeéégi/?ﬁgzgﬁ I e
T SR P PR WeRohIShEeRE 280 OO b Etp 975 C
a8 25 - iauaA B ¥ R R vatEhEl R pHeasisr e I ane
oxime/methanol/water of 1/1.89/0.052 was introduced into
reaction tube at a rate of 8.54 g/h under nitrogen gas flow
‘ of 140 cc/min as a carrier gas. The temperature of catalyst
10 1layer ( i.e. reaction temperature) was 380C. The
resulting reaction product was cooled and collected from
the outlet of the reaction tube in a dry ice/methanol bath.
The reaction product was analyzed by gas chromatograph. As
a result, the conversion of cyclohexanone oxime was 99. 4%,
15 the selectivity to & -caprolactam was 96.6%, and the
selectivity to l-aza-2-methoxy-1l-cycloheptene
(hereinafter, abbreviated as AMH) was 0.82%.
Reference Examples 2 to 4
0.375 g of a crystalline zeolite-containing catalyst
20 was packed in a quartz reaction tube having an internal
diameter of 10 mm ¢ and a length of about 60 cm heated to
325C (catalyst layer height: about 23 mm). Raw material
having a ratio by weight of cyclohexanone

oxime/alcohol/water of 1/1.89/0.052 was introduced at a

25 rate of 8.54 g/h under nitrogen gas flow of 70cc/min, and

- 18 -



the reaction gas was collected fromthe outlet of the reaction tube in a
dry ice/ nethanol bath. The tenperature of the catalyst |ayer was from 360t
~to 370t. The reaction |iquid was anal yzed by gas chronmat ograph. The
results are 5 shown in Table 1. Reference Exanple 5 The procedure was
conducted in the sanme manner as in Ref erence Exanples 2 to 4 except that
the raw material having a ratio by weight of cycl ohexanone oxine/utilized
-10 al cohol /water of 1/5.26/0.052 was introduced at a rate of 18. 0 g/h to

air omat ogr Spf, SoRg PR Bl s A ERSkE SR EEBH frCRuRIeY R e 00,
ati o) 6. 4429865508 1ip) 08 4854 8 TEERSNRY bERRL] InGe he™
B conver sPatiis ceyAIOR kaYse Be e 380k Pty Cro E8RREFLE am D
selectivi tXiE%iéAx!v_'as analyzed by gas chromatograph. The results are
5 shown in Table 1.
Reference Example 5
The procedure was conducted in the same manner as in
Reference Examples 2 to 4 except that the rawmaterial having
a ratio by weight of cyclohexanone oxime/utilized
10 alcohol/water of 1/5.26/0.052 was introduced at a rate of
18.0 g/h to obtain a reaction liquid and the reaction liquid

was analyzed by gas chromatograph. The results are shown

in Table 1.

Table 1

Reference Example 2 3 4 5

Name of alcohol Methanol | Ethanol | n-Propanol | n-Propanol

A (molar ratio) 6.4 4.4 3.4 9.3

B (%) 99.73 99.23 97.69 87.49
. C (%) 95.37 95.78 94.92 94.36

D (%) 0.79 0.32 0.04 0.29

15 Note:

A: molar ratio of alcohol/cyclohexanone oxime

B: conversion of cyclohexanone oxime

C: selectivity to €& -caprolactam
D: selectivity to AAH

20

Example 1
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20 .Exanple 1 Into 319 g of reaction |liquid obtained by gas phase Beckmann
rearrangenment reaction (having 15.8% by weight of [|actamand 0.19% by

» wei ght of AWVH, by gas chromat ograph analysis) were added 8.50 g of AWH and
6.77 g of water. This 5 reaction liquid was refluxed in a fractionation

tower packed with about 5-stage glass helipack filler at a ref lux ratio
of 1 with raising the bath tenperature from80 Cto 1301 over 3 hours, to
-distill off methanol. The bath was controlled at 140t at nornmal pressure,

neated for 3 hoytte 10 andel beic el o JOL PN B8 S8 Gho pRELE! 71 1O

Iiquid. Gas chiomatograph analysis was € actam

based on AnpCmansPeattbniahelt pESbRIbE (ndfinallSTaE i ReiBhiDa] 20"
Che 1ol | ow A CPBy RIS P Tohabh B3 Bty BC Hall chy fiftodidh s no
AN (e U FIDN B0 A Ry AR Y G0 Ay
Bk o S IR e Db AIR, o SIS b L eat e

packed with about 5-stage glass helipack filler at a reflux

ratio of 1 with raising the bath temperature from 80T to

130C over 3 hours, to distill off methanol. The bath was

controlled at 140C at normal pressure, heated for 3 hours,
10 and then, cooled to obtain 88.9 g of a remaining liquid.
Gas chromatograph analysis was conducted to find that
lactam content was 63.6% and AMH was not detected. The
production ratio of lactam based on AMH was 74.2%.
It is noted that production ratio of lactam based on
15 AMH and remaining ratio of AMH were respectively calculated
using the following formulae:
Production ratio of lactam based on AMH(%)=[(B-A)/C]X100
Remaining ratio of AMH (%) = (D/C) X100
A = molar amount of ¢ -caprolactam in a raw material
20 used for water treatment
B = molar amount of & -caprolactam in a product
obtalned after water treatment
C = molar amount of AMH in a raw material used for water
treatment

25 D = molar amount of AMH in a product obtained after

- 20 -



treatment 25 D = nolar anmount of AWVH in a product obtained after water
treat ment Reference Exanples 6 to 9 Hydrolysis of AVH was carried out by
‘treating AMH 5 contained in a |actam ' conmpound with water using one kind
of lactam 2-pyrrolidone rather-than using FE -caprolactam in order to
accurately investigate a production yield of E -caprolactam which is a
product obtained by hydrolysis of AVH 10 2-Pyrrolidone, AVH water and
-met hanol were used in a ratio by weight of 2 - pyrrolidone/ AVH / wat er

/ met hanol 0.0/ 0/36.6, and heated at tenperature for hours shown
in Table ﬁﬁé%ﬁ% Fg éF%%#tproduct was anal yzed by gas chromatograph to
measure production ratio of lactamand 15 remaining ratio of AMH in the
reaction product. The results are shown in Table 2. Reference Exanple 10
The procedyre was conducted in the sane manner as in Reference Exanples 6
to 8 excep#efﬁﬁFn§9p ﬁ%ﬂéifré§ 9\ 20 and water were used in a ratio by

wei ght of 2 pyr.0l.idqne/.AVH , of 2 / , wh.O yize t reaction
product and neaégp ? &&in%ﬁﬁ%ﬁﬁuv%ﬁoeagél%§p§8$a8 a%%gg}#hgnﬁﬁﬁng ratio
Of AVHE N 102 L538H 90 aPR0dNSh SBMbAiRd et Fa S0 e Llg T8 Scdaa 25 Tabl

of lactam, 2-pyrrolidone rather than using & -caprolactam,

in order to accurately investigate a production yield of
€ -caprolactam, which is a product obtained by hydrolysis
of AMH.

10 2-Pyrrolidone, AMH, water and methanol were used in
a ratio by weight of 2-pyrrolidone/AMH/water/methanol of
20.0/1.0/1.0/36.6, and heated at temperature for hours
shown in Table 2. The reaction product was analyzed by gas
chromatograph to measure production ratio of lactam and

15 remaining ratio of AMH in the reaction product. The results
are shown in Table 2.

Reference Example 10
The procedure was conducted in the same manner as in
Reference Examples 6 to 8 except that 2-pyrrolidone, AMH

20 and water were used in a ratio by weight of 2-
pyrrolidone/AMH/water of 20.0/1.0/1.0, to analyze the
reaction product and measure production ratio of ¢ -
caprolactam and remaining ratio of AMH in the reaction
product. The results are shown in Table 2.

25 Table 2
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No. of

3140° C X 1140C X 3 tine (hour) Production4.421.13.465.378.9 ratio of
(9% 90.762.689.73..60 Remaining ratio of AVH O Exanple 2 The free basicity

of E -caprolactam containing AVH in
nmeasured. The results 5 thereof are shown in Table 3.
Into a beaker charged with 10.0 g of water,
and the col or

(1)

-red- net hyl ene bl ue i ndi cator,

of

was added
t he sol ution was adj usted

an anmpbunt shown in Table 3 was
Measuring met hod:

a net hyl

sol ution

10.00 g ofg —F

to grayisp bNae @bl or (pH 5.70) 10 using pn aqueoys diT'ute[sodi um hy
br Rpfiegenasor ngl sofuti gn of? sul furi & acijd w le $tiriPng.
e Feaprot-actam—was—addpd—and

temperature X |[65CX1 |65CX6 |[45CX3 |140CX1 |140CX3
time (hour)
Production 4.4 21.1 3.4 65.3 78.9
ratio of lactam
(%)

90.7 62.6 89.7 3.6 0
Remaining
ratio of AMH (%)

Example 2

an amount shown in Table 3 was measured.

5 thereof are shown in Table 3.

Measuring method:

The free basicity of & -caprolactam containing AMH in

The results

10

15

(1) Into a beaker charged with 10.0 g of water, was added
a methyl red-methylene blue indicator, and the color of
the solution was adjusted to grayish blue color (pH 5.70)
using an aqueous dilute sodium hydroxide solution or N/100
normal solution of sulfuric acid while stirring.

(2) 10.00 g of sample, ¢ -caprolactam, was added and
dissolved.

(3) Using the N/100 normal solution of sulfuric acid, was
titrated the resulting solution with an automatic buret
to obtain an amount of sulfuric acid used for reaching
pPH of 5.70 or changing the color of the indicator fo grayish

blue, which was shown in terms of base equivalent amount

per 1 kg of lactam (meq/kg).
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di ssolved. (3) Us
titrated the resu
» amount of sul furi
of the indicator
equi val ent anount
basicity (ppm per
-1000. 723 Exanpl e

was packed in_a
and a | engt®PHe g

ing the NV 100 normal solution of sulfuric acid, was 15
Iting solution with an automatic buret to obtain an
c acid used for reaching pH of 5.70 or changi ng the col or
to grayish blue, which was shown in terns of base

per 1-kg of lactam (neq/kg). Table 3 AVH content Free

| act am) (meq/ kg) 00.033 1.30.043 2.50.054 7.50.093 250. 210
3 0.375 g of a crystalline zeolite-containing catalyst 5
uartz reaction tube having an internal dianeter of 6 nmO
bout 60 cmheated to 370 (catalyst |ayer height: about

23 mm) . RAgw mater
oxi ne/ met Kanol /
at arate|of 8

h a ratijo by wel.gity,9f; &G ohexarjone
?‘grng)‘gﬁél% .89/0 s int rog 3 é}a OQL he 1Q reaction tube
BP0 AEER ARt ¢ o 4 as a carrier

gas. The tlenper at

ure ofocatalyst 7 0.033
1.3 0.043

2.5 0.054

7.5 0.093

25 0.210

100 0.723

. Example 3

0.

375 g of a crystalline zeolite-containing catalyst

10

15

was packed in a quartz reaction tube having an internal
diameter of 6 mm ¢ and a length of about 60 cm heated to
370C (catalyst layer height: about 23 mm). Raw material
having a ratio by weight of cyclohexanone
oxime/methanol/water of 1/1.89/0 was introduced into the
reaction tube at a rate of 8.54 g/h under nitrogen gas flow
of 140 cc/min as a carrier gas. The temperature of catalyst
layer ( i.e. reaction temperature) was from 365 to 370C.
The resulting reaction product was cooled and collected
from the outlet of the reaction tube in a dry ice/methanol
bath. The reaction product was analyzed by gas
chromatograph. As a result, the conversion of
cyclohexanone oxime was 97.3%, the selectivity to ¢ -
caprolactamwas 95.2%, and the selectivity to AMH was 1.77%.

100g of the reaction product was condensed with an
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| ayer ( i.e. reaction tenperature) was from 365 to 370t. The resulting
reacti on product was cooled and collected fromthe outlet of the reaction
tube in a dry ice/nmethanol 15 bath. The reaction product was anal yzed by
gas chromatograph. As a result, the conversion of cycl ohexanone oxi me was
97.3% the selectivity to E- caprolactamwas 95.2% and the selectivity to
AVH was 1.77% 100g of the reaction product was condensed with an
-evapor at or under reduced pressure to obtain 35.1g of crude | actam This

| act am was anal zdvvit as hro togra to fin o | act am
vas o Sevapptaferonndeoretti et aagtse Ad ot in At e 2285 o s
of a percentage area .5 cal cuI at ed excl ud| area of sol vent . Into
30g of thel EPEEE‘ | athdh Lagdamgyas 2 gag, Shiqa F%%Egl?ﬁ

| act am sol uti on was heated at 140 C for 2 hours in an autoclave. This
sol uti on whe fknd Fhad i tﬁaeﬁgléﬁﬁém%ﬁﬁgpﬁﬁ% FYR4obsxaneneexiBeact am
was 93.82% 10 _and oxi nme 75%in terns of percenta e area cal cul ated
excl udl ng WASated 48t 286 WHtWﬁéa?( 6 AR RateRBE 8&%&%’6‘33 t3¥st2Fe2cl ai ned

A nmet hod for_ produci ng E -caprol actam whi ch nprises the step of

treat| Ry, FRLFUAEtEA exGlagingan p?BﬂﬁcPfcﬁﬁtlé(ﬁ’?ltné’eaq‘

1-aza- 2- al koxy- I-cycloheptene which_ 5 i s obtaine g ase, Beckmann
rearrangenent r &Rt dA9 ¢F the camdesharEanli W‘Estﬁ‘?quga}'g)cﬂ Pg ¥ateFyst in

t he
Then the resulting lactam solution was heated at 140C for

2 hours in an autoclave. This solution was analyzed with

gas chromatograph to find that € -caprolactam was 93.82%
10 and oxime was 2.75% in terms of a percentage area calculated

excluding an area of solvent peak. AMH was not detected.
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presence of alcohol, to elimnate the 1-aza-2-al koxy-1- cycl oheptene. 2. A
met'hod for producing E -caprolactam which 10 conprises the steps of
separating a conponent conprising |-aza-2-al koxy-I-cycloheptene froma
reacti on product containing 1l-aza-2-al koxy-I-cycl oheptene obtai ned by gas
phase Beckmann rearrangenent reaction of cycl ohexanone oxinme using a solid
catalyst In the presence of alcohol, 15 and treating theseparated conponent
-conprising l-aza 0 2-al koxy-1-cycl oheptene with water to elimnate the 1-

aza- 2- al kogy- |- gycl t 3. A nethod f or producing E -caprol actam
Wgtoig GLatHe 3

-accordi ng _ h the reaction product to be treated with 20
il conol . 4. A mirhod b R EhefuEPRGEERRHSIE i SEEEPARRE R &P m 2,
Cont ai ni ngoBEasse s #en 8 Er8REDPEne LEPh FARSA" oh TR UGUREE obt ai ned
by SUDS( AT kS AL 21 2205 B IR A,
grig: " tzgglogggg%%%? yp@%g’p JE%”EJS&A&H%“ééé%&éﬁgéhéSEPPégéHignOf from
of cyclohexanone oxime using a solid catalyst in the
presence of alcohol, to eliminate the l-aza-2-alkoxy-1-
cycloheptene.
2. A method for producing & -caprolactam which

10 comprises the steps of separating a component comprising
l-aza-2-alkoxy-l-cycloheptene from a reaction product
containing l-aza-2-alkoxy-1l-cycloheptene obtained by gas
phase Beckmann rearrangement reaction of cyclohexanone
oxime using a solid catalyst in the presence of alcohol,

15 and treating the separated component comprising l-aza-
2-alkoxy-1l-cycloheptene with water to eliminate the 1-
aza-2-alkoxy-1l-cycloheptene.

3. A method for producing & -caprolactam according
to Claim 1, wherein the reaction product to be treated with

20 water is a reaction product obtained by substantially
separating an alcohol. '

4. A method for producing € -caprolactam according
to Claim 2, wherein the reaction product to be used for

separating the component containing l-aza-2-alkoxy-1-

25 cycloheptene is a reaction product obtained by
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6. .A nethod for producing E -caprol actam according to any one of Cains
1-5, wherein the water treatment is conducted under a heating condition
for a period of time of from0.5 to 5 hours. 10 7. A nethod for producing
E- caprol actam according to Caim2 or 4, wherein the step of separating

t he conponent containing 1-aza-2-al koxy-I|-cycl oheptene fromthe reaction
product is conducted by distillation treatnment. 8. A method for producing
-E-caprol actam which 15 conprises the steps of separating a conmponent

contai ning_1l-aza-2-al-koxy-1-cycl ohepten a reaction product
cont ai ni ngsﬂpﬁiﬁpg;ﬁ%ﬁqnﬁﬁgﬁéégn%lééﬁglh'ﬁed by gas phase Becknann
rearrangenent reaction of cygcl ohexan ' us a,solid c st in

ahgzgr Sseglcﬁ of 5zil coHlbI"}et t 4 Fofi fﬁ@g‘?‘ﬁénge(%gg‘é?%%ggaﬁﬁ%e?ﬁc%%%flgni ng
-aza- 2- oxy- 1- cyc ne t - A7a-
2- al koxy- | 1:8y€‘¥‘¥h«9 eﬁg]l%ﬂ.[ag.n‘g \-Tc'a"‘pr \é\ﬂ%g{ea#{? t;rgegv‘%ﬁe’% E"gréar‘glé%ﬂ:i %\% pr oduct

1" ara 2 ol RoRPUEtaLrDAEs L RBa3s ner o bt Ba R SRR ERR AL ONTE.

reactiqn proguct. 9. met hod for producing E - caprolactam according to
d ai m% \Aﬂé&gi?ﬂt%éo action product to be used for separating the
conponent containing 1l-aza-2-al ko cl oheptene.is a reacti&gggroduct

2l -
obt ai ned by 5 s@bsta%i%?@@%ﬁ%?ﬁ&cg 951 % oRBPT 01 8CtAMACHBH ordi ng

to any one of Clains 1- r
y to any one of9 éloaims 1-5, wherein the water treatment is

conducted under a heating condition for a period of time

. of from 0.5 to 5 hours.

10 7. A method for producing & -caprolactam according
to Claim 2 or 4, wherein the step of separating the component
containing l-aza-2-alkoxy-1l-cycloheptene from the
reaction product is conducted by distillation treatment.

8. A method for producing & -caprolactam, which

15 comprises the steps of separating a component containing
l-aza-2-alkoxy-1l-cycloheptene from a reaction product
containing l-aza-2-alkoxy-l-cycloheptene obtained by gas
phase Beckmann rearrangement reaction of cyclohexanone
oxime using a solid catalyst in the presence of alcohol,

20 treating the separated component containing l-aza-2-
alkoxy-1l-cycloheptene with water to convert the l-aza-
2-alkoxy-l-cycloheptene into & -caprolactam, and put the
resulting product into a step prior to the step of separating

the component containing 1l-aza-2-alkoxy-1l-cycloheptene

25 from the gas phase Beckmann rearrangement reaction product.
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L4

producing E -caprol actam obtai ned by gas phase Beckmann rearrangenent
redction of cyclohexanone oxime using a solid catalyst in the presence of
al cohol , which conprises the 10 step of treating by-produced

1-aza- 2- al koxy-1 cycl oheptene with water so that a 1-aza-2-al koxy-1 -

cycl oheptene content in the resulting E -caprolactamis 100 ppmor |ess.
11. A nethod according to any one of Clains 1-9 for 15 producing E
“-caprol act am obt ai ned by gas phase Becknmann rearrangenent reaction of

cycl ohexanone o |ne u taI hol ,
whi ?:hhcorrpri ses the %ﬁ‘%‘?%olregf‘-? t}i{? rodﬁéggogggggﬂbg ?égghﬁﬁ
cycl ohept ene so t I epg.-cont ent
![(I’; ;he resGP]'E Wﬂ'&q@ ca’pr"fﬂefa%?g F@ZZggé%Ergﬁog‘r% esls %q;&yt% Q"Efg% g’gcordl ng
ny one 0 or roduci_n o) d, by gas
ggase BFckﬁERﬁr :‘@ﬁfgra NP %38 %3P15§'%1Dgo é%gén%nrae %(I n%a?um ngga sol i d
catal yst i e presence_ of al hoI rise e step of
treating b{¥ ﬁﬁﬁ%ﬁﬂ% %-3- 5??8 né@é ainef 8 ter so that a
éjgzab aIKO{y L-Eﬁ%if égggaggggeg% alcohorpsultlng E -caprolactamis
10. A method according to any one of Claims 1-9 for

producing & -caprolactam obtained by gas phase Beckmann
rearrangement reaction of cyclohexanone oxime using a solid
. catalyst in the presence of alcohol, which comprises the
10 step of treating by-produced l-aza-2-alkoxy-1-
cycloheptene with water so that a l-aza-2-alkoxy-1-
cycloheptene content in the resulting € -caprolactamis 100
ppm or less.
11. A method according to any one of Claims 1-9 for
15 producing & -caprolactam obtained by gas phase Beckmann
rearrangement reaction of cyclohexanone oxime using a solid
catalyst in the presence of alcohol, which comprises the
step of treating by-produced l-aza-2-alkoxy-1-
cycloheptene with water so that a l-aza-2-alkoxy-1-
20 cycloheptene content in the resulting €& -caprolactam is 25
ppm or less.
12. A method according to any one of Claims 1-9 for
producing & -caprolactam obtained by gas phase Beckmann

rearrangement reaction of cyclohexanone oxime using a solid

25 catalyst in the presence of alcohol, which comprises the




step of treating by-produced l-aza-2-alkoxy-1-
cycloheptene with water so that a l-aza-2-alkoxy-1-

cycloheptene content in the resulting € -caprolactam is 10

pPpm or less.
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