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Descri pti on PRODUCTI ON OF HI GH PURI TY BUTENE-1 FROM C4
OLEFI NS/ PARAFFI NS M XED GAS Technical Field The
present invention relates to a nethod and its
apparatus for the separation of butene-1 froma 4
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[ Table 1 Boiling point of the C4 hydrocarbon m xture

Conmponents Mol ecul ar wei ght Boiling point (C
Background Art

The known method for the separation of butene-1 from a C4 hydrocarbon mixed gas
including C4 olefins (butene-1, trans-2-butene, cis-2-butene, et.) and C4 parafins
(normal butane, isobutane, etc.) involves mainly a distillation process. However, the
known method requires the use of distillation towers with a large number of frac-
tionation plates due to the small boiling-point differenc of the products to be separated

and thus leads to high consumption of energy and to high investment costs.
Table 1

[Table 1]

[Table |

Boiling point of the C4 hydrocarbon mixture

Components Molecular weight Boiling point (°C)
Isobutane 58.124 -11.7
Isobutene 56.108 -6.9
Butene-1 56.108 -6.3
1,3-Butadiene 54.092 -4.4
Normal-butane 58.124 -0.5
Trans-2-butene 56.108 0.3
Cis-2-butene 56.108 3.7

U.S. patent 4,718,986(1988) discloses a process for producing butene-1 of more than
99wt% from the C4 hydrocarbon mixture of butene-1/isobutane/normal butane/
butene-2 by using two distillation towers. According to the above patent invention, the
C4 mixture is introduced into the first distillation tower to remove isobutane from the

top of the tower. The lower stream from the first distillation tower is introduced into
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the second distillation tower, obtaining butene-1 with a purity of 9wt% from the top
of the second tower and discharging a mixture of normal butane, butene-2 and butene-
1 from the bottom of the second tower. However, since a considerable amount of
butene-1 is discharged with the isobutane stream from the top of the first tower and
also with the mixture of normal butane, butene-2 and butene-1 from the bottom of the
second tower, the above process results in much loss of butene-1.

There are a number of known techniques relating to the adsorption-separation
processes for a C4 hydrocarbon mixture, for example, a technique for separating
butene-1 from a mixture including butene-1/butene-2/isobutylene by using type X or Y
zeolite containing potassium ion or barium ion (US 3,723,561, Mar. 27, 1973), a
technique for separating butene-1 from a liquid C4 hydrocarbon mixture by using type
K-X zeolite (US 4,119,678, Oct. 10, 1978), a technique for separating normal C4 hy-
drocarbon mixture and isobutylene by using a molecular sieve selective to normal C4
hydrocarbon mixture (US 4,455,445, Jun. 19, 1984), a technique for selectively
separating alfa olefin alone from olefins having more than 4 carbon atoms by a liquid
adsorption process using a zeolite molecular sieve (US pat. 5,132,485, 1992), a
pressure-swing adsorption process for the separation of olefins/paraffins having 2-6
carbon atoms in vapor phase by using type 4A zeolite (US pat 5,365,011, 1994), and a
technique for separating paraffins from a mixture of olefins/paratfins having 2-6
carbon atoms in vapor phase using type X or Y zeolite and reproducing the adsorbents
used in the adsorption process by using desorbents (EP 0708070 B1, 1999). The U.S.
patent no. 5, 955,640 (1999) discloses a process of improving the yield of butene-1 by
converting butene-2 components into butene-1 while removing a portion of paraffin
components by using an adsorption process in order to prevent the accumulation of un-
reacted paraffin components in the process.

However, distillation using two towers connected in series as shown in the above
U.S. patent no. 4,718,986 (1998) is the only process used for obtaining butene-1 with
high purity from the C4 olefins/paraffins mixture gas. Till now, there is no adsorptive-
separation techniques that can separate butene-1 with high purity from a mixture of C4
olefins/paraffins by selectively separating C4 olefin mixture gas from C4 olefins/
paraffins mixture by an adsorption process and then obtaining high purity butene-1
from C4 olefin mixture gas selectively separated from the adsorption process by a dis-

tillation process, as can be achieved by the present invention.

Disclosure of Invention

Technical Problem

The existing distillation processes for separating betene-1 from a mixture of olefins/
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atons by a liquid adsorption process using a zeolite

nmol ecul ar sieve (US pat. 5,132,485, 1992), a

pr Asbiandagepus) Bption process for the separation

o T PSR AL g i AR
19p@yess gappiged only of multi-stage distillation tower by using a hybrid process
consisted of a olefins/paraffins adsorption separation process and a olefin distillation
process.
Now, some embodiments of the present invention are illustrated with reference to the
drawings accompanied. However, it is understood that the illustrated embodiments of
the present invention are intended to be examples only and the invention is not limited

to any embodiments.

Brief Description of the Drawings

Fig. 1 is a schematic view of the process of obtaining high purity butene-1 from a
mixture gas of C4 olefins/paratfins according to the method of the present invention.
The method of the present invention comprises a adsorption process (A) for separating
the C4 olefins via selective adsorption and a distillation process (B) for producing
butene-1 from the olefin components

Fig. 2 is a schematic view of the apparatus for the production of high purity butene-1
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techni que for separating paraffins froma m xture of
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the adsorption step and thus increasing the purity of olefins; and a desorption step of
obtaining high purity olefins by introducing desorbents into the adsorption towers after

the completion of the rinse step to desorb the C4 olefins and introduce the olefins/
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Advant ageous Effects [151The present invention can
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placement desorption with desorbents (desorption agents), in a facility composed of
three adsorption towers loaded with adsorbents which adsorb olefins selectively and
two distillation towers (one distillation tower for the separation of olefins/desorbents
and another distillation tower for the separation of paraffins/desorbents), which
comprises

an adsorption step for introducing the mixture gas of C4 olefins/paraffins into the
adsorption towers loaded with olefin selective adsorbent to adsorb olefins on the
adsorbents, discharge non-adsorbed paraffins and the desorbents retained in the
adsorption tower to the distillation cloumn for separation of paraffins and the
desorbents through the outlet of the adsorption tower; a C4 olefin rinse step of cleaning
a small amount of paraffins adsorbed together with olefins on the adsorbents by
introducing a portion of high purity C4 olefins resulting from the distillation process of
olefins/desorbents into the adsorption tower after the completion of the adsorption step
and thus increasing the purity of olefins ; and a desorption step of obtaining high purity
olefins by introducing desorbents into the adsorption towers after the completion of the
rinse step to desorb the C4 olefins and introduce the olefins/desorbents mixture to the
distillation tower for the separation of the olefins and the desorbents,

wherein said sequential adsorption, olefin rinse and desorption steps are repeatedly
performed in each of the adsorption towers, and

wherein each adsorption towers are operated to perform the different steps with each
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Best Mbde for Carrying Qut the Invention [23] The
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CofFRaHB RS A BRURE i e Ll ol op PErE ok fsyalve (1)

t owith tlaf €4 olefihklesobait dischargoife dohéuiads mltrptlg}othe%b/p (28 which is

Eg% cﬁ ?Otdwg ‘aghﬁ%lo"’l{‘t%g}%F Q?%d §rgcf \%ﬁ ‘E}{E gﬁﬁl{ (gyﬂlr%P%\lé)Hl%tvalve (3a)

esor connec
adwbmbtfee@ﬁ an emenst @chét plafing Ibredmeééﬁs/uhedlefﬂlftthm tower (D2), and in

ad%ﬁfoﬁtth@t% to‘PYl‘?eréWQIeﬁ QBERecRAUAH deLond B ls) ﬁ*r@%h the valve (4a)

pr ef er abl the nethod of the present I nvention
£ UMBIBAN gt e&@réﬁﬁbeaté 6?0@% dgrolefin tigsg stepdptoghe distillation

dl ﬁﬁlaaa(lgl)n Githhke &afdaftf(mhﬁmgp Wmﬁe BapHaRh fédlds phRffins and
tion.to

th
R DR P P G B G R e B bR PEEHSD, ana
st epth i @indpit €9shiougie thehalad Sor which leetllV}ErdeB(OIbel’ﬂe into the

ad essure by introducing the mxture gas of
é&p@%ﬁoﬁg ‘9‘% faffins into the adsorption tower

par fhe@dp(g[pp(preg)g\@r (AP )tin m@@@ﬁhe hgtt(ml@g thgrtewer is connected with the

eqpalingbh@Rt @4 ?(ﬁ‘ thd I%%Jtur@l 29 oPCE foféfﬁ@)p)(raﬂ%secfﬂdﬂlgh the valve (1b),
sel ective adsorbents for use in the a Sorptlon rocess

of Withéhenet H@&H@qurh@t&i%geﬁtng. ROyt (29 thpagh the valys) (e which is
ads@inbesd td e disbfatidr 0P 1332() siel wizh theadoyidiw t3) tliil{o&éh the,valve

1255 Saf At G B ¢t BB bRy SRR UBHRRIh PYRTD2). and

us@ winich tre taplsbihptiower ipravessd ofitht the corgluitdd) dfoughehe valve (4b)
pr %ﬁﬁgﬁm%&ﬁ@@ ﬂa? 2l g:n§ a@d&gﬁ) okﬁ? &e%ef%lﬁMQf g"‘iﬁﬂ%)qgtﬂdwtﬂlatlon

SO pre er SOTptI roces

et (31 . P (o et (7 rfotseh e, VAl TR SR Bich de parafins and
Sedabfel didcAgbd BoR BE hWNOHRER B ihtchhe tdis'tﬂl@t‘idrﬁt@w%@(’@f) and

o5 By BB Ak &ebvefv&@%bm*w T et nto the

pr adserpaioh yowérh t he adsor ptl on process of the rret hod of

t heth%r orRE(t)rll N EABFEH elﬁ @1&&%% %E) 3 o ﬂ KESis 2 riec?ed with the

adsor ower para |n sep ar
pr @e@mg cpedult tlo forGheammtirglgse PLECE O;tﬂfms/apalraéf)nsathmugh ¢ghe valve (lc),

L egRRA &4 Slehﬁ/d%%r%éht %hr’sgﬁar%{né?c]ona_ﬁl? N 'ﬂﬁ%ﬁz{r}{ the Q/\éﬁ/@t@g Rvhich is

al so provides an_adsorptio acl

di <ennetgd fothe fle@@aﬂ%tp‘v%ﬂ%@a@ﬁ%@l%ﬁlﬂéﬁ@%ﬂ £3 dhrorgh the valve (3¢)
ol ghichFedlis 36 I'zh’:ﬁfoﬁf@ﬁoff@4odsmef1}:ei17 uﬁctddlﬂyahé @@tlnﬁmrtm%vémn) Mand in

the. a acilit r abl S
bR Bped dedBbebl o) i 2opdiic OBl A velpe (o
butvkich 1ﬂ1r<fduom Paraffing almdsdega&emfs ffodn die@lleanm/gmmpaﬁfa the distillation
c [
B e T L St
t h@esmb@ntﬁrdem@erge@fromhe pesorprEMpdGPaintc the disﬁllswowev\ﬂgfl) and
of wRRROEIRUBY (6} (R BE BIFBALyeABS LK Rith B dWMiHe 4GSO D BRI the
in an adsorption facility including three adsorption
t OWEPEPUCAIPWE AD-2 7 and AD-3) | oaded with adsorbents
Whl ch adsorb ol efins selectively and two distillation
towers (one distillation tower (D2) for the separation
of ol efins/desorbents and another distillation tower
(D1 ) for the separation of paraffins/desorbents),
and by distilling the separated C4 olefins in the
d| stl [ atl on . tovver (B) to separate butene | fromthe

o Y o



[47]

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]

[44] the adsorption tower (AD- 1) in which the bottom

of the tower is connected with the feeding conduit ( I

) for the mxture gas of C4 & efins/paraffins through

the valve ( I a), with the C4 ol efin/desorbent

di scharging conduit (2) through the valve (2a) which

| S derdiaittaddn taavel B 1 twhich |sé1ﬁir:ht65nC4 puerfisEa) de@otbertd inlroduced

L 3 thro h Ve ) which feeds an
nofRg fshuithap e ﬁo% ‘g%éa SR o1 1'at & on
t owdte diatiom taveir nDﬂhwhhh tstrmretteqocébletﬁhe andugsprhiegts introduced
COHB fl@gds Oﬁtﬁnttg\@e& gﬂﬁul tA]ﬁ@ ngl hatntdl']e val ve (4a)

|ntro uces i ns an eser ents fromthe

ol efherdlttﬂhgen K1ep (Bhtvblctl tiepagatey butpra- Bk disgllation ¢l the C4 olefins
vvltrbmtth@dﬁem@twntto&véa(ml)r ough the valve (5a) which

f eeds af and s di scharged from.t he
ndo bFSRA. L AR RGO ATRTGNOL BRarS Uy e further
wi inkluidbethe 9alai(7) iGGhe ¢dmdoitgh) doheeotal wahd Gajillaivnabwer (D1).

t he L akdifout BROPEAAR o Moy Ui AGERI pREI b Y ort o e
t ogdsprition ct@\mre othech axf edepdsetofcerliontya sagmengetof @dyorpiarn step

t h@le;mlf% UES a&?&es@fptlgﬂ sRbeh h?%cﬁéhﬁfﬂceﬂ R%nd fH PR tHrfadsorption
val ve the C4 ol efi n/desorbent 'di scharging

c ot%t@r% reﬁ@fﬂw @uﬂwhtaﬁtéwaﬁt\ﬁepa(rm the\parphsteR O¥SlaRe i @gh other
t Oahbigy the $éwdrk.ati on tower (D2), and with the conduit

(3) through the valve (3b) which feeds an anmount of 4

ol efins produced by the distillation tower (D2), and
inl\/m(i]@ﬁof tlee TAventiohhe tower is connected vvlth t he

par e PGS BRRS R s U HE) BYGFHe P RieGokTigp i o follows.
I nt Bigt hes ﬂIsc?dehiahatftemﬂtba\@focédglc))nstllmtidh foh eepaﬁmﬂgl(m d1&fins from a
tht OU[ I?a tag] 5t &2 e%ng g&t)a{f\{\r@s acg%rd g regér%senpmtverrl]tton ‘The process of

deSo dir'scnar g to

t hehe (PITQSBIIU ihednition compgses (aDlajisorptich piotdss foresepantng the (ngixture of C4

th t t
519Hg§)%§rg‘§m¥ ahy & dfsﬁﬁﬁtﬂ(ﬂgﬁrg s ?(ﬁ%%%r gl;ﬁllgglﬁtﬁft? BQ&& b%tén@ IZfrom the

rp I on tower
i ncekﬁteéﬁls DHEURREas Sapasated Fom @mﬁsqrgﬂq;tﬁtﬁ@éﬁ @Wﬁne REC

f e@l@ftﬂﬂpﬁ@ﬂ?ﬂﬁ@ iid infrddude@linth fig: a[ﬂséﬁtp'tibﬁ pﬁ)%%ssﬁtro@éh the conduit (1). The

o G DEPBRHE MHBRrEL P SRR e ShomhrS g B drixture of

vaCxt elofide/panaftimshs dﬁclmgmﬁhtc&xghtcomthe(m)i,l astlithd @tsbxded olefin

8%1%#8%% i d grb\éﬂd%p tﬁ@&es?t%ggg é&d grﬁ}(}dﬁlhédot%rg)gtgg H% C}ﬁglll
t herodéss(B)l thepuizlo pondyite8). (DR oledmdnixtirodghcépntdieing bpteae 1 and

t h@ut&@é’\@ 'tog'eﬁteP %ﬂ%ﬁfaﬁQHYMuhhoft B8R okl Bl ¥ troduced into
the val ve 7(4c) whi i ntroduces paraffins and

debedirbiladon pioRsse hl?—iv‘t‘?}teela?ﬂddéo@tt@kﬁ‘ hawing lpwer boiling points is
dl ik éHak @idi t6 fhet t@wonﬁalt 14)) of th dﬁdﬁtﬂaﬁ@ﬂﬁwet aﬁ@ﬁoﬁrﬁtﬂ Bu@he and

o B g ool e g Sar BT et B PR P Fa I tiirSed to e
dl batidnh &tondwmit (Sowef th¢ Dis)illataomctowet. The Imbafnnmjhunb(tt(regas produced
t hfr8fﬁg e ngrﬁﬁ%ln ?0&9&11215 gﬁﬁ) Qﬁ%tg% %Sffﬁﬁg(g‘tﬁ%ﬁte%nh 0% 5wt% of

he a sorptlon OMBF t1on
( DRgrmgh bytANe espamae e amount fliapg archigpraak bittaenis gemoved. If

i nﬁécegislage thobhi@ne hienRERPhREAORAY BYBS Dgt(eétgr fmABd2 and

48] the distillation tower
sepﬁlgb% progiapt s ?f&ntfawwaﬁ@g t%cggti&f&hfrtfstﬁnce to Fig. 2
t hinchdaprthé adk@rﬁtmnﬁﬁcﬁh(y/kiaﬁﬁ)osé&ﬂhﬁﬂddé@pt@n toareh and two dis-
the distillati separ at es
?eﬁgmfoﬁa”@@tﬁ ?F ?5ﬁﬁové{%%aﬁﬂﬁg1eflns fromthe
dlstlllatlon tower (D2). [50] Preferably, the
adsorption facility of the apparatus of the present
i nvention further includes the valve (7) in the
conduit (4) connected to the distillation tower (D1).
[51] In addition, the apparatus of the present
i nvention may include nore than three adsorption
tomers mhlch are adapted to carry out a sequence of

o o . . o .



[56]

[57]

[58]

[59]

i ncluding the adsorption facility conposed of three
adsorption towers and two distillation tower and the
distillation tower (B) as foldows. 9 [56] The
adsorption facility used in the apparatus of the
invention is a facility for the separation of C4

ol efTha sds‘orplmn&amnytuz;é@ igée apparbids of ekiimehpian aff facisity foy the

Car e ragﬁla ogg féfieagr%gn 31 %Pet Ia% ogﬁlq ol s}pg{rg]dfglgs!r gg :C%I‘%lélg out
d| @pbeacdamntntdlé sdﬂomtmnnowﬁn Imnseh@lddwonpben s&ps m such a way of
Se Q’f(ﬂ*tn?n sﬁh&ﬁﬁ&fdés@%ﬁoﬁ%tﬂhﬁ%g begﬁss sbgaargéa éﬁieole%ns from

adsor pt towers

ol @ﬁ.rmxgléfr g6t InviBregaderBEvi ©WeRd Al 6Ds¥ and AD-3hloaded with olefin
t Oy CSive QR risHnS! dnkd! t@bld@gﬁluta@wfo“(emooné alstillorSeRaF @52)3Br the

(PR gR of HE P bng AP airi G BB b I separation
V\hoﬁ:;lmm:fﬁnyﬂemeaants;’p 7Wh1t:]ln eorapis@spti on tower (AD- | ) in

f ee g&naéis x (grEI {0%( ?I& @%n Rhﬁle :ﬁht)l-:( ot%)rﬁ %?fh etgw%\félts Qoﬁrbs%ted with the
ol tekding cpaduaf (1) frg thehmmlgﬂ@ gahet U4 IOlﬁél%/PB@fflnwﬁltdugh tee \@lve (1a),
ol gfth @ﬁ@@@ BlePiRes Fbaif Rk Hir ?ng%ﬁg&l{ 2) Ql?r))ué}hfhg l’éfgﬂfet(@ﬁ which is

val ve (2a) which Is connec to the distT|
t ovie¢tppio thy ﬁl&ﬂuﬁtﬂqﬂ tower ddhaefd with }het%’iﬂ@‘t‘}@ ﬁ5>tﬂ|af@uglhﬂ\?éfalve (3a)
( 3@hichibah ah QRBSNBST GIBIAS Podedddyahé aistipsRAUEREr (hn/z) and in

t hEnEhThs top St bR Baolie ??dﬂw RN BiTGpgohgRave 42

t hehicaliveodudes) pandfiioh andhdasexdbass Sropathafcldansigaseg into the distillation

d et?)WeF ﬁg; )S anthm &Hl% % {?atﬂf(ﬁgﬁ %léeﬁ\palé/@{?g)lﬁvpﬁg Sedts I}1)araf1n?1 and

fon tower e Co
théesvrahené des’&hyrgmfr@m the edrorpisomastiemistoathe dgeHettanetawver (D1), and

di gahawa&Mdhit eaNthioa @@%Wa%‘ (@5]) whieR fdeQt theldd€orbents into the
dlstlllatlontovver D1), d wwth the conduit (6)

t NPGOERCR AV Al ve ( 6a) Whl ch feeds the desorbents into

t he ttrdgiosptio0dwWed\-D;2)[ib &]hlctlhﬁe adsen ot t}QrtOWSIV\IE icofirored)with the

whi ch t f i h
£ PHEOR 0L A0 A A0 e 1
OI with tisy phpkfihidesorbént disgharghg cpatlwie(2) ltpyghwibe lvatviad2tg4vhich is

ﬂn@igﬁw gﬁ 111?%&12%%}%%%[9% e t%}}he@d&h glﬂgllauélhﬁle valve
t ow;@a whish)feedsrpg apaunt efed elshigs prodpad hthe diskllatin toxeyd2), and

( 3 wiivbh efe b 6tithe Q(BRV@{'TP tfneled GAtth@f:d)ﬂ&ﬁutRﬂ%Hﬁ%ﬂ thYvalve (4b)

t he d stil i on icht
t hwhic \A}étlfo ugesdg)ﬁ?,fg]e éﬁ e{l’[ﬁg ogbﬁ@m,flﬂqan](ng)stetpﬂp@l}aﬁ distillation
t hewealD¥), Mth)the/\tbrmlhltl(ﬁ)t thogigh dse pavefshb) Whlchrfeleds parafins and

g?& ﬁ%n{ SdlSC[l ecﬁ Prg 5 %? g@slor#{?h&[ sheg) 1cr:1g)n e d S?l I%t)lont tﬁwer 8?11) and
t hmth aﬂlwn(i@lb 16)\Am0©gh fheeddveg &b aihich f@ndsl t@e@@@tbemts #nto the

di 3&BARE%(&Om the adsorption step into the
distillation fower and with the conduit, (6)

t hr BEGHSQREOR BIWFE (féété) lwheqh the sagom é thedewebis spanectedgvith the
t hizedidlg Qbﬂdﬂl@%) twRed ini{th@]gat BﬁCﬁ@‘ﬁéﬂn@ﬂphﬂﬂﬁﬁs&lﬂﬁﬁ h Al Rilve (1c),

r oulhiF CORBREerfert givcBera fieepay B AR g AR 128 Which i

ol erfnnestbqbar the tlisrifatidr towgh (lee anvhitke thel c(C)‘pduN\(EI) hhibhgh B4 valve (3c)

ol Licﬂ/ 3k Q% ntddfséngi § &g tthé 81)s 11t1 o(ﬂlfg&}elr (Ifﬁ) and in
val gl (BER U ARY )

I'S connec

t owbxch (tUmptop Oéﬂda taivehis chenestpddith the Epndth? @m@}ﬁomgibthe dplye (4¢)

( 3ghicwhhediubeedsarans %@&@Erb@ﬁts %n?J[h@cﬂé&ﬁm@s%‘iﬁﬁﬂh@Mlstlllatlon
t he d|st|IIat|onto the to

of
t hOWeES (R Wéthé%%%’é%@v&l{%g?ﬂ? %de@m Wt%}i feaqls @e@#ms and
the val ve (4c) which introduces paraffins and

deserbents fromthe cleaning step into the

distillation tower (Dl), with the conduit (5) through
the valve (Sc) which feeds paraffins and 10

desorbents di scharged fromthe adsorption step into

the distillation tower (D1l), and with the conduit (6)




[60]

[61]

[62]

[63]

[64]

[65]

[65] The m xture gas containing C4 ol efins/paraffins

is introduced into the adsorption tower (AD 1) | oaded
with olefin selective adsorb&hts through the conduit

(1) and valve (la) to adsorb C4 ol efins thereon
(adsorption step), and the olefin free paraffin stream
sepabaiead dischmgtd from tké Hdis@rptii)nl sidp iadubedistidgainn®eiveiMD h, and

 nGAOERARL o B LR RL 05 ORREGHL B B gte
t hadsogtion hkewegrondui t  ( 5) and the valve (5a) to separate

par ﬁf fdidt1aA04 %%? r%h s ﬁh?at@sdé@{be 13 atng\@@go &1‘% #kroduced

carries out t e step esor tron s esor ni ng

ol Bpmfhe @%ﬁﬁﬁ@ﬁﬂ@ww Dr heA é’s@db%lﬁtf wmdi e the
ads efeRfidtRtibPWNVer (AR hich 3épar&ss OW LIRS afdl8QbAHehRNntroduced

The, d bent th t t
DD HBHS P OO Em B¢ DG 418 ASDi 1 at 1 on t ower
( DI Thadgtitlitendbett (B)ah tlerpréeevneinvédin iandistiationt toodufredeparating
i . i . th
a2 R RbRTE M Bl BApIE R i acitiy
desbighdnt s s¢hemiatie vistuefetic ipragatishef Rip@uqullg buttergnl frowes mixture gas
(D&)A BfeﬁHQ aliaﬁﬁls\ééédf&n %@)he"’}ﬂgsentll%vérh%nc@ﬁ@&Usbr;ftl%)l fAQlity of

se arate l efins ang the ‘desor bents.
raBPfffétHS 96%)9@ [Presaps-igyention spmprisgsdhige @ﬂsoaptmtpwm fgf separating
t he4 @l&fnls P& SRREVEIRivaand heo disalladdnabiver fbps@paraﬁﬁ)g.m

sl e B T el Fp e B b TR piged of the
oI afsongiohcowerhsed impthe peemtinahtivh ércpudes by adsormioafstapsof se-

( Cldécﬁééer\; é% BIH 64%5 R% ‘frd%ﬁ teﬁac{ HIO{E?I’H k%(_? é%f)l%f removing a small

di sc sorp |on
i n@m@w(@é%p@faéﬁnm@smbﬂi Tcrgeéheir @/mtht%@lpfn(ls:myld # hidodefin desorption

t hgey adiNe tHededorBAHs M@th@ QRS fuﬁﬂér cah 8&dludd %ressure equahzatlon

adsorption tower (AD-. 1) at hjgh pressure whi
catFR- IR HFRICHBEBIIONISER: %I%delﬁfei‘%‘ﬂé%ﬂﬂl?éé@cpeEh%ﬂ?%’ﬂﬁ%dw‘:hﬂged
adgomphé @dhofplmrste@/hﬂb@ wili oleOis P 1§ﬁr5ﬂﬂﬂh§ iddepau@l it e distillation

du 4
(pie¥BeapEhefis BT rE N briiven ThER LR iedusmids 5 -
of dipoarhon o€ dydmocipbon whidhéhas aegpddisence in boibiag poietfrom that of
ou%»cggﬁ} Hfet he pressure equalization step, the valve
(7) is c osed The adsorption tower (AD-3) after the
ri ndecystesiperioniob hegysoraligeBOrpisicon bs tesriged yib aeierenegyto Fig 2
ol &f tHeDakly of Fg Qe cluD&s tﬁ@%?élﬂﬁdiﬁ StepssiTaBittRe pREQMIB adsorption
t he condui.t and the valve (6c). The ol efins
dlg%ﬁ§¥ﬁégﬂk’dether with the desorbents fromthe
ad s@ h@ frixunret gms/ebntéﬁﬁhga)% bEflﬁ@’phraff(nstlh mudidsdadlih@ttheadsorption

an%) (19521 ar a# gvgthgoqgfm ec% g%@ ngs Elhogl.g]% ?lile condu{t ‘a) and valve

hidPsd desorb
ad(:hab too%tdsonbrCét blefintidborepn |(=eisomtlon @@9) anéhealefor fie¢ paraffin stream

t oé’t\;?ﬁra(eﬁ[?i(;r)l 1 hfttuk %n%@ﬁﬁ&@ge@ﬁw Hlifrzal H%rl%tn%r}efaﬁled in the

essuri zed through the valve (4a) and the cond
( 4§dsogw(g>n dewenpsfore [[I}ﬁ;_adsg)qﬁgog PEP HHP @l@odlgg@tlpg tower (D 1) through the
I nédrAdH¢SChnidthOvAlhe(F) & sle!ph@td pamafﬁﬁm{d {dbibeh S OTHY 4B Biption

t t
(oL AP Distiish o5 T D SR oot Bhaseoigg olpfy cogponents
C4wrth xlieudesoidast wisild the ndshuetenh towto(AId ) aglsios pati theradsovpeion step.

( A%lg%es'i)m}: &qge Hle[hg 8%%@'[5)51( 19 Bgta I‘ES f%%ll M]t% b() tgl)ns ap ﬁle dis-
the a sorp |on
( prégimurpwen (Dn a@fﬂ é}ﬁ)dlféﬂlatlm tce@g KE@) mdels mtéxlgeﬁdemt%adsorptlon

t hgywad ?&D g't%ugl{ gReh&uit @ ahdade xIaNéQ6b)t hﬁe BRsAs Qfsbl@a@ged with
t ower contjnues to carry out the_desor tl

st & defasy ntsrﬁénté‘kﬁé]ﬁ?%tfﬁt‘bﬂletd&ﬁélﬁﬂ?%@“ﬂ (R t@whél%e valve (2a) and
finished the cocurrent depressurization step carry out

a C4 olefin rinse step, the adsorption tower (AD 2)

carries out the adsorption step, and the adsorption

tower (AD-3) continues to carry out the desorption

step. [69] In this way, each adsorption tower carries

out a sequentlal adsorption step - pressure

L . S g N o L T .



[66]

[67]

[68]

[69]

[70]

[71]

process to separate C4 olefins and paraffins and then

the separated C4 ol efins was introduced into the
distillation process to prodyge butene-1. The

adsor ption process was canied out by the facility of

Fig. 2 according to the process constitutions of Fig.

3 tthbﬂdmee) crygelperafeetqel entias asd tb@esorbéntdi The aasd@pfu(uﬁﬂomgr (AD-3)

s elS AJF‘Q‘F LA Wlltlﬁ 'él]%(s)rtlsono&ml}ﬁ &etgﬁl%ea?fgteagr &e @Asrﬁfzﬁlon Rwer (D2)

ol érmtr@/tb@uafdmtrﬁ%) alshpelfo v th mmolve aggiatigntoppeofBaffing
zegly| #b%dzi’@g Al %%%QSEE@ Ri: thd npr GRA A bffhe %EBQJ &f dlélﬁ{s (C4

parartins a usi ng m Xt ur e as as a
coPigEB FinpoYiep)ofit thaém@a the gaudischgeged rm afe atdmrpﬁgn tower (AD-3) is

m ?ﬁh‘éﬂﬁ‘ceﬁ@ﬁto\/ﬁﬁ‘é GisSINAMA thRert (@1') ﬂlraughTﬂh@ vilbe '@dﬁaﬁﬂ ﬂle&%ﬁdult ).

oduced i nt dso t| on cess at
condt FERPER b0 Rt GaHEL PRI KB IIoR) Crated Bf the ggaprption
n1 gtop is. coAnede winhn thefadkorgtiopurwet YADHBfat fove preb aira1thngughake valve
r e | |
{)4%?] QI?CP'[ 08932} %g 51%2 %lgg Iaﬁ%p(%cr;]% @f:s%]lrg Hnﬁaﬁllrzlgtr@ st%? élba’t allows the
anplresshleesmf rbgél tHewy to &t én hasaBOQraypyraivcartidtbouij Ighring the pressure
puédolfa}izﬁ oﬁfste?oﬁlg RlaRieN g RS, qk?lte%'dﬂﬁ tl(gr{ %Wei‘ P&D-3) after the rinse
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( vw%ahm@nwpaﬁ éepresmrlmthmugb meawével apantl theycensiyitgd), gnd at
that time, the discharged gas is introduced into the distillation tower (D1) (cocurrent
depressurition step). During the cocurrent depressurization of the adsorption tower
(AD-1), a C4 mixture gas is introduced into the adsorption tower (AD-2) through the
conduit (1) and the valve (1b) and the adsorption tower (AD-2) carries out a step
(pressurization step) of increasing the pressure to the adsorption pressure. At that time,
the adsorption tower (AD-3) continues to carry out the desorption step.

The adsorption tower (AD-1) which just finished the cocurrent depressurization step
carry out a C4 olefin rinse step, the adsorption tower (AD-2) carries out the adsorption
step, and the adsorption tower (AD-3) continues to carry out the desorption step.

In this way, each adsorption tower carries out a sequential adsorption step - pressure
equalization step - cocurrent depressurization step - C4 olefin rinse step - desorption
step - pressure equalization step - pressurization step.

The pressure equalization step, the cocurrent depressurization step or the pres-
surization step can be omitted from the constitution of the process depending on the
processing pressure of the adsorption step.

In addition, as can be seen in Fig. 4, the C4 olefins/paraffins mixture gas can be
firstly distilled to give isobutane/butene-1 rich stream and normal butane/butene-2 rich
stream and then the resulting isobutane/butene-1 rich stream can be fed into the
adsorption process to obtain high purity butene-1, in place of obtaining high purity
butene-1 by first processing the C4 olefins/paraffins mixture gas via the adsorption

process to separate C4 olefins and then separating butene-1 from the resulting C4



Trans-2-butene 19.0 C s-2-butene 10.4 Trace conponents
0. 57 Conponents of desorbents Conposition (w%

Nor mal - pent ane 80. 65 | so-pentiane 18. 69 Cycl open tane
0. 56 Trace conponents 0. 10

olefins via the distillation process. In this case, paraffins, i.e., isobutane and olefin, i.e.,

butene-1 are separated by the same process as that described in said adsorption

process.
[72] Example 1
[73] As shown in Fig. 1, the C4 mixture gas (table 2) was introduced into the adsorption

process to separate C4 olefins and paraffins and then the separated C4 olefins was
introduced into the distillation process to produce butene-1. The adsorption process
was carried out by the facility of Fig. 2 according to the process constitutions of Fig. 3.
With the cycle sequence as shown in Fig. 3 by using the apparatus as shown in Fig. 2,
an experiment for separating olefins from a mixture gas of C4 olefins/paraffins was
performed while using type 13X zeolite as an adsorbent for the separation of olefins/
paraffins and using C5 mixture gas as a desorbent. The compositions of the C4 mixture
gas and of the C5 mixture gas were shown in table 2. The C4 mixture gas was
introduced into the adsorption process at the conditions of 60°C, 2000 mmHg and the
flow rate of 1675 ml/min. A portion of high purity olefin containing gas obtained from
the top of the distillation (D2) as shown in Fig 2 was used in the C4 olefin rinse step,
and the rinse flow rate was 300 ml/min. The high purity olefin containing gas obtained
from the adsorption process was introduced into the distillation tower having 115-stage
tray and thus obtained 99.54wt% of butene-1 with a yield of 99.54wt% at reflux ratio
of 9. The composition of the products obtained from each of the conduits according to
the method of Fig. 1 is presented in table 3.

[74] Table 2



[75]
[76]

[Table 2]
[Table |
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Composition of C4 mixture gas and desorbents

1 751 176] Table 3 [Table 3] [Tabl e Process performance

obt ai ned from Exanpl e 1 Conponents miminw%E

Components of mixture gas

Composition (Wt%)

Iso-butane 4.73
Normal-butane 15.3
1-Butene 50.0
Trans-2-butene 19.0
Cis-2-butene 10.4
Trace components 0.57

Components of desorbents

Composition (Wt%)

Normal-pentane

80.65

Iso-pentane 18.69
Cyclopentane 0.56
Trace components 0.10

Table 3
[Table 3]
[Table |
Process performance obtained from Example 1
Components
ml/m |wt% |ml/ [wt% |ml/mi|{wt% [ml/mi|wt% [ml/m |wt%
in min n n in
Isobutane 4.73 21.02 0.16 0.26 trace
Normal butane 15.3 69.97 2.23 0.06 5.86
butene-1 50.0 6.73 60.52 99.52 0.72
Trans-2-butene 19.0 2.27 22.15 0.15 58.94
Cis-2-butene 10.4 0.9 12.90 Ippm 34.47
Total 1675 375 1300 27.20 16.18
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In order to compare the process of the present invention with the process of the
existing process, the yield and the purity of the butene-1 obtained by the hybrid
process composed of the adsorption process and the distillation process according to
the present invention and those of butene-1 obtianed only by distillation as described in
U.S. patent no. 4,718,986 are presented in table 4. The existing distillation process
comprised a series of two distillation towers and these towers had the number of stages
of 120 and 115 respectively, reflux ratio of 103 and 9 (on mass basis). The number of
stage of the distillation tower used in the hybrid process of the adsorption process and
the distillation process was 115 and the reflux ratio was 9. The yield increased by the
hybrid process according to the present invention, and also installation costs and
operation costs are reduced due to the reduction of one distillation tower with a large

number of stage and a high reflux ratio.

Table 4
[Table 4]
[Table |
Yield and purity by the existing process and the invented process
Yield (wt%) Purity (wt%)
Existing process(two dis- |91.35 99.50

tillation tower)

Adsorption tower 93.00 99.58

+distillation tower

Industrial Applicability

The present invention is useful in reducing the butene-1 loss on eliminating isobutane
and increasing the yield of butene-1 in the separation of butene-1 by using the hybrid
process consisting of the adsorption process and the distillation process, as proved in
the Examples of the present invention, since a portion of normal butane is removed
together at the time of removing isobutane and thus the concentration of the normal
butane introduced into the distillation tower for production of butene-1 is lowered.

Although the present invention has been described with respect to the exemplary em-
bodiments in datail, these embodiments are intended only to be illustrative of the
present invention and it is apparent to those skilled in the art that a variety of modi-
fications and changes may be made without departing from the spirit and scope of the

present invention.
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Claims

1. A method for separating butene-1 from a mixture
gas of C4 olefins/paraffins by distilling C4 olefins
obtained after the separation of the C4 olefins from a
mixture gas of C4 olefins/paraffins by performing
displacement desorption using desorbents, in a separating
apparatus of several adsorption towers loaded with
adsorbents which selectively adsorb olefins and two
distillation towers (one distillation tower for the
separétion of olefins/desorbents and anofher distillation
for the separation of paraffins/desorbents), the method
comprising:

adsorbing olefins by introducing the mixture gas of C4
olefins/paraffins into the adsorption towers loaded with
adsorbents and discharging non-adsorbed paraffins and the
desorbents retained in the adsorption tower at the
desorption step to the outlet of the adsorption tower and
then discharging them to the distillation towers that
separates parrafins and desorbents;

rinsing with C4 olefin to increase the purity of
olefins by introducing a portion of high purity C4 olefins
resulting from the distillation process of
olefins/desorbents into the adsorption towers after the
completion of the adsorption and cleaning a small amount of
paraffins adsorbed together with olefins;

desorbing C4 olefins by introducing desorbents into
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the adsorption towers after the completion of the rinsing
and discharging the mixture of olefins/desorbents to the
distillation towers that separate olefins and desorbents to
produce high purity olefins.; and

distilling the produced C4 olefins to obtain the

butene-1.

2. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1, wherein
the adsorbing, rinsing, and desorbing are repeatedly

performed at the adsorption towers.

3. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1 or 2,
further comprising: cocurrently depressurizing the
adsorption towers to discharge the paraffins retained in

the adsorption towers before the rinsing.

4, The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1 or 2,
further comprising:

pressure equalization step at which the paraffin
components present in the interior of the adsorption tower
after the completion of the adsorbing step is transferred
to the another adsorption tower which just completed the

desorption step by connecting the two adsorption towers so
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that the preséure of the adsorption towers becomes
equalized, and further includes a cocurrent
depressurization step of discharging the paraffin
components present in the adsorption towers after the
pressure reduction through the pressure equalization step,
and a pressurization step which pressurize the adsorption
tower to the adsorption pressure by introducing the mixture
gas of C4 olefins/paraffins into the adsorption tower
partially pressurized through the pressure equalization

step.

5. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1 or 2,
where the desorbent separated from the olefin/desorbent
distillation tower and the paraffin/desorbent distillation

tower 1is recycled into the adsorption tower.

6. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1 or 2,
wherein the olefin selective absorbent is selected among
the n-complex adsorbent forming n-complex selectively with

olefins, type X zeolite or type Y zeolite.

7. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1 or 2,

wherein the operating pressure of the adsorption tower is 1
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to 10 atm (absolute pressure) and the temperature is 20 to

150°cC.

8. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 1 or 2,

wherein the desorbent is C5 hydrocarbon or C6 hydrocarbon.

9. Avmethod for separating butene-1 from a mixture
gas of C4 olefins/paraffins by first distilling the mixture
gas of the C4 oiefins/paraffins ﬁo separate it intb a
mixture gas of normal butane and butene-2 and a mixture gas
of iscobutane and butene-1 and then performing displacement
desorption using desorbents to separate butane-1 from the
mixture gas of isobutene and butane-1, in an apparatus
including two distillation towers (one distillation tower
for the separation of butene-1/desorbents and another
distillation tower for the separation of
isobutane/desorbents) and several adsorption towers loaded
with adsorbents, which selectively adsorb butene-1, the
method comprising:

distilling the mixture gas of C4 olefins/paraffins to
separate it into a mixture gas of normal butane and butene-
2 and a mixture gas of isobutane and butene-1;

adsorbing butene-1 by introducing the mixture gas of
butene-1/isobutane into the adsorption towers loaded with

adsorbents and discharging non-adsorbed isobutane and the
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isobutene cdmponents adsorbed together with isobutane; and
desorbing butene-1 by introducing desorbents into the
adsorption towers after the completion of the rinsing and
discharging the mixture of butene-1/desorbents to the
distillation towers that separate butene-1 and desorbents

to produce high purity butene-1.

10. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 9, wherein
the adsorbing, rinsing, and desorbing are repeatedly

performed at the adsorption towers.

11. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 9 or 10,
further comprising: further comprising: cocurrently
depressurizing the adsorption towers to discharge the

paraffins retained in the adsorption towers befcore the
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partially pressurized through the pressure equalization

step.

13. The method for separating butene-1 from a mixture
gas of C4 olefins/paraffins according to claim 9 or 10,
where the desorbent separated from the olefin/desorbent
distillation tower and the paraffin/desorbent distillation

tower is recycled into the adsorption tower.
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such a way of performing displacement desorption using
desorbents, in adsorption towers loaded with adsorbents
which selectively adsorb olefins and a distillation tower
for the separation of olefins/desorbents, a distillation

tower for the separation of paraffins/desorbents, and a
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18. The apparatus for separating butene-1 from a
mixture gas composed of C4 olefins/paraffins according to

claim 17, wherein the adsorption tower is configured to
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21. . The apparatus for separating butene-1 from a
mixture gas composed of C4 olefins/paraffins according to
claim 17 or 18, wherein the desorbent is C5 hydrocarbon or

C6 hydrocarbon.



