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The invention relates to a nmethod for segregating a di spersion having a
conti nuous organic phase and a dispé?ée'hqueous phase from a

caprol actam production process. 10 ' DI SCUSSI ON OF

PRI OR ART In a ] r ggg | ocess
caprol actamis prepared fron1é§§§%$@%§ﬁ§£%€c8 EéEENB

Beckmann-rearrangenent in the presence of sul phuric 15 acid or oleum The

rearrangemgnt - m xture is themgpcrehShsh 2dF SPEEM GPERTTBRI @ Wher eby anmmoni um
sul phate is f or med. Subsequently caprolactami1s extracted from

water with an organic sofPendnvieatiohralatrmicha method 49k resul ting
organi ¢ phase gbgeedalliinleChsdidapedtiorhawitifa RIARE difoul eSfnidhi s

aqueous phase conprise besi des caprol actam al so anmoni um sul phate. The
pt esence of anﬁBgEEnP§§IBhQP§PP§%ﬁ RARe fFahe cap%ﬂkﬁ%ﬁﬂ%nt
processi ng andppodutyibg @ oc@pisql act am Renovi ng the di sperse aqueous
phase as ch as possible 25 is therefore highly desired.

There are many processes in which it is necessary to separate

di spersions. One RI{ F | PRICRNKRT f or t he separation

5l [t S T (DY H
of di spersions where theydensi.ti f J93 gy% | ffer
sufficiently. The denserIghgsg%?i%%scgéﬁgﬁﬁ¥ﬁ% %ﬁf ss? eﬁie phase and
given a sufficfeRECLpAEAMhA St BE ePaIgh{eR SaiFlshexanmdmed afifgy @ ently to

be drawn of f. peckh@WBY@EarTHGEemePtOGRS T NP PHIRNIN B UM IYhwESIY | arge
t anks taklgg up_a correigondlngly | ar ge anount of, 35 space. Furthernore,
i

this separati oA°pfofEdar&Xiouf ebéearq?ﬂ%?@ﬁQiﬁﬂﬁ?%ﬁ%ﬁx%%ﬁlFﬂb nor e
extensive caproeattaiised phiotuatimon ipr edessbyn o itint serigfherte det er m ne

the throug@gyﬁegt th%u%%@ﬂh%%%lgr%%%%%1actam is extracted from
water with an organic solvent, for example benzene. In
the resulting organic phase also a disperse agueous
20 water phase is present. This agueous phase comprises
besides caprolactam also ammonium sulphate. The
presence of ammonium sulphate is disadvantageous in the
subsegquent processing and puryfying of caprolactam.
Removing the disperse aqueous phase as much as possible
25 1i1s therefore highly desired.
There are many processes in which it is
necessary to separate dispersions.
One can use settling tanks for the separation
of dispersions where the densities of the two phases
30 differ sufficiently. The denser phase sinks below the
less dense phase and given a sufficient time the two
phases can be separated sufficiently to be drawn off.
However, such a process requires the use of very large
tanks taking up a correspondingly large amount of
35 space. Furthermore, this separation procedure would be
the slowest stage of the more extensive caprolactam
production process and would therefore determine the
throughput of the complete process.
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- 2- WO 98/02225 It is also possible to use coal escor SPOT/NL97/008%c hi ng
treatnments to renove a di sperse phase as for exanpl e described in

Ger man patent application 1,031, 3087 Zhe addition of caustic washing
material in 5 the caprolactam production process is di sadvant ageous to
the quality of caprol actam US patent 3,528,907 describes the

possibility of sepalgt ienadisonglodys iH1EPeS e & llRudor@ldion, for
exanpl e crude 0 use %g an 10 | ectric field.

oever, 1 hi < Sabeny BFEAEPERERES ehove S, i sparan,shame A5 4501 i ed
el ectric fielexample desdefibridt ény Germasx pacent0@dpldichs iper i nch, or 400

VLS s EFRLDS0BUBRENRAGNIG £3USS,8 IOVl s er saictigeen Che

el ectrodes. A di sadvanfa thi's nmetho i n partlcular a
di spersi o® cokRei %“Pﬂgobﬁc‘ﬁﬁs\t produsrtllyanammce@sms%ﬂaqlaé@@gtplqmsm t he

conbi ned totate tnelqauwtphéseéaw&ﬂ%é&% readily separated fromthe
or gani ¢ phase. ropean patent application No. 51463 20

describes settling of Ipﬁupatéﬁﬁl§|§ﬁ§ B Tndgssrébes the pessddiddity
coal escence. ab|§epaﬂsesenhenewate: dl%%@&b%@slhhﬁ PR RRae bdh  hicgh Vol unes
85 f

f duct Ld.(th I 0% E |
Tnsulatod ol craLe SFioR 8hsa DEOR 6B 1A BitwPYe tB WBROPE. B curing

woul d ocd@r. electric fieldGeHpwevpatethiapphiteati adshoteaches, 4hatand
Eur opean pat efe appl £454 1 85 8738996 URELLYR ricrBepARRti on of liauid

menbr ane systens. where t he aque conti nuous phase. 30
I n general | dﬁ%%%?%?%%% B?ﬁlBFFeadcéﬁppn89&§S perpapche| ersiPe volts

di stribution.pdt Spey Sb@@suganth@s wouldbehukded bﬁb?t%h%m{tand secondary
di spersions. In ri mary di spersions the gartlcles formng

t he d|sperselﬁﬂﬁg%gﬁaﬁﬁeaﬁfQGEFaggspaPtPéﬁéngﬁéaSS of ghisppethadmany
cases thaSe dispemst pnsncparessulyrhea dispegeegat edngraviagt bkCabky Wi th

the aid of Segﬁiﬁrgbout 5 wt.% agueous phase of the combined total
liguid phases cannot be readily separated from the
organic phase.
European patent application No. 51463

20 describes settling of liquid emulsions by means of
electrostatic coalescence. This process however
requires the presence of high volumes of conducting
liquid (the aqueous phase), for example 50%. Especially
insulated electrodes are needed because otherwise

25 short-circuiting would occur. . .

German patent application No. 3,709,456 and
European patent application 438790 both describe
separation of liquid membrane systems where the agueous
phase is the continuous phase.

30 In general, dispersions exhibit a continuous
particle size distribution. Dispersions can be
subdivided into primary and secondary dispersions. In
the case of primary dispersions the particles forming
the disperse phase have an average particle size

35 > 0.1 mm. In many cases these dispersions can easily be
segregated gravimetrically with the aid of settling
tanks. In the case of secondary dispersions, however,



tanks. In the case of secondary dispersions, however, WD 98/ 02225
PCT/ NL97/ 00R0%8/02225 - 3- t hPGANE7A08%
form ng the di'sperse phase have an average particle size of only << 0.1
nm Segregating these latter di spersiors by means of settling tanks
takes an unacceptably long tinme, however, for 5 industrial applications.
To shorten this segregation time it is therefore possible and

advant ageous t che pam@i@yeglﬁﬁtmﬁﬁbathé deabeseenphagechatdtiengnto this

i nvention LON, .
Thi s |nvent|0n31%f%EP|?§rB$Eﬁ§ §1581 °P1¥Cy<cg OV|§P§ﬁgéFggt%thod
wher eby a di spdrhess ¥abhen dxspeapughacbanmgagduefleatpioogssankﬁ

particular a ta)éjésgp&xﬁs\hﬂzi'cé@ﬁ’éé‘bﬂyngoﬁ% PRk, OHEMe@QQUt garWt. of A5
aqueous phase can be ;;gregate ver i ci enf |

object is athi RP I?PhblcatlePﬁctTBSFBFFEeEOEPé§c§ﬁ€éeﬂPtaﬁnelectrlc

fireld of at tﬂnﬁa’iSit 08 t«!@éféf@?é QGBEiBEbrSnandd&aﬁtegueﬁﬁ)/tﬁf at
| east 5 Hz. Electric figelds g Egstren g st 1000
volts per cm ¥9¥ﬂﬁ§ﬁ%ﬁr?%E§F1§0 gavBprenc aESPI ﬁPgnﬁPe gﬁgferably at

| east 5000 vol ti;myeeit oom and especially at |east 10,000 volts per cm can
al so be advant ageousl y used, and by so doing the segregation
results achi eved becone |ncrea5|ngly better. In spite 25 of use of these

hi gh el ect¥®c fields, no GENERALiDESCREPTION (OR [PHE ENVENRIQNgr egati on of

the aqueous phase from Thi§€i RYEALE6nPHASCaLS ¥ ST r?ﬁﬁk?'gﬂﬁeckttﬁ@s
found, for exanpl e, that in continuous organic gU|d hases, at a

frequency of 5@‘q¥?ﬁiﬂﬂmﬁft%emQEGEGUXhEFgﬁgr§edbﬁa§é 3@0 BFB%cAt can be

separated aftercafkdlidut®n pfodest Y6ht frocesBer ifnpaAti6ubsb wolts per cm
as nmuch as 90% af the . %ﬁ oushghase ﬁregent can, be sgar, ggatgd after 10
t t4RE

mnutes. Wth &<HII$HP (SRR {DHRE At sBhLY gpbout

15 agueous phase, can be segregated very efficiently.

This object is achieved by applying
electrostatic coalescence at an electric field of at
least 500 volts per centimetre and a frequency of at
least 5 Hz. Electric fields with a (peak)strength of at

20 least 1000 volts per cm, preferably at least 3000 volts
per cm, more preferably at least 5000 volts per cm and
especially at least 10,000 volts per cm can also be
advantageously used, and by so doing the segregation
results achieved become increasingly better. In spite

25 of use of these high electric fields, no short-circuits
occur, yet the segregation of the agqueous phaee frem
the organic phase is very efficient. It was found, for
example, that in continuous organic liquid phases, at a
frequency of 50, Hz 50% of the agueous disperse phase

30 present can be separated after 10 minutes at 733 volts
per cm. At 6,666 volts per cm, as much as 90% of the
aqueous phase present can be segregated after 10
minutes. With a seltling tank it would take several
days to a week to achieve the same effect.

35 With electrostatic coalescence it is
obviously also possible to vary the frequency. Good
results according to this invention are achieved if the



days to a week to achieve the sane effect. 35 Wth el ectrostatic °

coal escengg dglo2128 obvi ously al so possible to vary the PCcemuemnesssé Good
results according to this invention are achieved if the WO 99/ 02225
PCT/ NL97/ 00396 -4~ -4- frequency is at

| east 20 Hz. Frequencies up to 500 Hz can very well be used. Good
results can al so be obt ai ned at frequencies outside the preferred

ranges. S5 frequency is BR|EEa@ES@W|§E(3Fﬂ3§dgﬂiﬂ3@NﬂﬁW35 500 Hz

Fig. 1 illustrates _in sc m pne. t par at us mhlch may be
used in the pFaBt VEEY of"'{1 e s O‘irv«ﬁ%qq)rfyéos“lts & W %
illustrates iobsaleesdt at farauemnatikear dulsgdnaﬁﬁéannuﬁéﬂnﬂﬂ\ﬂanjesnay be

used in the practice of this invention. DETAI LED
DESCRI PTI ON OF THE INVENTICN 15 The shape of t he vessel or
contai ner 8 n which : : R g ake pl ace |s | ess

i nportant. The vessel echill'IWt'r‘é"’t.Jesf Si%asrcqh 2 tlg%ﬁp%&%

The el ectrostatic coalesc nce techni que o i'nventi on can “be
conduct ed ei t A€r 2BPBALPRYSUFNiCor may henused da tiwePrastdicru®ss B i cati on
of el ectrostaingGentiogQal escence is carried out, however, care should be

taken regarding the internal _surfac nf i ratlon f, t he vessel or the
container, to ensure thgt:L 9 a i r’r&rlufgzrﬁ% q‘é’ al(%sli‘\’ecforl“hénc’%Sh
| engt h/ dildret eypeabfoappprieus whdichnidayc & used Hirs thentpreict lloe of
particul ar, tgﬁ?glggbentlogﬁow shoul d be avoi ded, since this turbul ence

ec

adversely S Segregation or, as the case may be, segregation
time requirenents.

DETAILED DESCRIPTION OF THE INVENTION
15 The shape of the vessel or container in which
the electrostatic coalescence can take place is less
important. The vessel may be cylindrical, square,
rectangular, etc.
The electrostatic coalescence technigue of
20 this invention can be conducted either continuously or
batchwise. When continuous application of electrostatic
coalescence is carried out, however, care should be
taken regarding the internal surface configuration of
the vessel or the container, to ensure that laminar
25 flow is established; the length/diameter ratio may be
significant in this context. In particular, turbulent
flow should be avoided, since this turbulence adversely
affects segregation or, as the case may be, segregation
time requirements.

30 Electrodes which can be used may be made from
various materia;s, e.g. conductive glass, metal etc.
The shape of the electrodes employed is not essential
to the invention. Examples include rod-shaped or plate-
shaped electrodes. The electrodes may be either

35 insulated or noninsulated. The use of noninsulated
electrodes may make suggest an advantageous cost
difference for the procurement. On the grounds of



30 El ect rodes which can be used may be made from var ogs

mat eri al s, W@ 9§02%8nductive gl ass, netal et C. The shape SFTYE7/003%

el ect r odes enpl oyed i s not essent i al t he invention. Exanples include
rod- shaped or pl ate- shaped electrodes The el ectrodes may be either 35
I nsul ated or noni nsul ated. The use of noni nsul at ed el ectrodes may nake
suggest an advanta eous cost difference for the procurenent. On the
grounds of safetygamzlyny energy consumption, however, one may

PCT/NL97/ 00396a)ternatively opt for insulated eéPsctrodesSafety and/or
energy consunption, homever one may alternpatively opt for insul ated

el ectrodes. Thed Q"é?ﬁfeﬂ"aﬁﬁ eafatwm%rﬁ%%m%%{%nWW% hthfe
aid of electroatat o€ m@mmmdﬂ@sd&m d&n NEike plHee | ys essenti al

general i gher £oa1 1Y ESAR Rk T dment 1 4 AP L e eh T LY e

phase segregatatnxonm msmgmnemmﬂqw WHEEBsaryntgempEHIjhlgha@alnst t he |
tenperature ri g, gregate
Pkt U & iked e SO b 508

starts to boil enera Ci ng
tur bul ence andphaser§§MHQQ%}MQﬁmwkﬁulQnanenakﬂxhnﬁE§$ﬁaﬂV to guard

I't is of coursggahways thes e dat P Did iy too %ﬁ?ﬁr%ﬁlcﬂi I h0ad gscence
under eIev%}ed Qressure in 15 order thus to prevent the dis erS|on from

boi | i ng. Spersiogyty A} SARRINY L rHAft ardP RO hgashtt can

be used. When gkheraatiiong ofuiar &als S:Iimmbyeomd\ftmg U IR el bﬁxcelther
si nusoi dal or rect?Fgular amﬂoo tﬁﬁ?p , or. conbi nati on of these,

there is 20 onf§SPitEPE éﬁﬁgﬁﬁﬁ Yution results.
The term organi ¢ phase agtused dfn ddirse alwxysﬂﬁqsgfﬁxﬁsxd(hnpmycrhanre

or gani ¢ Conpouggéaﬁros%%qgg§%%a'%5?34?£]§yéﬁgngy | &, 11 near

and cyclic ocar bons SO co aln of%er at ons such
as oxygen,15sul BHGF‘I ﬁptllsoé@nprl?a’lﬁiﬁe@%t ispersipmfzas kil conpounds
i ncl ude benzene, tol uenepoth aQ%@reRANINRE culieRinendlidigtdit &id dyoxi de,

chlroroform EChL%E th%%en ;iternatlng current is applied the
pulse can be either sinuscidal or rectangular,
sawtooth-shaped, or a combination of these, there is
20 only little apparent effect.on the segregation results.
The term organic phase as used in this
patent, refers to one or more organic compounds
composed of carbon and hydrogen, for example linear and
cyclic hydrocarbons, and which may also contain other
25 atoms such as oxygen, sulphur, nitrogen, halogens etc.
Examples of such compounds include benzene, toluene.
cyclohexane, heptane, dimethyl sulphoxide, chloroform,
trichlorethane, etc.
In addition to water, the agueous phase may
30 also contain other compounds, for example salts or even
organic compounds dissclved in the aqueous phase. The
agueous phase may even contain up to 60 wt.% of organic
compound(s), for example caprolactam. Nonetheless, in
the context of this invention, the "agueous phase” is
35 considered to be agqueous provided that its water
content is at least 20 wt.%.

The aqueous phase may also contain water



In addition to water, the aqueous phase may 30 al so contain other

conpounds (;ﬂmnﬁﬁanple salts or even or gani ¢ conpounds pdiraaotaesdsi n t he
aqueous ase aqueous phase nay even contain up to 60 wt. % of
organic conmpound(s), for exanple capregl actam Nonetheless, in t he
context of this invention, the "aqueous phase" is 35 considered to be
aqueous provided that its water content is at |least 20 wt. %

The aqueous p C [

POT 6T 0oabAUIBHTY s SHBAI SdBSFY botwoet QP AEH weon ts, for
exanpl e bet we@MMPREWhEW RR2ADS.  anmoni um sul phat e. The now

segregat ed aqueous diSp%ﬂﬁ?x&RﬁS@e& atedtﬁhéﬁﬁﬁﬁa&f&béféﬁ“éﬁ@s@réﬁﬂlC
cont i nuous phg%F by neansig%VWNch be q@g@rent to those skllled in the

art, for FEPRIRAr e LAy Hhe ??ﬁ?%ﬂ%e LioNRus phase bydeans: | on,
and the |ike. wihichs widSsidsd eapparetycte thosé hek SEped aiedt ke ueotis Phase

into the caprql.a dyu p. e 0 The preparation
of caprol act a% | n&ﬂ sy dYaiy &# ‘fpjsf p#%%a?%t‘?%‘rﬁs sjt%%%r 36\/n| ch such

di spersions ald@canta“tarore.d aﬂmetskethahe geter & | goseiple etcanrecfxf@bel ve
quuid/liquid I t r ocess steps
! At df Q&?stﬁ%é‘% it &t é%’ﬂg?olf ?1

I ncl ude the cy c oh ane OXI at1on preparatl roxyl anmoni um
salts, the tOPIQM@Ct1°QNRRQﬁﬁ%§reanB fromextraction colunns

EXAVPLES & THE | NVENTI qme preparatlon GETA pES 400K N &I F THE

DRAW NGS 20 vention wil] now be eﬁgla ned in, nore
detail with r ¥PE RS HrchaH'ea 198 oF BRS X et RS AR PT it ed
t her et o. formadnl @hese then generally require an effective

liguid/liquid separation technique. Examples at various
process steps include the cyclohexane oxidation, the

15 preparation of hydroxylammonium salts, the top and
bottom streams from extraction columns.

EXAMPLES OF THE INVENTION
DETAILED DESCRIPTION OF THE DRAWINGS
20 The invention will now be explained in more
detail with reference to the following examples,
without being limited thereto.

Examples

25 An Ultra-Torrax7 T50 mixer was used tp
disperse water having caprolactam dissolved therein
(50 wt.)} in benzene as the organic phase with 2 wt. of
water phase dispersant based on the total mixture, at
5000 revolutions per minute (rpm) over a period of

300 5 minutes. Within 1 minute, this dispersion was
introduced into an electrostatic coalescer, the
frequency and the voltage being subsequently set. The
examples employed alternating current in each case and
were carried out at room temperature.

35 The coalescer used in Examples I-III is
schematically illustrated in Figure 1, where 1 is an
insulated glass electrode, 2 is a glass jacket



25° An U tra-Torrax7 T50 m xer was used to di sperse water
havi ng caﬁ,b%h;agzgm di ssol ved therein (50 wt.) in benze®eTadLariee3%6r gani c
phase wit wat er phase di spersant based on the total m xture,
at 5000 revolutions per mnute (rpnm- @ver a period of 30 5 m nutes.
Wthin 1 mnute, this dispersion was introduced into an el ectrostatic
coal escer, the frequency and the vol tage bei ng subsequently set. The

exanpl es_enpl VL 211 46 LY Rlad D OR8N K SEuBeH electEbBeCanal ed out
at room t enperat he coal escer used in Exgggl es_|-I111 is

schenati cal | y4| Illsusttbr%lt\wlﬁqg%%ﬂl%’éci wijr greavengy contrallehe ofPg| ass

el ectrode, 'g%pa HtdRel kit rodes WRNRS/ 92425 1.5 cm.
PCT/ NL97/ 0039

n
sul phuric acid as the odt fOMHRIFORS amployei in ?’ﬁ%megggag{é éour ce with
frequency 5;ont1rsoldeqncfar&a in Fppx de2 yeeherter0rbgles fthemmiogtabted. 5 cm

A coal escer as e e es i $5de eglal i e 2,
where 10 is a ﬁ‘?%’ox{ dﬁ’f’e’ﬁEXh vess%}aggsﬂgssg}l f?’l Pjgf}gsgovggge Z

(100: 30: 100 mias bedraplmead piziekl Wi sealedsken| meany AEaAsCOYER 3Bver 30
through which £ 'vﬂﬁéﬁtﬁc’o %&&hﬂ@éﬁa@é&%tamlé‘é@cgfeégs 40 have been

posi tioned. The etween the 10 el ectrodes was ter VgLI ous

A
i nterval s, sarﬂ%eéﬁéiro‘iesbf“q AR HRPR| %smbmn?%ke%h%naaana? ¥ggn

The eXperiﬂenkﬁéﬁﬁﬁbGEEFWéﬁiIUB @&h. rRpber vaiEﬁ@@rﬁﬁﬂé6vaIQ deampirese how
much water had se r the concentr t| on queous phase in the

0
15 di spersi oRf ¢ ?‘iﬂrﬁ%ﬁ’gﬁ%"ﬁeﬁ%agﬁlfﬁﬁ A ﬁ%%%%ﬁ@ with the
' Deut sche Ei nhei tsverf alrles é2pefihedBdOdere cadeiéd20uttatsroemal so a

measure for the nE)eJrCaetQI ﬁe.f)%edete{ngn%va ,d,Féﬁe"g\@éPthadSésB%%ag Vi a

a calibration curve y was related to
per cent age of oxattdre mwm@w%mr@te@nueous phase in the

15 dispersion, the turbidity was measured in accordance
with the ’Deutsche Einheitsverfahren C2, DIN 38404,
Teil 2’, this is also a measure for the percentage of
the water phase which had separated. Via a calibration
curve the degree of turbidity was related to the

20 percentage of water which had separated.

Examplegs I—-I11
Examples I-III were carried out as described

above, the freguency was 50 Hz, the electric field was
25 sinusoidal. The voltage was varied and is shown in
Table I, together with the corresponding separation

results.
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above,
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voltage A

I Examples [-111
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Table I, together with the

and extent of rights under the applicable patent laws

is limited only by the terminology of the following
claims.

were carried out as described
the electric field was 25 pSi/RUGHI0IS -

The

wt . %

42

was
The
age
ed
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correspondi ng separation results. - g -WD 98/02225
PCT/ NL97/ 00396 Tabl e | Exanpl e Vol t age wt . % sepa-
sepa- wt . % sepa- (Volts/cm rated after rated after
rated after 1 mn 5 mn 10 min
| 733 TablggI 40 51 X 3333
68
X e - ] wt. a-
Table | clear %‘?Pd\fs K gﬁgt/gﬁ)hl qJﬁ%E ﬁ?%er ‘\ZQ aﬁ% th r Fgfteq,n nor e
conpl ete the [separatip resull ty. mi gs 7 10 min
These exanpl Ezg§Eﬂ_UUf_Ti5ucabllbcu above; ]

50 Hz and thejvoltage S vati éd. The voILJgg_LLg_g_ﬂ LN
results 10 elkhown| BA33abl e || .42 Tabl| 8 | F8Qnple Vo
wt . % sepa, w—Ytrsepa W
after rated %%eﬁwrih 88 1 nmn 5 mn
mn |V
62 91 %%ble I clearly shows that the higher the

voltage, the better and more complete the separation
result.
5
Examples IV and V
These examples were carried out as described
above, the fregquency was 50 Hz and the voltage was
varied. The voltage field was sinusoidal. The results
10 are shown in Table II. '
Table II
Example | Voltage wt.% sepa- | wt.% sepa- | wt.% sepa-
(Volts/cm) rated after | rated after | rated after 10
1 min 5 min min .
IV 733 48 70 73 '
15 v 2067 62 91 92
=====—-—?_—1===&=‘
Comparative Example 2
A sample of the dispersion of Example ?7?7? was
introduced into a cylindrical vessel allowed to settle
5 with no application of electrical coalescence. After 1
minute, only 6% of agqueous layer had separated, after
5 minutes this amounted to 9% and after 10 minutes only
to 12%. '
This invention has been described with
10 reference to specific embodiments thereof but the scope



Conpar ative Exanple A A sanpl e of the dlsper5|on of Exanple
2?7 was wobgitnesiuced into a cylindrical vessel allowed t oPSERNLPHI0BS it h

no application of electrical coal escence. After 1 m nute, only 6% of
aqueous | ayer had separated, after 5-nPnltes this anounted to 9% and
after 10 m nutes only to 12% This invention has been
described with 10 reference to specific enbodi rrents "ﬂlﬁmlnnt ﬂ cope
and extent of rights under the applicablgLyEMsent |a r”m ﬂlEnl y
by the term nol ogy of the follow ng cl ai s. WO98+02225% *
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cont i nuous organlc

ase and a di Spelse agueous E ase fron1a
caprolactan1product|Q9ﬁ%#@M@%% organic Pha&ﬁa?&étérﬁiéBeF e; pgpeous

el ectrostatg ¢ coal esgydg€ fSom a caprolé@ﬁhmeﬁrbﬂubbeodlﬁﬁebésen at an
etectric field of

nti me
f requency Qﬁa%ﬂc?%éé?eé 2, égﬂﬁrg §c FsgﬁﬁtF8SESF§Bgf% is
separ at e aqueous | aysppl bed ntioicehe dlspe251onwhthad ateotdingfieldl @fm 1,

characteri zed Lgnirﬁéﬁ %F?St 500agongcbékcﬁé#ﬁkgegLeag begsgrégggnﬁglts

per S used accor
characterized in thaf 1& leastah EtethEéebYereofoaﬂaFé9§t05090 volts per
cmis useédsgparaté a Bogagesoidi Ragheealai m 3, characterized
I n that 10 an % %%tréc el d of gt | east 10,000 volts per cm

2. Method according to claim 1, characterlzed in that

an electric field of at least 1000 volts per
centimetre is used.

3. Method according to claim 2, characterized in that

15 an electric field of at least 5000 volts per cm is
used.
4, Method according to claim 3, characterized in that

an electric field of at least 10,000 volts per cm
is used.

20 5. Method according to any one of claims 1-4, charac-
terized in that the frequency is at least 20 Hz.

6. Method according to claim 5, characterized in that
the frequency is at most 500 Hz.
7. Method according to any one of claims 1-§,

25 characterized in that the amount of agueous phase
is at most 5 wt.% of the combined total liquid
phases.

8. Method according to any one of claims 1-7,
characterized in that the organic phase is

30 benzene.

9. Method according to any one of claims 1-8,
characterized in that the disperse phase is water.

10. Method according to claim 9, characterized in that
the disperse phase comprises up to 60 wt.%

35 caprolactam.
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according to claimb5, tharactefizéd Tn that the frequency is at

nost 500 Hz. 7. Met hod accordi ng tI® any one of clains 1-6, 25

charact erized in that the amount of aqueous phase is at nost 5
.% of the conbined total liquid phases. 8. Met hod

accordl ng to amy or}feafod:lécté@rcin?g to clalm gph@ﬁﬁﬁaész%anxﬁhéﬁaé he
organi ¢ phase is 3 accord |?n)g to any one

of clainms 1-8, the dl%‘?%ﬁ%%t%’?‘?’i%dc?‘ﬁp’fh%?stlh%t‘ﬂ?%’be%% ds? is water.

10. Met hod accordi Wt % apireomi Wy sinbphateri zed in that t he

di sperse phase conprises up to 60 wt. % 35 caprol actam WO
98/ 02225 PCT/ NL97/ 00396

- 10 - 11. Method according to claim9, characterized in that

t he di sperse phase conprises between 0.1 and 5 wt . % anmoni um

sul phat e.



