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EXTRACTI ON PROCESS CROSS- REFERENCE TO RELATED

APPLI CATI ONS 5Thi s application clains benefit of
priority from Provisional Application No. 60/838, 957
filed August 18, 2006 and Provisional Application No.
60/ 901,053 filed February 12, 2007. This application

h rporates by reference Provisiona
Ag%ﬁﬁ%%%?gﬁ No. 60/901,053 in its entirety. kaEPEEmeﬂ
OF THE INVENTION The present invention rel ates

to the separation of nes in a
mxture with a non-p%%i?ggghégﬁﬁgagﬁég as an al kane,
using an ionic liquid. The invention particularly
rel ates to (QRGSSRPEERENGR Tid REVAITHA KPPFEICH TIONS

cycl oal kanones and cycl oal kanes. 15 BACKGROUND

The oxidation of cycl ohexane and subsequent

separ afthis neppficagormicheimsr lenefft cufypﬂﬁtbe framophevigitith! Application No.

c ol, 1 n eV, cl O ane is st.ep

R D L B R B R S BTBR G, S6¥%0r%s5Phica
cdpbwhractZamd00Thelhy applicarion riduedy rinakpouse of reference Provisional
c fSo n in the production of
é%.ﬁla@&t; %g] 60?90@2(5:3?1 ! rg)t{;(&g[mnomar used in the

productlon of nyl on- 6 6 anobngst other applications.
Conventional Iy, theypxhdsE L vISVEORexane i s

carried out at a refta ) ver sion of |ess

than 10% The primary oxidation products of

cyclo hﬁ)&qﬂgseﬁ @ve&%ﬁllrgggm% sza?;h{iBH Gt ﬁc)‘,(dhglg anq ketones in a

cycl ohexanol and cycl ohexanone

C BvHHIE i 2 nop-pPlshekanfesuek kscmtallane, pme&:@ysmc Yiglid ma«yllvenuon
hy & QRETAIaflE 1o the Jeﬁa%oq REQRRARGSbIL %c%ﬁ(lat%lﬂgsxﬁgg cI K

cycl ohexanone, eit in the reactor or in

unit operation. This process as a whol e can be
described for the purpgggskeirdiigppPr esent invention

as the 30cycl ohexane oxrdatton process. The desired
final oxidation product after deconposition of

c y c| ol okidaifh o? BRI HE ardSsuBsehicht $4hSafth oBf iRk by

c| ohexanone and cyclohexanol The m xture nust then
cloBeraponiecrd FYnherael i Waketed cyqhenme isdriey sipreinghsy

t]'ﬁ@nliﬂﬂd%fl.@@@ﬂlﬁﬂ] A RABKABHrO M arh "R Mkm&dsmme of
ec%fled to the oxidation reaction. Thi

%1&21213 gwpm%wg@g&o%myim—ﬁ Adlplc amd Isa mnnoﬁler

used in the productlon 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 cyclohexanons 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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Ai r Deconposition OH separation is commercially

carried out by distillation, and since the great
majority of the cyclohexane is recycled, it is this
process step which accounts for a high proportion of
process steam usage. 5 Therefore, there is a
ne&shobsh23d t ernati ve separation technol ogy tPE‘%séé@ﬂ;mm
reduce steam usage and, as a consequence, reduce t
substanti al energy cost associated with separation

t hrough distillation. 10In addition, the process for
manuf acturing caprol actam requires cycl ohexanone as a

starting material tH&H is substantlal free of o
cyclohexanok;, Curre tIy,Det;g;{h disewel purlty [
acd conmes Ci § throu di Stl| j
ag‘s an energ ensi ve proces HM- 5&
Li quid-1iquid or sol'vent separation o kno

liquid-liquid or solvent extraction) processes are

wel | known in the art as processes.for the separation
ofseRamion irenmanersially cprrigd ont by disiilptipelahd gere thegmpamajpiigrf the
[ t r
D e AT Bl s TRk f O Biop o
s dPEHSEARGRAFAPOoNent (S) selectlvely froma mxture.

M xing two inmm scible liquids Ieads to a phase
separation, and the formation of two liquid |ayers,

al so khpsiHomsiherh iscneedsior fliemetivenaratipn echeotesy desh san reduce

| is@bbh Qs hd, hOX éBnEelﬂ@enH@ Pé?ﬁcé Y ﬁfbstmﬂﬁpen‘é P Esgocc}iz—ﬁ%th
liquid wll formthe |ower |ayer.. Liquid-Iiquid

s EFPAFEEPT BFrug sl t he different relative
solubilities of a conmponent in two inmscible

liquids. In particular, if the soluble conponent is
25al | olReddipien. fepracessdenmanpfapiriggcapioiicee tpuaey GYglahargnone
| tas Mthin®@Rbikdidl QDisREdWReMyirRe of é‘}@lohé&@lol Currently, this level of
2008/ 022233PCTR1S2007/ 076061 | i qui d phases thus

f BIHEE SHEFFICARMmerHYY HEeHsh H@Hllaw | Whidleagaip &) anygnggay intensive

dpss@kved in one of the [iquid phases to a greater

extent than in the other |iquid phase. Cenerally,
liquid-liquid separation utilises a water-based, or

aquemis, phase @and an organi ¢ phase (conprising amp

organi ¢ sol ventj) it

‘that is substangially immsciblein
stSapatiomhen I!e aqueous phagg~a

are—mxedsW | or_exanpl.e, An
aq--',s sol utMer~of two separab onponents, & on
of the separabl e conponents is nore soluble in the
organi c phase it will be separated and becone

di ssol ﬂ{(ﬁﬁld h@u@ Bﬁo%&%&a&n@ﬁ" B3R knbwS ngﬁ l&lllaﬁtor %ﬁh Sent

ot her separa e conponent I'S nore sol
aEFHRTIPE) pResEs aereh kpere invky Beds aroaebises feidhpwaerios ofi | |

hay®oR&ebr 8 aRRLARL @ huidhditd doardQnli Gtk HeRAFALLAR can
be a powerful technique provided suitable liquids are
Ueawonepi{g) 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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traditi onal aqueous phase | organic phase separation
woul d not be possible for the separation of a
cycl oal | canol and a cycl oal | canone from a cycl oal kane
because all three of these conponents woul d di ssol ve
nmore readily in the organic phase. 15Liquid-Iiquid
e technology can al so be carried out using
&&6%@%§%¥% phases which are substantial | y iBGHUES2G0DI061
mnth each other and in one of which the solubility of
E $ﬁg§nent to be extracted is nuch greater than
g ©s m%f(;ﬂie% saly g‘ﬁ‘ttb‘gﬁmﬁmt gl ghntriliybediissolved in one of
eXthE: aghil PRastsa6 B BRhIO DY tehSihdn Qver
en?s extrgcted fronltﬁgwfh fhg{f %%dﬁﬁmﬁg%ﬁﬂﬂi
%’I‘ a%nwh%eﬁeww besgd, Pt aﬂu@fus,tpﬂnesezﬂ@mdrmm phase
SOchﬁlﬁﬁsmgTé&irélr ko Sotvelnly Mk 1s s @G0 one
of, inter |ésﬂcgr¥|ne) oﬁtﬁ% gﬁétu%h] bﬁ” r} E}T‘i en
-t HBSTEGE. P e gussrs b @%thépraemnpmbb enxedluaﬂh; ﬂor &R, an
t hﬂuﬂﬁ§ Sdhﬂ_dm Bf &Qﬂ%@ﬁarabig?:@ﬁﬁ&ﬂﬁﬁ Vif Bl%g]?}é‘%r lﬂ'aijle cglﬁaongms is

thh i nterest can be ver
by wgnsehesn érgl be wern@dm tieporbeatissaived-in the

Stcmmcrpﬁﬁwdl ASIBIeShat I ofhsr @ Jrﬁﬁéw ogént gl%aéj%lﬁl%f athe

i nvent [ q‘éfﬁt gat such |imtat | ons ar avol
T aiad] R fhg G HeRrablscompopgngs \@%thpwdmmgpmm eliiguid-
BdﬁqadS@aiaﬁ&h&h bl @ bk fuPigh il
they.do not i nter fer e Wit Wﬁ?@%ﬁ\%%@c g@_@%& ed. Fhie
c AP BIREhIaUGRus PRASE WEICRERSE EpaFAtion World montepgssibRefoothe
Oﬁemum ﬁmﬂmoﬁm& a cychRAN@hRE %onﬁecygl()%lﬁ:&% %Qza@é all three of

oV wi t hout the neé
o B B R a0 s iy e i e
correspondi ng reduction in energy (e.g., steam
requin or the manufacture of
capm &gﬁér]n]? ?ﬁ%afPé) 6‘3‘5,‘:’6’5‘{53’ GAP Yfo karairish extasiag tia orgaic

f phasel eﬂnqhmmmyems@qamm QYR bBRR @R Une bF Pilkn
froma m xture 'thfwe

C r t
t%o gl?)el nt %Ompo neé'ité’(re?s SXWB Vc‘%t?ﬁ%ﬁéthmm? gtherg A
bb@éws@g@ aﬁrqulddmmﬁxmmufeaﬁbwg iR b &1 8o RN, ¥ the

ting materi al
Rplafie b8 8P BBl it G oF Gormicme<by tvolesiy of the
wanng sl yeon Tmeaﬂelﬁnaltmseva? ﬁﬂhat:dmﬁﬁbnﬁfts &m&e&%%@ﬂﬁ&‘am

f, i cant_ ener and
i St A S he S EPE R S st B & esied
PEWNGL Eherefofegueiaietyi ai]‘ tie dompdne MQdf iindated: CIHA QLQ Wb G, RRL

Qr . the separ ati on of
g@bgcl\,ég %)52 gfr%g huééﬁa@?rﬂcns ?Etg?rﬁ @guuq:ng;ptst Hiisa feature of

~ Hispresenainvertionithat push aqums ﬂxe HEﬁﬁedQny theBe 679bkiALIghfy) as

| remgv ne conponent
R AT A e T e

nfesfergvithebt wodvery afige cpmpcmestoif v:eusrbst exine@mblirdovey ORESSery
¥ shild & nol from
cycl oﬁ%&cg%gdnrgg {h\éx%hﬁ‘e Sé fF Edg y¥ ?Fhfgaxli‘@b(ﬁ?‘é‘(t‘?’g‘t?m%e““d
fat <pnlisered Wﬁafét@@quhmlmwﬂmcom@omﬁg sepaseRlefergy (e.g.,
KA RABIm&GAN be quot ed as a neasure of the extent to
whi ch “a separabl e conponent is separated. In
traditional liquid-liquid separation, the
di st Fbhns .
oL R GO BB e
fk‘f’?’ﬁ’é?ﬁcﬁssb‘éfé‘éﬁpﬁﬁté%d@embﬁmbyycﬂd’nemnomecaﬂlbf difeb®Pfréth a
rtie@re S PRIAD b in G hase The
di stribution coeff%%?ghgé%gh unc &5 Cgirolactam
nunber of different pararreters e. g terrperature us
2006/ 0070919 rel ates to a process for separating
oxygen cont ai ni ng conpounds from a hydrocar bon
m xture using ionic liquids. SUMWARY OF THE | NVENTI ON
The object of the present disclosure is to provide an .
i nproved nethod for the separation of an al cohol from
a ketone in a mxture of these compounds in a



In a second aspect, there is provided a nethod for
the use of at |least one ionic liquid for the
separation of cycl oal kanol from cycl oal kanone in a
m xture of these conpounds in cycloal kane. DETAI LED

y m@amm@h@%ﬂ@r@cbhbﬁh@dm AR EBGrihD doﬁﬁen%ﬁérﬁﬁ tnis

t| on %{1 @W@vr ded . a process for
par altlf i P vihegs ﬁ‘e feRrasionaef cydohemnoneafrom
' q@kmmmmdMﬁmmﬁsgi é&ﬁ S04
xtur e . of ?gﬁe aﬁgr n})ﬂ%-% ar ﬁggﬁgt@éﬁgﬂt%ﬂg@ distillation
m un Jpauine ﬁﬁmg Iwﬁeﬁﬁl@n éequlgmelsmpmmrenmmaﬂym for the
sepakation bf cyoﬁﬁbﬁn@ﬁ@ﬁﬁ%ﬁclﬁﬂé%bl%‘iﬂ&g ﬁpﬂﬁsggfﬂ ligghon i€gst

quid wth m-xt ure conpr

e afthe kN skt aeesioly roioves e ohpbnandaly
femikas Sure, Conventronﬁ%o}% Fcfhee&QF E%tf{)g ép%gﬁgrggtl '

enco asses acyclic an
T8trEs Wb |Sﬂeqﬂvelb'@x@w cycdomxat@ Iftorh e hegnmiig,
and |n an alternative enbodinent to a (cycl oal kyl - OH)
cycl-oal kanol " As used herein,

t h e %Férqmd"hee&ﬂ@emm ) dpa‘ﬁmaen amﬁcnem fanalgﬁrm kdparable

: ciMdoB 3 S to an

PSR GEcBIETHAR el outesti

. seg , liquid wmﬁmdh@msmbﬂ@@mdédfgcléﬂtlﬁeqaual to
ced wi

| M&Jcaﬁiahéﬁlsftﬁ’é‘ §éé)§fagle%o&18§|2%1t O BB TR P SERe idrd by the
o con@_qn@axppn qf hf@ aeparnblé arblkplmeﬂt in effecdqaicdin phﬁek W‘he@rstﬁﬁﬂl&uh e
| coEﬁEHbt %X‘BL: Q?LIIMQI? Prf 1§l etfe{ g%&g i')agaatlgg 1§ 658 genllgerature

used herérn
strarght charn or branched chain saturated nonoval ent

cal rtrcul arI one having from
Uﬂ")ﬁé@@%ﬁﬁ@@ ta Olﬁ'_gcesngy y E@!]gi | ,15 from

car

@pﬁabMemamkyhmggmmnﬂnmnhlude nethyl ethyl; propyl ,
butyl, pentyl, hexyl, octyl, nonyl, dodecyl and
eicosyl Sai d al kyl groups 20nay'be substituted by

‘one or nore halSEIMMARY OF THEINVERTPON f f erent
. are preferably unsubstituted. - Asused herein,
refers to a cyclic saturated

ﬁ,te m cycl oal kyl " .
86 abisstol fhedwessatrdisipsureds ts)arrowﬁam mpravedgneshedyion the
sepﬁ&tﬁiiﬁ‘of aﬁmcm ﬁ@in MRfode il hhiRGrESORRE @0 ﬂstlaa' Bn-polar

gr oups. | ncl ude cycl opropyl ycC I]I
solvggtc ﬁ%ﬁ Fepagakien ok @;(a}lpohol and/or a ketore froma non-polar solvent It
is a particular object of this disclosure to provide an improved method for the scparation
of a cycloalkanol from a cycloatkanore in a mixture of these compounds in a non-polar
solvent (such as a cycloalkane), and for the separatlon of a cycloalkanol and/or a

| cycloalkanone from a non-polar solvent (such as a cycloaikane)

but

Accordmgly, in a first aspect, there is provided a process for the separation of a
cycloalkanol from a mixture of cycloalkanone and cycloalkane;
said process comprising contacting at least one ionic liquid with a first mixture
comprising cycloalkane, cycloalkanol and cycloalkanone to form a second mixture; and
allowing said second mixture to separate into two separate phases, a first phase and a
sécond phase, wherein the first phase is ionic liquid-based and the second phase is cycloalkane-
based; and _
separating said first phase from said second phase.
4



cycl oheptyl, cyclooctyl, cyclononyl and cycl ododecyl.
Preferably, the cycloal kyl groups contain from5 to

12 carbon atons. Said cycl oal kyl groups may be
substituted by one or nore hal ogen atons, the sane or
different, but are preferably unsubstituted. 30As

used herein, the term"non-polar solvent" refers to a
compound which is immscible with an ionic liquid. In
one enbodi ment, the term "non-polar solvent" refers

to a solvent which has a dielectric constant of no

nor e f

oref o aarsy i sBEE; BER JrodREARRRILIRD i e JPA R e fonic

laguiofepthe separapion ©F vyodoalleocldiain nygrleatkaASTNN BIRKH8R of thesea
refe ed e di ment, the term "non-polar solvent”
g?swgéﬁb%@ 2f%3pe-and acyclic aliphatic hydrocar bons,
and particularly cyclic and acyclic saturated

al i phatic hydrocarbons, i.e. al kanes and

cycl oal K PREANISHDDESCREPIEIROF TEXNENTIONNES,
oct anes and cycl ohexane etc. Said non-porl ar i phatic
hydrocarbons nay be substituted by one or nore

h alﬁ‘&l@ﬂﬂ]@tt@ e prefi@t SRR, tidtd & ?fcﬁz‘iﬂed a*i}ﬂ)cééﬁ $or the separation of

prefe unsubsti t ut ed in one
B{ﬁgﬂﬁm@¥apﬁﬁpﬁk§§@ﬁ@ﬁ4nventlon there is

pr @‘itbt@ﬁé’fr@mm&ﬁﬁﬁﬁaxf Qlvdnie separation of: 10a
cycloalka%@ fraogm a non- polar sol vent; a
He

cy &t algphel A prigkrerfidieions|aad aggn-pelar solyent; or

CY & hipakeAstah Aol hdl Rk a%og%siapéél%é}ﬁone and a
non- pol ar sol vent; or m xture o cycl oal kanol and
a cycl oal kanone fron1a non-pol ar sol vent; said
~process conprising contacting at |east one ionic
“liquid with a m xture conprising a 15non-pol ar’
solvent and at |east one of a cycloal kanol and a

cycl oal kanone. In a further enbodi nent of the
present invention, there is provided a process for

- the separation of -an al cohol from an al kane; 20a

ketone from an al kane; an al cohol froma m xture of a
ketone and an al kane; or a m xture of an al cohol and
a ketone from an al kane; particularly wherein

sai d al cohol and said ketone are acyclic, said
process conprising contacting at |east one ionic
l[iquid with a m xture conprising an alkane and at

| east one 25of an al cohol and a ket one. In this
enbodi nent, said al cohol contains a nunber of carbon
atons which may be different to, but is preferably
the same as, the nunber of carbon atons in the ketone
and/ or al kane present in the mxture to be separated,
and said ketone has a nunber of 30carbon atons which
- may be different to, but is preferably the sane as,

t he nunber of carbon atons i-n the al cohol and/or -the
al kane present in the mxture to be separated. -

4a
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'alcoﬁ

In a particularly preferred enbodi nrent of the present

invention ere is provided a process for the

separation of a cycloal kanol from a cycl oal kane; a

cycl oal kanone from a cycl oal kane; a cycl oal kanol from

a mxture of a cycloal kanone and a cycl oal kane; or a
E%ure of a cycl oal kanol and a cycloalkanone froma

cycl BaR#iL; said process conprising cont actCRYSHE76061

| east one ionic liquid with a m xture conprising a

cycl oal kane and at | east one of a cycl oal kanol and a

- cyHbRPseanemerisitpeantactisdt et ov ineiptiguid yitha mixture corprising a

cyﬁdnoﬂla!f@&oém &R RLA SnforRHIRE 1 8la 981QoN at oms whi ch
may be different to, but 1s preferably the sane as,

t he nunber of carbon atons in the cycl oal kanone

and/ or A&Mﬁé&%ﬂéﬁ@ﬂﬁ e Mol Jﬁc&rﬂﬁss@@ ﬁgyyﬁcecmﬁ chlﬂg ahphauc
separated ‘and sai d cycl oal kanone has a nunber of

c A SRBAIS ANE ARSOMRITTE PrI B} TS i anfallod (i zepuplnel i & altemative
pr &hmaaRnYolRe cRaIe-@9) grbtﬁ)el AYrPRIcakfndgtar bon atoms in
t he cycloalkanol and/or the cycl oal kane 15present in
the m xture to be separated. Thus, the invention

ENCONPAIIBE! herelr, Jhe REDCRESRS eﬁda,fnpssee as,}eﬂ@mitdy@;rb £ibhaA0
aIcohoI and/or a ketone fromthe correspondi

RS P BT SRRBRSHL Toersgo o (bl G @lhgP Eroup and in an
cyﬂdemad;de@medlhlawz@gcﬁchec&wonﬁsa@@qiomngw ReNo0aREDE wherein a
8£¥n at ons, d . for L e separat,j on of sald al coho
ISP S BPIEETI G (Hg &°-dn §YaBPRE -

hydrocarbon (i) processes for the separatlon of an

al cohol /or. a,ketone from.an drqcar bon
e o Seediin” o i it LRy v Rk S D e End g o
nuebsrofcycasboanat ons, and for the separation of said
al cohol fromsaid ketone and ali phatic hydrocarbon;
25and (iii) processes for the separation of an
aIcohohsaﬁﬁmaﬁmamkehﬂnﬂkﬁfﬁmmammaﬁmgmkﬁmneﬂkmen&iaﬁm
defln her ej arat|

eg °F‘8‘r’ﬁ‘e§‘5‘|’y Oé%ffP?“ersaB‘Saﬁdu R "“55?8"‘%%"5&‘%%0
s chrbemitom8 (Hybrag @f eenliniting benpiogasise sk @smps naddumnelbyl,

(i al ¢co t
L e e e
t anag e butotityed by buetor mppi teidrdgby atbine yhawing ofifferertt et sranme
at ons. According to the
?g%%%¥9§%%%% %%n there is further provided a nethod
for the use of at |east one ionic Iqu|d for the

separ aAé 04 R'%I‘ﬁlﬁ nch@?.le&? @Lloﬁgﬂl Perrg(gta ?cﬁw sﬁtglgﬂeﬁ monovalent

non- poI ar sol vent € separation o
ahybprarbop rastinah hk\emg%%ﬂ ¢apbog apAmet Bur waff mm@mxrl‘g@mmds

' E‘mébi@"é?a aﬁ%ﬂﬁ ln\{&%’cyﬁé}fr&%ﬁ Lélya&lu}(yl V(\i‘}@lgpe‘?x%)l chiohexyl‘

al cohol oal kan

» 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 liguid. In one embodiment, the term “non-polar solvent” refers
to z solvent which has a dielectric constant of no more than 3, preferably no more than

3.0, more preferably no more than 2.5, measured at 20°C and atmospheric pressure

Lh
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5said ketone is a cycl oal kanone, and particularly

when sai d al cohol is a cycl oal kanol and sai d ket one

is a cycl oal kanone and said non-polar solvent is a
cycl oal kane. 1 n one enbodi nent, the cycloal kyl pinps
contain 6 carbon atoms, in which case t he
SRPMoid29; Process described herein is part%EH%Qﬁwaam1
concerned with the separation of a 10cycl ohexano

and/ or a cycl ohexanone from a cycl ohexane, and wth

the separ at L.on -of cl ohexano| from a cyc| ohexanone -
ant ST BB e B MO d Fbon Sl it ont po pgivon
cyefesblydlic gnaapsicabptiadt Bydtdatahd) on @teaedy ¢yolioMidebyclic

case the separatio rocess described herein is

e R e el s aad st ote s e ages.

c yiiﬂx@ﬁbe,geml ocam(}ji/éﬁd_l c}ﬁloﬁ?}ﬁ&h@dﬂ%ﬁ&?&@@&laﬁ dliphatia hydrocarbons
cy. 0 ne,..and with the separation of _a

oy ARy AR el 0 SRR e e, butare
cymtiocblyenangituted. Thus, the m xture to be
separated can therefore conprise, for instance, a
cycl oal kanol and a cycl oal kane; or a cycl oal kanone .

and a d¥ud, gaink ambodiromt ef thy pee@at ikemnabn, RBandpravided a process for

cy&ég@&%@g&ge and a cycl oal kane. The process of
t he present invention involves a liquid-liquid

- separ agicprhoalifanel diom aowe-pofar ¢dent;i qui d phases is an

ionic ghgﬁhﬂ&gﬂé%gﬁﬂn%aio@pgﬂ&%p ot her is a non-polar
sol vent ase, such as an organic hydrocarbon-based
phase, at¥rdnalkanol Sigtyatmintureadilay ydsilkanpscint k gon-poldr halvent; or
ionic Liaud- ' t

" oubst anth Py POREARART i ASHARRONERSh Pror R VLN

i FRTPEIChs sompisingsomsatisg bt ledybanetionds lspislavitht aoniptvss@spasieg a
T Gloipbiar sBVBniRh@&GSS: AL of 116 RERSEN hnd L8Pk NUS
relies upon the different relative
solubility/solubilities of the conponent/conponents

to be sepam@lk ] i d

the Lo ool eneodni ol (s ERa ER SRR Bk prodelh fr
sosEpatiSRgEe. I n 30particul ar, a separabl e conponent
Wi T p@f diddhbiGfont 4ns@ilahe;0et Ween the ionic |iquid-based
phase and the non-pol ar sol vent phase in such a way

t hat n%F%mﬁﬁﬁﬁﬁﬁag?n%ach separ abl e conponent w |l be
di ssol aefkohl s hikRirCof d tdhdaRBseskaphgse. Once
brought into contact, the ionic liquid(s) and the

m xt ureMEGHpP Binkghoaards 1@&%@“&}?@/&8‘@% ketone in a

NQ#ti QOArBY wi iV QIH aldoBelGnd i MERAlkBRAL, s Y£REss Bomprising

cycl oal kanone-in a _cycl oal kane) is referred to herein
a&ongehng @3%‘5*@5? 19815 Tiid b @ mix inge qougds peakqne s at leest e
" etutadeholngd 2 k&ordent ended to nean the bringing

together of the ionic 5liquid(s) with said m xture
conprising an al cohol and/or a ketone in a non-pol ar
sol verlk 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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to formthe separation m xture. The ionic |iquid(s)
and said m xture conprising an al cohol and/or a

ket one in a non-pol ar solvent can be contacted in a
container (i.e., reaction vessel) that is suitable
for said contact. 10Typically, the separation m xture
is shaken, mixed or stirred vigorously for a period

oA e nafterreferred to as the cont RETFHE7076061
time, to allow thorough dispersion of the ionic

-l'iquid(s) throughout said m xture conprising an

al coholln apaficytarly pleétrsd embediem ofhtbpplesent igintiemtherel it provided
Wi J e APRL echatsdsthat if the contacting tine is

L progSs BPRE SELREGG quid(s) will not be fully

di sper geurleatiapr] glooua cyshaildansi xt ure conpri sing 15an
aIcohogC@ﬁgmgﬁﬁéﬁgghgg@bEFm@.non-polar sol vent, and
separation of the separable conmponent(s) wll be

i nef f i @icrialkapol domgyiniiige efimelytlogkappisrapil o ayclrfalliheg or

separ ahgxGeAPLARNGS! RESEBbalkhohd Fors EPRIANLRN
mxture will be separated. I'ncreasing the contacting .
t isﬁ‘é PEICCE RETREFEICarPONS Al 12%59?@ 189 lllquldrwﬂ{e@@é_ﬁ{fm@mpﬂsmg a
dic§PBAIRInE Anc0 1ehf1Bnd G GeibhiAbPod h cAMnSALE. M xture
conprising an al cohol and/or a ketone in anon-pol ar

sol vent, 20and the efficiency of the separation wl|l

be incrassesbodim@y, si&d e 318 kan DI ORGRS 4 AR olcBBon atoms which
sgfarable conmponent (s) .in the separation m xture wl|
b

Y &6 A SfaLO- bihis ProfiTeii i the sarp assEhaBher ofiFaph pleme Hee
WichdlogieRbGhi/Be yb o MRandipkdser® GeHE mikled lo 18 sEpah AR said
possi bl e proportion-of the total volunme of separable
c S@wﬁl@ﬁ?{éﬁf HaErigeelredep AlPme which iy podtferspide.dut is preferably
C aheChhdnt &N) She U6HAEr OLcagbontaytR® M the ic@iMdaliahd] @bt/ the cycloalkane
tqueratgre.etc? i .e. ngxinuanSseparation has been
oBEETH &S RFYHPL® SHAFHES cont acting the separati on
m xture for any |onger would not provide any benefit
to the_separatiaon of the separable conponent(s).
There?gpgfﬁagwﬂggﬂﬂﬁgW%Fﬁ§‘the contacting tinme is
plipprecaik yor gheaaiaedioh htum dBdhsleadnosketdi® Bmpkefogtadhding

greater. than. 60. seconds and typical l ot greater

PRI mlrBPea s SRR O Srglbene Prde firorBnsiag myeber
ustenirhah atoms s it detsopayatioe stitaidsalcoBA from said coSedps@iitiSittone
t i haking, mxing or stirring, the
s%ﬁ%@@?#%%gﬁg% 8?@ is allowed to settle for another
péy iprdessds fori thasepdrgiopiof aif 4leshol efléer 1 elortedroasant dlighatic

" ' ti e ' he.settling,.dl t he

o BB 4 g el S bR e of o
baigwel and joh the ecrantomofiseid-ajpohd froschd deibrdoms etplphabelrocarbon;
Thg settling tine should be | ong enough to allow the
ionic |iquid-based phase and the non-pol ar
s@ihreeresshaiortie pirargeon @ afi alcplyo! swlarattene fadm ahorepolgebingnt
t R ENSHE, ' : ' ' i ki bri . T
SR bl B HGSL B O Mol Lelebtlind Rfone
rdd@oppaisolbity | onger than 2 minutes and 5typically
no longer than 10 mi nutes, although |onger tines
periods may be used with satisfactory results.

The nmiMareaver dhamrpessseg desariber endes (1) andiiprabevckeidrk@hplnd
%aﬂ%mﬁ@{u@:& thSe WM ave AR PR R iR dil(:éryonatattoxﬁset?%glc:lh%ﬂ%r, Qs

a cycl oal kanol and a cycl oal kanone 1 n a cycl oal kané,
e Ca ey el Pavel thsyampnigthed af ¢atongioms. pr ecedi ng t he
separation process. For instance, in the case of the
oxi dation of a cycl oal kane such as cycl ohexane as
descri bed herei nabove, the oxidation step may be, but
is not limted to, oxidatiog with air alone or in the
presence of a cobalt or other transition netal

catal yst foll owed by deconposition of the resulting
cycl ohexyl hydroperoxi de, either thermally or through
ot her catal ytic neans. For the 15purposes of this

i nvention, an oxidation step followed by a cycl ohexyl
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In addition, f ol | owi ng the separation step, the ionic

‘I'i qui d- based phase can be physically separated from

t he non-pol ar sol vent-based phase. This physical
separation can be carried out using any suitable
apparatus Furthernore, the separable conponent(s),
Ewd ¢l oal kanol and/or a-cycl oal kanone, p&ahbe
renoz\?e S’%r omthe ionic |liquid-based 25phase andszsa‘lm oot
i oni c l'i quid(s) can be recycled and re-used, for

gmlr ’c%ciré]g%aft ue:];%%sglgt ug\f% 0113.{1]61‘6 =S ﬂngil pr p&OVéd(etd aéafitlilogrgor the use
c ocn”taaieis't dsrg zraﬁrdlqa&xfar m s@mnmwf bealgenemalor yetalcdsmi £ ivad

[ nt ries: e and cont.i nuQus

( é‘f’l‘éeﬁ ?t%e éeé;arg‘% 3%{1 alcoho?gdlg le(etone a2 6[6)(1;}1 etof 818%6:

t wonmalnldylm am\tm4puler almtxpan@uﬁtlg pzhérmaid@muolhrya @c;tmlaﬂtml and
Sesgl% atto}leolrs]a cyclioaﬁ&t tn:elarlllg par%u?&l ‘é\fr]‘nel({I ga\{d ﬁco% ﬁggc c%a_lk ol and
oW a8 T Xer - set I'ons can e carried.

owtaldlkntosasqaleyctdaadancblatammwfca@mpohax solvantihi thoaﬁxsm it is
conmon for the sane vessel o serve alternating
functions of mxing and settling. Operations can al so
be cahrdredmuiment,tthe ayoltikyl gowss fonow, 6 dagron wome hin tihieh case
x| ' LAY
o it pRELL MBS B0 S RucBHP oot i B} R
s;ps@lefwsa@h@d:f@ea; exshexanpiodronga ¢ickvhexamd alevith the gepiatien of a
ard ﬂ&@&ﬁoﬂﬁ&n Yyt %Bmé&n&h@&i&&aﬁgu' prent vol ume or

of dup. Exanp €5 of ‘commerci al m Xi ng equi pment known
to those skilled in the art 5includes in-line static
i X I Sin ch Gher B Slisent! b SEIANSY exllpk bdnbs DL IR, in which
nozzl es, valves, centrifugal punps, agitated |ine
rricaes i, Sefpia'@ra@aros%é@mb?é éﬁalﬁ iiscRertoylanysangeren widstbe separation
9384 Woloﬂ@&@ino%ﬁio% @ﬂ:ldﬂ%&e%ﬁloﬁe frémd cy&oﬁéﬁéﬁnéf\hﬁ&kvnh the
circulating fl ow | oops. ampl es of commercial
s étmarafiopefaguriplgrangd rﬁfsxmwa prsioflaflsemonsiand p explededecre- ar t
includes gravity settlers, decanters, centrifugal

cyclones centrifuge and settler aUX|I|ar|es such
as coali® @Xt%@gs ATPATeH GUTHBFTEP FERPIst T B ERSEr 2 c al

f bﬁh&mm |a1§3d3a3cy(:f0@1karﬁl &cataybls@LzlJMneOﬁaduyéléandn@rasuhsymaml
or di spersions) m xer and settler can be

c%ﬁé@ﬂk%’oﬁﬁ%&&ﬁdg"ﬂgﬁ"&ge St ages can be arranged

in anulti-stage cascade to achi eve additi.onal

separation effjcienc Mul ti-stage arrangenents can :

enpl oy'"§ P{PSFS &t @e Bfesqnf Efu?“é‘o? Pd%""s?@‘ﬁ’éh’éé‘q iJcppagion wherein

c Glhbrﬁf@{e-lﬁluzﬁ pR&ks ik kOWnicQ@uidlbated @hasé hiMhe Q@SS ﬁdﬁtﬂoﬁﬁt
cﬁ ﬁﬁagedflow an o fort dﬁ act ﬁ

TR ROSGh S p R PR S HiF R Gro B g oal

elreA®edbis inxAdiohie hqmﬂs»hsreu @hel. As used herdi lid tﬁxhtDtk&bstantzall

(dl fferential ont act nent i s usual
GRE bt B e R Pe B VR Sl e o
[ ﬁﬁxﬁém tihe piob@u bftke pﬂeiehomtfenne:pmast reliks mpcsmiheﬂaeferent relative

atl Oof he liquids fro ch_ot her. bet ween

SRR ARETER i Smareh EoasaSh § TR et B e B e
chon@bﬁ)&t{s)cmrﬂﬁeeﬂﬁlc lidie-bhded| p&hadesarrdemé&mn-pbrar mbmu' PhiagU Sn
cont a ot her. .t hr. ui nt..
HRREE reR R PSRl e O R P Bl
dgnsi i 68 nOiﬁ-peblbnaolWenp.pheks in a:uch: aaijumaﬁmm oﬁ/whe br griasepigble
oromC%IQetn ?sscfxl‘grd(h\irelthel mi -b sede%w pment known to
those T t |n({:uI1 grawty oper at ed
extractors such as 25spray towers packed towers, or
sieve tray towers; gravity-operat ed extractors vvi th
nmechani cal agitation such as towers with rotating
stirrers, rotary-disk contag&ors, M xco
(A dshue- Rushton) nul tipl e-m xer colums, Schei bel
col umms, Kuhni contactor colums,; |iquid pul sed
towers, and reciprocating plate colums; and
centrifugal extractors. 30
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The separation process of the present invention may

formone or nore separation steps in the manufacture

of adi pic acid or caprolactam The separation steps

of these processes have traditionally been perforned

by distillation. I n enbodi nent (a) the

separabl e conponent is a cycloal kanone which is
sERPROTE*) r om a cycl oal kane. The ionic |iqBfBPEPO7{06061.

contacted with a mxture of the cycl oal kanone and the

cycl oal kane. In this enbodi nent, the ionic |iquid(s)

and t hé&ncébmught toecoofact theiom;tdiq@id(s}(aldmmmamb ¢olngrising an
cy, I ' 10 3 r The
pr%%§§§hggp%%%gégh%%ﬁﬁﬁgﬁgﬁﬁwgeFVe #%%ﬁl |qU|d
s epalpdkénem whaeydoaikaelds wfene e Hereipurs dhqd‘n@s@Son mixane”.

a 28
C y C theHgg n%eeq Iglsz: % 12 & e@ glﬁé’ﬂgec% tg ?nseglttlﬂ? I‘rill% %%1 ﬁqi)%/ether of the ionic
| rheiisiés) Witk sdihmixtee conprsingiay eicehobansited a pttersdn a hen-pdlirsolvent

Cetri .
e S L P ST

ar@@on@tah@wwoaahm Hodes edvephras be fogilagied it aqontaman(i 4., 5

a '?gacf?&'?\fe@sreﬂ *ﬁ{aYISQﬁ@c@Ee%r Jaﬁ%ﬂnt!jct In e nb Y d I ment .

(b), the separable conmponent is a cycloal kanol which

Is separated froma cycl oal kane. The ionic |iquid(s)

is CO”’Tﬁﬁéa@ M gebargudmahufeqs QhxdnhBixey 6l RALKABGbusANEr

the ¢ oal Kane. In this enbodi nent, the ionic
| PERARE e disepinafier micxediioas g cpecting e loaloRaherpugingd

t RRp&Yi6 SBhkdRe hk;éﬁd(@ﬁfﬁ% Rt ﬁ%@}a RhpHiiXd M fcohBand/or a
The process of élnent i nvol ves a

| .katavfdn |a|na‘~arp<a¥ar§e}ys?taﬁq VGH bgARpreSiafed dipeit dte cppiacting die é too
P BRI he lihicARul d0d) il bt hﬂmb@%&%dﬂﬁl@ﬁﬁloﬁ@ﬁdmﬁuﬁ%&ﬁﬁnsm g

is a cy cl oal kane- based phase that is substantiall ¥
ﬁ?&‘gw(’bw@@ A k¢tARe I GAPR PRI vEntARd egpassH s the separafilss -

e a&}ﬂlsbneiﬁm will Be@ndfiGibdt] iRUSI PR srMeF dofioh it the kephlaBle
cl oal k noI bet ween t he i oni c I| qui d- based phase and

‘ED%S’V EieRHA éhaﬁﬁl?éﬁ“’ﬁ e wd Bfrséﬁ?’(”@?d tIAgFRSIPE Beang
p tafienabiitie griRadepiratidhafixfire will incrdait tBOBQRHFRIME tHe (if)nld he
S aé blg c& onent is. a cycloi noI which is
S B ] o0 BRI R 7 S e B KRR & g gola solvert,
cyiel thadfiainey oflihe stpariion Wilkhsiistir@iped] Se. & CingeR fiopektiv 6ffihed

of th yc] oal k noI t he cl oal k ne. and
ThebbdbE S otk B &S g DRl R he o
| segamﬁi(r&)ffnﬂemdy vl cmtadtzu I3 &me fvill dveuraytdll aoaddane |possibh>e

m 0 ?n c%nnhoe%o \ﬁ)?ue )y ;}/ 6%%151%%23181%3 8?3%3%1] s§parated for the
estbmehmm:nndmm obodds. gayﬂaa mi unn@b—liquﬂﬂutedlp&ap&reai) i.@Mmaximum

wh n the S, an
| slegzgl ta)nbaslgegn ol?]tgléltéd At {)?]191 & actmgl the sePzgatlc}r]] arrsmectu foraany

dyxcgeo abkidmet mmscwanp h«a&ét tohlad sepsatiu bﬁiha aetpmblleyzomponent(s)
| JqR t he ' UId bas

LA AL S OO A58 S D

anole areéqddlmgbkmhanaﬁﬂa@mnds@dttm tahengd gmeesimn Mimirfies,

but
B Tk B0 U@ B SR Bl DL BRI ' | Oni
I'i qui d- based phase and t he cycl oal kane- -based phase

is gr @%s@éneflth[@ pl?an o%hq sﬂﬁﬁm%%h{ﬁ op HHu‘Pg‘ tﬂ%%ggapéggt%&tnge 1s

for the cycloa one betwesen the 1oni¢
Hawed areltie foe anotlesy phrénsl| ok Sime-Heretreflerptiarsed 1 gs the Ssettlitgdime”.

]DLH‘I-EE kg, s@lﬁplg %‘rr[@tﬁ‘é seﬁ]ﬁncﬂgﬂhfu%ﬂi &g)a}a% 1];1t|3 @n %o%ﬁ:aifc@&f #2ka
of cycl ohexanol from cycl ohexanoné for caprol actam
manufacture. In this enbodi nent, the distribution
coefficient of the cycl oal kgnol between the ionic

| i qui d- based phase and the cycl oal kane-based is
greater than 1 5 and preferably greater than 3. 5

In enbodi nent (d) the separable conmponents are a

m xture of a cycl oal kanone and a cycl oal kanol whi ch
are separated froma cycl oal kane. The ionic |iquid(s)
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this enbodi ment involves a liquid-Iiquid separation
wherein one of the liquid phases is an ionic

| i qui d- based phase and the other is a

cycl oal kane- based phase that is substantially

imm scible in the ionic Iiquid-based phase. In this

efodiswenis, the distribution coefficient of ﬁ'f}ﬁmﬂom%ﬂﬁl

cycloalkanol and the cycl oal kanone between the 1onic
15I|qU|d based phase and the cycloalkane based phase

SoBSR0 ShoLA BhB0 BS) SEERR po o

s eaplawaiﬁeedmﬂmm dbsal tamntad Iﬂﬁ%ﬁ»@bllalaiohfeﬂtﬂa&d phiram fulig

ggd ag%% ﬁ? ‘gﬁ‘lﬂfi‘?ﬁ% éae%gslt%%l psoc%sctrﬁ CP :.H%g mbe&*n:fl Qnum The settling
C aeﬂef iis pre&reﬂalydénohMQel oirvey, mn:tpemraﬂl}slohgrma nhihees and
|on|c as C ne
g@waﬂy nﬁ %er g}a %‘ rrfi)ljl'] eesr zllla gghv%ngr}g‘er t}é(n?fisﬁ:glluj)ﬁ? nﬁ%g‘ﬁs%g with
thmnﬂymtDQMMane based phase or be separated into the
ionic |liquid-based phase along with the separable
MU it SRS
ixbee ngpgeng ai #c p nedn n
0
LD o KRR, AEUSLRIENERE D o
t Heroeyl bl ethesidetion steprttasring yhel sopaestiam praeess. nifos instaecd, wrihecase
| Iog mﬁ?’é@%ﬁ@ gg pg&?ﬁ)gl dsuﬁ% %}]s cg%lll%xargeas pr[il%? 'é]@llgﬁlgbévg ate
ag’mdafe@tﬂe@ mag be. fhat 1g apidimited ¢ eidation |ab§ llopger ip Kis\pecsence of
r %fcssﬂb@ Bl tRindd &Mﬁéta%m%um@dw BUSHRALEANR DR rdlfind

cycl ohexane are respectively replaced wth references

t Gyelpheayidudreperoxidekeithen@ermdly ar thsHeyshe calalyicmpnns. For the

Trb%rﬂo&g 'opthi ngrgx'lt%% (ﬁfdaﬁa@stﬂ{ i%ﬁ@uﬂ:ﬁ bh/ Q\éﬁﬂ‘éﬂaf?ﬁ hgf&}ﬂpero}ude

consi st of aS|n elonlc or a mxture
ordeFATIPESITiR R fqﬂioq«iﬁii egasw@ma Oﬁ?%’eaa% BEP Iszdﬂfsled 2 0"5 6
etogidbidnfaRd AR Qe A%‘lllrﬁﬁ;aoﬂiﬁiﬂaﬁ&ﬂ zln}z{ seﬁﬁﬁo@éycte‘é\@an be

hra
-and t% |ca§? only one ionic
'

5 PREF %bwhfﬁ REEIra wclqa&aﬁlf‘d?aéﬁd i@éﬁ%ﬁf Rasgion épselaflg Bem the
S%Eﬁ%@ﬁmﬁf%@@ﬁd &r fieLo:Bhatbn.-  al kyl pyri di ni um

al kyl - or poly-al kyl pyridinium phosphonium (PR),

al kyl - "or pol yal kyl phosphoni um i m dazolium al kyl -

or pol wab&ybd, fidaze e sapardiBARRb,UR mﬁlNl?qa]d bkl Yhase € be

: aIpR aclallf s{eﬁ%@%ﬁ egblylﬁ %/3|8]|a1’ %ﬂlwﬁfﬁ% Ksyi )fr a%)l?}l'sllcléil separation

Pyl diiyle@ @ Rkifd bHY suldbie/dpp K@ik Emmﬁnoaé KiyeSseibak ARy d@ﬁpoﬂeﬂt(s)

Each R of the phgsphoni um and a n|un1c

i e DUBPLTEICy~ S0 Ber 120 ("G B U on i e
S phat bidied t@icdeE(S thnig: refychy dhdgased, foy eampid, in Dikiydr,
al kyl ethers al kyl esters, al kyl am des, alkyl

cAPBBUTN Y- aci ds, or sul fonate. 15More preferably the
ionic liquid(s) conprises a cation selected from one
or o r&ommercial equipment for hiquid-liquid extraction contacting and separation
may be generally classified into two calegories: 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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of 1-al kyl pyridinium alkyl- or poly-alkyl pyridinium

i m dazolitun, alkyl- or polyal kylim dazolium

When a mxture of two or nore ionic liquids is used,

the cations of each of the 20ionic |liquids present in

the mxture may be the same or different. Preferably
P‘% ansloon of the ionic liquid(s) is selected fromone

o6 a halide, preferably chloride;, bFEHPHROTEF6061

iodide, a nitrate, an al kylsulfate or al kyl

pol yal koxysul fate, such as net hanesul f onat e,

t rfFESIObEE GeaTIBIS Hoon Atrevhighdbeostiipg pereiiling stephare asually, but

AR v aDASE B fpRUE Dessfh) OF RRAAMS fioh QfBhhs tf Ae&&%

selenium tellurium hal ogens, and oxoani ons of
P EIng i nd s5iies Ghs ¥R SbtriAed RicREoPeptiEnBieaHBIST Vol e ar

t qqdml%( Briddidsor amhhxhistiking aydtglﬁéﬂ dRwh MWhsekkilled 1%1_’|c_}ie)art

tetrafl uoroborate (BE), trifluoronethylsulfonyl
nePHBJE &t-FRpisete Wﬁaﬂé MiXeREIRE SERGIS S0 MdHaO8zes, valies,

etd&%“ﬂ%ﬁiﬁﬁh@@'a%%) QiaAtiRe mixepd PRXYELRY] rﬁééh:ir&ﬁ@} sitated vessels, gas
g r

( met hoxypr opox 0 Isulfonate 141-

30TERHD BF’S FoR ﬁﬁﬂsgmhfcgﬁlgﬁt@g flow loops. Examples of
( fmfﬂﬁwfﬂ EANENY dqueinddyd 161Ivh @BbR skilled 14 the art includes gravity settlers,

% egl?:ﬁéagg/syérylgﬁf gc{ﬁllgl?fgg%t&teagd seiﬂer auxiliaries such as coalescers,

ﬁ&bﬂihydtﬁlg kxeﬁlhﬁﬁe}é) aﬁﬂl’&}él:@lﬂilffﬁm&kﬁces((ﬂf BietiydaBd Sondli@hfBh&sions
acet.at e, an m de _and trifl uoronet ha esul f onat e.

MY &‘SB?I%‘P‘E Ym MR 8! SSHIeT 38 OF ERTbAnf I RIPgEE § Stee-

s eltazet @d bt neneahe aemliretg cafcadito adhiert addidfoatigekatioh Ky |

PoHISEE BB SRl 5 SR AL SR e

magtmunemﬁnmm\ro Co-Ontedt ﬂmlcmsb-mthdﬁm Slaged Eldw, &ldgo forth.

L e SR R e T

I epasgudtedjui d(s) will conprise at |east one C2 - C6

al kyl group. The 10C2 - C6 al kyl group may be a

substituent on either the anion or the cation of the

i oni ¢ Comuinaké Shitfertrsiab cprtatieg edvipmenhie uylly arﬁﬁgﬂlfch&yﬁulti-

g [.S.a ' X 1 of .t :

PEQUPch e bl B g R E IR B bR Sparain

siehigk Equidnvram ¢ack othet, betviven stkgegl Howerynn iemby ajsoi et apRegsé g

Y Y

DERLS! L, PR A OB R Qoo B M LT

ofhrenghent |ﬂ@r¢q@pm¢r®ruﬁ3@ts'ter1§n@@éﬂa‘bIiwnarttalh@aas'tdlf@mlc:@ﬁn t he

' Qéﬂsﬁles]-@tﬁé:iwufé@ rpcroﬁﬁtﬁmon Rg IQZ% tmeQ eCo%(mermgiG

al kyl grotip su stltuent era ytvvo or. nore

ofauEREN] owa 19 thewi S&Iéle%méheem m@eciﬂ% giamihaepetated SKiragaes s@yh as
spiry vk |pa8<re@ HRveRUBSHdvE HEP oweds: ﬁavﬂ?m gfatecf‘cxn%ctgx%gmﬂf

the ionic Iiquids present contaih a Peas one
CBegiapigH! agiag oipsush BSIPen atth rotNingtstipere retarsigisl comgopors, féxco

| @bl ROMAPmBRSRERker cﬂluhtﬂ? S@Eeﬂ!)e?&ﬁﬁm&nliﬁiﬁm&takﬂogu' d

cOntain_at |east one Cy - %rou substi tuent.
o¢plumns, liquid pulsed towers, and reclprocatmo 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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The ionic liquid(s) of the present invention is
preferably selected fromthe group consisting of

N- et hyl pyri di ni um bi s(trifl uoronet hanesul fonyfl am de;
N- Met hyl - N - butyl i m dazoliumtetrafl uoroborate;

N- Met hyl - Ne- but yl i m dazol i um

biy®(Ghdslebd,s0r omet hanesul fonyfl am de; PCT/US2607/076061
25t ri net hyl - (2- hydr oxyet hyf | anmoni um

bi s(trifluoronmethanesul fonyl ) am de;

N- Met hyl - N - et hyl i m dazol i um 2- net hoxyet hyl sul f onat e;
N- but yI - N- et hyl pyrrolidi nium

bi s(tr iidf dcotexiomeat @amesaplafahlaybﬁimﬂeg a cycloalkanone which is

s%atrzﬂéq fr ND Utc%/%?tka;rxﬁq 3‘\212 S JqTE ?}%ugl:(n; E.ﬁhcgglxgécp \Xilthsaurlmfx rgea {gf%'\a
3 G;Ns}hvﬁkdmyhe dNd tHeutyylbalkdnd a nohis eifbodiment, the ionic hqmd(s) and the
2- n%% e c¥ h OX p]?zgk%})%%a atng’the C I\{E:%]JF%% I;_]Sal}li-ng\gltl sl slc;ggra 1%% ?nllxlttlljrren(a)
I\I—'J]\ibﬁ)i'ojzbss Nﬁﬂmte;dbpm'ndazmslo&mm liquid-liquid separation wherein one of the
l%éltdn%iti o?n%ﬂ(ﬂudﬁsaagég: ysl fagcptﬂé Stherisa cycloalkane based phase
-thmishybstmhnétyhmxrygcé:ﬂmItl&,;brhohxamébasgt phase. In this embodiment, the

N s o
t rﬁ@%ﬁ%‘bﬁ%ﬁ@an eéslfg? dé’hlgfagkg?é%hg%ﬁ }r[l{eesl&ltl ﬁc{ugié%%hm and .
Mt cyplogtkane dbiey phise is eriter thai dQiaold pipferably greater than 3.

N-butyl - N-nmet hyl pyrrolidini um
bi s(trifluoronmethanesul fonyflam de or

N. Met h§n| entipodimgniy(b). thegeparsiblegmpponentis a cycloalkanol which is separated

Rﬁféy)l‘ﬁ@fom%)ﬁq&ﬁ&sgﬁ%%t&geﬁmh’& Q?u}é AHL5c0RSho!

fo?l
swtable he separation from

néPd {96 Feploatignsy dnthis @Wﬂ@q&n delignigiasid(y ahdthamédhepl the
a ceyGhoabikanak c{r@&ﬁmﬂ@fs%&w ﬁrslaﬁérﬁioﬁ YD 835200 dro@0he

sai d non-pol ar Solvent is a cycloal kane (particularly
a iy emipdancahiayolaese: ianiddianid] spraratign hersip one of the liquid phases is

bi |a§ (0‘%1[0' lfqhﬂq{a%h% RESHE B@@Mpﬁl@cﬂﬁlkane-based phase that is
Met hyl - N - butyl i m dazoliumtetrafl uoroborate;

,\p%{aﬁ%IIy N"EHE?EI‘HFI 1 the depioliquif-fpsed phase. In this embodiment, the

b s fefbbdidnl dé@m@i@ﬁttcﬁ aResMbARNYI beAfAl B ionic liquid-based phase and the
trinethyl -(2-hydroxyet hyf| anmoni um

bF¥(tatkapg- %i“bﬁ’f’éﬁ%&ﬁ’@%tﬁ]{ #hlyt Frdreferably greater than 3. :
N- Met hyl - N - et hyl i m dazol i um 2- net hoxyet hyl sul f onat €;

EII- 2 l('l: ﬁnp%gﬁ%lg%k%%%rg%géﬂ%?gpﬁna@ .a cycloatkanol which is separated

ZﬂbthEﬁIHere dﬁf ac?éli&a%ﬂl:dnﬂﬂdiaa Q lcyd}kfﬂkane The jonic hquldés) is clontacted
t OX et Su nat.e; az I um
RN R tie G Ghers i Dyt T i

zcmb&amxw, tiyibsit iflaoe) e ti-iMRickRydft¥-cReibalkanbl, gia Z2@idalkahone

l\er,\(}étn% Rfﬁ! .0 qu IJP]) a5 562)61{) ?/nlaﬂs#nx{u?' n(a S el"he process of this embodiment
lrn@&lvﬁmilhmﬂyieﬁﬂmye)rat% h@;hla&ui cfn@ B8dhe liguid phases is an jonic liquid- -

Zg)zﬁ%c{\ﬁvf% a?dgt%%%t&%’)hgyﬂﬁ%sﬁl sraoci,;(glt)%lkang I,based phase that is substantially
Ninbvkibdiib iidbe ia:uicyﬂ;éad&akeﬁ@hm 'Elﬁls&@afh}/kbxf afla cﬁ}tllﬂkﬂﬁbl from a

t ¢ | T laﬂ%o%ggrt]cb aacr}%ﬁ')ullkane accordmg 10 e pit process m Sus em odlment can be
achieved when the distribution coefficient for the cycloalkanol between the ionic liquid-
based phase and the cycloalkane- -based phasé 1s greater than 1, and the distribution
coefficient for the cycloalkanone between the ionic liquid-based phase and the
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‘lonic liquids nost suitable for the separation of an

al cohol froma m xture of a 30non-polar solvent and a

ket one, particularly wherein said al cohol is a

cycl oal kanol (particularly a cycl ohexanol) and said

ketone is a cycl oal kanone (particularly a
Iohexanone) and sai d non-polar solvent is a

§/7 ke (particularly a cycl ohexane) ar ECT/US2007/076061

N—thhyl N butyl i m dazol i um br om de;

N- Met hyl - NP- but yl i m dazol i um

1- Mbﬁ%@ﬁ@@@gﬁépﬁ@g {F)lesg ey [L i eyrbatisnenidies application to the

N- M-t ob%ycrbu&eéha%qﬂzy%hémo%e %B&%M%Mhﬁﬂﬁcﬂﬂ@%‘?mm

or m xtures thereof lonic |iquids nost

s UiTbeBiEnt, the dﬁﬁ@ﬂ%@wﬁfﬁtﬂ@m‘f B cxcioeliap] detegnhgionic Hiquid-
NORsRGhAL a8 PhY Efoal AR Bkl laté!r el £ia pﬁé?ér%l%@%? an 3.
i's a cycloal kanone (particularly a cycl ohexano nd
sai d non-pol ar solvent is a cycloal kane (partlcularly

a cycl mﬁﬁ)enéﬁ?ﬁhe JONAL BMhRMEA B BiRture of a cycloalkanone

bi s(trifl uoroenethanesul f onypam de;
N-WE? FyAeaRrane) AR jAFR SERAFTY § ercloalienfo T5p Bnigtliguid(s) is

N-dvRiaayd with 2 Rt srthaagohlicatd), the cycloalkanone and the cycloalkane. In
bIS rifl uoronmet hanesul fonyfla
h@ﬁ]mw ﬂwaﬁuak%q ﬁlﬁﬁ\’ﬁi&tﬂxﬁ]of the cycloalkanol, the

blo?&lbi]sznbﬁ%@ R ichangisud fscp;ﬂwr) @srﬁb;s!ﬁmn mixture (d). The process of

N— | -N -et Iltnlc
?ﬂ%@%ﬁ“ﬁ&?l Tsfadngld 1qu1d separanon wherein one of the liguid phases is
1 5hhdanti ijdurdb&amtphyde axdhk bl W BYcloalkane-based phasé that is

ﬁ}éﬁ% L f uor 7 g;lha ngg%clfolﬁgﬁ l]);.?ség %ase In this embodiment, the
Zdislﬁﬂiuhmxgbe{ﬁbﬁéhﬁdﬂ kHfe@Relbatkanol and the cycloalkanone between the jonic

]l(Zjlfd E%%eﬁ S&V?)?rg{}%%(wggl%%ﬁage&pp%gﬁ ést%aater than 1.5 and preferably
Nghh&hmmaﬁr but yl i m dazol i um
1- met hyl (di et hoxy) et hyl sul fonate; or
N-Met hyl - N (butyl -4-sul fonie acid)pyrrolidinium
trifl uinresreds hmh@ﬁmérﬁm&}aﬂbéd) B0 orixtniexto e espatated m@ﬁ].so contain

| on%enalls b rtgﬁcﬁ S St S ano aycﬁoa&l?agmrgehag? g’)%ﬁ)o%ﬁ %tle c%pnsgrreg

ure of an a an one Troma noh
s Glepeding op anetdlswuamd c;oefﬂhem o dieek @thar ofaghialk bet@een the ionic

CY§ IQ%LJé@BQase &gragea@gwk&% 6§¥??CS§’3+°§$§§§%I‘Q“£% Sad

one 1s anone
25med] io w@mﬂmpmma stSdont@ﬁemt@rints dlevieni liquid-fmsed phase

CHEAEIA0E;LABECLANSBE ARl SNSUROGHABircs crgp
NHWEbhwsem in Hgtsgraiation mpaire gﬁm@mxamlwcloihmmame and

cyclohexane. In these circumstances, CHHP would be separated with the cyclohexanol

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

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

a ketone and a non-polar solvent.
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N-Met hyl - N - butyl i m dazol i um
bis(trifluoronethanesulfonyflanide
30t ri met hyl= (2= hydr oxyet hyDanmoni um
bi s(trifluoromethanesul fonyl)am de;
N- Met hyl - N - et hyl i m dazol i um 2- net hoxyet hyl sul f onat e;
NeidlbbosloaDset hyl pyrrol i di nium PCT/US2007/076061

s(trifluoromethanesul fonyl)arni de;

hyI N - butylim dazol i um 2- et hoxyet hyl sul f onat e;

bi s

N- Met

T‘ Mi Mnlcqlrﬂnﬁk);ggtﬁj %Qéen on m:%y consist of a single ionic liquid or
N-

oxyprop opy Sut
¢ QfNWG bunynie ioricdagenk.i i mlxture of 2 3,4, 5, 6 etc different jonic

sw%ﬂy'f§ R S B0 B P orclbc Hgnid gusedt

trlfluoronethanesulfonate or n1xtures t her eof .

S 2SR e LTG0 8 g -
sﬁ@@lm@ﬁ@um a%wewmmkbdwmdrmmwh@ﬁnhmm R ).antity?- or

r e[fo?fafklyﬁgo %QOIIELE@ 11L'd '11 ol Alﬂl'l“ cﬁi g@?ﬂﬁ}dgﬁlﬁ&&nﬁ? fax%ﬁi‘ts.)?lhl%

concen ration o e separ e conponent In

| dhﬁR@ >|allixhuoap<ﬁa%}édmmmten alkyi-gepelk iryeazelows elvl ot | on
ofy, ohjaﬁ‘(ty %P@fdﬁﬁ.lrﬁ aﬁ@f@%ﬁﬁfﬁﬁ«:ﬂ'&&pfﬂhﬁn Qﬁl?l’oﬁ’é?lluﬁ{ or alkysulfonium.

sol ven sed phase ése concentrations are

~measur ed subsequent to settling, i.e. 15when the

separ aEh@R Fhd HHR JRaHhbAaR RRanS Atk Db TS HRSEAMEN

to the vigorous shaking. The invention is further ‘
i 1plgted faqme tre ig(pup RESUPHINICBIRICARFIERB PR dieery hydygxy, allgd, alkyl
aRMEACHR 8dert, AR iriBesENRTRABSK yBE SeidsObr shlrdrigt r ati ve

pur poses onIy and are not inténded to 20linit the
i nvention as descri bed above. Mdification of detai

may b temq%(mm eiétzorﬁtelwd(@r&smﬁﬁs@m $6n &50RE 18k ohd& more
gen | On a

Y PRI 1 S G R e oo e gBnt

|@m@ﬂkaMd@§h@%enpllfled t hrough separation of
cycl ohexanol and 25cycl ohexanone from cycl ohexane

using a general nethod followed by cal culation of the
resul t Whgnh dinfiduré Biitvb 0NmeRedid KjuRtis usdd) tichihk bijeat IR

examl es, equ vol upes of. cycl ohexane and ionic
R e D M e R e 8RR benot ed
that in practice the volune of ionic liquid used

mould smal | ction t he vqu of
ool ol ot or Pa et e Bl bt O oS
dhadide | foefernldn cidokdef brom@dator iodide, a nitrate, an alkylsulfate or alkyl

polyalkexysulfate, such as methanesulfonate, trifluoromethanesulfonate and
bydrogensulfonate, anions based on nitrogen, phosphorous, boron, silicon, selenium,
tellurium, halogens, and oxoanions of metals. Suitable anions inclade, but are not |
limited to bis(triﬂuommethylsh;fonyl)aiﬁide’ (NTf2), tetrafluoroborate (BFy),
trifluoromethylsulfonyl (T1), methoxyethyisulfonate, 2-methoxyethylsulfonate,
ethoxyethylsulfonate, 2-ethoxyethylsulfonate, (methoxypropoxy)propylsulfonate, i-(l—
methoxypropoxy)-propylsulfonate, (methoxyethoxy)-ethylsulfonate, 1-(1-
methoxyethoxy)-ethylsulfonate, methyl{diethox yiethylsulfonate, 1-
methyl(diethoxy)etirylsulfonate, carboxylate, formate, acetate, dicyanimide and

trifluoromethanesuifonate.
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30i ndependent of volune, the data obtained for
equi vol une experinents will be relevant to industria
application in which the volunes of ionic Iiquid and
cycl ohexane may not be equival ent. The general nethod
used for all the exanples was as follows. Stock

S Lon...250mg cycl ohexanol (Ml ecul ar Wei ght =
18;gﬁ%%3f?gand 250ny cycl ohexanone (Nblecul%FTW@%&yﬂmmﬂ

= 98gnpl4) in | Qg of cycl ohexane (Ml ecul ar Wi ght =
84gnol-1). 5 - Method; add InL (0.8g) of stock
sol ution (20ng each of cycl ohexanol and

cycl ohexad pRetablyand &ion dPlhclisHM Eqd]d(% W dieaRdersh %keeor more of
vigorously. After settlin npl ete phase

s R UH: ol BT U e RS O and

Vi @irafldbbbdatzl@E W t h et hyl ene chl oride. Gas
chr omat ogr aphy anal ysis was used to provide the

nunber of 10nol es of the separabl e conponent in each
I'i qui d Ve S nixtkRe! Wodrimdadibhid NqGesk fied) (B nidnQst edHF the
sep n was.then calculgﬁgl§6 I n addltlon Hrinr -

ar

(H?HF%&% EET e R WE D1 HEHESREE carried out
each Iayer In all cases the cyclohexane-

or cyc ai ned | ess th 15nole %

b SR L ST S . S
I [ ((EjtuH @ alityl lglhep my;cihecﬂmkslmment dnashe ﬂ’neaayiﬁ;h oV\EkS cTnon of t]?e ionic
undet ect e. T 1l details the.results of t
BB Ay i R CompalrSipite Mo bneroneere
( dblﬂ@ﬁttlyd(s)s WHeo tlicdaic 1i thésr) eom3istsof b kiggld tdialighidl the fingle ionic

gpfdﬁgésg Tefe&%] TC%He s at leEXasFl gitf): Ce %(,5 a{kafgtrourg)%ubs%{uent tWhen the

Xanone
zomc tiquid(s) consists of twe or more jonic liquids, preferably at least one of the jonic

liquids present contains at Jeast one Cy — Cg alkyl group substituent, more preferably two
or more of the jonic Hiquids present contain at least one C, — Cg alkyl group substituent,
ie. 2, 3,4, 5 etc of the ionic liquids present contain at least one C; — Cg alkyl group
substituent. Most preferably, all the ionic liguids present in the at least on ionic hqmd

contain at least one C; — G4 alkyl group substituent.

The ionic liquid(s) of the present invention is preferably sefected from the group
consastmg of N-ethylpyridinium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N"-butylimidazolinm tetrafluoroborate;
N-Methyl-N'-butylimidazolium bis(trifluoromethanesulfonyl)amide;
trimethyl-(2-hydroxyethyl)ammonium bis(trifluoromethanesulfonylJamide;
N-Methyl-N'-ethylimidazolium 2-methox yethylsulfonate;
N—butylfN-methyIpyzjrolidinium bis(trifluoromethanesulfonyi)amide;
N-Methyl-N'-butylimidazoliuzm 2—méthoxyethylsulfonafe; »
N-Methyl-N"-butylimidazolium bromide; '
N-Methyl-N'-butylimidazolinm 2-ethoxyethylsulfonate;
N-Methyl-N"-butylimidazolium I-(1-methoxypropoxy)-propylsulfonate;
N-Methyl-N'-butylimidazolium 1-(1-methoxyethoxy)-ethylsulfonate;
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NmMethyI—N';butylinﬁdazolium 1-methyl{disthox y)ethylsulfonate; or
N-Methyl-N-(butyl-4-sulfonic acid)pyrrolidinium trifluoromethanesulfonate or mixtures

thereof.

Most preferably the ionic liquid(s) is N—butyl—N—methyipyrrolidix;iurn
bis(trifluoromethanesuifony!)amide or N-Methyl-N-butylimidazolium 1-(1-

methoxypropoxy)-propylsulfonate.

Tonic h‘quids most suitable for the separation of an alcohol from a non-polar
solvent, particularly when said alcohol is a cycloalkanol (and particularly a
cyclohexanol) and said non-polar solvent is a cycloalkane (particularly a cyclohexane)
are: ; ‘ '

N-ethylpyridinium bis(trifluoromethanesulfonyl)amide;
N—Mcthy]—N'—butylimidazolium tetrafluoroborate;
N-Methyl-N'-butylimidazolium bis(trifluoromethanesulfonyl)amide;
trimeth.y]-(z-hydroxyethyi)ammonium bis(triflnoromethanesulfonyljamide;
N-Methyl-N'-ethylimidazolium 2-methoxyethylsulfonate;
N-buty]-N-methylpyrrolidinium bls(tnﬂuoromeﬂlanesulfonyl)annde
N-Methyl-N'-butylimidazolium 2-methox yethylsulfonate;
N-Methyl-N'-butylimidazolium bromide;

N-Methyl-N'-butylimidazolium 2-cthoxyethylsulfonate;
N-Methyl-N'-butylimidazolium I-(I-methoxypropoxy)-propylsulfonate;
N-Methyl-N"-butylimidazolium 1-(1-methoxyethoxy)-ethylsulfonate;
N-Methyl-N'-butylimidazolium I—methyl(diethoxy)ethyisulfonate; or
N~MethyI—N—(butyl—_tl-sulfonic acidypyrrolidinium trifluoromethanesulfonate, .

or mixtures thereof,

Tonic liquids most suitabie for the separation of an alcohol from a mixture of a
non-polar soilvent and a ketone, particularly wherein said alcohol is 2 cycloalkanol
(particularly a cyclohexanol) and said ketone is a cycloalkanone (particularly a
cyclohexanone) and said non-polar solvent is a cycloalkane (particularly a cyclohexane)

arg!
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N-Methyl-N'-butylimidazolium bromide;
N-Methyl-N"-butylimidazolium 1-(1-methoxyethoxy)-ethylsulfonate;
or N-Methyl-N'-butylimidazolinm 2-cthoxyethylsulfonate,

or mixtures thereof.

Tonic liquids most suitable for the separation of a ketone from a non-polar
solvent, particularly wherein said ketone is a cycloalkanone (particolarly a
cyclohexanone) aﬁd said non-polar solvent is a cycloalkane {particularly a cycichexane)
-are: )
N-ethylpyridinium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N"-butylimidazolium tetrafluoroborate;
N-Methyl-N"-butylimidazolium b1s(mﬂuoromethanesulf0nyl)armde
trimethyl-(2-hydroxyethyl)ammonium bis(trifluoromethanesulfonyl)amide;
N-Methyl-N'-ethylimidazolium Z—inethoxyethylsulfonate;
N-butyl-N-methylpyrrolidinium bis(trifluorometh anesu}fonyl)amide;

' N»Methyl~N'-buty1-imidazolium 2—meﬂ10xyethylsulfonate;

- N-Methyl-N"-butylimidazolium 1-(1-methoxypropoxy)-propylsulfonate;

N-Methyl—N'-butyIimidazoIium 1-methyI(d_iethoxy)ethylsuifonatg; or
- N-Methyl-N-(butyl-4-sulfonic acid)pyrrolidinium trifluoromethanesutfonate,

or mixtures thereof.

Tonic Jiquids most sujtable for the separation of a mixture of an alcohol and a
ketone from a non-polar solvent, particularty when said alcohol is a cycloalkénol (and |
particularly cyclohexanol}) and said ketone is a cycloalkanorie {particularly
cyclohexanone) and said non—pblar solventis a cyc-l'oalkane (particularly 2 cyclohexane)
are:

N-ethylpyridinium bis{trifluoromethanesulfonyl)amide;
N-Methyl-N'-butylimidazolium tetrafluoroborate;
N-Methyl-N'-butylimidazolium bis{triflucromethanesulfonyl)amide;
tn'meihyl—(Z-hycfroxyethyl)'amnﬂonium bis(trifluoromethanesulfonylamide;
N-Methyl-N"-ethylimidazolium 2-methoxyethylsulfonate;
N-butyl-N-methylpyrrolidinium bis(trifiucromethanesulfonyl)amide;

£7
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N-Methyl-N'-butylimidazolium 2-methoxyethylsulfonate;
N-Methyl-N"-butylimidazolium 1-(1-methoxypropoxy)-propylsulfonate;
N-Methyl-N'-butylimidazolium i»methyl(dietﬂ'oxy)ethylsulfonate; or

'N-Methyl-N-(butyl-4-sulfonic acid)pyrrolidinium trifluorormethanesulfonate or mixtures

thereof.

As used herein, the term “ionic liquid” refers io an ionic compound which is

liquid below 100°C.

As used herein, the term “distribution coefficient” referring to the liquid-liquid
separation refers to the concentration of the separable component in the ionic liquid-
based phase divided by the concentration of the separable comnponent in the non-polar
solveni-based phase. These concentrations are measured subsequent to settling, i.e.
when the separation mixture has reached equilibrivm subsequent to the vigorous

shaking.

The invention is further filustrated by the following examples. It will be

- appreciated that the examples are for illustrative purposes only and are not intended to

limit the invention as described above. Modification of detail may be made without

departing from the scope of the invention.

- Examples

{i) Cyclohexanol/’Cyclohexanone/ Cyclohexane

The present invention 3s 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 nsed 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 reievant to
industrial application in which the volumes of ionic liguid and cyclohexane may not be

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

18



7 ----- \,-,r- ,,..../ \NTf2- 5.12 0.71 5.00 0.7 8
SO3H ---Th,/------ rj Ng------ / \nu on t-u3o..../3
5.96 0.78 0.21 -0.69 9

WO 20608/022233 ' l PCTIUS2007/076061

Stock solution; 250mg cyclohexanol (Molecular Weight = 100gmol ™) and
250mg cyclohexanone (Molecular Weight = 98gmol™) in 10g of cyclohexane
(Molecular Weight = 84gmol™). '

Method: add 1mL (0.8g) of stock solution (20mg each of cyclohexanol and
cyclohexanone) to ImL of iomnic liqliid and shake vigorously. After settling time aﬁd
complete phase separation, 3 drops of the top layer were added to a vial and filled with
ethylene chioride. Gas chromatography analysis was used to provide the number of

10 - moles of the separable component in each Hiquid pha.se.r The distribﬁﬁon coefficient for

the separation was then calculated.

In addition, Hnmr (Hydrbgeti Nuclear Magnetic Resonance) was carried out on
each layer. In all cases the cyclohexane- or cyclohexanone layer contained less than 5
15  mole % of ionic liquid, in most cases the amount of ionic liquid in the cyclohexane-

based layer was undetectable.

Table 1 details the results of the specific examples with comparisons to water and
DMSO (dimethyl sulfoxide), where D is the distribution coefficient.
20
Table 1

Example | Extracting Solvent i . | Cyelohexanol Cyclohexanone
' D LogD» D logb

1 H,0 086 |-0.07 1034 |-047

[a

NTE . 160 {020 |340 |03

SN

.

3 ) L77 0.24 2,11 10.32
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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 )Oo&fanol/Ocmnone/Ocmne

A con'eéindnding_set of experiments was conducted to study the extraction of
octanol and 2-octanone from octane using ionic liéuids. The results are presented in
Table 2 below, in which the JL/Octane distribution coefficient is calculated as the

concentration of substrate in IL divided by the concentration of substrate in octane.
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DVBO 24.79 1.39 2.80 0.45 The difference in the
di stribution coefficients for cycl ohexanol and

cycl ohexanone in these ionic |iquids showthe

ef ficiency of separation of cyclohexanol. Thus, these
ionic liquids are effective for the separation of
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separation of cyclohexanol from a mixture of PCT/US2007/076061
cycl ohexanone and cycl ohexane.
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The difference in the distribution coefficients for octanol and 2-octanone in these
tonic liquids demonstrate the separability of octanol and/cr 2-octanone from octane

(Example 15) and octanol from a mixtare of 2-octanone ahd octane (Examples 16 to 18)
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CLAIMS

1. A process for the separation of a

cycloalkanol from a mixture of cycloalkanone and cycloalkane;

said process comprising contacting at least one ionic liquid with a first mixture
comprising cycloalkane, cycloalkanol and cycloalkanone to form a second mixture; and

allowing said second mixture to separate into two separale phases, a first phase and a
second phase, wherein the first phase is tonic liquid-based and the second phase is cycloalkane-
based; and

separating said first phase from said second phase.
2. The process according to claim 1 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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cycloalkanol between the ionic liquid-based phase and the cycloalkane-based phase is greater
than 1.5.

3. The process according to claim 2 for the separation of a cycloalkanol from a

cycloalkanone and a cycloalkane, wherein said distribution coefficient is greater than 3.

4. The process according to claim 1 for the separation of a cycloalkanol from a
cycloalkanone and a cycloalkane, wherein the two separate phases are aflowed to reach
equilibrium and wherein at equilibrium the distribution coefficient for the cycloatkanol 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
cycloalkane-based phase is less than 1.

25



6. 930. 64 The difference in the
distribution coefficients for octanol and 2-octanone
in these 5ionic liquids denonstrate the separability
of octanol and/or 2-octanone from octane (Exanple 15)
and octanol froma m xture of 2-octanone and octane
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10. The process according to claim 9, wherein subsequent to equilibrium bein;g reached,
the at least one ionic liquid-based phase is physically separated from the
cycloalkane-based phase, and the cycloalkanol is removed from said at least one ionic liquid

and said at least one ionic liquid is recycled.
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5. The process according to any of clains 2 to 4,
wherei n each of said cycloal kanol, cycl oal kanone and
sai d cycl oal kane contain 3-20 carbon atons. 6. The
process according to any of clains 2 to 5, wherein
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i s cycl ohexanone and the cycl oal kane i s cycl ohexane.
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