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[DESCRIPTION] [Invention Title] PROCESS FOR 1,3-BUTADIENE
SEPARATION FROM A CRUDE C4 STREAM WITH ACETYLENE
CONVERTER 5 [Technical Field] The present invention relates to a
method of recovering highly pure 1,3-butadiene through selective
hydrogenation to remove acetylenes from a crude C4 stream consisted of
butane, isobutane, 2-butenes, 1-butene, isobutene, butadienes and
acetylenes. [Background Art] 10 Generally, method of separating highly
pliREICRBUEEAMEhe from crude C4 stream, which is discharged from a
cgacker and coptains acetylenes, uses the butadiene extraction unit(BEU)
vﬁﬂ"ﬁ%"&ﬁl@ ive distillation columns(EDC). It is inevitable to lose the

1,3-BuiadirfesRaeaRSE B HSaIBRE SHPRRATEINIARPQERIADE C4 STREAM

explosion of the vinylacetylene in conventional butadiene extraction unit.

WITh presantldiva ctioN VBRI HRe bottom temperature of a 1,3-butadiene
recovery colump, which is used for recovering some 1,3-butadienes from
tﬁg‘ﬁa%ﬁll%‘ﬁ]g m of the 2d EDC, is dependent on vinylacetylenes to

1,3-butpgliene Jatio.effed fasd S ARl e ASVERE oty ?&I@?,?Bﬁtadiene through

recovery can be improved by increasing operating témperature o
Eldebutabljdngenatov ey reolovanvehdenthdiforatio ésuldsWCH cuevercinssaske of butane,
of the C4 stream with more than 1.2 20 wt% of vinylacetylene, the bottom

ispluimco PeehEtabii s dsoRmp e BitirAIs I dOtPERYERSEed by means of

i U ﬁiiene to avoid the explosion threshold of vinylacetylene.
CRorositn %ﬁ . .
us, itis difficult to increase the temperature of 1,3-butadiene recovery

columrGarerglifhanethd@ bEseparatie hidiagligne recauadieis fyeratlifqCesseisn, which
only 9697%. Additionally, acetylene contamination of columns and

ﬁﬁ%@%@éﬁ%&é&?]@%%@%%@ﬁmdfw lzstaﬂéﬁ% draseee unit(BEU)
E,ﬁ)btlgm&tg%?rtr?\gtg\?sﬂ}éaché%r&qﬁr%%ggf%gnes (particularly vinylacetytlene)

orehan edstocks en proposed. The crude C4

mixtures iy gre arabiP RShaser ke BB erARistest Q521 \W8a af a diluent to eliminate
vinylacetylene, 0.1 -0.3 wt% ethylacetylene, and 0.01 -0.10 wt%

petsitifboaipreeicofitheringesdyiend inmothsascorl butisliong xtesieneyt.
throug%lh&gggg%ggggu%ﬁou&%gv étb%%t%%l?err]r?pserigt&?relb%ab T,t.?—gil?an(ﬁéne recovery column,
which is used for recovering some 1,3-butadienes from the bottom stream of the pnd EDC, is
dependent on vinylacetylenes to 1,3-butadiene ratio of C4 feed stream of the 1% EDC. 1,3-
Butadiene recovery can be improved by increasing operating temperature of 1,3-butadiene
recovery column when their ratio is low. However, in case of the C4 stream with more than 1.2
wt% of vinylacetylene, the bottom stream of 1,3-butadiene recovery column should be diluted by
means of adding 1,3-butadiene to avoid the explosion threshold of vinylacetylene. Thus, it is
difficult to increase the temperature of 1,3-butadiene recovery column more than 130C. So 1,3-
butadiene recovery in overall process is only 96~97%. Additionally, acetylene contamination of
columns and heat-exchangers restricts long term operation of BEU.

To solve these problems, a method to remove acetylenes (particularly vinylacetytlene)
beforehand in BEU feedstocks has been proposed.

The crude C4 mixtures from a naphtha cracker is consisted of 0.5~2.0 wt% of

vinylacetylene, 0.1~0.3 wt% ethylacetylene, and 0.01~0.10 wt% methylacetylene. There are two
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1-butene and propylenes, respectively, and BEU with two-EDCs. The

Handbook of Petroleum Refining Process (McGraw-Hill, 3'd ed., Chapter
8.2(8.25), 2004) discloses the process of producing highly pure

1,3-butadiene by integrating a KLPTm 5 process with two or three

hydrogenation reactors and BEU with only one EDC. The KLPTm process
includes not only removing unit for sulfur compounds to prevent the

deactivation of a Cu- based catalyst in the C4 mixtures but also a water
weabhibglirindningiscprdeesshtheghduydriadr@domtixtonesrarectidents thie 1,3-butadiene,
reactor along with fresh C4 mi tureiﬁ%g? hydrogen. The hydrogenation is
b—@%ﬂ%@wa{%}%@?mﬁpﬁg{m@a@% W)(Bémﬁ%gsreactors. Recently,

to incregae thensaik AR ARG PIRS LeaRter A EEM destongrti® 2(s.25),
be affordable for operation at 40 kg/cm2g and 60-70C. Then the
PR@iFpdisplationtin qulocsis 66 prisithinglisighdyigrireol. Avintstietieabyhiat€dating a KLP™
stream is obtained from the bottom and a Iighte%as component is

BARCHS H FSHPEHRIE RIS UAHAR EPCIS ARG T EAR Y PR oRe ERSeThe KLP™
Bl reaUINGINGS 3R GRS SRREIORHR RS SAHSE Bfsing A9 kion of a Cu-

refrigerator to prevent loss of the C4 mixtures when the light gases are
besadvad gt ihShealdnanixomesteadlsd hervetareshing wiheihacbivyeotisahe recycled C4
techniques which integrate selective hydrogenation of acetylenes in the

oikHRaie b tRdharztRelRIPYIH BrotbdsnainiBEwdoydraslithisdiydrogenation is

géjrﬁgir%?é%oaﬁ‘ -1%’%@Eﬁg@%ﬁﬁ@%%Jiﬂ%"f‘\ggi?‘e&!&}fsqﬁ?%%eﬂ ' i}%lr%rs‘é%‘{gsolubﬂity

cetylenes an the overhead stream o d solvent

secgdaneaotimriaseayelbeintesthech e regefiatinnlc20: epataioalangonifiicm™g and
the C4 mixtures. However, in this case, overhead stream of the 2nd

€oVert rddsnehy byltparnptionigmsucas fskiitbndisillalion el sodhphthe C4 stream
amount to.that of vinylacetylepe along with a large. amount of sglvent.
RO TR e R D S R SRR Fon e overoa

HolENE jshiRrplleRatis ithatdhpgashasr et smusyherddifanabécause of using

condensed to increase the pressure 25 before introducing it into the
diiopd mafitsreseicio Prsseaulsssoriyhg dstphardarest wheydes/bight. gikes are removed at

h drrnolgen Lfllse&i for hydrogenation should be completely dissolved in the
MixtUTEs “Snd the molar ratio of hydrogen to acetylene should be more

than 1-1Hgwexaohy drges Rt ReHissRly /Hite the JerUEREdAliBydrogenation of

because hydrogenation in above patent is performed at 2 6kg/cm2 g and
8eLEnisistintpo $Sibiwittuosnithetetaoive Kk ety fenessinatidisBigAdition . 3-butadiene

S et NG, 0,040,088 sugdests fpaciye SXaGve dtlaton s g ey i
which the overhead stream of the 2™ solvent recovery column is recycled into the hydrogenation
reactor along with the C4 mixtures.

However, in this case, overhead stream of the 2" solvent recovery column includes 1,3-
butadiene in almost as the same amount to that of vinylacetylene along with a large amount of
solvent. However, the recycle of overhead stream of the 2" solvent recovery column is
problematic in that the gas phase of it must be additionally condensed to increase the pressure
before introducing it into the hydrogenation reactor because only gas phase of it is recycled.

The hydrogen used for hydrogenation should be completely dissolved in the C4 mixtures
and the molar ratio of hydrogen to acetylene should be more than 1. However, hydrogen cannot

be dissolved to the required ratio because hydrogenation in above patent is performed at
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with a Cu-based catalyst into an extractive distillation. In order to connect

the selective hydrogenation of acetylenes in crude C4 mixtures with 5

dienes and the extraction process, the reaction stability of the acetylene
converter, a long-term operation and easiness of catalyst regeneration

are required basically. Furthermore, in order to simplify the process and

increase economical efficiency, only one EDC operation is preferable. To
recover highly pure 1,3-butadiene by using only one EDC after the

Sletétive dnddi@Ge s onperile ss conwleely obiiyStageadesasimtids condition. US Patent

vinylacetylene concentration of hydrogenation effluent 10 should be les .
N AT HES TR FE<TOUT, TRB ORI e rogention
Rroblembile presenhipvaRipL-pevidangomethod and equipments to

separate highly pure 1,3- butadiene from a crude C4 stream containing
butanelnisodartanendebutensdcclivsuipde gesotioneriecehBebert aiignés Gh chixtures with
acetylenes. [Technijcal Solution] According to this invention, a method of

ispich A0 i GHPTAFPE PLOSEB Y LB SRR TR @841, AR HEDS SRRpALESs 2 long-term
BLHIP AL IRELUH Sty RRIMIRS AR Q%%%Qﬁ@&‘ﬂ%cﬁ%??t@{ﬁih@hﬁx@ in order to

selectively converting acetylenes in the C4 mixtures through liquid-phase
tiyghlfg ehapiardsy agirge2@shwdrngetiai effictacioranto oecRBCepecnibieidtpreferable.
of acetylenes less than 70 wt ppm; (c) supplying stream after the

hdregesh bR B8 drd RWa R ERC NS e liRtc bR dBnsicHa irRzenation
%%ggslé,c o 5xirge tf}é‘?bﬁliHié?égoéﬁd(@lnf(ﬁ‘a{%BMQ% %&%@%ﬁ%ﬁe@ﬁé@&aﬁm effluent

into a pre-separator, teeding an top gas-phase stream

fHeuRERA N o el VeRiHacoyppmaelpsnand feeding a bottom
Iigui_d- hase stream of the pre-separator into the solvent stripping column;
Wﬁ’g 25 an overhead stream of the solvent stripping column
cpnt ining pralg of jextraction solvent, butadienes and acetylenes into the
echnical Problem .
solvent recovery column along with the top gas-phase stream of the

pre-searpakcaneh (BniuRPMNKE avariRachsl egiipaldne ©olvarhterRYEpure 1,3-

column, in which the extraction solvent is removed, into purification
bahdinns fiombtaitdsi Gy inare dostbnirsstmac3i9pbaraiti drbwerssrdifytese. isobutene,
%he%ﬁyresent 'nvetnltion, equipments for separating 1,3-butadiene comprise

V/ %?68?1%%0%‘?&?&%% for selectively converting acetylenes in a crude C4
sireanhithroyghdiguid-phase hydrogenation; an Extractive distillation

column(EDC) to extract 1,3-
According to this invention, a method of separating highly pure 1,3-butadiene from rude

C4 mixtures comprises (a) supplying the crude C4 mixtures into hydrogenation reactors; (b)
selectively converting acetylenes in the C4 mixtures through liquid-phase hydrogenation by using
hydrogenation reactors to decrease a content of acetylenes less than 70 wt ppm; (c) supplying
stream after the hydrogenation reactors into an EDC along with extraction solvent and then
conducting extractive distillation; (d) supplying a bottom stream of the EDC into a pre-separator,
feeding an top gas-phase stream of the pre-separator into the solvent recovery column and feeding
a bottom liquid-phase stream of the pre-separator into the solvent stripping column; (e) supplying
an overhead stream of the solvent stripping column containing part of extraction solvent,
butadienes and acetylenes into the solvent recovery column along with the top gas-phase stream
of the pre-separator; and (f) supplying a overhead stream of the solvent recovery column, in which

the extraction solvent is removed, into purification columns to obtain highly pure 1,3-butadiene.

3



10

15

20

25

butadiene in a stream from hydrogenation reactors; separator to remove
unreacted hydrogen from 5 the hydrogenation; heavies stripping column

to remove hydrocarbons with more than 5 carbons and green oil; a

pre-separator to adjust the content of extraction solvent in the top

gas-phase stream toward solvent recovery column; a solvent stripping

column to remove the extraction solvent from a bottom liquid-phase

stream of the pre-separator; a solvent recovery column to remove
extractlondbligentsdootmghie tbp esphagmsore amuiphents Jepsapiatipgd, d-butadiene
overhead stream 10 of the s?%vent stripping column; and}f%é)urlfication

CYRAHET O PO HEG 5 GLRPHYTH oM e UM s B LhACOR 4 stream
fﬁk&ﬁ@f?hlgﬂﬁl—‘?ﬂﬁg@:%?ﬁﬁ%ﬂ%ﬂ? IR BUE VAt RiBH ¥ lumn(EDC) to extract 1,3-

[Advantageous Effects] As described hereinbefore, the present invention
hrodidesia megthodiohsbparatingidn3dedtiacd epa frorm scorodeu@idasted duyrlrogen from

throuah acetylene canversion. According to the Eresent 15 invention, in

b BYRAERI A RTRYS BRSSO Ao HRBRYFSHASRRR KLy Rewe than 5 carbons
HRPIEASPEE0a 3R WHRRT: 9b IEARSANE RIS dr RHIAMIPIRNEHERONR RS sas-phase

using only one extractive distillation column, thereby considerably
deareasingdheldagreeotntiibiang theoloss cfripaantiumn @xicactienhe extraction
process. Further, because the number of units necessary for the process

1eletr Easka, otentrie bty S/ b ttsuers-servaleuminbieniiegovery column to
f%r G g&gﬁcﬁgﬁ é%}f%ﬁ‘t‘saﬂéﬁ?h{er%%‘%% 'h%ge 's:t%t"émqe 5@% E:?S%Hé?al&s (ﬁgfa ovet:{%ead stream

,3-butadiene in the acetylene c Ion process is minimized to 1 w

of dessoland thipprgovsiynaf the hHighlfiduoa tolhutagdipegapanatiesrhead stream of
process is maximized to 98.5 wt% or more, consequently increasing the

terapherbiren)y o TAUBINdBwhishithe oy eHananlirent sravaescdaititoligh pHELY.

pg\fﬁ\;reg %%?%‘}P&%ﬁts of the present invention have been disclosed for
25 lllustrative purposes, those skilled in the art will appreciate that various

modificatioasscadeitinisinbadsUbstiiiens e RaspibledWitheuthde RAEErating 1,3-
from the scope and spirit of the invention as disclosed in the _
biedngalion g ctaides Crb emanp tibieushDiesivilegs | @RBiN|s Acsondingatic the present
lt.‘lili\c’]:l ram 1onf 1,3-bu algiien%vs;:'lanrationspr%essninn%ccorrld ?r?ég atfi'rlslt i decreased ¢

MBOAMEAT F thePreSENT Y RESHT IS, SR SERB Rl MRS gy am gf decreased to
158-RUHERa RS RMAIOR I QOB AN GRCR MNP RindeGAN  RIBREAIRE Mhstillation
of the present invention;
column, thereby considerably decreasing the degree of utility and the loss of stream in an
extraction process. Further, because the number of units necessary for the process is decreased,
the time during which impurities can accumulate in a processing unit is remarkably reduced.
Furthermore, the loss of 1,3-butadiene in the acetylene conversion process is minimized to 1 wt%
or less, and the recovery of the highly pure 1,3-butadiene separation process is maximized to 98.5
wt% or more, consequently increasing the total recovery of 1,3-butadiene through the entire
process.

Although the preferred embodiments of the present invention have been disclosed for

illustrative purposes, those skilled in the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the scope and spirit of the invention as

disclosed in the accompanying claims.

[Description of Drawings]
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5 FIG. 3 is a schematic diagram of 1,3-butadiene separation process in
accordance to a third embodiment of the present invention; and FIG. 4 is

a schematic diagram of 1,3-butadiene separation process in accordance

to a fourth embodiment of the present invention. FIG. 5 is a schematic

diagram of 1,3-butadiene separation process in accordance to a fifth 10
embodiment of the present invention. [Best Mode] Hereinafter, a detailed
description will be given of the present invention. The present invention
pertainEl€o & inethimaneficatagraning 1. Bbotadidienephtintr prweingnaaceputiece to a first
C4 st .eamt,rﬁroduced from a naphtha cracker and containing 0.5-2.5 wt%

SRRANIRR PlBPresenbNESEfed with an acetylene hydrogenation
catalystyig seleclivelyniyiragenaiespn - saetuleres Andi e RRPH A& digince to a

reaction effluent to a subsequent extraction process, and to an equipment
sesendthabeibimennef @¢ pnexturas/asitihhe feedstock in this invention are
obtained through a naphtha thermal-cracking process and are compaosed

of butaFi i Sptthrnieingue of iRl BierIEALRD PR accordance (o a third

anehdenes (g§}1§fbggggh{qn1v'amgnlal;r({1e content of 1,3-butadiene is 3055
wt% and acetylenes are 0.52.5 wt% in the C4 mixtures. TABLE 1

Compdriénuwii% AdlewalidelRgiage dfivi%puyicinpsepantod. PRI iopytentance to a
0.0062 Isobutane 0.5269 Propadiene 0.0112 n-Butane 2.8112
fouthprpelipion aheonses ipEHEoP-Butene 4.6257 5 1-Butene 13.5304

12 - 16igobutylghe aid 81%%&1% 6@1@3—%%1%%@&)%&&%9 %?mess in accordance to a fifth

embodiment of the present invention.
[Best Mode]

Hereinafter, a detailed description will be given of the present invention.

The present invention pertains to a method of recovering 1,3-butadiene by introducing a
crude C4 stream, produced from a naphtha cracker and containing 0.5~2.5 wt% acetylene, into a
reactor filled with an acetylene hydrogenation catalyst to selectively hydrogenate only acetylenes
and then supplying the reaction effluent to a subsequent extraction process, and to an equipment
used therefor.

The C4 mixtures as the feedstock in this invention are obtained through a naphtha
thermal-cracking process and are composed of butane, isobutane, 2-butenes, 1-butene, butadienes,
and acetylenes as shown in Table 1. The content of 1,3-butadiene is 30~55 wt% and acetylenes

are 0.5~2.5 wt% in the C4 mixtures.

TABLE 1

Component wt% Allowable Range (wt%)
Cyclopropane 0.0000
Propylene 0.0062
Isobutane 0.5269
Propadiene 0.0112
n-Butane 28112
Methylcyclopropane 0.0363
trans-2-Butene 4.6257
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Cyclobutane 0.0455 Isopentane 0.0741 1,2-Butadiene 0.3169
Methylacetylene 0.0000 -0.1 1,3-Butadiene 49.2362 30 - 55 C5 olefin
0.0368 Vinylacetylene 1.4091 0.4-2.1 Ethylacetylene 0.2431 0.1-0.3
Total 1.0000 According to this invention, the crude C4 mixtures are
supplied to a hydrogenation process for selectively hydrogenating the
acetylene components. The hydrogenatlon process requires two or more

hydrogena reactors and proce § a top-down flow dlre tion, 5 The
catalyst u drogenatron 0 4 mixture containing % gglenes is
largely cI to two types; a sed catalyst and a FZ

catalyst |nv8nt|on althoug
for the se C|ve % rogenation of at
use the Pd- as catalyst which |

catalyst may be used as catalyst
ene in the art, it is desirable to
rlor in terms of the stability and

hydrog 1ai ﬁtar |V|ty of the catal 0 In this invention, liquid- hase
hydrogeq I railclfr:r)t ne “reactor shou erformed under cory %r cggs of

temperatljr&artfl tglJressure to com % dlssolve hydrogen in‘the crude
C4 mixtyres acl drogen is not cojnpie er dissolved in the grud
mlxtureSEﬁrlt/}te grogenatlon rea 9 ydrogen bubble in Iqu -vapor
i o peylacetylene 0.2431,

d Sipamiins c-Seh ogen bubbles cause the rapld

h\/adrooe aYala' FaY'afa AL ho aYaaValilalda aYa A a
v

N cHene N -
Y OTOU aAtio U CA Sme vV v U U U CA

the 15 catalyst. The hydrogenatlon of dienes and acetylenes occur the
dramatic temperature increase of art §1 Cata st so called hots ot

phenoMErH el es Hsv AL o SARSY f8si Jiydrogenation
%&4 R RN GRS HRR ﬁ@“tﬂ@ %[3:%1 RUAAINRASO Gallely @FeEtion process

oil") when the hot’spot p enomenon in the catalyst bed occurs.’It is

muﬂtmeﬁméydamemwmmdmmm iocasp-teea tise theection.
polymer and green oil give rise to a pressure drop and clogging of the

reactor M GAABVEFANOHR SRR I BRIBR it 1SRRI SIVBINAE ecabfhes is lareely
A5 ifto two types; a Cu-based catalyst and a Pd-based catalyst. In this invention, although

any catalyst may be used as catalyst for the selective hydrogenation of acetylene in the art, it is
desirable to use the Pd-based catalyst which is superior in terms of the stability and hydrogenation
activity of the catalyst.

In this invention, liquid-phase hydrogenation in the reactor should be performed under
conditions of temperature and pressure to completely dissolve hydrogen in the crude C4 mixtures.
If hydrogen is not completely dissolved in the crude C4 mixtures in the hydrogenation reactor,
hydrogen bubble in a liquid-vapor mixed stream may be generated. Such hydrogen bubbles
cause the rapid hydrogenation of dienes and acetylenes when they come into contact with the
catalyst.

The hydrogenation of dienes and acetylenes occur the dramatic temperature increase of
part of the catalyst so called a hot spot phenomenon because its reactions are highly exothermic.
The olefins in the C4 stream cause polymerization and dimerization (so called “green oil”’) when
the hot spot phenomenon in the catalyst bed occurs. It is difficult to effectively operate
hydrogenation process because the polymer and green oil give rise to a pressure drop and

clogging of the reactor. Moreover, if the hot spot phenomenon is excessive, the catalytic activity

6



10

15

20

25

may be decreased by its deformation due to high temperature. The crude
C4 mixtures used in this invention contains about 0.5-2.5 wt% acetylenes
such as vinylacetylene, methylacetylene and ethylacetylene. Thus, a
reaction pressure over 20 bar is required to completely dissolve hydrogen
at 20-601C, when hydrogen is introduced with 0.71.4 5 molar ratio of
hydrogen to acetylene in the C4 stream. In the hydrogenation reaction of
the present invention, the reaction pressure is preferably set to 2040 bar.
hal bea dewtiordireg gs dedoforatiyyiogeriago eispiyarencthan 20 bar, hydrogen
may nqt be dissglved completely, and this may generate polymers and

green dOTHTE GAETBHHEE FoEtU IR ER Y BAAR P okde e ey lenes such

Q@vﬂ%ﬁ@&jﬁ%ﬁﬂgﬂpﬁc@%&@ﬁﬁl %ﬁ{%ﬁ%{ %Yeﬁé.thﬂlﬁé@lﬂé%ﬁ‘aﬁ RSsure over 20 bar is

f
decreased. Theoretically, optimum 10 molar ratio of hydrogen to acetylene

isqbifedHoweavdefalyhdissthe hydiageatio 20-h9 dFogbentbydrogtylariatisduesyt with 0.7~1.4
low, the polymerization of C4 olefin and acetylene takes place on the

molps caligips s A brlens isih (cbatreamd b Ry detgsitiop draction of the present
ﬁl@@lltY(ﬁli, W@i@a@ﬁ%ﬂ”’}s}aﬁ&%ﬁﬁ E&Xﬁﬁ?g%& l% tﬂ%h@ﬁaﬂncﬂrﬂ@%cﬁon pressure for

dissolution of hydrogen will make it difficult to operate normally. In the
pyésephitive itiwdhése Erhive ackdganarcynverberdiaolirdludemeregyalel this may
stream for 15 the stable continuous operation. The recycle procedure is

LeRfrREPIYEIE anthrsen iy Vade auessHEsviighes than g &ar. the process cost may be
: ' i f | .
P P A R SR SR A comar

Serengy, skl olie effluenliciom the 1H0MeacioMBeayCkRdlie th I8t hydrogen to
reactor together with the feed C4 stream. Lastly, the 20 overhead stream

ey kRsifenr BB the payaarEaon @f@é! (ﬂlﬁﬁmn@dfg@%@a&lfawﬁwmﬁ gurface site
Sndcedisteamin sse s, B IDYARSMENR CAUEALI 8 28R Ol hyarogen

€ reactor Is considerably decrease oreover, even athoug

HRiFhikA I hefhyrogeniRiae s aNe den vl ohdgharibMtkogaMEabaASIY,
be dissolved by increasing C4 feed stream as a solvent. In the end, the
cycle lariberpishenemriiont hslbdechrornstidaneviemthecstabilitglusietheccycle stream for

talytic activity. 25 Additionally, when the butene-hutane-raff ,
R R el TSR FERyATLAT 1 Mgy descrbed

e, 3-butadiene contained in the feed stream of the reactor are also
decreased. Unlike to the case in which the effluent of the hydrogenation »
reactor Fgstigcydietthicahigloasaatioe sotlentto peeddeatipaof ohthd sfflEECfrom the 3

o 0 eal i, Conernl, L ine AR s tis UPBIES e
from the 1% reactor is recycled to the 1* reactor together with the feed C4 stream. Lastly, the
overhead stream (C4 residue or BBR-1) of an EDC is fed into the 1* reactor along with the C4
feed stream. In these ways, the vinylacetylene content in the feed of the reactor is considerably
decreased. Moreover, even although the molar ratio of hydrogen to acetylene is 1.2 or higher,
hydrogen can easily be dissolved by increasing C4 feed stream as a solvent. In the end, the cycle
length of the catalyst will be prolonged with the stability of the catalytic activity.

Additionally, when the butene-butane-raffinate (BBR-1) separated from the EDC
overhead are recycled, the fraction of the 1,3-butadiene contained in the feed stream of the reactor
are also decreased. Unlike to the case in which the effluent of the hydrogenation reactor is

recycled, in this case, the solvent to feed ratio of the 1 EDC may be greatly reduced. Generally,
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40-45 wt% 1,3-butadiene and is supplied at 5.25.8 of mass ratio to the

feed C4 stream with 3038 wt% 1,3-butadiene. For example, when about

2/3 of the BBR-1 is recycled to the 1st reactor, the concentration of
1,3-butadiene of the 1st reactor feed stream decreases from 1.210 0.9 5

wit% for vinylacetylene and from 45 to 34 wt% for 1,3-butadiene, leading to

an increase of cycle length of the catalyst. The final conversion of

vinylacetylene passed through a plurality of hydrogenation reactors is
98.61100%nthel \conhve ssjphial sthyissetyien ofisiBI002-5% tarkttfeddsé gfeam with

tadiene js -1.01,0 wt%, In order to remoye predetermined amounts of .
BT WGl B0 o) B D Sr b o By CHOBAR Ge AR ey pgeam with
Sonherympuniad dawnstierikahpie WMRIPIERAUOD FeAI0sBRICERY ycled to the 1%

unreacted hydrogen is withdrawn and is then supplied into a stripping
chistitlg tioncaokmmaiioind Hadstrdians ofvthic h’ coat@intadsitace tidenasdsaving 1.2 to 0.9
a concentration decreased to 150 wt }ﬁ%pm or less th,rougg the plurality of

YA aiiT&C R HRE i WhidhenpaotEH At entsadiBa g4 micrease of cycle

sl rgfﬂ{gcraqmyed using the hydrogen separator and the stripping
distillation column, is supplied to the 1,3-butadiene extraction process

along with thelextiacitonsofveintylddes/1tns- patedi etheoexirachmaprp agsbydrogenation
accordingto the present invention is conducted using one extractive

GreinEio M ANTe-dhsrerresssipaiof e darseirISt g Cohdmandiias oy ff butadiene
e m rificati lumn, B ien
S K B R B IS, Al ream and
sissillatiorhootosen iprgovithtibe fxdtiactiotnsoWenidkenn it aed-datadtieh reactor,
pre-separator in the state of being dissolved in the solvent. Thereatfter,

wheighy strsastedirhydipgante E@ﬁ%ﬁ‘%f%ﬁé ixthgr tionRisH dpiis aipeiag distillation
EQI&)U h the control of the temperature of the pre-separator, is introduced

INto the solvent recovery column. In the solvent recovery column using a

typical tistillatigrmehedh iaeplyenfyiscemavaf e bieaEas s ieadhsed to 150

supplied from the pre-separator. The solvent recovery column is operated

9 A ehlsstresgh Sfephyrite of bridrogemnsion peseterranid Bonviwpphhpdrogen and the

{%ss and the top stream of t e%ol ent recover}/ é:% mn is f;lss,éadml . ! .
RGBS Sy riﬁ%%%énecgﬁéﬁ%%ﬁﬁ?%%y D5t AREPRIGRIG LD column, 1s
dpphetasigne nHRARMER PIHRASERelon: i RIeSARIDEIIRMIS

described in more detail with reference to the accompanying drawings.
The prdbeskédiltaditratedtinchiG $races sandihe foltbevimeselesoniptiom is conducted

using one extractive distillation column, a pre-separator, a solvent stripping column, a solvent
recovery column, and a purification column. Butadiene, acetylene, and a small amount of cis-2-
butene in the stream supplied into the extractive distillation column along with the extraction
solvent are introduced into the pre-separator in the state of being dissolved in the solvent.
Thereafter, the gas stream, in which the content of the extraction solvent is adjusted through the
control of the temperature of the pre-separator, is introduced into the solvent recovery column. In
the solvent recovery column using a typical distillation method, the solvent is removed from the
gas stream supplied from the pre-separator. The solvent recovery column is operated so that the
content of vinylacetylene in the top stream is 30 wt ppm or less, and the top stream of the solvent
recovery column is passed through one or two purification columns, thereby obtaining highly

pure 1,3-butadiene of 99.6 wt% or more.
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are set forth to specify the technical spirit disclosed in the claims of the

invention, but are not to be construed as the limit of the present invention.

5 As seenin FIGS. 1 to 4, a crude C4 stream 1, produced from a naphtha
cracker, is introduced into a first acetylene hydrogenation reactor RI

along with hydrogen 2-1. The hydrogen is introduced into respective

reactors in different amounts. That is, the C4 stream 1-1 passed through

the first reactor Rl is introduced into a second reactor R2 along with
hydrogBel®w,2 ftengirttsenC4nstrsaom is 2dessied throughethistsdconttl redatoce to the

R2 is introduced into a third reactor 10 R3 alo ith hydrogen 2-3. The .
OB TS 1 EE e SO A TS ol 001 Folaieg descrition
YRNUESHREES WW@%EM%EBE@E&HM AYIERERNFURPHS EntHR. ll)ut are not to be

respective reactors should not exceed the amount that can be dissolved
oorthimetus hédhstreaa . pragept oxienately, the molar ratio of hydrogen to
acetylene in the first reactor (based on the content of acetylene contained

in the 10849508 LliFlidd o Ui rA SRR il proxicihyTas) isagtipagacker, is
hAiTedP hB0SHR NG SAGRNE {GREIABR IR 2 OB D SR dBRSIN 21, The

The acetylene conversion process according to the present inventionis
pyéiegably healizedd ihtoughdiquidqabaseihiifoganatiomtssifigaailthkally stream 1-1
of hydrogenation reactors, for example, two to four reactors. Preferably,
ratierehterl Bedipigvnstan Rhde dHoduesrsme im speriktrsar o tatong vamchydrogen 2-
n Itj [ erati : neration., .
R O P T PR i reactor

Recigiablyidbhsdrbian 213 aperaiddi B perauiogdn thacedeter(isased on the feed) is
20-601C, and preferably 40-501C. Because the temperature of the .
Qehh padaHchBUBIPHD PaBaesYs idBecABeHNd 98 RydogetoHbigd Hto respective

SQURNSEBPIOYded Hepean I SaF1015, 0 A3 0 ARG SRSt e Ca sream
InCreased temperature to the operation temperature. As seenin .1, 1n

KpeRsanneiadneliarnane FERjEulian iectierRaaire NRHYaHegenséidbn the content
reactor, 25 liquid hourly space velocity (LHSV) is 5-20 h{’, and preferably

gt peehiereaehiemersisdba frpd oG8 spridiad intthdpFogiasaciao)isimeferably adjusted to

r re of recirculating the stream. of drogenation process or the
KRR IRyt ARG T R el
in propgiRRifHResRAIGHIRIRISI /BB Lo BBRINR HOwmiBHEY Bi®Rbly realized
the recirculating stream and 9 the crude C4 feed is 1:1, LHSV is 1040

tduathkgind-pbiasctipriofehatistranmg ntplutditseeidipdisgenahohust@tbis, for example, two
top-down manner (a down flow type). Stream 1-3 from the acetylene )

m%}ggrg?%?fan rh!ﬁfg{% Yo éﬁﬁﬁ%ﬁﬁﬂ%ﬂﬁ%‘%ﬁeﬁrﬁ reactors %e1?1/g used for operation,
and one reactor waiting for continuous operation upon catalyst regeneration. The operation
pressure in the reactor is preferably 20~40 bar, and more preferably 25~35 bar. The operation
temperature in the reactor is 20~60C, and preferably 40~50C. Because the temperature of the
stream passed through the reactor is increased due to reaction heat, a condenser is provided
between the reactors so as to decrease the increased temperature to the operation temperature. As
seen in FIG. 1, in the case where there is no recirculation to the acetylene hydrogenation reactor,
liquid hourly space velocity (LHSV) is 5~20 hr”, and preferably 7~15 hr'. Further, as seen in
FIGS. 2 to 4, in the process including a procedure of recirculating the stream of the hydrogenation
process or the top stream of the extraction process, the LHSV in the reactor is increased in

proportion to the recirculating stream (e.g., when the flow rate ratio of the recirculating stream and
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separator Fl, so that light gas, such as unreacted hydrogen and

propylene, is removed from the top 5 of the separator Fl. The bottom

stream 3 of the separator Fl contains a large amount of C4 stream, and

includes green oil and a very small amount of a C5 or larger heavy

stream, produced while passing through the reactor. For removal thereof

from the bottom stream 3, a stripping distillation column Dl is provided so

that the green oil and the heavy stream are removed from the bottom of
theecolidt| i Gred olUMnLIBIS Fusther4eoSt SFtthén@Aistrionrf dhis sobtairiaw theareactor is
gﬂas 10 phase from the top of the stripping distillation column DI, and is

BASEE AL IS ié? VAP BrERF bxtractive distillation column
D2. Si@H&fi‘ﬂepgsbloﬁntﬁétﬁ?&%%éq}?@@é&amoﬁy%g INIQUEAPRRS a hydrogen

[
portion of the extractive distillation column D2. Thereby, butadiene,

spatyleriel, antha Bghaflasmahnt ahcissRdhtdogehandpgopidénaffininéoedHem the top
solvent amon%the components of C4 stream, are obtained from the

BothGrieBIHR ddturhheaEHe AL SORDRSPE e Fe aOP4M Atdaigqunt of C4
gt}eﬁm?ﬁﬂ&%ﬁylﬂgep W@i@ﬁ%@@& s%ﬁgﬂ‘tﬁﬂ&m]r mt@g%rqﬁgew&Vf&ﬁaiﬁ, produced

withdrawn from the top of the column. The extraction solvent which is
shijiplpessingatife gxtrecitverdistitatiemealliherdoC ludasta patamsolvant3, a stripping
that is, N (nitrogelglg-alkylated solvents, examples thereof including

Y SFHATRIRE KONMIe et {iro i aFivrioo i thy eetaniiele! afscremoved from
%%%QMH' £ %@ RGN gﬁlﬁﬁﬁvﬁﬁ‘.tsﬁﬂrﬁ@r?ﬂl@%%? a6, 0ave %’8§ﬁai ed in a gas
d ol d are th e for

relative volatility and an appropriate boiling point, and are thus suita

plesd e peesprifiméentipinAniqigthe solpattiou)ady 14s@éul dspplied into the middle
dimethylformamide (DMF). The extractive distillation column D2 is '
preferaplyBo et clisilinstinalions With SHBRIDEPHRAYS BN @St solvent is
dis{)i#ati ns. are connected in series, resulting. ip.the extractiv )
i e T e S B b R A By aciene

sxdraaty edistilationaGelnmst B2 2sbhREcl Aty aRd RIeAaKaRIY the solvent among the

110-1301C. The bottom stream 6 of the extractive distillation column D2 is
patrogoesl ohlolesprams arsapindddrarn hegstito whidha pekanur@longheith the solvent,

e-separator F2 is 100-1400 and preferahly, 10 120-1351C. The top gas )
R T B R R P P B St i

-Sepa e extraclio ina

g,gﬁg@m@ﬁgn;&g\ﬁ%)omg Rigferably 1113 wt%. When the content of the
extraction solvent in the top gas stream of the pre-separator F2 is less

than 7 Whegxthstrasolwdne nehible is ompphtdintoi thy asetytonalisibagohvenemn includes a
P e R i e e Ot GRmeo Yhereof  including
dimethylformamide (DMF), diethylformamide, dimethylacetamide, and acetonitrile. These polar
solvents in an anhydrous state have good relative volatility and an appropriate boiling point, and
are thus suitable for use in the present invention. Among them, particularly useful is
dimethylformamide (DMF).

The extractive distillation column D2 is preferably composed of two distillations with
each 100 trays and the two distillations are connected in series, resulting in the extractive
distillation column including total 200 trays. The bottom temperature of the extractive distillation
column D2 is 100~140°C, and preferably 110~130C.

The bottom stream 6 of the extractive distillation column D2 is introduced into a pre-

separator F2. The operation temperature of the pre-separator F2 is 100~140C and preferably
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5 when the content thereof is greater than 18 wt%, the bottom

temperature of the pre-separator F2 is too high, and thus, impurities may
accumulate. The bottom liquid stream 8 of the pre-separator F2 is

introduced into the middle portion of the solvent stripping column D3. The

solvent stripping column D3 functions to withdraw the extraction solvent

while maintaining the concentration of vinylacetylene of the bottom

stream 10 at 1 wt ppm or less. To 10 this end, the solvent stripping

3 O3 Sheulebheoperatediatha peftospratior df2atidade2tBevetdtaotichesolvent in a

tracti I hich i lied. int tractive distillati lum .
9Tt S BRI St CENaHh SN BoE GAR B sovent i
ﬂk@t@ﬁtéﬁggﬁgaﬁ?%'@% @F@s@p%gb'ltqdjqg?e?s”ﬁmﬁ@Wl%%@a@@WﬁéYe the content of

recovered in a state dissolved in the extraction solvent. The stream 9 is
suppliedlimtoia dsolvgrametvappicsiieani2 isfiocredbel dannotibéntoodtolbetl Conversely,
into a compressor Cl, and 15 liquid stream 12 from the drum is fed into a

SRR poRirRher iSRRI (oS RBURYY. BRRra QS fhp gre-separator F2 is
i55Am, RATIRG tHRARIDS SOMRISISRY. CHE INRBALERAdURINEIOVEE pre-separator

portion of the extractive distillation column D2, so that the bottom
Frizpatatucedinthehe xiiddii yoribstifabiososelusuippads decieB3ed, thereby
inhibiting the polymerization of diene and acetylene. The stream 13-1 and

the strdafn SPR:enb g iRpg I ABmb db duarions fataatediavathg skiagtion solvent while
: f CiS-2- : d1.2- iene, -
AR L&i%%oﬁ&%ﬁ%&;‘fﬁ%ﬂ%c%@l o}tgﬁ%%%%eﬂl%a&;hﬁ) F?WB{H% %r less. To

IS Intro Into t e tion" of the solvent recovery column

fhioagANHb dheciaptbpsisieimT 103 theul esaRaRID hZ.fAs BltiohhfRErRAUSS wit% of
the stream 7 containing a predetermined amount of the extraction solvent

fBeretaciay sebsnevdtRerplieshimorBeexpaeitxgriig atgn snlempbidt dhe top stream
olvent, it is supplied at a slightly higher position than.the stream 13-,25 1, ..
R A A R R i o

SQNRIINGer GhikI3-RUbEIaNa i abianediramihr.teratitbe SPant The stream 9 is
recovery column D4, and the stream 14 contains. 98.1 wt% or more of
upphest arfien drumitané sepen sirean W ivgraithodouten enpdueed piadivperessor C1, and

nd propad LT eFottoms ream 19 of the .11 solvent recovery colum
B g e A R Y A et L A e i (ot Shown,

small grpeunts of haaueiadieReandoiny eeyignsssBiene anaRRBUERR the lower

are removed from the bottom stream 19 of the solvent recovery column
Dtiawhi€ thisettientieddsgdiniontoolhme Xifastivkatdistitiettion colpemiuD2oélbagxtractive

e e e 1001 e sl Sppp i G
SHIRRINGCRIUMARRe stream 13-2 are mainly composed of 1,3-butadiene, and small amounts
of cis-2-butene, solvent and 1,2-butadiene.

The stream 13-1 is introduced into the middle portion of the solvent recovery column D4
along with the top gas stream 7 of the pre-separator F2. As such, because the stream 7 containing
a predetermined amount of the extraction solvent is relatively heavier than the stream 13-1
containing a small amount of solvent, it is supplied at a slightly higher position than the stream 13-
1, thereby maximizing the contact between the streams.

The stream 14 containing rich 1,3-butadiene is obtained from the top of the solvent

recovery column D4, and the stream 14 contains 98.1 wt% or more of 1,3-butadiene, with less

than 1.9 wt% cis-2-butene and 1,2-butadiene, and propadiene. The bottom stream 19 of the

11
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is supplied to the solvent purification distillation column, together with the

liquid stream 12 of the drum. The main function of the solvent recovery

column D4 is to further decrease the content of vinylacetylene contained

in 1,3-butadiene as a final product. In the case where the content of 10

acetylene in the top stream 14 of the solvent recovery column D4 is

decreased, the content of 1,3 butadiene, which is mixed to prevent the

explosion of vinylacetylene in the bottom stream 19, is increased, and

ageordieglysitheolosr d141i8<butpaiehef frdargthetomsofchmetdaigiimcreasadwith very

resulting in decreased 1,3-butadiene recovery, Hence, the solvent
B S HAEIEE T VSIS o P P RARORE PRI from the

PERAMGESeahh ?@W%Weﬁ??éé@@&?f %l%mmﬁ%m&éie&%égﬁﬁ%ﬁmﬂe_ extractive

30 wt ppm or less. The top stream 14 of the solvent recovery column D4 is
dupipdieo oA plorificeitiothedaltionn sB&nani@ ofebh yldeety kmgpandolumn D3 and
ropadiene are removed from the top stream 15 of the purification column

& SRRk IR NEAR 48-oFartihs hom strimcll o RerselvenhsidRnipggelumn D3
Inigy A ReCERL R RAACRIMD. R 38 Rk GINRCEN AP IRIBURIRY 12 of the

1,2-butadiene, and a 20 C5 or larger heavy stream, having low volatility,
asithe bottom stream 18, are removed, and highly pure 1,3-butadiene is
obtained as the top stream 17. When a crude C4 stream havina the same

compoftioiad (H Ak A BetiigThieteraY, dmo P brotURTBFEHecsEE Y content of
SR ﬁ%&gﬁ%l%%}&h%liﬂ@dgﬁ'Li[?-%ﬁﬁﬁe%%”a%?yﬁgglaﬁr%&f&!ﬂﬁadtﬁ@%a%%ﬁé?@ﬂle content of
Y n c the top

rocess using only a 2-column extractive distillation system, and

steeaenclif BF tbp seMANUS tecovai ealovay ButnmiY X detadirbahe content of 1,3-
extraction process using one extractive distillation column after a

byladisgenatiish sroveskte isyeat pharatrlpsem glvdydastidenedachsreottom stream 19, is
according to the present. inventi ave.the compositions shown in Tabl )
S AR s RSO R PR T 8 rsting

Rtrean.eéSolventdremadey&pnventienain-GalumnRecave iwalmNdperated in
the Extractive Distillation Process Inventive Extraction Process

qoBsEeraiigie AbIgASBeO6 @UDATIaT wihoGisThBoriprt of 4opident. in Waotop stream 14
NS RN, i aricks, ¥ 10 wt ppm

The top stream 14 of the solvent recovery column D4 is supplied into a first purification
column D5, and methylacetylene and propadiene are removed from the top stream 15 of the
purification column D5. The bottom stream 16 of the first purification column D5 is introduced
into a second purification column D6, so that ethylacetylene, cis-2-butene, 1,2-butadiene, and a
C5 or larger heavy stream, having low volatility, as the bottom stream 18, are removed, and
highly pure 1,3-butadiene is obtained as the top stream 17.

When a crude C4 stream having the same composition is used as a starting material, the
top product of the second extractive distillation column in a conventional 1,3-butadiene extraction
process using only a 2-column extractive distillation system, and the top stream 14 of the solvent
recovery column D4 in a 1,3-butadiene extraction process using one extractive distillation column
after a hydrogenation process using a plurality of hydrogenation reactors according to the present

invention have the compositions shown in Table 2 below.

12
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That is, when compared to the conventional extractive distillation process,
the content of 5 1,3-butadiene was increased from 94.596.0 wt% to 98.0
wt%, and the content of cis-2-butene was decreased from 3-4 wt% to 1.7
wt%. Further, the concentration of methylacetylene in the C4 stream was
decreased from 0.020.05 wt% to 10 wt ppm or less. This is because a
considerable amount of methylacetylene is removed along with
vinylacetylene in the course of acetylene conversion according to the
present invention. Accordingly, of thé%\%[&?rification 10 columns D5, D6
shown in FIGS. 1 to 4, the first purification column D5 may be omitted in

the case wherg thﬁ)ﬁgﬁéﬁﬂi(ﬁfﬂ oRastigneDsEmathor zeroﬁgrmauyqf Solvent
because 1,3-bytadieggi@nglicicunRuiRng havgusrery 5ma|R@&§€é%}‘@6mﬂm in the
relative volatility therelpgiwagR IRgRHATPRRESOf reflux qgpesatie s @mdion Process

pidesuaigeRquired to distill ang-sgparake these materials, entailggntier

losR OiRuRHeUtadiene. In the prgsgeqkdpvention, the content 15 of | 7 w1

SRRy REIGNG S| minimized, Wigsehy3oyeiens for separation betwaeR G

materials in the second purification column D6 may be reduced, and thus,
the loss of 1,3-butadiene may be decreased by about 80% compared to

the coRyENTONALHUAGHRIY RS ARESSh EREREPEESRES Lhikd o ﬁ!ﬁ&s@ﬁﬁ% content of

almost the same as the process of FIG. 1, with the exception that a
syshatdionwhiahipath - frahthe Stheanwirono afitalthy diat dratinreneal tis-2-butene
and 20 part 21-2 of the top stream of an extractive distillation column D2

s fleeirasnddsentesebtivel) td thEsedtidicrs Brownaemiripreammgiiylacetrgne in the
- d H -
g%jﬁgﬁ%fk%@%%ﬁ%%é}tﬁg%tB%flb%%”\J{%“}&hﬁ) 0y \}568 CBRYQN reR(HONS because a

e part top stream of the extracti Istillation column

Exdsatedisieirgutaie df mihibyEridanRUBRSdh aloak thatlcRitigaCedyierdiniie: course of
content of vinylacetylene of the total stream, which is introduced into the

feAEIRIC RoBeErRstr B! RaIiOfn P EEHeht SIS iNRREBEEhE bithgvo purification
§éel1de Youl eﬁg-sﬁogﬁﬁ%rﬁ‘ﬁﬁ(iﬂohé( El%gff rs‘tthli"r}fi%%%éﬂt.£8ﬂ}#r‘ﬁle6§t¥§al§1' ROSthitted in the

same, an S, olubllity of hytdrogen Is increase us

tagilitatecthe einaoisignophddiogmalivdhed-4 stream. Further, LHSV is
doubled, and hence, the linear velocity of the reactor is increased, so that

the rerksnatadyifbgsavives ForadisacomdiysLietainbave fiesensmalsdifierence in relative

deaqr e.t\Fn rticular, in the case where the part 21-2 of the top stream5 .. .
SO IR RAKG R SRR WIS BA S RETIIEOR RISBI & iscl and

ﬁbﬁ%@@%&g%ﬁﬁ&igé @%%hﬁgﬁﬁrlbgs she scanianhef Ligth@'ﬁ%géﬁﬂi%\%mﬁﬁ, the content

total stream, which is introduced into the reactor, is decreased, and
dhanieByhutencarmovinirofzedtrabtishysblvdenstHer kepasaitbwibhttresifeed imtterials in the

downstre xtractive )
second purt 1cagon co}umn D6 may be reduced, and thus, the loss of 1,3-butadiene may be

decreased by about 80% compared to the conventional extraction process.

The processes of FIGS. 2 and 3 are almost the same as the process of FIG. 1, with the
exception that a system in which part 21-1 of the stream from a final hydrogenation reactor and
part 21-2 of the top stream of an extractive distillation column D2 are recirculated respectively to
the reactor is provided. For example, in the case where the part 21-1 of the stream from the
hydrogenation reactor and/or the part 21-2 of the top stream of the extractive distillation column
D2 are recirculated in the same amount as that of the crude C4 feed, the content of vinylacetylene
of the total stream, which is introduced into the reactor, is decreased to half of the content of

vinylacetylene of the crude C4 feed. The amounts of hydrogen that are introduced are almost the
13
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distillation column may be greatly decreased. In addition, the present

invention may further include a procedure for recirculating most 10 of the

bottom stream 19 of a solvent recovery column D4 to a solvent stripping

column D3, as seenin FIG. 4. The bottom stream 19 of the solvent

recovery column, composed of a large amount of extraction solvent and

very small amounts of 1,3-butadiene and vinylacetylene, is introduced

again into the solvent stripping column D3, thereby decreasing the amount

winthe agdrdlam that sslsbipplied ntdrebensoliveatpedfication dadiiate dhel dissolution of

ximally recoyering 1,3 15 butad| which is lost in the sojvent )
PRTEER, Tt DU iosl BFARE DORSRceiF s ek B e velociy of the
FELANSOH LT B4ns U RMGRE PR SRR MERT B RRIRY: BRIAMBs Rficient to some

and the solvent stripping column D3 iS operated at an inCreased reflux
dagieein orghartianiaraximiadlyde cndase tteepao e At wf thinydacetyiend of tihe extractive
extraction solvent which is introduced into the extractive distillation

o belopd hiegaEr e dedtibtacis R bAug pittlesiag hgam 1. the
BIHEatQ NALReRHAR RS AR RGN AT ERERE UGN decreased, and

remarkably decreases the content of acetylene before the extraction
prodassheantbaiitbcatadthursidncof dhe it Bdalitedienefextiaatiodqvagessnsxtractive
decreased compared to a conventional 1,3-butadiene extraction process
disiitgtioncelitmmanbegtoly distifitdn system, thus increasing

Procesh g dRRRGHY RLARIERRAGCARER TPy BRI, AR aing mos:

the nu er of processing units Is us, time auring w

IMPeriigsmwikkah Mmayfaccolnulate dicsy RSIGEHSSINY Al kdasmigripisiliceidmn D3, as
is considerably reduced. As mentioned above, when the acetylene

WsAVEIEISH prodBedadpaeideively dribertMyebAfparcatyfelenh geeppsekof a large
C4 stre roduced from the naphtha.cracker a taining 3055 .1 )
e O IR R G S bithacotine

intletRIved irAationHRresess: stppieeQvane T3 3thutdignadsine@asesbunt of the
by 2-3%, and raffinate content is also increased by 2-4%, compared to a

gienaveiidnal epphedioniprbe esodvasingpaizasoeniuaxtr aodviaatiomibtioecovering 1,3-
stem. As.well, due tq the simplification of the enti rocess, the degree
BRI I Lost i e SORSR TS S I R OE SR Bopiap Srcans 19 of the

creas

anetiiesR RANS KA PIRLRSSISHRAR iSRRI 8aphe iulike i adahe solvent

the accumulation of impurities attributable to acetylene in a

$itgipiteneplenatuld eptesaharganerrased eeslivnintive th wittrootmasiatidyalgerease the
ggn%gr%ngfo r\lﬂlgf?arégtﬁgrrlig%fo {I;[ciemeeit héltgo%e sfgll;lcleply %v tigl?]is introduced into the extractive
distillation column D2.

Consequently, the acetylene conversion process using the plurality of hydrogenation
reactors according to the present invention remarkably decreases the content of acetylene before
the extraction process, so that the total burden of the 1,3-butadiene extraction process is decreased
compared to a conventional 1,3-butadiene extraction process using a 2-column extractive
distillation system, thus increasing processing capacity and decreasing the loss of 1,3-butadiene.
Further, the number of processing units is decreased, and thus, time during which impurities,
which may accumulate in a processing unit, can be produced is considerably reduced.

As mentioned above, when the acetylene conversion process for selectively converting

only acetylene in the crude C4 stream produced from the naphtha cracker and containing 30~55
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Below, the present invention is more specifically described with reference

to the 10 following examples. EXAMPLE 1 Acetylene Conversion Using

a crude C4 stream having the composition of Table 3 below, a pilot test

was conducted. The pilot reactor had a diameter of 6 cm and a length of

120 cm and the amount of 15 catalyst in each reactor was 900 cc, and

the flow rate was 9 IAhr, and three reactors were continuously connected

without a recirculation procedure. As an acetylene hydrogenation
viftalygndeapanche feidbostdlysti@abs Sknevpilatdé Widinit8 uaBherhétraction process,

atalysts Japan, Inc., was, used. Further, internal condensers were. .
o B Bt PR T eth B o e B P GrotHE el erased by
@&%E@&Hgﬁ@d%%%ﬂ%ﬁ‘&{ﬁ WEs SRS R A2 SRR IRk ACtriBGve distillation

crude C4 20 stream 1 contained about 4450 wt% 1,3-butadiene and 1.2-2
syt¥iénacety leelb dibetdmpenaiticetiof o ¢héemiofpeachsrdactoprasf alobyt is decreased
40-501C, and the pressure thereof was 3031 bar. The LHSV in each

e G W fuhmosn AsHDeIrSBER s Ldgie i ihn FHASRIAsRC RS RS decreased,

FRARKAIHA B HE lcdhBath RranPubi MM SR GSRARAIRG itrpfat i11?8%1-temperature

molar ratios of hydrogen to acetylene in the crude C4 stream 1 of O
Beat3xahah 29 yewpdictivielyd, Betauseshyidragerationfis atv2bpexrotheinie.
reaction, the reactipon temperature was observed to increase in amounts of
1EVsle forlgvspieond 0.1 5C in respective reactors depending on the

amounﬁ%l%(xﬁct%gl%%geﬁp 0¥, G950 Iﬂﬁl%ds gﬁ@ n %%Trﬁghe \%i%el%\f\érence to the

the concentration of vinylacetylene in the product after the "acetylene
flvengiemyples30150 wt ppm, the loss of 1,3-butadiene was less than 1
wt%, 1- 15 butene was increased by 8-12 wt%, trans-2-butene was
incread@BVILEA wt%6, and cis-2-butene was increased by 2-4 wt%.

TABLE Ce&? ﬂlree&m No.1 1-1 1-2 1-3 Component, (wt%) Cyclopropane 0

000 %&%@% 3 0.005598 0.009136 0.018268 Isobutane
0.526808 1§k 2333dd 0D hvi8GRe composition of Table 3 below, a pilot test was
conducted. The pilot reactor had a diameter of 6 cm and a length of 120 cm and the amount of
catalyst in each reactor was 900 cc, and the flow rate was 9 L/hr, and three reactors were
continuously connected without a recirculation procedure. As an acetylene hydrogenation
catalyst, a commercial catalyst G-68SK, available from Siid-Chemie Catalysts Japan, Inc., was
used. Further, internal condensers were provided between the reactors, so that the temperature of
the stream to be introduced into the reactors was constant. As shown in Table 1, the crude C4
stream 1 contained about 44~50 wt% 1,3-butadiene and 1.2~2 wt% acetylene. The temperature
of the feed of each reactor was about 40~50C, and the pressure thereof was 30~31 bar. The
LHSYV in each reactor was 10 hr”', and hydrogen was sequentially introduced into three reactors at
arate of 34.6, 30.8, and 11.5 NL/hr, corresponding to the molar ratios of hydrogen to acetylene in
the crude C4 stream 1 of 0.88, 0.79, and 0.29, respectively. Because hydrogenation is an
exothermic reaction, the reaction temperature was observed to increase in amounts of 15~25C,
15~20C, 10~157C in respective reactors depending on the amounts of acetylene and hydrogen
used. As shown in Table 3 below, the concentration of vinylacetylene in the product after the

acetylene conversion was 30~150 wt ppm, the loss of 1,3-butadiene was less than 1 wt%, 1-
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Propadiene 0.011248 0.009575 0.007943 0.008871 n-Butane 2.811236
2.817003 2.814542 2.814623 Methylcyclopropane 0.036349 0.036439

0.037125 0.036698 trans-2-Butene 4.625661 4.727191 5.004148

5.074751 1-Butene 13.53041 13.89438 14.4261 14.83006 Isobutylene
23.42484 23.44700 23.41881 23.60476 cis-2-Butene 3.665463 3.723477

3.7966 3.761678 cyclobutane 0.045455 0.058964 0.045773 0.044154
Isopentane 0.074107 0.071413 0.067017 0.065063 1,2-Butadiene

buBhe M2 DEOROBRYR2b491%, drakibbEend ethylacetytdriyy 8-0 Dvt%, and cis-2-butene
1,3-Butadiene 49,23618 49.75497 49.41457 48.90931 C5 olefin 0.036828

W BBR G, B%%Z@E’%BSGS? Vinylacetylene 1.409072 0.405708

0.058896 0.005995 Ethylacetylene 0.243124 0.168280 0.069621
0.024633 others - 0.007874 0.014067 0.007764 Total 100.0000 100.0000
100.0000 100.0000 1,3-Butadiene EX{¥BEfioh Process simulation was
conducted using a commercially available simulator, Aspen Plus. For

. ; l 0
S|mulator \;6%12 ég%aélretalned based on the values j |n ut to the S|mulator and

the experinidMsMValues. The pilS R sut R BmplofE 25 the fed018268
of the avails@t@iulator, and, dHeloe plurdﬂéﬁ&%drogérﬁaﬁ%‘f? 0.54862
reactors Ribrdpajiéns, a pre-separdtot RP4& distillanes7sL6 colowtmT®@Bfor  0.008871

removing qqqsmaﬁ@ and C5 or largeyimaterial, anganextractigiypiocess 2814623

pere Wﬂl’él éﬁ gpil a com erﬁ'(f?ﬁb%'4@x”al%%&fé§3ess ‘696?91% 0.036698
column istillation solv over W

mounted! ! éﬁ@ Bi%he second &X %ggﬁ\fe dis I%%[ﬁr% CO|l}/rT$ %(yé[?%kthe SH74751

case wheré*ﬁ%‘t‘?’é@am containing 633#pbm vidgi8&Eylene réddiirlg from14.83006

the Isobutylene 2342484 23.44700 23.41881 23.60476

cis-2-Butene 3.665463 3.723477 3.7966 3.761678

cyclobutane 0.045455 0.058964 0.045773 0.044154

Isopentane 0.074107 0.071413 0.067017 0.065063

1,2-Butadiene 0.316942 0.302932 0.254914 0.211092
Methylacetylene 0 0 0 0

1,3-Butadiene 49.23618 49.75497 49.41457 48.90931

C5 olefin 0.036828 0.035849 0.036484 0.033657

Vinylacetylene 1.409072 0.405708 0.058896 0.005995

Ethylacetylene 0.243124 0.168280 0.069621 0.024633

others - 0.007874 0.014067 0.007764

Total 100.0000 100.0000 100.0000 100.0000

1,3-Butadiene Extraction

Process simulation was conducted using a commercially available simulator, Aspen Plus.
For accuracy, the simulation was compared to the actual process, and the error range of material
resin of the entire process was confirmed to be less than 0.2 wt%. The thermodynamic parameter
for the process simulator was ascertained based on the values input to the simulator and the
experimental values. The pilot test results were employed as the feed of the available simulator,

and, after the plurality of hydrogenation reactors R1, R2, R3, a pre-separator F1, a distillation

16
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15

acetylene conversion process was introduced, 99.6 wt% of 1,3-butadiene,
containing 14 wt ppm vinylacetylene, was recovered in an amount of 98.9

wt% or more (in consideration of the loss of reactor, 97.9 wt%). Further,

in the case where a stream containing 200 wt ppm vinylacetylene

resulting from the acetylene conversion process was introduced to the

extraction process, 1,3 10 butadiene, containing 45 wt ppm

vinylacetylene, was recovered to 98.9 wt% or more (in consideration of

thkulos Ddf freactooy 9. grean/s)il withdilt thdanganipatatibraod tirte xtoesss process were

parameter_of the extraction process, As such, in order to decrease the =~
TRt SR AR R A S Gr SR BB PP cisillaion
§9§e‘ﬁ9%r§(§i%hp@agmgn§0ﬂﬁﬂ%ﬁ%5%ﬁ%ﬁ%‘fﬁé‘Hf‘@h@é@c%%ﬂé@i@i@g)ﬁisﬁﬂaﬁon
changed, and thereby the recovery of 1,3-butadiene was slightly

ddungased to 98.5 15 wt%. However, compared to the 1,3-butadiene
recovery of 96.5 wt% through a conventional extraction process,

accordiRght A RHehSIEARY EPLIBHBRoRR KT NP RESReeleaR frling from the
A ADRAPIEREOLITY SRIRL, SRCTNESNAE HFSaseIMY s dRIML RIS 14 wt ppm

3
amount of raffinate was increased by 2-8 wt%. Further, at least 10% less
anekgytwas constitredredirsaaxhibiiin @EI89oyt Faduntienieftestricfaiolest4he loss of
and 5 below show the material resin, temperature, and pressure of 20

fesischve StFEamEUaer ihdhe st rhaidinTEENICaBag SHR WipRRvRYlacetylene

B D A A AT s 1
Bubi@ieddd . tomt@ining US WMagmT iy katipless), 008 36:608ed%O3B.94W23 or more (in

210,669 13,218 197,451 16,106 186,631 Composition, wt% Cyclopropane
0208eaioEod tho P .0035100 8 H 000 HbUhorERDlapes 9Y IbaErogTEParameter

0.018 0.018 0.037.0.0Q0 0.000 0.000.0.000 0.000 Isobutane 0.548 0.54 .
R L S S A S S

SHRAADI00R: PyétA D019 1118 BHS-AIOOBorkifiBrS Wiane o8t dlery column D4
2.820 5.657 0.000 0.000 0.000 0.000 0.000 Methylcyclopropane 0.034

vaspiatn dgedondahereasteoed ¢o4d 0.0botatens pagtlighity 9@Rased to 98.5
R IR I -
extraction process, according to the acetylene conversion process and the extraction process of the
present invention, recovery was increased by 1~1.5 wt%, and the amount of raffinate was
increased by 2~8 wt%. Further, at least 10% less energy was consumed, thus exhibiting energy

reduction effects. Tables 4 and 5 below show the material resin, temperature, and pressure of

20 respective streams after the reactors and in the 1,3-butadiene extraction process.
TABLE 4
Stream No. 1-3 3 4 5 6 7 8 9 10
Temperature, C 36| 365| 505| 348| 1199| 119.2 133 | 1133 166.5
Pressure, bar 304 59 59 4.5 6.3 4.1 4.2 1.3 1.5

Mass Flow, kg/hr 30,008 | 30,008] 29,936 | 14,923 | 210,669 | 13,218 | 197,451 | 16,106 | 186,631

Composition, wt%

Cyclopropane 0.002| 0.002| 0.002| 0.003| 0.000] 0.000| 0.000 0.000| 0.000
Propylene 0.018 | 0.018| 0.018| 0.037| 0.000] 0.000| 0.000| 0.000| 0.000
Isobutane 0.548 | 0548 | 0550 | 1.103| 0.000| 0.000| 0.000| 0.000| 0.000

Propadiene 0.009] 0.009| 0009 0.000| 0.002] 0013] 0.001| 0.018] 0.000
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Isobutylene 23.597 23.598 23.653 47.442 0.000 0.000 0.000 0.000 0.000
cis-2-Butene 3.760 3.761 3.769 5.362 0.202 2.101 0.075 0.964 0.000
Cyclobutane 0.081 0.081 0.081 0.000 0.016 0.146 0.007 0.094 0.000
Isopentane 0.065 0.065 0.024 0.000 0.005 0.043 0.002 0.031 0.000
1,2-Butadiene 0.211 0.211 0.211 0.000 0.046 0.161 0.039 0.416 0.013
Methylacetylene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1 3 Butadiene Q 7’)7 Q 7’)Q AQ QAND _/IO{'\ 1 _OL‘J’\ QA 240 E V76 G5 2 n
n-BUHSO_C5 olefin G054 0 H5A0.0458 0000 b3 BUEL oHMD'E o 0D40.000 | 0.000
Me@YIRX@PBWE’ﬂ% 00880 b8 hdbBhnd 8%hp cHKE b AHFB 018 Wdae 0044 | 0.000
tran Deiylene 096 0. 07878 RS Dol d o7 oH8E o M blo78.908pp0.004 | 0000
1- B\K?Bﬁ'lzp 0.0021d 58345328 ndh38B0ESEh0 oG &P [0a®-000 | 0.000 [  0.000
IsohsiHeathy Iformaiditte 3080 300 o fbh| 86 YW 1 0E W 91 0| 0.000 | 0.000
cis->Byigne 96 90g| Efeal 0306 b.8d6%N 083%R 000012824 31851 43978 ped964 | 0.000
Cycloggianer AR 0.008-08000 @b Pé8d 1 9980 0280183700 14907 | 0094 | 0.000
IsopenigiER 0.167 0.16369 080650000226 B.X 0. PP |60H430700.002 | 0.031 | 0.000
1.2-Byiagéssien 0.002 6.2100 0dA 0.688 b /od¥0%000 ©B60 0ded 0.00639 | 0416 | 0.013
MetmA®ewknstreamMN0A 1L D0AB|14.98016 A.6008 1900 Tet{¥¥ratuf0® 36)900 | 0.000
1,3-Betglienied 21.8|418.7247.4832& | 518.8426.20300 | Pr@esdired4psi¥1.0 3.0v6.95.360 |  0.000
C5 Qethir.1 5.3 4.3/5.0.846|19.93MasdEow 0§ 13803 |6,04323 510004, 770016 |  0.000
Vinglsced]@Es 14,519.006|1 0606188,000| CHI0Qositb)2Antoe.®pclopfdidne 0.019 |  0.000
Eth@a00916:000 0.000M@DHP00AZDD 0.029|0.00M1.0AD0V0MOII0 Prafsylefd73 |  0.000

WATER 0.000 0.000MDP00AAD) 0.0aD|0.00@1.0AD00M0MOMO0 186bAtar002 |  0.000
Din@08HHE6d0.000Mm®D00MEDD 0.001 |0 @0MJ. C8KIB0RGEI0 91.916 | 28.085 | 96.998
FufRzapadiene 0.025.00003M0027 M008 18003 [0.00842.000. 16900 0.880, 0261 | 1.504

TAROOO n-Butane 0.0 0@ 0.@N®O0@000000 0360 028 0.0063.000.010 | 1414

DIMBRO Methylcyoipmppamedd.0630DL1I0QAER 0N0R 0.40650.000.01000 4.604 |  0.070
Hy®Rd28¢ 0.438 0.0090tmhsodd1tened. 00600 0.08Y|06dd00.0900001D.000 |  0.000

0.004 0.401 0.003 0.000 1-Butene 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.001 0.000 0.000

TABLE 5

Stream No. 1] 12 13 4] 15] 16| 17 18] 19 20

Temperature, C 368 368 774| 218| 401| 473] 327| 515] 762] 351

Pressure, bar 10| 10| 69| 25| 51| 53] 43| 51| 26| 157

Mass Flow, ke/hr | 13,328] 6,748 3,510(14,770]  15]14,755]14,512] 243] 1,959[188,790

Composition, wt%

Cyclopropane 0.000| 0.000| 0.000| 0.000| 0.000| 0.000{ 0.000| 0.000| 0.000| 0.000

Propylene 0.000| 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000

Tsobutane 0.000] 0.000[ 0.000[ 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000

Propadiene 0.025| 0.003] 0.027| 0.018]18.003] 0.000| 0.000] 0.000] 0.000] 0.000

n-Butane 0.000] 0.000] 0.000[ 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000

Methylcyclopropane| 0.063| 0.011] 0.062] 0.000] 0.000] 0.000| 0.000| 0.004| 0438 0.000

trans-2-Butene 0.006] 0.000] 0.007| 0.011] 0.007] 0.011] 0.004| 0401 0.003] 0.000

1-Butene 0.000| 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.001] 0.000] 0.000

Isobutylene 0.000] 0.000] 0.000] 0.000| 0.000] 0.000] 0.000] 0.000] 0.000] 0.000

cis-2-Butene 1414] 0.126| 1.432] 1.735] 0386] 1.736] 0.390(82.274| 3.662| 0.000

Cyclobutane 0.134] 0.015] 0.139] 0.078] 0.007| 0.078| 0.004| 4.517| 0.646] 0.000

Tsopentane 0.048] 0.008] 0.044] 0.000] 0.000] 0.000] 0.000] 0.000] 0.369] 0.000

1,2-Butadiene 0.529] 0274] 0.506| 0.003| 0.000] 0.003| 0.000] 0.152] 1.975] 0.000

Methylacetylene 0.000] 0.000[ 0.000[ 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000

1,3-Butadiene 91.001| 9.553(96.562(98.142]81.591{98.158[99.600[11.936| 2.227| 0.000

C5 olefin 0.025] 0.004] 0.023] 0.000] 0.000] 0.000] 0.000] 0.000] 0.191] 0.000
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Isobutylene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

cis-2-Butene 1.414 0.126 1.432 1.735 0.386 1.736 0.390 82.274 3.662
0.000 Cyclobutane 0.134 0.015 0.139 0.078 0.007 0.078 0.004 4.517
0.646 0.000 Isopentane 0.048 0.008 0.044 0.000 0.000 0.000 0.000
0.000 0.369 0.000 1,2-Butadiene 0.529 0.274 0.506 0.003 0.000 0.003

0.000 0.152 1.975 0.000 Methylacetylene 0.000 0.000 0.000 0.000 0.000
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Eip B4 ¥E860.0.000.0 oS0 BN SO e 05| 0000
Wai#23 0,012 0,028 96p 2§00 GI0RT BE03 G9! RRI 0000 0.003[ 0.000
Digngiylfoanamide o haA30838% J82581088% ndHaddi o8 W85HWgR5.115| 97.000
Fufirgho water 0 p@0H 0020508 HHhAHW) 040880 B XMy - 1047 1.500
Tan 000 DimethylfdX¥miB 82 p PD0@ 008 >80 ndPNdd®H 8- PBpd-176] 1400
Dimeing 85.115 97.06d5 #8031 00t |0 0% OO dheP8|088%® padd12| 0.100
Hysiogen1.047 1.500-998r 6600 692 0W8H 0 O 00108609, 06800| 0.000
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0.176 1.400 Dimer 5.415 12.359 0.801 0.000 0.000 0.000 0.000 0.000

3.812 0.100 Hydrogen 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 &ExapleRample 2 1,3-butadiene was separated at high purity in the

same ner as in Example 1, with the .exception that, as seen jn FIG. 2, .

o 2 B BT A P R T PO TR U ST aB S with he
iSRS &) PIG‘?'Q, E?ﬁtétfflaéﬁtﬂe'g&é’a}ﬂ‘?-@ St FRAGLN r2IPRY W ANGtroduced

crude C4 stream 1. This is advantageous in that the concentration of
vithydaeaty leneiof ththstmedeChstomut & dhinthe thit fiesttreabiog Rithsthe crude C4 stream
decreased to half that of the case withqut a recirculation procedure, thus

InclBiseratagsaytystaifig comaeaBRion Al VUbiRebARRR &t egrsagprluced into
ﬁ@qﬂsrte@%ﬂfr \Q@Sigge&]&geg Td1ﬁaﬁiliﬁ%m@t@almr\gi€igu\fvg PR culation procedure, thus

vinylacetylene resulted from the acetylene conversion process, and,

iineaghttie scbsgoteilite xird ctilentiprgoeshe @98ywt YT laf ILEBSNuiadiemesactor was 20

containing 11 wt ppm vinylacetylene was recovered to 98.9 wt% or more
-consideration of the loss of reactor, 97.9 wt%). Without the

manipyRlion.of 106, PiRG S&Ré{g&k‘?'ﬁﬁg%é&?l%ﬁ%&&i%ﬁ RN §%S acetyTene conversion
butadiene was recovered to 98.3 wt% Or more (in consideration of the loss
ploceactoid, Wrahtit ¥y .subsequent extraction process, 99.6 wt% of 1,3-butadiene containing 11
wt ppm vinylacetylene was recovered to 98.9 wt% or more (in consideration of the loss of reactor,
97.9 wt%). Without the manipulation of the process parameter of the extraction process, 1,3-
butadiene was recovered to 98.8 wt% or more (in consideration of the loss of reactor, 97.4 wt%).

Table 6 below shows the material resin, temperature, and pressure of respective streams

after the reactors and in the 1,3-butadiene extraction process.

TABLE 6
Stream No. 3 214 3] 4 sl 6 A 9o 14 1l 18 19
Temperature C 360] 360] 360] 504 348 120.1] 1192] 1132 218 327| 3504 887
Pressure bar 304] 304] 304 59| 45| 63| 41| 13| 25 43| 51| 26
Eg/}ti‘lrﬂow 60045| 30000/ 30025 29955| 15904 2106; 13149| 16158| 13877| 13698| 166 1880

Composition, wt%

19




15 Table 6 below shows the material resin, temperature, and pressure of
respective streams after the reactors and in the 1,3-butadiene extraction
process. TABLE6 Stream No. 1-321-1345679141718 19
Temperature C 36.0 36.0 36.0 50.4 34.8 120.1 119.2 113.2 21.8 32.7 50.4
88.7 Pressure bar 30.4 30.4 30.45.9456.34.11.3254.35.12.6 Total
Flow 60045 30000 30025 29955 15904 21061 13149 16158 13877 13698

166 1880 k
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Tar

0.000
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0.000

0.026
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0.000

0.183

Dimer

0.000

0.000| 0.000

0.000

0.367

4.931| 0.000

0.000

3.701

Hydrogen

0.010

0.010{ 0.000

0.000

0.000

0.000{ 0.000

0.000

0.000

Example 3

1,3-butadiene was separated at high purity in the same manner as in Example 1, with the

exception that, as seen in FIG. 3, part 21-2 of the top stream of the extractive distillation column

D2 was recirculated in a predetermined amount to the first reactor along with the crude C4 stream.

The case in which the top stream 21-2 of the extractive distillation column D2 is recirculated is

advantageous in that the initial concentration of vinylacetylene introduced into the first reactor R1

and the concentration of 1,3-butadiene are decreased to predetermined levels, thus increasing the
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10

Water 0.002 0.002 0.002 0.001 0.000 0.000 0.000 0.001 0.000 0.000

0.000 0.001 Dimethylforma 0.000 0.000 0.000 0.000 0.000 86.958 12.545

27.928 0.000 0.000 0.000 88.116 mide Fufural 0.000 0.000 0.000 0.000

0.000 1.345 0.155 0.260 0.000 0.000 0.000 1.086 Tar 0.000 0.000 0.000

0.000 0.000 1.255 0.026 0.010 0.000 0.000 0.000 0.183 Dimer 0.000

0.000 0.000 0.000 0.000 0.131 0.367 4.931 0.000 0.000 0.000 3.701

Hydrogen 0.010 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

&:@@Q’ Os@DUItE xarh pkiedliyiB-mitdiengalyas seijmrated avthig hlmdiityd natite 1.3 wt%
rrie manner as in Example 1, with the exception t&a}c as s FIG 3

$LYe8f tﬁ‘eﬂf&&%’f}% BEHR LFARAeremstin wgg‘ 0.9 wt%
(fﬁﬁ’f&é {a IBRAIGIRIeMNGHAM Y ﬁ{et%?rlw%hfﬁﬁ@@fegllﬂ@g-ﬁviﬁl&&ﬁﬁbed into the

cride C4 stream. The case in which the top stream 21-2 of the extractive
distitigtinthe alaswiidR: i§7% cifchtatel sise s varit dgeouadivthdistiletiontialumn D2 was
concentration of vinylacetylene introduced into the first reactor Rl _and the

B REREHOGRE SiRadiefie-afd detr sty Sréretetriany awééé@r When the
i cheesiBle i ARALY AR ARE SRERMN LAY T cased, the

46.7 wt% butadiene and 1.3 wt% vinylacetylene in the crude C4 stream 1
wetesdrgepsar 10as ntryut¥d butadieclatand @ twithn vinykloatyiene was decreased.
based on the total amount of the stream 1 and the stream 21-2 introduced

Aodiouebatho st théhe 8 e @ v9nt or thelesisasab dhs DRsTaHgn of the extractive
B R M A P A By o oo

ﬁéaﬁﬁrmﬂuuaér@ﬁmeé Htedhecestiagiive digifiation column D2 was
increased, the processing capacity was increased but the relative

concertP&tRSi8aHT FOBLENREIRRNEI DA EBHacidgne Sesubith Hughtiiraggsdepe conversion
the extractign solvent was decrease the oper h tractive
Riggi3ion ’c%mlrlﬁn% Washo terXea nge Q%hé(;wrﬁtytasg faé;ué of the. containing 22

%fr@ﬁtleﬂy&@h@ehé@vﬁaee@ﬂvem %W@ﬁﬂﬁ@@(ﬂﬂ%ﬁﬁ@e@aﬁ@@ﬂtﬁe loss of reactor,

column D2 was 5.8. The stream containing 62 wt ppm vinylacetylene

PEduttt)from the acetylene conversion process, and, through the

subse tractl ess 99.6 wt% of 1,3-butadiene contai
1 ot po SO NE E FABAV L SR ROPE T O pectve seams

sensideration ahdhedRsebERaARIRY exBicki ket Table 7 below shows

the material resin, temperature, and pressure of respective streams

TABLE 7
Stream No. 21-2 1-3 3 4 5 6 7 9 14 17 18 19
Temperature C 348| 695 36.0[ 504| 348 1225 1192] 1129] 21.8] 327 508 100.2
Pressure  bar 45| 304 304 59 4.5 6.3 4.1 1.3 25 43 510 26
Mass Flow kg/hr 10000] 40045| 39998| 39928 15740(257270] 14809| 20003| 14008| 13813] 181] 2080
Composition, wt%
Cyclopropane 0.003] 0.002] 0.002] 0.002] 0.003] 0.000] 0.000] 0.000] 0.000{ 0.000[ 0.000] 0.000
Propylene 0.079] 0.051] 0.051] 0.051] 0.079] 0.000] 0.000] 0.000] 0.000{ 0.000] 0.000] 0.000
Isobutane 0.958| 0.617| 0.617) 0.618] 0.958| 0.000] 0.000] 0.000] 0.000{ 0.000[ 0.000] 0.000
Propadiene 0.000] 0.010] 0.010; 0.010] 0.000{ 0.004] 0.024| 0.033] 0.030] 0.000[ 0.000] 0.000
n-Butane 4.798| 3.093| 3.094] 3.093] 4.798| 0.000] 0.000] 0.000] 0.000{ 0.000[ 0.000] 0.000
Methylcyclopropane|  0.000| 0.027| 0.027| 0.014] 0.000] 0.004] 0.033] 0.029] 0.000] 0.000] 0.008] 0.259
trans-2-Butene 10.157| 6.563| 6.565| 6.548|10.157| 0.000] 0.000] 0.000] 0.000{ 0.000[ 0.012| 0.000
1-Butene 28.743| 18.500( 18.503| 18.531| 28.743| 0.000] 0.000] 0.000] 0.000{ 0.000[ 0.000{ 0.000
Isobutylene 49.267| 31.709| 31.713| 31.764| 49.267| 0.000] 0.000] 0.000] 0.000] 0.000[ 0.000] 0.000
cis-2-Butene 5.755| 4320] 4322 4.275] 5.55| 0.131] 1439 0.656] 1.387| 0.389|77.817| 1.502
Cyclobutane 0.000] 0.048| 0.048] 0.043] 0.000{ 0.011] 0.107] 0.068| 0.074| 0.007| 5.146| 0.328
1,2-Butadene 0.000] 0.156] 0.156] 0.122] 0.000{ 0.039] 0.139] 0381] 0.003] 0.000] 0.246| 1.252
Methylacetylene 0.000] 0.000] 0.000] 0.000] 0.000{ 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000
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after the reactors and in the 1,3-butadiene extraction process. TABLE 7
Stream No. 21-21-33456791417 18 19 Temperature C 34.8 69.5
36.050.4 34.8 122.5119.2 112.9 21.8 32.7 50.8 100.2 Pressure bar 4.5
30.430.459456.3411.3254.35.12.6 Mass Flow kg4ir 10000
40045 39998 39928 15740 257270 14809 20003 14008 13813 181 2080
Composition, wt% C clo ro e 0.003 0.002 0.002 0.002 0.003 0.000 0.000

13-Buiege 0000 B0 YRON SR LIS 0T OBk A PR B o 15267] 1,996
CSolefiri - "o o 00001 0x01 00001 00 b0t OIKBE “0.0041 AX017]* 50007 "0:000] 0.000] 0.185
Vinylaceryetie 22 200001 ~0.9%6] 0.906] 08067 00007 0.803] CotZ] 003 0008 0.002] 0.267] 0.071
Ethylacétylehié V-UHY Whda0] d2H ¥y N8 0omr 0T VoS Ve Y| VY| 0.001] 1.235] 0377
Water V-YUU N-BULEHIGHG. /550 £ Uysns- Ko 1- 00067 - [01%00{- V900V V88081V ¥oo] 0.000 0.001
Dimetly1-iHaH IV b YR &N PRIGRANGgY 8P 067 212 9497 94919 BN9Y.000] 0.000(89.473

16006 -32®0[ 0.000] 1.104

Fufurall.004 0.0335 (h@ay Wby @ oo OQ).@@# ©. irans-2oRsieng3y

Tar

6.565 6.548 760080 010600 0.2 0000 Jlodutena 0.000

0.186

Dimer 28.743 18/500.008/508008.6800 28,748 ©.080 0.08%) 0038|0590/ 00000] 0.000] 0,000

3.265

Hydro@:000 0.000 [sadolitylerse 4% 708007 08080, 7A@ L. DENKF0260] 00000 0.000] 0.000

0.000

10

15

20

0.000 0.000 0.000 0.000 0.000 0.000 cis-2-Butene 5.755 4.320 4.322
4.2755.755 0.131 1.439 0.656 1.387 0.389 77.817 1.502 Cyclobutane

0.000 GELepa48 0.043 0.000 0.011 0.107 0.068 0.074 0.007 5.146

0.328 1,2-Butadene 0.000 0.156 0.156 0.122 0.000 0.039 0.139 0.381 .
0.003 d.6d0tadzng wassopayatah abkieh B¥E DT OGOBIBGD ndoxenmde 2. with the

0.000 0.000 0.000 0. 0.000 0.000 0,000 21 1.3-Butadi .240
KRS S e b st b b St SR SR e sy otumn D4
W3R édncelEiiito AR A0 EAZY B ZOLB10HE DHODH QORI h3de0ud 1 tRaOBR amount of
0.000 0.000 0.185 Vin lace lene 0.000 0.006 0.006 0.006 0.000 0.003

hotreassichon8wedoced pE7tis ooy erhyibicatpe Aelormos deopaalepd in that 1,3-

.027 0.000 0.012 0.053 0.142 0.017 0.001 1.235 0.377,Water 0.000
BB 00 B 050 Bab s 0 b6 Bt B aB6 o gy 20 % of the
bmoathviéermanyteO SRR -REGVE:PRBIHAPD P PRV RFod4L dL AedheZ0I98R stripping
0.000 0.000 0.000 89.473 Fufural 0.000 0.000 0.000 0.000 0.000 1.350

055122510, 000 0001000 the dnTRira) VeYBRMINe. QUDC0B 06 vent to be
0.000.0.186_Diener 0.000 0.000

RSO0 000000000 000N eI 00000 000RODR g
column D3 was operated with a reflux ratio increased to 3.3 wt% of the extraction solvent from
2.8 wt% thereof. The bottom stream 19 of the solvent recovery column D4 was transferred into
the solvent purification column for purifying the extraction solvent, along with the liquid stream
12 after passing the top stream 9 of the solvent stripping column D3 through the drum.

The stream containing 42 wt ppm vinylacetylene resulted from the acetylene conversion
process, and, through the subsequent extraction process, 99.6 wt% of 1,3-butadiene containing 24
wt ppm vinylacetylene was recovered to 99.0 wt% or more (in consideration of the loss of the
reactor, 98.0 wt%).

Table 8 below shows the material resin, temperature, and pressure of respective streams

after the reactors and in the 1,3-butadiene extraction process.
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Hydrogen 0.000 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 Example 4 1,3-butadiene was separated at high purity in the
same manner as in Example 2, with the exception that, as seen in FIG. 4,
most of the bottom stream of the solvent recovery column D4 5 was
introduced into the solvent stripping column D3. This is advantageous in
that the amount of the stream which is introduced into the solvent
purification column is decreased and in that 1,3- butadiene lost in the

solvent recovery column D4 can be rﬁéﬁﬁﬂ%ﬁ’y

recovered. 90 wt% of the

bottom stream 19 of the solvent recovery column D4 was introduced into
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1,3 Butadlene

46011

46.016|46.109]

10.060

84.291/63.890

98.245

12.773

2.037

C5 olefin

0.038

0.038| 0.013

0.022

0.192| 0.376

0.000

0.000

1.963

Vinylacetylene

0.004

0.004| 0.004

0.002

0.009| 0.040

0.006

0.269

0.078

Ethylacetylene

0.019

0.019| 0.019

0.016

0.066| 0.267

0.025

1.578

0.715

Water

0.002

0.002| 0.001

0.000

0.000| 0.001

0.000

0.000

0.001

Dimethylformamide

0.000

0.000| 0.000

86.907

12.537|27.016

0.000

0.000

82.447

Fufural

0.000

0.000| 0.000

1.344

0.155| 0.250

0.000

0.000

1.015

Tar

0.000

0.000| 0.000

1.254

0.026| 0.009

0.000

0.000

0.171

Dimer

0.000

0.000| 0.000

0.130

0.362| 5.732

0.000

0.000

3.398

Hydrogen

0.010{ 0.010

0.000| 0.000

0.000

0.000{ 0.000

0.000

0.000

0.000

Example 5

1,3-butadiene was separated at high purity in the same manner as in Example 4, with the

exception that, as seen in FIG. 5, the stream passed through the first reactor is recirculated to the

first reactor. This is advantageous in that the amount of the stream which is introduced into the

solvent purification column is decreased, also, 1,3-butadiene lost in the solvent recovery column
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10

15

20

Propadiene 0.010 0.010 0.010 0.010 0.000 0.003 0.015 0.021 0.021 0.000

0.000 0.000 n-Butane 2.526 2.526 2.526 2.525 4.755 0.000 0.000 0.000

0.000 0.000 0.000 0.000 Methyleyelopropane 0.036 0.036 0.036 0.018

0.000 0.032 0.250 0.544 0.000 0.000 0.029 2.674 trans-2-Butene 5.393

5.393 5.394 5.374 10.120 0.000 0.001 0.000 0.001 0.000 0.022 0.000

1-Butene 15.444 15.444 15.445 15.474 29.143 0.000 0.000 0.000 0.000

0.000 0.000 0.000 Isobutylene 25.865 25.865 25.866 25.921 48.818

D400 600801009 BOIOBI00d OO0 OB0PdmgR Bdtenty18n860easBBadjustable. The

3 861 3.8015.7250.172 1.782 1.146 0.389 78.501 2.999
b e B G e O D BB D L 1 Tl an advantage

91 (&QJ é‘bﬁt&é %@Qs h&éw@dﬁa%{?& 96&@)@ B&@@r@a@t%ﬂ- 19 QQQ;QEQI“ thlle it has a
0.138 0.503 0.002 0.000 0.151 1.691 ethylacetylene 0.000 0.000 0.000
oGm0 GrOtRGEMERO0 G BrO0 At d SODyOr0gMatod-Butadiedeng, and thus
46.011 46.011 46.016 46.109 0.400 10.060 84.291 63.890 98.245 99.600
goergisdolgomesavhichiis scoaally salsdiogecn P4 dsouBtaeyslnmYniEnsde

0.000 GyQ0H-9Rlpafcn Yvlageryiane 2100 1%&)%?9 SRRt %&leqggoduced into
0.002 0.009 0.040 0.006 0.002 0.269 0.078 Ethylacetylene 0.019 0.0
HOINGrDE8iPPERAOIOHE DRGHD. R6F@ORRCINHET@RteAl Bf W@thbetylene of the
0.002 0.002 0.002 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000

%@ﬂw@ oleRy iR bsiatrdecedonte Soexactve Bsiiriencolies. 5l b wipm or less,

BT ER Voot meb S Ao B g Bl g o e

&@Q&&%ﬁ&ﬁ%ﬂmw&@&&ﬂm.m& iifdanDigier HOUNIOBRELovery column

0.000 0.000 0.000 0.130 0.362 5.732 0.000 0.000 0.000 3.398 Hydrogen

Bbrestrartcodon oo @nowiiey @ gounoo BH0He theexwten solvent, along
0 utadiene was separate rity in tr

S e R L S R SRR L SR, Fibirg sgtomn 3

thesihernapassed through the first reactor is recwculated to the first

reactor. This is advantageous in that the amount of the stream which is

introdutled] Wm@nmﬂ%wmmimﬁdmaﬁﬁn%@%mb@e@l thgsesetylene conversion

1 3- butad&ene Io%t tlg\ % solvent r&co.verércolu '3 B @i ”3

RS AR RERE B SRR SHE SR B GEh ‘% e& e ilaglielyf containing

aeipsiabieydds 1&3@@%&?&%@4@@zx@evamemaﬁct&hgméﬁaﬁéh%ﬁﬁ& loss of the

reactor to the flrst reactor has an advantage in that contact time is

Imﬂteaéﬁdi afd)lindsx spaaduof Msisigaehbidrageamcyamsed | %hikscndebaa the method

ggmA ﬁ%ﬁat some of oligomer is generated as hydrogenation is
of ég thus

Table 9 below shows the material resin, temperature, and pressure of respective streams

after the reactors and in the 1,3-butadiene extraction process.
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5 generated oligomer which is generally called to "Green oil" is
continuously maintained. 90 wt% of the bottom stream 19 of the solvent
recovery column D4 was introduced into the solvent stripping column D3,
and, in order to maintain the content of vinylacetylene of the extraction
solvent to be introduced into the extractive distillation column D2 at 1 wt
ppm or less, the solvent stripping column D3 was operated with a reflux
ratio increased to 3.3 wt% of the 10 extraction solvent from 2.8 wt%
thereof. The bottom stream 19 of the soliaBld8overy column D4 was
transferred into the solvent purification column for purifying the extraction
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trans-2-
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0.000
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1-Butene
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Isobutylen
e
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0.000
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cis-2-
Butene

3.6553

3.82
19
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8
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1314

1.79
12

0.391
4

80.70
31

331
39

Cyclobuta
ne

0.0642

0.06
41

0.0641

0.000

1

0.019

0.207

0.10
93

0.005
2

5977

0.82
40

1,2-
Butadene

0.2767

0.19
36

0.1780

0.000

0

0.041

0.533

0.00
25

0.000
0

0.145

1.83
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Methylacet
ylene

0.0259
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44

0.0000

0.000

0

0.000

0.000

0.00

0.000
0
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0.00
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Butadiene
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0.400
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00
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0.002
3
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Ethylacetyl
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0.05
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0.0224
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0.022
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rﬁeth09\%&ﬁ9@5@§wm@mgméipar§w%@ﬁﬁefma&m@e:%é&fﬁaaanpﬂsmgz

comprising: (a) supplying the stream into a plurality of hydrogenation

reactor@) Sufip)ysedelnti(dlyneomviertinglacdtylefieydotaine inathe <4 stream
through liquid-phase hydrogenation using the plurality of hydrogenation

reactol®) (ICHSLY RN IR SEAAERT QRERhi e R BRm dhiegd (guid-phase
BURBRANG; & SHEAM HO TIPS H WA YR JHHEISRAUOR AR USIIGR a content of

extractive distillation column®along with an extraction solvent, thus
asangderctiog @xtrpptiver thistillation; 10 (d) introducing a bottom stream of the
extractive distillation column into a pre-separator, thus supplying a top

gas stréartBHieepte ISEphIEBY it SHVer!t RELORSRHBIIRIFIhdnio an extractive
8&8@4&6@&&}9&% e§' k%hdaﬁtéﬁéé‘ch%Q&%@ﬁsfﬁﬁgﬁ&ﬁﬁ%@%ﬁrﬁ&% Olstillation;

stripping column; supplying a top stream of the so t stripping
columndypiniaining: pasdainhereaxiiEatio sxsabiptditlagian@handinto a pre-separator,

acetylene, into the solvent recovery column along with the top 15 stream
BN s RSP HeTOfiRedkresRy HoB e realyPBfasaVsHeHtmn and supplying
ot ¥1qcuci)<|iJ Srtrrléldnflrgtr{hgv pt]riéz—gegzll?a%)r(% § gcsjo vent stripping column;

(e) supplying a top stream of the solvent stripping column, containing part of the
extraction solvent, butadiene, and acetylene, into the solvent recovery column along with the top
stream of the pre-separator; and

(f) introducing a top stream of the solvent recovery column, from which the extraction
solvent is removed, into a purification column, thus obtaining highly pure 1,3-butadiene.

[Claim 2]

The method as set forth in claim 1, wherein the liquid-phase hydrogenation is conducted
in a down flow manner, by which a reaction material flows downward, under conditions of a
temperature of 20~60C and a pressure of 20~40 bar.

[Claim 3]

The method as set forth in claim 1, further comprising introducing the stream from the
plurality of hydrogenation reactors into a hydrogen separator to remove unreacted hydrogen and
light gas, and then removing green oil and CS5 or larger hydrocarbons using a stripping distillation
column, before supplying the stream from the plurality of hydrogenation reactors into the

extractive distillation column.

[Claim 4]
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solvent is removed, into a purification column, thus obtaining highly pure
1,3-butadiene. [Claim 2] The method as set forth in claim 1, wherein the
liquid-phase hydrogenation is conducted 20 in a down flow manner, by

which a reaction material flows downward, under conditions of a

temperature of 2060 C and a pressure of 2040 bar. [Claim 3] The method

as set forth in claim 1, further comprising introducing the stream from the

plurality of hydrogenation reactors into a hydrogen separator to remove
unreacibd imgthatersetdart2 5 lithinga syhendn Herexenctoinglyesen aicandore selected

5 or larger hydrocarbons using a stripping djstillation column, befhore .
OB RGLM GV ot TR ok FONBLCRUPRABIS i ipgocetamide.
sxiractivgqsiistillation column. [Claim 4] 27 The method as set forth in claim
1, wherein the extraction solvent is one or more selected from a group
cbdkistifd) of dimethylformamide (DMF), diethylformamide,
dimetrmiaecetamide, and acetonitrile. [Claim 5] 5 The method as set forth

in claint " THBPiAS SRR Sl TextParibA SHNsBhPL B EHaG R Yy sontained
353055 20 QL1he RiReSEPRARIALIS i 74§ #41%, [Claim 6] The method as set

forth in claim 1, wherein the top gas stream of the pre-separator and the
tdelatreain of the solvent stripping column are introduced into a middle
portion of the solvent 10 recovery column, and the top gas stream of the

pre-sepatftistIsttrsaiEt Re I G NP BBSiHlsHOBEH teto pldhcRtmiapifior and the
?)lﬁlt\égg&ﬁtgp 919 go(f%ﬁmﬂi '%thré‘]ﬁ%&a?c@& 1%1% faogiri]dmec_: %llltTilogi’of the solvent

er comprising passi the top stream o e solvent stripping column

teuUgN @i 1edSBpaspieaa dRpeT StidambreasphRl ingdnesEpadaigler position
15 vapor stream into a compressor to thus compress it, before introducing

i thp (e BlERMDPR IS sebiRFERBIBEIERJUEBmMN into the solvent recovery
CPHarpn%bCIaim 8]

The method as set forth in claim 1, further comprising passing the top stream of the
solvent stripping column through a drum to separate a vapor stream, and supplying the separated
vapor stream into a compressor to thus compress it, before introducing the top stream of the
solvent stripping column into the solvent recovery column.

[Claim 8]

The method as set forth in claim 7, wherein part of a stream from the compressor is
introduced into the solvent recovery column, and a remaining part thereof is introduced into a
lower portion of the extractive distillation column so that a bottom temperature of the extractive
distillation column is decreased to thereby inhibit polymerization of diene and acetylene.

[Claim 9]

The method as set forth in claim 1, wherein the bottom stream of the solvent stripping
column and the bottom stream of the solvent recovery column are introduced again into the
extractive distillation column.

[Claim 10]
The method as set forth in claim 1, wherein either part of the stream passed through the

plurality of hydrogenation reactors or part of the top stream of the extractive distillation column is
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The method as set forth in claim 7, wherein part of a stream from the
compressor is introduced into the solvent recovery column, and a
remaining part thereof is introduced into a 20 lower portion of the
extractive distillation column so that a bottom temperature of the extractive
distillation column is decreased to thereby inhibit polymerization of diene
and acetylene. [Claim 9] The method as set forth in claim 1, wherein the
bottom stream of the solvent stripping column and the bottom stream of
tteredveshtore o bpylioghmatiomreadtiratwog dhaghirnliny o fthediRSeesticactdaetor,

distillation column. [Claim 10] The method as set farth in claim 1, wherein
cither AR Uil ASL B SGHE G ACHE TSGR GFcios and the
PRATPIS WP AFLah BEheR gHedD atingSxUamE diSHRliPREAMNRSd]ed (o the

recirculated to a first hydrogenation reactor among the plurality o

fsdhydeatimivnesctor abwthgtihe pParilof tidgiresempassaddwough the
pIurali%gf hydrogenation reactors and the part of the top stream of the

extractile Rt e0N i ArsBYShoRaRatem Rag FeunenshsePliraHly girpdrogenation
PUEKROBRARN RRCIALAMARG N BRI A YATRIRDBHARGAGRNRh Boturmn are

the part of reaCtant of a first hydrogenation reactor among the plurality o

kyitcopedat afirseaciorsapiianedydogeadng thwithithiépeih afrtierapsitaaor.
of the extractive distillation column are recirculated to a first
h%%@‘éﬂr:ltion reactor among the plurality of hydrogenation reactor.

(Claim 4] F08 BB ARSI MR ARIARCISIEN e RO e sream

that the part e stream 10 passe oug t reactor amo
plsvalityreidnyteage ration ieeafopRisliteof ylrtgontoitheddicsryBastatusated to the first
either after point of the last hydrogenation reactor or the bottom of the
KaglaF a6 HORT pieR PPt Ph Y rascoat T8 ARGIILRARE Pasiom QfHsregRatRier-
bPﬁt:tlom Tgfam of the solvent recovery column is introduced into the

solvent s fipping column. 15 [Claim 13] An apparatus for separating

1,3-butpsliengh&O RS i8 Qliialit: of Wik eRMROMeReIAEDIMe solvent recovery
selectively converting acetylene contained in a crude C4 stream through

tiejuinphiasedugddoniertheien vent stripping column.
[Claim 13]

An apparatus for separating 1,3-butadiene, comprising:

a plurality of hydrogenation reactors for selectively converting acetylene contained in a
crude C4 stream through liquid-phase hydrogenation;

an extractive distillation column for subjecting a stream from the plurality of
hydrogenation reactors to extractive distillation;

a pre-separator for adjusting a content of an extraction solvent in a bottom stream of the
extractive distillation column to thus separate the bottom stream;

a solvent stripping column for removing the extraction solvent from a bottom stream of
the pre-separator;

a solvent recovery column for removing the extraction solvent from a top stream of the
pre-separator and a top stream of the solvent stripping column; and

a purification column for purifying a stream of the solvent recovery column, from which

the extraction solvent is removed, at high purity.
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an extractive distillation column for subjecting a stream from the plurality
of 20 hydrogenation reactors to extractive distillation; a pre-separator for
adjusting a content of an extraction solvent in a bottom stream of the
extractive distillation column to thus separate the bottom stream; a solvent
stripping column for removing the extraction solvent from a bottom stream
of the pre-separator; 25 a solvent recovery column for removing the
extraction solvent from a top stream of the pre-separator and a top
sltélaim d#Ihe solvent stripping column; and a purification column for

purifying a stream of the solvent recovery column, from which_ the
extractiyl SBREHS Fo bR 48 KIG i) 98| R AETH &g gartor for

%%@h@ﬁiﬁé&&'@ﬂ?d&%eﬂ‘éﬁ&%gﬁ?é‘&?ﬁ%&%ﬁﬁﬁiﬁg&%ﬂ&%ﬁ%@ﬁ%{% removing green
removing unreacted hydrogen and light gas and a stripping distillation
ciblamdn@6 rae lageingydresnb @i, abgive Bnothka geralitydod dardrogsdtietweastors and the
the plurality of hydrogenation reactors and the 5 extractive distillation

edrasHye digtillation column.
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