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CONTI NUOUS CHEM CAL PROCESSES | N CENTRI FUGAL CONTACT
SEPARATORS The invention relates to the use of a

w@wrsmeyal contact-separator for carrying ouPCEEP2006/009012

reaction. The invention also relates to a process for
carrying out a reaction in a centrifuga
contact-separator, and to a process for carrying out a
catalytic reaction in a centrifugal contact-separator.
Cbntrifugal contact seoarators are knomn deV|ces In
Flg 1/ S P : o s _-_ _
separator is shown. TheysE#RRﬁ@URB conprlse an inner
cylinder rotatably disposed rn an outer cylindrica
housi ng. Typically, two inlets are connected to the

out er hauaiimg@ntion Feldtes toetﬂé his@bf & E@nthﬁﬁ@h%nﬁ&-s@ﬁ@ﬁ@? for
A and B respectively, that are {égtt into the device.
®R Pr

RHYNEOUER maqtlprmgTatte 'e\tﬁnﬂae@lsgégla PresE iRy Garnyiio eut a

rBA@RA Q%Snt’i‘i‘f@é@ﬂcdrﬁédt@ﬁé‘rhbbr (aPR90 Bl flocels ol @fryfhg out a catalytic
schematic representation) by the rotating force of the

reagiiop ing cepigiigal qandactisepagtobccur s on the outsi de of

the i nn@en@r}fhg,ér@smae@étepta%t&e@?e ﬁﬁﬁvﬁnaeme%bam:tg 3)559 crlo8s-
t he i nner y I nder where he mxture enters th I nNher

seglionefétich g peaidiaaheorjad épaaratqr isrshemn; hbey uoalcatltfa@cé%pnse an
utlri‘ﬂf%Ilﬂ%ﬁ%atbﬁlth%obémﬁrancéﬂtérr@ﬁﬁdrfcaft%l'ﬂrh IT‘?pu;ally, two inlets

centrifugal force exerted the rapidly r
grey aepnesiad tﬁdbﬁ outaF beysings Sﬁ? ieaeh Oft'fWQ 'Wﬁ&%e Aha%ﬂ’$dA and B
rEspechifshp Qﬁét'aY@k)Mm 840 {he‘efh‘é%cE hl‘ﬁ tﬁ’@&érﬁﬁfubglr&tﬁ%t EdWurator the

separate outle g %%ég known uSe of
twe fiavid phases a;r@mm%d inimptela(Sse R 1/ 108 asghematiareprasestation) by

tﬁé/ tdtétﬁ'@rfofc%td?t@hﬁerddlyﬁmeﬂté Mi d%‘dhn%ronct}‘nia oﬂtjs‘i"J of the inner
housi ng, he separati on of m Xtures

aylirdied apd tq semelexteat krabakly alﬁOtm@emwhr@gr whetehtbg gnixture

én'té}k“tlgﬁ{tﬂ yllﬁd@r@ut?sgﬂce ﬁératlﬁlggftﬂg%% ?h?scens alE@erﬁch in the

Is Intr I nner

lmrreé cvlatdteethrhtw the @ént@ématfptcecqa@ﬁe% gy the rgpigly rotating inner cylinder.
Affé'? Qéysétgtlcﬂal(t)\?@ Pﬁ’aée'ggll' 8R4 B rﬁééﬁéghvéy‘ leGBh %Q@Eﬁ@&me through two

onent s esser speci'fic gravi'ty pass e use
5@9?\@&%9“@&)@%1&)5 is known in the field of

di t |
our el R 3 SRS s Bl ol e
ayingder rejataplydisngsad it amoeuter cyndeniouaing, inta sgparatiomof mixtures of
V\EML)%A%H%% the diffeten¢ad tht?'1 htﬁt'ue%aaf trﬁéé%'nqhﬁerﬁ@f‘ea%hﬁ&% us

ere use of centri contactors In
39%, %%Bgmsaﬂbema Uﬂxe@ldmpldetttetss thtroplceshigtolhe énneg gx@]@gere@nd the

Iﬁtécrlﬁraélgeé ng&qtﬂ@ﬂb't%ﬁ q%ét dﬁrt%qoﬁ ﬁfgbpé}’bsftg%§ﬁ§o%§ht%|ch separated

qui or wt nces fine
agimpiogients fob lessenrspecifiagayity nassedbe use oteantadtisgparators is known in

th€ RAB P hdidhctR rateriaisGiBcessing. Taylor et al. (1998) [Journal of Alloys and
Compounds 271-273, 534 — 537] describe the separation of Pu(lV) and Np(lV) from
U(VI) which is relevant in nuclear fuel reprocessing, whereby the use of centrifugal

contactors in studying the separation of complexes of Np and U is suggested.
A further known use is the reaction of gases with liquids, or with liquid or solid
substances in finely divided form in liquids in reaction centrifuges reported in GB
1,223,610.

US 2,995,612 discloses the use of a centrifugal contactor containing a
number of evolving concentric cylinders in catalytic alkylation reactions of alkanes,
aromatics or naphthenes in the presence of liquid catalysts wherein a film-type contact
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US 2,995,612 di scloses the use of a centrifuga
contactor containing a nunber of evolving concentric

waepdorossss in catalytic al kylation reacti ons 0OPCI/EP2006/009012

al kanes, aromatics or naphthenes in the presence of
liquid catal ysts wherein a fil mtype contact bet ween
the catal yst and the hydrocarbon phases is achieved,
t hus sharply limting the contacting of the al kyI ated

duct he in order t reven
rlocragc;J |Co?1 \%’ b‘&ﬁ?ﬁzﬁ?é‘éa he hydRgar el?%‘rﬂ p? $8 feé(?%rth“s sharply

KRithg B dmmnhgamhémratéw&odsa@ RitAshe ENalyEHRBRIP to prafent side
Cl I\g epar ators avail abl e from Costner |Industries

"Corporation (CINC). Separators of this type are

general l'y knmmy amdr @ér@rufdga@bhtbeﬁsédaratBMev@éamb@ beéme
fol [.owin Pat ent Nos 93

desgeBed; §3cﬁas f?@e@m'e Ah%wq ssvaratoaaéwazia@e frm%st;wz

thd@&tHes N8 2
B G L5t e o G

FckeeEriacn; TE BXTR BBl cHaWOB Patats: b atent Nos. 3,931,928,

3955 787 £%75,630, m@z@rmsw 6!3111 aﬂ6t4381e°~11§b UigHvadss 5 024,647,
fornmati on at the website

e fo
L 053 G4 2 B ot 2 610,801 <3 o0 Besiosams of g ngptent
d&duniedts arefifdoipdraea Hersin ke tﬁéﬂ*é?ﬂre%s tﬁﬁe’ﬂé‘?@nd@&ﬁ@r@t&fAddltlonal
Auxi || Nederland BV, a distributor of
BEgsRatebMaY P8 fend; &f@?@@a'et at the wepsitg fpqupatnﬁ; lpdugtries at
\W‘/Wtd‘ tLih486/%) Ko@lﬁi@nma%hﬂ&méﬁdn%éfbé fo%ﬁ@%'i HeQWeéb Palfes of

n addition to NC centri

%@ﬁ'ﬂ He@ef?@seﬁ\é@ocﬂ'gt"b@emfﬁm e S§%¢fﬁ%&i @lsp rgferred to as CIT

Iﬁi&ﬁd—ﬁtﬁﬁ@é&wt%@eé}'(%Wdl&iﬂ'r@/u%@% !a't%ﬁ@ hgpobat el of
Annanoy, France, suc such as the
Centrifugal '8a9ditiande thel\@ﬁ'@i Ce@XFEUQﬁJ CWa@trseerﬂt%owntﬂfugal

§daRdtos Vi kB ictoi's 476 AlsbidvHlidle Rrh rR%ﬂsQélf’RdUatél oPRnN&Ioy, France,
known to the practitioner. These centrif

YEPASalp P§arﬁa'y sjch asdhe Ceniifyaah Beparatos; M i §%B. qr ipdel BXP
86UP. | Othan ¥0L9f:e§ meﬁf?ﬁt!@%l eftfREsd inWbé \W@ll kno@H@QRS pracfifioner.

exanpl e, nodel s of CI NC centrifuga

cont act - sepaT"éﬁSSrC@nH'&@@' pepasatomMalbyy Pﬁ%}’ inraehohthe sizas,

BRiilafik rémd (in Ar'\vy’éoﬂ thé %rh@o‘?f)are@'\@qﬁélr Vertid}s. t Por@@npfl, /rﬁHd’éIs of the
2271 wi th’internedi ate ranges of

émﬁ egzr'fpgﬁlpﬁwta(%@aratvr&)@;ne BEizgsFANgIng frems).5 gal per min. (1.9

ﬁté@ﬂﬁ‘\' Moé@)\ﬁ 02%@96’96%@ (§27pm1) @Mg%] | n\é}mthﬁ’fﬂgrn‘?&q}ate ranges

known

ﬁp %@@Eé%%”m) éﬁ’lﬂdPWﬁé) @thpﬁh(éﬁ?’&alpmb Bdedsl ¥nt0), Ahapm340.6

Bﬁf)‘(MS&lélaheﬁ 8hd b@@bpmﬁéprpnﬁmbaaw@) reactions, is
due to nass or heat ‘transfer problens, |ocal

concent rati ofy Péﬂhiﬁ’bl'n thekpewapacesensdan eartyingoed ghemigal
fRBtiHRUARR BarfQildr 6r fHﬁ%‘i’\dfo‘P'éx&tﬁérr s L%cﬁb‘ﬁs fERat d%‘tﬁ mass

resultlnglna possi bl e runaway reaction t
d

ard/ertiaat Eansiet problpmsSloaqi@@nm'@il@m énd/pht@mn@yetgrerqyavents oceur
ARE 8§libMBnt &AaF 88 dfor carrying out reactions, resulting in a possible runaway
of the reaction that is carried out. it is also possible, that by simply contacting reactants

an explosive mixture is formed. In addition, the selectivity of the reaction may suffer
from local high gradients of reactants or from local hot spots. In the production of fine
chemicals multi-purpose batch reactors are almost always used for chemical reactions.
It is obvious that batch reactors are not very suitable to tackle problems related to mass
and heat transfer. Excellent continuous reactors are known, but their design makes
them usually suitable for only a single process, such as in bulk chemical processes.
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an explosive mxture is forned. In addition, the
selectivity of the reaction may suffer froml ocal high

W@eadioersss of reactants or fromlocal hot spotBCT/ER2006/609012

production of fine chem call nulti-purpose batch
reactors are al nost always used for chem ca
reactions. It is obvious that batch reactors are not
very suitable to tackle problens related to mass and

at t nsfer Exce nti nuous ors are
e colian ar s BebsiRbindRabe PR g Bemicaly Known
fets@el 1o Presbmahe optLPRABS of GéBhAtraRbie Ak émdm&m:mhnsfer
Bﬁ@ esse . These, SP|utI0nS are thus not suitable for

emso'a BE CBRMISAIS AR AR ATESAr DStaRpR MHCTREsRSIPTe & which the

aeietd ark panpeduliroads ehdtnels VAt d Hiahletdh!of jusRE SeV RiérEmeters,
Hﬁ@h@hransfer rohl.enms in fine chemcals production

PW$ MerY Sarid mixipg gnd dissipatian of hegh Howevak thesg dpigp rgactors

afe&e&tl%]?dxééﬁs%%dcd?@%&é@u%y Dsifig ghl%‘ﬁélts%"t u9§ of Mﬁﬁ fhicro
few mirorreters whi ch allows very rapid m xin

ERAStorD A1 fbhwaY NRsarle adkaiaas s optaingd. 1 agdit qneﬁ'@t%ﬁ?%‘ Hragnels

s bhe/®) bloskage mbuﬁw fbﬂ%ga'éﬂhé{’cﬁrloﬁgh YmaltpaHisLBeks or by solids that
garallel set ups mcro reactors. In this way

s fewaﬁdeasa@vamda@@n .tfse "@Bﬁtéﬂnn £hus, thera i f‘?%mrﬁh’@V@ﬁa‘Wh'Ch

ity TaktTeaétRNB te ke phack! \QﬁiKFﬂG@ndsh fr@%tbrfe%é idﬁﬁmat@hﬁw of the
througs smal | particul ates or solid are

feseiaeks and that ﬁ?molzmqa'q%n iRdhe e%u,a! mnnenbvugcre@ﬁee ds pigegln
84E6brf tAE davids $hé@d behekiBlednoQy’ td BSlisddeRThLRIFodiRt E?&ﬁﬁment

pl ace, which_al nbst instantaneous intimate mxin
t he react ant SURAsiNglait hasnow beetfouad thay |t,|$1pgq$g)lea rry out

FERBHEHS iR Safsr VRS by Gorﬁ&u‘éﬂﬁ t?\%m ih t@gqih%é@ Q}@t&ﬁ i 5‘6bﬁﬁnuous or
shoul d be flexibie enou used as nul ti-product

SRJU GRERYoUSSTAMTET 4 ﬁﬁ?@‘”fus?' m@ctréwaé@f@h Tffwarmeﬂw&ﬂtm relates

{oXh 0SE bPh BentAfugar dontRYkepRaek foP RarmiRg BuSAFictidRi a IRid-liquid
conducting themin a two-phase systemin a continuous

SUS S orERe 07D buS IvaIsABle ak1ca, WhsTeR the geaction is carried out

B&Reas bt RESAWBIrS4ctarits Uhe ihkhtibA ¥RBLEIBRSE I &t % ddMrifugal
use of a centrifugal contact-separator for carrying

ERMag-seRAGtr &% descriped; abgyey-whesein dhesieartiands arcatatidis reaelian and
WHEreliE %ﬁtast:‘m'ay%'ﬂ%md&%ﬁé@ué‘cé@%tr\ﬁﬁﬁﬁ 'n%ﬂt Bes'an enzyme or a

carried out between at | east two reactants.

fransition raetabsalalysteThe inyentipniaiso relatesdp the @gﬁhpiva p@@gmgal -contact
%ﬁ@?fe?@&%ﬁé 8iit @ﬁn&%omﬁeﬁ above, wherein the

reaction is catal ytic reaction and wherein the
cat al yst nayT'E%reéCP@hﬁ@é?%‘dagloé@ttV&If?%‘ttlonmhléh imtig geatext of this

Fﬁoerﬁféﬁyﬂem{edaastér@r}@ééﬁoﬁrhofrﬂ/é!lnnﬁ %h?'céfr%bouﬁ@@ompnsmg at least
invention also rellates to the use of a

erefthe gtpans YoNPQEP -separat or for carrying out a
ki neticresol ng bﬁﬂjls&ﬂ@ aRRGrd Qintw'osfm |§b‘i)die T@ﬂb?% oF&he two

reaction, which in the context of S I nventi on

irsfdsrie dispgrsgryn ﬂ‘@afétm ehtimystroplatgdn ther@hqd»gu@oﬁb@ gh@se formed by
%'H?Bﬁlét%r@oﬁén J:a?l@étthé)&&?ﬁéirsé DasBlPBRh oth@Pgﬁ’és& is © 11%’31 the

emul sion Is a mxture o mi sci b
mntmh@lqmse

For the purpose of this invention, a reaction is defined as a process in
which the desired end product is formed in the centrifugal contact separator; i.e. the
desired product is not introduced at the start of the process, as may for example be the
case in pure separation reactions.

In a centrifugal contact-separator that is used for a continuous
reaction, the volume of the reaction zone is relatively small compared to the total
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liquids is dispersed in the formof tiny droplets in
the other liquid. The phase fornmed by the droplets is

wobien3sat | ed t he dei sperse phase and the ot hePCPRRRE6/009012

is called the continuous phtse. For the purpose of

this invention, a reaction is defined as a process in

whi ch the desired end product is forned in the
centrifugal contact separator; i.e. the desired

p oduc s.n i ntroduced at rt of the, process,

B FRE " rect e e el B Bl i a8 amaioRdn camiet ot

ruei&gtreél‘ffénts that itifs? Mhdy redétah aGUNA Gianhep aF aFéJ;Broh@tH run8ways or
Md faor a continuous reaction, the vol une

SaYIAm) R &xplgsiye mirturear expiasive sidgmpedusts. f*t? ?ff?@ts of an

leplasivl) ititRoad oce@C Walldbel RudtesrhARe tHM tAEPWSIId be using the same
products. | n case a reaction is carried out using

vellEie-Atreactants in batsh reagierr Mgteover the pixingdn e qeamtsf»eparator is

QeryFast, MM shiallVORMENT BE fAd %‘ileﬁ@BoﬂhQ:romr%Gt@%ﬁh@Eife\(/Sntlon of
mxturﬁ or explo I ve side- oducts the effects of an

SRpPiiahie massio heghiransist e lergandithye, rHORWAYSARIE less likely to
foBaur. InRiditivRUhE résdertend é‘h@\ tﬁs%ﬂiué(@dl W Bre@nt reﬁ@éstsﬁ/@tc%ntact

mabatchreactor Mor eov m xing in

biesRihe mstantohat %O%Pfgﬁsms'@ad %@etf‘l’f@‘aé'ﬁﬁlof exRipsiyfeside

prstiuetse fast mxing both contribute to the prevention

of uncontroll able mass or heat transfer problens and
t hus, runavafihesah the eactionuplymeof gertrifugall gontagtserasators is

trélﬁtnfeﬁﬁérﬁiﬁﬂﬁiﬂw telsPBCt 6 theiBtaP (b IURE Rl rdaRtantLis et reacted the use of a
excessi ve contact between the reactants that could

GBRtEugel cantact-serretos srlb?'ms.g@ﬁd yfelds,gacause/ef the mriatively high flows
RACHSssipfd.t hough the reaction volune of centrifugal

cont act separators is relatively small with respect to

the total vollhu® the 'nwg%t@naﬁlﬁ&e&teab‘@nv@a)@ﬁ@doceﬁﬁ@r@@gymg outa

@éaﬁoﬁ%h{drgmg%e §@E§ a8ft - separ at or still allows good
ds because, of e relatively E(Qufl ows that are

ﬂ)cFQ@F"B{Oé‘S'V'FPF[&dUCPE@ liciperitasg fAY @Tda@ id ghasec®ht i nuous

pr oCc @& af I@éstfcfl‘a%rfﬁ%t'&nﬁlmgaﬁcérﬁé’&lsbﬁé}ato‘? qmréﬁ' hg gldtd?u%ses (A) and
steps_of: i) continuously introducing

|

(A é%)oars iminiagitie ﬁ%waereso phase Mh@nd/@msgg@ qumrmse at least one
cent féd‘cwml contact-separator, wherein |iquid phases

(A and are imm scible and wher ei n phase (A)
élhﬁqfwﬂum anixing PRasRIKY) aBd ahase:@ theselky alloatingan empision to be
¢Stiegnuously m xi ng phase (A) and phase (B) thereby
allowing an enulsion to be forned iii) appl

dig ﬁPP'WG Gentrifugal farpg thah allowssohase serayatinn efit @ﬁm@fsnm such that

PRESH @AN.andYB! atd'@btained,

iv) optionally, recovering a product

Preferably, more than 70%, more preferably at least 90% and most
preferred more than 90% of the total amount of product that has been produced by the
reaction in the centrifugal contact-separator is present in either liquid phase (A’) or in
liquid phase (B’), and, if the product is recovered, that percentage is preferably
recovered in step iv. The product is recovered from the phase wherein preferably more
than 70%, at least 90% and most preferred more than 90% of the total amount of the
product is present.

Many variations are possible in this process. The continuous process
can be used to carry out different types of reactions, e.g. decompositions reactions ,
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phases (A') and (B') are obtained, iv) optionally,
recovering a product Preferably, nore than 70% nore

wee@resebly at | east 90% and nost preferred noPEI/ER2A6/009012

90% of the total anmpunt of Jroduct that has been
produced by the reaction in the centrifugal
contact-separator is present in either liquid phase
(A) or in liquid phase (B), and, if the product is

RGBS SRSl BABL A M EELEE e
phece af 'éa'ﬁ“ﬁé@‘ el decompesitibraprod(de |saére5@ﬂmbn@08¢e§&q in either

st err re than 90% of he t tal amount of
e F BEBEEnT e hed ceompRatrtpSUR PLAIGrahly s piodemiastly present
ilnﬂhé blhér PRAsRC s allbRing @aby rHeovsTy IBF e&&s& tR& ProdBctd SR e term
out different téges of reactjons

BEEeIaNY Prgsent s Msgntihat maseehab50% el amaunt of a compound

B PidtenERSon? df B hidles arHis W&@éﬁ%ﬁaﬁﬁé Bighlysenefi@stih Rhctions in
has taken place at |east one of deconposi tion

whleada%qq" riymeRfdhg reapkqryis gpdag.side Pﬁth@r@Mantpﬁa@@umav

RBmcVihg thé eradfubewill 486w MrOShEtidho FBF&Q:BS tbe%rﬁ:]c tﬁé %Ehiﬁbr'u?m amount.
predoni nantli//h resent |n t he ot her phase,

al | owi ng eas{M4SeBARESYLUtIMERithe Wef‘tf@ fﬁ'%ﬁé‘%%co'%ﬂuﬁus

prbeeés&bm&m@mt@a@bétwnpé@ﬁwng s meant that nore than
50% of the total anount of a conpound is present in

bne GNPKRUSHHEYRAUCINGi s process may be highly

benef i i gliquid phgsecia @&%phé?nd‘@'r@dl:térﬁean%qw l'i brium of
the reaction 1s on the side of the reactant.

Contli- nucE94d PBFaS/Bhg t he product will allow the

I eaciddOWhit® pﬁééé%gﬂﬂalb@w)@e InRisEBlé |ntdhd IHQ%t%'ﬁBWlPét centrifugal
Thus, in an enbodi nent the invention rel ates

cont?%ﬁﬁﬁ@eﬁ@ ss for carrying out a reacti on

KFO”chdnﬁh@&sM cont&@Rg tHELIRRS Mwals@‘(APéWﬂhB Qithd phasé tewh the at
rISIn a reactant and ii. q hase

( B) 'eaﬁ&r\ﬁmr% r?eaw&@@kcqnﬁectﬁﬁaare@; vmeéetvwcmomta.ct of thedwo

at | srsbs anfixturd Btformfit Jddféi%l:tld?ﬂ@ké’é:éla&? F?é%ﬁﬁlh&rln a hIlS‘t and a
conti nuously contacting the Iiquid phase (A

| i quIREORM RESIUCES) and \wheygby dug @a@ﬁersn@esrm depsi ethe mwtugean the
cont%&a&%@@é@méepmf%w pr(AC)%tdapmasefs E m?rem after

phases a m xture is fornmed and reactlonta

r esu§arRriionef thervofhagei(Ae) aj@d@ﬁ@t [RestRr Yesof4he tcmi @msyt of the

due first HolER 1R RS bbdh Hr%eﬁbéd’lnttﬁ@cé'ﬂté@tié Sar’afbrtléqﬁreﬁent in either
cont act - separat or separates | nto phase (A")

(B )lioyictPhiisede) or irlciid rhapa (Rl pechwherebi et teaet %"ézsééhe total
(A") ardisht OPthe sticoh@BRidutOtht Rds bk proddedaTBRRENGTH thd Gther

phase.

lll.  after step I, optionally recovering the first product and/or the second product
from the phase wherein at least 90% of the total amount of that product is
present.

In the frame-work of this invention, a continuous process is defined as

any process that is not a pure batch process. A pure batch process is defined as a

process wherein after a first amount of each necessary reactant has been introduced

and the reaction has started no additional reactant is added to the reaction mixture.
Phases A and B are defined to be immiscible when after introduction

of phase A and phase B into the centrifugal contact-separator without any reactant or

catalyst or anything else added to them, but otherwise subjected to the same process
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first product that has been produced in the
contact-separator is present in either liquid phase

W@ 200y/08%332 n | i qui d phase (B') and whereby at |REEEPD06/69012

of the total anount of the G®econd product that has
been produced is present in the other phase. I11.
after step Il, optionally recovering the first product
and/ or the second product fromthe phase wherein at

G . ARl b BT et or
centtifugalaiontaet-seator Sorflgihs AE thors thaR)s IR BS pfé@hb!y%o more

bat Ccess. pu atch rocess is

i el Bofi hpfhclf RGRie MePek 8ol ot pfetaratif oa orgfhan 0.2
e@lw\ofrmmee |Myie w&cd@fstty Rageld @ thé MakoBLEIRAeH %hl‘a&es phase A’

has a]rte @ a‘ddltl onal reactant is ad
?Bpah ﬁ]éﬁﬁ?‘?cgﬁe)‘ngﬁrﬁf‘ VolpMEses A and B are defi ned to
be i mm sci bl E\Mﬂh Iﬁlurafetrﬂ?od lhlbfﬂﬁblféédftﬁ d@&rfﬂéﬁﬂ*@t sé*A?él;tgh? reactor

[ ent u act - separator w u
BIES 548 b, P Safpasilion Sihas Arwil Rl B apmeuhatsiterent, as a
tesamof pagsingithdilgh St Ganbjfegdl eéntbt@t éeIaSra‘fﬁrgmtrhephalsteIBn Thus, at the
reaction su

HRSERDGD o cudlet Bt e BORIRE BUtGTot Hiscsamamearmpasgian 2s phase A, i
indichteatasSiray FHa8E ACOTHeAditfe ApliE®IEPHAIRIB, 5VhWP|| é’(qm ollet is

refe ablr\/ nore than 2 vol % nore preferably no
ﬁ?ﬂoéec[ﬁ%ﬂ all.seo%nd nost preferably no nore than 0.2 vol %

of Phase B. 'Wtﬁcéll?ftﬁb ﬂ%ﬂﬁéafctént Bsdébifthd @rrocéikea&%ﬁﬁnqjtfo the
hase A phase B', respectiv

BUERBRTS ab rtanic comparint ThscsASANGFACIABDRE oY Respigsenl typically

inay de serdrini@beinergAnidtcohipgui@act or inlet. At the
outlet, the osition of phase Awll typically be
sonewhat di ffréq.n&qf:essa%ccgrqlr@stmﬂ?e ipverieas whereina gqgnfugﬁlecontact-

@eﬁfaﬁtbrf s gebd EOEHraCdut 99pAdtidh O p%fér'ébl@'“aﬁﬁ%cgss Jrlil#éln Al
osi tion at theqyoutl et that has a simlar but

Iﬁcgpogfer%g E%ﬁ%talé’ﬁwﬁb@?q rFaé%meng%Ct'm thessqlyemtsciegeddn ghase A and

pieised, kB8 2ethe centrifidya’ aéfﬂaé%bbﬁﬁortrﬁalég ﬂ%s&blevi@ 'eﬁa uBlwith a
t.he outl et enoted as phase B'. glca

phied Fggtem&tﬂagewosﬁn%%é cAtabebard appasaiP) r@”t%”'ﬂ% the desired

prﬂd@rﬂt brolice- ﬁer@dﬂ éhﬂgmal'ébvéroﬁ'ﬁé’tiﬂéj centfiBgSIRORARRt-E&R A8 P Inakes it
sent pically may be an organic or

(Ii’é%% b B BRmooeR et oalon e Ronirgonarocess.
' nvent i on, Vmeﬁ@brﬁbn@lcéﬁrﬁﬂdstrilm |sCé3ﬁéé&PFo§l?§’§éa?é & toh$cale

dto out a reaction, is preferably process
\“éPH f%ca\ %6@%@&%@@@05%%9“!09 %%r@uswo@mt%mm game
féelhl@CTlhlBﬂs foRexdrfply @Y Sase i thel db-aNas Eus‘foﬁ[}ﬂaMQE’tlﬁm% industry,

use of the centrifugal contact-separator mnek
\ﬁla,lglg ﬁg,qmgle§ @%pf@rmacwtlpﬁl apd agro industries with intermediates. In custom

manufacturing, the amount of a certain product that is required is so large that it can no
longer efficiently be produced on lab scale, but it is not so large that a dedicated plant
can be build for it. So far, this problem is typically solved by batch-wise production of
the desired product in multi-purpose equipment. Very often, a number of the necessary
reactions to synthesize such a product, are catalytic reactions. In particular catalytic
reactions carried out with a homogeneous catalyst such as a homogeneous transition
metal catalyst, a biocatalyst, which may for instance be an enzyme or whole cells
containing catalytically active enzymes, an organocatalyst or an acidic or basic catalyst
are often required in the synthesis of the desired product.

It is known to carry out batch wise reactions using a homogeneous
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phase A containing the honbgeneous catal yst and a
phase Blcontaining the desired product, or vice-versa,

w7/ os382zover, use of a centrifugal contact - sREHER2006/009012

makes it possible to carry but a honbgenous catal ytic
reaction is a continuous process. In the chemni cal
industry there is a need for kg scale to ton scale
production facilities that allow efficient production

f lous products.in.the sane facility. This, is for
Sl b 3 e e fingld skt wRSiEinené Rhess Foniaisriag. Pempagneous
icatdlyst and thetuithen phaggpEirtaing the rpbaantadtic willdle ctdlytRgNpconverted
[ nﬁust rci e?_ wi,t h.i.nternedi ﬁ%es. I n cus#onb .
HRiGPLRYT Aty whihremams b this same Bhese USh gRiegess rampriges the
folqwingestepss so large that it can no longer efficiently
be pgoduc n.la cale, but it is not so |arge that
a dghﬁ%f’g@eg‘l’%‘f'ﬁkiﬁ reRetliPNaSG or it. So far, gt hi s
pr obbeditiorsoft tiie icatalysy pisk (6 stakithd AdaetiorVivBife PH@TYSLdbedIn an

of the desired product in multi-purpose equi prment.
Ver y &t é‘lﬂ‘,°f§"$§‘f?o%}338? the necessary reactions to

synt kesstidgusti) ihalxopvérdight , are catal ytic reactions. In
particul ar catal ytic rejcti ons carried out with a

I \ .
homoGatRNlh, coaling oy bpatingdhe Beases o HhsgerRiBtLuodrartionon
et aketfliah af settwophas&scat al yst, which may for instance
be an enzﬁ)z/nF or whol e Ctﬁl s containing catalytically

act i (R OhNe phase fiogtheceact®yst or an acidic or

basi fereVahbithe sacchdHaes froRdHe F&ttdrn t he synt hesis of
the desired_product. It is known to carry out batch

i seClPaAPg Phhe '8RAy a hormpgeneouscatal yst in a

t wo- phiavdiglthe htdlystshiaeBito iMRaEEitor S 1Pe PlRRSITatEIPMaR b Started.
t he hormgenePus cat al ¥St angfﬁ he ot her _{%hase cont ai ns

the react ant "NhiMUA-REPHYCt Batc Hant yraction tise apd peftingtingg may vary

tb\%idb”r@lﬁi%&iepeﬁd@ht\&hitlﬁélrda@w éyf%te:n:ﬂ TdYescl$ ?ufmciﬁﬁt%%ﬁling, a very
uch. a process coppr.ises e oW Nng steps: - _

RN iiayRay BE ReedeRhich tiay cAtss B rametjriaet dglitp ypdesied
bf-prdtiRicsaDey ProbAS Qiskerigtb@ith chRyih§ aat twdDpHARE lcBtalytic

nr%nito okgt ain an emul sion of the two phases

m Xj.
Fe&?b? g akAish repFiQaR™e onver si on optional Iy cool i ng or

heat iWgntrbsctiBha arsfasinthé bRduettbP et aWaPbé &ReE ¥ Yesidence time
of the two phases renoval of one phase from

settli.
PHE‘W%’Q%‘?')SFOQ'@H%m of the second phase fromthe

ReactMhentegadhs gredfast ihMay 88 to0bles&hé! tdWehtbveRe Addtaf Ysdction
hé‘s-% to the react?r so the next batch may be started.
?ﬁ SI9RRrequCts: 9aY) Pe fasaed Pepaustiof theugh tamperatiresnd

set t Wheg réadtngBbe fést the catalyst may deactivate as it is in an active state and
for lack of substrate to react which, it will engage in unwanted reactions that eventually
lead to its destruction. The same fate may befall the catalyst during the separation of
the layers and thereafter.

4.  Even if the catalyst is stable it may deactivate because traces of oxygen come
into the reactor during the draining of the catalyst and/or product phase.

It is clear from the above that it is highly desirable to keep the catalyst
inside the reactor and to make sure that always at least some of the reactants are
present to prevent its deactivation. Thus it would be highly desirable to carry out these
catalytic reactions in a continuous mode.

Continuous processes for carrying out two-phase reactions using a
homogeneous catalyst are known, but only for bulk products, where the size of the
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consi derably, dependent on the reaction system To
reach sufficient settling, a very long tinme may be

woe@desiohi ch may cause the product to react fRECT/ERI006/009012

undesi red by-products. O het¥ problens, associated with
carrying out two-phase catalytic reactions in a batch
reactor are: 1. \Wen reactions are fast the product
may react away because the residence tinme is

un idably too | ong., 2. n reactjons are fast it
eGPl 35, MEel o fio AMDI0eHE NaEe The hiaskhetiin & clsdicated

&rdlﬁuwsﬂﬂmt i theee @@céﬁégﬂﬁe legaipment WedtdM thé 86nnection between
rT,'p at ures. actions are fast the catal yst

EETREL Aot eglipmant 1 deSioRe T it 1S SPgRaRENPY fection with

b@lﬂbuléff startiRg irabdrials dhd fBRfcoVdtingha pdrficuldr! gro@itglag 8uéa situation,
vvafnt ed reactions that eventual l lead to its

ARAYIBYOUSTRTECaSS Whereln @ NomPIsReu Gatalyss iz used iy eponomically

fé@élblég HbWevéreinané fih® Bhéthicalb thdusirg bstha Re-dalled 8@té R marfhfacturing
Even if the cat al is stable it may deactivate

sty there ﬁcae%e%?rf%bsey&@wgm RrAERsses, Ehat am-yicallyysedgvhen
bl acﬂélatl\félwgné’lf aﬁ*nb@nt(b@bﬂid)aétt is ?’étﬁf r@ﬂ bl %Qﬂlgﬁ*né?hlﬂﬁ&ntlhhous

is clear fromthe abo that it hi ghly desirable to
ROEFSSERVitNQuUE BlyiBg qpﬁ&? a@x"wwé twaetcarpr%ﬁw@eumt Rrigvides. For

bétaﬁ pRICBERES itAs singSto St tRe @Embh@adt&%ﬁmrﬁe ﬂfr% d?l"f&@ﬁtr}bacnon
cJ‘%or event its deactivation. Thus it woul when i

feSpY&LY ebthe freduchand f%@'@"db?aé?'w take re'aeq .qﬁfrl@e.

éﬁlﬂbh DSkt BaHI6e maas &h@b’a&crﬁ’ rtﬁ’@ BSSE DN prodEdaks RcI@4ty less
t WO- hase reacti ons u3|n eneous catal yst are

Rtﬁa%ﬁ'e B%&auaﬁreyew&atqbuw 'i@.se'almctt iffergRbaualifyef the prodget, and time
fsheup enfbiing theatchakhdtol dhd 18rtiAG deHewHatd)0 000 tons/y,

justifies the investnent in a dedi cated continuous

plant. In t RR4BIERGLdLRasNOW brendqundirahtheysedf argntriiegal

SSHtaR8bparatop 9FCWR)%Q FddIitRN A thePd BB éHtioREW bRIBRALs He%ted to the
deS|rgned for the use in one particular reaction wt

@Lﬁfyfa%qfwst'nqﬁﬁt%@@ﬂﬂf&g@ CRRtRCE eAPaFtersAse migtl\@ly cheap

ﬁiééésl SFeg@ipnEn®ahE Fequir® réh'lﬁ)élqut% $ptRb 08k oﬁ@@erﬂlﬁfuéal contact
conti nuous process wherein a honogenous catal yst

%@@aatprsa'@ze/éﬁwwnugw? eradugion of ppsikegdrodydts, @iRe Whereihe reaction

PRBHRe ot iy ?éafc‘lf oREartiB§ o8On¢Re prederdesds %rﬂomogenous catalyst.
manuf acturin n ustry, there is a need for replacing

bat ch procesEeseforin ap empwr@at the inyeatioielatesie @ cantinuous
prakéds fweééfryﬁmdt a0EBtIdh vitth PhEHYGENOLS chtafist, 'cBRhph¥ing

cust oner, Y conti nuous processes, W thout giving up
khe $Qn&iRUaHSIY iplfodyeiRg bat ch process equi pment provi des.

For  Daduid pRARCAS E6pliding ﬁleaiorr%g%né&s%%%auya%na%ﬁonauy

react or every trne Por a different reaction, since
r eco%*ﬂrgﬂsm 4 ﬁ%ac,ﬁarad abd adaudmpbase (hartignally sompyising earactant

pl acifto élfléaslt bRETirst ¥iifFu thoﬁﬁeﬂgéba%t&d 4hd whe PShf%@?A) and

in one batch, the use of batch processes is

| ess(B) are immiscible

Il.  continuously contacting the liquid phase (A) and the liquid phase (B) in the at
least one first centrifugal contact-separator, whereby upon contact of the two
phases a mixture is formed wherein the catalyst is contacted with one or more
reactants and a catalytic reaction takes place resulting in at least a first product
and whereby due to differences in density the mixture in the contact-separator
separates into phase (A’) and phase (B‘) and whereby after separation of the two
phases (A’') and (B’) the catalysts is mostly present in liquid phase (A’) and the

product is mostly present in phase (B');



10

15

20

25

30

attractive, because every batch may result in a

different quality of the product, and tine is | ost
W@eprPsrg2 t he batch reactor and starting a new@EERI906/009012

Surprisingly, it has now be®en found that the use of a

centrifugal contact-separator provides a solution to

t he above-nenti oned problens related to the

custon}nanufacturlng i ndustry. CBntr|fugaI cont act

arators A EsLe ces of egui nt .

066 Pty ienf bfa Gosorindahebidiant anass AL Setonaily

cent régerigmating thet catdlyst ap@vorbistionally Rovingea Bpﬁtddnuqﬂsm phase

prod&g ion of desired products, also when the reaction

to b arried out is a reaction carried out in the

. esefrér%téﬁnabplnonmgee@mnﬁ@trﬁlmsduct Troeh phadeaB)i N an

enbodi nment tggplnventl tes to a continuous

process for ¢ )f PW&WB °féh'F éné(ém'% aﬂwgé"ﬂﬁﬁ?d%lﬁﬁd?sdef'”ed
agbay yahnﬁlstctaamé bRdsBAL in khe sahee hy@,ﬁ@u&bw agthe Qéélftﬁér}lﬁ Bypically,
ase risin onD eneous cata
ﬁ?ﬁtaﬁé? Pé %wﬁ ahd HHS: &p\ce'&:ﬂ"aﬁ@ alyshiscplsp wﬁwe@ In the
ﬂbm%ﬂro(kaif tlﬁlﬁ)tdv@ﬁﬁﬂﬂ YheGter® hbl%b@éhe%ufs ealydhtoverd &H@reﬂf types of
| east Q centr| fugsjo cont act - separ at or;

ﬁﬁ@yyéq%nlgqlpé% opafesariged phove tha %’twaﬂy ge |d,ssolved in the aqueous
Fﬂéﬁe‘ (ALY, En@y@ﬁés’iﬁﬁd Wﬁolé e distuptededl %%n&t/%\wé\}%%liﬂﬁssolved

ﬂt“ d phase he at |east one first centri

%@thegeéﬁgaéps r“se%‘él“% BIPCERDACCORH PG thefinvention wdhg same way

a@ aResivéd eatarystrs ETHUS, tr@rm@&s%ee&uagwmeQﬁ&éit.)sﬁtexp&my covers
contacted w one or nore reactants and a cat al

Fh?altsﬁlQﬁﬁ“?ﬂﬂ"e%mw'ﬁ%c‘?”éﬁlWP@GP?P%@W'&@tA'§°rfana>i/XStS that are in

argedm@orarmd colisid# Biatél iR dopsidbiclas BB GRS oivBd oksn@.btpnrdd%e of this
mxture |1 n t he cont act - separator separates I nto hase

(Xeytionn Althyrrabdn theoyy allmatgrals dispolyete pose gxieat infhegrocess
bE&r&M@td’l’héSﬁﬁen{l&\ )a @wys{t Ept)ntE lae d%aslaéamtss Fl%sgﬁﬁﬁ |s?zflut|on in an

present in uid A) product i s nost
am@%fm'gh ﬁn%sgé@ cetB'Yfe meu desied éfracg%ancﬂ provisieditatane ?mount of

ﬁ@rﬁlﬁlsﬁél%@bétalﬂl@tqs h@ﬂaoailgmauaph @§L@se%/bréblé\ﬂq||‘\ Barrying out the
tionally regenerating the catwst and/ or optionally

F PYRyPRcess: Frefenably. (”PF%W?% RAWEN chihe)total amgyntaf a§?@fﬁy5t Is
Fiesse@tnﬁ 'trfér‘@édtﬁfuiﬁ %QN@EtLé&aFdﬁ& lﬁ’ﬂ@&lﬁohfeﬁcfmnﬁ’nﬁ&% pr&fedably 70%,

n the framewor his invention, enous
gestprgtarably "‘t?é?ait%h@d '%@"a?\?}eldd@ &PIytgn. tT ha%e |a§ewre§eér@si in

ER®ogifERts Y ﬁét%bly% @&Iﬁ)ld%s gél@ eerfz?r'h%% ARk %vhoB’&-‘!l@ aMlnbfh as
the reactants are dj ssol ve

cal
gescibgd abpve, gresepngidees hﬁ@@pgeﬂﬁU% ﬁ%!alv/ﬁtaﬁ%rvtgsle u@UmOS@ ﬁf fé"s

ir¥/udn on, the term honbgeneous catal yst covers
different types of catalysts including those described
above t hat ith t'ﬂ%mfa#q'qn Trostly §§e@pvfew Fapneplionaticihe satalyst is

meant that more than 70% of the catalyst, preferably more than 90%, more preferably
more than 95, and most preferably more than 99%, of the catalyst after separation of
the two phases is present in phase A'. It should be noted that when not all of the
catalyst present in the centrifugal contact separator is dissolved, the percentages apply
only to the amount of the catalyst that is dissolved.

Phase transfer catalysts or co-catalysts, if present, may not be
included when determining the amount of catalyst present in phase A'.

The expression “mostly present” in connection with the product
means that more than 70% of the product, preferably more than 90%, more preferably
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phase (A or A). Enzynmes and whol e or disrupted cells
are not always fully dissolved, but nonethel ess can be

W@ 2@d/081332 he process according to the inventi oPCT/EP200&009012

same way as dissol ved catallysts. Thus, the process
according to the invention explicitly covers the use
of enzymes or whole cells as honpgenous catal ysts.

Al so, catalysts that are in a gel-llke or in a

II id i ssol ved

o Snﬁﬁadéséﬁ@imﬁ P’§fﬂ$%@§h}°?% &31/ @ﬁ Rfﬂd‘{%éﬂ?ffegﬁra“m of
theet tevol phlaseslisysedentin ghase®2 extent, in the process
accordi ng to he i nvention yst counts as

ta
di ssol ved if "'t PlAsepsasasHprding tg@“‘u‘f‘ YHioNAre, FATERS QHE in two
immiscibleoplgizes A aﬂtmlmﬂlqhhﬂ)r@eﬁérﬁt@ foreied p I‘i&‘se@(‘@an for example
rovi ded that r{o 3 Fon di ssol ved cat al i s
RS ) S ki s R Rog dhe, e o saenkiar loyming Rbace Brean in
umt:awformxmme ®83an t{?@ﬁﬁ@é@@ém or H‘ﬁflﬁgfe‘"@%r 261¢dntd \@hen
t a cata resent in
bl A BOTRTS obin Bt shilion a1 Biganisotyeaisdhaicue supstantally
mrhiscibleciiet whiey caiVbe usasto forne peasals, )fortéiénfﬁl’é ﬁ‘io)ﬁfpbldr%olvents
These latter preferred

| et el sol uti on.
e itkahe® s PrasES pefiploumties| romadc Selées Sustygestuene and
ayldneyhalogenstel Solvishits Céuchas cﬁtﬂﬁ&bﬂnbﬁ@né‘@&ﬁoroéfh@ne or
PﬁnSI der ed hom) ous catalysts for the ﬁose of

PEbPRRALIE: PoIAT SYe T%%s\fadﬁfdaﬁ@@ﬂ%ﬁ yaesiat, butyl

acetaenhighén sicohuis @chfa% d‘eﬁunal arsd the $kéTﬂﬁBtalsfo*wssuméftﬁat the
tha O%'EL%(H e cat aI preferably nore than

BrieLs § PrfSIgt ¢ ﬁ%re@sﬂorafﬁan ﬁﬁ@trgw%pfeas&bwylchmae than be

té@ﬂa&ﬂ%secﬁ ot &fofrAingIpuitlof phasrs.separati on of the two
phases is pre sent It shoul d be noted that

hase A
when not al | Y)?'C*I"Mep'é?zﬁ wtcowpag%ﬁ@ organicroivent and a reactant(s).
recdseiphdg@B i€ Qﬂbﬁ:ﬁnlcsﬂﬁ@é &hﬁ thé‘en%?&%f\{ﬁg geatggh{?\zti(s) is limited only
B R Bte Bl o ebu M el ' 1S B sty
hopHase &' )ik Sleat thapfo? SARIcondiX pP&‘es?&le' %kéﬂ@ﬂlo%ﬁauld be as
E‘g erm n| lg t he ampunt of catal yst present in phase

aphassiRls, RAweveh IR spae ICHS65y b3 be mqte bgneficial tayotk athower
t:dSlﬁeﬁfréldjwét fofRRtce Rahcambrhforswdda-9b nidi. PR e for

efe rmrethan 90% nore preferablynore tha
orpﬁ)g : Ly, fprsafely &2aspa® 99% of the product

af t er separ ath®phdadestighd Baydneh bre RS YdditiinRNes&ants.
cesses according to the invention are
B e Bracanion b Deraiescet iy ©lyiiRa graubatanialyghe pame molar
l:d)rwethﬁat(Un SENOURRTK Somé @éé@sngcm&n@flﬁéﬂofdéé dﬁ?é‘?émln%lar
wat er or..an a%ueous solution and the liquid

Q‘UTC\?BWt{oé’)dft'EﬁYﬁr YS PRGN can in that case for

exan”pl e be aEltr@r%EééA%@B\fﬁ'%tlﬂha?al%ébh‘t‘éﬁm ﬁdlt@é?ﬂ{at‘ﬁavea
sol.yent When phase A consi sts an agueous sol uti on

APSHNGrESizt o0 BSIroaRtios. %Lwatasaue‘a%e@waﬁpmpupds for instance sodium

dodecylsulfonate and phase transfer catalysts, for instance tetra-alkyl ammonium salts.
Examples are tetrabutylammonium bromide and methyltrioctylammonikum
hydrogensulfate.

When phase A is an aqueous solution, the aqueous phase A contains
either a reactant, or a catalyst or both. It is also possible that the aqueous phase
contains multiple reactants or catalysts. The concentration of the catalysts and
reactants may vary but is limited by their solubility in the aqueous phase. The
concentration of the catalyst is also determined by its reactivity. Preferably the
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imm scible wwth water can be used to form phase B for
exanpl e: non pol ar solvents such as hexanes, heptanes

WEearoBsem et her, aromatic sol vents such as t oPCEER20861009012

xyl ene, hal ogenat ed sol ventl§, such as dichl or onet hane,
di chl or oet hane or chl or obenzene, polar solvents such
as MIBE, val erol actone, ethyl acetate, butyl acetate,
higher alcohols such as octanol and the like. It is

al so 03 t.he, r eact n&](ah and/ or, t he prod 0&1

GorenBetonlatfe dalaetic EndegR Sl lrad e s Ghieires e Saiaihe

bentrifagal o@ataahmraom casvefsidriofe lgast 20% blnfpa@feralsly at least 50%
e an or anl

Typi gal | hase, B.wi I .|, conpri
DRG0, e BBy Stion or h BERRACE the nQiedie phadie ep at a high
phard, leven to ammaetde_eitémnpérstdna)f Itr%a@batﬁh( iA)thé Srgahidiphate as
8n|(¥. bX t hei i_ sol ubi | ! in :b concentrati or‘l
¢SFiRed APy dhe AgUgqusiRhase Mg uéfsweean & YsuahmapRgrdo keep it
Bfadéstireuwpmwi;hbcladssg@r anhecgnom C prog]ess thhe
concentratio 0 e as hi as i b] e oweve
in some case ﬁﬁ&hﬁé’r‘?‘?ﬁ?%esgaé;ﬁgﬁdfr&tﬁh? BVERIoR ate afried out
Wwitkhval c@rﬂﬁ@ﬁﬂﬁ ﬁl’ébéﬁt?l_n ph&de A agd Bpﬁtﬁii @f{m%ﬁtubﬁ}m Piidse A’ and B,

e for reasons o
§'Eleé ?5"9}9 d(?l"ngﬁ f%'&fcg'?ssgﬁ)é@asons The phases A and B
may contai n kRN ca¥es an @fbi!ntd r@aétbntrrﬂéycbélﬂéé?d thbsidavdter-soluble,

reactant (s in solution in
ﬁ{}ﬁgft%?ﬁ? it aﬂ‘?x/b% h%neg'&wﬁ rfﬁYedT ﬁea@e&wsf%%mo'ﬁ thig cas,g §Rcond
fSAcBAIBNIStas clalaly@ﬁﬁha?(be esyeht iBitRd ofganicphase.f f er ent
nol ar concentratlon (0] t he V&YIOUS react ants.

phase A or BNAAdigRfo Hgergan a%‘&ﬁﬂ“élshﬁﬁ@ald@??f@dt*&’e itis also

béssmlaton@se dombinatibhs 6f arO&gbhl@ sbrast bﬁr‘ﬁlxttﬁ'el @ﬁbr@@f with an ionic
ounds i nst ance_ sod

qui{sﬁw% s e abeﬁH%EeV\?%sa 3R i JYgltons onicdyiauids in

Brthedis, Vet VEH aeHhe MTIDOD Wihisi IstigcorBorateal t@&efé‘i@wce The ionic
‘Eetiabut | apmoni_um bromi de and math Itrioctylammonik

B9 FETiRITA NGRS URR L waler thespf s&%e@’ga%wﬁ?'aﬁe'thera

Eé&etaﬁﬂ Gesaitksly d? Bafé@thA{t Méoﬂl?mm thaethedorii€ AiqUid Phaseddontains
bot h. is al so possible that the aqueous

yst or
&'Bl? r@Bﬂ?%tFﬁécﬁ@Wﬂspl e reactants or catalysts. The

concent rati ofndther gt sibR VINeHt SorAbiAatioRF6r BHHsss MBahdvVBisithe use
bfut i.s I|mted b?‘/hthelr solubility in the aa%eous

HYSdmmisaible grgRn %°B’Fﬂt§r¥h%‘fd'ff%ét@%ﬂ')éw&q'a’ﬁ% agples of such

%ﬁﬁhé‘ﬁdﬁ%@r@&th&bﬁe?%@ﬁhéﬁbﬁé’ or B!t&rﬁéii’ éWpkXane. Other combinations are
theconqrentratl on of the cat al%/! is chosen such that

BpsStPle: TherRglas PRasR coniaiBt fie Gatalyst andier raagiants: whera the non-

BEIRAPIHsE lcoRtafiRNNE bigaplt rehctart, IhedpdduePhd B@gsw Srﬁ@Bﬁrhbbé
at | east 50%is reached. The concentration of

fee5@t in the aqueous phase is kept at a hi gh enough
level to al | vy dridthed pEEdiRE sENEMRLRIbHALIEH frpPasePk bAATB,

Iregpctecr}tﬁ/el?/rlsg g %r%b%gggﬁ ofa aS fluorous solvent, such as perfluorohexane,
perfluorooctane or perfluoromethylcyclohexane in combination with an organic solvent
that is immiscible at ambient temperature with the fluorous solvent such as hexane,
toluene, chlorobenzene, THF or isopropano! or mixtures thereof. In this case, the
catalyst may be made soluble in the fluorous phase by attaching fluorocarbon groups
to it.

Of course, any possible combination of phases A and B may be
applied, as long as the phases are immiscible. It is also possible to use one of the

reactants as the solvent.
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descri bed above. The aqueous phase may be buffered in
the usual manner to keep it at a desired phi value if

Woewensesy. Preferably, the processes accor di nBCT/BP200€009012

invention are carried out WMth all conponents present
in phase A and B, and after reaction in phase A" and
B', either being liquid or being fully dissolved. In
some cases an organic reactant nmay be used that is
wat er - sol ubl

e

revert the @8%{}8% P{e’r‘?\ag{"ﬁ‘st‘:ﬁ[‘ 998358"% @'é‘éh% 89"‘”‘1“93' contact
sepmtatorst TE@ détQIpl 1) lpertldbabﬂil ysétfulﬁta%rebetldﬁisaﬁa;ﬁre highlyhexothermic or

anl as n. a It (0] I ganl C/ .a eous .
QD Bl Ha2S oy BuriElivet fng Gossibtiy” s S8 piae ety g azice by
fe_aﬁtri]xbmbéti/veé@ anlbznae sak, gaimah @s sled_numrgg.deqn tﬁﬁdeﬁudue ghg&! @i an
wth an.l onic I qu oni I, alr e escril pe I N
Sob{ls TR A Pt Vi BefissovEH it e drgaris Pase.
Synt hesi s, WHB@MVM]fﬁdn i¥\éls6 bgﬁlﬁhlaﬂﬁ)ﬁgef}:l%ﬁ &gcﬂléhs in which one or
i ncor por a I erence. e oni c I QUI
B Rl g Acly Wil s MPeTs peig,dy BRSe thabisicsolvefl i the paueous
pfhmeEmﬁmas Bfmterdlecide afeadfudibtacidar ﬁ?@r@bM&ﬁc a¢id ttdmples of

rinera shser el e Koo RarbEs ieibapyeds Adeiarng of a base-

@ala@séd @ro&@ésve me w&ymbﬁ aedtér orpinasfige /£ |Bof &n b€
nic solvents_ that aiffer

R RuArl BFOPPRTIB IR PVGFOVRRAAEN E80T SRERISETRHlarmalin of an ester

6@ ae.td[@dr@ngcgéggmbkﬁ@mme or but anedi ol / hexane. O her
conbi nati ons_are @y : i bl e. pol ar Ehase cont ai ns

the cat al yst P&RIA e&e&ayﬁtsysewmh@a ventien AhAsalysts that are
shiasie gﬁlyﬁﬁ e Bhasb ehNHGBE hét dohR %@:subhﬁ?ﬁ PG, e?;lﬁéptlons are
0SSl one or e ano e 0SSj e
B PR HTle GRIANSHS, FhisDeRaybathirah anddhe Bt Pl ol
b@aﬁomﬁﬁﬁ dh it cade iambaly be fa@:dﬁnté@édﬂ% 16 rerfid\@&thase catalysts from
or onexane r uor ooct ane
Rl OP SRR TELLDB PEAURCATEY foAclon BrtakPR Alage b agrpxtraction

progasy for VAicH %ﬁbthbh@éntaa separafef nftlydealseanbi ent
tenperature ﬁ?t h the fl UOYOUSp?# vent such as hexane

tol uene, chl bAoIsERSYRsIratejsrisgH hegaip iajpdisate the reaciantthat

tineaeN forrh8 thdagef Bk of thBrédicelnybis pidlce8 ine&ontact separator.
ol uble in the fluorous phase by attachin

A0B FRCLPBLRTCGPBIREoW Beteen dyo Easiants, ofR BT hisSip eelatively large

mm@u@andcahec&f WhIthSS & ré\aﬁm& ﬁnaambeulapml thi8 ateh® apSiitdtion, the
is also possible to

Eé%e &Eg%d? erg'éta"lr"g'ﬁlﬁ‘ménfg réfeér,gdtt‘p, a@s SWPIAR-. Many types of
reactions caphdRomEgdritol®datafstsiRed ANthEiikveaddn fRAYLRGfansition
metal catalysts, based on complexes or clusters of transition metals of group 5-12
which complexes will have the general formula M,Lig*sLigclg in which M is a transition
metal of group 5-12, Lig* is a chiral ligand, which may be monodentate, bidentate,
tridentate of tetradentate. Lig is a non-chiral ligand, | is a counterion, a is an integer
from 1-18 and b,c,d are integers from 0-36. These catalysts may need special features
to secure they are soluble in phase A and not in phase B (or vice versa). In the case
the catalyst is in the aqueous phase it can be useful to attach water-soluble groups
(such as CO;Na, SO;Na or POsK or oligoethyleneglycol units), in case of the above-
mentioned complexes to either Lig*, Lig or |. These same features will probably also
aid the dissolution if the polar phase is an ionic liquid. In case the catalyst phase is a
fluorous solvent, the fluorocarbon groups will need to be attached to either Lig, Lig* or
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separators. The set up is particularly useful for
reactions that are highly exothermc or that contain

WO 20308363 substances. One possibility is the PCT/EP2006/009012

production of an azide by réacti on between an azi de
salt, such as sodium azide in the agquous phase wth an
organi c halide or an epoxide which is dissolved in the
organi ¢ phase. The invention is also particularly

seful for reactions in which one or nore reactants

eacts wwth a mneral acid or base that is dissolved

i n the aqueoExanpiésef métalsrgee &%, RE, Pﬂ'inlemlctaoﬂhﬂQsace, Ni, Hf, Ta,

%]Lejl furl c aci dl%%%ﬁ%gg 8 |Ié:|\%c:| d. n%xqzl y” 8f imiggs,
ammmes bifsomzbm pn@pﬁmdxﬁonms slspﬁodahmebywohlassalmp,
Bl Se8ohet. P Ghisoi BhSuioSRse hinsah e s ceprrss
igaad$ eudrpas phiosphings, ;ﬂ@%ﬁlﬁorérhm&@rph@bmb@ lor @ﬁ@spﬁhonltes Incase b
cargﬁ\ﬁ . g acid. Pref é , the catal ysts used in the
¢ Pdio aﬂr%”@dlegpwf et a?a"?fre soluble only in the

phase that deesfngies ofligahdd ﬂﬁb@pmgpﬁhéat&spﬂd@'ﬁﬂﬁ%,,
exce s are, the use of ase trgnsfer cat a%%/ S

SHMERGRRINGS: SFIEINES dries he Ges o AN s BIdaipe. pivkines.
bxazbliries, BisoRazoling¥REthess, 8GbraY PR QoR/ehtd, EESALadieritile, olefins,
%Hcﬁ"al ysts. fr m t he sol uti on cont ai ni ngit he product

&S PalsicanBHrEs deRge |ascyciRgctasiens of RebpgiRdiene.

process for mb @Mohﬁ(en@@illékétchﬁ)ﬂ&@ftﬁbﬂfde'm&’or% acetate,
ubstratels used erelnt0|n|cate

The t r
iGorpeciaien B+ PhaceUprIeRubarale POl REnang rEieBrTepE st s
BARRFpr oduct that i's produced in the contact separator.

Many reactiops are carried out between two reactants,
one of which escaéaly.g{sgg?q,gtg)e InyeRiloNfRRL2ISP be diRasitipr mstal

Mdeaftou&d@ 'N’\@E@bbllbﬁis)ﬁné‘rﬁ@érl'y éﬂMaﬁ@Lig]*?and Rort Bhifal ReErRIBYLig) or

i cat he | arger ofthe different nolecule is

iBhuses fhoreth ThevaTaCHIoa b Stabliged B tan Beie e 9rdptes-

alﬁﬁ&nm&ntuhﬁsall%\(ﬂlbylp@an@é/sm 39 pONENIViIrypéIRinone. The catalysts
based on conpl exes or clusters of

al ysts,
FAhG kBt maY aise BB rorgrORARSts, Whigh may o Syl not e Chire
E)@éh@plésh@regﬂﬁﬁétﬁ)esfo@Cmd:hané\/alkhlglds %dl\&@fﬂdé@ dw@tofphbel}-ézu%s such

atranS|t|on nmetal of group 5-12 is a chir

29 yernd hehise ﬁ“gﬁa{;ﬂeﬂéatWﬁﬁéﬂ%h%%Y'é" Sés‘a %H@taﬁ%based ketone proline

ard |€§edlgrﬁbﬁ\/e@f chiedl Hﬁﬂ#ﬁ\ﬁléﬁiﬂop}rl%e‘ diari@at"\ié@ ﬂ'?é§e&!atalysts may also
I| IS a counterion, is an integer from1

950%950"13%@3%1*1@519?%@? &ﬁ"@ﬁeé\ a%@%@%@éi’@hﬁﬂ?nsmon
megticapgst al features to secure they are soluble in

phase A and not in ghase B (or vice versa). In the
case the catH18/atalysls upeq ﬁéh%@%@lﬁ’é‘ MRk 2N engype. fech as an

addrédiuctasedtdr AfstarntRLBEchoPleHIdR GBREP & transferase, such as
Nicotinamide N-methyltransferase; a hydrolase such as Carboxylesterase; a lyase,
such as Pyruvate decarboxylase; an isomerase/racemase such as Alanine racemase
or a ligase, such as Tyrosine-tRNA ligase; hydrolytic enzymes such as a peptidase an
esterase or a lipase . In principal, any enzyme displaying useful catalytic activity can be
used in the present invention.

The catalysts used in the invention may also be whole cells, which
may or may not be disrupted. These cells will contain active catalysts such as
enzymes, which may be genetically altered and overexpressed if this is deemed
necessary.



10

15

20

25

30

35

(such as CO2Na, SQO3Na or POGBK or oligoethyl enegl ycol
units), in case of the abovenenti oned conpl exes to

we@paoh®s138t g* , Lig or |I. These sane features WCT/EP2006/009012

probably also aid the dissd#ution if the polar phase

is an ionic liquid. In case the catal yst phase is a
fluorous solvent, the fluorocarbon groups will need to

be attached to either Lig, Lig* orExanples of netals

ﬁl/{)e Shh Rgx an%F%"lé.t 08§ F%.ﬁ ?oq@#ﬁigﬁscq?ﬁ%q é\ltg’raé;tgfding% th%eihvention
areafot insfance rdxctigms |d|wl'm thdisubstratsis the fszetdndsthe organic phase,

BhEREE WRRre BRBRRI AR AiRus BRpinodn BRI bethe reactr

bf spbgapicdmiidesr, arrmermmtaagne bl’g&ﬂt@ﬁeédénﬂ ih BRASESB With Rodium

VR el ABEE L L0 SRR ot v

thet build-uphof dsagerouﬂmﬁbhrese afoitiedq a’mﬂmeﬁp@ssﬁtﬁlé reaction would be an
n nophosphi nes, .

BIHRpR fcicn AT VSE ot RHoSH SRR e Siminatee from the

Isuwnatejdtmneerganvcaeadtameesm.bg #opteselB)) nfé?the@idfﬁrﬁducﬁg Gliater or
onitrile I Ns

Borhgtri e A raBletdy dRmaved Brnase Ajhe Satlimin Athese

rezrcbmmmlbermuveﬂoaﬁaldesurév‘slwunterl ons | are chl orl de,
brom de, fl ug)rj de, acefate, [§| fl uor gact et at e,

PF6, t et r aphSKJRiid HACtils are alspicRaYesiently Pﬁ%c%t%f“&%d'”g to the
gwehtions TBé\BEbstrEteewmaméanwbé pﬂ@@d‘t inthé b@an&mfse QrgHMY reactant

i Sho b@t ; 3&;% 'Pgh% ﬁ?rﬁgfpgf qugtaft ggﬂ%r%ghwgwheaqmdant which is
Hissam@bsm(duagé Aotherdxidant esuld fbﬁfrfsténce'BbQWdfﬂ@én PeFdxideor sodium

: athﬂ %‘yﬂdﬁ%ﬂ’a‘ﬂﬁf %5%92%33% E%ﬂ U9apis substrate would be in

pfdlc)hglﬂd\tlmw coma”cf With dlsﬁaﬁ@oxﬂ&ﬂ Ilkéltr%by t & befchiré&tor, the danger
Ic}gventl on al so be or anocat

S 1 C
RIS 917 oWy aA B 4oty ey BY SxPB4fe teadtion n the
&mgimgalacoatélwbepadst&r mebyﬂ%targgﬁeatwlltréfcﬁkeel peLaZl n$s
SucC as CycC | S r erirvatlves sucC as I an
Shi s uet oGaAEAkeRY cRialysRAPY FrRnsiion metal complexes are also
derﬁ\lew!khtly E’Timed bur @dcod:illrl'gétbhb(é RVERIBRY Ah @%(ﬁﬁ{)léﬁﬁ?(d@b% WRSreduction
e cat t al. SO0 C r [ oups a maKe em
S aeEnydr BRSE0S R 26 iBe gl e glaenicgpasthRt In phase B using a
vatgisblubRTutiehiim hlpstyeHichlig %uﬁéhlteahb/ phasel& gﬁhldhgs éitﬂﬁar aqueous,
nventl on Su as ah OXl dor eauct ase,
%Bﬁf\%‘@%@ﬂ%aﬁhe 6@%9@% keisoprepagiebwhich seuld be’present
&msas WicoQldi alstBelg foNmiges Bén{ whisheb&H %éﬁbreéggw FeicM®in Phase
SucC as ruvat e

s, Car | est eras
Ao Bl Dt pimpd AonalsaseoRaRk A BRI o 25 A B TREPECtvely
WeREDERbIO Futiferlivrg éﬁﬁlys(:‘stbﬁ@ w%ﬂ kﬁuwasrbniﬂsﬁawarbmq% Riork of J.M.J

L8 Y anS dh Teter 500 5 a5t BS 4037d-4039).

Many other examples of two-phase aqueous catalysis are described

in “Aqueous-Phase Organometallic Catalysis, Eds. B. Cronils and W.A. Herrmann,
Wiley-VCH, Weinheim, 1998 and the second edition from 2004. In general all these
reaction types can be advantageously performed in a centrifugal contact separator.
Many enzymatic processes can conveniently be carried out in the
centrifugal contact separators. Examples are the hydrolysis of esters and amides.
These can be conveniently carried out in aqueous/organic systems. it is also possible
to do transesterification reactions. These reactions can be performed with the enzyme
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esterase or a lipase . In principal, any enzyne
di spl ayi ng useful catalytic activity can be used in

Wo b@7/08132nt i nvention. The catal ysts used i n PEEEP2006/009012

i nvention may al so be whol d5cells, which may or may
not be disrupted. These cells will contain active
catal ysts such as enzynmes, which may be genetically
altered and overexpressed if this is deened

RRERAR IS fass 2R e Boae TS R SR O

i n which thelt suddsa hlghlg adsarithgeaus 4o tamy omtra ¢dialytior kipeticoresolution

P’nﬁﬁ% gont%& s%tég!a‘la' hg\%e &Bé&tsﬁé %%%ga&% gHI s(g:ﬁecgﬁég G ﬁyvgh only

blaé embntiomeaimda Eamemldmlmwhavumg tjpemtlmrreaanmqnw Iangelyhmﬁ@ched

il S R oR e e GRR OF ekimAly § Pl e of 2
hpaslederupe oésolldiog of an esteNGf < eaceint: secondtay alcBhoitdnatt ester of a

RB e Bt ane EAh SR o
bétweem 5016084 eor(vbmoro fogaof thertwa ehartiontezs ivili iegconplptey 8 drolysed

Blipe EBobr\RrBl10F sPRSiemisiEnh hedeh et ot Figkisgptained

inhsssmanticmiré (. Wné brdmessalmooeding to thé predent ineshtdhdehighly

SRR gt s Wensciaia B SsriRe TRetbge dr (SFF Fesctons are
tyrred ald ip bb&;hmne afwdysihard tocletdramis the pRacto(r M@emﬂ@ reaction

B d t t
LRG0 Stopfed RS S0 s 788 s Moriiinge pane; el epuipment
bfithp pessentinvéritienake paametars (fibw @tes| m&tmnca;ebe dayaiysmgen
Feroxh%e or sodi.um Ig% ochlqrite.

31568 5atER) O P i on (ol op apAr RG] e Wy that

porviecsigreid mhmtemedca@ekmy tivd dé’Sll‘éd@éfC@ﬁ@g@Xl dant |ike
these inab

tor er expl os -
or a run- am@ﬁ*}%g ﬂeﬁcg'b?fgﬁeﬁ?' re'%y't @(ﬂ' d??&t?‘l"ﬂathat itis
pessiilé muse"mbulee:ememmal togatt -Gepéram ireSeiRs Ad achné\iee@reoptimum
. Ic . reactlon

K | d d Cat
plapery 306 ) ftw A selive i Fatons Byl pedrtied consraugvely
conveni ent | yTlearnwemdancumt/eraeﬁmyouumemcerﬁMmtame@t téHlinuous
An exanpl e uction

| th f
RRCERaoln St R eTalors RO BREE EomBtass feapignt and
phasecB B?lp@gngom Alxqvams cofiprbeé a réaatdmtzhru tataly st cnytse prébert fn either
| Su e n er eou
Base Bt Beand Sr e e in sl gorio e 1B, BB asRiR 95 Phase B. Thus,

It ss0ci@arapatibe coidetratandfcili REMPOASRO bF pHaspased Bicahvary in wide
coul d gl so be a formiate salt which could be present
a@laﬁﬁtAmﬁyﬁﬂ’Q%seA Products woul d be primary
al1oom%3|;qu&econdary al cohol's or an am ne,
5{3?’8(\3& L velt)é Wat er - sol ubl e rut henium catal ysts are
K FIRACERhr i nstance fromthe work of J.MJ

0-100 wt% catalyst
And phase B may comprise:
0-100 wt% liquid
0-100 wt% reactant
0-100 wt%
The weight percentages all being the percentage of the total weight of
phase A or the phase B, respectively. But within all possible variations, either phase A
or B must comprise a reactant, and both. phase A and B must be present. If the
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Wl lians (Tetrahedron Letters (2001), 42(24),
4037-4039). Many ot her exanpl es of two-phase aqueous

W@ 200d0ysB% are described in "Aqueous-Phase PCT/EP2006/009012

Organonetal lic Catalysis, HBfls. B. Cronils and WA,

Herr mann, W/ ey-VCH, Weinheim 1998 and the second
edition from2004. In general all these reaction types
can be advantageously performed in a centrifugal

T TR T e

w@bhqmdmrsaldEMI es are the hydrol ysis of esters and

am des. The onveni. carried o in
Sueous/ or oaFindRE pReRRAENiSE tothe FRERIET 5 Palbivh Ty yoed. the
tatalpst pseferably after pbaser m@tatmnsks préberttén thequhase aerethie gheducts are

RSt PRt 750 3 2 B 434 SR

phase. IIhlrghéprMsaacagmoglso the imantigh mate than aahalpyctduct are formed

[ ol ut |nthe ontac arat In thes
355 o6ia 6P AL PraPROGARRER oBRBRIEDY in g PRy whie the
ather mrodurdt Iom“rprbdua:ts are preeentdn memmErmhahea‘hlﬁgIOWSGfoDémr
renant {E' dI %g%% uqtouched. Enzymatic kinetic
eGP} 18R 95P'6 gUCty e wel | - known. One exanple is
the use of a lipase for the resolution of an ester of
_ racm CriRE ondary al cohol or th ester of a racemc
QNG Lgure By carrying out a |ipase-catalysed

Ihgd’rlbl yGrioss-sectiohigba dentrifudattovtan-seParafifg deviseer si on,

one of the two enantioners wll be conpletely

hydr ol )}sed P89 498€al cohol and the car boxyl at e, whereas
t he ot her Separattmmronef the ster is retained inits
enant i qpur m, Th rocess according to the present
i nvent quh ¢§ntﬂ{u8ﬁ gﬂﬁ? SHAROF or carrying out these
Eigt 2bytThe é)ﬂ!ﬁﬂh’l&hlaOﬁetﬂﬁaﬁéd prBxaniple { hese reactions are
carried, out |n batch it is always hard to determ ne

t he exd%t Iﬂ A were the reaction should be st opped
unl ess Btonergahm‘eédlsdslewdn time nonitoring is done. In

t he equépngnt of the %ent i nvention the paraneters
(f1 ow rat eS®VH 8&'1‘%% cat al yst concentration,

t enper ab.ur Rguedius fduel soemmhl on can be mani pul ated in
such a that converS| on is maintained at exactly

t he de e‘ﬁqlﬁa E? Al t hough not described in

det ai | Fher(elNC ViQ2 wntrlfugwcuﬁtdetrsebambrt hat it is

pOSSi bI(? § use rmre centrlfugal contact -separator in
series Yo optl mum process. This wll allow
a serias. oRedsye&cBuﬂensegs@ be perforned consecutively.
The inv ﬁ%s @overs n di fferent enbodi nents of
conti nu '}S{EB EEWaY ValVe®ent ri f ugal

cont act4 aspavaves s, e.g. phase A conprises a reactant

nd, ph nane r both A and B conprise a reactant,
B5caBal & SoaimpbtapeBiired i BEMRE Zphase A or B, and
a reactmantHepynén itself formthe liquid of phase A or
phase BB

C. Reverse osmosis water

) TBpgsa’nic feed solution

Aqueous feed solution

Aqueous waste

CINC V-02 centrifugal contact separator
Organic product

Iemmo

Recycle buffer vessel
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it is clear that the concentration of all conponents
of phase A and B can vary in w de ranges. Phase A may

W@ o382 0- 100 wt % | i quid 0-100 wt % r eact ant POFEBII06/009012

wt % cat al yst And phase B mdy conprise: 0-100 w %
liquid 0-100 wmt % reactant 0-100 w % The wei ght
percentages all being the percentage of the total

wei ght of phase A or the phase B, respectively. But
within gll ooossi bl e vgr' at i ons, ei ther phase A or B
nust coﬁpr 1QgAnic recyele H'li&?rvgﬁ%e bot h phase A and B nust

be presen,.3, Bfantiideare agd-aay valwesl so the [iquid, the
f_reactant i i ndi cated as wt % reactant and

anmount
t he wt%?I?(?Lﬁr@ f@res"z?"gsto be 0. If in the process
accor di Rg aha PRh#ee pom@st i on a catal yst is used, the

at a|.ys referably after ph separation is esent .
i #1258 chrofpafanréniic praivii Siihe BEaaAs PHEE AUnG g opening
pr eslent of T Pepoybutahe iﬁ&%&CIl\ﬁV{ZOH:{eatrﬂf@’al %ntéét%epara(tjqr. The initial
cat al yst_cont ai ni ase. . N e ocess accordin
Co. tho PUFERERH dardontie i nohBradhicd Ponia e ht cac o2
| east omenad). After 24006iH ShessubBtrateafoRtioh Masre@fR (dashed vertical
predom .anttryg one phase, while the_other product
or o pr olitt Heelowina siRbols arq tRedde His igiigse. Thi
al  ows gor egsokybgtapyery of the desired product.

Descri pti on O_E_Ht he figures Fig. 1/5 Cross-section of a

centrifdgal BAPUBRCIseparating device | . Mxing zone
I'l. Separatipitaggdi®d. | 1 1. Centrifugal contact-separator

5152 Sl 13 B PSB85 o SRR e
wat er DeorfGdi@epsrator efpsriphatti on E. Aqueous waste

Examples
Example 1.
Enzymatic two-phase catalysis in a centrifugal contact separator
For this and the following experiments use was made of the CIT V-02
(Formerly known as the CINC V-02 for a full description see for instance

http://www.auxill.nl/uk/cit.separators.php). Other comparable equipment that can be
used is the BXP centrifugal separator from Rousselet-Robatel (http://www.rousselet-

robatel.com/products/bxps.php).

In this example we have used the set-up represented in Figure 2/5.

The aqueous feed solution contained an aqueous buffered solution of
the lipase from Rhizomucor miehei, which was prepared by dissolving 155mi of lipase
solution (Sigma, 2 20 000U/g) in 95 ml of phosphate buffer pH 5.6, prepared by
dissolving 26,24 g (192,81 mmol) of KH,PO, and 2,58 g (7,20 mmol) Na,HPO, 12 H,O
in 2 L of reverse osmosis water.

The organic feed solution contained 598,15 g (2,12 mol) of oleic acid,
202,15 g (2,73 mmol) of 1-butanol and 2076 ml of heptane.

The experiments were performed in a CIT V-02 separator. In all
cases, the low mix bottom plate was applied. The lay-out of the system is shown in
Figure 1. VL1000 control peristaltic tube pumps equipped with a double pump head
(1,6 * 1,6 * 8R) were used to feed the CINC reactor with, respectively. The reactions



10

15

20

25

30

35

F. CINC V-02 centrifugal contact separator G O ganic
product H. Recycle buffer vessel 1, 2 and 3 three-way

W@ 2000031382 and 5 val ves Fig. 3/5 The experi ment BCT/BRI00§009012

used in Exanple 2 A Heptarld® B. Organic feed sol ution
C. Reverse osnosis water D. Aqueous feed solution E.
Agqueous waste F. CINC V-02 centrifugal contact
separator G Organi c product H Recycle buffer
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s tespoionSab il wifiBe Pa e BBk st o eSCBRYR fosd perod of 1 1
Attaisipaiht the heptahe féed&)regfﬁ?gans; @plaokd bythrysrganis feudestreand(oleic

u .

in this figure; : . epox : ,nifrobutanol ; . .

i/ aebiling] A hepianel SERRE AV Valke 1A ratBIDahfr 10 minutes.

theredatige irathe GINCywas dahtécnl@% :febmcmgmhef Wétfg é{éeé}ﬁ WithGhe aqueous
epar at or_exper nt .Exa es. nmple 1. Enzymatic .

BRH ShRarB dedieBir bue it FaRe tsior (g asaiANES. PO g A inides. the

EINC tdaictor aag opBatdddncewhidgge Witk Fégpedt s botefesastremds. 1athis

gtgge,%lo;l;m t\é_e%%ganic and aqueous product streams were discarded. After this stage,

three-way valve 3 was turned to collect the aqueous product stream in the recycle
buffer vessel. When a quantity of 20 ml has been collected in this buffer vessel, the
mode of operation of the aqueous stream was changed from once through to the
recycle mode by opening valve 5 and closing valve 4. The reaction was allowed to
proceed for 6 h. The oleic acid conversion was determined by measuring the
concentration of butyl oleate in the organic stream using gas chromatography. The
sample frequency was 5 minutes in the first hour, 15 minutes during the second and
third hour and 30 minutes for the remaining 3 hours.

A maximum conversion of 95% of oleic acid after 50 minutes was
observed, which leveled off to a constant value of 45% for the remaining reaction time.

Example 2
In this example the organic phase is recycled to obtain maximum

conversion. The set-up represented in Figure 3/5 was used.

The organic feed stream consisted of 99.99 g (0.35 mol) of oleic acid,
34.71 g (0.47 mmol) of 1-butanol and 350 ml of heptane.

The aqueous feed consisted of 124 ml of lipase solution in 82 ml of
phosphate buffer solution (pH=5.6).

The CINC reactor was fed with pure heptane and pure water, both
with a flow rate of 6 ml/min. Subsequently, the centrifuge was started (40 Hz, which
corresponds to 2380 rpm) and the set-up was allowed to equilibrate for a period of 1 h.
At this point, the heptane feed stream was replaced by the organic feed stream (oleic
acid, 1-butanol in heptane) using three way vaive 1. After equilibration for 10 minutes,

the reaction in the CINC was started by replacing the water stream with the aqueous
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(Formerly known as the CINC V-02 for a full
description see for instance

woeaoposy3semy. auxi | | . nl /uk/cit. separators. php) .PCI/BR2006/009012

conpar abl e equi pnent that d&n be used is the BXP
centrifugal separator from Roussel et - Robat el
(http://ww. roussel etrobatel. com products/bxps. php)
In this exanple we have used the set-up represent ed in
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operation of the aqueous stream was changed from once
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OH

The aqueous phase consisted of 0.2 M phosphate buffer, pH 6.5,
containing 1 mM DTT, 307 mM NaNO,, and 0.5 mg/ml purified haloalcohol
dehalogenase (HheC). Final volume: 200 mL

The organic phase was a 24 mM solution of distilled 1,2-epoxybutane
in heptane (volume 2.5 L).

Both phases were pumped in the CINC V-2 with a flow rate of 10
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concentration of butyl oleate in the organic stream
usi ng gas chromat ography. The sanple frequency was 5

wWorRwanes3t n the first hour, 15 m nutes during PGEEP2006/009012

second and third hour and 30 m nutes for the remnaining
3 hours. A mexi mum conversion of 95% of oleic acid

after 50 m nutes was observed, which |eveled off to a
constant val ue of 45% for the remaining reaction tine.

RURE 7Ba Sre o SRR AT e B PP ST e it et whs the organic

plegseagasntaptinuoushy Qteamed/for maﬁrstlaeﬁursTdf%xﬁérgﬁthanH&l%h reused.

4 FRTAAR BoeeBb faufoe. smplesyeim aken hatrtsdm e GeodS afs organic
blm}!eamnd analyzed iy gas shibrratbgraphyl Sherbsaks ér%dﬁctéu‘ in Figure 4/5.
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estiadtisbparator can naainsiniaaigrodctilithovedtinddi s poi nt, the

hept ane feed stream was replaced by the organic feed
stream (ol eic acid, 1-butanol in heptane) using three
EﬁaanaM\Gorilmu?]\ﬁ Brocexytfod thd hadrionBis§op butlDfoffn Btet ets,h the
reaction in e CINC was start acl ng_ 1

wat er streanf’\/ﬁde’ﬁnctei?é q%@%rﬁg?rg%&%d"gg ?%cfg%é@ was bubbled
witis Nefor 00 hhard the s ButyliBomatd (NBERfondYir. Onelhv ®efdre sﬁ@ﬂt—uﬂ bf the

] d OnCe throu

BT, e oot b etz Blna 5 GRREV B T PSP bt Mg prachine

res StTéans
whigh bas;%ﬁenmrmdarqttnmhrm sydieot) was setaatd . vigmin and the temperature

ﬁﬂbﬁl%‘édj @@fo reA!‘stEﬁlﬁg U‘I‘eé?] ﬁlte"i‘%tarﬁﬂro‘?ﬁe ¥to?’ %e‘@on%léﬁ%%mem

switched to colleéect t queous uct stre
alespfirse ag {Rerted Bm'feerat%\@@emm @913'5‘ rjiregeniflughieg thpee times.
The §@enDRSoEPatbE Gh®RH ainftrdgBh Striddphee. vessel , the dee
of operation_of the a&ueouga st.ream was chan
RIS

once t hr ough"1%SXPREME o0 8% SIting fis ¢ e‘v(ép'%) aS‘d the pump
faading thesiqogousaNlaGH éolutl%h td the reauter (80 ME/mih TRE oiyalic YRaseSpump,

d
ReARS ph 00 B i) G stalS AL SR o 2hfit Bl feactor
started flawdng. Bemples wlelectakardeviery tivhinsindtes fram bethgdhabes ddwmon as the

#@Qﬁé’cn@é oﬁﬁfgtahéd)ﬁbv»)g@gz @Qﬁ’tg %&t%soaffeg%%i rf@gg«z F%utlet started

penin | osI
vana, i Sxperment e S&Pg%ﬁwbktswl@bkﬂg oBthe: pusrPsiAnd g ﬂg;me and

S84rARy MaYeatrve 9. By switching on punps P 3 and P 4
(set to a fl_?wrate of 0,6 m/mn) the nod

operation of 'RAUSPYRRIAse §?WB’SW§5§"@W5?F§%“W%“SW““ 0.1M
nyaiegohlotic atid ¢using 4 Oentibarette ah 0 fremCATEINGEMGUrbiEb M) Zdp8RYGmbH,

ét%ﬁ?é%,l (gérm-le-lrr]\)? arrig a%t1|4%p| r\n/\agr from Biochrom Ltd, Cambridge, UK driven by
Coachlabll software and computer interface from CMA, Amsterdam, The Netherlands). The

organic phase samples were analyzed by GC-FID (HP 5890 series |l plus equipped with an
HP5 column, injection temperature was 250°C and column temperature 60°C).
Steady-State conversion was determined at 8.4%.
It is clear that by varying the rate of the feeds and the temperature the
conversion may be increased to 100% if desired.

Example 5. Possible chemocatalytic reaction in a centrifugal contact-separator

A chemocatalytic reaction may be carried out in the following way: A
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allowed to proceed for 4 h. Sanples were taken from
the organic streamexiting the CINC reactor. The oleic

wa@eoodosssyer si on was determ ned by nmeasuring tPEI/EP2006/009012

concentration of butylolea2e¢ in the organic stream

usi ng gas chromat ography. The sanple frequency was 5
mnutes in the first hour, 15 mnutes during the
second and third hour and 30 m nutes for the renaining
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i&i@ddfumﬂﬁilm\leﬁ‘ﬁdtm.rkmwdb?d,m?wbé f@d\tah?ggbﬁ@w ran mifmi%ﬁorv\mCﬁons at
ont 1 nuous rea or e.JTIlr Qur 0 .
L EPRr o AR Pt eledivieb oT e ionNG SFeslhcRRHNg out of the
centritagal mm&t Q@Mbemtaylbe mabnéchmfa" s8tohll eemtfifigaliContdtdl separator

P Breelrd Mete Bt Efeguiive Mbes Of et dd e das R epoxice

triag betpukified by/due{'nambﬁ ah@treaeaimig clefireieagrior kethetzyiifugal
t he NC experinent. It is clear fromthese

dur
F%ﬁ&g@?rﬁ!ﬁr an enzyme used in a centrifugal contact
separator can nmaintain a high activity over tine.

anmpl Co tinuous roriess for t h ronS|s of
le a racemic carboxylic

bigH sol ution (23%w) was bubbl ed w th N2 for 10 hr
and the n-Butyl Formate (nBF) for 4 hr. One hr before
st ar t The faibwingegiwespedestaption dftaepdsbible roénrdndn whickra centrifugal

et nbiormdi e e b fe nenic R e RGP e fr ot o

eacemldcdrbmyhc and A betatyem;mtutainus preparedtyrthd ad&iddookd5 g of a

tartin d, he cta t.he reactor e
Rtsig o eleop Saaih SR s Gabr Byt Papentviifuage P
P3GdboRAY $p nﬁaseraplsm taﬁ&aa Ahka&ttanGpds8 e AL RS Candida
Antarctica Lipase B (CAL-B). to 500 ml of 50-100mM potassium phosphate buffer

pH7.0 (50 mg of dry weight per mi of buffer). This buffered suspension is pumped
through the centrifugal contact-separator in a closed loop. The organic phase contains
an ester, such as ethyl 2-hydroxy-4-phenylbutyrate which is dissolved in heptane (1:1
viv). The organic solution is also pumped into the centrifugal contact separatorand the
organic phase is collected at the upper exit. By regulating the temperature, the flow
rates and the concentration of the enzyme it is possible to run the reaction at exactly
the desired conversion, usually between 50-60%, depending on the E-factor of the
enzyme. The organic exit phase contains the unconverted ester, in this case ethyl (R)-
2-hydroxybutyrate, which is the desired product. The aqueous phase becomes
enriched in the carboxylate of the other enatiomer (S)-hydroxybutyrate. This can also
be isolated in a continuous mode by using a membrane separation if desired. In this



The system was operated under a nitrogen atnosphere.
The experinment was started by starting the engine

w@ 20rp313and t he punp feedi ng the agqueous NaCH BCGI/EP10061009012
to the reactor (30 nL/m n)22The organi ¢ phase punp,
feeding pure nBF (30 ml _/mn), was started after the
aqueous phase outlet of the reactor started fl ow ng.
Sanpl es were taken every two minutes from both phases

B 5 4 RO P L8 I A o

$epanatog, t he experinment was stopped by switching off

t he punps and the engi ne and cl eaning the reactor. The
aqueous phase sanples were analyzed by titration with
0.1 M hydrochloric acid (using a Contiburette nmlO from
CAT Ingenieurb ro M Zi pperer GrbH, Staufen, Gernmany
and a Cl4 pHneterfrom Bi ochrom Ltd, Canbridge, UK
driven by Coachl abl|l software and conputer interface
from CVA, Ansterdam The Netherlands). The organic
phase sanpl es were anal yzed by GC-FID (HP 5890 series
Il plus equipped with an HP5 col umm, injection
tenperature was 2500C and col umm tenperature 600C).

St eady- St ate conversion was determned at 8.4% It is
clear that by varying the rate of the feeds and the
tenperature the conversion may be increased to 100%if
desired. Exanple 5. Possible chenocatal vtic reaction
in a centrifugal contact-separator A chenocatal vtic
reaction nmay be carried out in the foll ow ng way:
Acat al yst solution is made up from40 g of Na2WX4 H20
and 6.6 g of H2ZNCH2PG3H2 in 400 m of water. This

sol ution can be punped through a centrifugal contact
separator in a closed | oop. The oxidant, for instance
30% H2Q2 is charged into the aqueous flow just before
entering the centrifugal contact separator. The
organic flow may consist of an al kene such as 1-octene
containing 1 nol % of nmethyltri-n-octyl ammoni um

hydr ogensul f at e. Depending on the reactivity of the

ol efin the organic solution may be preheated from
30-90 degrees C. Flowrates and rotati on speed may be
adjusted to achieve full conversion. However, it nay
be advant ageous to run oxidation reactions at | ower
conversion to achi eve higher selectivities. The
organi c stream com ng out of the centrifugal contact
separator nmay be washed in a second centrifuga

contact separator with a saturated Na2S203 sol ution to
renove traces of peroxide. Hereafter the epoxi de may
be purified by distillation and the remaining olefin
fed back to the centrifugal contact separator
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Exanpl e 6. Possible enzymatic kinetic resolution of
the ester of a racem c carboxylic acid The foll ow ng

w@raes3g3zlescri ption of a possible manner in WhETEP206/009012

centrifugal contact-separat2dr may be used for the
enzymatic kinetic resolution of an ester of a racemc
carboxylic acid. A catalyst solution is prepared by
the addition of 45 g of a |ipase (for instance Candi da
cylindracea |ipase(CCL), porcine pancreatic |ipase
(PPL), Pseudononas SP |ipase (PSL), Candida Antarctica
Li pase A (CAL-A), Candida AtAIMS i ca Li pase B (CAL-B).
to 500 m of 50-1007M pot assi um phosphate buffer pH7.0
(50 mg of dry weight per m of buffer). This buffered
Suspendseof a eentiifugal contacbseparatbrefor eartying aiga non-radioactive
cont ack. &fdadh %H@Lid'-llaufane%%Sﬁ ;}Arfﬁ%ﬂ from fvodh#AliGie RGATE
contai ns an ester, such as ethy

2- hydrUdsgefla péndnifugdl contaat-sepahatathadesrdifigsteallaimdt, wherein the
hept anr%aét?dn]i Xélﬁad oﬁpget&%gr??f lgasi%g%éa%pan' 8 al so purr_ped
into the centrrfugal contact Separatorand the organic
phase WUse ofd tentiifegal abntabesepapstor acptdingRp adamul eart, mdrerein the

of the |°B1eto run the reaction at
éxact | Yse bfea cerdiifugal cootacksepacator accoadingytolnddineS; wherein a

50- 60% i t.he E:factor of the enzyne. The

or gani orgge(qoet%gﬂyagaetg@%tﬂggf%s t he unconverted ester, in

$.ni s clseofed aritrif@§al-coBtabtrsbpaxatbudocoadirgg towthaimt8, mdetdire the

desi rer:)j%ﬁr oq]ucts. Tiglee, ta}ggeoHs rEhase becones enriched in

the ca 9<%ﬁ 5P G 9YRE° B RerYiat i oner

6.5" - hydseoafydcenfrifagal.comtactsepanatal acgokiing teallaimesd] wherein the

conti nuous e b i.ng.a _neobra aration if

oot r oiptadtRRfs PaalfSli 8 1 BoSTRR R eRBHRL" Cont ai ni ng

T.he endsaref a serdfyallzantact separstorcancdrdirfigugany oaatofickims 1-6 for

separ a . INVS. 1. Use of a centrifugal

cont ac%a?@én%éﬁ%g?ﬁq'g?Jéscoénu?'ro?/i ng out a non-radi oactive

8.eact i @n?mﬁnuguis pqmieslsz for qalirying?mutl asdeactiq‘mcorafjriéimg)thmtsmps of:

i mm scj bl. Ui . e. centrifu .

cont BruBussitbfeaudhia el preriid 4 W epase B inig ot east

r eact i ane first ceatrifuged conthctiseparator, wherk draliquid pbases A and B are

reactants. .3. e of .a centrifugal, corgact-separator

nccor dMEeRe g iR pRae ARnWElnasR PRt st e

cat al yteactaneaction. 4. Use of a centrifugal

oL AEhiTRERE & RSy 3 ol B g

ﬁ ont idcapphdnmmpa aéntlrifugabfpraéi that dilows baa'asga éhtpj:vdti@?@if thet draulsion, such
onogepnepus cata IS .enzynme. 6. e of a

cent ritﬂagé"fas%%‘t a%cf-bsﬂ'se@gﬁ'rbqfaccor ding to claim3,

wher ig) optiohally, recovering a reaction product from at least one of the phases A’

and B’

9. A process according to claim 8, wherein phase A comprises a reactant and

the te t.ure w_rates and the concentration
e R Al A

phase B comprises a different reactant.

10. A process according to claim 8 or 9 wherein a catalyst is present.

11. A process according to any one of claims 8-10, wherein the catalyst after
phase separation of the emuilsion is predominantly present in either phase A’
or phase B'.

12. A process according to claim 11 wherein at least 90 % of the total amount of
catalyst present in phases A’ and B’ after phase separation of the emulsion is



honobgeneous catalyst is a transition netal catal yst.

7. Use of a centrifugal contact separator according to
w@rgo708K3nf clainms 1-6 for carrying out a ki neP€TEP2006/009012
resolution. 8. A continuoug4process for carrying out a

reaction, conprising the steps of: i) continuously
introducing a liquid phase A and a liquid phase B into
at | east one first centrifugal contact separator,

mhere A and are inmm scible and
wherein re%%rgirgé&]egﬁﬁg%erAp%gggsechonpri se at | east one
t®act amprocle);s acoarcmgg phelsim 1 antd whersin tBe pbhasesrgdominantly

al l owi n sion 1o be I i ppl yi a .
centri§ |S|qg at?B/ﬁ{ IS é?‘fyfi{ﬁg "gﬁ &%C@ﬁﬁﬁgi’%aﬁg giroygpthe inlet
enulsrhnphamxklthat phases A' and B' are obtained; iv)
optionally, recovering a reaction product from at

| east one of the phases A° and B . 9. A process
according to claim8, wherein phase A conprises a

react ant and phase B conprises a different reactant.

10. A process according to claim8 or 9 wherein a
catalyst is present. 11. A process according to any

one of clainms 8-10, wherein the catal yst after phase
separation of the enulsion is predomnantly present in
ei ther phase A or phase B'. 12. A process according

to claim1l wherein at |least 90 % of the total anopunt

of catalyst present in phases A and B after phase
separation of the enulsion ispresent in either phase

A" or phase Bl. 13. A process according to claim1l or
12 wherein the phase predom nantly conprising the
catalyst is recycled into the contact separator

through the inlet for phase A



