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CONTINUOUS PROCESS FOR RECOVERY OF CAPROLACTAM AND
CRYSTALLINE AMMONIUM SULFATE

The present invention relates to an improvement in continuous

processes for recovery of caprolactam and crystalline ammonium sulfate.

It is known that cyclohexanone oxime can be produced according to
various technologies, like ammoximation technology, from HSO technology, NO
reduction technology and HPO® technology. In general, the produced cyclohexanone
oxime can be converted into caprolactam, with the use of an acid. This reaction is
known as Beckmann rearrangement and is applied on commercial scale. In these
processes in general sulfuric acid or oleum (also called fuming sulfuric acid) are used
as an acid source. The resulting reaction mixtures of such Beckmann rearrangements
contain mainly caprolactam and sulfuric acid. Subsequently, these rearrangement
mixtures are in general neutralized by ammonia in the presence of water, whereby two
phases are formed. One phase is a crude caprolactam phase and the other phase is
an aqueous ammonium sulfate phase. Both phases can be worked-up to produce the

products caprolactam and ammonium sulfate, respectively.

CN103012273A discloses neutralized crystallization system and
method of preparing caprolactam through caprolactam rearrangement solution. The
neutralized crystallization system is characterized in that a feeding mixer is connected
with an inlet in the upper part of a neutralized crystallization reactor, an upper-layer
organic phase outlet of the neutralized crystallization reactor is connected with an inlet
of a caprolactam oil layer separator, a lower-layer heavy organic phase outlet of the
neutralized crystallization reactor is connected with an inlet of an ammonium sulfate
centrifugal machine, an outlet at one end of the caprolactam oil layer separator is
connected with a caprolactam collecting tank, an outlet at the other end of the
caprolactam oil layer separator is connected with an ammonium sulfate mother liquor
collection tank, an outlet at the lower end of the ammonium sulfate centrifugal machine
is connected with an ammonium sulfate washing dryer, an outlet at the upper end of
the ammonium sulfate centrifugal machine is connected with the ammonium sulfate
mother liquor collection tank which is connected with the neutralized crystallization

reactor through a mother liquor circulating pump.
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GB996,322 discloses a process for the simultaneous recovery of
ammonium sulfate and pure lactams from mixtures which have been obtained by
Beckmann rearrangement of cycloalkanone oximes with sulfuric acid or oleum. The
mixtures have been neutralized by contacting with ammonium sulfate solution and
ammonia so that no solid ammonium sulfate is precipitated during neutralization. The
ammonium sulfate crystals are obtained by evaporating the water of the ammonium
sulfate solution obtained after the separation of the crude lactam. The crystallized
ammonium sulfate is separated and the resultant mother liquor is after dilution with
water returned to the neutralization zone. Claim 2 of GB996,322 claims a process
wherein ammonium sulfate mother liquor in an amount of five to fifty times of the
amount of rearrangement mixture is returned to the neutralization zone. In example 1
of GB996,322 the amount of mother liquor, before dilution with water, is about 32 times

the amount of the rearrangement mixture.

GB1,353,448 discloses a process wherein the reaction mixture that
has been obtained by subjecting a cyclic ketoxime to the Beckmann rearrangement in
the presence of sulfuric acid or oleum is neutralized with ammonia or an ammonium
base. A concentrated aqueous phase is obtained after extraction of a lactam layer with
a solvent. Mother liquor is obtained in the ammonium sulfate crystallization step. The
mother liquor together with the concentrated aqueous phase is purified by extraction
with lactam. The thus obtained purified agueous ammonium sulfate solution might be

recycled to the crystallization stage or the neutralization stage.

US4,138,472 describes a process for obtaining crystalline ammonium
sulfate from reaction mixtures which have been obtained by Beckmann rearrangement
of cyclohexanone oxime with sulfuric acid or oleum. The mixtures are neutralized with
ammonia and the recycled ammonium sulfate mother liquor at temperatures from 80 °C
to 115 °C. During the neutralization no solid ammonium sulfate precipitates.
Ammonium sulfate crystals are obtained by evaporating the water of the ammonium
sulfate solution under reduced pressure, followed by separating off the crystallized
ammonium sulfate and recycling the mother liquor to the neutralization stage. In
example 1 of US4,138,472 the amount of mother liquor, before dilution with water, is
about 32 times the amount of the mixture from the rearrangement section. In the
description of US4,138,472 it is mentioned that the ratio of the amount of mother liquor

to the amount of the mixture from the rearrangement is from about 5 to 50.
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US4,806,638 presents a process in which reaction mixtures obtained
by Beckmann rearrangement of cyclohexanone oxime with sulfuric acid or oleum are
neutralized by gaseous ammonia. The reaction mixture is mixed with recycled
ammonium sulfate mother liquor on condition that no solid ammonium sulfate is
precipitated during the neutralization. Thus, crystalline ammonium sulfate is obtained
by evaporation of the water in the ammonium sulfate solution under reduced pressure.
The crystalline ammonium sulfate is separated from the ammonium sulfate mother
liquor. Claim 2 of US4,806,638 claims a process in which the reaction mixture obtained
by Beckmann rearrangement reaction of cyclohexanone oxime with sulfuric acid (or
oleum) is mixed with the recycled ammonium sulfate mother liquor. The amount of
mother liquor is in the range from 5 to 50 times of the amount of the reaction mixture. In
example 1 of US4,806,638 the amount of mother liquor, before dilution with water, is

about 16 times the amount of the mixture from the rearrangement section.

US3,937,789 discloses a process for the neutralization of a solution
of e-caprolactam in sulfuric acid with ammonia in the presence of water at a
temperature of about 40 °C to 50 °C under sub-atmospheric pressure. In the reaction
vessel, ammonium sulfate crystals are formed and the heat evolved by the exothermic
reaction between sulfuric acid and ammonia is utilized to evaporate a substantial
portion of the water. Mother liquor obtained by separating off the ammonium sulfate is
recycled to the reaction vessel. Examples 2 and 3 of US3,937,789 describe the
neutralization of Beckmann rearrangement mixture with ammonia whereby ammonium
sulfate is produced. In both examples, the ammonium sulfate is separated by
centrifugation and the ammonium sulfate containing mother liquor is recycled to the
neutralization vessel. In example 2 the amount of ammonium sulfate containing mother
liquor recycled to the neutralization vessel is more than 3.3 times the amount of
Beckmann rearrangement mixture charged to the neutralization vessel. In example 3, it

is more than 11.3 times.

In the prior art, a large amount of mother liquor has been recycled to
the neutralization section. As it is well known that the mother liquor of the crystallization
of ammonium sulfate contains higher content of organic impurities such as
octahydrophenazine. It is well known that even a very low concentration of
octahydrophenazine will result in a very negative impact on the quality of the final
caprolactam. Therefore, the recycling of large amounts of mother liquor to the

neutralization section results also in the recycling of large amounts of organic impurities
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to the neutralization section. This will decrease the quality and productivity of the

caprolactam.

The present application provides an industrial scale continuous
process for the recovery of caprolactam and crystalline ammonium sulfate comprising

the following steps:
I) charging of
i) a cyclohexanone oxime Beckmann rearrangement mixture;
ii) an aqueous solution; and
iii) ammonia
to a neutralization section;

whereby a crude caprolactam phase and an aqueous ammonium

sulfate phase are formed;

II) separating the crude caprolactam phase from the agueous

ammonium sulfate phase formed in step I);

) evaporating water from the aqueous ammonium sulfate phase
separated in step Il) to form crystalline ammonium sulfate and condensing the

evaporated water into a condensed water phase;

IV) recovering crystalline ammonium sulfate obtained in step llI),

whereby an agueous ammonium sulfate solution is obtained;

V) recycling at least part of the agueous ammonium sulfate solution

obtained in step IV) to step |);

characterized in that
a. the weight ratio of the amount of agueous ammonium sulfate solution
being recycled to the amount of Beckmann rearrangement mixture charged in step |) is
more than 0.001 and less than 1; and
b. wherein the cyclohexanone oxime Beckmann rearrangement mixture
comprises caprolactam and sulfuric acid.

In this application, industrial scale means that the productive capacity

of crystalline ammonia sulfate is more than 1000 kg/hr.
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In an embodiment of the invention, the three streams i) a
cyclohexanone oxime Beckmann rearrangement mixture ii) an agqueous solution and iii)

ammonia are fed to the neutralization section simultaneously.

In another embodiment of the invention stream i) and stream ii) are
introduced into the neutralization section at any sequence before stream iii) is

introduced.

Alternatively, stream ii) and stream iii) may be introduced into the

neutralization section at any sequence and then introducing stream i).

The cyclohexanone oxime Beckmann rearrangement mixture
introduced into the neutralization process further comprises caprolactam and sulfuric
acid. The cyclohexanone oxime that is used for the production of a cyclohexanone
oxime Beckmann rearrangement mixture may be the cyclohexanone oxime originating
from ammoximation technology, from HSO technology or from HPO® technology. In a
preferred embodiment the cyclohexanone oxime Beckmann rearrangement reaction is
a 2-stage or a 3-stage reaction. In a more preferred embodiment the cyclohexanone

oxime Beckmann rearrangement reaction is a 2-stage reaction.

The ammonia used to neutralize the cyclohexanone oxime Beckmann
rearrangement mixture charged in step 1) is either in the form of ammonia gas or in the
form of ammonia water. Preferably, the ammonia water contains about 25 wt.%

ammonia.

Preferably, the neutralization process is carried out at a temperature

ranging from 45 °C to 75 °C and at atmospheric pressure.

The neutralization process is an exothermal process and the heat
released from the neutralization process is removed by heat exchangers. In one
preferred embodiment, the heat released from the neutralization process is utilized for

the evaporation of water in the ammonium sulfate crystallization process.

In the neutralization process, after neutralizing the cyclohexanone
oxime Beckmann rearrangement mixture with the ammonia, a crude caprolactam
phase and an agueous ammonium sulfate phase are formed. The light phase is the
crude caprolactam phase and the heavy phase is the aqueous ammonium sulfate

phase. In a preferred embodiment, the concentration of the ammonium sulfate of the
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aqueous ammonium sulfate phase ranges from 30 to 50 wt.%, more preferably from
38 to 48 wt.% and most preferably about 44 wt.%.

An aqueous solution is introduced into the neutralization section. The
objective of introducing the aqueous solution is to dilute the concentration of sulfuric
acid of the cyclohexanone oxime Beckmann rearrangement mixture so that no solid
ammonium sulfate is precipitated when the neutralization process is carried out. “No
solid ammonium sulfate is precipitated” is defined as less than 0.1 wt.% of ammonium

sulfate is precipitated when the neutralization process is carried out.

In one preferred embodiment, the aqueous solution introduced into
the neutralization section comprises fresh water, condensed water of the ammonium
sulfate crystallization process (step Ill)), optionally water from a process for the
polymerization of caprolactam to nylon-6, and optionally, an aqueous solution obtained

from the purification of caprolactam process.

The condensed water of the ammonium sulfate crystallization process
is almost pure water. Preferably, at least 25 wt.%, preferably at least 50 wt.%, more
preferably at least 75 wt.% of the condensed water is recycled to the neutralization

section.

The aqueous solution obtained in the caprolactam purification
process is the aqueous phase obtained by extracting the crude caprolactam with an
organic solvent, and/or the condensed water obtained in the distillation section. This
aqueous solution contains up to 5 wt.% ammonium sulfate. In a preferred embodiment
the aqueous phase obtained by extracting the crude caprolactam with the organic
solvent is then stripped by steam. Optionally, the stripped aqueous phase is introduced
to the neutralization section. Preferably, at least 10 wt.%, more preferably at least 15
wt.%, even more preferably at least 20 wt.% of the aqueous phase obtained by
extracting the crude caprolactam with an organic solvent is introduced to the

neutralization section.

An agueous ammonium sulfate solution obtained in step V) after
recovery of the crystalline ammonium sulfate in the crystallization process is recycled

to the neutralization section (step I)).

In one preferred embodiment, at least 10 wt.%, preferably at least 20
wt.%, of the total amount of the aqueous solution introduced into the neutralization

section originates from the process for the polymerization of caprolactam to nylon-6.
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The total amount of the aqueous solution herewith is the amount of
agueous solution introduced into the neutralization section plus the amount of the

recycled aqueous ammonium sulfate solution charged to the neutralization section.

The weight ratio of the amount of ammonium sulfate solutions
obtained in step IV) and recycled to the neutralization section to the amount of
cyclohexanone oxime Beckmann rearrangement mixture charged in step I) is more
than 0.001 and less than 1, preferably more than 0.01 and less than 0.25, and even

more preferably more than 0.02 and less than 0.1.

The aqueous ammonium sulfate solution that is obtained after
recovery of the crystalline ammonium sulfate in step 1V), comprises mother liquor
obtained during the separation of crystalline ammonium sulfate in e.g. a centrifuge,
and/or washing liquor obtained by washing the crystalline ammonium sulfate in e.g. a
centrifuge, and/or aqueous solution separated from an ammonium sulfate crystallizer.
This aqueous ammonium sulfate solution that is obtained after recovery of the
crystalline ammonium sulfate in step IV) contains ammonium sulfate and organic
impurities. The concentration of ammonium sulfate of the aqueous ammonium sulfate
solution is more than 30 wt.%, preferably more than 40 wt.%. Most of the organic
impurities result from the Beckmann rearrangement reaction, while the others result
from the impurities in the feeds to the Beckmann rearrangement section. It is not
desirable to introduce these impurities into the neutralization reaction since it will
reduce the purity of obtained caprolactam.

By controlling the weight ratio of the amount of recycled ammonium
sulfate solution to the amount of Beckmann rearrangement mixture in the range of
0.001 to 1, the organic impurities in the caprolactam can be controlled within an

acceptable scope.

In one preferred embodiment, the aqueous ammonium sulfate
solution obtained in step 1V) is recycled to the neutralization section directly. To be

specific, the aqueous ammonium sulfate solution is not purified prior to being recycled.

The pH value of the aqueous ammonium sulfate phase formed in the
neutralization section is preferably kept in the range between 3 and 8, more preferably

between 4 and 6 and most preferably about 5 (determined at a temperature of 25°C).

The present application further provides a method for obtaining high

purity caprolactam.
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In a preferred embodiment, the agueous ammonium sulfate phase
separated in step Il) is extracted with a solvent to remove dissolved caprolactam. Then
the dissolved solvent is removed from the resulting extracted aqueous ammonium
sulfate phase. The extracted aqgueous ammonium sulfate phase is subjected to a
crystallization process by evaporating the water from the aqueous ammonium sulfate
phase to form crystalline ammonium sulfate. The solvent used to extract the

ammonium sulfate is one or more selected from benzene, toluene or xylene.

In a preferred embodiment, the crude caprolactam phase separated
in step Il) is subjected to a caprolactam purification process such as being extracted
with a solvent such as benzene, toluene or xylene. Accordingly an organic caprolactam
comprising phase and an aqueous ammonium sulfate comprising phase are formed. In
a preferred embodiment, the agueous ammonium sulfate comprising phase is stripped
in order to recover organic solvent and is then discharged. Optionally, a fraction of the
obtained aqueous ammonium sulfate comprising phase and/or the stripped aqueous
phase is introduced to the neutralization section. Additionally, the organic caprolactam
comprising phase is worked-up to produce pure caprolactam. In an embodiment the
organic caprolactam comprising phase is back-extracted with water whereby an
agueous caprolactam phase and an organic phase are formed. The obtained aqueous
caprolactam phase is further purified to produce pure caprolactam by ion exchange
treatment (both anionic and cationic ion exchangers), hydrogenation, removal of water
and other components with a boiling point below that of caprolactam via distillation and
overhead distillation of caprolactam. A fraction of the water that is removed via

distillation is after condensation introduced to the neutralization section.

In an embodiment of present invention, the resultant pure
caprolactam preferably has a permanganate absorption number (PAN) with a
maximum value of 4.0; a volatile base level with a maximum value of 0.50 mmol/kg and
an E290 with a maximum value of 0.05 (ISO 7059 determination).

The present application also provides a process for preparing a high
grade crystalline ammonium sulfate and this process has also a high recovery yield for

crystalline ammonium sulfate.

The crystallization process is carried out by evaporating water from
the aqueous ammonium sulfate phase separated in step Il) to form crystalline
ammonium sulfate and condensing the water evaporated into condensed water. The

crystallization process is carried out in crystallizers. In one preferred embodiment, there
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are 4 to 6 crystallizers in-effect. Generally, the first crystallizer is operated at pressure
of higher than 100kPa. Accordingly, at least 16 wt.% of the aqueous ammonium sulfate

is crystallized at pressure of higher than 100 kPa.

The crystalline ammonium sulfate is removed and mother liquor is
obtained. In one preferred embodiment, the obtained crystalline ammonium sulfate is
washed with an aqueous phase. Preferably the aqueous phase is water or an aqueous

ammonium sulfate containing solution.

A fraction of the mother liquor and/or washing liquor obtained by
washing the crystalline ammonium sulfate might be recycled to the neutralization
section. The remainder of the mother liquor and washing liquor obtained by washing
the crystalline ammonium sulfate is purged and/or recycled to crystallizers. In a
preferred option no mother liquor and no washing liquor obtained by washing the
crystalline ammonium sulfate is purged. Accordingly, all the mother liquor and/or
washing liquor obtained by washing the crystalline ammonium sulfate are recycled to
the neutralization section and/or are recycled to crystallizers.

In a preferred embodiment of present invention an aqueous solution
separated from an ammonium sulfate crystallizer is recycled to the neutralization

section.

In another preferred option a mixture comprising mother liquor
obtained during the separation of crystalline ammonium sulfate and/or washing liquor
obtained by washing the crystalline ammonium sulfate and/or aqueous solution
separated from an ammonium sulfate crystallizer is recycled to the neutralization

section.

In yet another preferred option the fraction of the aqueous ammonium
sulfate solution that is obtained after recovery of the crystalline ammonium sulfate in

step IV) and recycled to step 1) is the only purge of the crystallization section.

Preferably the weight ratio of the amount of the recycled ammonium
sulfate solution to the amount of Beckmann rearrangement mixture charged in step |) is
more than 0.001, more preferably more than 0.005, most preferably more than 0.01

and less than 1, more preferably less than 0.3 and most preferably less than 0.1.

Accordingly, the recovery yield of crystalline ammonium sulfate is

higher than 75 wt.%, more preferably, higher than 90 wt%, and even more preferably
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more than 95 wt.% relative to the amount of ammonium sulfate present in the aqueous

ammonium sulfate phase separated in step II).

The present application provides a simple process for recovery of the
crystalline ammonium sulfate, because it does not need a separate work-up unitfor the

aqueous ammonium sulfate solution that is recycled to the neutralization section.

The present application also provides a process that requires low
investment, because no special work-up unit is needed and the amount of ammonium

sulfate solution recycled back to the neutralization section is rather small.

The present application also provides a process that increases the
yield of crystalline ammonium sulfate, because besides purging aqgueous ammonium
sulfate solution to step I) no additional purge of aqueous ammonium sulfate solution is
needed.

EXAMPLES
Analytical methods:

PAN number (permanganate absorption number) ISO 8660 - Plastics

- Determination of permanganate index of caprolactam - Spectrometric method.

Volatile bases (VB) ISO 8661 - Caprolactam for industrial use -
Determination of volatile bases content — Titrimetric method after distillation.

E290: 1ISO 7059 - Caprolactam for industrial use - Determination of

absorbance at a wave length of 290 nm.

COD (chemical oxygen demand) content, which is a measure for the
concentration organic impurities, refers to values as determined according to ASTM D
1252-95 (dichromate method).

COMPARATIVE EXAMPLE

This comparative Examplewas performed in a commercial
caprolactam plant that was operated in a continuous mode and consisted of a 2-stage
Beckmann rearrangement reaction section (hereafter refer to as reaction section), a
Beckmann rearrangement mixture neutralization section (hereafter refer to as
neutralization section), a caprolactam purification section and an ammonium sulfate

crystallization section.
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In the reaction section cyclohexanone oxime was reacted with oleum
and a Beckmann rearrangement mixture was obtained. In the first stage of the reaction
section (hereafter referred to as a first stage) both cyclohexanone oxime and oleum
were fed, while a Beckmann rearrangement mixture from the first stage was
discharged. This Beckmann rearrangement mixture was charged to the second stage
of the reaction section (hereafter refer to as a second stage). Additionally, fresh
cyclohexanone oxime was fed to the second stage. Beckmann rearrangement mixture
produced in the second stage was discharged and was fed to a neutralization section.
The amount of Beckmann rearrangement mixture that was fed to the neutralization

section was approximately 37 ton per hour.

In the neutralization section the Beckmann rearrangement mixture
produced in the second stage was neutralized with aqueous ammonia. This
neutralization section was also fed with fresh filtered water and condensed water
recovered from the caprolactam purification section. During the neutralization a 2-
phase system was formed: a crude caprolactam phase and an agueous ammonium
sulfate phase. Subsequently, these two phases were separated in a phase separator
by gravity due to a density difference of both phases. The crude caprolactam phase
was fed to the caprolactam purification section and the agueous ammonium sulfate

phase was sent after pre-treatment to the ammonium sulfate crystallization section.

In the caprolactam purification section the crude caprolactam was first
extracted with benzene, whereby a benzenic caprolactam phase and an aqueous
ammonium sulfate consisting phase were formed. This aqueous ammonium sulfate
consisting phase was stripped in order to recover benzene and was then discharged.
The benzenic caprolactam phase was back-extracted with water whereby an aqueous
caprolactam phase and a benzenic phase were formed. The obtained aqueous
caprolactam phase was further purified to produce pure caprolactam by ion exchange
treatment (both anionic and cationic ion exchangers), hydrogenation, removal of water
and other components with a boiling point below that of caprolactam via distillation and
overhead distillation of caprolactam. A fraction of the water that was removed via
distillation is after condensation reused in the neutralization section. About 18 ton of
pure caprolactam per hour was obtained after condensation of the overhead distilled

caprolactam.

The aqueous ammonium sulfate phase obtained after phase

separation after neutralization with ammonia had a pH value of approximately 5
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(determined at a temperature of 25 °C). This aqueous ammonium sulfate phase was
first extracted with benzene in order to recover dissolved caprolactam from this
aqueous ammonium sulfate phase. Then the extracted aqueous ammonium sulfate
phase was steam stripped in order to recover dissolved benzene. The obtained
stripped aqueous ammonium sulfate phase had an ammonium sulfate content of
approximately 44 % by weight and was fed to the ammonium sulfate crystallization

section.

The ammonium sulfate crystallization section consisted of 4
evaporative type crystallizers that were arranged in 2 series of 2 crystallizers. Each
series of crystallizers were heat integrated by in-effect evaporation: fresh steam was
used to drive the first crystallizers and the vapors generated in these crystallizers drive
the second crystallizers. From all crystallizers agueous ammonium sulfate slurries were
discharged and via centrifugation separated into wet ammonium sulfate crystals and
mother liquor. After a washing step with water the obtained washed wet ammonium
sulfate crystals were dried. The average production of dried ammonium sulfate crystals
was almost 24.8 ton per hour. The dried ammonium sulfate crystals were white colored.
From each crystallizer a flow of agueous ammonium sulfate solution was purged in
order to prevent brown coloring of the produced ammonium sulfate crystals. The total
purge amounted about 1.7 ton aqueous ammonium sulfate solution per hour and was
not recycled back into the process. The ammonium sulfate content in this agueous

ammonium sulfate solution was about 45 % by weight.
Pure caprolactam was produced having the following key measures:
PAN: average about 2
Volatile Base: average about 5
E290: average about 0.02

The average COD content in the flows of agueous ammonium sulfate
solutions that were purged from each crystallizer was about 25 gram per kg clear

solution.

EXAMPLE OF THE INVENTON

This examples performed in the same caprolactam plant that was
described in the comparative exampleand the caprolactam plant was running at the

same production rate. So, the amount of Beckmann rearrangement mixture that was
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fed to the neutralization section was approximately 37 ton per hour and about 18 ton
pure caprolactam per hour was obtained after condensation of the overhead distilled

caprolactam.

The main difference with the comparative example was that now the
total purge of the ammonium sulfate crystallization section, being about 1.7 ton
aqueous ammonium sulfate solution per hour, was without any purification charged to

the Beckmann rearrangement mixture neutralization section.

The impact of recycling the total purge of the ammonium sulfate
crystallization section to the neutralization section on the quality of the pure
caprolactam can be neglected because all key quality measures PAN, Volatile Base
and E290 remained within specifications.

However, the average COD content in the flows of aqueous
ammonium sulfate solutions that were purged from each crystallizer was about 40
gram per kg of a clear solution.

The average production of dried ammonium sulfate crystal was
almost 25.6 ton per hour. This is an increase of about 3% relative to the comparative

example. The dried ammonium sulfate crystals were white colored.

The weight ratio of the amount of agueous ammonium sulfate solution
being recycled to the Beckmann rearrangement mixture neutralization section to the
amount of Beckmann rearrangement mixture charged to the Beckmann rearrangement

mixture neutralization section was about 1.7 : 37 (= about 0.046).

This example showed that the total purge of the ammonium sulfate
crystallization section can be recycled to the Beckmann rearrangement mixture
neutralization section resulting in an increase in the production of crystalline
ammonium sulfate without unduly influencing the quality of the produced pure
caprolactam. Neither the color of the produced ammonium sulfate crystals is unduly
influenced.
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CLAIMS

An industrial scale continuous process for the recovery of caprolactam and
crystalline ammonium sulfate comprising the following steps:
) charging of

i) a cyclohexanone oxime Beckmann rearrangement mixture;

ii) an aqueous solution; and

iii) ammonia

to a neutralization section;
whereby a crude caprolactam phase and an aqueous ammonium
sulfate phase are formed;

II)  separating the crude caprolactam phase from the aqueous ammonium

sulfate phase formed in step I);

lll)  evaporating water from the aqueous ammonium sulfate phase separated

in step Il) to form crystalline ammonium sulfate and condensing the

evaporated water into a condensed water phase;

V)  recovering crystalline ammonium sulfate obtained in step lll), whereby

an aqueous ammonium sulfate solution is obtained;

V) recycling at least part of the aqueous ammonium sulfate solution

obtained in step V) to step I);

characterized in that

a. the weight ratio of the amount of aqueous ammonium sulfate solution
being recycled to the amount of Beckmann rearrangement mixture
charged in step ) is more than 0.001 and less than 1; and

b.  wherein the cyclohexanone oxime Beckmann rearrangement mixture
comprises caprolactam and sulfuric acid.

A process according to claim 1,wherein stream i), ii) and iii) are charged

simultaneously.

A process according to claim 1, wherein the aqueous ammonium sulfate

phase formed in step I) has a pH value in the range from 3 to 7 which is

determined at a temperature of 25 °C.

A process according to claim 1, wherein the aqueous ammonium sulfate

solution is recycled directly to step I).
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10.

11.

12.

13.

14.

15.

A process according to claim 1, wherein the aqueous ammonium sulfate
phase separated in step Il) is extracted with a solvent and the obtained
dissolved solvent is removed from the resulting extracted aqueous ammonium
sulfate phase prior to being crystallized by evaporation of water from the
agueous ammonium sulfate phase to form crystalline ammonium sulfate.

A process according to claim 5, wherein the solvent is one or more selected
from benzene, toluene or xylene.

A process according to claim 1, wherein the crude caprolactam phase
separated in step Il) is subjected a purification process such as being
extracted with an solvent, whereby an organic caprolactam comprising phase
and an aqueous phase comprising ammonium sulfate are formed and the
organic caprolactam comprising phase is worked-up to produce a pure
caprolactam.

A process according to claim 7, wherein the organic caprolactam comprising
phase is extracted with water.

A process according to claim 1, wherein the weight ratio of the amount of the
aqueous ammonium sulfate solution being recycled to the amount of
Beckmann rearrangement mixture charged in step ) is more than 0.005 and
less than 0.1.

A process according to claim 1, wherein the aqueous ammonium sulfate
solution being recycled comprises more than 30 wt.% of ammonium sulfate.
A process according to claim 1, wherein the neutralization process of step |) is
carried out at a temperature in the range from 45 °C to 75 °C under
atmospheric pressure.

A process according to claim 1, wherein the heat released in neutralization
process is removed via heat exchangers.

A process according to claim 1, wherein the heat released in neutralization
process is utilized for the evaporation of water to form crystalline ammonium
sulfate.

A process according to claim1, wherein the aqueous solution of stream ii)
comprises condensed water from step Ill), an aqueous solution obtained
during the caprolactam purification process and a water from a process for the
polymerization of caprolactam to nylon-6.

A process according to claim 1, wherein at least 25 wt.% of the condensed

water is charged as aqueous solution to the neutralization section;



10

WO 2015/010885 16 PCT/EP2014/064517

16.

17.

18.

A process according to claim 1, wherein at least 10 wt.% of the total amount of
agueous solution and the aqueous ammonium sulfate solution charged to the
neutralization section originates from the process for the polymerization of
caprolactam to nylon-6.

A process according to claim 1, wherein during the neutralization process of
step 1) less than 0.1 wt.% of solid ammonium sulfate is precipitated.

A process according to claim 1, wherein least 16 wt.% of the aqueous

ammonium sulfate is crystallized at pressure of higher than 100 kPa.
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