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8 February 2007 O Z. 6092 1 Separation of b“teneSSFebnuuy2007

) 8@?56&% anes by extractive distillation using a polar
S extrac

ant The invention relates to a process for
separating butenes and butanes froma stream
conpri sing C4-hydrocarbons by ektractive distillation
using a polar extractant. 5 Butenes and butanes are
products in high industrial demand and are usually
th@tioDhyutenesranidigh thipesBit ExtFRERE distilldtion using a polar extractant
CA- hydrocarbons from steam or naphtha crackers. Tn 3
avai l able raw material sources, the different isoners
: d b nes. and al so hut adi en re
Bl Lt SBERs 00 MEEDS Vol e MIGER 289 Bifies from & stram
deneiBingaltedirécarbdnb by eaestiby diANAWINRERNAJI A RxREctant.
renoved fromthese mxtures by extractive
distillation. For further workup of the butenes and

it ] [ ) h .
T MNP AR T e -
Worlitignipt sutDEonigRing QOhydreteriRk Flotn stbdbh or hﬁ)lhgﬁtcrackers. In the available

possible in the purities required by sinp
ravgpatenglisosiees, dbe difffgrent isoimsrsefcibe buteyest andrtesames andvalso butadiene are

. i . 15 On t dustri al
SLURL 8000, Moo Bt B, s SR do s
Iyt gesativhl o remeted o thésaShixhiees byFBx R EvS ARulARR FBefurther workup

t he separation of a C4 cut freed of butadiene by
dxthe hutenspeand dhutanes,|ihisi fonguanthhnesassestt foaseparnte thans froaseach other. As a

P ] ( [ .ipn.3 stages...in the _—
cPllhr %%ea%;@QtJﬁygg & {)\%i'g%m%ﬁp %ﬂ%@‘gﬁ% R°ﬁ%§%x€1&}ﬁ &S L possible in the
radiiex esuived byt Si@pRxdisakition sd thadMt BXAdcachiyB rébrt to other separating

distillation colum. This dissolves the olefinic
REOfI#8¥Ft uents in the extractant, so that the |ess
readily soluble aliphatic constituents may be renoved.
For further separation or for recovery of the

(X A Gridabtiial 8cAddlf &itAbiECaRENAAAR With [foRr e RARS artk M QMhlly used. For
the extract is then carried out under a pressure of

pstaeeAEP $05 - 848 adescriless rthe svparationeott 2 faicnt reedbf bitediene by extractive

T e O e
REQED! e sBBinkRC 5B afbodi ixhRS 8Sadnlied'wfh Be extractant in an extractive

di met hyl f ormam de ‘as a pol ar extractant for
distillatier pelumne Thisalissolves the. oldfnis coustitmrmtst inaths extsacingsso that the less

, ern. the extractive distillation_.and the .
o sl S5 RSk Bl 2 s bhiion o for esovery
o Y dxitiactahty d Rl BEBrPHok lf kIR biltlies TRINP fHetkuddt il Men carried out under
pol ar extractant .is recovered by a desorption stage

aggregseerf fiom 2-tat frbep by excowdri the remainder nfj thehextractant, the extract is
subsequently boiled at a temperature of from 140 to 170°C and atmospheric pressure.

JP 692 876 discloses the use of dimethylformamide as a polar extractant for butene/butane .

separation. This document also states that, after the extractive distillation and the removal of

the aliphatic constituents from the starting hyd:bca:r’oon mixture, the majority of the polar

extractant is recovered by a desorption stage at from 1 to 2 atmospheres while recycling the —

majority of the extractant. The butenic fraction is freed of the butenes in a purification stage at

an elevated pressure of from-1 to 15 atmospheres; the pure extractant obtained in this way is
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30 majority of the extractant. The butenic fracti onSiF'%bruaryZODT

_ géﬁ?gf the butenes in a purification stage at an

d pressure of from-| to 15 atnospheres; the
pure extractant obtained in thid way is 8 February
2007 O. Z. 6092 2 recycled back into the extraction
distillation stage. According to the exanples, the
eecyeled baokt intosthe lektravtioh alistidlation g@od IAREIAALRShE bxamples, the extractant
bttjf:enes_whl ch are recycled with the extractant, i.e. )
stk icPrtaing: BERe PrAPertions cofc pylsnesc aibigh ared rasgded Wit the extractant, ie.

e . een . nd.t hat, t he energy

tét@{rw%g?ﬁgﬁs 18? n%ﬂgr% exygﬁ gvﬁgongp%éa@g é;(r;i;av l‘3be i mproved
by an arrangenent of the plant parts which has been

optimzed froma {)r ocess technol o?y point of view. ]
Hhas pow besn fopnd, that the sneray pilization o Heicdisting procewsesway be improved by

L] but anes, b 0.extractive .
S RA0RPRPR UL DRS: AR PHIRREE o o 15 Mocss eohnaogy poim
ebsiewctively distilling a stream conprising butenes

and butanes using a polar extractant to obtain a top
fraction conprising butanes and a bottom fraction

ISl s _and the . polar extractant.and Db
g@%?‘ltels?ﬂattq gseﬁégs FSIORE PRY 4 Bg’(cﬁﬁnfof FERRTBIR g?tﬁln)‘ﬁsaz)“d butanes by
dxitaotiee disldneh hsin &Eambmcta}@byhi ch conprises the
but enes and a hi P% boiler fraction which conprises the
pol ar®ext rextractively digtiling ehstrepm ¢dneprising busench read thuganes using a polar

fromb) c LSl t pol ar. extractant.s i.s recycle .
into the %g% Artéa%tqlg & li]ag? éi"g!g paffﬁfCtlﬁﬂ COREPTIETE Shtanps éﬁ‘% iagl??ttom fraction
obt ai ned icomipkikisig bakneésardtBe folatditiablafinly of pol ar

extractant_ for many applications. For an inproved

separlt i ngleplatiselimapasating therbottom fiction drompw) Inté kdew boiler fraction

extr act ] on iRy anEes e Bkes wid s HayChler FRehgit piich comprises the

ratio froalastagRtdn to stage a) has proven to be 0.01

- 0.5 ka/ k% preferably 0.05 - 0.2 kg/kg. 25 The

ipglieh therhigh bpiles figetiomisomy compsising ¢he palirexehictahts is recycled into the
t re led to the amount of product. 1In Fig. 1,

%%%@c{/mﬁ%éir ati o corresponds to the quotient of

streans 9 and 8. Stage b) is generally perforned at

from1.0 to 5 bar. \Wen stage a) has a higher pressure

Thevlytene frpgtiopoobitaingd bf thitavaly Govitsed Isefficiently tof qrolar extractant for many

ST, D Bl PR PASSEIRY T Y oo

 fRuih IstaBe ®) sy MleGecybled ifitd thi SxREQRASTage 4 enipthane/ Pkigze;?ﬁlerecycle ratio

m xture (1) is separated in the extraction stage
from staghb) tostagn ashasProvendo he Pi0dctl.Hkg/kg, preferably 0.05 ~ 0.2 kg/kg.

The_ recycle ratio is defined here as the ratio of the amount recycled to the amount of product.
In Fig. 1, the recycle ratio corresponds to the quotient of streams 9 and 8.

Stage b) is generally performed at from 1.0 to 5 bar. When stage a) has a higher pressure level,
the portion of the low boiler fraction recycled from b) into stage a) may be precompressed to
the pressure of stage a). Such a process is outlined by Fig. 1: in this process, the buta;le/butene
mixture (1) is separated in the extraction stage (2) into the butanes (3) and a fraction
comprising the butenes and a polar extractant (4). Stream (4) is separated in the distillation
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conprising the butenes and a polar extractant (4). 8 February 2007

. I (4) is separated in the distillation 8 February
G605

_ Z. 6092 3 stage (5) into a high boiler
fraction (6) which conprises tRe polar extractant and
possi bly still butenes, and a | ow boiler fraction (7)
whi ch includes the butenes and possibly residues of
seagt (3)dhtnd highboterofractioh (6f whith eaiipfises theSpdl@rBxviaetadhd possibly still
optionally processed further (8) and/or recycled back
bbess, dapd lovy Beilar stiop A7) ahicd ineliidespt dgncs and possibly residues of
S&i ro: The conpression,stage
SRYRERSSHAD of IR S 77 S GRIRELTTIANT bREsold Bter 9) andir
reliysleii bhell infnexaiadieh stageq2h Afdr ahRPtibVCOAPI8dion SREA(10R
fromit may be conpletely condensed and subsequently
divided in liquid forminto product and recycle

r L Lin additio 0 . e

85 e6 R osft WpL 087 itk w1 b B BN sl dbipFreom g s gistiinion stage,

sdhthat thedow bellesd abRifelObe €iChe ¢ORpietly @bnddiSed and subsequently
streamto from-10 to +55C, preferably 0~ 35C In a

divided igliqyis form into presdugt andaseycleottermti ng to t he
i nvention has a further separating stage c). In this
stage, sone or all of the low boiler fraction of stage

Iiteadsofs epar addition 1,51 SQAPREIGENEEA thdGecydle steHSnsy be cooled. This
into a butene-containing fraction and a fraction

celingstage sgould affprd (cgpling@fithe stepam tofran + Hitof+388€ pmferably 0 - 35°C.
conprising the polar extractant is recycled into the '
distillative separation of stage b). In the process

Ima spycitil Raridm, thé grocesseitodihg tb MROLVEHHSA At h FGHRS séfArdtiAg stage c). In
order of the pressure_ 20 levels of pressure stages

thiy stags) same 05915 phHhgl lpy bejler psioniof stagd bt is wepasatprhined $eopnd separating
' ' ferably carried.out at .a pressyre

stafe F} B3 Bhuch gt ARt 3 P fFp B i opi ok WSR0ln mactant, and

tiecfaridn Be@prkih e tHepotarix@actitas rdcheed SAP HealisHIRSvY 8p¥ration of stage
from120 -190C, in particular from125 - 160C 1In

b)-hi s way, a large portion of the polar extractant is
renoved even at relatively low tenperatures in a
beni gn manner for the olefinic constituents. 25 The

I15 €ROpdc s PBERTING Mo Ghe $hvaBf0iE Jinpbrthle MaAERSS BS 6RIeH0P%he pressure
to the invention is preferably carried out by

leyplstofi pragspesnstages @) p bk sndipptiarally o). Tige Batillative separation in stage b) is

heular 3 - 7 bar. Thi rogess, ,variant .i

ffrld afted ook e Bieisng OB 4 S50 iculspEom 1 to 3 bar. In

acdoRlant @it V1§ PRadusd IhdfekipdfaBuiréslary SRl I Rirticular from 125
extraction stage (2) with a polar® 30 extractant, so

- 16QC. I hipwenrrelirgeorieny obthe pelap vxtthctant & teowvibevearat relatively low

ian, _The.butenes.a t he pol extractant -as the
%&%fag%ggwaa&e% ThgRNEE, for Qﬁ%%}ef?%c g"%ﬁ%‘l& St ative
TheRedoall i RParhfdn of Bz c) of the process according to the invention is preferably

carried out by distillation at a pressure of 1 — 10 bar, in particular 3 — 7 bar. This process

variant is illustrated in detail by Figure 2 as follows.

The starting hydrocarbon mixture (1) is reacted in the extraction stage (2) with a polar
extractant, so that the butanes (3) may be removed as a low boiler fraction. The butenes and
the polar extractant as the bottom fraction (4) are fed to a distillative separation (5), and a

mixture of butenes and the polar extractant is removed as the low boiler fraction (6). The low
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m xture of butenes and the polar extractant is remg‘?‘abruaryZOOT

i Q%tﬁﬂ% ow boiler fraction (6). The |l ow 8 February

. Z. 6092 4 Dboiler fraction generally still
conpri ses 1-6% by wei ght of ext4actant. Wien water is
present, the solvent fraction of the | ow boiler
fraction consists mainly of water, and in the case of

bdikr fbRIN\@dnefally ¥61 RBInpARR 108% t;y @elght?bf’ hraltheS SVhen water is present,

fractlon consists of water with approx. 100 -

t fgedion of ewrlopaoiles ﬁsubmsqmmlrymnbrdfmtmpanmnahe case of the

Ty T

F00pe] 6IINHP THe 300ar\VEd) 8¢ sudledudftly Gib%dk?lg'ﬂlﬁrﬁnftﬁe@%%a%ng stage (7)
(9) are reCéuIed into the flrst Separating stage
tDeechiic mgrobutenes (Blrnd ymall gglar rewents of dic ¢dtmctants eandaany water as the

R oGRD sfort & Syl B JA SepBasnssiin Daareigon the purty

reguitdi@nBObothe %ﬁfehé&%‘@ Bhd thEepdthey %‘?fo‘rﬁﬁngerc?ﬁﬁé 96]1(\@6: Q)) the stream

whi ch was obtained ih the first separating stage
@hohay st g@l@pmeh@tmp o addjtiaf totthepglat extrat@ne The Aivhawiler fraction (10)
In this process

re d i raction sta 2
vlifl? AR bg”d d; SR EPRRNS, StaEo r(g)c%ﬁﬂ faghdes thgempiomsy of the polar
dxEra@EMAR! RERRS intd RxkhiSi ﬁ%‘:a% 25 eRAHAY biikesst
the tenperatures va}r( froom d( §100(}3@%R accor nc)eu0 @ compression
mﬂ@hcoqlmq&geikmlea@@magqcalsl n a further process
variant, the second process stage c) is not carried
out by di stillative separation, but rather by cooling
Thhke $eevhd Sédabiitink stk ic rthéf RPerdRBs ﬁ&nf4bor‘i‘00
+55C, preferab @g in part| Cll/%%,r 0- 35C. aélﬁgccordance with
tb?ﬁfﬁwrfle@tnecessary for this purpose vary from 1 0Oto

-5 bar, preferably from1-3.0 bar. This variant may

advant ageously be used anymhere 20 where inexpensive

If QOhirihgr ?gtlﬁ:(eﬂsy vhrfanfVigk |s@&ln‘a rOb&Q stdel gels Aof A (ﬂft by distillative

the capi costs for ress re-resistant apparatu
seregatione buf ratheh by @Dthlmg qhe dove beilerefiracainh SronT biage Yol f&nﬁ —10 to +55°C,

SS acco he i nvention may |jkew se
egeanﬁu@ESCgf I TR rqg’%a{:d h%ﬁarq@ﬁtges zeceaaafsh §his pyEpose vary from
1R &PH $ad §RECRbIY Hodl RID l(ap vgﬁﬁnt E?ou@ly be used anywhere

distillative séparation, rather as a
vd@mmsmnﬁ dohbng etargy is( ﬁaa.llaﬂlh eAlmI ﬂﬁ%a:é&ionaroé the capital costs for

recycl ed%ﬁ) and rem)v(;j a.simlar manner. No
PESHIBF SELTHH 2BPRIFYS 19986 wgtE%t)@a@)reﬁ%f Vigaeeded in
this variant. In both process variants, the polar

extractant used nay be di nethyl formam de (DMF), N
Timst vagiapy/of the prhoass, acaardingrio the 1Ine¢ntfo|n| m:fyﬂnlaﬂwlse be illustrated with the aid

| ,mor r dinmeth tam de. The 30
L8 2o Lieh {aro Soperetige e (11ds nekfiryeneies 4 dihllative scparation,
bt fattiéRhd ¥ (G EOREERBS IO EolBhR]S). THR brﬂeﬂeyfiﬁ are recycled (9) and removed

in a similar manner. No compression and/or cooling stage (11) is needed in this variant.

In both process variants, the polar extractant used may be dimethylformamide (DMF), N-

methylpyrrolidone, acetonitrile, furfural, N-formylmorpholine or dimethylacetamide. The
extractants used may be used either anhydrously or virtually anhydrously or else in a mixture
of from 0.1 to 20% by weight, preferably from 3 to 18% by weight, more preferably from 5 to

12% by weight, in particular from 8 to 9% by weight, with water.
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of fromO0.1 to 20% by wei ght, preferably from3 to é%%‘bruaryZOOT

(Séggé ht, nore preferably from5 to 12% by wei ght;

icular from8 to 9% by weight, with water. 8
February 2007 O Z. 6092 5 Thé extraction
distillation of stage a) is preferably perforned at a
tenperature of from40 to 100C and a pressure of from
Thet éxtrhbti B isti UBhOTREAgh ) issgl@rer&ny a4 &hgérsﬁré 8f from 40 to
countercurrent, i.e. the extractant is introduced into
KOREC cadumnpressm efbbom arie 1hdast Cedomardy, bechesdlmmos ek operated in

ChAERARRr S8 PR by S S AT T el b e scam 1
teak@racted Frob bEIYHT 0BRGN, Be'€AMhM llf’lﬁy 158 :b@?édsﬁﬁ ﬂdlé middle portion of

referably evaporated Upstream of the columm an
ook dnvine iprasiet goe,athe eR4 hpdroearbormstreany s bstax¢macted s preferably

a ss ratio 15:1 - 6:1, preferahly 12:1 - 6:1 .
o TR bt st i g A O it e St A ges stream in a
| i nRal s gar Kigg: : Vi .
B L b S, PraBably PP 0% didild)Y hiCufagdBidly, the column is
egoippedh withhatetnatsangandont packingy torprivides Yary laagedexchange surface area. At

S S bt o g 26 S SaL f £ removed i
AEANS GorBX RS Raltd ¥ rther 8L, el“lz@idg'tr%ﬂgl grtge, é&lﬁﬁl%aﬁ&é hefed externally or

the bottomfraction may be f I st atir've

igtepatlnt arshsanme osalhgé the) bottwe ffraktiom tray rtel fod fton distidlative separation in

shib bR sl it ala sl e aRigye GunBien BB haySpgves i beein pariculr
rhidd¥packigh ouBbRLAD Yyt wiagigent, the C4 stream

obtained at the top ot the colum (stream3 in the
figures) is conpletely condensed and partly recycl ed

to back-wash t.he af, extractant. In this_. context, .

1h 8 78R botimnt RS gt b5 at fhap S 1 copmn (sfream 3 in the
f1paKR) RIURetlS bitenselimdakd | 12BK- QR r i
st ag%a a) iI's sﬁbseqﬁent I yq%gcygfﬁ%frr%%{s:{g glﬁg%l?gjgzgg%legﬁCMt'hﬂns
coftexip rtpicle edios of from Q.5 Lfin pheticdias of 1:1 dtave preveh usatulof

step b). This colum is preferably filled with random

packi ngs and operated in countercurrent at a bottom

THE "RRfoR] Wabtid obtdel i ts@age]zﬁqg' sallﬂsétﬁ}léﬁfg?g@gﬂ g#ésge{ag%ned preferably

are recycled into the extractron
cadducEddo [thmtop lob thealistillaticn canmwivif slepibs. This drdune iopreftraly filled with
%Ff} top.,and c rise(f.the but enes and.the snal |
raionh packiyes, 4‘[’3%‘%{? & CPURMETSHITC e 13 batem tlempgatugs) of drom 120 to
1804E PR MiMhe bBitorhs Qgg‘rg&cie‘& iﬁ%%@%%rac%éntcﬁ@ﬂlla{i&? o'f':&age a). The low
purification stage c). I'n the process variant o I O-
bailert frzctioovwiich ieto be smtdved adfthes toppartd) canmprisestHeybitass emd the small
throu%‘? a @on%r essi on st ag;__ and i s conpressed to the .
o' of thq pRfd XtAgiARt TasRtPnSe fscogind; tp jadePeAtEs algiiom3p)to 60°C and
tmyfe@{éﬁ]rﬁﬁagﬁﬁgtﬁéeqﬁ as a countercurrent distillation

[ t he

plant in whic ow boiler fraction

In the process variant of Fig. 2, the low boiler fraction of step b) initially passes through a’
compression stage and is compressed to the pressure levels mentioned. The purification stage
(7) may also be operated as a countercurrent distillation plant in which the low boiler fraction
from stage b) is introduced into the bottom of the column. The polar extractant accumulated in
the bottom is not extracted into the extraction distillation of stage a), but exclusively into the

purification stage b). A recycle ratio between the purification stages b) and c) of 0.001 —
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30 from. stage b) is introduced into the bottom of t@?ﬁ'ebruaryZODT

@z’?@z i The pol ar extractant accunulated in the

S not extracted into the extraction
distillation of stage a), but dxclusively into the
purification stage b). A recycle ratio between the
purification stages b) and c) of 0.001 8 February
®RDRZ/kg PréferdbBOR.06 — M1 kghkg/ K prover§ @e bl TheGeSkle raflo Is defined here as
kg/ kgh has proven useful. The recycle ratio is defined

theaaougnt of Hee amoRteiseycded imatagarbliin theeamaung dntrodusedhipgo purification

Lpto.Rurjificagi stage ..
B, 5 AP Lk BN O LB A0 50 5 tin s oo,
rtferness is9iten donretyilisg SRS b theStbp BRdueOinto TeQoRIAN &Limprove the
IS given to recycling a portion of the top product
SEPAIBHIAGISTIONNEA®E- t 0 i nprove the 5 separating
performance. Wen the polar extractant used is a
hydrous m xture, a further, snmall separating stage
Waéd aid pglat Reos@Rar alelng $ UHERUS) mixturk 8 ORARAI&thallP¥eparating stage
which the butenes are renoved as bottom products ang
falowige ctbe sepmeiing stage ehisy ragommentied, thypwbicht the butdngsrare removed as

* BB o8 BRSO 5L S WFHS s by s o

debent@raindris redycledCinfniepatafing €128 H) CoMhhIe WHhOS8S$xing with the polar

~variant of Figure 2, the separating stage c) 1s

BERFHIed without a conpressor as a top condenser of

stage b). To this end, it is necessary to conpletely

condense 15 the low boiler fraction of stage b) to a

Ih einpaiteadianive ppdcesdparint ofl Oigte(Cy, the REFAAtDIR ioeld)qs bérditthRd without a
fraction is recycled back Into the colum b) in

COBFRRSEE @8 priemheondenserpf stage Do Totkis erd.ritistnecessary to completely condense

[ 8L 4 l-at kon. f but ane/ but ene m e~(1)., .and ..
(6 ) hEH s s b PHRRRLEY b o RECk Blpui of te liquia
fablioni Fedyaletl beck @t the ShRehnb)ith abiméeaasidi ng to Fig. 1.

The solvent wused was an NMP/ H20 m xture conpri sing

about 80% by wei ght of water. The extractive

E\%gﬁl&)iel-l ation colum (2) had a dianeter of 80 nun and
S

equi pped with 70 bubbl e-cap trays. The outgassing
colum (5) |ikew se had a dianeter of 80 nm and was
equi pped wiith 30 25 bubbl e-cap trays. The butane
The satreetivetdigidlation ) 2vefsthe dutsnetbotene voxuenEldarsinase thet tegnoval of the
C into t.he um (2).at, a.recycle ratjo of. 1
R S e TP L A e84 ooy P e R BLIE: 1. The solvent
uS&olves ah NMBELONGhiER SofsBiehBout BOUABE Mehi OF Matdr: The extractive
there was no butene recycling (9) to the extractive
digtiflation eplvron (Ddiadrandipmpter A 80 ing andi wes e@uppedewith 70 bgbble-cap trays.

n)o_cl:l g%lssliilrxlgg coﬁn%nsgs: 11K3RsE Haas tdlea%le eerlcol% éon}n?n %1'115 \A?aglelfll%ped with 30
bubble-cap trays. The butane product stream (3) was completely condensed and partly
recycled into the column (2) at a recycle ratio of 1 kg/kg. The butene product stream (7)

obtained was cooled to 50°C and was completely in gaseous form, i.e. there was no butene ™~~~

recycling (9) to the extractive distillation column (2). The liquid stream occurring on cooling

to 50°C was conducted back into the column (5).

The operating parameters of the two columns were as follows:




30 The operatin araneters of the two col umms were

Lous: |8 February 2007 O 2. 6092 7 Columm Col um® February 2007
@%6%? Pressure ba 5.0 1.8 Tenperature Top C 47 50
Bottom C 102 148 Feed tray Buthanes buten s - 31
Solvent 60 30 Recycle ratio kg/kg 1.00 0.071 CQutputs
Condenser W400 100 Evaporator W 1200 1100 The
anmobunts and t he {conposi ti ons [of { O6lufin EeBRmal
reported in the|folJowmng taldle:|{ Cayunp (@) OCpl um
(5) Feed Feed TBpsédmé t om Tog Bat t om popduct 18f oduct
product product {T&@ugesatere NVP/[H20] But anes NVP7 HRO
But enes NVP/ H20 | / blTepnes (1) C6) (3) 474) (8)50( 6)
Tenperature [C].| 50|Bétt&f. 01 47.°@| 101.362p0. 0 {a@YV. 9
Mass stream [ kg/{hged3draQ0 30. 0Q1 1] 89 3I. 111 T.14j29.97
Mass fractions - BulBateaed tigdnieg| -D. 620 3] 0001 Q] 900
0. 005 0.139 -0.000 [BoBeitene [fkglkg] 0.68[0 0. GoP1
0.0101 0. 000 0. UR&cyBe@fi@ Ci %gRg[But en.dbkg’ K@Jo7D. 126
0. 0001 0.017] O./Odtpdts 0. 287 0.]000
Condenser W 400 100
Evaporator W 1200 1100

The amounts and the compositions of the streams are reported in the following table:

Column {2) Column (5)
Feed Feed Top Bottom Top Bottom
product | product | product | product |
Butanes | NMP/H20| Butanes| NMP/H20| Butenes | NMP/H20
{butenes
)] (6) 3) (4) (8) (6)
Temperature {°C] 50.7 50.0 47.2 101.7 50.0 147.9
Mass stream tka/hl 3.00 30.00 1.89 31.1 1.14 2897
Mass fractions
n-Butane [ka/kg] 0.620 0.000 0.900 0.005 0.139 0.000
1-Butene [ka/kg] 0.010 0.000 0.010 0.000 0.009 0.000
cis-2-Buten [katka] 0.120 0.000 0.017 0.011 0.287 0.000
trans-2-Butene [ka/kg] 0.250 0.000 0.069 0.020 0.544 0.000
Water [karkg] 0.000 0.083 0.004;  0.080 0.021 0.082
NMP [ka/kg] 0.000 0.917 0.000 0.884  0.000 0.918

This plant arrangement allowed a butane stream having 90% purity and a butene stream

having 84% purity to be obtained.
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trans-2-Butene [kg/kg] 0.250 0.000; 0.069 0.0201 %gebruary 2007

' nggéﬁaggooo Water [kg/kg] 0.000 0.0831 0.0041 0:0

82 5 NWP [kg/kg] 0.000 0.917 0.000 0. 884

1 0.000 0.918 This pl ant arrangenent allowed a butane

stream having 90% purity and a8butene stream having
84% purity to be obtained. 8 February 2007 O Z

Va3 3s dMbinded Mhat is clained is: 1. A process for
separating butenes and butanes by extractive
di stillation usi ng a polar extractant by 5 a)

£ Aokt b i bl ¢ GRS IRPL 0l BRRGy e o

fraﬁtabtantlg}onprl SI ng but anes and a bottomfract| on

grl Si ng butenes and the pol ar extractant and b)
i PEciively ydistidbing & shepm h@nmstsmgnbﬂﬁea@t path tutanes a)sing a polar

|nto I | ich c s the

but enés gﬂgpgé hoﬁ’%ltl b%ﬁ%’% f}?c\ﬁ{g& f%ﬂp UEBF, ARd & Yoffgm fraction
pol arcorﬂ&sﬁi@ﬁnﬁ@k@%dthb%bﬁﬂeﬁ'@&!ﬁt&% t he hi gh boi |l er

fraction fromb) conprising the polar extractants,

i ntby dastllatinely sgpirating ﬁwd:g%toay fractienrfusiom 2) ingoadows bodex fractxon which
of th ction S is s r at ed

a seccgorrlIll e%gir]éat |urtwgne§ta§‘8e E@h g""%ﬁt% o WhIth' Comiprises the polar
but enext@etah@i ni ng fraction and a fraction conprising

the pol ar extractant, and the fraction ContE” sing the
polpearpg eydled thgdigh Boiles ésa@u@u fropn & qomprigingtthe peler extractants, into the

ﬂﬁ%f st age 2. The process as clained in
cI al m@ﬁdno a\)\?her ein the distillative separation of

stwiygein) is carried out at a pressure of from0.5to 5
bar. 3. The process as clainmed in claim1 or 2,
vm@mﬁ 4 allbof tbe low¢ b‘Plb’ﬁ figetierhef stege Was separatadzinai sewwfseparatmg stage

d 1ot xf.raction. st
TH @qg?%ébgezleggﬁc ﬁéd:l%l ag{i 2 f% éon compnsmg olazlt)' extractant, and the
fraction comprising the pola:r extractant is recycled into the distillative separation of stage

b).

2. The process as claimed in claim 1,
wherein

the distillative separation of stage b) is carried out at a pressure of from 0.5 to 5 bar.

3. The process as claimed in claim 1 or 2,
wherein

a portion of the low boiler fraction of stage b) is recycled into the extraction stage a).

4. The process as claimed in claim 3,
wherein

the recycle ratio of stage b) to stage a) is 0.01 — 0.5 kg/kg.

5. The process as claimed in either of ¢laims 3 or 4,

wherein,
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wherein the recycle ratio of stage b) to stage a) é%ebruaryzoo'r

0,01-.0.5 kg/kg. 30 5. The process as clained in
Oy

© claims 3 or 4, wherein, 8 February 2007

" 0Z 6092-WDO 9 the portion of the |ow boiler fraction

b) recycled into stage a) is conpressed to the
wor ki ng pressure of stage a). 6. The process as

cl enRition) o fike Rfw Hodlkr BradtidrOt Ihgbed i
recycle ratio of stage c) to gfge;gag) 'S % etO%L]J-elso(.:olInpressedto the
k gWREking mressWecofistageess as clainmed in any of clainms 1

to 6, wherein 10 the second separating stage c) is

effected by distillation at a pressure of 1 - 5 bar.

8. THSroBs9 §LARINRY ifi 2Ry BEEainft A5, 0f clainms 1 to 7,

wherein the second separating stage c) is effected by

cowhéraig t he | ow boiler fraction fromstage b) 15 to

from-10 to.+55C. 9. The pr.oc as clajnmed in any of
cI%Fﬁ?y%elr?}w@%%@PQW liﬁﬁ@r‘@)@tk@l&g-ant i s used
anhydrously or in a mxture with fromO0.1 to 20% by
wei ght 20 of water. 11. The process as clained in any
bf The pravsssiastclrimed in adyanfelaims héo 0l ar extract ant used
i s_dinethylformam de, N nethylpyrrolidone,
ac®tfrile, 25 furfural, N-fornyl norpholine or

di #KB s6h@ 6&JaRtfiing Stage c) is effected by distillation at a pressure of 1 — 5 bar.

8. The process as claimed in any of claims 1 to 7,
wherein
the second separating stage c) is effected by cooling the low boiler fraction from stage b)
to from -10 to +55°C,

9. The process as claimed in any of claims 1 to §,
wherein
the polar extractant is used anhydrously or in 2 mixture with from 0.1 to 20% by weight

of water.

11. The process as claimed in any of claims 1 to 10,

wherein
the polar extractant used is dimethylformamide, N-methylpyrmrolidone, acetonitrile,
furfural, N-formylmorpholine or dimethylacetamide.



