8 APRIL 2005 -1- SEPARATI ON OF OXYGENATES FROM A HYDROCARBON STREAM
'BACKGROUND OF THE INVENTION THIS invention relates to a process for
'separ ating olefins and paraffins from oxygenates in a |8 ARRILB0D50car bon
;stream The reaction of synthesis gas in a Fischer-Tropsch reactor at

el evat ed tenperature and pressure over an Fe or Co catal yst produces a
range of hydrocarbons including paraffjins, olefins andmmlmmmmmmw th
carbon chain length varying from1 to greater than 100

Fi scher-Tropsch reaction can occur at a tenperature in excqgwsof 300C.
Generally, the operating tenperature is in the range of 200C to 260C
utilising fixed bed or slurry phase reactors. The use Imﬂlwmmmmjmmwn

catal yst operated at a pressure of 30- 60 bar has been _ pl ay

hi gh selectivity to ol efins and oxygenates (mainly al cohol.gg th chain
lengths of from2 to greater than 30. 8 APRIL 2005 -2 In a prior art
processes for the extraction of alpha olefins from Fischer-Tropsch product
streans, the cSERARATIONOFOXYGENATESRROMIARYDROEARBON $STREARSEd in a
first distillation step, followed by etherification, extractive _
distillation, adsorption and/or superfractionation steps. South African
patent no. 98/ 4676 teaches an inprovenent in the process for the recovery
of al pha-olefins froma m xed hydrocarbon streamderived fromthe

Fi scher-Tropsch process. The process described in this prior art involves
three distinct steps:

BACKGROUND OF THE INVENTION

THIS invention relates to a process for separating olefins and paraffins from
oxygenates in a liquid hydrocarbon stream.

The reaction of synthesis gas in a Fischer-Tropsch reactor at elevated
temperature and pressure over an Fe or Co catalyst produces a range of
hydrocarbons including paraffins, olefins and alcohols, with carbon chain
length varying from 1 to greater than 100. The Fischer-Tropsch reaction can
occur at a temperature in excess of 300°C. Generally, the operating
temperature is in the range of 200°C to 260°C utilising fixed bed or slurry
phase reactors. The use of a Fe/Mn/Zn catalyst operated at a pressure of 30-
60 bar has been shown to display high selectivity to olefins and oxygenates
(mainly alcohols) with chain lengths of from 2 to greater than 30.



,.1) Coarse separation of hydrocarbon products into a low boiling and a high

boiling fraction 2) Distillative fine separation of |ower and hi gher

*boiling fractions 3) Etherification of tertiary ol efi ns § APRIW2095t he fi ne

separation. In these processes, tertiary olefins were considered as a
probl ematic conponent that cannot be separated fromthe desired al pha
olefin readily by conventional dlStI||ftI0n in order to produce a product
that is of polyner grade. A known commercial process of renoving
oxygenates from a hydrocarbon streamincludes the hydrogenation of a Cl10
to C13 cut of a hydrocarbon stream containing olefins, paraffins and

oxygenat es. The hydrogenati on step renpves oxgg@nat es, _but also
hydr ogenat es /®R&ORAM PERGeases for e exiiactian of alnha IWSJEQ“EF'SEJ@rpTdPW no.

4,686,317 di %ﬁédh%%tr@arﬁé QH@ééncEﬁfratfdﬁrB?\fhé‘Qe%H L S€fin i'srfrmﬂééée'dQﬁ af roma
Ilght (C to 4 ﬁ@trocar bon stream wh i ncludes extractin

oxygenat es wifif#t déﬁt' ppysten dalloweddw %{Perg@ﬁ\ﬁhlex"%ﬁ'ﬂéld'sé'ﬁﬁtlﬁ’ﬂb? "ﬁ’tw@

extracted hy(ﬁrnefér‘rsﬁﬁé}%aét%n%ﬁ&i)g@bst'S%uﬂ'i ﬁfﬁ@éﬁ’ﬁ&eﬁ%d’%ﬂﬁ?@ﬂéa&ﬂg@nm ng the
sol vent phase fromthe extraction and water ase fromthe scrubber and

distilling tdMPEYBREnt imthespiogess forthe §eiﬁvs%§§alp§awﬁ%ﬁf'nécffﬂf@r%w% th the
recovery of ny?dﬂﬁaﬂioﬁsstiferaﬁ{méﬂ'\%deﬁ‘érﬁ*%ﬁé Fi2héPobsctOPRcess. SHMibYedsr THE

I NVENTI ON According to the invention there is provided a method for
separ ating oldegerifed '%HHS pagrat inyRlvesthipeslistigeb#erRs in a 1iqui d hydrocarbon

stream includi ng dbsdLsapRatth 8 Ay RSOAEObRIucisNBtdTRIIBRDb il HsH BY
contacting the "hydrocarbon stream under conditions of liquid-liquid

extraction with ahigkaiingfegctiemt and a non-pol ar organi c counter-sol vent,

wherein the or gynimsfRHY fife se'?:%lréff%ﬁbfﬁ;%?éh&ﬁ@h@ﬂ t?&lln@ffra%ﬂéﬁé)f paraffins.
Preferably, the organic counter-solvent is selected have a boiling point

3) Etherification of tertiary olefins following the fine separatlon In these
processes, tertiary olefins were considered as a problematic component
that cannot be separated from the desired alpha olefin readily by
conventional distillation in order to produce a product that is of polymer
grade.

A known commercial process of removing oxygenates from a hydrocarbon
stream includes the hydrogenation of a Cy, to C43 cut of a hydrocarbon stream
containing olefins, paraffins and oxygenates. The hydrogenation step removes
oxygenates, but also hydrogenates olefins to paraffins, which is undesirable.

US patent no. 4,686,317 discloses a process for removing oxygenated
impurities from a light (C, to C,) hydrocarbon stream which includes extracting
the oxygenates with a heavy organic polar solvent, water scrubbing the
extracted hydrocarbons to recover the dissolved solvent, and combining the
solvent phase from the extraction and water phase from the scrubber and
distilling to recover the solvent. This process is not concerned with the
recovery of oxygenates from the extract.



. Which is less than the boiling point of the nost volatile alcohol in the
hydrocarbon stream Advantageously, the hydrocarbon streamis passed
through a distillation colum prior to introduction to&APRILQ008-!i quid
extraction, to remove C, to C7 hydrocarbons and C, to C3 alcohols fromthe
:stream In this case, a suitable organic counter-solvent conprises ol efins
and/ or paraffins in the C38 range. Advan§ageous|y C21 - plus, nore
preferably the Cl9 - plus hydrocarbons,” are also renoved fromthe
hydr ocarbon stream by distillation prior to the liquid- liquid extraction
so that the streamincludes C4 to C20, preferably C4 to C18 hydrocarbons.
The polar solyent for a C4 to C20 hydrocarbon streamis typically a |ight
pol ar sol ve U conprises a mxture of water and an
organic liquid such as n-propanol. The preferred |light polar solvent is
however a mxture of water and acetonitrile. ically, the water
conprises no A%P@'ﬂ%@nthet'ﬁée’ﬁ@@dh?réﬁﬁcP"%‘G‘i’ﬁS’oélm‘f"‘gﬁd der W@“"ﬂrﬂeﬂfﬁe organi c

liquid. 8 APRBl ?Q@ﬁms”ffrglheokyg{éﬁbfés' ind'g ﬁqtﬁé‘tﬁy%%da%bm%}feérﬁgﬁllcﬂlh%e in a

liquid-liquid extractor appara such as a verti cal
extraction cdlydrasadong @meroxmrtat@r, thepemethadr dB¢IHGRT useptacteg f theat e from

the liquid-I 'I'H'Hl'déa%hrﬁfétaﬁ{ uﬁ@é/r Qc?nd”ltf?ohé Qﬂ‘%ﬁ%ﬂi Ilq'ﬁfd)eﬂréi!tléﬁ'\ﬂldhah'&qar col um

and a mixture of Eara ins and ol efins, l'ow_concentration of
oxygenat es, rf@lven a'?‘béd\?@r@@ré’ﬁgﬁ"%%%wob‘ﬁﬂﬂwr?"ﬁ(tfr‘ﬁ prganigicoLMer-at i on

col um. The osxé%h%ﬁ}rsgg@@?m; bAdIok ptafhst i1 1 ation col um, which includes
counter- solvent and a snmall anount of solvent, is convenlently recycled to

the | ower counter-sol vent | nlet of the ext ractl on colum. Extract fromthe

l'i quid-1iqui ¢r§fé§’étﬁ,¢ttﬂb &?&m@eco%ﬁ@r -sbReft &t §dleReddo GRive ., bo‘i’lfh@rﬁblntt he
sol vent and a snal noun counter-sol vent are renpved as an
which |s Iess than the boiling point of the most volatile aIcohoI in the

hydrocarbon stream.

Advantageously, the hydrocarbon stream is passed through a distillation
column prior to introduction to the liquid-liquid extraction, to remove C, to C;
hydrocarbons and C; to C; alcohols from the stream. In this case, a suitable
organic counter-solvent comprises olefins and/or paraffins in the Cq range.

Advantageously, C, - plus, more preferably the Cyg - plus hydrocarbons, are
also removed from the hydrocarbon stream by distillation prior to the liquid-
liquid extraction so that the stream includes C4 to C,, preferably Cs to Cys
hydrocarbons.

The polar solvent for a C4 to C, hydrocarbon stream is typically a light polar
solvent which advantageously comprises a mixture of water and an organic
liquid such as n-propanol. The preferred light polar solvent is however a
mixture of water and acetonitrile. Typically, the water comprises no more than
the azeotropic composition of water and the organic liquid.




,.overhead product, and then recycled to the upper solvent inlet of the
“extraction colum, and the bottons product fromthe stripping colum is an
*oxygenate stream containing |ow concentrations of non-[@BABRRIDR085i al .
According to a preferred enbodi nent of the invention there is provided a

- method for separating olefins and paraffins from oxygenates in a liquid
hydr ocar bon stream conprising C4 to oves. C20 hydrocarbons and oxygenates,
the nethod including the steps of: introducing the hydrocarbon streaminto
a vertical liquid-liquid extraction columm, the liquid extraction colum

i ncluding an upper solvent inlet, a |ower counter-solvent inlet, an upper

raffinate outl et and | ower extract outlet; introducjing a, polar sol vent
described aboVie liaHdiquikexrACior TR fekediasedh a/lauictlinuid exlctcl spoaralisi n et -

and 8 APRIL 200% as o WertieslufiguaHiguit osxtietich coriwi &F - § ahikentettksrs gjpebed above
into the extractjion colum via the |ower counter-solvent inlet.

Advant ageous|8raetod Wntdr ocar bon streamis added to the Iiquid-1iquid
extraction colum, along the liquid-liquid extraction colum. BRI EF
DESCRI PTI ON OF THE DRAW NG, The drawing is a flow di agram of a process
accor di ng t o Raf@nate,fiom thenliauistligeig P’Fﬁr%ﬂpfdﬁatl\?écﬂf g iffig @ o ¥ on

relates to a deRinMiPAnd A nsROR 8t bagfsedrid slefifng] Wit af bivnsoriceAtratiopxsrgenat es
in a liquid hydrocarbon stream conprisin ydrocar bons

4 to over C20  hydroc:
under condi t iBHEENHeS. i HAY P refoveredxs QCBPW%W‘PF%t fomthe isfiation and a
non- pol ar or gafimn.count er -sol vent. Al though the use of a vertical |iquid-
liquid extraction colum is described, any type of liquid-liquid extraction
unit, such as a mixer-settler unit, may be used. Referring to the diagram

a liquid hydreabRfesd bRt Bomhieedismktien coRffY, Mifich includes counter-
solvent and a small amount of solvent, is conveniently recycled to the lower
counter-solvent inlet of the extraction column.

Extract from the liquid-liquid extractor may be sent to a stripping column, where
the solvent and a small amount of counter-solvent are removed as an
overhead product, and then recycled to the upper solvent inlet of the extraction
column, and the bottoms product from the stripping column is an oxygenate

stream containing low concentrations of non-polar material.

According to a preferred embodiment of the invention there is provided a
method for separating olefins and paraffins from oxygenates in a liquid
hydrocarbon stream comprising C, to over Cy hydrocarbons and oxygenates,
the method including the steps of:

introducing the hydrocarbon stream into a vertical liquid-liquid extraction
column, the liquid extraction column including an upper solvent inlet, a
lower counter-solvent inlet, an upper raffinate outlet and lower extract
outlet;

introducing a polar solvent described above into the extraction column
via the upper solvent inlet; and



.to as the "feed") containing C4 to over C20, preferably C8 to C20,
typically C8 to Cl18, olefins and paraffins, and inpurities such as

* oxygenates (which may include C4 to Cl18 al cohols, etheBsAPRILI2A08es,
ketones, acids and m xtures thereof) is fed into a vertical liquid-liquid
extraction colum 12 via a feed inlet 14 along the columm. The extraction
colum 12 includes an upper solvent inlgt 16, a |ower counter solvent
inlet 18, an upper raffinate outlet 20 and a |lower extract outlet 22. 8
APRI L 2005 -6 The feed nay be obtained froma Fischer-Tropsch reaction. In
a preferred enmbogitrg0tingt Bendn.géIac aobmter-sblveramiéscribbe avoveurito othea

Fi scher-Tropsch reaction jn a slurry bed yeactor,, S{' ng an Fe/ Wnh/ Zn

catal yst oper at ed extracion splugiy yia thgslo -%n{?é'rw'é(ﬂ'& "QF'a t enperature range of
200C to 260C. The reactor conditions are selected to provide a high

proportion of olefins and araffins, and al ?c-)FBoI ... Typi.call t he
condensat e cdyANt3geousivethefydroparRanrstigam 'éﬁeg t%&ﬂ%‘&ﬁ'ﬂ?“'f’rﬁgga‘a\%ohol s.
The hydr ocar ginfi, GRAGhS liRASHRA bitFeteMcoldmd] stillation colum prior to
introduction to the Irrquid extraction colum 12, to renove C, to C7

hydr ocarbons and C, to C3 alcohols fromthe stream An additional
distillation colum can also be used to renove the heavier hydrocarbons,
i.e. C21 - plus hydroggﬁq%gg, gi EiﬂL&&ﬂ! The renoval of the light (d to
C3) al cohol s E ; Il be difficult to renove them
fromthe extract 36 described below. A polar solvent 24, which in this

enbodi nent of_the invention is a |light polar ol vent . m xture of water and
acetoni tril e, Thedrawingiiadey dt%féfﬂ@*%@ﬁ?ﬁ?ﬁ ?cho{)qs"ég {orFBe NYSPEI-i nl et 16. By

i ght polar solvent, it is nmeant that the solvent should be inmmscible
wi th the hydrocarbons and have a boiling point |ower than that of the
oxygenat es and the hydrocarbons. Another |ight solvent that is suitable for

hydr ocar bon SHgESORIFIIONDF EMBODIMENTS ange of hydrocarbons, i.e. fromC4 to
C20, is a water/n-propanol mxture. A light polar solvent which conprises a
This invention relates to a method for separating oleﬁns and paraffins from
oxygenates in a liquid hydrocarbon stream comprising C, to over Cx
hydrocarbons under conditions of liquid-liquid extraction with a polar solvent
and a non-polar organic counter-solvent. Although the use of a vertical liquid-
liquid extraction column is described, any type of liquid-liquid extraction unit,
such as a mixer-settler unit, may be used.

Referring to the diagram, a liquid hydrocarbon stream 10 (hereinafter referred
to as the "feed") containing C, to over Cy, preferably Cg to Cy, typically Cs to
Cqs, Olefins and paraffins, and impurities such as oxygenates (which may
include C, to C4g alcohols, ethers, aldehydes, ketones, acids and mixtures
thereof) is fed into a vertical liquid-liquid extraction column 12 via a feed inlet
14 along the column. The extraction column 12 includes an upper solvent inlet
16, a lower counter solvent inlet 18, an upper raffinate outlet 20 and a lower
extract outlet 22.



.mxture of water and acetonitrile, with no nore than 19% by mass, water is
“however preferred. Water forns a light-boiling azeotrope with acetonitrile.
*In the present conditions, the water-acetonitril e azeotg®pPRN 2d08¢€ t he
lightest boiling itemin the extract. This is advantageous as it aids
solvent recovery in the stripper 38 described below [|f the water content
of the acetonitrile exceeds that of the water acetonitrile azeotrope
concentration, there will be excess water after the water-acetonitrile
azeotrope has been boiled off. If there are any other conponents in the
extract that may formlight-boiling azeotropes with water, it will do so
In the presence of the excess water. Such azeotrope(s) may al so be boiled
to the overheads, and may | eave with the 8 APRIL 2005 -7 sol vent. The

danger exi St STRVaadSHEY b@%mams@tf.%mym&é}@mmewé@éﬂ%nI rlnté‘%refér‘?éd’e”t
| oop, and this in turn may be detrinental to ficie

n
separation. TBEPGdIMERL dhe M(ﬁ@ﬁbeDOSth?@éi ignie %@d%qu idiF é‘?ﬁ%e{"ém@ﬁ@bed t he
sol ubi l'ity of ehfifon ﬁpbvgfmy 'b@dtrjégctbb’%ﬂgaérp%ﬁwﬁlﬁnféé"téﬂ/ét"\g)e?létéa'aﬁ'cé li qui d

phases. Usually, the solvent tio wl from A | ow
sol vent to feRi@ssueiad 3065 barepnd pkd tamperadse Jangeeat 20(FEdt 260°6e Thaover ed

In the sol venleaghor 'cBH&iflor?SBare”gé]gbt@Hecg ﬁ@\h@é‘" a RlghSpropYiEisn ed?ec;l&}hsbé{ndjo' |1 ng

off less solvent as an overh pr od An organi ¢ counter-solvent 26, is
i ntroduced t oParaiingxandsieohels. chynigally.1the wpadenspte sammsises eledins, Igraffins | s

| nportant t hagnd Gt S8MtH masy é/lé‘éﬁolé"aﬁhé‘h Béh Qt?éé?ﬁ is YAbsed tﬂréuéerW enough

%H?béé
for it to be separated fromthe nost vol raI coh pr esent
stream in thedigtilatiopesolusen prerctr intsodystion tohhg |l§lé|dowtfap¥lpft pRUMprigsént case,

where the C fethdvd @ @b?'h%r’&ééﬁ‘%oh@%ﬂd rSvey alch&s t?Rirﬁ ‘tﬁ@str&ﬁh ”tArP‘c the

count er-sol vent nust ow enough to be separated from 4 | cohol s

(n-but anol ). 2ddiicaak digtiatiosy FokIrs fape Atsoc BapHFask 40 aremvef F'W deavigar af f i n,
typically a niydredaoditis, Pé.F,) DpILBMIdRREALhS NBd&BIRH UTRe réMoldl of (e IfgRhge. A

(Cq to Cj) alcohols is important, otherwise it will be difficult to remove them
from the extract 36 described below.

A polar solvent 24, which in this embodiment of the invention is a light polar
solvent mixture of water and acetonitrile, is introduced to the column 12 via the
upper inlet 16. By light polar solvent, it is meant that the solvent should be
immiscible with the hydrocarbons and have a boiling point lower than that of
the oxygenates and the hydrocarbons. Another light solvent that is suitable for
hydrocarbon stream containing a wide range of hydrocarbons, i.e. from C, to
C2, is a water/n-propanol mixture. A light polar solvent which comprises a
mixture of water and acetonitrile, with no more than 19%, by mass, water is
however preferred. Water forms a light-boiling azeotrope with acetonitrile. In
the present conditions, the water-acetonitrile azeotrope will be the lightest
boiling item in the extract. This is advantageous as it aids solvent recovery in
the stripper 38 described below. If the water content of the acetonitrile
exceeds that of the water acetonitrile azeotrope concentration, there will be
excess water after the water-acetonitrile azeotrope has been boiled off. If
there are any other components in the extract that may form light-boiling
azeotropes with water, it will do so in the presence of the excess water. Such
azeotrope(s) may also be boiled to the overheads, and may leave with the



_typical counter-solvent is octene. The ratio of feed to the counter-sol vent
'shoul d be approximately 2:1. A preferred solvent to counter-solvent ratio
:is from1l:2 to 1:6, typically 1:4. Araffinate 28 | eavi giAPRfL 2ppsr exit 20
of the extraction colum 12 consists of non-polar hydrocarbons,

. counter-solvent and a small anmount of solvent. The raffinate 28 is
introduced into a distillation colum . Counter-solvent and a snall
amount of solvent is recovered fromthe raffinate as an overhead product

of the distillation colum and is recycled to the lower inlet 18 of the
extraction cghUi T adgBPEKATI A EbmpshdriO el AferfAiat rpfecol um 30
yields a mXxture of o &P ng an paraftrins, wmth fow a concentration of
oxygenat es. SoWERI loop0@Bd -tBisAin txn maayt beeddtrimentahto Ithevefficiancy eaf e of t he
extraction C%@%ﬁ is sent to a stripper 38. An overhead product 40 from
t he stripper , I'ch contains solvent and small anount of counter
solvent is recycled through the upper inlet 16 of the extraction colum 12
(it may be n i i 1 ; eamto
Count or I osodtf rof b1 EOVERAGTELTIISLLE sRidERflo oliabld o BB B oeker e
concent r at i osolyentoinytherydeacarbond to dorne dme distinettliavid phasesornUglsilar theat eri al .
As nmenti oned Aek- M .l R4t h i.i ng point
of less than Spﬁlgmﬁtool %%ﬁgr%ggi%f%g?%ﬁ{h?ﬁn%dsta'1\'/0?%@?’}{é an(t:gﬁgﬁeﬁrr] & ltghi S

| eaves t he stpréfpped assleas solventheeatisploobk cecoxagddivethenssaivand strippen 86e

bottons prod : i rtant..c i f hahal i - o) he

n- but anol cgﬁ]é%'gﬁg%pdg&'ed?@gr@u@é %rgé‘?@ ﬁ&gﬁ%ggﬁ %rsgd%éﬁ%susajﬁ a
particul ar asedneadgeodoict.t his invention is that the separation results in a
good product vyield, not only of olefins and paraffins, but also of

al cohol's. The process of the invention provides good separation between
ol efins, parAuf bigasicaaountexpgenit 26 isvintroduchg de daemstiomcelumil 12 M@ge of

fromC4 to O‘fﬁ‘% Iom%ﬁ:iﬂetﬂf‘@. "S§ irﬂéo e i tRAEAG b Ms MR HhaE aspéil}ef'f?go@\égi ds the

conplication o ng a secon oreign solvent to the proc
boi | i ng poi ntwhi¢h ishtew enough for it to be separated from the most volatile alcohols

present in the stream, in the stripper 38 which is described below. In the
present case, where the C, to C; alcohols have been removed, the boiling
point of the counter-solvent must be low enough to be separated from C4
alcohols (n-butanol). A preferred counter-solvent comprises an olefin or
paraffin, typically a mixture of olefins and paraffins mixture, in the Cs range. A
typical counter-solvent is octene.

The ratio of feed to the counter-solvent should be approximately 2:1. A
preferred solvent to counter-solvent ratio is from 1:2 to 1:6, typically 1:4.

A raffinate 28 leaving the upper exit 20 of the extraction column 12 consists of
non-polar hydrocarbons, counter-solvent and a small amount of solvent. The
raffinate 28 is introduced into a distillation column 30. Counter-solvent and a
small amount of solvent is recovered from the raffinate as an overhead product
of the distillation column and is recycled to the lower inlet 18 of the extraction
column 12. A bottoms product 34 from the distillation column 30 yields a
mixture of olefins and paraffins, with low a concentration of oxygenates.



. counter-solvent is also inportant to ensure that n-butanol is separated
‘from any counter-solvent in the extract stripper colum. In addition, the
process yields a substantially pure and useful al cohol APRIC2008s Wel | as
.an olefin/paraffin product. Exanple A 3mvertical rotating disc extractor
~colum, which is a nulti-stage contacting device, was operated under
conditions of liquid-liquid extraction._gqThe colum was fitted with feed
points at the top bottom and in-between. The solvent consisted of 18%
water in acetonitrile. The solvent was fed at the top feed point at a feed
rate of 2 kg/h. The counter-solvent was 1-octene (co-nononer 8 APRIL 2005
-9 grade). The counter-solvent was introduced at the bottomfeed point at a
hei ght of 2mat a rate of 1 kg/h. The feed was obtained froma condensate

froma Fi schexy dtriee8h fr"oﬁﬁmb'l&ﬂeﬂ SutRt 85 Wf thée H@Actibh Ehurfn ﬁ@lué@érﬁ% gat al yst
operated at a ressureo 45 bar and a tenperature of 230C. The extraction

oper ati on wasStPRSE H8e d ARt OVERTeadTREdYE, %lffpn’f BrenBliPPere38 owhich we0t@inshase,

and the int erdopeft HaPsrall AMBuMYP cOiintbNsbleRk ey thidi L%hﬁﬁé Lpgerliét set of
acconpanying results, the colum's rotator was sw tche Tabl e 1 bel ow

shows the per'@edftthe@rtragtion cohmm A2 4t maysbe peeassAY tarfapignishias soivent t he
hydrocar bon figgdashai@amm sfF@é’mrtSSéouﬁfertl&%eg)eeﬂ b&tdﬁ?sdﬁrddﬂctf ﬁ@'ﬁ‘ohﬁt‘fénes

al dehydes, esters and isoners (branched alcohols, aldehydes, ketones,
acids, esterdirpey 35 biph cpaperdratiog wé\%ygeﬁ\@teﬁeae@mw cocentiation off

paraf f i ns, ol%Lmraﬂateﬁblcomlrﬁemvanédn%bo&@fefdyr@uﬁtefrfse%ﬁthﬁ tﬂ@%@rﬁ@t”t | oned

extraction colum. The rest of nposition Is made up ket ones,

al dehydes, edtasasballing Roin ek jess th%[btr‘é W"'ﬁﬂmt Ph@eﬁ@%éﬂﬁt"e@iﬁohﬁ's@d of

al cohol s in tihig Iexfdsatie. stper &5 hn Wvetddd RBAIAENd SodPAHG tthtdiinaledehydes,
ket ones, esters and isoners. The raffinate is then passed through a

distillation ROHPTSPredust 7 @ppﬁ@nt constituent of which is n-butanol. The n-butanol
can be separated for use as a high-grade product. Thus, a particular

advantage of this invention is that the separation results in a good product
yield, not only of olefins and paraffins, but also of alcohols.

The process of the invention provides good separation between olefins,
paraffins and oxygenates over a hydrocarbon material range of from C, to over
Cx. The use of olefin-paraffin counter solvent avoids the complication of
adding a second foreign solvent to the process. The boiling point of the
counter-solvent is also important to ensure that n-butanol is separated from
any counter-solvent in the extract stripper column. In addition, the process
yields a substantially pure and useful alcohol product, as well as an
olefin/paraffin product.

Example

A 3m vertical rotating disc extractor column, which is a multi-stage contacting
device, was operated under conditions of liquid-liquid extraction. The column
was fitted with feed points at the top bottom, and in-between. The solvent
consisted of 18% water in acetonitrile. The solvent was fed at the top feed
point at a feed rate of 2 kg/h. The counter-solvent was 1-octene (co-monomer



.tenperature of 86C, a bottomtenperature of 200C and 25 sieve trays. The
‘distillation colum is operated at a pressure of 150 kpa with a refl ux
‘ratio of 2. Table 4 bel ow shows the conposition of the aAPRIE2D0B oduct
.and the bottons product fromthis distillation colum. It will be seen
*that the overhead product contains a high percentage of octene and octane
which is recycled to the extraction cojum for use as the counter-solvent.
The bottoms product is a mixture of olefins and paraffins, with | ow
concentrations of oxygenates. The extract is passed through a stripper

having a top é{_@d’ﬁ)er'ﬁﬁé‘rc@uﬂfar@@@ntawasbf?ﬁrbelﬁ%dt mr@érwne fédd pERLarad 25
sieve trays. . The stripper is operated at APRI L. 2005 -10 a pressure of 150

kpa. The conpdhtiohgmbit 2 ratefel kehd T@PJ&%Waélﬂ!’tQ"PEd froet 4 sprdepsal@uct from

the stripper fighm SNPWBhérTrdgdthereactidrt inva! diurBe b€ QRirghatFd/MR/zno¥RAENSad
product contains a hlg rcl‘gsércenta e of solvent (a mxture of acefonitrile
BFRASHIS?Ht4

and water), VapeEed at bareand 3 teRefRtinecof 30 @ c tThe eXbastionn.  The

bott oms pr odtupbrati@ntvaaméx@ufadgét 4BRCC ETHAGS VM frhieaNBk Tonflmidus (Eﬂaa%r bon
No. n-Paraffin r‘g_tﬂge“ 1- Al cohol s Mass %vhss %vhss % 3000 40 5004, 2
0

6004, 2 7003, # gin age glg;:\sSgt §1§ g:plgf4th§3ccgqml3 For the particular set of
accompanying results, the column's rotator was switched off.

Table 1 below shows the percent, by mass, of paraffins, olefins and alcohols in
the hydrocarbon feed stream. The rest of the feed is made up from ketones,
aldehydes, esters and isomers (branched alcohols, aldehydes, ketones, acids,
esters and acetals).

Table 2 shows the percent, by mass, of paraffins, olefins and alcohols in the
raffinate from the abovementioned extraction column. The rest of the
composition is made up by ketones, aldehydes, esters and isomers.

Table 3 shows the percent, by mass, of alcohols in the extract. The rest of the
extract is made up by aldehydes, ketones, esters and isomers.

The raffinate is then passed through a distillation column having a top
temperature of 86°C, a bottom temperature of 200°C and 25 sieve trays. The
distillation column is operated at a pressure of 150 kpa with a reflux ratio of 2.
Table 4 below shows the composition of the overhead product and the bottoms
product from this distillation column. It will be seen that the overhead product
contains a high percentage of octene and octane which is recycled to the
extraction column for use as the counter-solvent. The bottoms product is a
mixture of olefins and paraffins, with low concentrations of oxygenates.

The extract is passed through a stripper having a top temperature of 88°C, a
bottoms temperature of 106°C and 25 sieve trays. The stripper is operated at



. 114., 03,40,9 123,42,70,6 132,72,30,3 142,11,80,1 151,61,20,1 161, 10,70
“170, 80, 40 180, 50, 30 190, 30, 10 200, 20, 10 210, 100 220, 100 Tot al 25, 320, 422,5 8
- APRIL 2005 -11 Table 2 Carbon No.n-Paraffin a-Q efins 18MPRHOROOSASS %VASS
%vass % 60, 100 70, 100,2 8*0,4 95, 13,40,3 1010, 06, 40,5 119, 45, 40,6
- 128,44, 10,5 136, 82,80,4 145, 11,70, 3
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a pressure of 150 kpa. The composition of the overhead product and the
bottoms product from the stripper is shown in Table 4. It will be seen that the
overhead product contains a high percentage of solvent (a mixture of
acetonitrile and water), which is conveniently recycled to the extraction column.
The bottoms product contains a high percentage of alcohols.

Table 1
Carbon No. n-Paraffin a-Olefins 1-Alcohols
Mass % Mass % Mass %

3 0 0 5
4 0 0 12
> 0 0 472
° 0 0 472
! 0 0 3.9
8 0,3 0,3 32
9 3,8 3,3 23
10 43 38 15
11 4,0 34 0.0
12 3.4 2.7 06
13 27 23 0.3
14 2.1 18 K
15 16 12 K
16 1.1 07 5
17 0,8 04 0
18 0,5 03 5
19 0,3 0.1 5
20 0,2 01 5
21 0,1 0 5
22 0,1 i) 3

Total 25,3 20,4 22,5




. 153,50, 90, 2 162, 30,50, 2 171, 50, 20,1 181, 00, 10,1 190, 70, 10,1 200, 50, 10
~210, 30, 10 220, 300 230, 200 240, 200 250, 100 260, 100 270, 100 280, 100 290, 100
- Tot al 56, 025, 83,9 8 APRIL 2005 -12 Table 3 Carbon No. Al c@APRILN2985% 30, 1
44,2 520,8 618,6 714,6 810,0 96,1 103,4
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Table 2
Carbon No. n-Paraffin a-Olefins 1-Alcohols
Mass % Mass % Mass %

6 0.1 0 0
! 0.1 0 0,2
8 * * 04
° 5,1 34 03
10 10,0 6.4 05
11 9.4 54 06
12 8.4 41 05
13 6.8 28 04
14 51 17 03
15 35 0.9 03
16 2,3 05 03
17 15 0.2 K
18 1,0 0.1 o1
19 0,7 01 X
20 0,5 0.1 5
21 0,3 01 5
22 0,3 0 5
23 0,2 0 5
24 0,2 0 5
25 0,1 0 5
26 0,1 0 5
27 0,1 0 5
28 0,1 0 5
29 0,1 0 5

Total 56,0 258 3.0




., 111;9 120,9 130,4 140,1 150,1 Total 81,2 Tabl e 4Extract Raffi nate

"Over headBot t omsOver headBot t ons MECN72. 20. 06. 70. 0 WATER17. 00. 00. 60. 0

- BUOHO. 913. 30. 20. 0 HEPTENEO. 20. 02. 10. 0 NHEPTANEO. 40. 04. 4(8 APRECH®0513. 00. 0
.OCTENE4. 90. 053. 33. 4 OCTANELl. 60. 024. 24. 4 HEXOHO. 112. 00.00.0

* NONENEO. 10. 00. 24. 2 NONANEO. 00. 14. 7 HEPOHO. 0- 10. 80. 00. 0 DECENEO. 00.03.0 8
APRI L 2005 -13 DECANEO. 00.04.5 OCTOHO. 9. 30. 00. 0 UNDECENEO. 00. 03. 2

UNDECANEO. 00. 04. 6 NONOHO. 08. 40. 00.0 DECENEO. 00. 02. 6
Table 3
Carbon No. Alcohols
Mass %
3 0,1
4 4,2
5 20,8
6 18,6
7 14,6
8 10,0
9 6,1
10 3,4
1 1,9
12 0,9
13 0,4
14 0,1
15 0,1
Total 81,2
Table 4 Extract Raffinate
Overhead Bottoms Overhead Bottoms
MECN 72.2 0.0 6.7 0.0
WATER 17.0 0.0 0.6 0.0
BUOH 0.9 13.3 0.2 0.0
HEPTENE 0.2 0.0 2.1 0.0
NHEPTANE 0.4 0.0 44 0.0
PEOH 0.2 13.0 0.0
OCTENE 4.9 0.0 53.3 3.4
OCTANE 1.6 0.0 24.2 4.4
HEXOH 0.1 12.0 0.0 0.0
NONENE 0.1 0.0 0.2 4.2
NONANE 0.0 0.1 4.7
HEPOH 0.0 - 10.8 0.0 0.0
DECENE 0.0 0.0 3.0




., DODECANEO. 00. 04. 4 DECANOLO. 07. 00. 00. 0 TRI DECENO. 00. 02. 5 TRI DECANO. 00. 04. 7

" UNDECOHO. 05. 70. 00. 0 C14ENEO. 00. 02. 3 C14ANEO. 00. 04. 5 DODECOHO. 04. 50. 00. 0

" C15ENEOQ. 00. 01. 9 C15ANEO. 00. 04. 4 TRI DECOHO. 04. 00. 00. 1 Cl?ENggug%ogg 6
-C16ANEOQ. 00. 04.1 C140HO. 03. 00. 00. 4 C17ENEO. 00. 01. 3 C17ANEO. 00. 03.

* C150H0. 01. 10. 01. 0 C18ENEO. 00. 01. 0 C18ANEO. 00.03.6 Cl1 60HO0.00.01.2
C19ENEO. 00. 00. 8 C19ANEO. 00. 03. 3 C20ANEQ.,00. 00. 03. 5 C21ANEO. 00. 00. 03.0
C22ANEO. 00. 00. 02. 4 C23ANEO. 00. 00. 02. 0 CZ4ANEO. 00. 00. 01. 5 C25ANEO. 00. 00. 01. 2
C26ANEOQ. 00. 00. 00. 8

DECANE 0.0 0.0 4.5
OCTOH 0.0 9.3 0.0 0.0
UNDECENE 0.0 0.0 3.2
UNDECANE 0.0 0.0 4.6
NONOH 0.0 84 0.0 0.0
DODECENE 0.0 0.0 2.6
DODECANE 0.0 0.0 4.4
DECANOL 0.0 7.0 0.0 0.0
TRIDECEN 0.0 0.0 25
TRIDECAN 0.0 0.0 4.7
UNDECOH 0.0 5.7 0.0 0.0
C14ENE 0.0 0.0 2.3
C14ANE 0.0 0.0 4.5
DODECOH 0.0 4.5 0.0 0.0
C15ENE 0.0 0.0 1.9
C15ANE 0.0 0.0 44
TRIDECOH 0.0 4.0 0.0 0.1
C16ENE 0.0 0.0 1.6
C16ANE 0.0 0.0 4.1
C140H 0.0 3.0 0.0 0.4
C17ENE 0.0 0.0 1.3
C17ANE 0.0 0.0 3.9
C150H 0.0 1.1 0.0 1.0
C18ENE 0.0 0.0 1.0
C18ANE 0.0 0.0 3.6
C160H 0.0 0.0 1.2
C19ENE 0.0 0.0 0.8
C19ANE 0.0 0.0 3.3
C20ANE 0.0 0.0 0.0 3.5
C21ANE 0.0 0.0 0.0 3.0
C22ANE 0.0 0.0 0.0 24
C23ANE 0.0 0.0 0.0 2.0
C24ANE 0.0 0.0 0.0 1.5
C25ANE 0.0 0.0 0.0 1.2
C26ANE 0.0 0.0 0.0 0.8
C27ANE 0.0 0.0 0.0 0.6
C28ANE 0.0 0.0 0.0 0.4
C29ANE 0.0 0.0 0.0 0.3
C30ANE 0.0 0.0 0.0 0.3
Other 24 8.0 8.2 24
Total 100.0 100.0 100.0 100.0




» C27ANEO. 00. 00. 00. 6 C28ANEO. 00. 00. 00. 4 C29ANEO. 00. 00. 00. 3 C30ANEO. 00. 00. 00. 3
‘Ot her2.48.08.22.4 Total 100. 0100. 0100. 0100.0 8 APRIL 2005 - 14 CLAIMS 1. A
"method for separating olefins and paraffins from oxygenag APRIL 2005 i quid C4
to C20 hydrocarbon streamincluding hydrocarbons and oxygenates, the
“method including contacting the hydrocarbon stream under conditions of
liquid-lTiquid extraction with a polar sglvent and a non-polar organic
counter-solvent and obtaining a raffinate and an extract fromthe
l'iquid-liquid extraction; characterised in that the polar solvent is a

| i ght pol ar sol vent and the non- pol ar organic counter- solvent in the

I'i qui d-11 qui i!em{sact ion is a recycled product fromthe raffinate and
conpri ses ol r olefins and paraffins. 2. The method according to
claim 1l wherein the organic counter-sol vent is selected to have a boiling

oint which is les he boiljng point the nost volatile alcohol in
!to he hydrocar b‘gn st‘$ é%%ﬁo%tforﬁfé’a@'f‘ﬂoqgfﬁ@c@ﬂ PRGNS €omi gxyaerted inger ei n t he

C4 to C20 hydrocdighian Cst foefﬂzslr%rdﬂ)"c‘éﬂﬁfne@tréérﬂmn@lua%r AGGoEABoRS rHRAM Whi ch
is passed through a dlag%ll%atlon colum prior to introduction to the

liquid- 1iquid extP¥een %"F?é*h%@cleﬂmeoccmathgjﬁhﬁav@r@ﬁ@baﬁ@tr@m o C3
al cohol s from t he wideeasndifng G‘Fhfé]mi'-ll'qmdﬁéxtﬁ%ilon wWthUs$ pBbégrs‘B%ﬁtbﬁﬁbe adl €

renoved fromthe h"é’gré) arbon stream by distillation prior tot I'i qui d-

liquid extraction toreﬁe'cs?%%setyﬁﬁtr paG obtgining EtZéff'ﬂ’s’/fGr ah@ons. 4.
The met hod accor diexgrattofrarh aheiquitMIgUi€ ieXtrh &N ERFALErSURT BET gl pera

solvent is a light polar solvent and the non-polar organic counter-
solvent in the liquid-liquid extraction is a recycled product from the
raffinate and comprises olefins or olefins and paraffins.

2. The method according to claim 1 wherein the organic counter-solvent is
selected to have a boiling point which is less than the boiling point of
the most volatile alcohol in the hydrocarbon stream.

3. The method according to claim 1 or 2 wherein the C, to Cy
hydrocarbon stream is prepared from a hydrocarbon stream which is
passed through a distillation column prior to introduction to the liquid-
liquid extraction, to remove C4 to C; hydrocarbons and C, to C,
alcohols from the stream, and wherein the Cy - plus hydrqcarbons are
removed from the hydrocarbon stream by distillation prior to the liquid-
liquid extraction so that the stream comprises C, to Cx hydrocarbons.

4. The method according to claim 2 wherein the organic counter-solvent
comprises olefins or olefins and paraffins in the C; range.

5. The method according to claim 1 wherein the Cyg - plus hydrocarbons
are removed from the hydrocarbon stream by distillation prior to liquid-
liquid extraction so that the stream comprises C, to Cys hydrocarbons.



conprises olefins or olefins and paraffins in the C8 range. 5. The nethod
.according to claim1l wherein the Cl19 - plus hydrocarbons are renoved from
"t he hydrocarbon stream by distillation prior to |iquid- 8 aAfRRIL 2005 action
so that the stream conprises C4 to C18 hydrocarbons. 8 APRIL 2005 -15 6.
"The nethod according to any one of the preceding clains wherein the 1ight
pol ar solvent conprises a mxture of wgtser and an organic liquid. 7. The
met hod according to claim6 wherein the |light polar solvent is a mxture
of water and acetonitrile. 8 The nethod according to claim7 wherein the
wat er conprises no nore than 19% of the solvent. 9. The nmet hod according

to any one of, the prece |8% clsims wherein the raffinate fromthe
li qui d- 1 i qui & ext r'att BPNPE 3CRIABg e &Y iave of dheypreceding clains whereimtheand a

m xture of paraffilight polsh solvehi esmprises QAAXERFEEF idtePartPa SFBnichE@duUCct from
the distillation colum. 10. The nethod of claim9 wherein the overhead

product fromthe distillation colum is recycled and used as a non- pol ar

organi c counter  stheveBthod adcbriing @utisiml baMicleifXthé Aght Slar ddivent g aMet hod
according to any ane, of f_Ihe Ere eding clains wherein the extract fromthe
|

liquid-1iquid ext "S¥UE ofwateband aeetopitdler i ppi ng col urm, and  an over head
product fromthe stripping colum is recycled to the upper solvent inlet
of the extra ion.l(rg‘%l urrﬁ. 12. The method according to claim 11l wherein the
bottons proddet frio¥hMehad 86¢aripg fRyClalg dwherain e Watpr eqraprises mogaere

contai ning |ow canaend%af therslveht. non- pol ar material .

9. The method according to any one of the preceding claims wherein the
raffinate from the liquid-liquid extractor is introduced into a distillation
column and a mixture of paraffins and olefins is recovered as a bottoms
product from the distillation column.

10. The method of claim 9 wherein the overhead product from the
distillation column is recycled and used as a non-polar organic counter
solvent in the liquid-liquid extraction.

11. The method according to any one of the preceding claims wherein the
extract from the liquid-liquid extractor is sent to a stripping column, and
an overhead product from the stripping column is recycled to the upper
solvent inlet of the extraction column.

12. The method according to claim 11 wherein the bottoms product from
the stripping column is an oxygenate stream containing low
concentrations of non-polar material.




