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WD 2008/ 022233 PCT/ US2007/ 076061 EXTRACTI ON PROCESS
CROSS- REFERENCE TO RELATED APPLI CATIONS 5 Thi s

waapm@sioeass on cl ai ns benefit of priority from PCT/US2007/076061

Provi sional Application No. 60/838,957 filed August
18, 2006 and Provisional Application No. 60/901, 053

filed February 12, 2007, ' j i on her eby
i ncor por ates by ref’b”“k(ﬁﬁg€$§ﬁg%g$§éApplication No.
60/901,053 inits entirety. 10 FIELD OF THE | NVENTI ON

The presepRUSAVREFERENCEAGRELATES SPPRICATIONY

al cohol s @and Ketones Tnh a mxture wth a non-polar

sol vent, such as an al kane, using an ionic liquid. The

i nvention articularly relates to aratio

cyol ot R aho RS ibusE gk Pt pomo SRRk Radieation No.
6BRCKORDUNEY Alp@stox$ d20060s P PryGb il e a@dtd No. 60/901,053 filed

subsequent separation of a mxture of cycl ohexanone’

Febrgawyy é P oREXANnolhis rapplicatioaakarelly eyesrsheirany referandeeyrovisional
of both adipic acid and

Ai)gﬁgat ol NQ%o%)%ﬁg%ﬁ% ﬂ%r&{{r%ﬁ/ dustrial usg o

caprolactan1|s as a nononer in the production of

nylon-6. Adipic acid is a nnnoner\ﬁused_ln t he

production of nyl obliELB QRIIGEINYENIIQN| i cat i ons.

Conventional Iy, the oxidation of cyclohexane is

carried out at a relatively low 25 conversion of |ess

t han The $resdiien yntinmrafatoxiodht bepargioadifiatcshaf and ketones in a

cl ohexane ar cl ohexane hydroper oxi . . .
TR ONER Ao Paria Sy e HER AR gh AN BSng gt liquid. The invention

pRBEURAG kdhtes ©V/HE @é};ﬁaﬁi&)ﬁ o%y@iaalkg{blp OGBRRarfoheS saktﬁesxéhoaxkanes
hydr opéroxi de is then deconposed to "cycl ohexanol "and

cycl ohexanone, either in the reactor or in a separate

unit operation. This pg¢ S a-~whol e can be

“Zresent invention as

descri bed for the purpose '

the 30 cycl ohexane oxidati on process. The desired
final oxidation product after deconposition of

cycl dhegyidangmiplopelobgrane and sabmmrm s@amtmprq‘f gramix fuge of

CFISIQNERAN%, AR ANS! AURARRL o TSIIAL I Sty 4 0RD

arate € unreac exane

n{ahﬁfacmwé eflsdte ddipiccicrhaxianagrotatarh hEhe bﬁﬂlaﬁyaihﬂlystlbﬂ use of
recycled to the oxidation reaction. This |
caprolactam is as a monomer in the production of nylon-6. Adipic acid is a monomer

used in the production of nylon-6,6 amongst other applications.

Conventionally, the oxidation of cyclohexane is carried out at a relatively low
conversion of less than 10%. The primary oxidation products of cyclohexane are
cyclohexane hydroperoxide, cyclohexanol and cyclohexanone. In a typical commercial
cyclohexane oxidation process cyclohexyl hydroperoxide is then decomposed to
cyclohexanol and cyclohexanone, either in the reactor or in a separate unit operation.
This process as a whole can be described for the purposes of the present invention as the
cyclohexane oxidation process. The desired final oxidation product after decomposition
of cyclohexyl hydroperoxide is a mixture of primarily cyclohexanone and cyclohexanol.
The mixture must then be separated from the unreacted cyclohexane whereby the

unreacted cyclohexane can then typically be recycled to the oxidation reaction. This
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Deconposition separation is comercially carried out

wdyoodiosx2B3 | ati on, and since the great nmjoritypof/usive7/076061
cycl ohexane is recycled, it is this process step which
accounts for a high proportion of process steam
usage. 5 Therefore, there is a need for alternative
separation technol ogy that can reduce steam usage

and, as a consequeO@¥ reduce the substantial ener y

cqgst associated w th @E ratlo t hr ouy

ar ot’ES

di still at
ad Qpes %nufa uring
pl actanrTequi cyctohexanene 3 startin
at-érial that i » tantlally free ¢ cl ofiexa
Currently, this level of purity is ackireved

comercially through distillation, which again is an
energy intensive process. OH Separation HN t5

semaeﬂtmc)d i3 ccqumdrcmllywmﬁénmt begstidetion agdbise: thagnat sjority of the

uid-1iquid vent tratlon 0cesse

TR i Pt Hboest SR S Php ip EF 225 B egon of
p@foesscgwm{mgés of a mixture. Liquid-liquid separ ation

is based on the transfer of conponent(s) from one

l'iquid phase into another Ilquid phase and is used to
sepa (

M xi ;fﬂ&t%g(\%g tfr'}ﬁ%]‘ggsgﬁ]ﬁ%td fF‘l) al‘?&: fvrti s}é@flré(tl(fn tgmn%k%)ﬁuﬂ cin reduce
stsepasadd ad, assnchnsépehar, mmb@me@hbttmmaﬂ Blﬁmg}dcésayﬁbsmted with
al so. known aa ﬁﬁgses or fractions. The | ess dense
S?HaEﬂEHOHtWOPEh 5Pt MWe upper |ayer, and the nore dense
liquid will formthe |ower layer. Liquid-Iliquid
separation relies on the different relative

s oI u [Ji hddifi@s thegfroeess rpoamaiftctirmg aapralantans ciduires cyclohexanone

. :
o R PSS SRS iy ke RHeBETBPE e Moty level of
pWitylis RafidvekicBMnRE WL hré A di¥¥llatién, which again is an energy intensive

process.

OH O o 0O
Separation HN
+ _— e e o

Liquid-liquid or solvent separation (also known as liquid-liquid or solvent

extraction) processes are well known in the art as processes for the separation of
components of a mixture. Liquid-liquid separation is based on the transfer of
component(s) from one liquid phase into another liquid phase and is used to separate
component(s) selectively from a mixture. Mixing two immiscible liquids leads to a
phase separation, and the formation of two liquid layers, also known as phases or
fractions. The less dense liquid will form the upper layer, and the more dense liquid will
form the lower layer. Liquid-liquid separation relies on the different relative solubilities
of a component in two immiscible liquids. In particular, if the soluble component is

allowed to mix freely with two immiscible liquids, it will partition between the two
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WD 2008/ 022233 PCT/ US2007/ 076061 1iquid phases thus

formed such that the conponent will generally be
wob@sobawer in one of the |liquid phases to a grPeBUSI007/076061

extent than in the other |iquid phase. Cenerally,

l'i quid- quuid separation utilises a water-based, or

AR S PR Y LEF A v
théaiqeid ﬂd@estt@asgr&\téﬁbﬁ@lﬂﬂﬁm 1M\’ﬂﬁ|’bthé}31q@m11ﬁ@§§ GbRsA1ANduid-

the organlc phase are m xed with, for exanple, an
haufd@gmegatgm wilisena Wﬁleﬁmseée‘pfaﬁﬁﬁb@l@, plasp onéar erganic phase
(cognd)élﬁmg, ab‘x gég}nc §olve r‘rf telgtsﬁbséarné rrgm %h)%) n wétgr tllﬂ%hls
idta58@ wied th@a(}d&@us SHag@MdCthp l@egw;c ﬁ&s&lﬁb mgxéchalithl fo@ example, an

ot her separabl e conponent is nore soluble in the
agpeBbEAulRTRld WotsERY aklp éommn@&p Hroams|ob theospyaklscempPngnts is
oY SURET PERPEL LU G Mol L REARTE L 830
oq&&ﬂ;ﬁﬁh&‘Aﬁnﬁduyhmnhéoaﬂueqm&mhhaquMemngammﬁynmﬁsﬁ1ﬂw

separation would not b ]€055|ble for, the separati

A0S BYASF JAPKHIR GO APRITEPICUTBRICR SR T Benescparated: Liquid-
I

VSN ERLIRIERIER A i ooy HISORMRORRA I Sy T
trhdlitjunad -akiepuis gphaset/ roagani cophas e sdpasitiog y coddhn el bs @okreble for the
carried_.out us t organi c phases i ar,e _
SGpLPR R AP ebF LG o dRTEE Uo SR enyg afphree of
tHo¢ EdinpdiRntsSRbuid tisidlVe Bord REdiGPINAGBRn{cPhRL. ext ract ed

is nuch greater than the other. A disadvantage of

l'i quid- Iqu|d extraction technology is that fina

S T T T

pBacks dBidhnge §£ﬂst&ﬂﬂilly ihytpisciald Wltfﬁ vl otmm& af (ynechf wiieh the
onents of interest is carried out

S@lpgﬁm Plathe ePMPRANt tof Reex tiapied EScnpel gieplgT Ebéﬂ therftthgrs Aof
dfﬁg l; %Q lo? llﬁgldQ&je d é;@f&atc{??ﬁ Q@hﬂﬁ%{f ﬁ%at 1[1191dxlé&gver§{ of the

ecov e COo I ntere can
ccblﬁpMﬁalhys edkitfat ted didoin thamdUalpﬂamrs sam’atyccah}slﬁ:atmel b@/ﬁhdi g@’latility of the
intensive in terns of steamr U|renents.

ey Eactifg golygnt. Imc%}yefg@‘l]{ecpﬁgé( QUppOneRLy © mterest is carried out
bg'd ﬂlﬁ‘ttl(he%ﬁt Sttén RY th%Qng)folt/aﬁ 1éj§1ecdi’xﬁpa¥é?ﬁé 9015’811%5}%8] (i) desired

extracting solvent. Because lonic Liq
pardects UBstentel scbyernohthe baipohent of hegresicambe vellynhﬁrcnbr ad

with the recovery of the.conponent of interest dur

PICH MR B e BITERg 1t BFPSAT BeRBBERE a1 @ ol of
e peRhom@entRR 86k BRitBYorRl AP hebifid AShhE EOMEIOMic Liquid(s) as
mnthout the need for conplicated separation

theestmaalinggpl vant. Begawso dede ponddsvge sepipatinbnnomvelaslegihey do not
1r$terf&e ‘with tBe re ve1y%%| khreec%?nponent of interest during final recovery. Recovery
of said component may, therefore, be effected by simple flash recovery without the need
for complicated separation technology with a corresponding reduction in energy (e.g.,

steam) requirements.

For the manufacture of caprolactam from the oxidation of cyclohexane, it 1s
further necessary to separate cyclohexanol from cyclohexanone, either directly from a

mixture of the two or in the presence of cyclohexane. This is because caprolactam
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30 For the manufacture of caprolactamfromthe

oxi dati on of cycl ohexane, it is further necessary to
wae@anza2e3 cycl ohexanol from cycl ohexanone, ei tP@r/US2007/076061

directly froma mxture of the two or in the presence

of cycl ohexane. This is because caprolactam 3 WO

2008/ 022233. PCT/ US2007/ 076061 manuf act ur equire .
By RSN G e e a e i g Bl CofehdoRiy. s
s&RMRAtiE oAk Yut Byistillagi6R dhdtdiPthel sSp@idn & yeldheMone from

istillation wherein the separation of cycl ohexanone
cyqlomxangigp@hees aigoi liopelareraysandi agngh Famtat ingpdmgyt iadee distillation
igh capital.investnent in the distillation ..columm
el PRt bRy SR ER G BB PlsRY bRy SRUN Thee for he
sERMBATF 0PAbhdk ablsRthnt @K cloh&x dpob&Ra, &drithi application, it is a

cycl ohexanone and cycl ohexanol since, for this

regigppmerit afdhe extractian gplvens int Haglsatvedy ranpyee QR errppignt only
i i WG L i ly

D R LT TR E TR E D

estitictiab peock oy willset isele@ivebl axentt cyektheaatiol nmpryotdssansint |

not selectively extract cycl ohexanol from

cycl ohexanone. to In liquid-liquid separation, a

di st g} mﬁﬁiﬂ-q ufP&ba G S A didRbufordl obBitiSR PR PAYE separable

conponent can be quoted as a neasure of the extent to
covhparienacaepaqmiddascongpenent! theexts@pamdiadc separable component is

R L R e R
tHRERAL @B ok S REFHrat1A cdiforRNIANHE vRARRhBEBSIEsE iMi ARy the

by the concentration of the separabl e conponent in
cenventagjirsor/shpseperwblemompenentin Bigt dqupouphassef Fhiecdigrbutéam

be.a function of.a nunber of . diff t ranet .
cParBer el e ¥ Mo My TR bRl FRRRRET R ElBerdy e
the present invention is to provide an inproved nethod
for the 20 separation of an alcohol froma ketone in

a mxture of theSEMMARY QK THE INNVENHAN, sol vent,

and for the separation of an al cohol and/or a ketone
froma non-polar solvent. It is a particular object

of t Mhe objevesftthOpretant prvewtieleisan pravidecanaiehpr@tedankthed for the
the separatjon of a_cycloal kanol from a cyclq?Lkanone
ST ORok A0 A OBP! TaTR & ECBRHbY RIS LIheRs §OpBPYRdS in @ non-polar
sSI0bMEeMd 165 H]%r&eﬁa?a@oncé’fcaln%"f’éo‘ﬁ@ﬂﬁ*)d/o%tér%rfrérﬂ% non-polar solvent. It
separation of a cycl oal kanol and/or a 25 cycl oal’kanone

isf a ariaul aoobi o bathisiohegion t¢ punhdam impryeidondthad iy the separation

of a Iﬁgl(l)_aﬁl?an[)oll:' rgll%l ap(-:r)!c oalk%:logel_ﬁ al r’x\%ﬁ%\glo%ese compounds in a non-polar

solvent (such as a cycloalkane), and for the separation of a cycloalkanol and/or a

cycloalkanone from a non-polar solvent (such as a cycloalkane).

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is provided a process for the separation of
an alcohol from a non-polar solvent;

a ketone from a non-polar solvent;

an alcohol from a mixture of a ketone and a non-polar solvent; or

a mixture of an alcohol and a ketone from a non-polar solvent;
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According to the present invention, there is provided
a process for the separation of 30 an al cohol froma

woomsped2as sol vent; a ketone from a non-pol ar BOI/vSIW07/076061

an al cohol froma m xture of a ketone and a non-pol ar
solvent; or a mxture of an aIcohoI and a ketone from

a . non- olar solven 208/022
SHEPF§ 7ete " %H?%v‘ﬁ%s 88510t ‘t‘tl‘%whta a&Bﬁt‘ﬁ%F?‘HB“S‘“g 4
n8h-pbRASSIvERGnd allest bh@IBF gh WebHvl andrh XEiehe conprising a
non- pol ar solvent and at | east one of an al cohol and a
ketone. As used herein, the term "al cohol” enconpasses
:%8 @s s (? Herg%ne (ﬁ%tgl J;;m 0?1 I't’ echlaﬁéls%gshgcl Zlic grﬁﬁq’cﬂc gﬂghatic
a@bh@lﬁ rtﬁ;ﬂlm 8ne &ﬁb&dhﬁﬁmfdr@to%n( (@MK&/ - @ﬂ)@‘d)utﬂal)ld o Gufdternative
“cycloal kanol ”. As used herein, the term
emt@@@l@ﬁ‘@t (e Eorpalésle QT gjup: be- An@Yelpalkarolal i phat i ¢
ket ones, and in one enbodi ment refers to an
(aIkyI-(C:C»-aIkyI) group and in an 10 alternative
enmbodisnBad hérematheyﬂ’rri ‘d<e@tmasp @ucminpta@xers aspﬂiccﬁndgyt:ltr @iphatic
cycloalkane wherein oup ?placed wth a

ketengy 281 BLUYLe Gmigdivgent é‘ifétsdﬁlaﬂ SbHc by oha v , an
alfRad R b Kahgo arc?élf‘cr &)rﬂﬁ?)ugtélcgﬁféspbpndlﬁgg) 4 Bﬁ‘cl&a@ﬁdﬁ‘e wherein a

"“cycl oal kane"” refefrs to (cycloal kyl - used
(BEs)edroyp sheplhedwitiad Ky+O) gefipris. aécya:lqalk@pght chai n or
branched-chain saturated nonoval ent hydrocar bon

radi cal, and particularly one having froml to 20

Caf b% @E@H&em%e\t@iﬁ] ofik e rdfeRitd (AMBy1medHRl (Re Pl “C§81bBAkane”
grou i nclude nmethyl, ethyl, propyl, butyl,

ﬁﬁ@ﬁﬂ?hﬁw ﬁyﬂ*ﬂoctyl nonyl , dodecyl and elcosyl Sai d

al kyl groups 20 may be substituted by one or nore

hal ogen atons, the sane or different, but are

pr ef ersakky hetoimyetiérinitakly]” Adeid3ed shEERI-¢hairt fiebrh@ihed-chain
"cycloal kyl" refers to a cyclic saturated nonoval ent

sﬁy@tfzslclapwlemamc&atarbwﬂwgl 3o partigh Ity oag BHENS Bymualp 20
|
ool Bt By DR TR R AR RUELARBL A mei,

ethyt [ppdyea yButylc ety hiegadyy loctyt yreingh dbgtécyl mybéim@hyslaidaamyl groups
cycl ododecyl . Preferab”y the cy cloalﬁy ?ups
may be substituted by one or more halogen atorns, the samnie or d1f erent, but are

preferably unsubstituted.

As used herein, the term “cycloalkyl” refers to a cyclic saturated monovalent
hydrocarbon radical, having 3-20 carbon atoms. By way of non-limiting example,
suitable cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl and cyclododecyl. Preferably, the cycloalkyl groups
contain from 5 to 12 carbon atoms. Said cycloalkyl groups may be substituted by one or

more halogen atoms, the same or different, but are preferably unsubstituted.

As used herein, the term “non-polar solvent” refers to a compound which is
immiscible with an ionic liquid. In one embodiment, the term “non-polar solvent” refers
to a solvent which has a dielectric constant of no more than 5, preferably no more than

3.0, more preferably no more than 2.5, measured at 20°C and atmospheric pressure
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contain from5 to 12 carbon atons. Said cycl oal kyl

groups may be substituted by one or nore hal ogen
waras®2228he sane or different, but are preferabdpus2007/076061

unsubstituted. 30 As used herein, the term "non-pol ar

solvent"” refers to a conpound which is inmscible

W th an i ani L ou I n one . enbodi nent, the.term. .
aioiding it ARTAEPORRP= tnatile S%Eg SREOIERTLdbe AR chHRlagsolvent
réfb 116 64dlicCan@ ABEdIR M1 pRAt Ny dRSafb onb ad partRURES rcgbﬂid’ affPacyclic

nmore than 3.0, nore preferably no nore than 2.5,
saturd diphatic PO @MPat irfo sikkees andsyeloslljpresssugibas pentanes,
V8283 3854RE. ST1 PRSI BEA0RE 9L Sy hocaron
may®a-spbdiAites Bl vEObI moreef i@ ntatorey Cd LinRNG defearedt] But are

al i phati c hydrocarbons, and particularly cyclic and
Peségrablyamsabstitiiest ed al i phati ¢ hydrocarbons, i. e.

al kanes and cycl oal kanes, such as pentanes, hexanes,

hept anes, octanes and cycl ohexane etc. Said non-pol ar

al i pffats,an bydlerobatitmomnsof the prayend & veutdst, ithaud Bchroyidede porcess for

nore hal o ﬁn atons, the sane or different, but are
tTW%P@F%@Tg-unsubstituted. Thus, in one enbodi ment of

the BreseMkandl YO 4 Rh-pbREERVER; Provi ded a process for
the separation of: 10 g cycl oal kanol from a non- pol ar

sol venrysloalhamye lfmat k anwipelaf s@merd; non- pol ar sol vent; a
cycl oal kanol froma m xture of a.cycl oal kanone and a
mon- By aPREEIERE £ BTt Hi Dt RIghS e B anRAfoe Eat or
a cyghfiatukaoneycldafiiindl N BRAIAIKH6hY/ BB a AL AT BHRHE
conprising contacting at |least one ionic liquid with a

s3iil prapess eoapising oegtagting & lpash opwioarc ligwid with agnig tuge comprising a
| e _of I Kk I a | kanone. In a
piPPhe P SBanf A SR SRS B0ED UELARISANABR " o
provi ded a process for the separation of an al coho
froman al kane; 20 a ketone from an al kane; an
al coffo furthsrembadisent of the Presky ipvratiamdhern ispREed a grocess for
] J f an al cohol and a ketone from an al kane;
ﬂéﬁ%k%%ﬁ@g? y wherein said al cohol and said ketone are
acychn alcobaifebnproakksase;conpri si ng

a ketone from an alkane;

an alcohol from a mixture of a ketone and an alkane; or

a mixture of an alcohol and a ketone from an alkane;
particularly wherein said alcohol and said ketone are acyclic, said process comprising
contacting at least one ionic liquid with a mixture comprising an alkane and at least one

of an alcohol and a ketone.

In this embodiment, said alcohol contains a number of carbon atoms which may
be different to, but is preferably the same as, the number of carbon atoms in the ketone
and/or alkane present in the mixture to be separated, and said ketone has a number of
carbon atoms which may be different to, but is preferably the same as, the number of

carbon atoms in the alcohol and/or the alkane present in the mixture to be separated.
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contacting at least one ionic liquid with a m xture

conprising an al kane and at | east one 25 of an
w@bk@ehed23and a ketone. In this enbodi nent, saiBCBUSBODO76061

contai ns a nunber of carbon atons which may be

different to, but is preferably the sane as, the

nunber of .carhon ato in the ketone and/or..al kane. :
or oo Tht PRy A T erb BB ess i G, s provided
alppdceBeropa® Bpdidiest of 30 carbon atonms which may be
different to, but is preferably the sane as, the
nunbecyapalkengd iom acymealkanet he al cohol and/ or the

ent i.n_the rp ure to be separated. 6 WO

500 e3Dh R ilcirlad ABu bk ' P SepRratee

pr ef archeldalemid Gioren i alird dfer PrRsiahondwm@ntdyelbalkahers
is provided a process for the separation of a
cycl eanxERP F ¢xsiaadkappbinsk stralkangnefjemaedyknatiaee:t r om

B RHREALAAEIn AL POLIGOR cHLOT: BB cvisin
cgolcdlibalekadat leastdna of y chdatlkandaed i carvodkapet.oal kane;
sai d process conprising contacting at | east one ionic

liquid with a mi xture conprising a cycloal kane and at

| easty, Qﬁ‘seerﬁlgod?mgﬁ’t%a?@kwkarﬁﬂ Eorfaifiy § hQﬁbmﬁﬁjorl}%ag;rﬁ@which

this enbodi nent, said cycl oal kanol contains a nu
npfy beatiffonntao dms isgrechablythe someds fthe nenbertad catbot aicgns in the

f bl h ,._the nunb f b t in
cJalG DR Jat R A BTGy B LB Rafe 15 PSRty My gald
cYa1¥dIkdRnE BadLn SRR AL &Bon AfnsSwhidh nfay He GRFEBMABENN @ssltn@ferably
nunber of carbon atons which may be different to, bu

thessameap etha bipbernt di sabgmatass intthecypleabanobindéerrtho paydeakane
in the cycl oal kanol and/.or the cycl oal kane 15 present
plrer%erftﬁlgthr%y%%(]txgurr%ﬁ{a%e SSB%sa‘geﬁlar ated. Thus, the invention
enconpasses: (i) processes for the separation of an

al cohol and/or a ketone fromthe correspondi ng

al i pHaps. cheipuesioneBeninPasses: t he al kane or cycl oal kane

. i 0 j .
LRPact B (RALEEIGPY 00 0UTRShpZ0LSInE ST B4R Boncing
aliphtatie sypdrodirbgn K et teelkaaadr aydl@hednehahing tiecaroponding dumber

Er ocesses for, t h% separation of an al cohol and/or a
ol earBenatpgangd foLy P pEREf3ton of said alcohol from said corresponding ketone

and aliphatic hydrocarbon;

(i1) processes for the separation of an alcohol and/or a ketone from an aliphatic
hydrocarbon (e.g. an alkane or cycloalkane) which has a different number of carbon
atoms, and for the separation of said alcohol from said ketone and aliphatic hydrocarbon;
and

(111) processes for the separation of an alcohol and/or a ketone from a non-polar solvent
as defined herein, and for the separation of said alcohol from said corresponding ketone

and non-polar solvent.

Moreover, in the processes described under (ii) and (iii) above, said alcohol and
said ketone may themselves have different numbers of carbon atoms to each other, but

typically they will have the same number of carbon atoms.
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hydrocarbon (e.g. an al kane or cycl oal kane) which has

a different nunber of carbon atons, and for the
wa@epanz228on of said al cohol from said ket one aPdr/us2007/076061

al i phatic hydrocarbon; 25 and (iii) processes for the

separation of an al cohol and/or a ketone from a

epanars dinear (Eaee Rl waRuT Po s Grhec B ik amtiag for he se
oKBUONRE ondHi NI PR &e SPAMBH of 0alMHE V@65 kdtdhel A a non-
processes described under (ii) and (iii) above, said

pelacghpintagydor ha sepakaston ié analconpldie lake®nh ay & mik fufeplchese

QBT P LR BB B bt (B nc
520 Q81002 32233, c fallablSZ) Qd PA606IArly Aherkdi Agohe it Beycloalkanol and
present invention there is further provided a nethod

sfig ketope isys@clsalkanoncensksaghron-ppicsol vegtis @ dysloaligae.
separation of an al cohol and/or ketone from a non-
pol ar solvent, or for the separation of an al coho
f r omimokeetrelimentatheicxé ol ybgrotsas@taic 6 epdundems)irawhich case
non- pol ar solvent, particularly when said alcohol is a
theysEPY AN RRIOFesa HEPch Dshereidt BRIdcHIaTly cegrermed) widh by sepapipn of a
cRAGRxGHb1 3Ry WRGAoR&aAor £ cybBh& m¥ CndaliltAelse iR ion of a
sald ketone 1s a cycl oal kanone and sai d non-pol ar
cyibdheaatolifonaa cydblpalkheeeandlaryolvbexsamoodi ment, t he
cycl oal kyl groups contain 6 carbon atons, in which
case the separation process described herein is
par t it sHoiidr ¥nfbodeRmnele WA dhik&r&PHRABAMINOIT @bdh atdMs, in which
cycl ohexanol and/or a cycl ohexanone from a
cap dhaotepriatien pesesswesdiibed dexapirmatticoraryfcogcerned with the separation
of YR ER el i B ARG B A B GG PE G Ay e
sdparLiah0a catloaddeciiid] WdhtH cydeddiet hons eRbi afdl@dbdecHeess
escribed herein is particularly concerned with the
separation 15 of a cycl ododecanol and/or a

cycl f AN

opat iy o pge f Ot ARG ool ok kel
cwilchlRaney ahddogdedinme; orlheigloakmone xidy e/clalla@e; or a cycloalkanol
separated can therefore conprise, for instance, a

apd e FAPREHONe apy2 YLkt kane: or a cycl oal kanone and

a cycl oal kane; or a cycl oal kanol 20 and a

cycl oal kanone and a cycl oal kane. The process of the

pr eséht piacesntfitonpresenolinvestian involweda liqudilduskpanmtipowherein

01\1/\(@ gfr t%!—‘; Iillquid phases is an ionic liquid-based phase and the other is a non-polar
solvent phase, such as an organic hydrocarbon-based phase, that is substantially
immiscible in the ionic liquid-based phase. As used herein, the term “substantially
immiscible” is intended to mean immiscible to the extent that two separate phases are
formed. The process of the present invention thus relies upon the different relative
solubility/solubilities of the component/components to be separated, i.e. the separable
component(s), in the ionic liquid-based phase and the non-polar solvent phase. In
particular, a separable component will partition itself between the ionic liquid-based
phase and the non-polar solvent phase in such a way that more of the or each separable

component will be dissolved in the ionic liquid-based phase.
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one of the liquid phases is an ionic |iquid-based
phase and the other is a non-polar solvent phase,

WG Dais/o2e238N or gani ¢ hydrocar bon- based phase, tPet/Us®07/076061
substantially 25 imm scible in the ionic |iquid-based
phase As used herein, the term"substantially

exte hﬁwg ¥ 'q%%ggggggo ng ‘gquE¥%bh€HL§%$é5%ﬂmngan

aRbRGIeRd/Rh KeidRe B %@m{aonan Y@ML 08 thiR1daBlah 8BandReN: t he
different relative sol ublllty/solubllltles of the

Cmmibmcm@ﬁmmkﬁr@) tsoelsered épherained thd “separpthen mixture”. As

u&&ﬂ]seéelg g e} Conﬁgﬁta% i ?,ié @gﬁr}@%&f %Aoni tixe lbii(iﬁlgjiiélg_t(k))ga}a%ﬁeq of the ionic
ligaidtd) Gkihadaid Rix3@RB6APHSing @ARRBBM anWdr la KBt ik h @Bn-polar solvent
itself between the ionic |iquid-based phase and the

thimmpbe saparbioy axktuphake jopicdiguil(y) angypaidipiktyre femprisipg an

0 SRR, SPTREPERl B ST .

rfACT 61U Y (HATBB6itablOf@ s aldroougbt. | nto contact, the
ionic liquid(s) and the m xture conprising an al coho
and/or a ketone in a non-polar solvent (e.g. a

| |
cyc E g rQl'e‘)g th %éﬂ%ﬁoﬁ mi §t¥1‘Pé 19 HRAAMNE el By @tn‘}é’cﬂlg@ﬂp"ﬁﬁxgér a

is re ereln as "separation m xtu
peusce:ﬂofhene,lheremdﬁm tedemad' t@ms ttlm:ctqntzg‘tmg smentoem@&«dthbmugban

the bri n r.of the i.qni.c uLd S i t.h

s oo B R4S G oA i R o B e B! ndor a
KoROlr PAbARIROINGAL 11T ilTe, 8RR AN OB Il e is oo
The ionic 1iquid nd sai d m xture comprising an

sl (ﬁlnmﬂon@ridyuu}(S)aNﬂklerw@ he fully dispessedplaionghaib baid mlxwamcmepﬂsmg
n.a contai ner action V
of G Sos SR E §hEho ok tcTvany R AERART STRE patal
cﬁlﬂp@{e@t(bpsﬂllm@(hélﬂfﬁldns ighek @ a.snidl DpeshboRtios b the @@barable
igorously for a period of tinme, hereinafter referred

C@@p@sﬁnt(ﬁhvréwm cthe eparation mixpiraMilbhe saperasisHncreasing the
cgﬁtﬁcﬁﬁ{ n%]oiotiie Eébedrdtgﬂln%]x drﬁ Wll‘fj rﬁ:} tsg]{hglﬂlgs{i)gfié (ﬁf!tﬂe 1onic
e conp conol andror a Ketone in &

ligoidts) @h@ﬁald ﬂhmﬁfﬁ conh;inswid dn deohappidier Bltedchd inatnontpdidigolvent,
contacting time is too short, the ionic |iquid(s)
aw‘ fhe effdgietisy of the SpparadpRvalb Be incresseshbfita arger PrAPREf the

%Mpéo gl?&g%ﬁt\@ M ﬁlecsggﬁjau@r{]g{u&ﬁre%llﬂ%%@%rht@d aThybs nécrease of

ent separation of the separa
sqxarqm)nelﬁﬂlc(len)cvaﬁh chtantlngftrfmeONéhtccun urgil aomzlxymarrmkib]e

ortlo of the separabl on resent
plinaR sl 6 RO G-t e GUPBUFRI At U PePh el T the
séﬂ&%ﬂoﬁ%@ﬁ@ﬁhhﬁ%eﬁ (@B 19pe 5“%n§3f2[%f@'iérﬁ’[%1 ﬂh?&téﬂ@)q Mrlakimum
i'ncrease the |sper3|on of IonicC
separation has been obtained. At this pomt contactmg the separation mixture for any
longer would not provide any benefit to the separation of the separable component(s).
Therefore, as used herein, the contacting time is preferably greater than 30 seconds,

more preferably greater than 60 seconds and typically not greater than 5 minutes,

although longer times periods may be used with satisfactory results.

Subsequent to the vigorous shaking, mixing or stirring, the separation mixture is
allowed to settle for another period of time, hereinafter referred to as the “settling time”.

During the settling time the separation mixture will separate into an ionic-liquid based
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liquid(s) and said m xture conprising an al coho

and/ or a ketone in a non-polar solvent, 20 and the
webdosoreery of the separation will be increasepCT/USB®07/676061

| arger proportion of the separable conponent(s) in

the separation mxture will be separated This

bR o el ORI 16 HERT i SUER s R B P proueh to
aRbw ttﬁbelohfat@h;dzaésu@sha% afi@ wmh%lmmeﬂfemséa })hzi’s@% hegn

separated for the "separation conditions used

sepapase, b Wihonhi pointitiegus ydten erﬁpecrréled e being jn ¢qtehbrrmm ﬂr{%mez@ng
sepa n obta e

BB gAY AL BRI ARl s et T 18R gputes and
tyMeHIg dAbndd 4ind® aimyiteRengbouth tdgéMen&aRaibas | m@p befuséch\@nh
separabl e conponent(s). Therefore, as used herein,
satistactwpitesettsng time is preferably greater than 30
seconds, nore preferably greater than 60 seconds and
typically not greater than 5 mnutes, although |onger

t i meghpedikescomytishey arsacbhuil tild/sed kab@cinarnonrgsad sobvent, and
30 Subsequent to_the VI%OFOUS shaking, nixing r
paiticplarly gt leat ong gha Fyglpghangl Redip ey§lealkapong ey yedoallgpney way be

f(]t;r&ged%ge rb%daﬂgﬁ L@ p?é‘cealhg%vrn] g&?ﬁﬁhgﬁ foREss! %?Hs?aq%é Qn #R case

[1ng ti he settling tine
of gpanxatation ofri kyaloadkanicl sucls epaychihexanetap dascribed hereiniabaved the
bgﬁed 9 WO 2%0 / 022233. PCT/ US20 7/076 61 hase. agd a £
ORBAILHEP M Py A i S ign SA i s P The présence o
a2PRML & QRed (RAGIHBH A8 cﬁ@lysﬁfdll@WcH B db&thsosltidauif thb@%ﬁgng
phase and the non-pol ar sol vent - baSed phase to

cs@plzma{t bydrapermde,h:ltbm thermaily asykrosgh D@eﬁ@édym %@Qa%ﬁs ‘\éor the

bei n brlun1 The set n f .
pf”(?ﬁ)& rOftﬂl)f an 0 ap é)XIdr?g?% stBP g(?lg v&%gl b)y al s O%CQ¥1% Q%%rc}fude
dBEomiRfioAReEpFoll ypECHY hye}ﬁ@atioﬂn@&fontdaﬁﬂg,ih&pﬁk Aedies, as one

al though longer tines periods may be used with

oxigetian and wpyraiers cyale A pherahiy.al grilat epid @Pﬁ@tlaﬁ cycles can be
c%]n% FIIS (i)r{stﬂlcgeat ﬁ)a!llgzm bgé?ela Jﬁ\?ée T f?a% ¥§ Pésa]tﬁx@qfrom the

cuIa? one o oal kano

s@p&@dtﬂﬂ rk@’lmecyd]ecaf(ﬁ:mmabkﬁiﬁﬁon may be 10 formed by
an oxi dation step preceding the separation process.
For instance, in the case of the oxidation of a

cycl 9al kansg, Sfb‘l J‘mﬂ 9113851@&@ atﬁe Q)% IHIJ?@ Hased phase can be
Ra

her ei nabove, a I on ste I S “not
physicdllgdeparated inodalhle cmnnw'oidn sa]iventdiaeﬂep}mse [ "ﬂhrs Ipbysical separation
%égsence of a cobalt or other # nS|t|o met al

SFYTEEA PB SRRy il BRRFLTS YEgrOen e BRiflp fgmponent(s),

e.g. a cycloalkanol and/or a cycloalkanone, can be removed from the ionic liquid-based
phase and said ionic liquid(s) can be recycled and re-used, for example, in a further

separation step.

Commercial equipment for liquid-liquid extraction contacting and separation
may be generally classified into two categories: stage-wise and continuous (differential)
contacting. Stage-wise operations typically involve a mixing step followed by a phase
separation, or settling, step in devices generally known as mixer-settlers. Operations
can be carried out in sequential batch fashion, in which case it is common for the same

vessel to serve alternating functions of mixing and settling. Operations can also be

10
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cycl ohexyl hydroperoxide, either thermally or through
ot her catal ytic neans. For the 15 purposes of this
WO poogri2en, an oxidation step foll owed by a cyedDos20y1/076061
hydr oper oxi de deconposition step foll owed by a
separation, or contacting, step is defined as one
oxi datj on and. separation le. Aplurality Q
Fedart S SrLERSIaH: BR B G DRt AR Rlegs aigosuatly, but
nbial B SperR$ihad fseparaty s M. KinnenkasRd flohasetedls the necessary
fraction resulting fromthe separation may be

npsieg dimecentloetting e pregyitaiagd anproper siFngaabiequigpent volume or
fol | ow t [ - - Loni ¢ i qui_gd:
TR KU SERBEL A Bl Sgh08 HES e M RER e o
ireOldee M-Hag et pbase jet Thiksrs plRjesiotq lorisiegadrahix 01y nozalds,balves,
carried out using any suitable apparatus Furthernore,
ceiefugahpipeps agibdflHIfoRtEs) packed gibes, ragrbppigplapiated vessels, gas

) _ ; o
o PP s RS 90 9080, A I RYRT, P ey danye
commgadiddetaling agpipsed knden tethaspilelled in the frtiiricheles gravity settlers,
separation_step. Commrercjal equj nt for

dpsaisry -CF‘?tangGF&Gﬂ?“&é’t‘ieBWfE%_t el awsﬂgféeﬁa?fﬁka pgpalescers,
séﬁ)’atﬁ’l% eS| YndcdigsstdiirReh dei@s (1P _el"é@ﬁ-l%glgf E&Rlucting emulsions
stage-w se and continuous (differential) 0

ot dispersivnsig AnSttppresiwhser apbsetildr oas be yphbiakbd (o pradadeveestage.

EREE R T R —
efflck@lcy S Rili-8faSe aflRfedicn@NBin efploydLvAREY bElG R Flotichemes such

sequential batch fashion, in which case it is common
a$ epunfdecuggpdlowseosairenpflawr gressaursnhdew ndagedritaw.end seforth.

Db 3B Bl o PR RbL el 0 e Fean be
cemdntucedous flow, for which the mixing and settling

steps are usually, but not always perforned in
separate vessels. In continuous flow systens the

nece . 1 X . : i i i .
ne PR e R 0 R TRy LAt
staxa opines-cafrestorvnecc ofainsstible higuielg wi hiwente pénalvorget Beg@ation
illed in the art includes in-line_static m xers,
0?@16 liguids fiom F%}l@&%i&%wgms’f%ﬁ% BVEYR LAY #ler by wganged co-

AW RS crosS &It 3l quRlTRRaind B b A RBub EARaTWIBI Sich other
packed tubes, nechanically agitated vessels, gas or

thrapghouaie tqtipthene SS@lnter-candnivides & mamiaireddiyrd tfewniasgn

O P TR o BT B B G RO
eétﬁbﬁ’n’eﬁﬂé}own to those skilled in the art includes gravity-operated extractors such as
spray towers, packed towers, or sieve tray towers; gravity-operated extractors with
mechanical agitation such as towers with rotating stirrers, rotary-disk contactors, Mixco
(Oldshue-Rushton) multiple-mixer columns, Scheibel columns, Kuhni contactor
columns, liquid pulsed towers, and reciprocating plate columns; and centrifugal

extractors.
The separation process of the present invention may form one or more separation

steps in the manufacture of adipic acid or caprolactam. The separation steps of these

processes have traditionally been performed by distillation.
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decanters, centrifugal cyclones, centrifuges, and
settler auxiliaries such as coal escers, 10 separating

worestbnz22es, and el ectrical field devices (for PCT/US2007/076061

el ectrically conducting enul sions or dispersions).
Any type of m xer and settler can be conbined to
produce a stage. Stages can be arranged in a

mul ti-stage cascade to achieve additional separation

ef fi ¢f enpYdimMi () thelsBSRaRE EARPSIERN S c@@rbammblwwﬁlch is
variety of liquid flow schemes such

smmﬁccéfromquye}ﬂalhah@w'rh@@nmJqut@d(w s Icowact@d vsb-agniteapof the

t th. FHES t
et geeie s Pior Rt v8 dehig eIl i BN ER e
nfiRird6f th€ ONSdAkisloae and:ﬁl@tclyﬁl@@llk&ne( dikhbenap tépaka)non mixture (a).
contacting equi pnent is usually arranged for nulti-

Tée aepsersai s embodiment invehvea e diqaid-liqvdd paparasion vdgrege one of the
hf;mtd Lp%gges & Bﬁel%kl%qhq(;.l?({rﬁlls%h %g?s%pa%d %llié Qer €9 Hgéloglﬂgne ?ased 9hase

rom eac ween st ages.
thek Mubﬁaﬁi‘dl@ﬁ@lﬂdscﬁ@le ¢ntheaatic diuiciriessd phuse.dnthis Edodiment, the

uids remain in continuous contact w th_each other
dtsmﬂw&n sosifierat fqhe prerkaneps Retect therlanie lidpislipased phase and

BRI R1ARA piea thh Jqu RGRS A 1 ﬂ%{@#&fe% reta!é%tﬂahczul ds

I n-conjunction Wi th ravity or centrifugal force.
Commercial equi pmrent known to those skllled in the

art inc ted extractor

o b L SRS B 361 A o BT sopre
FIRY EINoARREATRE ihid lI§GHRD & dntdtedRBNARMI Gl GFdhd &fcl@ilkanol
such as towers with rotating stirrers, rotary-di sk

agd Heaytionkkanav lndhis epbodishng-the gmtcdmuldfg) andghe mak taeer of the
ol umms, Kuhni nt act 0
eyt A <P sinakne TRGop Bt Sinabaith A0 Bl (3° abF itegss of
1A mBEdihiehf igallves £KGtiadiq@ibsep@@tidh & heRpARL dfaRe REEEPHSses is
of the present invention may form one or

aB éqrae Heyidrpaseshphgae and the @tmﬁwcafélqaﬂ@n@b%@é.r%w thetiig or

SRR P AL s PO AP AR o Shalprde. JREES prBbaRRRE .
dARIRR08/c022i213dt HGhé Uﬁﬁ@zﬂﬂr@w}’ 686ken th& ieiib didLiaetnised phase and the
the separabl e conmponent is_a cycl oal kanone which is
cg@a%lkatee@sw Pse 1o eMteRh R Ae. a“‘#ﬁ’éefF’@HWong?t%fdP@Q 3 is
contacted with a mxture of the cycl oal kanone and the
cycl oal kane. In this enbodi nent, the ionic |iquid(s)
and fllnembodiment (c) the separable component is a cycloalkanol which is separated

from a mixture of a cycloalkanone and a cycloalkane. The ionic liquid(s) is contacted
with a mixture of the cycloalkanol, the cycloalkanone and the cycloalkane. In this
embodiment, the ionic liquid(s) and the mixture of the cycloalkanol, the cycloalkanone
and the cycloalkane is known as separation mixture (c). The process of this embodiment
involves a liquid-liquid separation wherein one of the liquid phases is an ionic liquid-
based phase, and the other liquid phase is a cycloalkane-based phase that is substantially
immiscible in the ionic liquid-based phase. The separation of a cycloalkanol from a
cycloalkanone and a cycloalkane according to the process in this embodiment can be
achieved when the distribution coefficient for the cycloalkanol between the ionic liquid-
based phase and the cycloalkane- -based phase is greater than 1, and the distribution

coefficient for the cycloalkanone between the ionic liquid-based phase and the
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5 m xture of the cycl oal kanone and the cycl oal kane is
known as separation mxture (a). The process of this

wepiedzazent i nvol ves a liquid-1iquid separati oPCTMOBI087/076061

one of the |Iliquid phases is an ionic |iquid-based
phase and the other is a cycloalkane based phase that

[ bstantjally.inmm [ ui.d- based
cpadbeer ot g Gen.. ihErbeifwe Rl apfatin (e
séiﬁ%ftifoh(b‘f %Wlol@xaﬁ&'ﬁr&bf %&/Q@lﬁé&%ﬂ&i@abp&fp\ﬂﬁﬁﬁaﬁlhﬁaﬂ@ﬂt& e. In this

I'i qui d-based phase and” 10 the cycl oal kane-based phase

embogeat, dre d‘m‘?”tl‘)‘ﬁc@ﬁ@mmtgf dreatbiclpaljapeltietwednathe Bnid hquid-
gy da e abe St elnE SBEER aBal TRRONT i Rt gipater han 3.

The ionic liquid(s) is contacted with a m xture of the

cycl oal kanol and the cycl oal kane. In this enbodinent,
the Ioemeodimgui @) 81 saparablpsomperapiscaref mikaire of a cycloalkanone

agé/ g ?cef?ahg%% w% C(fi] atrg' %%%Ya?éfﬁf%rlr(x%%g oﬁlkﬁ{fo ee\%mc liquid(s) is

c@ﬂmadiWﬁnhmhmnﬂéme&eayﬂbﬂumdﬂhhauydoﬁhaﬁmahn@ﬂmwhebamﬂneih
one of the |liquid phases i oni_c qui d- based

thhegBodipgnt H@ 18¥ig équmdés>a‘slné§)tq laawsﬁé ﬂ’@a?é/é’&’a]&ﬁ&%lethﬁh at

I
%ﬁ%aélg%ﬁ& Qﬂ#h@ gﬁ%hf&tﬁ?}nﬂéﬁ'l&b@ﬂ eaE‘ se‘(ﬁjﬂgaitfro?g{lj&tdré E’d’}' &R %?&gss of
thlﬁ)erhbodlmemt m@(ﬁlveshaahmdeEqaid(&ﬂ:pmiatld)lew%aem arfeeofitleniiquid phases is

h phase t he 20 aIk based, phase

ap i5h) B POt IAR Bl OB R D P BEr PAREhg 15

%@iﬂ%ﬁrfﬁﬁmis&)olé RAhS R 1@@1&5&&%9@& ih$s énbodiment, the
cyc oal kanol is separ at ed froma m xture of a

dsyrdivtah kafrfﬁn@nta@fdhacyxy@albaim airrethe Thidoalkaage Ibﬁq’cﬂed (dsey ionic

foth I ,
R S R S, ik Bb3 b
ofAReeHABNt, the ionic I|qU|d(s) and the m xture of the

cycloalkanol t he cycl oal kanone and the cycl oal kane
is known as separation m xture (c). The process of

thi sy eappdl g%?g?iﬁjéelﬁrs?(%lxi&%dg thd Ailledel Ll &R%%Pq%rrﬁ%} 1% contain

mhereln one hases 1s an

stk @haskan @B dydlbakaid afycldaﬂ(uh@qemiiﬂ&‘c@clloslkane components.
cycl oal kane- based phase that is substanti al

Dchendieg on @eudaﬁt&lmthnmﬁfwma af Getsatber PHadas bfrtw&en the ionic
llgglgarfa@éd@ﬁ {1 dathQY: &185&(%86& E%th’sg e Pt | gﬂ?elther

'Kane accor to process 1nt
ramdio ¢h thie ricloakaixebasad hh&e ed bwh\ﬁqmrettdftbmdj gt ncbrbcu tigoid-based phase
coeffic ent f t he cycl%alkano{ bet i on

ajopg ity %%F‘é’éﬁﬁ R@ALCEIAH YR %xylh %@Mﬁ%\é%m’)

rﬂa§/ RBIRaLR 1ntti|i'ha§éi;()3diat191"1‘ ehikdie & SEhBUhbP @yclﬁl@e@(faﬁbl% At
for the cycl oal kanone between’the ionic’|iquid-based
cpHalsxanmndntthese Tcings 2068/ CHPR380EhE w200 Wim U@lcyclohexanol

and/or cyclohexanone into the ionic liquid-based phase.

It will be appreciated that the processes of embodiments (a) to (d) are also
applicable to the generic cases in which the above references to a cycloalkanol, a
cycloalkanone and a cyclohexane are respectively replaced with references to an alcohol,

a ketone and a non-polar solvent.
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cycl oal kane- based phase is |less than 1. This

enbodi nent has application to the separation of
waeyoso2sanol from cycl ohexanone for caprol act BOT/US2007/076061

manufacture. In this enbodinment, the distribution

coefficient of the cycl oal kanol between the ionic

i quid-.based . se.and the cycl oal kane-

or aat O IRGHAH0R) B Bresr B atso] Mk rit s Spee ignjaiguid or

28RRAGKE FERIo drthhorkhighis BRAURRIcCa GRIMRNEM S, A 62 tdWiXkHhCionic

of a cycl oal kanone and a c cl oal kanol which are

ligeidar Avridaliy. one ar oYk Idmétmaéy oThyeoneapiie linhigus dgesl)

contacted with a m xture of the cycl oal kanol, the

cycl oal kanone and the cycl oal kane. In this

enmbogidranbly théBnioikigdds) @tﬁhﬁﬂ{s‘éé a aftebnt RRcEIH 8ndObr MBR of 1-
cycl oal kanol , the 10 cycl oal kanone and the cycl oal kane

alky pyrdiurasakdpar pely s tdiniamg phospheniuprBRegsalkyl- or
p V\ﬁﬁér yioh %ﬁ, HI%?&{ #gn?d’a?%)l\élgrﬁ dﬁk#l o‘i}zélkﬂghﬂafo%%{ Al WBhium

(NRgju,j a]lk)ba&epﬂ)lYd’]hﬂm&mﬂlmﬂn@llqﬂh@fpdl)&lll@/lpyrazohum alkyl- or
c c oalkane based phase that is ,substant|al

kymygoldinging, r?ékxl ShPelypikylizeripiyg dlyipigpiun ﬂr glkysylfonium.
enbodlnent the distribution coefficient of the
cycloalkanol and t he cycl oal kanone between the ionic

15 | Eqgch B-graged thd plsephod utnhed eyohoalk angersasgdbgpieasmately

e 5 Sl SRk DR oo B0 o o

eﬁl@ﬁamf/ﬁ,qte@m@l 8 de@ IRVt arbORY 8 AR opilhﬁfnatteh an the
cycl kanol’, ¢ycl oal kanone and cycl oal kane

component s. 20 Dependi ng on the distribution

coeffjcien ese. ot he terlals etme e n

1 quiih B8 S R R [ S B S B Repob S & more

of h%ﬂ@];g&iﬂlﬂfluﬂﬁﬁﬁlﬁyll— at §olellky1€yﬁdiﬁﬁm irRitardlivnd) e or
{cloalkane based phase or be separated into the ionic
piyalsyimileseliiphase al ong with the separable

conponent. In particular, cyclohexyl hydroperoxide (C.

) may be present in the separation m xture of

cycl Fhexanalxture vt hohexapanien@2ndurh icyedoihe xames df Bach of the

t hese circunstances, CHHP woul d be separated with the

iqnichgHdsErmennt iatha Mk uEs mey he heriame of e He i oni ¢

I i qui d-based phase. It will be appreciated that the
processes of enbodinments (a) to (d) are also

appl Podhielyttie srlien gethendroc tigsidés) isselshiedHrdnh enabiomere of a

B B BRSO 3 TR RRLSRR
pBl@al@Bx?shﬁ@d@Piuch a8 Rl BB& 1A Gke 2 rifiRBrad e §Afohg Rt and
hydrogensulfonate, anions based on nitrogen, phosphorous, boron, silicon, selenium,
tellurium, halogens, and oxoanions of metals. Suitable anions include, but are not
limited to bis(trifluoromethylsulfonyl)amide (NTf;"), tetrafluoroborate (BF,),
trifluoromethylsulfonyl (Tf), methoxyethylsulfonate, 2-methoxyethylsulfonate,
ethoxyethylsulfonate, 2-ethoxyethylsulfonate, (methoxypropoxy)propylsulfonate, 1-(1-
methoxypropoxy)-propylsulfonate, (methoxyethoxy)-ethylsulfonate, 1-(1-
methoxyethoxy)-ethylsulfonate, methyl(diethoxy)ethylsulfonate, 1-
methyl(diethoxy)ethylsulfonate, carboxylate, formate, acetate, dicyanimide and

trifluoromethanesulfonate.
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13 WO 2008/ 022233 PCT/ US2007/ 076061 The ionic

liquid(s) of the present invention may consi st of a
waegle2Boni c liquid or a m xture of two or NMOPET/USIWT076061

liquids, i.e. a mxture of 2, 3, 4, 5, 6 etc different

ionic liquids. Typically, one or two, and typically

only one ionic liquid is used. 5 Preferably the ionic

l'i quid(s) conprises a cation selected fromone or nore

of 1nmab [ﬁb@f&)ﬂﬂz héﬂbMEﬁh ofaihksyd)mc qua@b Ys- s%lelébé'dwdrh dhdbiifbre of
hosghonlum - or Fhos phoni um
S

ap ko s Bite wipl R@lvalk@xySplfatyﬂlk(wfﬂuﬂr@m@N uhpnydimrode Ul T2 ) and

N or pol yal kyl ammoni um al kyl - or
t&raﬁugﬁ)ol?yﬁap ¢§§£31 ium al kyl - or

pol yal kyl pyrrolidi nium al kyl or polyal kyl azepi ni um
al kyl oxoni um or al kysul fonium 10 Each R group of the
phos B A/Rx44E oh#MD AT BRrcianicdigaidydy uise, hepaioatagegeh of the

q‘iﬁé f &dprege%m e n%&&?‘{mﬁf/ be H(% ﬁ‘ahlte%?'& fForGRNSI sting of

gen, hydroxyl hers, al kyl
esters al kyl am des, aIkyI carboxyllc aC|ds or

sul f gnat 15 More preferably the ionic I|qU| (s
coinrfg%féb%f thatongnli @@L VEECIRRHE Shkagonfbee Cﬁo@rlﬂyl group. The

C} Q’IJ ka)ﬂkﬁ%?d@' rﬂé)ﬁﬂé a %B&M{uenf)&n Qme}’fh%l E}Hn%{ b Yol B the ionic

dazol ifum al yl - or pol yal kyl i midazol i um en a
llmmdfst)r dlooé prefwalgly tvoCe- Conllkyl piogpiids substiwseichn thieation of the

e e O WRRR redonie vk heoBr et ¢ BrefriompTane teiyrele oni
hbﬁ‘lﬁ gﬁéh'e@trbr@ffercﬂ%ecdrﬁélh§at| 1bgebR &) - i3 aﬁ@h g&hg Qubsti@Bn@ M When the

nor e a | i de, preferably chlori brom de or
1thq}gd(sho(mststsmféw0@m miri anguli fuadse pmferablky:l,t least one of the ionic

al ko uch thanesul f
it PlaS kiR a2 b W s B r e maageterably ovo
oBfofNS thaRad 1equidy pre@@etontih A RAQIABE, -0y ARyl oblp K®ktituent,
selenium tellurium_ hal ogens, and oxoani ons of

Leeh al 4.5 &t pt Bisli@nig hvids preﬁ%m@aétanbajtleaé?@% Ck phayt grgup
t
S8 bl RS, Db bR e TP i i

cénithin,at feasthome YHt-hyd aldylfgmurasttﬁstltﬁemet hoxyet hyl sul f onat e,
et hoxyet hyl sul fonate, 2-ethoxyethyl sul fonate, (neth
oxypropoxy)propylsulfonate 1-(1 30

?en:athg}gg )E/Hét A (:sg{)ﬁtﬂix %l&tgg\t@ctenﬁon 1s(p1referably selected from the group

considhiox pé Nh@hyl))yndlhyjns bisftuﬂuatometh anesulfonyl)amide;
Nnﬁfe%ll S\ld Ibg%y 1m1Eon tgtl#ell uoro to?ate 1-
N-Methyl-N'-butylimidazolium bis(trifluoromethanesulfonyl)amide;
trimethyl-(2-hydroxyethyl)ammonium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-ethylimidazolium 2-methoxyethylsulfonate;
N-butyl-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-butylimidazolium 2-methoxyethylsulfonate;
N-Methyl-N'-butylimidazolium bromide;
N-Methyl-N'-butylimidazolium 2-ethoxyethylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxypropoxy)-propylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxyethoxy)-ethylsulfonate;

15



met hyl (di et hoxy) et hyl sul fonate, carboxyl ate, formate,
acetate, dicyanimde and trifluoronethanesul fonate.

wd oo 2808/ 022233 PCT/ US2007/ 076061 Mor e pr eper/ablog7/076061
the anion of the ionic liquid(s) is selected fromone
or nore of an al kylsulfate or al kyl polyal koxysul f at e,
bi s(trifluoronethyl sul fonyl)am de (NTf2-) and
tetrafl uoroborate (BF4 ). 5 When a m xture of two or

NIRTethyl-BbGtyl gl S uinS] -2 881 (dldtRxRiigNs@fong@ch: of the
ionic liquids present in the m xture may be the sane

NoMethyi e ftatitl-4- @H@ﬁa@ﬁl)yylmedml@m tgifluprpmedianpsulionpte or mixtures
10! rise at least one C2 - C6 al kyl group. The 10 C2
al kyl group may be a substituent on either the

ani on or the cation of the ionic liquid(s). Mre
preferably the C2 - C6 al kyl %rou IS a substituent on
t he &t m@feéa!blyﬂ@wm@mq@lq(@qa dpugyl-Nvpeshylphaoligpivgn

bls tﬁH}J%ﬁ‘)ﬁ:tlﬁlﬂQ t?ggl)%{ud@ or 'Nn eﬁll))é ?];'bﬁghil}ﬁ&z% 1uﬁlhle(1—

single 1onic presen con al ns  at
nledasypopexyGhrepylénlfonkyl group substituent. When the
ionic liquid(s) consists of two or nore ionic |iquids,
preferably at |east one of the ionic 15 liquids

Presgdhic H(%ﬁ&@ﬂneﬁ saliatl® ?&tth@%a%on ofn lchid rOH Ron- ﬁ)o ar

substitue nor e preferabl or nore of the io
sdlivenu) piﬁtlcpﬂre“s;ewhercm almhqius :It e;aﬁ&:oalkﬁmel @ad -paﬂ;ﬁuhakllyw

o Rt P Rirtperas 1t fodtssoghaRieioeRiouh iy 4 Pt hexanc

a@f oup substituent. Most preferably, all the ionic
liquids present in the at least on ionic liquid
P%@hYmemaﬂmib@@ﬂﬂ@%@“@ﬂﬁmeﬁﬁmaﬂ%¥mdg{oup substituent .

NP B0 bbby liegigesent nvention is

pre FFom 1 he group consisting of

NI\M%tHmemtﬁnndmlbnﬁili(tﬂﬂdw@ﬁaﬁmeb@mgwaﬁmuI ) am de;
N-Met hyl - N - butyl i m dazoliumtetrafl uoroborate;
tw%ylr&rhx@mw&ﬂyﬂ)pmm bisktrifluoromethanesulfonyl)amide;

NeAS 5

D A D AP fmace

Nobw ¢t Nirhéthpip orreli diainesbik (taflydrpaeihdeesulfonyl)amide;
N-thh%_-N et hyl i m dazol i um 2- net hoxyet hyl sul f onat e;

N[\MSH’M/ RUGREH Zﬁ P‘inogf mgthexrygthylsulfonate]
NOVR(H-N bHRTANBLRRRG b HRRY | ) am de;

N-Methyl-N'-butylimidazolium 2-ethoxyethylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxypropoxy)-propylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxyethoxy)-ethylsulfonate;
N-Methyl-N'-butylimidazolium 1-methyl(diethoxy)ethylsulfonate; or
N-Methyl-N-(butyl-4-sulfonic acid)pyrrolidinium trifluoromethanesulfonate,

or mixtures thereof.

Ionic liquids most suitable for the separation of an alcohol from a mixture of a
non-polar solvent and a ketone, particularly wherein said alcohol is a cycloalkanol
(particularly a cyclohexanol) and said ketone is a cycloalkanone (particularly a
cyclohexanone) and said non-polar solvent is a cycloalkane (particularly a cyclohexane)

are:
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N- Met hyl - N' - butyl i m dazol i um 2- net hoxyet hyl sul f onat e;
N-Met hyl - N -butyl i m dazol i um brom de; 30

wOkddBOEREB3 N - but yl i m dazol i um 2- et hoxyet hyl sul POnasmp7/076061

N-Met hyl - N -butylimdazolium1l -(1
- met hoxypr opoxy) propyl sul f onat e;

I I.m dazol i um 1- ( 1- met hoxyet hoxy) - et hyl
’\L\Mﬁ%i\l’ é’“tyi‘ém HYa8YE24¥33 PCT/ US2007/ 076061
NV S =y AL bctO ity LoD oxy) et h

yl sul'fon ate; or hyl - N- { but yl - 4- sulfonlc
oaN—M)eﬁyi ff\bibilﬂflhmldaﬂohrlmfﬂ cibexyednaiosaief onat e or

m X ereof. 5 Most preferably the ionic

OFF& P‘c‘?(@ier?o N- but yl - N- net hyl pyrrol i di ni um

bi s(trifluoronmethanesul fonyl)am de or

N-Met hyl - N - butyl i m dazol i um 1-(1-

met hdxyphepexpspriphlede the epegtion@f pdatose Mogur aen-rekt

sﬁlg%{itg’%rg?lhgﬂy {wﬂ@r eé%@cf e %fcp@lg m%'a&o%‘é% cﬁmﬁcogol -

P'cul en sa
cgclolysxlanaielk amdbaid aﬁﬂppar toloettds & yycdoalleane (piaxdmoy ) ceadlohexane)
sai d non-polar solvent is a cycloal kane (particularly
2 cycl ohexane) are: N-ethyl pyridinium

lwbétﬁi/gpgh{i inHfh Bﬁ&hpﬁ&%%@tﬁ @Mhﬁoﬂg?t i de 15

N -butylimdaz |umt | 'Uor obor at e;
N\Meﬁtth —bhltyllhmtiythllmrdtamﬂluamborate

1¢Wﬁ£@ﬁ]&{bﬂo ri %H gepZtle'il @?fymg%a?ﬁsulfonyl)aml de;

trl%n%?f 42&'19&6@&&1@%&% hif Ilbfi@(i)rﬁlﬁbﬁﬁnethanesulfonyl)amlde

-ethyl'i m dazol i um 2- et hoxyet hyl sul f onat e;

W*N N‘%ﬂh?ﬂl@}wﬂb@ mgthoxyethylsulfonate;

R e R RS sl A SR me byt £ ona e
NNMMaE N byl il Byl il OB B Rk Hot R th el Gliite;
N- NEt)‘r‘ri‘{ :bN but yl i m dazol i um 2- et hoxyet hyl sul f onat e;

wylmﬂ%qllmmhﬁbmeﬁmxypmpoxy) propylsulfonate;
W)ﬂ—ﬁ —I_?)W@ﬂl gz%?ﬁ}(l)n dg %Ml@%tﬁo&@%ﬁy]sulfona’ce or
NEMeihyiN-(taxylet-hdfonic aiidpysolidininat €ifluioromethanesulfonate,

or mixtures thereof.

Tonic liquids most suitable for the separation of a mixture of an alcohol and a
ketone from a non-polar solvent, particularly when said alcohol is a cycloalkanol (and
particularly cyclohexanol) and said ketone is a cycloalkanone (particularly
cyclohexanone) and said non-polar solvent is a cycloalkane (particularly a cyclohexane)
are:

N-ethylpyridinium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-butylimidazolium tetrafluoroborate;
N-Methyl-N'-butylimidazolium bis(trifluoromethanesulfonyl)amide;
trimethyl-(2-hydroxyethyl)ammonium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-ethylimidazolium 2-methoxyethylsulfonate;

N-butyl-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)amide;
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25 N-Met hyl - N -butylim dazol i um

1- et hyl (di et hoxy) et hyl sul fonate; or
wOkddsOER2B3 N- (but yl - 4- sul foni ¢ aci d) pyrrol i di ni BOT/US2007/076061

trifluoronmethanesul fonate, or mxtures thereof. lonic

l'iquids nost suitable for the separation of an al coho

froma mxture of a 30 non-polar solvent and a

ket one, particularly wherein said al cohol is a

Neyielhga Nk 8iQlimidRalitincindhbyydh @ydiobexanol ) and said
ketone is a cycl oal kanone (particularly a

NCM@IhdhéBcéﬁTdhéyldaéﬁhu@all d-me obmrapowwpmyisui@nae

NSRS A SH PGt SR s 26 VO

hid- ot idution e ddap pyralidikiu@ntifl@oromethanesulfonate or mixtures

N-Met hyl - N -butyl i m dazol i um
theree:. - net hoxyet hoxy) - et hyl sul fonate; or

N- Met hyl - N - butyl i m dazol i um 2- et hoxyet hyl sul f onat e,

or mxtures thereof. 5 lonic liquids nost suitable

for AbeassEpacialthererof “ienik dtjoid?e rdfeeno an oune @oh@rund which is
sol vent articularly wherein said ketone is a
h&vépéﬁNkHﬂbﬁe (particularly a cycl ohexanone) and said
non- pol ar solvent is a cycloal kane (particularly a

cycl ohexane) are: 10 N-ethyl pyridi ni um

bi s ( s ubddimranethhanes tdifomytionawedient” referring to the liquid-liquid
N- Met hyl - N gﬁi Ilnldazol n1tetr%fluoroboratﬁ;. o
sqg_awpﬁwfelﬁ-to %anpqﬁt@gg%p separable component 1n the ionic liquid-

bied bh %ﬁs‘e%ﬂ@é@@?fh@%@ﬁ@éﬁhﬁ@&y &) @8sGfarable component in the non-polar
tri hyl - (2- hydr oxyet hyl ) ammoni um

sdlvent-trsdd phoso rfﬁtdﬂan@whtﬂ‘airmls yermebsyred subsequent to settling, i.e.
w%%r%e@%@yi%% %%W%g ?qzag I gqrc?m @%%gn s(%fﬁgc%tuQth t%) ltlllle]: %Qg}o%s

gﬁmﬁﬁgrlfluoronethanesulfonyl)an1de,
N- Met hyl - N' - but yl i m dazol i um 2- net hoxyet hyl sul f onat e;
N- Met hyl - N - butyl i m dazol i um

1- (1 tho r.Q ulfo
N Me t }HVR].’I NF Fflllgt(ﬁ/e)r dlauzsolgéédr%ﬁy the {(B?lowing examples. It will be

aﬁpr%&tb&’ tHadineteh o F)e@faféyﬂos ilus@mnategiurgses only and are not intended to
N- Met hyl - N- (buty sul foni c_aci d) ¥rroJidiniun1 _
limit the myp@,tm Halsegihed ghavee ! Mod1f1cat1on ol detail may be made without

departing from the scope of the invention.

Examples
(i) Cyclohexanol/Cyclohexanone/Cyclohexane

The present invention is exemplified through separation of cyclohexanol and
cyclohexanone from cyclohexane using a general method followed by calculation of the
resulting distribution coefficient. To simplify these examples, equal volumes of
cyclohexane and ionic liquid have been used. However, it should be noted that in
practice the volume of ionic liquid used would preferably be a small fraction of the
volume of cyclohexane. It should also be noted that since the distribution coefficient is
independent of volume, the data obtained for equivolume experiments will be relevant to
industrial application in which the volumes of ionic liquid and cyclohexane may not be

equivalent. The general method used for all the examples was as follows.
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15

20

20 or m xtures thereof. lonic liquids nost suitable
for the separation of a m xture of an al cohol and a

wdedosne2283 om a non- pol ar sol vent, particul arl yp@ies2007/076061

said al cohol is a cycloal kanol (and particularly
cycl ohexanol ) and said ketone is a cycl oal kanone
(particularly 25 cycl ohexanone) and sai d non-pol ar
solvent is a cycloal kane (particularly a cyclohexane)

ar e: SiycREONtipY;rd50hiy dymohexanol (Molecular Weight = 100gmol " and
bi s(trifluoronmethanesul fonyl)am de

Zﬁ@%ﬁYM’hWﬂW(Mql?ﬁ%%@gé% Peampalf ) inobQasroaelehexane

h midazol i um
($§ﬂ% my rowééhgn quonyI)anlde 30

trlnethyl (2- hydroxyethyl)annonlum
bls(trlfluoronethanesu f onyl

vetephadiadd dmy (Orreyabges Léme@%wétw alohgrmekand
methy]
5*%1” G LA Yot Lﬁ%ﬁ*y‘ E JEOT L B o s g and

c@@/etdmﬁme@aﬁﬂm 3 ddopeoie iy 1aymtvydre Erdichkdzto Iaivtiﬂhand filled with

thox | f onat e; | -N - but azo
et%ygee ﬁlél{;) §<y Ft% thogtdahypgzﬁb Y§iS Aas gsed top OVI e the num er of
fdidVRIF e se r‘a@létc)zﬁhipﬂhéjrﬁ%?’!aécﬂm LidBaBY | The distribution coefficient for
(di et hoxy) et hyl sul' f onat e; q5
the-sivparhydn Way than pélcdlasd) fonl c aci d)pyrrolidinium
trifluoronmethanesul fonate or mixtures thereof. As
used herein, the term"ionic liquid" refers to an
i oni & mmmumﬁMmhrdgsn NutRut MiaBedtRVR kOfMace)lWadari&®sut on
herein, the term"distribution coefficient” referring
eqch layes. [ lrases ihguvelohg@per atdveleheemenslayer qopeained less than 5

ent. 0
RO OB VRSl bR SRER A Gnf RERADINA ThhPEy1 3 ine-
b&h&l@&pﬁ@ﬁbﬁ@n@mﬂﬂ&nent in the non- pol ar
sol vent - based phase. These concentrations are neasured
subsequent to settling, i.e. 15 when the separation
m xt e [ t
vigo?gﬂghqgﬁgging.g¥ﬁgﬁf%%§%?ﬁgk§%g coh%aﬁﬂﬁmtowmmrmxl
DM@ gdinstied silyoxile), Wbk @nisnbe dxaivpties coelfﬁcmml | be

Table 1
Example | Extracting Solvent Cyclohexanol Cyclohexanone
D Log D D Log D
1 H,O 0.86 -0.07 0.34 -0.47
C
2 S\ NTEy 1.60 |020 [3.40 |0.53
3 1.77 0.24 2.11 0.32
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wowrdoen2assl  DVSO (di met hyl
distribution coefficient. 20 Table |

based | ayer was undetectable. Table I

details the

results of the specific exanples with conparisons to

sul f oxi de) ,

Exanpl e

wher e DP@eEUSI07/076061

Extracti ng Sol vent Cycl ohexanol Cycl ohexanone D Log D
B-tegB—1—H20 086007034 —0-A4¢—2—N--NFH2-1-60
0.20 8.40 0.53 3 I)77 0.24 2.11 0.32 19|WO
2008/ 22233 PCT/ USZ2007/076061 N1 +~ BF [[N 4 4 |2.32
0.36 1.51 0.18 N + BF4 N5 N+ OH 2.91 0.46 3.00
0.478 Nrf2641 0.61 4.38 0.64 N ~ NTfi2- N 7 5.12
0.71 5.00 0.7 ”‘j’r ;>>SG3H 8 5.96 0.7Y8 0.21 -0.69
/o\/\/o\/\/oso3
+
P
[N/ NTf,
10 6.29 0.8 039 |-041
N
[
+
| Br
11 N 8.02 0.90 092 |-0.04
[
N+
o |
~o \/\0803
12 8.19 0.91 0.24 |-0.62
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10

15

CF3SB 9 _--- ~~6.29 0.8 1.89 0.28 20 WO 2008/022233
PCT/ US2007/ 076061 j N+ /OO0S03- N +'

WO288023%3 -0.41 N[N + Br-

NTf2- N 10 6. 29
11 N 8.02 0.90 0. 9PCTF/OSI7/076061
[N n OSO03- 12 8.19 0.91 0.24 -0.62 21 WO 2008/022233

PCT/ US2007/ 076061 N[N+ O-~ '-'-~0S03 13 N 18. 27
2633012 N\N+~*(O+O0—F0503—14 DBVBOT24—79-11—39
2.80 D.45 The difference in the distribution
coeffjcients for cyckohexanol and
N
[
+
0]
\O/\/ \/\0803
13 N 18.27 | 1.26 1.33 10.12
L
N+
OO~ 080;
14 DMSO 2479 | 1.39 2.80 1045

The difference in the distribution coefficients for cyclohexanol and

cyclohexanone in these ionic liquids show the efficiency of separation of cyclohexanol.

Thus, these ionic liquids are effective for the separation of cyclohexanol from

cyclohexane, and for the separation of cyclohexanol from a mixture of cyclohexanone

and cyclohexane.

(ii)Ooctanol/Octanone/Octane

A corresponding set of experiments was conducted to study the extraction of

octanol and 2-octanone from octane using ionic liquids. The results are presented in

Table 2 below, in which the IL/Octane distribution coefficient is calculated as the

concentration of substrate in IL divided by the concentration of substrate in octane.
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efficiency of separation of cycl ohexanol. Thus, these
w0 oovs021285jui ds are effective for the separati oPcDUS2007/076061

cycl ohexanol from5 cycl ohexane, and for the

separation of cyclohexanol froma m xture of

cycl ohexanone and cycl ohexane.

(ii)Ooctanol/CQctanone/ Cctane A correspondi ng set of

expgslerent s was conducted to study the extraction of

10 _octanol _and 2-octanone from.octane _using._ionic

| i gbkds. T@e_resul ts are presented ip Tabl IL/Ddsanow,

i n{ whi ch [t1%& ‘

i9Rgwdt ane distribution caeffi rent s
calcul ated as the concentration of s@ﬁo t e | (FVUfianone
di visled by th ncg\ln‘tjratl on of substrate in octane.
15| 22 WD {2008{02223 €T/ US2007/ 07606g Tabl e %@
| L] Oct ang Wanol 2-ct afBne  1528f 2 N
N L.06 2..08 2.39 0.24 (r)3 17 N1.44 0.16| Sr 18
NN-6.-93--0-64——(+ -+ )+ 1-O05-19-DMEO- 7 67089 The |
di f t@r ende in+t‘rr di str! bution coeffjcients for
oct anol and}fgc/tlawn/these

2.39 0.24

O~

0S80,
17 PO
\N\_:,NM .44 0.16
Br
18 —
+
6.93 0.64
/O\/\O/\/O\/\OS
19
DMSO 7.67 0.89

The difference in the distribution coefficients for octanol and 2-octanone in these
ionic liquids demonstrate the separability of octanol and/or 2-octanone from octane

(Example 15) and octanol from a mixture of 2-octanone and octane (Examples 16 to 18).
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5 ionic liquids denonstrate the separability of

octanol and/or 2-octanone from octane (Exanple 15) and
w@cdosned233 rom a m xture of 2-octanone and oct aP€r/US2007/076061

(Exanples 16 to 18). 23 WD 2008/022233

PCT/ US2007/ 076061 CLAIMS 1. A process for the

separation of an al cohol fromac.non-polar solvent; 5

a ketone from a non-pol ar =$sgFw¥eHt; an al cohol froma

m xture of a ketone and a non-polar solvent; or a

m xture of an al cohol and a ketone from a non-pol ar
lsoPvueegess fuitiee Pawtier otonpri si ng contacting at | east

one ionic Liquid with, a mxture conprising a

non-Ebﬁg?mggT5%ﬁpogﬁ8m559%%53t one of an al cohol and a

ket ongetod®frdm ahén-pslacesengccording to claim | wherein

said alcohol is a cycloal kanol, said ketone is a

cycl aaplkakdaom apaxaEg of pmstonsoingdra nogrRAdHLso venig or

cycl - 3. r.di . [.;n 2 for

The SONRREot ik i1 B APEAH RN U ShBHE

sty ptogadskangrding Doetaptinc g dsasacwoiodicgjuidwith ainix 2iré osmprising a

the separation of a cyc|oal kanol froma mxture of
nesyeplanial s Ard a‘h‘aa%ye%/ : rkaé?félogen%@ ketARe-process

according to claim2 for the separation of a mxture

of a cycl oal kanone and a cycl oal kanol from a
2cylHeqabdcanaccotling tveclgnot whsreaceat alcolgpl iva cycddakknof, eaid ketone

the separation of, a. cycl oal kapol .or a . cycl oal kanone
or's ACHIQH GonE g TPty BDEM LR EIRE IS he
separation of a 25 cycl oal kanol from a cycl oal kanone
and a cycl oal kane, wherein on contacting said at

3] elhwtprogres esprding fogliion fartihe sepasiiee of e cxdegkanonpfroat a

| eas ne of a cycl oal kanol and a cycl oal kanone in a
cfgfgg g%e, two separate phases are forned wherein

the first phase is ionic |iquid-based and the second
phase i s cycl oal kane-based. 30 7. The process ]
4ac%rlﬂ?‘f?§3 fesording ip @aipp? fqrike ¥EpAEgn Pha cyglogdkanol from a mixture
cyGl f | oal kanone and a cycl oal kane,

PR e LA Aol

wher e phases are allowed to

5. The process according to claim 2 for the separation of a mixture of a cycloalkanone

and a cycloalkanol from a cycloalkane.

6. The process according to claim 2 for the separation of a cycloalkanol or a
cycloalkanone or a mixture thereof from a cycloalkane or the separation of a
cycloalkanol from a cycloalkanone and a cycloalkane, wherein on contacting said at
least one ionic liquid with the mixture comprising at least one of a cycloalkanol and
a cycloalkanone in a cycloalkane, two separate phases are formed wherein the first

phase is ionic liquid-based and the second phase is cycloalkane-based.

7. The process according to claim 6 for the separation of a cycloalkanol from a
cycloalkanone and a cycloalkane, wherein the two separate phases are allowed to

reach equilibrium and wherein at equilibrium the distribution coefficient of the
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reach equilibriumand wherein at equilibriumthe
di stribution coefficient of the 24 WD 2008/ 022233

weansR2807/ 076061 cycl oal kanol between the i BOT/WS2007/076061

I i qui d- based phase and the cycl oal kane- based phase is
greater than 1.5. 8. The process according to claim?7
a of . a: & oalk nol
oyerioaeBgREende, Ry i Gk aRe SRl R b B jkane-basea phase
du§gkhayuM@n>$oeff|C|ent is greater than 3. 9. The
process according to claim6 for the separation of a
cycl oal kanol froma cycl oal kanone and a cycl oal kane,
e

S%r#rg%eggﬁcc%%rgn%oﬁ%ﬁlmﬁ gggﬁé&% r%'ﬁ '“ !1 g%galfq?l]qo] ?T%m a
digtoalkdhorundeeftioaikand, Wirkeih béid @ystﬂlmidnmeﬂﬁcmt weeenter than
the ionic |liquid-based phase and the cycl oal kane- based
pﬁ%se is greater than 1, and the distribution
coefficient for the cycl oal kanone between the ionic
I i qui d- based phase and the cycl oal kane-based phase is

9] eldw pirba@ns dccoldnd O, cldihet forocespaadonbla ngelodkaloh fuonta

for th ar tion of a cycl oal kanol from
cyorloallesle v toRlefie Niiete 5P RSP RiE piascs g allowed to

al r!z&l*?leééluhﬁmﬁﬁ%ﬂ WiktEih P EdAbARE thevﬁiﬁhﬁhpor%oefﬁclent for the
equilibriumthe distribution coefficient of the

cwbl@alldaawchetwwk@mntdieqmd -bared phmmnd-tbfasy@dbqﬂlfvasé)a@ﬂddahase
A2 DR S BB s S pnBre R

S 9Pt AlquRNbREd phay ehP@Bck3ohlkhidPAsad physeliORkKMAR 1.
wherein said distribution coefficient is greater than

3. 12. The process according to claim6 for the

l(§ eﬂ)% ﬁ&e‘gga&:orcﬁn& % (!lc%g{ g%}q{l‘e Sep 1%%9 or ? Xgegﬁ{(ﬁ%?

Iepar hase

eqiytloakkﬁnu RWiefgn tﬁé&vMepa&ate phtise® qw Alldwadumdahle equlhbrlum and
di stribution coefficient of the cyclooal kanone between

t rehereigat equilibyijrg thedggd Wegp@em |9& the cycloalkanol between the
CYEhi0H Kmsp@ﬁl’?ﬂe Hﬁ]daﬁ\% cilyélo%]%g ~§£se{ﬂ1 Eﬁ%e%s ?rea&:?’ thaIP ejé

proces according to clairm or t separation o
cycl oal kanone froma cycl oal kane, mhereln said

istribution coeffici.en s greater th O 14, The
ﬁr dUQCEs} AEPHIRG A SRR L‘Hﬂ gssparatign e@ %&% I&ﬁobfm@a
MXEIa&kaRE, vhetelf bQaldkamanen ca%c&nméfgr@ﬁémm froma
cycl oal kane, wherein the two phase systemis all owed

to
12. The process according to claim 6 for the separation of a cycloalkanone from a
cycloalkane, wherein the two separate phases are allowed to reach equilibrium and
wherein at equilibrium the distribution coefficient of the cycloalkanone between the

ionic liquid-based phase and the cycloalkane-based phase is greater than 1.5.

13. The process according to claim 12 for the separation of a cycloalkanone from a

cycloalkane, wherein said distribution coefficient is greater than 3.
14. The process according to claim 6 for the separation of a mixture of a cycloalkanone

and a cycloalkanol from a cycloalkane, wherein the two phase system is allowed to

reach equilibrium and wherein at equilibrium the distribution coefficient of the
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reach equilibriumand wherein at equilibriumthe

distribution coefficient of the 25 WD 2008/ 022233
weasB2607/ 076061 cycl oal kanone bet ween t he PONUS2007/076061

I i qui d- based phase and the cycl oal kane- based phase is
greater than 1.5. 15. The process according to claim

14 for. the separation of a .cycl oal kanone. and.a

oy oF Baleaies SE P 6eH By b EhRe AT St BisiSalRanc-based phasc
dijglofdalidihaan soefficient is greater than 3. 16. The
process according to any of clainms 2 to 15, wherein

each of said cycl oal kanol, cycl oal kanone and said

y&l oal kane contain 3-2 arbon atons. .10 17.. The
15y BicoBot e B ARG tih e B R R pp Attt e
t hg/ctlagal tian ol cyt Dalkans W@ Al distiiitioy cberdicieani@eeater than
i s cycl ohexanone and the cycl oal kane is cycl ohexane.
153.18. The process according to any of clains 2 to 16,
wherein the cycl oal kanol is cycl ododecanol, the
cycl oal kanone i s cycl ododecanone and the cycl oal kane
16sThegyrotssd aclecding to 49, of Themprac s swhaearedtngf tadapyloatkanol,
claims 2 to 18, further conprisin prior to said 20

c e thapgnesingsaig pislaatkepe 6@nt%uai3d§¥ FBRoHtoms.

cycl oal kane fol |l owed by a cycl ohexyl hydroperoxide
deconposition step foll owed by said contacting step
1deTherpmepse aecording tadnyor cdahs 2dpd b avhaninahe tylo@rnoltse

di | ai 9 I Sj I it
BT as P A tuhal T e SOREA GReuPi
CYSkRAkkaRe- based phase or fraction which results

fromsaid separation is recycled for oxidation. 21.
The process according to claim 20, wherein subsequent

equi librium.being r hed the at |east one ionic
(bR ot THRE L Ty RIS 20y e BlrrlaBE PR RE 5o
Cyskablienaolb e cpiRkagoned dydibddeyalona hdmelcyaoalkade is
cycl oal kanone is renoved fromsaid at |east one ionic

| i @yglogoderanaai d at | east one ionic liquid is recycled.
26

19. The process according to any of claims 2 to 18, further comprising, prior to said
contacting step, the step of oxidation of a cycloalkane followed by a cyclohexyl
hydroperoxide decomposition step followed by said contacting step defining one

oxidation and separation cycle.

20. The process according to claim 19, comprising a plurality of oxidation and
separation cycles, wherein the cycloalkane-based phase or fraction which results

from said separation is recycled for oxidation.

21. The process according to claim 20, wherein subsequent to equilibrium being reached,
the at least one ionic liquid-based phase is physically separated from the
cycloalkane-based phase, and the cycloalkanol and/or cycloalkanone is removed

from said at least one ionic liquid and said at least one ionic liquid is recycled.
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according to any preceding claim wherein said at
woeasi2nse ionic liquid consists of a m xturepOlf/Us2007/076061

or nore ionic |liquids. 23. The process according to

any preceding claim wherein the cation of said at

%?ﬁleaprg?nﬁ]%/ﬁ?ﬁ(? ﬁﬂ %Cijl’rléqdegiﬂ?g c eI ec%lfeagdfnrf $and 10Kt Ohe 1on1cel1qu1d

al dewbib ok dinlk i oPRRSR RRdHE Whhic _ﬁh\ml!;. or
pol yal kyl phosphoni um i m dazolium al kyl- or
pol yal kyl i m dazol i um anmoni um al kyI or
al kyl a ol ol |
??ot%l proé’erss %Co(ioydéflé? ar%y rp:{' Oqedglg ncllrg X’i‘F eYrr @r\é 268 64 at 1east one

qumalhlquicﬁg e@leaibdiffom dHcky ke Bf: unalpylp@h&ﬁyiﬁm falfyil UsA poly)
. The C{)r ocess accor di n}g‘ to ané {JI‘ ecedi ng claim
mélﬂépw inigmaphespheniugaplyhtor pebisikytnhesphiopiing imidpaplgum, alkyl-

bord aﬁﬁéc\{%ﬂnﬁ%%ghx?ﬁgm%glﬁgﬁﬁ A- &&@a‘llﬁﬁﬁ |1 in ‘Eﬁcgl or

aI poyyallpdb yrat dioxy atkyl-adr @ply&lﬂ@ﬂp;&ﬁﬂﬂﬁﬁiﬂtﬂﬂﬁkﬂl— bopeélyslkylazepinium,
trifluoromethanesul fonate and hydrogensul f onat e,
arfiloriexanauBgr alkysHiiongygen, 15 phosphorous, boron,
silicon, selenium tellurium halogens, and oxoanions
of metals. 25. The process according to any preceding

24| ’iemrossseaeionliag td aygireadingidming Mh'erq:ixi e @hiongdisgidat least one

I t on d conpr | east. one C2

Ry igeLs bied b 4?51 2 it B o0& ols ot or
o, fit}Ere 2 zﬂﬁyl@&lfét@ 8r ARYI Mya@fox%@«ilﬁht@tsuélﬁﬁsﬁhetﬂ%shl%ﬂa@e

l'i qui d. The process according to any precedlng

C |taﬂn@r0m¢€tae¢wlf9wd apd hydragensolienato mntonk beggid @n nitgogen,

|n|u bis(triflug 107EL anesul f onyl
N TR Corthy TRt R e PG s At or metals
N-Met hyl - N - butyl i m dazol i um
bi s(trifluoronethanesul fonyl ) am de;
2%. r’lfh@gquaggss teEoriag anytsacy mgein mumherem at least one ionic liquid of

NP dOR, PRSP T E e e gl et i e

N-aibicitl ghou-®yt beyprieyenit oh ke amiiainor the cation of said at least one ionic liquid.
bi s(trifluoronmethanesul fonyl )am de;
N-Met hyl - N - butyli m dazol i um 2- net hoxyet hyl sul f onat e;

2@91“1‘}}"&@56%’ LC'CM'dirbéJWzlniyrprgc%aﬂllgic mnpmgliegﬁéaid at least one ionic liquid
1s:

N-ethylpyridinium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-butylimidazolium tetrafluoroborate;
N-Methyl-N'-butylimidazolium bis(trifluoromethanesulfonyl)amide;
trimethyl-(2-hydroxyethyl)ammonium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-ethylimidazolium 2-methoxyethylsulfonate;
N-butyl-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-butylimidazolium 2-methoxyethylsulfonate;
N-Methyl-N'-butylimidazolium bromide;
N-Methyl-N'-ethylimidazolium 2-ethoxyethylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxypropoxy)-propylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxyethoxy)-ethylsulfonate;

27



N-Met hyl - N - et hyl i m dazol i um 2- et hoxyet hyl sul f onat e;
N-Met hyl -N -butylimdazolium1l -(1 -nethoxypropox y)
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The process according to claim 26, wherein said at

| eas®©r Bwetuesicgeali quid is N butyl -
N- net hyl pyrrolidi ni um
bi s(trifluoronethanesul fonyl)am de. 28. The process
5 2ACTHY o0t gs heroediag M Adim 618viRirdin Satl Gt Rhstl 0B $éni® HGuid @OINDutyl-

liquid is N Methyl-N -butylimdazolium
1-l‘gﬂlﬁthﬁéf’Wé&lgﬁbF‘@Ebl%wﬂ%?%WP@anséﬁalﬂé)aff]!ée-29. A met hod
for the use of at least one ionic liquid for the
separation of an al cohol and/or ketone froma

2B0rhepaberss salovd@ng to daint 26, viheeeis efgdnatebhgronefioranliquid ol

froma ketope.in a mxture of these conpounds in a
nM@%l-gﬁggfaﬂ%‘#ﬂZ?ﬁ% 13@»:merlﬁexxpéf)war)-gwamifﬁ@at@-o
10 claim 29 wherein said al cohol is a cycloal kanol and
said ketone is a cycloal kanone. 31. The net hod
29.c4 orethatgfor tealsaiphmtd@asivhey it lgpiidifcaltloodephratien af an alcohol

R T KRR RN TN

ketone in a mixture of these compounds in a non-polar solvent.

15 30. The method according to claim 29 wherein said alcohol is a cycloalkanol and said

ketone is a cycloalkanone.

31. The method according to claim 29 wherein said alcohol is a cycloalkanol and said

ketone is a cycloalkanone and said non-polar solvent is a cycloalkane.

28



