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15 3,4-Epoxy-1-butene also known as butadiene monoxide and vinyl-oxirane, is an
important compound and generally has uses as an intermediate for preparing materials such
as tetrahydrofuran and 1,2-butylene oxide. Methods for preparing EpB are disclosed in
U.S. Patent Nos. 5,618,954, 5,362,890 and 4,897,498; the disclosures of which are
incorporated herein by reference. One method for the manufacture of EpB so described

20 generally includes the selective epoxidation of 1,3-butadiene (referred to herein as

) butadiene). The butadiene is contacted with an oxygen-containiﬁg gas in the presence of

certain silver catalysts.

The rate of epoxidation in the reactor for a given total pressure is related to the mole
fraction of oxygen in the époxidation reactor feed gas. U.S. Patent 5,362,890 discloses that
25 high oxygen concentrations enhance the reaction of 1,3-butadiene to 3,4-epoxy-1-butene.
Thérefore, it is highly advantageous in the production of 3,4-¢p6xy-l-butene from 1,3-
butadiene to operate the epoxidation reactor with a feed gas containing as high an oxygen

content as possible, concornitant with safe operation outside of the explosive limits.

As explained in Lees, F.P., “Loss Prevention in the Process Industries, Volume |

30 485-86 (1980), a flammable gas, e.g., methane, butane, and other alkane hydrocarbons,
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series of compressors and heat exchangers to remove the heat of compression and maintain

20  the EpB at a temperature which would minimize by-product formation.

) : The recovery of gaseous products by absorption wherein a geseous stream is

contacted with a liquid absorbent, also referred to as an extractant or solvent, is well
known. For example, in ethylene oxide précess,es wherein ethylene is epoxidized to
ethylene oxide, ethylene oxide is recovered from the epoxidation reactor effluent gas by

25 counter-current contact with a solvent having water as the main component. Crude
ethylene oxide is recovered from the EO-laden water stream from the bottom of the
absorption zone by distillation or depressurization and stripping with steam. The water
remaining after stripping of ethylene oxide is recycled to the EQ absorption zone for reuse.
Such a system is described, for example, by Dever et al in the Kirk-Othmer Encyclopedia of

30 Technology, 4" Edition, *Ethylene Oxide”, 930-933 (1594), .

One problem with the above-described recovery process is a significant amount of the
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U.S. Patent No. 5,312,931 discloses a process for the recovery of 3,4-epoxy-1-butene

from a vapor phase epoxidation effluent by counter-current contact with a mixture of liquid

butane and butadiene in an absorption zone. The absorber is operated at a pressure of from

25  about 3 bars to about 6 bars and a temperature of about 0°C to about 40°C. Although the

‘931 patent teaches an improvement over the ‘012 patent, the butane/butadiene recovery

process also has disadvantages. In order to ensure that the absorbent butane/butadiene

largely remains a liquid within the absorption zone at operating temperatures that can be

achieved with an inexpensive cooling medium such as water, i.¢., above at least about

30 30°C, the absorption zone must be operated at a pressure of at least about 4.2 bars. Because

of the dominance of pressure effects on explosive limits, the maximum safe oxygen content
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20  polymeric materials which deposit on the walls of the compressor and associated piping.

) The build-up of such polymeric material reduces the operating efficiency of the compressor
and can lead to permanent equipment damage and frequent process shutdowns for .
maintenance, with subsequent loss of production and revenues. Moreover, the compression

ratio of the compressor would be reduced, resulting in lower equipment cost.

25 Accordingly, there is a need for a process for efficiently and economically recovering
3,4-epoxy-1-butene from a vapor phase epoxidation reactor using low temperature and

pressure conditions,

SUMMARY OF THE INVENTION

30 1t has been discovered that EpB can be recovered from a substantially vaporous
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Anot her aspect of the invention provides a process for recovering EpB from
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20  liquid effluent, returning at least a portion of the second liquid effluent to the absorber at a
) pressure greater than the absorber pressure and desirably, returning the condensed second
liquid effluent at a pressure greater than about 4 bar, and vaporizing a portion of the
returned second liquid effluent in or near the absorber to produce a temperature of less than

about 40°C and a pressure of less than about 4 bar in the absorber.

25 Another aspect of the invention provides a process for recovering EpB from a
substantially vaporous epoxidation effluent which includes the steps of contacting the
epoxidation effluent in an absorber with an effective amount of a liquid absorbent to absorb
essentially all of the EpB and form a first liquid effluent and a vapor effluent, condensing at
least a portion of the vapor effluent to form a second liquid effluent; recovering at least a

30 portion of the absorbent from the first liquid effluent to form a third liquid éfﬂue_nt, and

returning at least a portion of the second and third liquid effluents to the absorber at a
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vi ew of anghsbrptivesefHasALoR P’E?Fe,stsﬁ%r F-é%cé’ﬁ?ryior{\?g?ﬁep %’??y \M’E#C& ri;%gjl §Eﬁt6§%pi€on of

the over head Dr.adNGlaclod wiktkel Hedniatbbiie ophaeuaes prdshiee ofilebsthan sbiusricare

vi ew of° an er e I ment of the present invention
and a temperature of less than about 40°C.

1t is another object of the invention to provide a process for substantial recovery of
3,4-epoxy-l.-butene from a butadiene epoxidation reactor wherein the absorber is operated
at a pressure of less than about 4 bars and a temperature of from about 0°C to less than

y 20 about 40°C in an efficient and economical marner.

These and other objects and advantages of the present invention will become more
apparent to those skilled in the art in view of the following description and the
accompanying drawings wherein like parts and objects have similar reference numerals. It
is to be understood that the inventive concept is not to be considered limited to the

25 constructions disclosed herein but instead by the scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of one embodiment of the process for recovering vaporous

EpB from an epoxidation reactor effluent.




‘illustrating a recovery process for recovering vaporous EpB from an
epoxidation reactor effluent. FIG 5 is a schematic view of another
enbodi ment wio doles219r esent i nvention 10 illustrating a recovepyTRisese&ss f or
recovering vaporous EpB from an epoxi dation reactor effluent. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The process of thgﬂar TZ@Qt

I nvention may be used in conbination wit'h any 15 epoxi dati On 5 Ss
wherein butadiene is contacted with an oxygen-containing gas in the
presence of aFatZaisyaschematisrien ebanpthessmbiodimnénd nf thefpiresent inyentjzmi for ng  EpB,

but ane, i .The sil|lver-catalyzed, epoxidatio ocesses
descri bedp#he%}@f@%?ga% %&ég?@’a%%r,ezgtgr 5@5]’8 t,‘@%&?ﬁoﬂ ?%F@XFYE"S t hose
whi ch may pRRluelie kaye’dd tolihe aBsseus epoxi dation effluent typically contains
fromabout 0.5 to about 10 nol e percent EpB and 20 preferably from about 1
nol e percent t : TeTcIIVEE t :

but adi ene, an}zl:ma'%{l%;Jd ngerg%lcgvéaﬁ%rgﬂ%}é? cent H}Iﬁ%&rtt% f?%ﬁgéﬁgs ﬂgé@ghﬁﬁ}éergp 4 uent
al so cont ponenaf thedvarhead paldacttis Cethmed tdlhembsebger cent of ot her
constituents such as, water, carbon dioxide, acrolein, furan,

vi nyl acet al delygles isandh&haiconal devsiBer dnodBifledt Bf iGreRatindatdgpn reactor.

Unconsuned organic halide also is present in the epoxidation effluent.

Her et of or djustrain@&raspesrly geacessriorfetovesing waaerony BpBdtdny af epoxidation reactor

cool i ng/ coppr essi on zone conprising at | east one heat exchanger and at

| east oneegg’r‘r‘ﬁ essor.to conpress the effluent to a pressure of about 3 to

about 10 bars_absolute, and, cqoleqd to a t rrperaturfh of about O0C to about

100C. The co&iFnyiSatherBais e phanethersmbodiment of theRsaieHt inyertitle a
gash | i,qui I I fLH

anal or oL EREAEA gl BRREN Tor R ARG PRI 1 N By MRS (e
pressuri zeffhmentd cool ed effluent prior to feeding it to the absorption zone.
WO 00/ 68219 PCT/ US99/ 26653 8 0 7 O CT 2003 If the effluent is not cool ed
and conpressed, the tenperature and pressure within the epoxidation
react or product line can be fromabout 1.0 to about 4.0 bar and at a

tenperature of HEqRAROUESSRIFTIEONOOF THIOSR ERRRREY EMBODIFENTS r om about
1.0 to about 2.0 bar and fromabout 30C to 80C. 5 Wiile the present

invention is Sr‘ﬁ%%&h&;&fghé eBlnt BIVBAbY Ria§ TR A TRRbAbid¥A Wilhy f Or NS,

there are shown int raw ngs of Figures 1-5, and hereinaftef described
i n detigi | epoxideticar precese whextimansdiersf is thetactad srithi anroxy gowenndzipingigss i theent

O oo Y s S B ST L o e Buldpeent om

butadiene, and oxygen. The silver-catalyzed, epoxidation processes described in U.S. Pat.
Nos. 4,897,498 and 4,950,773 are typical of those which may be employed. The gaseous
epoxidation effluent typically contains from about 0.5 to about 10 mole percent EpB and

) 20  preferably from about 1 mole percent to about 7 mole percent, about 4 to 50 mole percent
butadiene, and about 25 to 85 mole percent ineit (butane) gas. The effluent also contains a
total of about 0.5 to 10 mole percent of other constituents such as, water, carbon dioxide,
acrolein, furan, vinylacetaldehyde, and crotonaldehyde, formed in the epoxidation reactor.
Unconsumed organic halide also is present in the epoxidation effluent. Heretofore, the

25  epoxidation effluent was typically fed to a cooling/compression zone comprising at least

one heat exchanger and at least one compressor to compress the effluent to a pressure of
about 3 to about 10 bars absolute and cooléd to a temperature of about 0°C to about 100°C,
The cooling and compression of the effluent could include a gas/liquid separator to remove
any condensed liquids, such aé; water and/or butenediols (3-butene-1,2-diol and 2-butene-

30 1,4-diol), from the pressurized and cooled effluent prior to feeding it to the absorption zone.




"enbodi ments illustrated. The pressures referred to herein are given in bars
absolute. 10 FIG | illustrates a schematic flow di agram of one enbodi nent
of  the Preg@dbhoedziyention for recovering BpB fromthe effl uepdro8somaess
epoxi dation reactor described above. The reactor effluent includes, as
majority constituents, EpB, butane and putadiene. The rec ocess

L udes : B4 Tk il

I ncl udes contacting the epoxi dation redattor effluent with tive
anount of a |iquid absorbent to absorb essentially all of the EpB present
in the epoxk@aieanishdt ceAal ard @hfpressed, thmtzbmpapmriczmdngrdssurgwithéathet he
absorber, an anount of a non-reactiye coqol ané t he. absorber . to a
t enper at l@p@udﬂthnefsgcwlrﬁﬁd%liﬂﬁ cagpee HAm 29opt bR LFRP “gg%llb%gnq hicmREENTE 4

"The 10 0600 baE3esiogith 130 Gring s i Eu B b0 & e 2 e i Y e
upper segltsgggb 28&'@%%1@0rber 20 via line 22, and desirably near the top,

of the a e absorbent flows 20 downvvard that is,

counter-curr the fl.ow of the bsor ber
20, absor bi né%ﬂe g‘@rpu"b“SPtrfBWf“z8“é%%‘sggbﬁ%gﬁ@naﬁteﬁragﬁn@Eﬁg%g{\ﬁg{r}'gpQ-E&?o \gvm ng

epoxi dat i, Qlflér{e WeNhowhfn %Qﬁéﬁﬁ@@@f Pighifestibg and heredriadier dacshxtﬂsmaitttaﬂal Iy
non-react’ive 'cool ant or ref rigerant is introduced into the ahsorber via

line 28. Thifenedmmhndlmtss]’fshﬁt inaentingorivevep the presen disclogyrs 1%% antially

reater than th erati s the 25
gool ant eonadsredig %5&}?@8‘}% ?f{gé%ernlhggﬁ ggﬁgﬁ {rﬁgt?@c}gq?%\ﬁﬁﬁgﬁdl rect

contact V\%ﬁﬂbcﬁ&%ntsﬂhﬁ%ﬁﬁrTB@prdshﬂemﬁﬁ’rddenﬂlpreamtb(@wmeabarérabéﬁ Reuent in
t he absorber 20. Alternatively, the coolant and absorbent can be

'”t xed a 5 tRatl B RSRERL bf 3Rk émbddimesiafehe pnesmlt22 28 or
‘bot 1%: n whi nﬁl%gs}gggﬁa%qeggg : ?ne w | | %gont ain both absorb @aﬂq cool ant

const i t uejiventiddefr reebyeringt EpB ﬁrbmdhbefﬂl@m‘afr%ﬁﬁipf’%ldé%?ﬂ EAtter ?S&ﬂ %3¢ 0 a

tenperature of |ess 30 than about, 40C 2theand i ts
cont ent s AheTessior elfuent includss, aF WaieF 8?ns{1§1re§{r?1§ %DRLR%% aﬁg%ggagﬁnemc and are

?,E;T?UEQS,S%@?%‘? gr@:*e%f?cﬂud& doRtRlAE thePpoxidation eactoreffmei/witioan 68&19e9

2003 preferably, the ab 20 and its co ts
are cool edmboneofladiypit shsurbenﬁtp@mcab@mengélx oot Fobumei bt Bt

pressure of abo 0 _abau Y% i Sreadtive coplagissur e
of frdm ab‘ﬁ‘ﬁprf&ﬁ‘lfnbﬂﬁt‘fapﬁnﬂgg ‘iﬁ E&BET 8ﬁt§;§]§|[‘§§l Iy COI’?})I’II ses a

col ummar, oo&?oﬁhgﬁas&%%?@at@ﬁ%ﬁtdib Bﬂl&ﬁ ﬁiﬁﬁ abouta0°G apdalpresgureef kass Hianwhi ch
facilitates Thntlnate gas/liquid contact. The gas/]iq (;flhlﬁqngdor}lg&c“ n

equi pment agheuttdigaraBges tpemfﬂ@eifcmpce tecFiiaid, the apwsaq!aéwﬁ V{admgc 10to

crosS 10w ol ove: bl e, QrontuBR! & CARKEANS redtbHELHLPhoRORKE S Such as

absorber 20 via line 22, and desirably near the top, of the absorber 20. The absorbent flows
20  downward, that is, counter-current to the flow of the gaseous effluent entering the absorber
) 20, absorbing or scrubbing the EpB component from the upwardly-flowing epoxidation
effluent. In accordance with the invention, a substantially non-reactive coolant or
refrigerant is introduced into the absorber via line 28. The coolant enters the absorber 20 at
a pressure substantially greater than the operating pressure of the absorber 20 so that as the
25  coolant enters the absorber 20 it vaporizes, causing cooling by direct contact with the
absorber 20, the absorbent, and/or reactor effluent in the absorber 20, Alternatively, the
coolant and absorbent can be intermixed and introduced into the absorber 20 in the same
line 22, 28 or both, in which case the feed line will contain both absorbent and coolant
constituents. Desirably, the absorber 20 and its contents are cooled to a temperature of less

30  than about 40°C. Preferably, the absorber 20 and its contents are cooled to a temperature of

from about 0°C to about 40°C and are at a pressure of about 1.0 to about 3.5 bar, and more



Goodl oe(r), Sulzer(r), or random or dunped packi ng, such as berl saddl es,
| ntal ox(r) saddles, raschig rings, Pall(r) rings, and Nutter R ngsTM
These and ovOe¥6&2¥pes of suitable gas/liquid 1o contacting eﬁ‘ﬁf’ﬂﬁ%ﬁﬁﬁﬁ%e
described in detail in Kister, H Z Distillation Design, MG aw Hill, New
York (1992), Chapters 6 and 8 the disclosures of which ard7BEbiBbr at ed
herein by reference. Depending on the choice of absorbent and the

bsor bent f| te, of, st .22 .t b _contai 0
o e ofraheibe s 0 s o tenl A EORED 4 EheERR A Mt o

fer abl t o1 ' . f ;
prefera 145%% HPg aﬁ%%ﬁ#éﬁ#ﬁ@ﬁ og%@ttgﬁzo @%oaﬂpyﬁﬁana m&@?re@érﬁ&?rﬁe at upper

gas 15 s absorbent flow rate and the nunber of

st ages i %régég@ﬁrmg&om bw aowpi dat.ly is less than 0.1 weight % preferably
| ess than about 0.05 weight % and nore preferably |ess than about 250 ppm

EpB. The EpB @wa WX Srided @ cORiniaR) Résstleevessd southiainguiays br ne 24
and has fromthggggbr to ! gg%t}eSQ I?é\n/ei ghtC /[i).er_cerﬁ? and_ nore_ pref erablléo from
about 510 gaekiah aertd whidhdhtilipeesarimates/liguidTeatash Jbe 188/ liged cagtach

i ncl ude a neans, such as a.,.di sengagi,ng space ) BRGKE; vent
or i ni niCoBIRMANE i) RAEPIOTRT zﬂif’BﬁYu g&dﬁ’gﬁ“rs\éreg’%?é%;ﬁ%‘regé‘tr’h%?‘ésﬁovedk' oy vaRePére

absor ber" tei RhiR Riesipbe® AGts
non-reacttfsu\?‘eipeto%\%él?‘ggép &gac-g'bﬁg@gég%%g%g{lu ili{l?ef gr gﬁém@m(% car,bons
Wi th nor ngbodieéd, Suizen®; ot rendurn o Aumpedpacking, sichesier] spddles, ipalox® saddisse

hexane, cycl gohexane, . heptane, he lik r b Iable BpBquid ,
Al t hough L88EHE RY&H g’é‘é@ﬁ%‘r@’ %ﬁ‘ggerlﬁ}s"g%f thggé%ragh %?E%%Fg??dgg sigr?ceqF]hey

nmake @epaﬁg%gc% egmip%@ﬁ Jré a@ackibed abs@aibariKis@?, Wid Déstdiatibn Oebign Mi{&awse of

aromati c hy rocgr ohs, such as benzene, . tol uene B{ xyl ene anddli{}gl'hr

presence Hiil,tNew Epik (19820 Ehamers Sandcnihe dipslosurgs ofjw, Cé‘a%%lr\cﬂmﬂ?éca 'Vity of

the silvey epoxidatjon catalyst.. i hé flederatdufistrédmar e

not |imt Hrﬁ&ﬁ,"n&h%e %%’?’3@31? gkgm\gﬁ?@ﬁéﬁ%mﬁg%%rg% a7 cot ro ?es' with

EpB, C4 t 9, MOH04H8200ARinPEE)LUSOMcRIBEIulalenOoC B 20beoreierl sauHhars, 6
to C22 car%’oxyl Ic acid esters, C2 to (4 car&gnat es aogﬂ% g)nbierag}ni%%r d

m xtures stageseniore prefruabdy 8 to 15 Gisaratical vagsss 4B APRPY Y REFRTSPEELERTARE and
m xtures therepof are f dipbefdfetbesdn abswber 20,
poxi that 1 St a0t BRI HE BoraRdl 2B O i by 1

favor abl e pax@pReily R lkisthin Ghaveight 84, imeiermbly Bsythan seant&.Gx weightaherngore
1, 3-but adi ene may al so he use as ahsor o T X ' | e
ratio of wprefersblyups thinaberk23f pam %EPC Eﬁlel”ﬁgo%;#afdm%hﬁ Oﬂil‘())és%ltt %%ﬁsttggtbgtgdrlﬁg Fule>

absorber via line 24 and has from about 5 to about 50 weight percent and more preferably

from about 10 to about 40 weight percent EpB.

20 The absorber 20 may also include a means, such as a disengaging space above the

) packing, to prevent or minimize entrainment of liquids in the gas stream removed from the
absorber’s upper section.

The absorbent should be substantially non-reactive toward EpB and have good
solubility for EpB. Hydrocarbons with normal boiling points within about 30°C of EpB‘,

25  such as pentane, hexane, cyclohexane, heptane, and the like form azeotropes with EpB.
Although such hydrocarbons may be used they are not preferred sincg they make separation
of EpB from the absorbent 22 quite difficult. The use of aromatic hydrocarbons, such as
benzene, toluene, or xylene, and their presence in the EpB production system causes a
decrease in the activity of the silver epoxidation catalyst. Suitable absorbents include, but

30  are not limited to, Cs to Cap hydrocarbons which do not form azeotropes with EpB, C; to



about 20:1 to 1:2 with nole ratios of about 12:1 to 2:1 being preferred. As
used herein, the tens butane refers to C4 hydrocarbons in general such as
nor mal but awe poseobut ane, cycl obut ane and m xtures thereof . pEERUSIRIBESs, t he
but ane i ncl udes approxi mtely 95% 10 n-butane with m nor @mﬁgﬁmof ot her

G4 and G5 conpounds. The use of a mxgure of butane an ene as the
absorbent is econom cally advantageous as conpared to the use of other

organt o yal S[i ANLEh ae, Sitialequs Lot he B prodict on pisten For
addi ti ongl,, LU BEEGE NIEAHEIEbulAE (LifechSAPYSHYC) SoRAdnt ifmhRuide added

a
cost of € absorbent materi Its I nce 15 ‘but'ane can function as both

t he reactiredsti dréiprefermeddeeausa imgieano effeponéhd epcxadaniomeactiof, docwhfoment s i n

the process are mnimzed, Addi %?ido[rmly, t he yse of a m xture of butane and

but adi enezeattapeeith EipB: and pxhnbis FryoTablg §xplospsdimait shaspderisitich | ower pressure
p

is required for recovery of the EpB. Coolants or refrigerants suitable for
cool i ng t he absvxtberofimtineaad ¥3rtusadienconay plsebabse aszo abpspeitn Thecl ude, but

are'not limted to, C3.to,C5 L ocar hons h| Qr of ; .

nydr of | ubb s Ene T e B SBAFBERLR R WRichiny SBER R 80Eaeietis e ween
--42C an%o&ﬁéén %J{:@%m HoRTEERIdTRE0@ND: 1 b B Paingipesftrmed. snised Beredrd the
enbodi ment the cool ant and absorbent both include butane. To provide the

aut o- cooltemgbetfahersfers the-Llysiressrbass i genein! SReh assHAbRRANE EORUBPSs sUr e

greater th the pressure qf the~absan ' : nt 25 has
a pressur®c BQPEE”(?M“’%M&OZ‘ Pg?&\?\'ﬁIgﬁﬂ%ﬁgggﬁﬁggﬁﬁw%’%@a&%gggor to 12
bar Rgr nq]-b\wagé Rhth ek naNEn AIneSSIUTRE ©F 2ab @45 cmpeunds STlebwsatof 7 nfixbae obei ng

nor g preferre Prior to entering the absorber 20, the te era%urtg of the
R EB8E 20cC

cool ant canartzeaniittutadidreas te@bserbeidaeconguusally eV iBtasE & &y
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fed to t vary stanti a ependi ng on, for exanple,
t he partiguhfle esselof aasthiaibsabestivould thorsee obsts O 16 GHRiOTBI equipment

PCT/ US99/ 26653 '0 7 O CT 2003 packi ng materi al dits type, a . feed

rate and mqnﬁn&fwﬁ@mc@ﬂewﬁéﬂéﬂgbw% Péﬂé@fqols\fgﬁg‘? absga:ﬁgi/%afey? ‘??‘Fgaﬁéqcﬁht

ratio of the absqrbent f L oal 1P D113t bRd SR WMol BndehtiagtubRAoN 2

li ne1 isblfr-{ﬁn? W@%%ﬁfg}’é ag?‘c?gbﬁéh?eaﬁo?gﬂﬁ%n agout 1. The _er?per ature of the

li qui d abggnisidhts ih GRchrbsesh Aretrhiimizad A difitiaratiys the Gs¢ of 10GwS dfutane agdse

wher e butane and 1, 3-but adi ene are .predoni nant |n¥ Hﬁed as the .absont&s%
butadiene reduces compression and utility costs since a miuch lower pressure 15 requir T
recovery of the EpB.

Coolants or refrigerants suitable for cooling the absorber and the various constituents
20 therein include, but are not limited to, C; to Cs hydrocarbons, chlorofluorocarbons,

) hydrofluorocarbons, and perfluorocarbons with normal boiling points between —42°C and
15°C. Butane is preferred and in a particularly preferred embodiment the coolant and
absorbent both include butane. To provide the auto-cooling effect, the coolant entering the
absorber has a pressure greater than the pressure of the absorber 20. Desirably, the coolant

is has a pi-essure greater than about 4 bar with pressures from about 5 bar to 12 bar being
preferred and pressures of about 5 bar to about 7.5 bar being more preferred. Prior to
entering the absorber 20, the temperature of the coolant can be from about 0°C to about

80°C with temperatures from about 20°C to about 60°C being preferred.

The amount of liquid absorbent and coolant fed to the absorber 20 can vary

30 substantially depending on, for example, the particular vessel configuration, the use of



“and/'or cool ant, the butane: butadi ene nole percents in the absorbent are -

mai ntai ned to provide an absorber gas effluent, via line 26, having from

about 4 towaoue2190, preferably about 7 to about 20, nole PETAEH/26653

but adi ene, and about 25 to about 85, preferably about 4002@3% t 80, nole
r

percent of butane. The ratio of butanejto butadine in the r also 10
determ nes the concentration of these conponents in the vaporous effluent

26 fromthe, absorher ,20. As used herejn, ." ] |y, t he
20t e APk AR 0 B8 L Eab R ) B g BRBURASbA S eépo RARM, dfiftar NE
L“te”erée}{@rhgr Rﬂ@wwgniﬁﬁ@opihe%%@ﬂmqeeﬁ viatinadp en ep@iidmiohieffipeBpBedvia i s t o
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present , linel0usit thecadgeyof about § ulistoaabontal :1 oFhe temppreiuga of te lighidabsprogat
relative 15 to that of  the Bg(rguné 0(2{] but ane and but adi ene used. A liquid
ef f | uent fesdnpinithe rapsa Al thodt P 48t i on i n butane and butadiene is renmoved
fromthe base of the absorber 20 via Iine 24 and is fed to aﬂ%%El{)B recovery
zone,s descri hetlie case whezabetaneianchl B-iwadiene appBiedommanty Bsqdas b ESQHeY) | v

separated fromthe acconpanyirng __ absor i gpkse of such
Dot ane! baedler GRS SB6 oAy TR S RORCs e TR SROIRR! e HuREARE

5,312, 93%&5&%@9{&?&%&&%@ hink 36 nsdigpom aboltiienabouttsp, pefarkiice. As
is customary 1 n the separation art, a portloB of__the ll%ﬁld geffbllug% (TRY be
recycl ed abouttTte abatist), e pycentpé betghicanand @Post 2310 BRR!SA: PREFGJ AP
effluent stream 24 may var % 18 (188RE it heabsurberdsarei ght
per cent t‘)@st%Bg%%@h@#e&eéﬁe}{ﬁé{%n%?ﬂ?tzg%se{?ggrﬁe t<\?\A’gt h anlEplg conc?ant ration
in thﬁ r%%%ng{&s@l;pﬁcarﬁgamﬁ ghtl}ef?c@ﬁ]tmne:m 1alﬂ'm21t$p4®u§wffbﬁflt %ffﬁ@rtb%n% (t;ei ][lg
nor : sirably, e liquid effluent strea cont ai 00

t hemEpB dbeatber2 (. has Bisd Seran prrdprunantly 'E&GQS{T@&E ﬁhSHQ?aé'éﬁ‘%%?%’%‘lém 18‘?9
Preferably, the.ljaui {RtHSmBhe8bEbuthieamd9 % of

t he EpB f’é@e?%gﬁ)%@%gggg?t%gﬁét%ﬁ%’ zﬂt'% ﬁ?ﬁh%gfgﬂét i on feed, st?eam 10, and

more prefignatibng dpsemin Edbain istocet fugbersigierstooditbatspeh pRYINtrEEiRe absor ber
20 via the epoxidation feed stream 10.. One ski Ll ' Wed lelati

under st arfiagoal(apas PrPreieBl HP{“(S’?“EE%%S ok ﬁ%gtgp%% § ¥ %99%%&§5§%%1n%i oi t her

wei ght. % or e O gt shaebdihdiemduséd. may al so contain up to about 20
mol e Per cté)rltP%?’e‘arg,m%lithgffg%d ot her WO 00/ 68219 PCTI US99/ 26653 12 0 7 0 CT

2003 materi al ’uq%gﬂﬁ@lﬁgﬁt%é@?liXing%gi%ﬁm ahoin i Guimk endBitadiene isatmovehd

| ess t han about cen The nole ratio of the bu(&fgne to
but adi enegif thBadel dthelbebiberBhviailinetdcund is fed to snFPBASCAVEE MRSt ene

Schormt i o giyatst Seieh bHpEswaHBHOPPB A B RRI DoR PRI pis Bl L STREDInE, ¢ o
EI'EZ F53r (rjgggVs%rlgcng{a%ﬁf?&;érﬂrﬁ.oﬁh%xﬁﬁﬁeﬁgmhb‘}ﬂbﬁtﬁnmgdien&ree@my dartei ip desefibediant .
20 U.S. Patent No. 5,312,931, the disclosure of which is incorporated herein by reference. As
) is customary in the separation art, a portion of the liquid effluent may be recycled to the
absorber 20. The concentration of EpB in the liquid effluent stream 24 may vary from
about 2 weight percent to about S0 weight percent based on the total weight of the stream
. with an EpB concentration in the range of about 10 weight percent to about 40 weight
25 | percent being normal. Desirably, the liquid effluent stream 24 contains at least 95 % of the
EpB fed to the absorber 20 via the epoxidation feed stream 10. Preferably, the liquid
effluent stream 24 contains greater than 99 % of the EpB fed to the absorber 20 via the
epoxidation feed stream 10, and more preferably greater than about 99.5 % of the EpB fed
to the absorber 20 via the epoxidation feed stream 10, One skilled in the art will understand
30 that the amount of EpB so absorbed may be based on ejther weight % or mole %. The

liquid effluent 24 may also contain up to about 20 mole percent water, diol and other



to that described above for FIG 1 and includes the steps of contacting the
epoxi dation reactor effluent 10 with an effective anount of absorbent, via

line 22, toyabgpgstreessentially all of the EpB present in th ﬁ@%‘f
effluent to produce an EpB-rich first liquid effluent, via Fl?(?le 35%58 an

EpB-1ean first vaporous effluent, via Line 26 fromthe absorber. The first
to vaporous effluent is fed to a condenSer 28 where at | edst0C B8 tion of
the first vaporous effluent

_ is%ond nsed to forma s(g}[%onq(f}liquiSeffluent.
Sui t abl e matssiak erd prsferaindren rangoast 14 aglepercepbpaiepAnGless fian Ahou i Oymglsy
ef f 1 uent LYBLGALI Y Sle ROl OGBS loublaidcORORMd 2AREn S abahsd SC and

i ncl ude & now materi als as chl orofl uoroca ns, hydrocarbons,

vat er, hygheaf ineduaesbondine pewié tatiorod thes Iprid absotbent &l totheabsarver 20 | | ed
glycol. is The second liquid effluent is separated fromthe vaporous

material usi WGF?E&EgﬂHEaﬁly_ MOWiest R olRp e@bkinehesk the prdientafiventibsl f@tiht east a
portion of the second liquid effluent is fed, vialine 27, to a purq:) 38 .

The psinp ré@vencsfdaiefomhesupstestaliye/apbrouh epeddasion efflemnt.dTke progessds sifdlaabout

5 to about 12 bar, apd pref l.Ly f,rom about 5 tq about 7 . oThe
pressur i Aethat descghed %Odﬁi?‘lfeﬁe]?fIlL?Qﬂtmcihé&tgﬁ]g%m?p@togl’:ﬂ'étgg T &hggg%g%%er 20 via
the absorbent, Jifiadh bR Afechle MADAM oF sBABRIEa 1i7122,10 abiugh abvsmidipr 20
(not shown). sirably, fromabout 25%to 100% of _the second lgélﬂléligtggia

ef f | uent allofitee BpB pesbatdk theorepeter effyentte prozioce asEpR Sichdusidi Qb &
significant pressure djfferential b n, & K | wCRLH
ef 19 | uent ﬂ%‘s?%raa@ﬁf’ diea? ﬁéﬁgﬂg(&f%se&h%ﬁtgys@g 5? Iﬂg); ﬁ%a%%@?%t@é%? at

| east);a R%E)Blio‘ﬁﬁ efffuehN@ [&E©ANebridesiel B8 whkfd 4 akt afsrdobefithef{estd/aporous
proximate to the absorber 20 to produce a_ tenperature gﬂgﬁggqﬁg t.han about

40C and acffined sucondensed és raramsecanbliquid efiient. o yigblief e NYRE Ayases

fromthe condenser 28 ape fed via ljne.2 o] : _HZo

conpr essofA% &POFPOTP éP%BTSEV%ROzSﬁgﬂ{fP{ Wﬁfctaﬁyi'?\ggae&gg}?n%g@géfrﬁ esaiggﬁﬁe %

i ncrease the or&%suie,afiad HRhGANAEREMakE kA8 SRSrdficfodafns, Hydrahrdons,s t han
about 15 tlS’ar, W th pressures |ess than about 10 bar being preferred and

pr essur eswhtes)hyafdlubra2atbans, tper filpoedarids pehilldsdiring ad chidled lerred. The
conpressed effluent fromthe conpressor 30 is recycled back to the WD
00168219 epoxifasdcomd igae effuens sstpanatePFoH B0 94RG68SmaRri0l iNE EThRYES The
first liquid effluent streamfromthe base of }. e absar.ber é@] aqd %sd fed to
a  but anekmwmthi those skilledvin the arband af lepst 3 pertion of g seeqndlianiq SHVENS 190, ot

includes a. sol Ui on B L&OR ofthes&ene Bakid 2flesmt of
EpB in th@”ﬁﬁV’r’3 ’ﬁ)laqﬁlll”ép g?f ITﬁr#H@ﬁsggﬁggS%ﬁégrﬁy tTom about 10 to about

40 wei ght (PRRERto sue 2 bar dndeprefetably freinghbutdf totabedt 7.6 bas t Theupsassrized t he
stream N(s)tgcr(?gh lli%ﬁidte?gue%?g tﬁgr? ?c%%é %oi tgg agas%rge@ ik v?abt%létab?orﬁ&t %Qedvﬂegﬂtor
20  using a separate line to the absorber 20 (not shown). Desirably, from about 25% to 100% of
o ) the second liquid effluent is recycled back to the absorber 20. As discussed above, the
significant pressure differential between the returned second liquid effluent/absorbent and
the absorber 20 causes flash vaporization of at least a portion of the second liquid
effluent/absorbent feed in or proximate to the absorber 20 to produce a temperature of less

25 than about 40°C and a pressure of less than about 4 bar in the absorber.

The off-gases from the condenser 28 are fed vialine 29 to a éompressor 30. The
compressor can be a single stage or multi¥stagc compressor designed to increase the
pressure of the condenser off-gases to a pressure of less than about 15 bar, with pressures
less than about 10 bar being preferred and pressures from about 2 bar to about 10 bar being

30 more preferred. The compressed effluent from the compressor 30 is recycled back to the




‘percent. The nole ratio of the butane to butadiene in the first liquid
effluent is about the sane as the butane: butadiene nole ratio of the

i quid sol v&¥@ 06/683tP t 0 t he absorber 20. The first |iquid efflpcamisasgssal so
i nclude up to about 20 nole percent of water, diol 1o and other materials
that may be separated fromfirst |iquidieffluent using net QgdyTvegs) known
In the art, such as a separation tank 50 and a decanting |line 51, prior to
being fed to, the bL{t ane/tgut adi ene recovery zone via line 52. The

but ane/ bﬁ?%’&p%@ ‘F&%H{Peﬁyf/
65 at_the h the distillati 0, d |
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60. The fj b CRL . f t ind - '

i 5t 1| atPiBeEsh it floyktyohe DYoL Shelhst 1ol SIHERTRIAAR Bophidh of,

but ane/ b EpBlinchirarti atibutadicnerTieaboncent@os afEyB iy thddperiduibeffinerntseream

particul ar apparatus enployed. The, operating tenperatyre, qf e

i sti 1 atmanvapifigmatat 18 teahont4 ve\&gf PerAeRt hésedroaﬁgét%#f "‘ﬁ’bélhotfg'é?t o about
150C, an f |y f 0 30C L
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distillation colum 60 may be | ess than the pressure of the recycle |ine
72 to the ab<Urefanst uig effluentanayrlpmmsiidepptio 3pMAY mas peraent o4 %14 ¢ikk

pressure 2 f the r | ' 8 r i's

et ddea. Sty il e fey RLbMRRaLtoR APl b RaRRLAL B .
recovery igfownia thdat aned g sghatien pnkf5oraablaydetmtingiine &d, midr to beinpdegtoesence
of a polynerization inhibitor known tq those skilled in the art. For
exanpl e, thabutape/buisdiepaiacpyay Zefe YiahnePrtors include tertiary butyl

catechol or an aromatic am ne oxide conpound, such as Actrene 230 supplied
30 by Exxon. Tirebipaie/muadiemtreeveryronbiinadudeyaydigidlation edums 60heheassenrcgect i on

G st 11 artoH G Pt SoHBSPRFARTR I 574 ¥ eqg graciny 10 e BARERer o,

pol yngr i zakio9Bd Blogrie k& afitRe SisiidivntdoRlnhy 66.UPHe £5 Hauid efflueat mdylbt ifedtoof
about 300 to 400 ppm Actrene 230 inhibitor, based on.the anpunt of .vapor
renoved fthemidisection afithe dfﬂ*ﬁéﬁnoﬂﬁﬁﬁuﬁ?ft@Vl&é’&?tsgoﬁhep‘iﬂnﬁitw&éﬁmﬁ YER YW i ce
that is c@nyenient, f.or ratl | Skl | COol y
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range of about 5°C to about 150°C, and preferably from about 100°C to about 130°C. The

Done includes a distillation colum 60, a heat

20  operating pressure of the distillation column 60 is normally within the range of about 2 to
) about 8 bars, and preferably from about 2 to about 6 bars with the pressure and temperature
at the top of the column ranging from about 4 to about 5 bar and about 40°C to about 50°C.
The operating pressure of the distillation column 60 may be less than the pressure of the
recycle line 72 {o the abéorbcr 20 provided a means (not shown) for increasing the pressure

25 of the recycled butane and butadiene mixture recovered is included,

To prevent the formation of butadiene polymerization products, recovery of the
butane/butadiene preferably is carried out in the presence of a polymerization inhibitor
known to those skilled in the art. For example, suitable polymerization inhibitors include
tertiary butyl catechol or an aromatic amine oxide compound, such as Actrene 230 supplied

30 by Exxon. The polymerization inhibitor may be added to the upper section of the




colurm 60 via |ine 64, condensed in heat exchanger 70 using a suitable
cooling nedia, such as water, chilled brine or glycol, and recycl ed back
to the absonpepogfidy |ine 72 . The pressure of the recycled

but ane/ but adi ene m xture in line 72 should be sufficient to af FEWSTEHe
m xture to be recycled back to the absorber 20, and desira@bg TQ@afron1
about 8 bar to about 12 bar. Crude EpBl#s renoved fromth gttonlof t he
distillation colum 60 via line 62. The crude EpB stream may be further
refined byutewedbusadiens distdllation leblmims0. pTiecRsmation 6f loWah6RERar WERHD Whtalin o'
the EpB up .to 99% or re. 15 The ,heat required to vaporize butane and

but adi enePPHMERHEAUNProquCtyare sHTSHNtiAMY Btpnressedsbintiic@ddition of ebauti30Ae 400 | i ne

62 a portj S I L O lguid.stream,to

Cebo | or B AR trehp Sy HnRliol Bet R MR b BB el o 5 S ke ot .
fresh butimbitétoe additiorpointickabeainy pluceioitns cinvehiast foefeceraiopprand it is
not neces%at%athat t he rrgkeup but adi ene be added in the liquid mxture of
but and an@iSBERtNRCRRTILED Prmesrs efitdonntewisdditivg deree ewahias@ syonge mimg,

anot her enbodi ment of the present invention for recovering EpB fromthe
ef fluent of aft vapendaffaent eempasiog butang and buledient BdemThel friomdks disiibatminni | ar

to that Li I I except . the,first vaporou fflyent fromthe
-absor ber %g&ﬁ%ls'j 6? g%‘,hﬁ\)el tl’afj" %‘J:P]agens - _CBt %ﬂﬁ?g&?%??lg%?sf‘ﬁabﬁe f)‘?cg%r’f‘ » such
embodi Mends witeg ckitled beRe eelglFEIICATR redydi@dibackitd thd db8orBer 288y 1ih&70eathe
exchanger 34 where the tenperature of the conpressed absorbent is reduced

to aboutPreerere of themeycled butapelbutgdiene misiuge indingtidshold Getsuffient to Sey
Mher o2 8 ixnld o UMl EUBR 1'5E BLorbb SEIS Bediipl Ol AT 2bDS LU RS o

i ncease achieéved 1 n conpressor ger 34
may be byahpas$edar. The conpressed streamis fed via line 36 to a
vapor-1liquid separator 40 where a 30 second vapor stream and is separated

fromthe secopgdeiFpmiid réhdRamionh the i@t d2ha i i
PCTI US99/ 26653 15 0 7 0 CT 2003 respectively.gfﬁg“?/n\a{%‘%f’?g&%"glmsee%é}rgte or 40

i s typi cattuge EpBsticann may b frthergefineddty one orsudrstdistillation yrovéssesmiincramset hat
of the coppressor, di arqge.psessure, i.e., preferably less than about 15
bar and pﬂlgpgpﬁbqg}ﬁff@ﬁ@upﬂ%ﬁ%%ogd?orfo bar. A portion of the second |iquid
stream via ljhe 44 is returned to the apsorher 20 via. line 22 or a
separidte i neJ,rH%]Eﬁat WBiRee toovapprize butang Rpd hutsdienen dhe distiliation somsm 6Q0F ¢ he
| nvent i onpdQfdell 85 QS EHROviIERRe 62 APk HGh oftht iHeNkt; JHim L datil tor.
Thi s enbg%i mar?t‘ ?s C‘sgri rln alr tS t hat (ljes(():‘ri be%ﬁa%)(g@cec Orﬁfaggfd&ﬂé%hgﬁé{r?ﬂ{él udes
cont act i nty & teboidgySkiadd thenrbacle tcthe distilatioe nolumintd®. an ef f ecti ve anmount of
Advantageously, fresh butadiene may be added at any point in the recycle loop and it
is not necessary that the makeup butadiene be added in the liquid mixture of butane and
20  butadiene fed to the absorber 20, '

Referring to FIG. 3, another embodiment of the present invention for recovering EpB
from the effluent of an epoxidation reactor is illustrated, The process is similar to that
described in FIG. 2 except the first vaporous effluent from the absorber 20 is fed, via line
26, to compressor 30. In a preferred embodiment, the compressed stream is fed, via line 32,

25  to heat exchanger 34 where the temperature of the compresséd absorbent is reduced to
about 20°C to about 70°C, and preferably to about 25°C to about 50°C. Altematively, if
the temperature of stream 32 is low and the pressure increase achieved in compressor 30 is

relatively small, heat exchanger 34 may be by-passed.

The compressed stream is fed via line 36 to a vapor-liquid sepﬁrator 40 where a

30 second vapor stream and is separated from the second liquid stream via lines 42 and 44,




‘a -I i qui d absorbent to produce a first vaporous effluent lean in EpB and a
first tiquid effluent rich in EpB. This enbodi nent further includes

contacting Werpofsi®t vaporous effluent with a 10 second abs eehanoohslsa
produce a first-absorbent | ean second vaporous effluent and a

first-absorbent rich second |liquid effluent recovering at 0'7%&3%33 portion
of the first absorbent fromthe second liquid effluent to produce a third

i quid effl urBgectivellyUMhe REndLli aftdRrQpt;| ‘ [T qui d effluent
to the absor%glg at g&r esg%r eldgr eater thgrikt é"agl eotsogﬁlrtéeﬂgfa(hr#é 55’38? ber,

and vapor i zi $upstantisliaibe sampas thatoef thé compressor disohatgt prossurk, i ipgle fefably IR e thid
40C

or near the .15 orber t duce a temperature of |ess than about
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wi th the absemaemtof aaleP@ribﬁron%@act@mcmﬁ ethB&S @At i%@iﬁﬁir!tHggi ge:]sgﬁﬁ@(f%oare for

Al ternativel %},Cbt he cool ant and absorbent can be interm X I ntroduced
into the absBiKbdranddn¢ludasisentgating the spoxidatianresttpreffiversovithan éféetive ameuntidf]

contain both,_.. | ant . constit uent Desirably, the.absorber
20 and i 15 chlRARRREPim ROBoBHE {ifsn Hiina il 100 I Sl anfafrdified alsent
Preferably, fitteinaiymr Diis e2Bogintbnt filtheSIHcRIALS catteetingI0e Bt UshoRoulsTRESM Withe:
of from about OC to about 25C and are at a pressure of about 1.0 25 to

about 3. bateconthebsaheat ormsedics Bifist-atisarbsnislerbescopd vanndoys effluentendies are

} . : . d
coal o0 .2 ShETSRR5E, SR THBN oS bl A ANDCRIA Bindoll AN,

about 1 to afyomtth@sdeand liguidefflent ioproduwaeunthirdliqaideffiuémaeturviag ki ¥eddt a portion
absor bent is%hpltrod ced.ipto the ahsorber 20 via line 22 and
count er - cur r ¥pf {higliguid uFWe“’éltfo%sﬂ%?Ff B PTESH OBredier thae the pressurs Hithiuce

30 ' an EpB gisgibel idflivipctiZmAan St #pekidA &%Rﬁﬁ%ﬁ&gh' ﬂfd’efﬁﬂn‘?krpgtyet%f]glte

collectively referred to as "first absorbent™, ric apor stream
i s essentsi al dhsofbeet whdikph tebpeiatmbbflest then bboir 4OMDa0D & pBAde BIEsHARABRA53

16 070C12003, absorbent rich_vapor stream 26 is pressurized_ in conpressor 30
to a pressur%gﬁ)’fmltg%g’sf’w&ﬁhp‘%ﬁgﬁmg t?%@aﬁ in greaepdelpilya Supstaniipllynonrisagive| ess

than about 18,pa4 efRed tHPE@soWe?ﬁ@ﬁﬂHi&(@?Z?and?&e | Eg:?g%?%gﬁxﬁgul{sqﬁg?fgﬁgﬂgter

2.75 to about 7.5 bar, and optiona ed via a nanger
34 wher e t hethae thpapetaiing pressure dfithedbsarbad2iso RAGstthe adnsiatit ef2€s tha@blsorber 20 it

Preferably o R RhoH. oo by kol 30C e ng, el Lng sl el MleLel ey,
o o [rad, e ekl SRl RE coplaial BRRGAH be fuERty iR RRed
cor]t act ed wi intp theabsngber 20 in the same line 22, in which case the feed line will contain both
absorbent and coolant constituents. Desirably, the absorber 20 and its contents are cooled
to a temperature of less than about 40°C. Preferably, the absorber 20 and its contents are
cooled to a temperature of from about 0°C to about 25°C and are at a pressure of about 1.0
25 to about 3.5 bar, and more preferably, the absorber 20 and its contents are cooled to a
temperature from about 2°C to about 15°C and are at a pressure of about 1.0 to about 3 bar

and most preferably are at a pressure of from about 1 to about 2 bar.

An effective amount of a non-reactive first absorbent is introduced into the absorber
20 via line 22 and counter-currently contacts the epoxidation reactor effluent 10 to produce
30 ° an EpB rich liquid stream 24 and an absorbent/coolant, hereinafter collectively referred to

as “first absorbent”, rich vapor stream 26 that is essentially free of EpB. Desirably, the first




absorbent, fed to the second absorber 80 via line 82, where the first
absorbent conponent is |0 at |east partially recovered fromthe gas stream
36 to produB® @P/48eYst - absor bent | ean second vaporous. effl uerQT/USH926458 ne
86 and a first-absorbent rich second liquid effluent, via litiﬁﬁ %Aj The
second absorbent flows counter-currently tolbhe first abs&fdHAIM ch vapor
stream The tenperature within the second absorber 80 is from about 15C to
about 80C, nALSOPERIIENAPYr Ftresm Abisyresaiizedon atrptesstd GO tT heraeeend 1cabaanber

80 contains a,suj | e 5.packing materjal or trays _as described above to
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absorbent, fed via line 82, to the first absorbent, fed to the sec
absorber §i a tpiaheutI5°Cite abaup 502 bsing cootirgbeattr. 0AMferfatAR1y7of 1S t@nperfteoft O

about 8:1 noles .l e nd preferably fromabout 1:1 to about 41 noles
per ol e, AbSHEBBrEdS 11 PabiRE PPESEUig ReTPfe aHRCKAdB SaRERReATAO s st vedy sraell, o4

to C20 hydroqﬁrapmﬁange%4hgg]$|%3)r Jgggragdg?émgﬁdlto C22 carboxylic acid esters,

C2 to C4 carbonates, " chlor ocC ydr of | uor ocar bons,

per fl uor ocar bons ] r Qun from.the aforenenti oned
ot wth normar g el 635 o R o R TROK okt L A5 WilE o8
desirabl y abacibgorbtifeldao thedetondaisethentl fadeBanivhee thdArsa BSRERSE corbdiredps -
Preferably, both the fjrst anddﬂsrecond absorbents are selected fromthe

group cohsi Atieast E?F“ﬂl%ﬁ?‘h‘f?é‘? QBN Bavstrern Ghdn praseica A dirsiiabserbent leanereeard.
Al t h th [ il t .1
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of the preserThe sevant dbaorbemtnib WM p32A8nIRAH/ thISAR 36&bEenl ick vapddeiredOfhe
one skilled in the art w!l| understand, that the absorption zones 20 and 80
may be conbi riERRPERRIYHPithin e seroad @bsaiher &nefrom gbogk s Cele ARPEB A Remepber

section of the I okhe.l ower ;section.b n .
appropri ate Eé???%?%ﬁ?ﬁga%ggﬁ%ﬁﬁgg\ﬁqon&t ﬁ‘ge Seend ﬁﬁ“f?rié%r%g ééﬁfaﬁ#e%/smtﬁpléy
wWith a tosal pacRisgnértaoptrhysSatniescribe@RBeVEol provilOmneAs va&forRBRY dnta2n for
the first absorbent is |arge and causes a substantial tenperature rise

across the sdeenradigposthesclated spsondhsothent aslnbeorpentiiidve rate dhe sesomld dvarher

Secona  absor et Yo Al i B i STues kel RARHRTE beess, Bt 10

such as heat thegrbticufequiliBiunistagas. Themdlhaags of thetsbn@bssTBent He@Willihe82, to
w thdrawn froma tray or sunp and diverted 1o through heat exchanger 85,

wher e t he “hedhe st absoshent.ifechtq the sespnd abisarberida Hee Hods tipkeatly froe about 0.5:1
20 moles per mole to about 8:1 moles per mole, and preferably from about 1:1 to about 4:1

moles per mole.

Absorbents suitable for use in the second absorber 80 include C4 to Cy hydrocarbons,
Cs to Cy alkanols, Cg to Cy, carboxylic acid esters, C; to C4 carbonates,
chlorofluorocarbons, hydrofluorocarbons, perfluorocarbons and mixtures thereof,
25 Compounds from the aforementioned list with normal boiling points above 100°C are
advantageous and, more desirably above 115°C to limit losses of absorbent to the absorber
off-gas. Preferably, both the first and second absorbents are selected from the group

consisting of n-butane, isobutane, isopentane and mixtures thereof.

Although the first and second absorbers 20 and 80 are illustrated as two separate

30 pieces of equipment, it is contemplated to be within the scope of the present invention, and




conventional in the art such as by heat transfer against a suitable cooling
nedia,-e.g., water, glycol, or chilled brine. The cooled liquid is then
returned t ovOlB®6838ond absorber 80 at a point in the col umPCHURYY/A6ESN t he
wi t hdrawal point, typically just one or twy stages below the w thdrawal

poi nt. Wen advantageous, one or nore intercoolers may be pl BddLTilB3t he 15
| oner section of the colum, typically 1 to 4 stages fromthe bottom
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via |line 96, IstrfFlation ¢ e use o
interc ha:mgesepcsudatmn reaction diluent gas, such as, n-butane, butadiene, and small amounts of the

first and second absorbents exit via line 89 which may be further processed to recover the
) n-butane and butadiene using techniques known to those skilled in the art. Depending on

the volatility of the second absorbent 82 used for absorbing the first absorbent 36, the
partial condenser 87 may serve to substantially reduce the quantity of the absorbents

25  leaving the absorber 80 and reduce the amount of make-up first and second absorbents
needed. Desirably, less than about 0.1 weight %, preferably less than about 0.01 weight %
and more preferably less than 0.001 weight % of the first absorbent exits via line 89. If the
second absorbent 82 is substantially non-volatile under conditions at which second absorber
80 1s operated, the partial condenser 87 may be eliminated or by-passed. The second

30  absorber 80 overhead may then be further processed to remove carbon dioxide before

recycling to an epoxidation reactor. Suitable carbon dioxide removal systems are known to
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liquid below the feed stream 96, typically contains 2 to 10 theoretical equilibrium stages, and
20  more typically 2 to 6 theoretical equilibrium stages. The third liquid effluent bottoms
Y stream 102 is split and reboiler stream 103 is fed to a reboiler 105. Heat to the reboiler 105
may be supplied by any suitable heating media, although steam of appropriate pressure is
preferred. Steam may be provided to the bottom of the distillation column 100 to assist in
the stripping of the refrigerant from the soivent. Advantageously, the use of steam tends to
25  lower the heat duty in reboiler 105, reducing thermal reactions of residual butadiene,
Steam addition rates are preferably 0.25:1 to 20:1 moles steam per mole of refrigerant,

more preferably 1:1 to 7:1 moles per mole.

The overhead vapor stream 104 is condensed to form a third liquid effluent using heat
exchanger 110 with a suitable cooling media, such as water. The non-condensable
30 constituents exit via line 112, If capable of forming two phases, the condensed vapors may

be conveyed via line 114 to a decanting vessel 120 for separation into two liquid layers.




10 effluent is fed via line 28 to punp 130 where the pressure of the third
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conpressor 30 prior to recyc
to about 7:1 of steam per mole of first absorbent.

20 The distillation column tails or bottoms 102 is optionally cooled using the
) interchanger 95 as described above. The bottoms 102 may be further cooled using heat
exchanger 107 before being recycled to the second absorber 80 via line 82. Stream 82 is
cooled to less than about 120°C, and preferably less than about 40°C. Make-up second
absorbent may be added at any location convenient for process operations to maintain the
25  circulation rate within the absorbent recycle loop. Desirably, absorbent losses of both the
first and second absorbents are less than about 0.02 kilograms per kilogram of EpB

produced, and preferably are less than about 0.01 kg per kg of EpB produced,

If desired, to prevent the formation of butadiene polymerization products, a
butadiene polymerization inhibitor, such as a phenolic compound such as tertiary butyl
30 catechol or an amine oxide such as Actrene 230 supplied by Exxon Corporation or other

like inhibitors known in the art, may be added to the second absorbent-regeneration loop to




10 the epoxidation reactor. Although not illustrated in FIGS. 4 and 5, one
skilled in the art -will understand that these enbodi nents may further
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for FIG 2 where EpB in stream 24 is recovered. Mreover, at |east a
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compressed to a pressure of less than about 15 bar using compressor 30 prior to recycling to

10 the epoxidation reactor.

Although not illustrated in FIGS. 4 and 5, one skilled in the art will understand that
these embodiments may further include a butane/butadiene recovery zone similar to that
described above for FIG. 2 where EpB in stream 24 is recovered. Moreover, at least a
portibn of the butane and butadiene recovered in such recovery zone may be recycled back

15 to the absorber 20 using a separate feed line (not shown) or can be fed to the absorber 20 in
conjunction with the first absorbent feed via line 22 or the recycled third liquid effluent via
line 132.

The present invention is illustrated in greater detail by the specific examples
presented below. Itis to be understood that these examples are illustrative embodiments
20  and are not intended to be limiting of the invention, but rather are to be construed broadly

) - within the scope and content of the appended claims,

EXAMPLE 1

This example illustrates the effect of the absorber temperature on the pressure
25  required in the first absorption zone and the maximum safe oxygen concentration when
using a 4:1 molar mixture of n-butane and butadiene as the absorbent in the first absorber.

The results are in Table 1 below.

Table }

Temperature (°C) Absorber Pressure Maximum Safe
{(bar) Oxygen (%)




8018.6814.5 In accordance with the invention, at tenperatures bel ow 25C the
operational pressure of the absorber is less than 4 bar. It can further be
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For examples 2-4, computer simulations were run using an IBM RS6000 computer

running the ASPEN PLUS* version 9 process simulator software.

EXAMPLE 2

10 The following computer simulation illustrates the efficacy of the present invention in
recovering EpB and other materials used in its recovery. All stream numbers given in
Table 2 refers to designations as depicted in FIG. 4. Both the absorbent and the coolant
) profiled in the absorber are n-butane. Absorber 20 consists of ten theoretical equilibrium
" stages. Butane absorbent stream 22 is fed to the top stage and the coolant 132 is fed to the
15  middle section of absorber 20. The second absorber 80 consists of two theoretical
equilibrium stages with a partial condenser on the gas outlet stream 86. The absorbent
recovery zone includes a distillation column 100 consisting of five theoretical equilibrium
stages. The molar reflux ratio is 0.59. Theoretical material balances, temperatures, and
pressures of selected process streams from the computer modeling are given in Table 2.
20  Temperatures are given in degrees centigrade, pressures are in bar, and component flow
rates are in kg/hr. The maximum safe oxygen content of the recycle loop, as dictated by the

compressor outlet pressure and temperature is 29 mole percent.

Table 2
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EXAMPLE 3
5 The follbwing computer simulation illustrates the efficacy of the present invention in

recovering EpB and other materials used in its recovery. All stream numbers given in
Table 3 refers to designations as depicted in FIG. 5. Both the absorbent and the coolant
profiled in the absorber are n-butane. Absorber 20 consists of ten theoretical equilibrium
stages. Butane absorbent stream 22 is fed to the top stage and the coolant 132 is fed to the

10 middle section of absorber 20, The second absorber 80 consists of five theoretical

) equilibrium stages with a partial condenser on the gas outlet stream 86. Distillation column

100 consists of eight theoretical equilibrium stages. The molar reflux ratio is 0.58.
Theoretical material balances, temperatures, and pressures of selected process streams are
given in Table 3. Temperatures are given in degrees centigrade, pressures are in bar, and

15 component flow rates are in kg/hr. The maximﬁm safe oxygen content of the recycle loop,

as dictated by the compressor outlet pressure and temperature is 29 mole percent.
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5 '_ EXAMPLE 4

The following computer simulation illustrates the efficacy of the present invention in
recovering EpB and other materials used in its recovery using n-butanol instead of
n-decane. All stream numbers given in Table 4 refers to designations as depicted in FIG. 5.
Both the absorbent and the coolant profiled in the absorber are n-butane. Absorber 20
10 consists of ten theoretical equilibrium stages. Butane absorbent stream 22 is fed to the top
stage and the coolant 132 is fed to the middle section of absorber 20. The second absorber
) 80 consists of five theoretical equilibrium stages with a partial condenser on the gas outlet

stream 86. Distillation column 100 consists of twelve theoretical equilibrium stages. The
molar reflux ratio is 0.80. Theoretical material balances, temperatures, and pressures of

15 selected process streams are given in Table 4. Temperatures are given in degrees
centigrade, pressures are in bar, and component flow rates are in kg/hr. The maximum safe
oxygen content of the recycle loop, as dictated by the compressor outlet pressure and

temperature is 29 mole percent.
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nponent Flow rates (kg/hr)
PCT/ US99/ 26653 070CT2003 St reaniTenp. PressCanponent Fl ow r ol 28CT &gl hr)
No. ( C) (bar) 02CO2Wat er But adi enen- But aneEpBn- But anol

tenperature is 29 nol e percenigT/@shotadzbe 3

WD 00/ 68219 24 Table 4

462000324, 51046. 23. 50
165. 692. 51046. 7210. 9200. 8

2621.52497.985 99 810681 55480 42 50 1 82451 660011.025.5128. 47. 629909.
84401. 520. 1Guen9 | 3488, 3Ae49.(39. 429715. Component Flow rates (kg/hr)
86451. 45497.:85. 6LCA60BbAB329. &0. 8188, O Water | Butadiene | n-Butane EpB n-Butanol
142913 72497 Y85 ChsA003 BIF2Ye0d P2 BB B gr0] 376 | apaa | 2082 0
92526. 620. 16- 97 3A03 P2285 139 S PT Io T2 Aabt-1AY, 101300006
128474, 96008 A5y 8310 G2 47 4 Gho17d5 000bi1. 03435h 2810967 sha7de ALt holig
t he present|_i'd&enti‘dn hak%haen d®scrilfed ih4{er nfS76f | t hd2hP ebentlld 74
preferred (5 eqbodi srenf sL.5% t| i s0.¢40 be.lundés.ét ood wAsal swes? d| selasur e 2068
not to be iintegpleted psy iy i png| t@dhe spyentipars Pessspped hexrel n. Ne
doubt that [EEETITERUING) LNe ar SETOSUTE ™ VAR Ious 55 128.4 76| 29909,
84 40 1.52 0.1 03] 193 483.3 22493 9.4 29715.
86 45 145 | 497.9| 856 1.4 603.7 3329.5 0.8 194.0
142 91 372 | 497.9| 856 1.4 603.6 3329.5 194.0 0.8
_ 92 52 6.62 0.1 03| 193 4833 22493 9.3 29715,
} 112 | 40 | 6.4 0.1] 03 0 0 0 0 0
128 47 4.96 0 0 8.4 457.8 2121.0 1.8 7.4
102 170 5.00 0 ol 110 25.5 128.4 7.6 28709.
Although the present invention has been described in terms of the presently preferred
5 embodiments, it is to be understood that such disclosure is not to be interpreted as limiting

to the invention described herein. No doubt that after reading the disclosure, various

alterations and modifications will become apparent to those skilled in the art to which the

. invention pertains. It is intended that the appended claims be interpreted as covering all

such alterations and modifications as fall within the spirit and scope of the invention.




alterations and nodifications will becone apparent to those skilled in the
art te which the invention pertains. It is intended that the appended
cl’ainms be interpreted as covering all such alterations and nodifications
as fall within the spirit and scope of the invention. 25 CLAIMS 0 7 OCT
2003 W claim 1. A process for recoveridfy 3, 4-epoxy-1-butepgef jgm @ vapor
phase epoxi dation reactor effluent conprising: 5 a. contacting said

epoxi dation reactor effluent with an effective amount of a liquid
absorbent in an absorber to absorb gre@LaiMBhan 95 percent of the

3, 4-epoxy-1| -butene present in the epoxidation reactor effluent; and b,

" vapori zi ng“&r)‘gx.i mate to the absorber an effective .anount of a non-reactive
coolant to P he absorber to a tenperature of |ess than 40C and a
pressure 10 of less than 4 bar. 2. e.pr lePaxldatibe feattor effuenit
absor bent is sﬂmwoffﬁww'wx%ﬁ%?g't%ﬁzaam&%fpﬁ%’g 0 C20 hydrocar bons’
whi ch do not f(ggm riasgnegptropes with 3,4-epoxy-I|-butane, C4 to C20 al kanol s,
C6 to C22 carboxyiic~acid esters, C2 to C4 carbonates and m xtures thereof.

3. The process of claim 2 wherein, sai QERRAL with af @ffecthediniountrof hibqwid oup
consisting 152%f FOPBFEHSAY WGRt aiﬁ*é?""“?ibgpem ane, 1,3-butadi ene and

m xt ures there(%1 o 4 -T.hm‘?a INeTHCRTNONE et Bf 8 B @-dpoxgl- IHbetend present in

n- but ane and 1, -BbL?fl_%llB! ene ﬁoas a rn)ngABratia(ri)))1 of from20:1 to 1:2. 5, The
process of cl aithh apoxipatioa r¢c@RFIUEEMAnt is sel ected from the group
consisting of C3 to C5 hydrocarbons, chloroflugrocar bons, n-reactive
hydr of | uor ocar bgns, vapefiting praximateho s 2b3orbghen SEiF AROPRL &SP RSN G

normal boiling points between -42C and 15 R ocesgpat agd apresfure
wherei n sai d cogiodemt 1¢ 6003 deAOSRREF P 8f%é‘f‘g8£%g§%‘sflsti ng of n-butane,

i sobut ane, isopenta nd mgxtures thereof. 7. The process of claim®6
wherei ntsai d ab%ﬂlgffeqsa'i?s cg]g?&ed to a tenperature of 0OC to 401C and_

operates at a pressure of. 1.0t ) - THected fromsihe giovp caRSsting
where in satd abBoPIwsessaf c%ag%llewgh%mﬁ BAT abséded is

0 a tenperature of 2C to i%C ang: i}\icm
operated at a pspefturao Bdrdeafbohowiicidddomt ford azepirepgs PEB LRIy L TPRIFRT [~ uhél’ei n
sai d absorber has 1ess than 15 th(iore'gfi gsgtlga’r { E“%gﬁ%@)a%iﬂtﬁﬂ%iﬁmﬁ-

stages and a | i qlkiatiolss €4 \@rme CHPBRYCAS er Contal ns greater than
3 Thc process of claim 2 wherein said absorbent is selected from the group consisting
15 of n-butane, isobutane, isopentane, 1,3-butadiene and mixtures thereof.

4,  The process ofAclairn 3 wherein said mixture of n-butang and 1,3-butadiene has a
mole ratio of from 20:1 to 12
5. | The prdcess of claim 1 wherein said coolant is selected from the group consisting of
Cs fo Cs hydroca:bbns, chloroflucrocarbons, hydrofluorocarbons, perfluorocarbons .
20 and mixtures thereof having normal boiling points between —42°C and 15°C.

6 The process of claim 5 wherein said coolant is selected from the group consisting of

n-butane, isobutane, isopentane and mix_tures' thereof.

7. The process of claim 6 whﬁrein said absorber is cooled to a temperature of 0°C
to 40°C znd operates at a pressure of | 1.0to  3.5bar
95 8  The process of claim 1 where in said absorber is cooled to a temperature of 2°C
to 15°C and is operated at a pressure of 1.0to0 3.0 bar.

9. | The procéss of claim 1 wherein said absorber has less than 15 theoretical




+

95% of the ampbunt of 3,4-epoxy-1 butene fed to said absorber fromsaid
epoxi dation reactor effluent. 10. The process of claim9 wherein said
li'"quid effluent from said absorber contains 5 greater than 99% of the
3, 4-epoxy-| -butene fed to said absor berzé rom sai d epoxi datg 'ppm[;r aget or .
effluent. 11. The process of claim9 whérein said liquid effluent fromsaid
absorber contains greater than 99.5% of the 3,4-epoxy-I|-hute to said
absor ber from.ggijstienewigerandariquideaituent %‘Pmlﬁﬁ@rﬁf"?&gﬁ?/@?.m%%ﬁ%r%gggs of
claiml furthef conprising conpressjng apor.o | ek ehd@dmisatedctor
absor ber, coBmrm£imgmvntloééétepg?‘ypbP‘EtF‘Ef'?fe%P sglgiags%\r/%%%l?%{us effluent to form
a second liquid effluent and returning at |east a portion of said liquid
effluent to s&ffbl.enhbsorber at a pressure greater than 4-bar. 13. A process -
for recovering 3, 4-,epoxy-|-butene fr, a \vapor S&; LR vtatbmainseact or
ef fl uent 1p’ S'mﬁ\;jrmsﬁoﬂlcl@!pb%y’hﬁeﬁh‘iaé‘ﬁ 9“18&?@%6«5'} F}gfﬁ\‘ldﬁ1 ut adi ene
constituents., said procegs, canphi, Sing;. §tePaidl JBbrber fidmapidepdeidation
react o ef f| uetatshi®R an gs?%@?{ﬁg\;él-?ox %tbgtg?gg |1 quid absorbent in an
absorber to pro , 4-epoxy-1 -butene lean first vaporous effluent
and an 3,~4-epor>?ga§"-e%f§?%ﬁe rich first liquid effluent; b. condensing a
portion of saig first vaporoys,afdihymatiquns éfumidrose st adSIPELAR ™
ef fluent abd alSeR8R&°Vapor effluent; c. returni ng a @%)[)LDi OBt il epsisdatich
liquid effluenrehier Bai d alsocrbelitheal.4-apesiine fedp s81¢ &POPRAAE a1 d absor ber;
and d. vaporizing a g_g}r@tion of said returned second liquid effluent
proxi mate to sgdadior 8H86Pber to produce a tenperature of |ess t han 40C {i(gd a
pressure of less than 25 4 bar jn said.absor : eovdredfieas fofm eh@i m
13 wheygi n1gai Thalpsmesrerficlain ISRItae: R IR ?%“gﬁé?sgfi%a \(’:a:gr?si sting of to
- C20 hydrocar bons “‘Q%Ch'%%%@x?%atflgﬁ% AR RSN wpmous;ﬂ]ueptdﬁfomgl}f‘ag e
to C20 al kanolaBsorey: ¢YC arboxylic acid estrer,a : %éﬂugﬁ'ﬁ‘gg{ig%g&rg@,
chl or of | uor ocanpansefiubntdrofetuningea térsha porsional saif Y% ORE ARG M xt ur es
thereof. 27 0 ‘} CT 2003 15. The pro 855 of claim 14 wherein said absorbent
is selected frmmn@s'gﬁwﬁtféélﬁ%‘i sti n'g of n-butane, isobutane, isopentane,
1, 3-but adi ene and m xtures-thereof. 16. The.pr e SloRidatidfrendi@reffiuent he
rati o of - abgor hemocéseé@r@f@v?@a@t“o‘?i’%)f”?]hﬂtgﬁﬁ négg'fp%fgd S%gﬂ the absorber is
from1:10 to 1:1, based on weight..17. Fhe. orocess of Glaisdcdskontpesisgn said
absorbdht is a mﬁ%&rdecmy'ﬂ\ibﬂﬁp%lﬁ?_}é‘“‘é\%@d];“gdlgﬁc Eafififtucit, - -
T ' th an effective amount of 2

a | cohtacting said epoxidation reactor effluent wi

e \ : vro fiiuent
]iqui‘d- absorbent in an absorber to produce an 3,4-epoxy-1-butene lean first vaporous el

and an 3,4-epoxy-1-butene rich first liguid effluent;
b c'énd_t;ﬁs'i;i_g a portion of said first vaporous <filuent to-form a second liquid
20 effluent and a second vapor effluent;

c.  returning a portion s2id second liquid effluent to said absorber at a pressure

grczﬂer than said absorber; and

d vapoﬁzing a portion of said retumned second liquid effluent proximate to said

n
absorber to produce a temperature of less than 40°C and a pressure of Jess tha

25 " 4bar in said absorber.
| m 13 wherein said absorbent is selected from the group consisting

_ The process of clai
) , 1-butene, C4 to Cao

of C3 to Czg hydroecarbons which do not form azeotropes with 3,4-epoxy-

hons
alkanols, Cg to Ca2 carboxylic acid esters, C; to C4 carbonates, chlorofluorocar R

hydrofluorocerbons, perfluorocarbons, and mixtures thereof.




1, 3- but adi ene havi ng a nole ratio of from=20:1 to 1:2. 18. The pr.ocess of
claim13 wherein said first vaporous effluent contains less than 0.1
wei ght. % 3, 4-epoxy-" | -butene. 19. The process of claim 13 wherein from

.25%to 100% of said second liquidlp efhhuent is returned bg ﬁl d absor ber
at pressure of from5 bar to 12 bar. 20. The process of c 0k 2603 ur t ner

conpri sing conpressing one of said first or second Qr.ou f .S, O a
pressure ot | g5e pidvass ofidinr 14 Wwhereia1drbsedsat léﬁas?tﬁﬁ}{ﬁg%%ﬁﬁéoﬁ&i CIrclﬁ‘l%r@lﬁencgof |
said first or second vaporous,effluents i .. conor feredfpressure of |
| ess than 10 bén-bulaBedsObutpre, WB%@%"'@%'@%@%&@&%H & hcrorrpri sing feeding
- said first liquid effluent to a butane/butadi epne recover in a
- portion of gt heyukedes efrainui 4uheresn the ratig %fa%ﬁ?fgg’?t f??‘glﬁ*ﬁ*é%‘?&ﬁ% q?? :
recovered and recycled back to said qu ‘gber. 143 basch dwagss for recovering
3, 4- epoxy- | - bfedteethe pbsprbeEVBFEM phase g xi dati'don reactor effluent having

fromO0.5 to 10 nol e percent 3, 4-epoxy-I|-butene, 4 tq 50 N gent
but adi gne, ) 7andrigBrbees8bfiolaim pardsrrin BRifl 3pROTREIL IS %Ié?’ﬁugrog(%gés@ar%gr?pri sing: 20

a. contacting said epoxidation reactor | uentyg {h an gbfective anount of
a first' - |iqui,a-tatsinsdaying? HOETHL ?fig%éor ber* £ 0 %or oduce-an 3: '

4-epoxy-1-butene lean first vaporous, ..effluent ot SORXYthkn but ene
rich firstyd.i quhelpetéssodotaimy3 \&?efﬁﬁlaéﬁdﬁigs‘s"aﬁpa“’%’?rgg%‘ﬂ'@%por ous effl uent with
a second liquid absorbent in.a .25 second absorber to produce a : Ce
first-absor ben@-lI‘?é"dﬁ“s/%g'ﬂﬁW’Wg]p@'B‘%%gnﬁé effluent and a first-absorbent rich

second liquid effluent C .. recoyveri t- | east, /& YOO% bpsridsecond Hawidr st
absor bent 119.0me9th0§&56§§&“1‘1 Wﬁcreenfn??rgent o produce a

_ Ehi rd |i qll:lj hy
effluent; 28 Oegﬂ X:s288 cado skigtaussrbace areskwast Tampor t i ORI Wi rd 11%qUi d
_e‘fflueH‘( to sard first absorber at a pressure greater than sai d absorber:;

- and e, vapori zgnh% a ,%ggg%agnpﬁs fiidr E@hpriang corthpressibg gug of seid lﬁéﬁ&s“?‘_’dp..
pr oxi mat e 28 saif 'Y Sorber- to produce_a tenper-at]%rberof | ess than 40C and a
pressure of Ie&xﬁ?b}mmeffﬁzeﬂtshala pressergiod 16 &ber . 24°* The process of claim

23 wherein said first absorbent is selected fromthe grou oL Shi 30 Of
C3 to' G20, hiydr opy fromes oheishm 40 wisth onmPAEEROFEE A peroro s URbSR

3, 4=epoxy-|~-butene, C4 to ; C20 al Egenol Sh C6 g yge2. car-boxylic acid esters,
C to C4 car boneamegsessehio BIESHEF SEFHIRL. hydrof |'uorocarbons, -~ - -

pert! uolrsocaZr.’Zbon'?hs gr%cgs)é)tflélra?ri 1t3hf?11r'tﬁgrfdompﬁsing feeding said first liquid effluent 1o 2 |
| | utane and butadiene in said

butane/butadiene recovery zone wherein a portion of the b
first liquid effluent is recovered and recy_c]éd' baF:k to said absorber.

7 oY tenc epoxidatior " ffluent
23, A process fér recovering 3,4-epoxy-1-butene from a vapor phase epoxidation reactor €

cent
having from 0.5 to 10 mole percent 3,4-epoxy-1-butene, 4 to 50 mole per

20 25 to 85 mele percent butane gas, said process comprising:

butadiene, and A _ ! - '
tac n reactor effluent with an effective amount of a first’ .

a, conlaciing said epoxidatio

"z liﬁﬁid 'abso‘fr'{)'i:nt in a first “ﬁbs}c:);r‘lnicr 10 -ﬁmduce: an 33-;4-ep6‘)i§r-—1..-.‘but'éne lean first vaperous,

effluent and an 3,4-epoxy-1-butene rich first liquid effluent;

b contacting said first vaporous effluent with a second liquid absorbent ina

25 second absorber to produce 2 first-absorbent lean second vaporous effluent and a

* first-absorbent rich second liguid effluent

c. = recovering at least a portion of said first absorbent from said second liguid

effluent to produce a third liquid effluent;



1025. The process of claim 23 wherein said first absorbent is selected from

the group thereof ' . 26and m xtures consisting of n-butane, isobutane, .
| sopent ane, 1, 3-but adi ene The process of claim25 wherein the ratio of

absorbent feed to reactor effluent feed 27.fed to the ab anpeS from
.1:1.0 to 1:1, based on weight. The proc@gs of claim 25 V\E]Z[gﬁlr’lm@;i d

absorbent m xture has a butane-and 1, 3- 15butadiene nole ratio of from20:1

to 1:2.  The proceg ' orag gt diedd dffienotedsaid §ua absgB¥eAbRNt i s

sel ected fromS heré‘éﬁﬁ%}gﬁét#@iﬁgr oup con?iﬁsti ng of C4 to C20 hydrocar bons,

C4 to Cep al k}@%’g&e#@btéﬂh%i&moﬂﬁr;&mﬁd esters, C2 to C4 carbonates and .
of. Tlte

m xtures ther process of claim23 further conprising conpressing at

! fealst ontehof _sﬁe:i d Jrahé%%nf b anﬂ%ﬂ%@ shahetuRaanied ViqudrefBodnt prB2ed0 82%0r essur e
of less than The p S2of c

aim 23 further conprising,feedin Jdiphh 1 St
71 quia el 11 ueng i bepRadtbels Bmpéssfnt ofiebsinmal ondOre By &R 3RS’ Thevaln s
portion of the bout ane ‘and but adi ene cled back to said absorber. d rec d vy

an 25first |iquid gbhtineaid dbsobecover ed, condense 31. A process for
recovering.3, 4-epoXj +- 1-butene from a or phase,, X or

i gy . .VSP eg@ id@‘ri %ﬂhéﬁ
ef f1 uent hayi ngy 3, 4 6RGF ¥raim 2B witenen stid ustebsTHEUE .pgﬁ o the BEETR o
wth o ocelt chrplP. ol tgflzoﬁ-%p{o?gr%dm@%h?c@ﬂdqn@%ﬁh abirers mith 6 Hepory-1 OUEH

with an eff ect comsistimeef,
Cito Czo alkanols, Ce te Ca2 c,arbox_}_r_l-ic acid 'cstejrj? Cyt0 Cy c.,arl?;c_)'mtcs_., o )
ﬁilloroﬂuo;;carﬁ;)ns, hydr_é-ﬂuorocarbons, perfiuorocarbons and mixtures fhereqf.
jo  25. Theprocessof claim 23 wherein said first absorbent is selet_:‘t?c'i frox‘n the group f -

| consis'ting.of n-butane, isobutane, isopentane, 1,3~butadiege' and m;xtures thcr_fzq ‘.

26. The process of claim 25 wherein the rati6 of absorbent feed to ”f?cwr effiuent feed -
fed'to the absorber is from .~ 1:10t0 1:1, based on weight. |

27. The procéss of claim 25 wherein said absorbent mixture has a ‘putane and ‘1,—3‘— |

15 butadiene mole ratio of from 20:1to - | 1:2.

28. The process of claim 23 wheréin sajd second liquid absorbent is selected from ther
group consisting of C4 10 Cao hydrocarbons, C4 10 C alkanols, Cg to Caa carb_p;y 1c
acid esters, Cy to C4 carbonates and mixtures thereof. |

28, The procéss of claim 23 further comprising compressing at least one of said first or

20 second vapor effluents to a pressure of lessthan 10 bar,

30. The process of claim 23 forther comprising feeding said first liquid efﬂuer?t to },1 ’

butane/butadiene recovery zone wherein aportion of the butane and butadiene in sal

first liquid effluent is recovered, condensed and recycled back to said absorber.
S 31, A proeess for i’fecofveﬁ‘fag §,4eéj§_'ﬁiy-l‘-buténe froma vaﬁbr phase—'epox-idation reactor effluent
25 - having 3,4-ep0x3-f-]-buten'e, butane and butadiene constituents, said process comprising:
a.  contacting said epont:i-t.i.-ation reactor effluent with an effective an}-oun:c .?f a first
liquid absorbent in a-first abs_(;rber to produce an 3 A-epoxy-1-butene lean first vaporous

effluent and aﬁ 3,4-ef>oxy~1 butene rich first liquid effluent;



¢

.third liquid
wher eilg from-25% t 9y 3PR%eidfabsabet; ewd rd |iquid effluent is returned to said
' ab

.

|l iquid absorbent in a firstabsorber to produce an 3, 4epoxy-1 butene | ean
first-vaporous effluent and an 3, 4-epoxy-1 -butene rich first liquid
effluent; 29 0 7 0 CT 2003 b. contacting said first vaporous effluent with

a second liquid absorbent in a second 2?bsor ber to pr odugg@gzm
first-absorbent | ean second vaporous effluent and a firsSt- sgr bent rich

second liquid effluent; c. recovering at |east a po(iii.i og gf ﬁ%’%’%l rst
‘absorbent frem saipdtaeseedt fifsouimrod efflpeniavith 4 BECRPGARVE 235¢ i quid
effluent; d. fTeturning at least a portiqn third |igui f g gsai d
first absorbegc@id éosomeemﬁ@cgﬁéﬁﬁb?bspﬁléﬁi GQ‘? aecgﬂgg? éﬁs éem%{%zggr iazi ng a

portion of said returned third,/].igui Juent proximate to. said absorber
~to produce aﬁmh@@oﬂ?méc}b?“%@tq‘ﬁﬁﬁﬁﬂ%

and a pressure of less than 4

bar in said absorber; and f, conpressing,at I|east of.: Sal-dnd lifHH Or
second vapor oys efebbueingst teasta nﬂr@@taﬁal%gfslt825?%?%32‘%@%@%&%2.‘%% '
process of claim 31 wherei

nsad fir porous effluent is conpressed to a
pressyre to acﬂﬁuestsmr%wﬂcef‘é@é?%%e%u%gr. i5' 33. The process of claim31

wherein said first and second absorhents afecd deatt sbsofRy ecd ed from
‘the group congj st reigrmidg @@wwmoxﬁ@miﬁ%‘i‘%ﬁ‘s@g@ﬁ’% 1

to C20 alkanols, C6 to

C22 carboxylic acid esag%[tﬁdn $h fQoriér-car bonat es, chl or of | uor ocar bons,

hydr of | uor ocaPHSHEE BH® uoro carbons and m xtures thereof. 34.The process
of claim 31 wherein-sai-d-fir

t- ang. alxs@r; beatesamepoainate tdisdid om f

20. the gr oupecongiaﬂf’ilﬁggép"’?‘ﬁ% ?g%g?&l(ag%gut ané{wiﬁgo en%ag&agggpa%% H]rmgs
thereo 35. The proges it BBk athe s Blies thive - pr e 48U endd n

F‘i’rﬁgﬁ%}?gd\%%m 5&}}0 ' 12 bar. 36.The process of claim3 5

first ‘absorber. 25 37. The process of ~claim31 further copprising feggieng

said first |iguid gidbleesig dl0cast onputfaniy first et YECBVEF F0ne wierein a -

portion of the butane and butadiene-in-said first liquid effluent is
recovered, condflessannd rdePéled back to said absorber.

38. The process'of -

claim-31 wherein said first vaporous efdffl,r‘sjtevr%tpo%%te?ﬁﬁﬁt {s@efmproand wbhout

33. The process of claim 31 wherein sa

pressure to a pressure oflessthan =~ 10bar..

15 33. The process of claim 31 wherein said first and second absorbents are independently:
. . . ’
selected from the group consisting of Ca to Cao hydrocarbons, Ca to Cyo alkanols, Cp

to Cyy carboxylic acid esters, Cz2to Cy carbonate_s, chloroﬂqorocarbons,

hydroﬂuoroéarbons, perflucrocarbons and mixtores thereof,

34. The process of claim 31 wherein said first and second absorbents are selected from

20 {he group consisting of n-butane, isobutane, isopentane and mixtures thereof.

35, The process of claim 31 wherein the pressure of said retumed third liquid effluentis

from Sto 12bar |
36. The process of claim 35 wherein from 25% to 100% of said third liquid effluent

is returned to said first absorber, |

25  37. The frocess of c]aixh 3] further comprising feeding said first liquid effluent to a
bulénejbutadiene recovery zone wherein a portion of the butane and butadiene in said

first liquid effluent is recovered, condensed and recycled back to said absorber.

: : o t
38. The process of claim 31 wherein said first vaporous effluent contains Jess than abou




* 30 O7 CCT 1003 250 ppm by wei ght of 3,4-epoxy-I|-butene. 39. The process of
claim-31 wherein said absorber is cooled to a tenperature of 0Cto 25C and
operates at a pressure of 1.0 to 3.5 bar. 40. The process of claim 31l
where in said absorber. is cooled to a tenperature of 5 2Cto 15C and is
operated at a pressure of 1.5 to 3.0 baB0 41. The procegs gf ghpi m 31
wherein said third liquid effluent is vaporized substantially w thin said

absorber. 42. '(i%&ﬁ’;“r &g\gg%étgg?%%g%f_gﬂ&e& 4- epoxy- | -butene from a vapor

phase epoxi da? . avi ng 3, 4-epoxy-I|-butene, butane and
epoxi dat | 36 1 ShepEceEs FIa S W beT R ERRBURT Peogiidine St g no- =
W sopent ai nBC 10 “but 20 waat ThEs HEMRSSRRE 00 TI0® B P Mo ber o
5 2 cpoxyd0; bhepeogestef dimsd) mhgena sEAAPAIHE S Boogd i alfFREtEE A"
vaporous effluent wt hﬂgfé%ﬁ‘??ﬁd%plo%ﬂ d&kfﬁ%&%@@&f -sel eeted’ 1P Harom t he
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