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O Z 6092 1 Separation of butenes and butanes by

_Gxteeptive distillation using a polar extractant The

invention relates to a process for separating butenes
and butanes froma stream conﬁrl si ng C4- hydrocar bons
by extractive distillation using a polar extractant. 5
But enes and but anes are products in high industrial
denand and ar e usual |y obtained by working up cuts
ationi of butenesar danps by éxtiactise distillatiomagihg h polar extractant
crackers In the avai |l able raw material sources, the
different isonmers of the butenes and butanes and al so
THet AERIGh 3Ei8tes %e§e§}5cés§‘ %?rs\é?zﬁgm@ %&gﬁ:é Q- b tanes from a stream
But adi ene nmay either be converted to n-butenes lb
chygrisigg fathydrocarbongbpearhcfivodistikene usingtapobs el&;tactant
extractive distillati on For further workup of the
but enes and but anes, i's frequently necessary to
f t n :

RARL I GRER 4 ?”f?‘#?yﬁ"o hinfiied, SRS IRTGE Rl obtsined by
wakmgtuppmssmohlmlsmg @ Higydrquarbons ént ﬁemn bedapghyhasiriigkes. In the available
di sti Il[?ztlon hat it 1s necessary to resort to

TRV eteriad sanrses, ﬁlge ifprsabisemsrs ofghefutehrs 3ndddanes and also butadiene are
SR in THHAEL D Poflinl ELAANS it DB L SHLURI B mouiens by

hyldegsepianatriramoedd fomdhestmikneedbpbxibastiaedBfatyn. For further workup
%_tractlve distillation with an extractant such as

thesbuignesiand dutaishdt SNEmapeRily TgESSeRY S@p%rg@éhem fronpgach other. As a
cf)la,{r%ﬁﬁ%%g t\’Elg’ @é?ﬁr gxlo? ."E*ﬁ%{o g@pﬁggﬁf»{&& 9s ngt possible in the
putitiéd idqatrt:db rbycsixhpmlst‘l’[lunsnds& sk VeR ideessatyefol Rbdit to other separating
constituents in the extractant, so that the |ess
PF¥A&BRCPy sol ubl e aliphatic constituents may be renoved.
For further separation or for recovery of the
extractant, a partial desorption of the butenes from

Grhﬂleeiﬁdi@tﬁ?ihl is€alé, heitracive dRAIIIENSURHRpold RIRSSHIER Qdually used. For
from4 to 5 bar. To recover the remni nder of the

instancacERMO] §48cdesgibescthe |Sspasalm@e@ﬁ1@ sl opt ifised @f batadigne by extractive

déssgg &S al with$ %%B];r sgé'lg - 1%85@21’?&%}%%2}3% roir DMEF in 3 stages: in the
ﬁi‘ét'ﬁﬂg@ﬂh& QfafBip AEehRBoridRl Bixt@ ‘ii Ahiged vﬁtﬁrthe extractant in an extractive

but ene/ but ane = separati on. This docunent al so states
distiflatiom telamnt Bbis :sspbvcs itheeoldfisicidohstitioms anthe teltractant, so that the less

r val . of he all stltue fromthe .

Y Pl e B P BRie ebe toreevi B 4 esparation or for recovery

OP ﬂ{eaé’xtra%hf @%ﬁﬁl‘l dés%rﬁtﬁ)(ﬁ%f%ﬁ@ gut@ﬂes@‘r&ﬁ?ﬁér BlidaBis Stﬁé?‘l%med out under
from1 fo at nospheres while recycling the 3

ama]e@uret pf dfont Hetoe&tbaacTcamecov&'m éebrenemder fof athe |emnaatant the extract is

sfﬂgs%glgen?l boHe 2k1Jtl'Iat tg{l]i%gra!curr]e gf g(l),lrgll 1f4|0%g t1 17(9 % gr}daa%mospthenc pressure.

cE‘D

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 hydrocarbon 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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an eI evated pressure of from1l to 15 atnospheres; the
?jtractant obtained in this way is O Z 6092 2

recyc ed back into the extraction distillation stage.

According to the exanples, the ®extractant still

contains large proportions of butenes which are

recycled wiwth the extractant, i.e. recirculated. This

mw@debagbtimo dhe¢ gxtrastior dititlntiaasthge. Wivkandirgatbl the eﬁamples the extractant

snowb enfoundthat(gt eene utrlrzatrqen ofﬁé

5o S‘rr&segrgegﬂna@ e ‘r‘tﬁ‘ﬂﬁso hogre EGyele 0 xtractan, i
@élrédikﬁe@mtxs Eﬁerr SicHly Ea LBiaBRd ff om a
process technol ogy pornt vre he present

i nvention therefore provr des a process for separating

Etenes an E 10 extractive distillation
i, w%biﬁa #iBe pagrey Bt;/h%@}we Rt theeKisting progesses My hgimproved by

t
dglxat?%aglq ?g%@%fgﬁéogl'aﬂlg%ﬁs v@ﬂ@ﬁ thr > e &)ﬁﬂﬁzc‘edrﬁ%rﬂ% gﬁg@e{gs ?erchnology point
afivieva bottom fracti on corrprr Si ng butenes and the

pol ar extractant and b) destillatively separating the
bottomfraction froma) into a |low boiler fraction 15

L

extrgttivealistidlatibn asing @ ofar ex@rdelaneByPr i si ng the pol ar

extractants is reycl ed into the extraction stage a).

20 THe butshctively lﬁtéhns@tsareﬁ@dcqmprrsmgsbwm@dfbms using a polar
suffici entek%ac tp(8 o%qau‘:f )éttr f);ctt Oac? ach{ppﬁgg bélﬁnss ﬁﬁ% @t bottom fraction

appl i cations.

a portion cernphhia bQWnémaldthe f)éléﬁé)dtﬁﬁtanlfa[rﬁm stage b)
may be recycl ed |nto the extraction stage a). In

practDce, dastiligively seeargtingethe doitom fracsionstange) jto tadow boiler fraction
t tQ be 0.01 f
0. 08 - b, 3P IGE%eb T BpBugirid # o thil? bl Gl omprises the

as the ratpbmr@itrgc%tanount recycled to the amount of
product. In Fig. 1, the recycle ratio corresponds to

i prehichie ihight bQ;l‘er SeetiomEon irdnrisSgabepdlyr ¢xsragentsriskdaycled into the
@E‘% ftoor from1.0 to 5 bar. Wen stage a) has a
|§?1e "%}g& sure level, the portion of the |ow boiler
fraction recycled fromb) into stage a) may be
reconpressed to 30 the pressure of stage a). Such a
15160105@}? fractiont dhitained bytlﬁi; g\ray]is fread tsbffs:iqmlgoafsmlart ¢rgractant for many
. 1s separated in th

ab {ian e/ but ene .
RRYGA0PS. r?rsa{lggg)r?\?}’i $CR {31 ing, Hefp & z(g?rtrgﬂoof the low boiler fraction
R Glab®B) nfeQ RIeSc ﬁltlﬁth@étxﬁﬁaﬁ)naﬁ% apfﬂ ﬁ’éﬁnce a useful recycle ratio

extractant 4) tream (4) is separate
frfing stagd blﬂocstage)alhasaﬁ@@n to be 0.01 — 0.5 kg/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 butane/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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3 stage (5) into a high boiler fraction (6) which
dt:) Qses the pol ar extractant and possibly still

out.enes, and a |l ow boiler fraction (7) which includes

t he butenes and possibly residdes of extractant. Sone

or all of stream (7) is renoved and optionally

processed further (8) and/or recycled back into
stage (adnto arhigh bojder (fRictiah (@rwldch ophprisea Ithecpnhufmaétam and possibly still

st age 0),. 5 The co si on, st 0), may al be
bliep ﬁéé afopabeifes (RSt ?)eg B rincliges e bulamys A poskibly residues of
%t nal d'?&&h
ea%corrp et ef’y ngggﬁdé’g %se uer‘Fﬁ\% ﬂalfl}y Pmcggs er (8) and/or
rdciycjed Hadkantm eDm'acthlmmgec(TZ) ﬁ&d aﬁepu@iade cahpresdion dthige (10).
Instead of, or in addition to, a conpression stage,
the recycle stream may be cool ed. This cooling stage

Tﬁg g%]ngre§§1(§§§£ C@@%&QQ g@éb& Fﬁ'argg AR dg\)&r%@eargl%f %}% distillation stage,

pre er abl sSp eC| vari an
s@ e ehs lawclﬁmkérmgbtbmeﬂ heorh riv @iyl b&’lc&ﬁﬁleﬂeljf bhddked and subsequently
se arating stage c¢). In this stage, sone or all of

diipfiaweifpan intp aradpghangfreeyclegired. | s separated in a
second separating 15 stage c) into a butene-containing
fraction and a fraction conprising the polar

Iisxdat &4} @inin adifiton td)e Eorapressioh S0HFthé rdtgcleltreR® Mhy be cooled. This
extractant is recycled into the distillative

cedlingrstage shoud elect geoling ofjthe strramptedtass s1GitocbYICnprefesably 0 - 35°C.
the invention, inportance attaches to the order of the
pressure 20 IeveI s of pressure stages a), b) and
IoPptperiavhryant ) the phResdl tordinatth ViR $OBRIOAHaO R fitherts@@Ratihe stage c). In
is preferably carried out at a pressure of from1l to
thhgstagd, gorpa et &l of the lowdwiler fractionipéstags h) issepasatddircesecond separating

essur.e, .t he tenper.at vary fro

sttt § oBleh 2o Finine FrgiP80 % #4cgBn SOimfrishedh fofar gumactant, and

tHefﬂﬂ:ﬁoﬁ’ @6lhpﬁ§1n?fhet PRarRStaétamit kRGEIRM inth $he EERYSRTe %c\!;?a?atlon of stage
at relatively tenperatures in a benign manner for

blhe ol efinic constituents. 25 The second separation of
stage c) of the process according to the invention is
preferably carried out by distillation at a pressure

1P thelproces? a@&frdmg Mo RAE Ghvertias, 1§1porth&az[ttacﬂ_&' t% thE Qr&etSof the pressure
variant is illuStrated in détail by Figure 2

lefvols| afvymessTiteestageara)i by ahd dpvamllyor). The distidatide separatlon in stage b) is
reacted in . the extraction with a polar

PISIATRIY (A QO A PrEHES Bttt § § b?aylrbearﬁe%wéranhé to 3 bar. In

a&ot@MedRith Bis pfedGilré, Qe tehiRrRUEERGT (ﬁgﬂjlid]e Carm articular from 125
extractant as the bottomfraction are g

- 466 [h #iis wy,se}aageapomnn ¢bhe pate eatraotanthmreenco)fed keuéremaslatlvely low
and the PO| ar extract? IS renoved as the | ow boiler

tempg&nllrSh aslyemgpnxga 018’5912 cgnstltuents

The second separation of stage 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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boiler fraction generally still conprises 1-6% by
[ of extractant. When water is present, the

561 vernt fraction of the | ow boi‘Ler fraction consists

mainly of water, and in the case of the NW/ water

system approx. 1.5 - 3%of this fraction consists of

water with approx. 100 - 1000 ppm of NMP. The stream

bolyr fractonizseerainstily complised 166261ty weightrdffextracaaich vaater is present,
tage (7) 5 to.qgive the pure butenes (8), and snal],

ti plrents Reirs O fhe i hoed Histian consing regly e DEYoroad indhe case of the
. . 0 & 9o . . . . )

I‘?{élgg?rzg% %?g{eg{, aaggi 5;1‘:5( D)é” 662%{5 Iﬂﬁg @éﬁﬁ(ﬁﬂ%&%&?ﬁ {)@&fatfef With approx. 100

1060 ppmesfaNIVIP. The stheanh(6) énadsd@Enityndotked upanartadhdd@eparating stage (7)

performance of the col um (7B§;r the stream (9) may
tQ ey the BHfsr Puiencp ($le Aed small aear emennts of theeexigrignts and any water as the

i T ' i-ler tion 0 ' -
5698 Bk 0 L ORI RGN ARk M B, B an e pusi
requitet@ass dfftke batends (8Y aftf the RepRedm pekfdr@¥hdeadttBditoliutin (7), the stream

recycled into extraction stage (2). In this process

Qampywpitll eeypprise kudenss xsaddifion taribl pelacediaciagt. Jtha digh(boilpr fraction (10)

' us. | he second separatjn tage c), .
Vﬁ‘é}?%%%gr a egir %‘sth{? g‘}r%/t FPOM49 St-agigg)@lfdnmg@ﬁ g}fn éfonty of the polar
ewtridlantt iS Gre@fcRIISIME ef@ictiod Btdgd @).F I tHAE prdREACERRnt too, a compression
variant, the second process stage c) is not carried

apiyor pgolimgstage (bbilvedvagagequst i on, but rather by cooling

the low boiler fraction fromstage b) to from-10 to

+55C, preferably 0-55C, in particular 0-35C. The
Iﬂ&l%sﬁuéxﬁﬁse?ﬁmﬁ fape IcRthd RinfpePHIROIBryVREM 40r-0100°¢ if) abrdance with
5 bar, prefer ab?y&%r o?n 1-3.1.% bar . Thriys vari ant may b
thgprassuegebusl y be used anywhere 20 where inexpensive

~cooling energy is available. A so, there are none of

the capital costs for pressure-resistant apparatus

I QUHIrheH ptdtebs) arftinh Sthe REAKRIS Sro¥ds MbeSc) {EMh - N
of the grpocgss according to ?‘rﬁ’ S b Rt ééﬁ?élgggmﬁts%y distillative

[ e i nventi‘on nmay
separationy but rathed byicoolingthe dowt bodér FagionXromlstagebyto frtve —10 to +55°C,

N S e D aelydeelned g
19PRASBEL b égl’)%raga%frﬁﬁl P—%dlga'i_’) T}uI‘\%nQHtlf 121?3? ﬁd\(a%}alg@&%(ljy be used anywhere

T
recycl ed '( renove Inasim manne
vderpmespinsiveandling enagy ingvailhblge Alsb] thers areeeadechfi the capital costs for
this variant. In both process variants, the polar
LSRR FEBH A PSS ITHBE AYIET BROGEHAEARBNE) , N
nmet hyl pyrrol i done, acetonitrile, furfural,
N-f or nyl nmor phol i ne or di net hyl acet ani de. The 30
Tt vaziahtooft the peedssayordgusehk miveiten @y jikewiss by iltustrated with the aid

irtyally aphydrously or else in a mxture of from
opFig. £o alﬁ%wgﬁgwcem ?S/epmaélpé FEBE {7)fiF BAt designed gopsstillative separation,
. : o . .
S oy IO PO LB e AR EL Mo o o
1168 Sizhifar 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.



10

15

20

25

30

The extraction distillation of stage a) is preferably

‘(g?ré@%ned at a tenperature of from40 to 100C and a
e

re of from2 to 15 bar. Customarily, such
colums are operated in countercurrent, i.e. the
extractant is introduced into the colum from above
and the streamto be extracted from bel ow.
Thptextractidnydistillatioftdf stape a)rispryfead v paxdorired at A térhiperature of from 40 to
m ddl e portion of ggt he columm. In the_present case,

IRE @nd ) preseur pinfremy 24m 12 bee Eustomatiligsycd columns are operated in
cBﬁlﬁ{al%EJ?%}’i.e.%ﬁ@%ﬁfﬁ%ﬁisﬁﬂﬁb@&%@i&g tﬁ@golﬁr%%% e and the stream to
contacted W't e polar exiractant as a gas streamin

ba extracted frain below. OptidnallyStht,Cteber @by ¥sd Be fed inbthd middle portion of
(gas: | i qui d%é Advant ageously, the colum is equipped
thg epfuma dp ABg Presentrerseioihe fac kydrgearben piresm de by axagied is preferably

el(\:/%{og%%ﬁ? éf%%gxgxeof The JO%%ﬁJ[I e 9%16& dX\%vﬁﬁ éﬁe?;ﬁ)_la?%ﬁ%gc%am as a gas stream in a

ut ene-cC al ni
39 BaticaBe ) 5:11S- bheprdfeasver:i n 6L (ﬁ@aﬁm@. Aawﬁt@ggaus‘lﬁdthe column is
to a further use. The bottom of the colum nmay be
eheiapetiwith ietemals|of rgpdoni packingaltd providedr wasyriargs exshhngsfsurface area. At
the b omfraction may be.fed to a distillative, . .
thc o b ol HhS B co NGt mRpfe Mo iR is then removed in
8360l EdrinVghdhed td b Ifigriied is€ OtHEMBdHOAVEY tRE ¥8MnlRay ke héhted externally or
_particular random packi ngs, bubble-cap trays or valve
interppHy, &g Jomegompale PE theebottom drichemmay theefed4o it distéliative separation in

bt ali ned_.at. the t of the. col. (stream.3 in the . .
s B 850 enteis BF e beire bt RuhE R SRR e BisyEh aqibe i prticulr
raxmohallsiad@a_fbubbﬁ-da?k@ps Spfal@ch/Rt . I n this context,
recycle ratios of TromO0.5 to 2, in particular of 1:1,
have proven useful. The bottom fraction obtained from

st age. a) ,i s, subse nily decoppressed and preferably .
13 6 e RS ERRR TS b et ABIREQ et FELOP oh (ofdian Sptream 3 in the

LRR) B) &y €OhdbiBed shdRfapPreaPlivd {o becRYyadh (e S48 actant. In thi
f%ack)l ngcgmgnmd gperat ed inqj::aou}ﬁt e?‘%:urrent ata a boEEtom crant. fn s
coetpereaycle eatws of from A2 @ 2.0n padRGlar $hHé: 1 cldve proveatuselioks

are recycled into the extraction distillation of stage

a). The low boiler fraction which is to be renoved at

: i t.anes

O e OB St B A S PGy Sblpressed pad prefersbly
candvenylen dtieutop ob thefdistilalon teluib@fareg b) 2bhit belamhés pteferably filled with

urification stage c). In the process variant of Fig.
randogry, gagkiRgspRnd) eperated db icgRnigcuEERipathy bRHEm tgmpgraye sfrom 120 to

16HEUER @lufif :EB&&E? .En%nreg); i@ fhe! Fﬁ&%ﬂﬁ?tﬁﬁtﬁggg)ftsté%: a). The low

pressure I evel's nenti oned. e purification s

boHgt frhsonbehiopes at Bel rasowdcauhé edrc biid esrhpiibes tthd bateh@nand the small
plant in which the [ ow boiler fraction 30 from st age .
agpupts of fag pRlgicEdrarARomeHonsd it enalest tormempsragisa of fige 30 to 60°C and

meleli:11 toeé&d{ﬁ%tigp%tﬁ%c%uwl ated in the bottomis not

extract [ Xtraction distillation of stage

a), but exclusively into the purification stage b). A

recycle ratio between the purification stages b) and
Ip yhegprogesg orariant of, FigoBothg 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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0.1 kg/ kg, preferably 0.01 - 0.1 kg/kg, has proven
etfE . The recycle ratio is defined here as the
1"ént of the amount recycl e%{i n stage b) to the
amount introduced into purification stage c). In Fig.
2, this corresponds to the ratio of the streans 9:6.
In this separating stage too, preference is given to
Orlekg/kg, ipnefermblydd.01 o19. bkg/kbchasppoyenadefid. Thetrecyicleeratio lisidefined here as
[ ' rformance. Wien the

T%agﬂllé& er@lgg Q{?th %ﬁ?uslﬁig%% %t fﬁn%%@ W)@‘Eﬂ”@t 1r§rqdlyp§qq iyto purification
I
9P BT 50T U DO S e o

pheiérence ﬁrgmvhmcmsre@mﬁngra muticr0 oS thehes prddact ke totdimn Reimprove the
top of the colum by neans of a 10 decanter and is

S?l@é%ﬁﬁllgé’ﬁ PRYEIC&eparati ng stage b), optionally with

prem xing with the polar extractant. In the

alternative process variant of Figure 2, the

W&ﬁﬁﬂ'&t polgr ekagart)uded Ped ftgdrme mixhie, Uh farth&Q reaiaflS Sépharating stage
as condenser of stage b). To this end, it is

f@i&v@gg éﬁg/ S@Rﬁrﬁwt&eep» isceemmeadeds tyhwhichyihp diuteses are removed as

nperat.ure of a
o5 85 Fakbot Bt STRAO R TP b PELR s gy means of
db@ﬁql%rldﬁﬂ% tr&@clédhﬁfmsél@)irahﬁg% BUEr eptioneIy withxpreRliing 2Ath the polar
The extractive distillation (2) of the butane/butene
cKkiradtate (1), and also the renoval of the butenes (7)
fromthe solvent (6) was carried out using a plant
according to Fig. 1. The solvent used was an NWP/ F120

Iikhel AltePnRiQBREdcesdGarRiRP Ut FERYe Qyth\é@blsﬂ?inﬂgf @é@ s pIHsrmed without a
extractive distillation colum (2) had a anet er of

CODPrERIcAAs aeRs C@qlansgsp etistage b). 70 tbua l@bd,st Iﬁa}@C@SSaySO comp@tely condense

tléeﬁlag/ illegﬁaét gn%&ia %?) %ak 4 Sf%%?gf g%{glm? r@yg CTﬁeportlon o of the liquid

fﬁb‘ﬁ&f‘ﬁ rédyerd %ﬁcl@ﬁf&@@*c()fh}mi/‘@ﬁn commbeinely. condensed and
partly recycled into the colum (2) at a recycle

ratio of 1 kg/kg. The butene product stream (7)
bt aj ned was cooled to 50C and was conpletely in
us form i.e. there was no butene recycling (9)
to the extractive distillation colum (2). The |iquid
stream occurring on cooling to 50C was conducted back
Thateatradtveabstilimionf §3). o3the Thuganebateat innigtypa  Brrend plso ahe removal of the
the t col uims were as foll ws Z. 6092 7
bgtpn@) SN ﬁﬂlvelzt)(gg)vas came out usglg a plant according to Fig. 1. The solvent
used was an NMP/H,O mixture comprising about 80% by weight of water. The extractive
distillation column (2) had a diameter of 80 mm and was equipped with 70 bubble-cap trays.
The outgassing column (5) likewise had a diameter of 80 mm and was equipped 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:



Pressurebar5.01. 8 Tenperature TopC4750 BottonCl 102148

e

of the streans are reported in the follow ng tabl e:

Qut puts Co
Evapor at or WL2001100 The anount

enser WA00100,
and the conpositions

5

) g{gr ay Butanes butens -31-~ Sol vent-)60307, Recycle
rat 1 okg/ kgl. 000. 07!

NVP [kg/ kg] 0.000 0.917 0.000 0.884 0.000 0.918 Col urm

(2) Col um (5) {Feed’Feed i Top [Bot t Gelumgp| Solumon
product pr oduct produict pr oduct |But gnef) NMP/ HBDi _ But anes
NVP/ H20But enes NIVPes¢E / but enesbat] i (1) 6.6) (3) (48[ 8) (6)
Tenper at ur e[ C|] 150em&at@e47. 21101, 7150. 0fL147. 9 Mass
streanf kg/ h] ! 3. 0030.Te@1. 89; 31. 2C¢11. 1429| 97 NS5
fractions Bottom °C 102 148
n- But ane[ kg/ kg] OFee@@a9. 000! 0./9000. 0050. 1390. 00D
1- But ene[ kg/ kg] 0. 01/BL@n&0Bkeéde®1010. 00G10. 0091G| 000
|Solvent - 60 30
Recycle ratio ka/kg 1.00 0.07
Outputs
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
(1) (6) (3) (4) (8) (6)
Temperature [°C] 50.7 50.0 47.2 101.7 50.0 147.9
Mass stream fka/h] 3.00 30.00 1.89 31.11 1.14 29.97
Mass fractions
n-Butane [ka/kg] 0.620 0.000 0.900 0.005 0.139 0.000
1-Butene [kag/kg] 0.010 0.000 0.010 0.000 0.009 0.000
cis-2-Buten | [kg/kg] 0.120 0.000 0.017 0.011 0.287 0.000
trans-2-Butene  [kg/kg] 0.250 0.000 0.069 0.020 0.544 0.000
Water | [ka/kg] 0.000 0.083 0.004 0.080 0.021 0.082
NMP [ka/kgl 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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ci s- 2- But en[ kg/ kg] , 0. 12010. 000! 0. 017! 0. 01110. 2870. 000

. (.71 6@915- 2- But end, [ kg/ kg] ! 0. 250! . 0. 000;

0. 06910. 020! 0. 544! 0. 000" Water[ kg/ kg] 0. 00010. 083;
0. 00410. 0800. 0210. 082 This plant arrangenent allowed a
but ane stream having 90% purity and a butene stream
having 84% purity to be obtained. O Z 6092 Wiat is
claimed is: 8 1. A process §or separating butenes and
scetaimeddsct racti ve distillation using a polar
extractant by 5 a) extractively distilling a stream
conpri sing butenes and butanes using a pol ar

XA bRt 50 ' | el i

T FoaR) fooplkdting Bl i Gl BRI FL Ot AN Ssing 2 polar
poleatractadtrbgect ant and b) destillatively separating the
bottomfraction froma) into a | ow boiler fraction

whi ®n exXEacHelys distidling susEeas GomPrising; Ghtenesi aad butanes using a polar
f i ' i the..pol 10 extract ant, .
2t Sl SBIRY 55 58E) G REL 0 tovom

from lepnpoisipgibatends iﬂmth@gblafeﬁiqct@ewts into the
extraction stage a). 15 2. The process as clainmed in

cl abmdestillafivelyesseparating te dottpmafraction feamaehintoa low beilegfeaction which

b) is rried out at a pressur f. fromO0.5 to,5 bar..
3, TheORPEECE bufthef B °F ME Foiter Bituan whigh, pises the polar
a por ekefictadt, t he | ow boiler fraction of stage b) is

recycled into the extraction stage a). 4. The process
as Whiehi epseprises cl ai m 3, wherein 25 the recycle ratio

153008, e SR P BB, BB P s o o

whexgadtiontstge@prti on of the | ow boiler fraction b)
recycled into stage a) is conpressed to the

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 claims 3 or 4,
wherein,
the portion of the low boiler fraction b) recycled into stage a) is compressed to the

working pressure of stage a).
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30 working pressure of stage a). O Z 6092 9 6. The
0 as clained in any of clains 1 to 5, wherein,
soime or all of the low boiler fraction of stage b) is
separated in a second separating stage c) into a
but ene-containing fraction and a fraction conprising
the polar extractant, and the 5 fraction conprising
tth & hegplreneseast dl@inted b anysof dlaiysl lewd 5,nt o the distillative
sepagrat.ion of stage b). 7. The process as clained in
cl é’i’ahﬁ"%‘}s wherein 10 the recycle ratio of stage c) to

st %81%6?(’ iairﬁ)f L bcglre} #é%&\}g of %“%J‘E}ﬁsé Qépg.gag%cginaassecond separating stage

clarne claim6 o

sepnimb abytent2gRaitiing Batfoheat adrdeyiosl cahpilidiag therpoddr efttractant, and the
pressure of 1- 5 bar. 15 9. The process as clainmed in

c| dFagtiqn eemprisingyhemelas exiactartdsregyelep intathertistilatiye seppration of stage
is,effected by cooling the | ow boiler fraction from

stgﬁe b) to from-10 to +55C. 20 10. The process as

claimed in any of clains 1 to'9, wherein the polar

extractant is used anhydrously or in a mxture with

{7 dike Prdcessasxisigned imelagnd, of water. 25 11. The

process as claimed in any of clains 1 to 10, wherein

t hé" 58 8r extractant used is di nethyl formani de,

N- BIR YW F4iBdf 9@BE c) BGRAcR) id 0.061 — bUriigaeal |
N-f or rry*rmr plhol [ ng g)r di rre:bzyl acet am déé&%o
8. ‘The process as claimed in claim 6 or 7,

wherein

the second separating stage c) is effected by distillation at a pressure of 1 — 5 bar.

9. The process as claimed in claim 7 or 8,
wherein
the second separating stage c) is effected by cooling the low boiler fraction from stage b)

to from -10 to +55°C.

10. The process as claimed in any of claims 1 to 9,
wherein
the polar extractant is used anhydrously or in a 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-methylpyrrolidone, acetonitrile, furfural,
N-formylmorpholine or dimethylacetamide.



