1 Process for working up a stream conprising |aurolactamfor the recovery
of all conponents of value present therein by conbination of
crystallization. with downstreamdistillation -The present invention relates
to a process for purifying |aurol actam by neans of integrated connection
of distillation and crystallization. The crystallization can be perforned
here as a solution or nelt crystallization. The streamto be worked up
conprises, in addition to the |aurol adtamtarget conponent, at |east one
conmponent other than | aurol actam and having a | ower or higher boiling
point. The laurolactam renoved in the crystallization already has a purity

of >99% s i L fsl L §F age
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t hermal deconposition of the material of value. This leads to a reduction
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/' reactants a
removed in the crystallization already has a purity of >99%.

Laurolactam is typically purified by means of a multistage distillation in which
secondary components with higher and lower boiling points are removed from
laurolactam. For distillation, owing to the high boiling point of laurolactam, reduced
pressure has to be applied. The thermal stress on the mixture in each evaporation
step leads to partial thermal decomposition of the material of value. This leads to a

reduction in the overall yield.

It is an object of the process according to the invention to develop a workup process
as described in the claims, which meets the following boundary conditions:
e carly removal of laurolactam in the workup process
e reduction in the thermal product stress by reducing the number of thermal
separation steps necessary
e reduction in the thermal stress via lowering the process temperature needed
e recovery of all materials of value present in the stream, such as reactants
and/or solvents
e removal and discharge of the components other than target product /

reactants and solvents



2 The object was achieved by a process according to the clains, which are
considered to formpart of the description. A process is clained for

wor ki ng up a stream conprising |aurolactamfor the recovery of al
conponents present, characterized in that the streamwhich arrives from
the synthesis and conprises | aurol actam and further conponents is first
cooled such that, in a selective manner, by sol ution cooling
crystallization, only the solubility2imt of laurolactamis exceeded and
| aurolactamis selectively crystallized out and renoved fromthe not her
liquor in a downstream solid-liquid separation, and the nother liquor is
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sol uti on tefoom pagt drithsdesctipgzat.i on or flash cooling crystallization. For a
stream consi sting of | aurolactam and conponents different therefrom the

foll ow ng workup sequence according to the clains has been found. By way of

exanpl e, tAEoBERGTENSIn HENSIIREED R¥irtde caRpeaRe thutdigmadifeaham (Figure 1)
with the follow gg stream conposition: LB - |low boilers LM-solvent MB 1
- medi um besiovery of al coinpanentCpEREnt, amsictetigerb ethatrtbe siseam whiehtazmyesof t he

synt hesis . VB2 - di.um boi l er fraction 2 - high boiler LL-
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synt hesi s sequence and consists of |aurolactam solvent, CDON and

conponent solgbflitelimiftoflanselactannis excaedefl ansljauneactam is selectively crystallized

out and removed from the mother liquor in a downstream solid-liquid separation,

and the mother liquor is subsequently sent to a multistage distillation sequence.

The crystallization can be performed as a solution crystallization, as a solution

cooling crystallization or flash cooling crystallization.

For a stream consisting of laurolactam and components different therefrom, the
following workup sequence according to the claims has been found. By way of
example, the process is described by the appended flow diagram (Figure 1) with the
following stream composition:

LB — low boilers

LM —solvent

MB1 — medium boiler fraction 1

CDON - cyclododecanone as a reactant of the synthesis

MB2 — medium boiler fraction 2

HB — high boilers

LL- laurolactam

The flow diagram (Figure 1) is merely illustrative and is not intended to restrict the
process. The stream 1 which arrives from a synthesis sequence and consists of
laurolactam, solvent, CDON and components different therefrom is fed together

with the mother liquor recycle stream 15 consisting of laurolactam, solvent, CDON



with the nother liquor recycle stream 15 consisting of | aurol actam
solvent, CDON 3 and conponents different therefrom and the distillate 22
of an evaporation apparatus K, conprising predom nantly laurolactam to a
flash cooling crystallization Awith a tenperature of at |east 75C
preferably at | east 80C and nore preferably at |east 85C The reduced
vacuumin the flash cooling crystallization A establishes a corresponding
boiling equilibrium The anobunt of hedt Qresulting fromthe tenperature
di fference between inlet streamand boiling tenperature |eads to
evaporation of the volatile constituents and to a | owering of the

tenper at ur,gq c@rﬁﬁ&*emsrlﬁfetr t llflﬁeﬁ)&h{ %{Bth F%B%l?tlp :2% $Wfhn é@aﬁéﬁtﬁ%&k&ﬁ st he

superinposition of the effects, e so Imt ctamis
exceeded &ydomarisiof acddaminanylytlairbiaz@am, toaflashAtootihg cystadlizatibn Aewitlat | et , a

tenperature of not et 70.C,. .preferahl ower, preferably a

t enper at uF"én]EﬁfatHngg?ea %@8, Bre&i‘biglaf @ﬁ%gg Gﬁ('ﬁ%é gﬁ§$@ﬁgqr%ﬂy ‘z‘t. ©8" conduct ed
out of thgsét amf CaRKHREcmY & @k Hadpédolig ArysRulliZafion A dthblikkidiad separation
B. The suspension is separated therein rnto nother liqour 5 and solid

conpri si ngorrgapending haiing eqhigibrioma & heamaunt T dieatdd sesubbiogiftpmthes freed of the

adhering secondary...co nents wth condensed distillate 3, conprising
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leaves 1R, RIRADYPof the flash cooling crystallization A to the solid-liquid separation B.
The suspension is separated therein into mother liqour 5 and solid comprising
predominantly laurolactam 4. The moist solid 4 is freed of the adhering secondary
components with condensed distillate 3 comprising predominantly solvent. The
mother liquor obtained and the laden wash liquor are combined to give stream 5. A
substream 15 is introduced back into the flash cooling crystallization A to increase
the yield and adjust the solids content.

The washed moist solid 4 is fed to a melting unit C. The melting unit C is operated

at a temperature above the melting point of laurolactam. The molten stream 6 is sent

to a flash stage D. At the top of the flash stage, a vapour stream 24 is removed and
supplied to a distillative workup sequence which is not described any further at this
point. The bottom stream 8 consisting of on-spec laurolactam is removed and leaves
the process.

Streams 16 and 24 are sent to distillative removal of solvent and secondary

components, consisting of sequences I, J and K.

Detailed description



Streans 16 and 24 are sent to distillative renoval of solvent and secondary
conponents, consisting of sequences |, J and K. Detailed description 4 The
crystallization Ais perfornmed as a flash cooling crystallization. This
means that the amount of heat Q present in the feed stream 1+15+22 is used
for partial evaporation of the solvent 3. In order that the sol vent
evaporates, according to the vapour pressure of the feed stream a
correspondi ng pressure and hence a cdrresponding internal crystallizer
tenperature are established. As a result of the controlled evaporation of
the solvent 3 and the cooling of the solution, the solubility limt of
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It has been found that it is_advantageous in apparatus ﬁer m to

surfaces can be reduced significantly. The corresponding amount of heat is removed

via the top condenser.

The solids obtained in the crystallization in stream 2 are removed from the mother
liquor 5 by means of a downstream solid-liquid separation B. To remove the
adhering mother liquor from the solid surface, it is washed with an appropriate wash
liquid. To wash the solid, several wash liquids have been identified, which have a
low solubility of laurolactam. Ideally, a wash liquid which is already present in the
process, dissolves the adhering components and can be worked up correspondingly
should be used. In this context, one possible washing agent identified has been the

solvent 3 removed in the crystallization step A.

The moist crystals 4 have to be freed of the adhering washing agent in a subsequent
drying step C and D. It has been found that it is advantageous in apparatus terms to
melt laurolactam in a melter C and to remove it from the solvent 24 by means of a
conventional flash evaporation D. It is known here from operating experience that
entrainment of laurolactam cannot be prevented. The entrainment leads to coverage
of installed heat exchange surfaces and therefore requires a specific condensation
system known to those skilled in the art for stream 24. The condensation system is

not discusssed at this point, and so the stream 24 leaves the process.



melt laurolactamin a nelter C and to renove it fromthe solvent 24 by
means of a conventional flash evaporation D. It is known here from
operating experience that entrainnent of |aurol actam cannot be prevented.
The entrainment | eads to coverage of installed heat exchange surfaces and
therefore requires a specific condensation systemknown to those skilled
inthe art for stream 24. The condensation systemis not discusssed at
this point, and so the stream 24 | eaves the process. 5 The installed

medi um boi l er renmoval | and J can be configured in an integrated nanner as
a dividing wall colum, the advantages of which are sufficiently well

known to those skilled in the art. At the top of the colum 1/J, the nmedium
boilers 17 are renoved with a | ower boiling point than the CDON product of
val ue pr esHmrtinstalldenéedismalofiledrediovaldi and Jwah be wpnifigured meangotegrated / J al | ows
residual laurolactamw th . the high hoilers present tq..be renpved via
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conprise t el of 1 L.QJ - D -4 . bottom
o oduct - ofc DPRa et betoniVed Wit pLATIOI: SheicalioRTaRR bih 488, 200 PN
sequence td@awdtd eate oppbete\sid of theltieidigrwall colgminsto elif feed.ed i nto the
crystallization A. The process detailed, according to the clains for

wor ki ng up | aurol actam and for recovering the conponents of val ue present,

such as sah\eRlofMlodik®s! ARh in BYYIRArS and high boilers is sent from the medium
boiler distillation I/J for removal of high boilers to a further workup step K. This
consists of an evaporation apparatus for high-viscosity fluids which is sufficiently
well known to a person skilled in the art. The high-boiling components are
discharged here via the bottom stream 23. The condensed vapours 22 which
comprise the majority of the laurolactam originally present in the bottom product of
the medium boiler distillation I/J are recycled into the workup sequence to increase

the yield. The recycling is effected into the crystallization A.

The process detailed, according to the claims for working up laurolactam and for
recovering the components of value present, such as solvent and reactant, exhibits
the following advantages over a conventional distillation process:

e A majority (greater than 80%, preferably greater than 85% and more
preferably greater than 90%) of the material of value can be removed via
the crystallization merely by cooling of the stream.

e The main fraction of the laurolactam produced does not pass through any
hot separation steps in which there may be thermal stress or

decomposition.



the foll ow ng advant ages over a conventional distillation process: A
majority (greater than 80% preferably greater than 85% and nore

preferably greater than 90% of the material of value can be renoved via
the crystallization nerely by cooling of the stream The main fraction of
t he | aurol act am produced does not pass through any hot separation steps in
whi ch there may be thermal stress or deconposition. 6 Reduction of the
hi gh boiler content (laurolactam all&ws the bottomtenperature of the
dividing wall colum to be operated at a noderate tenperature |evel The
combi nation of crystallization and distillation reduces the nunber of
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3.2 1. The pressthemnal sapalatmz dpbmtlong/mca:ksbrysterammnapan ox. 0.05 bar abs. The
stream conpri ses ea}g wel |l as 20% by wei ht of |l aurolactam (LL) and appr ox.
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via a cross- constriction wth a pressure greater than the
boi l'i ng pressuremp&owdlowemﬂlc vmkupssmqnem:s the streamenters the liquid

vol ume, an equi et hal phi ¢ mass of . s
a% eﬂlerlaurgp ctam removed in t%e crystalhzatlon has a purity of >99%.

Working example:

A laurolactam-containing stream is introduced at 1.5 kg/h at a temperature of 90°C
into a stirred guide tube crystalliser with an internal temperature of 35°C and a
liquid volume of 3.2 1. The pressure level of the crystalliser is approx. 0.05 bar abs.
The stream comprises, as well as 20% by weight of laurolactam (LL) and approx.
77.5% by weight of solvent (LM), 2.5% by weight of secondary components other
than LL and LM. The stream supplied is supplied to the crystalliser via a cross-
sectional constriction with a pressure greater than the boiling pressure of solvent. As
soon as the stream enters the liquid volume, an equienthalphic mass of solvent
evaporates, approx. 0.25 kg/h. The evaporation enthalphy required is removed from
the liquid system by lowering of the temperature. The evaporation of the solvent
oversaturates the system with LL. The oversaturation is degraded by controlled
crystal growth on the solid surface present. The mean residence time of the liquid-
solid phase is approx. 2.5 h. The suspension obtained, approx. 1.25 kg/h, is removed

batchwise in 10 min cycles.

The suspension is introduced via a conventional laboratory filter centrifuge. The
mother liquor (approx. 0.85 kg/h) is separated therein from the solid moist target
product (approx. 0.4 kg/h), the solid laurolactam. To raise the product quality, the
solids are washed with cold (preferably with a temperature less than 65°C) solvent



evapor ates, approx. 0.25 kg/h. The evaporation enthal phy required is
renmoved from the |iquid systemby |owering of the tenperature. The
evaporation of the solvent oversaturates the systemw th LL. The
oversaturation is degraded by controlled crystal gromh on the solid
surface present. The mean residence tinme of the liquid- solid phase is
approx. 2.5 h. The suspensi on obtai ned, approx. 1.25 kg/h, is renoved
batchwi se in 10 nmin cycles. The suspefsion is introduced via a conventional
| aboratory filter centrifuge. The nother |iquor (approx. 0.85 kg/h) is
separated therein fromthe solid noist target product (approx. 0.4 kg/h),

the solid I i : m%kw . i ds are washed
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The workup of the Iiquid nother |iqdquor does not require any reworking in

the I|aboratory, since the basic connection is known fromthe
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Solvent selection

For the process detailed, preference is given to using hydrocumene as the solvent.
Alternatively, it is also possible to use the solvents listed below. It is possible here to
use different components or mixtures of components, for example hydrocumene
(HC), cyclododecanone (CDON), cyclododecatriene (CDT), toluene, cycloheptane,
cyclooctane (COA), cyclononane, cyclodecane, cyclododecane, vinylcyclohexane
(VCH) or ethylcyclohexane (ECH), dimethylcyclohexane, tert-butylcyclohexane.
In addition, combinations of the solvents listed are possible, since the eutectic
behaviour, i.e. the melting point depression, of the mixtures can be exploited
advantageously here. A lowering of the melting point of the dissolution medium
(mixture of different solvents) reduces the apparatus complexity, since it would be

possible to dispense with complex trace heating.



(HCO), cycl ododecanone (CDON), cycl ododecatriene (CDT), toluene,

cycl ohept ane, cycl ooctane (COA), cycl ononane, cycl odecane, cycl ododecane,
vi nyl cycl ohexane (VCH) or ethylcycl ohexane (ECH), dinmethyl cycl ohexane,
tert-butyl cycl ohexane. In addition, conmbinations of the solvents listed are
possi bl e, since the eutectic behaviour, i.e. the nelting point depression,
of the m xtures can be exploited advantageously here. A lowering of the
nel ting point of the dissolution nediufh (mixture of different sol vents)
reduces the apparatus conplexity, since it would be possible to dispense
Wi th conplex trace heating. 8 ddains: 1. A process for working up a stream
conprising |laurolactamfor the recovefymef all conponents present,
characterized in that the streamwhich arrives fromthe synthesis and
conprises |aurolactam and further conponents is first cooled such that, in

a selective manner, by.solution coolin crystallkzation, onl he
sol ubi If‘t @ﬁ’ﬁoﬁ?sf%%r%wﬁ’%mgo P csong%gg&]l%w%gaﬁ% Oﬁglgﬁ rgg?vgﬁs{ ?%Ialf sel ectively
crystal i geglpontintsistesehgnoved from the nother liquor in a downstream solid-

liquid separation, and the nother |iquor is subsequently sent to a
nul ti st ageharpeteiizeddnihsh  sequence. 2. A process according to claim1

char act o e L 5 BOYSHALLAREIA0 A SoRSCISETR B R SRNL IO
t he sol ut compeoenstialikdt zadledBudhsthipeinf Dsebativamaanapby télotiorcawling g
crystalli ggstiaﬁinz'atiori'onﬁl t [32(():1% ﬁit)‘jJl ﬁr%?tro%ilgu%oltagta?nl i?ie)rggze?éﬂed and laurolactam is
selectively crystallised out and removed from the mother liquor in a downstream solid-
liquid separation, and the mother liquor is subsequently sent to a multistage distillation

sequence.

2. A process according to claim 1,
characterized in that

the crystallization is performed as a solution crystallization.

3. A process according to claim 2,
characterized in that

the solution crystallization is performed as a solution cooling crystallization.

4. A process according to claim 3,
characterized in that

the solution cooling crystallization is performed as a flash cooling crystallisation.

5. A process according to claim 1, 2, 3 or 4,
characterized in that

more than 80% of the laurolactam is already removed in the crystallization.

6. A process according to claim 1, 2, 3,4 or 5,

characterized in that



characterized in that the solution cooling crystallization is performed as
a flash cooling crystallisation. 5. A process according to claiml1, 2, 3
or 4, characterized in that nore than 80% of the |aurolactamis already
removed in the crystallization. 6. A process according to claiml1, 2, 3, 4
or 5, characterized in that 9 the laurolactamrenoved in the
crystallization is washed with a wash liquid to renove the adhering nother
liquor. 7. A process according to any &ne of the preceding clains,
characterized in that the laurolactamrenoved in the crystallization is
washed wi th hydrocunene to renove the adhering nother liquor. 8. A process

accor di ng fDatloBlcBnPremRALRAH QLY LA dtidn i{Rhshed SviMBSWadn If4Hid ueRdvEte be
hydr ocunene ?HC) , cycl ododecanone (CDON), cyclododecatriene (CDT),

t ol uene, oyhdrimgepetherdiquoy.cl ooct ane (COA), cycl ononane, cycl odecane,
cycl ododecane, vinyl cycl ohexane (VCH) or ethyl cycl ohexane (ECH),
di nmet hyl cycl ohexane, tert-butyl cycl ohexane or a m xture thereof. 9. A

pr ocessy aaCHoedsd dcdoRdinf Yo o ofttheplRtligdélaing;! ai ns, characterized in
that the | aurolactamrenoved in the crystallization is subject to a drying
step. 10chaagiersesddnthgécording to claim9, characterized in that the

lpﬁlrjr ? Iyag]'E o lral?r%Pa\é%gn }erljhot\)ég i ﬁ'lle %}}is?ﬂlifa%%hiiwa&%x Hidd! }l}}dz(?cun%ﬁe W LhRY dhas a

adhering mother liquor.

8. A process according to claim 6,
characterized in that
the wash liquid used may be hydrocumene (HC), cyclododecanone (CDON),
cyclododecatriene (CDT), toluene, cycloheptane, cyclooctane (COA), cyclononane,
cyclodecane, cyclododecane, vinylcyclohexane (VCH) or ethylcyclohexane (ECH),

dimethylcyclohexane, tert-butylcyclohexane or a mixture thereof.

9. A process according to any one of the preceding claims,
characterized in that

the laurolactam removed in the crystallization is subject to a drying step.

10. A process according to claim 9,
characterized in that
the laurolactam removed in the solution cooling crystallization already has a purity of

>99%.

11. A process according to claim 1,
characterized in that

the distillation is performed before the crystallization.

12. A process according to claim 11,

characterized in that



>99% 11. A process according to claim1, characterized in that the
distillation is perfornmed before the crystallization. 12. A process
according to claim 11, characterized in that 10 the stream which arrives
fromthe synthesis and conprises |aurolactamand further conponents is
sent to a distillative separating sequence in which the | ow boilers present
are distilled overhead wth solvent, and the bottons fromthe | ow boiler
col um which conprise laurolactamintil.alia are sent to a solution
crystallization. 13. A process according to claim12, characterized in
that the solution crystallization is perfornmed as a solution cooling

crystall ! 4 wihidy ?zﬁvgg ﬁS&%@agﬁﬁ%@m chhpfib iFrbforablRAGHRE 2ed T

that the |on C00 zation Is per orne as ash cooling
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that the str am whj c a.rrl es fr the s dco ri ses.l.aurol actam
and f urt hdstill E@)ﬁ’ff’éh‘ié’gt"%‘ﬂ} Y?“F?ng%h Sl%?tsjlﬁwrl%fﬂﬁfa é’ﬂ"e\ er for the
purpose ofo g6 f]eelﬁﬁl'oﬂﬁtahbﬁlter ABHRRS RhtHo soml%a c@y%s%mparn%ﬁsed ina flash
vessel, then the vapour phase is sent to a distillative separating

sequence, and the |ow b0| i ng fraction which conprises laurolactam inter
alia is sent togsthe flash stage which conprises the majority of

the | alfr 61 HOESHAELT ngngq %la %tallization.

characterized in that

the solution crystallization is performed as a solution cooling crystallization.

14. A process according to claim 13,
characterized in that

the solution cooling crystallization is performed as a flash cooling crystallization.

15. A process according to claim 11,
characterized in that
the stream which arrives from the synthesis and comprises laurolactam and further
components is first conducted through a heat exchanger for the purpose of increasing the
temperature, then decompressed in a flash vessel, then the vapour phase is sent to a
distillative separating sequence, and the low-boiling fraction which comprises laurolactam
inter alia is sent together with the flash stage which comprises the majority of the

laurolactam to a melt crystallization.



