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3, 4- epoxy- 1- but ene (epoxybutene) from an epoxi dation effluent gas obtained
by the vapor phase, catalytic, partial oxidation of 1,3-butadiene
(butadiene) with nmolecular oxygen in the presence of a silver catalyst.
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15 Background of the Invention

Ethylene oxide (EO) and 1,2-epoxy-3-butene both are produced by
processes which involve the catalytic, partial oxidation of the corresponding
olefin, i.e., ethylene and butadiene, with oxygen in the presence of a silver
catalyst. See, for example, U.S. Patents 2,773,844 and 3,962,136, and

20 4,356,312 for ethylene oxide oxidation and U.S. Patents 4,897,498,
4,950,773, and 5,081,096 for butadiene oxidation. Considerable effort has
been devoted to the development of efficient methods for recovering these
epoxides, particularly EO, from the reaction product gas and subsequent
purification of the epoxide.

25 According to U.S. Patents 3,745,092 and 3,964,980, and Dever et al
Ethylene Oxide, in Kirk-Othmer Encyclopedia of Chemical Technology, 4"
Ed., 1994, pages 929-930, EO is recovered and purified according to the
following procedure. A reaction product gas typically containing 0.5 to 5%
EO, obtained by the vapor phase, catalytic oxidation of ethylene with

30 molecular oxygen in the presence of a silver catalyst, is introduced to an
EO absorption tower wherein it is contacted counter-currently with an



-2 absorbent conprised primarily of water which absorbs the ethyl ene oxide.
The absorber typically is naintained at a tenperature of 5 to 400C and a
pressure WD 03008403 30 bar absol ute (bara 1000 to 3000 kPa) PCThsSoE@sBaden
absorbent then is transferred to a distillation 5 (stripping) colum
wherein vaporous ' EO is recovered froméhe upper section or top of the
tower at a tenperature of 85 to 140"C by steam stripping at reduced
pressure. The water remaining after the distillation of EOis recycled to
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15 Ilmltlng ethylene glycol concentration in the recycled water to the absorber.

Typical levels are less than 10 weight per cent ethylene glycol in the
recycled absorber water.

The crude EO vapor recovered in the stripper overhead comprises
EO as the main component, as well as impurities such as water, argon,

20 nitrogen, carbon dioxide, methane, ethane and ethylene, formaldehyde, and
acetaldehyde. This crude EO vapor is fed to a second distillation (stripping)
column from which the light or low-boiling components, e.g., nitrogen,
carbon dioxide, argon, methane, ethane, and ethylene, are removed from
the upper section or top of the column. A partially purified EO is removed

25 from the lower section or base of the second stripping column and is
transferred to the mid-section of a refining column for final purification. U.S.
Patents 5,529,667 and 3,418,338 disclose the use of extractive distillation
with water as a solvent in either the second stripping column or the refining
column to reduce the level of aldehyde impurities in the final purified

30 ethylene oxide product.



WO 03/ 008403 PCT/ US02/ 21588 -3 By enpl oying the above-descri bed procedure,
EO purities of greater than 99.5 nole per cent are possible. Al though the
wat er - baswo opioesaessi ng procedure functions effectively f@CTESy2s8%ery and
purification, it cannot be enployed equally efficaciously for the recovery
and purification of 5 epoxybutene. Firstly, whereas ethylene oxide is
conpletely and infinitely mscible with water, epoxybutene is only
sparingly mscible with water. At = 250C the solubility of epoxybutene in
water is only 5 toBpemplgyingibe above-dessribed psceturepdi@ purities of greateoor
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t tive or re necanom.ca or. epox tene recovery. an
pur i 11 c401 on, CHBPIEtS ARgRTENIon o PRy ktens Tl thetagiene siedation SiBuRBl of
separating ECrR&dsé df Beh fhifde ig?r{éhiﬁiﬂb&%%ﬁé'%bé’t dftRE'RulBntERt Ay 9as

obtai ned fromcatal ytic oxidati of ethyl ene using nmethanol as an
absor bent. Asen@ngh regiead. epoxybut ene fornms a mini num boiling azeotrope

F b et bl ang SR ARG B B0 oA
4,437,939 di sehfesei sTRhOPES BisiliitPpoint of 10.4°C versus 100°C, respectively, and
15 does not form an azeotrope with water. Thus, EO can be distilled readily
from water by simple fractional distillation techniques as described above
for the conventional EO recovery scheme. However, epoxybutene is much
more hydrophobic than EO oxide and forms a minimum-boiling azeotrope
with water. High purity epoxybutene cannot be obtained by the simple
20 fractional distillation techniques employed for EO recovery.
Other methods proposed for recovery of EO from ethylene oxidation
effluents likewise are not effecti\)e or are uneconomical for epoxybutene
recovery and purification. For example, U.S. Patent 3,948,621 discloses a
method of separating EO and carbon dioxide simultaneously from a mixed
25 gas obtained from catalytic oxidation of ethylene using methanol as an
absorbent. As with water, epoxybutene forms a minimum-boiling azeotrope
with methanol and thus epoxybutene and methanol cannot be separated
readily by simple fractional distillation.
U.S. Patents 4,437,938 and 4,437,939 disclose methods using

30 supercritical or near supercritical carbon dioxide and water at the same time



30 supercritical or near supercritical carbon dioxide and water at the sanme
time WO 03/008403 PCT/ US02/ 21588 -4 as absorbents. EOis first absorbed

i nt o wat ewoas/odssozonventi onal recovery nethods. The EO r iPCR/UBQLUESES
absorbent is contacted with (near) supercritical carbon dioxide, and EOis
extracted to the carbon dioxide solventy_The carbon dioxide is separated
fromEO by distillation under 5 reduced pressure. The carbon dioxide is
reconpressed before recycling as the extraction solvent. This nethod,
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and does not eqeiprhent. r¢héle\xtracttidn EQarirb@ont athiyh ptesslires) Q&egslblér& S.
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poi nt of ethylene carbonate Is ene carbona
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than an operation using water. The absorbi ng power of
carbonate has many advantages as an absorbent The absorptlon affinity

of ethylene carbonate for EO is higher than that of water. The vapor

pressure of ethylene carbonate is quite low, i.e., normal boiling point of
239°C, so losses into the recycle gas are minimal. Moreover, ethylene
carbonate is stable and does not react directly with EO. The process

20 disclosed in U.S. Patent 4,233,221, however, has the following drawbacks
for EO and epoxybutene recovery. The most preferred temperature range
for operation of conventional absorption of EO with water is 5 to 40°C. The
melting point of ethylene carbonate is 39°C, so ethylene carbonate would
be a solid over almost all of the preferred temperature range. In order to

25 avoid solidification, it is necessary to operate the absorber and other
processing equipment substantially above, i.e., at least 10 to 20°C, above
the melting point of ethylene carbonate. This is much higher temperature
than an operation using water. The absorbing power of the ethylene
carbonate correspondingly decreases so that the amount of circulating

30 absorbent must be increased, reducing the economic utility of the process.



carbonat e correspondi ngly decreases so that the anount of circulating 30
absorbent nust be increased, reducing the economic utility of the process.
WO 03/ 008w 033PaHN3JS02/ 21588 U. S. Pat ent 5, 559, 255 descri pe€3/ushz2158% of
propyl ene carbonate as an absorbent for EO The EO | aden propyl ene
carbonate is stripped wwth an inert gassto recover ethylene oxide and the
wat er by-product fromthe epoxidation reactor as a vapor. Purified EOis
produced fromthe nmxed 5 water-EO vapors as in conventional nethods
described in U. S. P&t &atent %559356glzsanUesstl%as@8ﬂprd{ilyleriee:aebbué@1£s
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Pat ent 3, 644etfent satbopate abgbrpﬁéh Of-lok/s}e%r Clhéy?g% ﬁ%e&?.ﬁgﬁﬁgggge”t for

as is cooled, conpres ed t hrough
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The drxed t countercurrent absorption
Cower i | PametRny B BitencistinEl St ilefle cmpanans thayt cttoierss
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epoxidation reactor product gas.

U.S. Patent 3,644,432 discloses the use of liquid ethane as an
absorbent for EO. The reactor product gas is cooled, compressed, and
then passed through a molecular sieve drier bed to remove the by-product

20 water of reaction. The dried reactor product gas is contacted in a
countercurrent absorption tower with liquid ethane at a preferred
temperature range of —31.5to %1 7.6°C at a pressure of about 1.8 MPa.
EO is much more soluble in liquid ethane than in water, so the solvent to
feed gas ratio of the absorber can be reduced considerably from the water

25 absorbent case, with concomitant cost reductions. However, maintenance
of such cryogenic temperatures requires expensive refrigeration equipment
and which more than offsets any savings due to lower solvent to feed gas
ratios. Thus, there are no acceptable absorption/separation methods
originally developed for EO that can be adapted readily and economically to

30 epoxybutene absorption/separation.



originally devel oped for EO that can be adapted readily and economcally to
30 epoxybut ene absorption/separati on. WO 03/008403 PCT/ US02/ 21588 -6 The
patent | iweriabes4e3 i s not as extensive for epoxybutene pro@agttison?158dut
several patents address the issue of epoxybutene recovery/sepa ration.

U S. Patents 5,117,012 and 5, 312, 931 di sgl.ose the use of |iquid butadiene
and but adi ene/ but ane m xtures as an absorbent for epoxybutene. The 5
react or product gas is cool ed, conpressed., and contacted in a
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15 the absorption zone at operating temperatures that can be achieved with an
inexpensive cooling medium such as water, i.e., above at least 30°C, the
absorption zone must be operated at a pressure of at least 4.2 bars (420
kPa). Operation at lower pressures, and concomitantly lower temperatures
is quite costly if the required low temperature cooling is supplied by ordinary
20 means known to those skilled in the art such as chilled brine or glycol
refrigeration units. Thus, to meet the aforementioned temperature and
pressure requirements for absorption with n-butane, the reactor effluent
must first be compressed to a suitable pressure, i.e., greater than 4.2 bars
(420 KPa), prior to its introduction into the absorption zone. The higher
25 pressures and resulting polytropic temperature rise within the compression
zone in the presence of high concentrations of epoxybutene can cause
formation of polymeric materials that 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
30 equipment damage and frequent process shutdowns for maintenance, with



and associ ated piping. The build-up of such polyneric material reduces the
operating efficiency of the conpressor and can | ead to pernanent 30

equi pnrentwoanmesaorand frequent process shutdowns for mai nt @canise22188 h WO
03/ 008403 PCT/ US02/21588 -7 subsequent | oss of production and revenues.
Moreover, the large inventory in the absarption/distillation of highly
vol atil e and expl osi ve butadi ene and butane is dangerous and |eads to

hi gher than average safety-related costs. U S. Patent 6,018,061 addresses
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15 diminished. The temperature of the absorber becomes hotter and the
absorptive power of the solvent, i.e., butane/butadiene, is greatly reduced.
Thus, for example, at a pressure of 5.5 bara (80 pounds per square inch —
psia; 550 kPa), the auto-refrigeration effect provides only a temperature of
60°C. Moreover, at pressures above 4 bar (400 kPa), the potential for

20 unwanted condensation of n-butane/butadiene in equipment in the recycle
loop increases dramatically. Excessive condensation can cause the recycle
gas composition to become flammable, an unsafe and unacceptable
operating condition. Finally, as with the ‘012 and ‘931 patents, the required
inventory of highly volatile and explosive butadiene and butane is large.

25 U. S. Patent 5,618,954 discloses the recovery of epoxybutene from a
butadiene epoxidation reactor effluent gas by countercurrent contact in an
absorption zone using a solvent comprising water as a primary component.
Epoxybutene is recovered from the water by stripping with an inert gas,
similar to the conventional EO recovery process described above. As

30 explained above, water by itself is a poor absorbent for epoxybutene and its



absorption zone using a solvent conprising water as a primry conmponent.
Epoxybutene is recovered fromthe water by stripping with an inert gas,
sim | ar twotlheossahventi onal EO recovery process descri bedPabase2/21588 30
expl ai ned above, water by itself is a poor absorbent for epoxybutene and
Its WD 03/008403 PCT/ US02/ 21588 -8 use gesults in an uneconom cal process
due to the required high water to epoxybutene ratio. Mreover, the
process, as described in the' 954 patent is inconplete and cannot provide

purified epoxgeuesults inNm oreddromics prodeks die tdthebieqairyd aRpxyatsrase- wat er
m ni num boi | i ng otro e or. of 5 rret hods to obtain purified epoxybutene
fromthis az&B ?(@ﬁgeﬂﬁtr {iQva Moreover, fngnEQeess, ?ﬁéiqséﬂa%wthgr Gedpaten

descri bed ab@Vgcohpldte M@é@%gg%r#&hféoeeb& ry M pur&ﬂ roved

process for the efficient an reco i on of
epoxybut ene fasie <afmatmnawr&poxybut&nelavatenrrmﬁlfritmmhioilmlg azeptrope qmrcrﬁduct gas

of a vapor ph xidation. rea . Su the lL.pvention It has
been di @cove%egﬁ?‘ﬁ§f g@&BHE’f ERAXY H e'swngﬁ cF‘%‘ePHHPQ widywateint i al | y
vapor ous epoxi dat mgiedf bf thetbcORIP biSddigdes RIRSYMESABovel 3t .@é}bgﬁi’e ntunr eact ed
but adi ene, and inert reaction diluent, e.g., nethane, ethan ni trogen,

and the Iike hawher@tlsm%@q/fczfmumwm piesess furrtbasfiigientianadt  with an

Fi et nbeor petanedisal el dhd BiiGuoh rsdBIE i SR gaisRe, L' %o

the epoxybutpoxidaties efflusnt, |I&&hé®lﬁ@dl£tﬂ@d’3&ﬁ@@pd?fﬁa%é xibiagioRr esent 20
I nventi qn thref?re provi des a process for the recovery of epoxybutene from

a subst! nti al[$8Yaseous effluent from an epoxi dati on zone wherein

but adi ene is contacted with an oxygen-containing gas in the presence of a
catalyst and an inert dil uent, to produce an epoxidation effluent

conpri si ng rdidhene, oxygen, an inert diluent and water -

whi ch 25 corrprise t he efflu nt to absor tion ve wherein the
effluent is inti e?/e%’gﬂ'ﬁa‘a‘feéadw ﬁapé’XMBT %feé’o"ﬁ'f‘?ﬁﬁfeﬂma%sor bent

to obtain: substantially vaporous epoxidation effluent comprlsmg epoxybutene,

15 oxygen, unreacted butadiene, and inert reaction diluent, e.g., methane,
ethane, nitrogen, and the like, by intimately contacting the vaporous effluent
with an effective amount of a water-miscible, liquid absorbent or solvent in a
first absorption zone, such as an absorber, to absorb essentially all of the
epoxybutene present in the vaporous reactor effluent. The present

20 invention threfore provides a process for the recovery of epoxybutene from
a substantially-gaseous effluent from an epoxidation zone wherein
butadiene is contacted with an oxygen-containing gas in the presence of a
catalyst and an inert diluent, to produce an epoxidation effluent comprising
epoxybutene, butadiene, oxygen, an inert diluent and water which

25 comprises feeding the effluent to an absorption vessel wherein the effluent
is intimately contacted with a water-miscible, liquid absorbent to obtain:
(1) a gaseous effluent comprising butadiene, oxygen and an inert diluent

from the upper section of the absorption vessel; and

(2) a liquid effluent comprising epoxybutene, the absorbent and water from

30 the lower section of the absorption vessel;



(1) a gaseous effluent conprising butadi ene, oxygen and an inert diluent
fromthe upper section of the absorption vessel; and (2) a |liquid effluent
conpri si Nyoapousshait ene, the absorbent and water from 30 tPhe/usomersssecti on
of the absorption vessel; WO 03/008403 PCT/US02/ 21588 -9 wherein the
absorbent is selected fromdiols, aliphat9c and cyclic ethers,

al koxyal kanol s, al kanoate esters of al koxyal kanol s, di al koxyal kanes,
alkylnitriles, N N-dialkylformamdes, N, N-d ia | kylacetarn ides, Nalkyl-
pyr rol i di noneWhetgiatig absarbient isdssiectad fighotiots: aliphaticliand cyolic ethersst ur e of

25 b tain 3 to 8 b
S oe: _epoxybaeil s R g O s Bl RBB . PlalE 0 ek RSt act one.
A second erbodikyinittiles! N, NaligkgBefiarhides NiNGiapydtamid sy, N-Bikfyr-ecovery of

epoxybutene fromthe above liquid effluent (2) by the steps of: 1. feeding
liquid effl ueRYrrelginenes, gialkylfuifexides: merpheling, pyridine dorsa nixtate ohany?

I bt ai i { Si.ng. b d
watertromong ot indtet Shd ebbadtbbht GG TR ot S WARREN . qui o
ef f 1 uent conpaiopis) @poiybateserib 8M-epoxy-tdiutend; r=0d hltadlepiaas 15BbuUtMed. the

distillation vessel: 11. allowing djstillate (1) fromstep | to form?2
phases conpri si r@sﬁwn%%mgﬁgmﬁn ‘ggé@ PIRIPNH HYY: B}Qﬁcﬂ’r%v'qﬁ% g?r-thﬁéﬂcme; and

I11. feeding 6#@@@9&%ﬁ?lf?rthb%oﬁaﬁiaﬁidféfﬂﬁérﬁtt(g?rq}}%%géﬂ(}eofupper

section' of a second distillation colum to o Istillate
ef fl uent conpki $eedjng dguidyestiuent2) telthsamiddld sectiarhef a firtdistitlatioon of t he

di stillapi : : i cid effl i si h b
from thadl over - S0rnn i SRl olsfleed Fiant ROUuSBTE chpumdermana > "
embodi ments of el fusTtheQpporekbbtish bhde'RétiRtBE v%fssélbﬁn&@_é)ﬁé1ig?ipfgeg[‘ase

obt ai ned from st 11 and the renpval of absorbent present i .
conpri si ng but ai t compiisinaihe ahsorbritttangi watenfrom the lowergpption ofect i on

of the absorpti @q MR$ifStoN ggsse,;
Il allowing distillate (1) from step | to form 2 phases comprising an
15 epoxybutene-rich phase and a water-rich phase; and
lll. feeding the epoxybutene-rich phase from step Il to the upper section of
a second distillation column to obtain (1) a distillate effluent comprising
epoxybutene and water from the upper section of the distillation vessel:
and (2) a liquid effluent comprising the epoxybutene from the lower
20 section of the distillation vessel.
Additional embodiments of the invention include the refining of the water-
rich phase obtained from step Iliand the removal of absorbent present in
effluent comprising butadiene, oxygen and an inert diluent from the upper

section of the absorption vessel.
25



WO 03/ 008403 PCT/ US02/ 21588 _10- Brief Description of the Draw ng The
acconpanying Figure is a process flow diagramillustrating an epoxybutene
recovery wogsmees4edrbodyi ng the principles of the processesPoffl/USIh2I5E8 esent

i nvention. Wile the present invention is susceptible to 5 enbodi nent in
various forms, there is shown in the Fi.ggre and hereinafter described in
detail preferred enbodi nents of the invention. However, the present
disclosure is to be considered as an exenplification of the invention
without |im iptidreo fawgn@nbodi nents illustrated. 10 Detail ed

s
Description of the,lLnvention The_process of the pregsent [nvention may be
used in conbi nati ﬁ-rqe CORPARYING Pﬁ%{si%ﬂroﬁﬁﬁﬁgg‘é’ ‘ﬁ?@r”‘@? Hlusiretiag ape i s

contacted wi ebowbutémWWE?étQH@nﬁééyihQtﬁé‘ﬁrirﬁ’éi?l@%%?h@ récdsdpglfst and
an inert gas,kto produce a gaseous, epoxidatioh effluent conprising

epoxybut ene, tEpigsent nyenfipraa¥yhile thetaesenténvention isausdeptibts taient , e. g.
I trogen, ca QX4 ; : , r.opan n- but.gne, . or, ot her
glpeci gsai nerté};}flgbrr?lj erQﬁfe'ggctaflgrqgtf%itpg%ﬁggﬁqw e %Eig%%@&pjﬁﬁ[”agﬁéxi dati on

processes dedesdriteti inrdethiBprefatd eNiodifieBRof498 irvehtidn O Mbwddrafe t ypi cal
of those that na tge ﬁ)gﬁl o%ggg i n the epoxidation zone. The epoxi dation zone
conprises onB"H FCIRSHES [sdRRe snsidergdpsrisexpmplifipation|of ke irventiah of t he

heat of reacy [ [Fmni ; enper at ure excur si on
owitReu it t@fé spegifit UmBlifEAN R b e P

Crd
fromoccurring. For exanp esig h, typically used for
et hyl ene oxi de production, may be enployed. Qther types of reactor designs
I ncl uden mul t!a' - @3 E@rg aii”c Leaci.ors, fluidized bed reactors, noving or
trans_pg?t b et.l GGI?QS ! R = '_ . The feed to the epoxidation zone
conpri ses but adi eMRe prdtedsysfeRe pfesminentiod fﬁ@ué@d iNebmpiidtepnt 9as in
various proportions. Generally, ané oxygen (02) concentration up to the
expl osi ve | i ¥ith aQyepexidgtien preeess whaieh butagdfene is sontpatéed nitheam as t he i nert
gas, the nmaxi 0, : cent ' r nal is,in the range of 9 nole
o cent . i &ng%rgﬁfﬂlnﬁoggé) RS RELRLL OF4 ggtawét hid 'ah inert gas 1o
produce a gaseous, epoxidation effluent comprising epoxybutene, oxygen,
15 unreacted butadiene, and reaction diluent, e.g., nitrogen, carbon dioxide,
methane, ethane, propane, n-butane, or other species inert under reaction
conditions. The silver-catalyzed, epoxidation processes described in U.S.
Pat. Nos. 4,897,498 and 4,950,773 are typical of those that may be
employed in the epoxidation zone. The epoxidation zone comprises one or
20 more reactors of any design that allows removal of the heat of reaction in
order to prevent an exothermic temperature excursion from occurring. For
example, a shell-and-tube design, typically used for ethylene oxide
production, may be employed. Other types of reactor designs include multi-
staged adiabatic reactors, fiuidized bed reactors, moving or transport bed
25 reactors and the like.
The feed to the epoxidation zone comprises butadiene, an oxygen-
containing gas and an inert diluent gas in various proportions. Generally,
any oxygen (O) concentration up to the explosive limit can be used. For
example, when using nitrogen as the inert gas, the maximum oxygen

30 concentration normally is in the range of 9 mole percent. Higher oxygen



WO 03/ 008403 PCT/ US02/ 21588 concentration, e.g., up to 18 nole percent, may
be enpl oyed using nethane as the inert diluent. Wen using butane as the

i nert dilwern/oeass rel atively high oxygen concentrati onspCa&/u$02/21588 t o 30
nol e percent nay be enployed. The recovery process of the present

I nvention advantageously 5 is used in corlfi-nation with a butadi ene

epoxi dation process enploying carbon dioxide, nitrogen, ethane, or
preferably, nethane as the inert diluent. The butadi ene concentration
typical ly i s £0DPeenifatian e e tni 8 nTdle pebceridinap&e amploged wsirg ratio in the

gas usual ty eonnaReBsIG B Iiten, (ERd Bufinecas neanedicitientas o ¢ he

T80 par (s per i 1] o C ooy alee RN o810 K30 pibiRPRrberi Tl b © - 1
S )

1, 2- di (F:)m orogﬁﬁmT%V C{/fhéﬁi{fodﬁﬁéprqgegaﬁf therpieserisnyentidreadantageomsty of

which ar6 despy idwflin dbn'*b:ﬁ‘atnc?@ﬁ/ﬂﬂta ﬁut%ﬁ%nye%ox-q%ﬁgﬁ%?@g%%at | @g, of the

organic halide in t nore comonly 1's 1N M8 to 10
ppm The f eedC%'Ibé)@ diayldeolmtragenneﬂlane,amqmrefeirabl?, Methane é@th% ipeficent or

reater, t| S as up to u nol e ercen t water and up to
g nol e percen '{rbgﬁ]%ol?"gﬁa'ﬁge C@%ﬁﬁnté%&hwﬁﬁ?“hi% ®e0 mplepeneentn Thee f eed.
The anount of baina@iﬁhs 6xyg@htrheﬂe|r%ﬂom¥twe‘ébl%rﬁaaﬁg% alrggfﬁggtvg.ﬂ{.ﬂihe recycle

gas. Typicall t he armunt of_argon i s maintal ne
percent. The éﬁ@)’«'pcﬂatThﬁhlﬂﬂ’f‘fgaﬁamuallymooatlﬂu;escwtca%$nc5léom 0.5 to 10

| t 1 t to 7 |
ber cent |4t oﬁﬁ"&éﬁﬁﬁ* FRoRT fedd {8 (i BpokidaliH 25n0T NosEi tbe fepd @O 1 cact i on
di | uent gas, l@c@ldesmsmaljamomrézgn 1ioct0 prts pait Hﬁﬂﬁtﬁy(ﬁrgﬁ%ﬁa r%?dgrOpane
t

n- but ane, or ot her s C|e t under reaction. ove,
di | uent gas, sf%lfrc?ﬁé' lom@%\ees\éaﬂousmtbm ¢rganlqalnmf®|sa‘nay bles

i1 uent Q?L?@%eodﬁlﬁ?%?@“;”?‘%ﬁ‘%‘?@%%%8ﬁ%éﬁ)ﬂ Y8 BRI 750 M6 ner
constit uent s eneniationaf the organi fealide if lﬂlﬂ@f&ed\/mbbé éanhfrieyigheand
ﬁ ;lolt 3231 qﬂehy%nge%f? 2ft%rf83|9pr'nn 1Ihheefe%8% s".od%talyoc%nga?r? %n%r a#\gﬁgpss lcjan;dSOr gant ¢
mole percent or greater, of impurities such as up to about 4 mole percent
water and up to 2 mole percent carbon dioxide. Some argon may aiso be
present in the feed. The amount of argon is controlled by purging a small
amount of the recycle gas. Typically, the amount of argon is maintained at

20 less than 10 percent.

The gaseous epoxidation effluent typically contains from 0.5 to 10
mole percent epoxybutene and preferably from 1 mole percent to 7 mole
percent, 4 to 50 mole percent butadiene, and 25 to 85 mole percent
reaction diluent gas, e.g., nitrogen, carbon dioxide, methane, ethane,

25 propane, n-butane, or other species inert under reaction. As noted above,
the diluent gas, for the purpose of the present invention, preferably is
carbon dioxide, nitrogen, ethane, or most preferably, methane. The
effluent also contains a total of 0.5 to 10 mole percent of other constituents
such as, water, acrolein, furan, vinylacetaldehyde, and crotonaldehyde,

30 formed in the epoxidation reactor. Unconsumed organic halide also is



WD 03/ 008403 PCT/ US02/ 21588 -12 present in the epoxidation effluent. The
hot epoxidation effluent, typically 170 to 2700C, nore typically 200 to
2500C, nowpaBlogs4ds cool ed in a heat exchanger by i ndirectrCrarsbzetsssvi th a
sui tabl e cooling nedia such as water, <chilled brine, glycol, or cool
reactor feed gas, to a tenperature of | egs than 5 1500C, preferably |ess

t han 10000C. The absorption zone conprises a columar, pressure vessel
containing trays or a packing material that facilitates intinmate gas/liquid

contact. The prbsantph itiee epesigatiornefiieht. heshdtrepoixidiatomicfitucie apicaijych as a
di sengagi ng s%ace above the packin to prevent or mnimze entrainnment 10

of 1iquids ir70He Z/ACsmarartypieav2Q0 ta 250 Chaonpply isseacledin a heatof . The

pressuri zed, L ang | sequ epoxi.dation effluent is fed to
the |ower seeg(? ﬁ%ﬁg%rfWﬁ§5r§8£%%%¥to%%§§§§??le 8#'%95@ ' ﬁB‘é}? ABNAEHt t om of
the vessel . chilleddstirte, giiodorodridictordes®gbs o a ferfgstatude Of es&Pan
section, preferably near the top, of the absorption vessel and fl ows

downwar @ 15 16ReCepiefatably lssagharn 188%Gibbi ng t he epoxybut ene conponent from

the wupward |y-fl oW | ' : t. | an_of epoxybutene in
the absorbent i s%@“q%?,%&%é'ﬁ%%%&@&b%%? Ct%@“'i%éﬁhf‘%%%"@% el and a
vapor conpr icehtainingttealisesres pacidrd nikitbri nhat fasyigess ﬁqlfima@@?b@ﬁqdiom(i de
conponents of %h oxidation effluent is removed fromthe top of the
vessel . 20 TREN ﬁui e qhsosptian esssl vormallyris revided wih saeans, sushas al s,

al'i phatic agbehyedifg SHAE Shovdl e N BrevRhtPRimiAS S SinRlent
di arfq( yl trPT ﬁ’nﬁ-dl a%iyl

al koxyal kanol s, “diralkoxyal ﬁanes, es, or mam des,
N, N- di di0ky| aoéliquidsiindlse gak atregipemaveddiom ties pppéerddatibnthéfeati Tae,

hol i ne, i dj i _of 2 .t her eof .apd, t h
Absor bent cotetntiesy. Sholpd; Hibstadisy g35bads tneXann SHIRI Ao tEct ot
properties ofower sdtionsithe usSbiptiohvekBE!, pRIFEEBI néé}\’cﬁ@tu'(o%enj Bftngde: (1)

high affinity and capacity for epoxybutene absorption; ow specific

heat; (3) |oXe8¥elr eAdiauid, watai-miscipie,apsathant isied tolihe pppeuseation; 4)
s e By RSP RRO G AR bt B T (9

15 thereby absorbing or scrubbing the epoxybutene component from the
upwardly-flowing epoxidation effluent. A solution of epoxybutene in the
absorbent is removed from the base of the absorption vessel and a vapor
comprising butadiene, inert diluent, oxygen and carbon dioxide components
of the epoxidation effluent is removed from the top of the vessel.

20 The liquid, water-miscible absorbent is selected from diols, aliphatic
and cyclic ethers, alkoxyalkanols, alkanoate esters of alkoxyalkanols,
dialkoxyalkanes, alkyInitriles, N,N-dialkylformamides, N,N-dialkylacet-
amides, N-alkylpyrrolidinones, dialkyl sulfoxides, morpholine, pyridine, or a
mixture of any 2 or more thereof and the absorbent compound(s) contain 3

25 to 8 carbon atoms. The desirable properties of an absorbent useful in the
present invention include: (1) high affinity and capacity for epoxybutene
absorption; (2) low specific heat; (3) low of reactivity with epoxybutene and
by-products; (4) oxidative stability under absorption and distillation
conditions; (5) higher boiling point, e.g., a boiling point of at least 100°C,

30 preferably at least 125°C, to reduce losses in absorber off-gas; (6)



30 preferably at |east 1250C, to reduce | osses in absorber off-gas; (6) WO
03/ 008403 PCT/US02/21588 -13 mscibility with water to all ow easy recovery
from t he wbomisan3s of f-gas; (7) is a liquid at the nornal POpArsa/21sgs
conditions of the recovery process; (8) does not forman azeotrope with
epoxybutene or is easily separable from-18poxybutene. Although no chem cal
speci es possesses all of these 5 desirable characteristics, after extensive
testing of candi ds@f aqEMtlon sol vents, we have found that the cl asses
of corrpounds SUECIPEIY W1 gr toralloveqasiplesoyerydrans tbe absorben effeyas €7} is

I nventi on. @% e sol vent used

I nter changeabl y for ng?c'ﬁ?rg; ﬁngp%a%@ge%o?@ﬁ%gg Ogg%gesqotvpgnp@ﬁ%s &5 does
preferential | pot fcwna@rsazbetremmwﬁbmpewblitenmoa |§éé§l@f§efb@i’ﬁb]é¢l‘brﬁf t he
epoxybutene a ysed herein, "absorbent zone" and

"absor ber" ggo&%ﬁe%t 2&% ﬁggtafﬂh?%\%a'&ﬂ@(?@ﬁ.nqa@ass% alhef thesewi | |
recogni zB thatjeg%}tﬁle dh%fécﬁél"i@ac@ §ﬁ‘ﬁ%}&@ﬁél@é lté’st rBf c%d?cdg&géhg@'g?‘ﬂar cin to

accordingly, will be referred el n as o rober
describe the ﬁ@yenﬁem%have/\m@d that thiectadses’ oflcehmosmds skt fowihdalsdgeos fent

conpounds whi t nar stem does not exhibit

l'i qui d-1i qui déﬁﬁgﬁﬁgﬁ%ﬁgﬁ?r% S’f?&eng ﬁB‘E -on and distill ation

condi tions of thl s Asrusenlt hierein, &@ﬂe’i’mgﬁébédrbéﬁl”%nda@%ﬂéﬁ@rétr ounds have a
normal a boilijn %g oint of at |east 1 OOOC preferably at eas 1250C. 20

Speci fic exanfEENBhILARly fo dessrbingra material wieompasitondhabprefemsntially t o,
o oy LS YRR RN ol oA BE i o Plid oo e,
di et hyl acet anpitier caoemtuantsr |A$useﬂ hzerténylﬂabmbgm gsne"E@Ridrapkbier diet hyl ene
o ool 25 ai nitaey IMEhaPboFiIg b5 Bk lestbithaBRoMb rsaaTGE bt seohar ¢,
o yfene, ot N DAYl i .
gl ycol rmnoe’?q’{?)r” as h@bsorpebpﬁsmdg‘nqrem tord:&mpberblyé absdreentsdi"@hturl ene
glycol 15 miscible” refers to liquid absorbent compounds which the absorbent-water
binary system does not exhibit liquid-liquid phase formation at the
absorption and distillation conditions of this invention. Additionally said
absorbent compounds have a normal a boiling point of at least 100°C,
preferably at least 125°C.
20 Specific examples of suitable solvents include, but are not limited to,
1-methyl-2-pyrrolidinone (NMP), pyridine, 3-butene-1 ,2-diol (1,2-diol),
propylene glycol, dimethylformamide, dimethylacetamide, diethylformamide,
diethylacetamide, acetonitrile, dimethylsulphoxide, morpholine, diethylene
glycol dimethyl ether, triethylene glycol dimethyl ether, tetraethylene glycol
25 dimethyl ether, propylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether, ethylene glycol
monopropyl ether, propylene glycol monomethy! ether, propylene glycol
monoethyl ether, propylene glycol monopropyl! ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl! ether, diethylene glycol



nononet hyl ether, diethylene glycol nonoethyl ether, diethylene glycol WO
03/ 008403 PCT/ US02/ 21588 -14 nonopropyl ether, diethylene glycol nonobutyl
et her. Thwopsebsany ed wat er- m sci bl e sol vents are 3-but en@cI/iBod21588 and
NMP. The absorber and its contents typically are operated at a tenperature
between 0 and 1000C and at a pressure afi4.to 17 bara (100 to 5 1700 kPa),
preferably at a tenperature from5 to 600C and pressure of 2.5 to 7.5 bara
(250 to 750 kPa). The amount of liquid absorbent fed to the absorber can

var%/_ subst anW%QWOQMkﬁthér,rcﬁethybne@mqbh&)lncﬂumgll !@fhé}flrlthiecprbftgretd/h% Ld t

configuration.. L a rj. and its e, an e fee rate

and cgrrposi t :ﬁgﬁ&g% %ﬁlgeﬁ{foﬁﬁggbgéﬂggﬁﬁ'l Id@nd MMRer a Iys the nolar ratio 10

of the absorbent fTérdathsorbBe | ' dvialine 1lis
0RO S CORRAK, BRIV 27 opBRfey b€

in the range of 15:1 to 1:20, nore typi he tenperature
of the IiquiRMaecskishetwasnd andi100t@andatgeprebsret of OO afP(190 to,

preferakly 2 0C. .The effluents fromthe absorption zone conprise (1)
a gaseo?s 15qu$|KJP?@3t p@éﬁﬁ%ﬁys?%yeﬁﬁﬁ%@t‘ﬁﬁéfo%ﬁﬁg@t@°§r&!1dame$mletof(ﬂ.Buent
whi ch exits t@e_5b@@e@5@%t' rptiqn ssel ,and (2) a
liquid effluent conprisi ng75(9|%f<§ bEﬁgﬁgﬁoqrﬂéfggégr%gﬂ&eﬁge%@e whi ch
exits the | ofBporbessansiary substantailyaderdnelire Sor tdrasleves 8@ partizgigamount  of
epoxybut ene ] aseous, ef fl uent depends on the absorbent flow
rgt eyand thevg%)see?lg;g 2?3@?'%51 g@e‘ésq(?lfﬂar%“%@@ﬁf apditsitype, @nd theifeedess t han
0.1 weight  pateamtitcompeditiomof ind Gssiddish difidentEicHiaIl R Abiardafly T ©

I % eam maf ?

preferghly le t han 250 ppm The gaseous e uent s ecycl ed
to t heqaepox?)ﬁ%'@i Asosrbert fepr da the toteleroxidationafiuertt feéd viadineut adingre

resent in . f. ' orbed_ by t he absor bent enpl oyed,

gdd?t i onal 2@*@3%&26 r?a%f}gg&%szr?gﬁ\?gg tgbﬂér ﬁ&eqsmpe%ﬁ%twq ﬁfethﬁjn{)ad?/ene

concent r at i oliguich absbebayaseadi B iafthe e 660 B b g,n&%r lfef‘éi‘éiﬁl&ié(;tg to the
buta |enepreqU| €

epoxi dati on f@r&) . Alternatively, any makeup 'f?ay be fed
to the recyc ‘stream at a poi nt downstream fromthe absorber. W have

found that low  The effiuents from the absorption zone comprise (1) a gaseous

15 effluent comprising butadiene, oxygen and an inert diluent which exits the
upper section or top of the absorption vessel and (2) a liquid effluent |
comprising epoxybutene, the absorbent and water which exits the lower
section or bottom of the absorption vessel. The amount of epoxybutene
present in the gaseous effluent depends on the absorbent flow rate and the

20 number of stages in the absorber but typically is less than 0.1 weight
percent, preferably less than 0.05 weight percent, and more preferably less
than 250 ppm. The gaseous effluent stream may be recycled to the
epoxidation zone. When a significant amount of the butadiene present in
the absorber feed gas is absorbed by the absorbent employed, additional

25 butadiene may be fed to the absorber so that the butadiene concentration in
the gaseous effiuent is suitable for recycling to the epoxidation zone.
Alternatively, any makeup butadiene required may be fed to the recycle
stream at a point downstream from the absorber. We have found that low
levels, e.g., less than 500 ppmv, of substantially all oxygen-containing and

30 nitrogen-containing species useful as absorbents in the process of the



| evel s, e.g., less than 500 ppnv, of substantially all oxygen-contai ning
and 30 nitrogen-containing species useful as absorbents in the process of
t he WO 03wO®8408303CT/ US02/ 21588 - 15 present inventi on camCTASSH21A88
reversi ble decrease in the activity of the silver epoxidation catalyst
when present in the recycle gas to the _eppxidation zone. The detri nental
effect is generally proportional to the level of the absorbent contained
in the recycle gas. Thus, it is beneficial to 5 maintain the level of the
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non-vol atg | e, f less th 33 . bar (3.3 kPa)
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absor bent conta@ﬁorhemtwlsedmed}&:absorgaen lzené oOneemethodtcfmingfilirgi the wher ei n
sfedtoth section of a water wash col um

h
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upper section of the water wash col urm an tacts t aseous sor ber

ef f 1 uent .count®df (i8ridiR) ) thatempenadure amsjresmjlrammndmlomaldt%e:myi@ﬁ ns a
cont act i ng. 1 EoRRAer o Rioh SubdiEM il forry BB A Sumsts BaiealySivent of ¢ he
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preferably |ess than 50 ppmv/, nore preferab
15 volatile absorbents include diethylene glycol and triethylene glycol. Such a
stringent vapor pressure requirement severely and unduly limits the choice
of potential solvents to very high-boiling species.
The preferred method of minimizing absorbent content in the recycle
gas is to use a water wash step wherein the gaseous effluent is fed to the
20 lower section of a water wash column in order to recover a portion of the
vaporized water-miscible absorbent present in the gaseous effluent from
the absorber. Water is fed to thé upper section of the water wash column
and contacts the gaseous absorber effluent countercurrently. The water
wash column normally contains a suitable packing material or trays to
25 provide intimate vapor/liquid contacting. In this fashion, the water-miscible
absorbent content of the gaseous absorber effluent can be reduced easily
to less than 100 ppmv, preferably less than 50 ppmv, more preferably less
than 25 ppmv. The absorber and water wash column may be two separate
pieces of equipment or they may be combined within a single column shell
30 with the upper section of the column separated from the lower section by



than 25 ppnv. The absorber and water wash colum may be two separate

pi eces of equi pnment or they nmay be conbined within a single colum shell 30
wi th the wppatnosexti on of the colum separated fromthe | @agrusszztston by WO
03/ 008403 PCT/ US02/ 21588 -16 any appropriate partitioning device known in
the art such as a chimmey tray with atgal liquid drawoff sunp. The
absorber and water wash colum or the single-colum conbination thereof,

al so may include a neans, such as a disengagi ng space above the packi ng,

to prevent orany appropeatergariiicniRg debicelknowitindhe iaft dueh £98 chinigaMragnoved
fromthe upper,colum section(s). A Liquid effluent conprising water and
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before recycling to an epoxidation reactor. Suitable carbon dioxide
renmoval syst ésospentis mmoves fram thedeweksectiom onbattom af theawatexergshi fi ed by

t he carbon diQxi 2 . i,bed in U S Patents 7,012 and
5515 0ar BRIl SRR pFARS HRGEre a5 Fants bined £ oas
contacting t Hertber procesking islerecovsryafihe waAsLORENE EbivaR: adyepys al kal i
nmet al hydrox:‘ﬂ%g@hot'r&ot assi um carbonate, or aqueous amnes |Ih an
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absor bent co%ﬁtg g%f% "r{v ﬁgga%?ggﬁte%%%ggggh E#ﬁ%%%gyﬁié@%”@?ﬁ 'Bﬁgr ed by
washi ng in a diaebbwhighexitd¢he eppeasectimneomiopidf tnedtetavarst magmef r om t he

car bon di oxi ArthBBRRE R & oo EarbBn e Belo S aiRing e BBnat e, - aqcous
sodi um hydr 0xpdgidatiaH $eaGtoO8ARANE ISR ARxidd Yémoval systems are known to
15 those skilled in the art as exemplified by the carbon dioxide removal zones
described in U.S. Patents 5,117,012 and 5,312,931. Examples of such
carbon dioxide scrubbing systems include contacting the carbon dioxide
containing stream with an aqueous alkali metal hydroxide, hot potassium
carbonate, or aqueous amines in an absorption process known to those
20 skilled in the art.

The separate water-wash step described above may be omitted and
the water-miscible absorbent content of the absorber gaseous effluent may
be lowered by washing in a carbon dioxide removal zone positioned
downstream from the absorber prior to recycling the gas to the epoxidation

25 zone. Suitable carbon dioxide absorbents, i.e., aqueous hot potassium
carbonate, aqueous sodium hydroxide, aqueous monoethanolamine, and
the like, used in the carbon dioxide removal zone for treatment of the
recycle gas, also are capable of absorbing the water-miscible absorbent
from the absorber gaseous effluent in a fashion substantially similar to that

30 of a separate water wash column. However, this embodiment is not



the Iike, used in the carbon di oxide renmoval zone for treatnent of the
recycle gas, also are capable of absorbing the water-m sci bl e absorbent
from t he wbdmbsan3 gaseous effluent in a fashi on substanti &Ciryusst/misB@ar to
that 30 of a separate water wash colum. However, this enbodi nent is not WO
03/008403 PCT/ US02/ 21588 -17 preferred gs_the carbon di oxi de absorbent
becones contam nated with the water-m scible absorbent and the recovery of
the water-m scible absorbent is unduly conplicated by such an arrangenent.
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normal Iy is from60Q. to 1050C, depending on the water
over heat? vap &R fiaxidg, dnethrae of pilier inart eeastion iduenls arestriphed fidm st

distillation hHTEY- | QA eyt T . y/ referably from 100 to
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15 theoretical equilibrium stages in the first distillation column is 4 to 18 stages,
preferably 6 to 12 stages. The temperature at the top stage of the first
distillation column normally is from 60 to 105°C, depending on the water
content of the overhead vapor distillate. The temperature at the base of the
first distillation column normally is from 100 to 270°C, preferably from 100 to
20 185°C. The operating pressure of the first distillation column normally is
within the range of 1 to 4 bars (100 to 400 kPa), and preferably from 1 to
2.3 bars (100 to 230 kPa).
A vaporous distillate product is removed from the upper section or
top of the first distillation column and cooled to condense and separate a
25 liquid product comprising epoxybutene and water from an uncondensed
vapor comprising normally gaseous and low boiling components such as
oxygen, nitrogen, carbon dioxide, methane or other inert reaction diluent,
and butadiene. The liquid product, which typically comprises 9 to 70 weight
percent water and 30 to 91 weight percent epoxybutene, is fed to a

30 decanter wherein the liquid is allowed to settle and separate into two



vapor conprising normally gaseous and | ow boiling conponents such as
oxygen, nitrogen, carbon di oxide, nethane or other inert reaction diluent,
and but adwerwa/0osiibe | i quid product, which typically conpri €e3/UB0r/o1580 wei ght
percent water and 30 to 91 wei ght percent epoxybutene, is fed to a 30
decanter wherein the liquid is allowed tqgsettle and separate into two WO
03/ 008403 PCT/ US02/ 21588 -18 phases. The upper organi c phase typically
conprises 90 to 98 wei ght percent epoxybutene, 2 to 3 wei ght percent

water, and a phasss.aTms tbpef orddHidghasetypitatly Loiprisas0eas D RaRpt t ypi cal ly
conprises 95 to 97 weight percent water and 3 to 5 wei ?ht per cent
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useful solvents for butadi ene recovery epo recbvery zone
are acefl@ni t r briee, quglycato Aotnirdi aned préifensed yethochisrabserptibmint digdactet-ani de,

and ot her water-m.sgibl e, | ar, aprotic solvents. A |iqui r.oduct
conpri si ng vva{e’ %rrr%@cs%&éorgg)ﬁ?rt}ésﬁq THPE Wa m@ﬁ%ﬁ?ﬂﬁ?%ﬂ’@_—“ﬁég& reaction
products, i.eusedinbteedissodportlizohe. ZhbWbeodeht-Gontdirfhg, reBdvdreaher
epoxybutene-dgrl ved ether alcohols is renmoved fromthe |ower section or

base of the fPHEdigfesINd FROXHIERE MY Rheoneysditedhe absamptionreneror on
vessel . A porffr BrodddBin Whlid hWghs M éfsddvetf bttt Abd bR may be

15 vented. This method is preferred when a solvent with high affinity for
butadiene is used as the absorbent in the absorption zone. Examples of
useful solvents for butadiene recovery in the epoxybutene recovery zone
are acetonitrile, NMP, morpholine, dimethylformamide, dimethylacetamide,
and other water-miscible, polar, aprotic solvents.

20 A liquid product comprising water-miscible absorbent, water, and
epoxybutene-water reaction products, i.e., 1-butene-3,4-diol, 2 butene-1,4-
diol, and higher'epoxybutene-derived ether alcohols is removed from the
lower section or base of the first distillation column and recycled to the
absorption vessel. A portion of the underflow from the first distillation

25 column may be passed through a heat exchanger and returned to the
bottom section of the column to provide the heat to operate the first
distillation column.

The organic phase from the decanter is fed to the upper section of a
second distillation column (epoxybutene purification column) wherein water

30 and any remaining butadiene are stripped from the epoxybutene. The



25 colum may be passed through a heat exchanger and returned to the

bottom section of the colum to provide the heat to operate the first

di stillatworepeed4osm. The organi c phase fromthe decanter PETfiSd2/2158% he
upper section of a second distillation colum (epoxybutene purification
col um) wherein water 30 and any renai_ Sgg but adi ene are stripped fromthe
epoxybut ene. The WO 03/008403 PCT/ US02/ 21588 _19- organic phase is fed near
the top, e.g., within three theoretical equilibrium stages fromthe top,

of the SeC0nd)rgéﬁl“biﬁHa@biiQféoCﬁéMe_tB_ﬂ?ePf,‘i‘r&iﬁﬁr‘i ?rﬁt?e ﬂﬂéﬂ?éﬁcé?feqhh%giﬁ%ical
| Fa 4 to 2

equilibriumstages in the second disti tron colum is st ages,

preferably 6 Stddessframdhedop, afdhe seapnd distillation eslemnwiTihe preferréd second

i sti [ ' t. ti YA t us
il oyed. | Thd PsETbAREkAed dRRRI ddbs i RS iRt RBRAT e s ¢ om
60 to 750C, detoc2tistagesherefanbly & tol stagys. The covaitibrs@mpieRsy withie

t erature t he base of the second distillatjon colum _ normally is from
6(7”?0 1200C, %‘?é?@?'ﬁagﬁ“ﬁﬂm@ﬂum canony depeadipgandherprticulaf essure of the

d distil ' ' r -t Akt 4 bara
(100 1o 400 KBAFTAUSGAGT. THE ERidetait 3 he' OF sIAROBLAb shiuhR oy %
vapor ous di snormatlyeiQJﬁrmﬁlﬁﬂtoe%ﬁtqelpenU?@ the vdter (chﬁg?[d?ﬂ;glétgglbmée}ds)non e

[ led. T i on of vapor product
R
Chan 90 wei gheTaR Roionh GTARRIATES hefepaly HBPRT (PTG e SRl e
separ atléd i nipoessure ofitte s&nqmdicﬁisﬁﬂtatiep;o&huh@ﬁomwwl?lﬂﬂh éﬁ@ﬁbcl?éégﬂw
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i oxi de. | et RAABHR 00w G AERER) .t preseinbh Hn Tsacis heca (19 1o B30 adi ene,
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156 azeotrope, and typically comprises 1 to 8 weight percent water and greater
than 90 weight percent epoxybutene. After cooling, the vapdr product is
separated into a liquid comprising epoxybutene and water and a vapor
comprising uncondensed components such as oxygen, nitrogen, carbon
dioxide, methane or other reaction diluent, and saturated with butadiene,

20 epoxybutene, and water. Butadiene and epoxybutene may be recovered
from the uncondensed stream by the same means employed for the
uncondensed components from the first distillation column. The condensed
liquid comprising epoxybutene and water is fed to a decanter such as the
decanter referred to above.

25 A liquid product is removed from the bottom of the second distillation
column. Conditions within the second distillation column are adjusted to
provide for the recovery of a dehydrated epoxybutene product comprising
less than 0.1 weight percent, preferably less than 500 ppm by mass, more
preferably less than 150 ppm by mass, water, from the bottom of the

30 second distillation column. Epoxybutene product optionally may be



decanter referred to above. 25 A liquid product is renmoved fromthe bottom
of the second distillation colum. Conditions within the second

di still atwor3oed40dm are adjusted to provide for the recoPemyusot/ 21588
dehydr at ed epoxybut ene product conprising less than 0. 1 weight percent,
preferably less than 500 ppm by mass, nobg_ preferably | ess than 150 ppm by
mass, water, fromthe bottomof the 30 second distillation colum.

Epoxybut ene product optionally nay be WO 03/008403 PCT/ US02/21588 -20
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aforesaid decanter may be fed to the upper section, rnt
theoretical efHA®HLINANNE%S pightmeseenthiiomtejther dhe haséor thidtssction af fhen

col um (vvatersgﬁmgﬁm%\e&ﬂuﬁﬂoxybutene is stripped fromwater. The
nunber of theoretical equilibriumstages in the water colum typically is

3 to 12 stages, pr bfanabligndél enbddimenagefeatiizcofihe besEat divehfoRithkhe top
st age oflothe FOl um, i s nornal l .fr]pm 60 to 1050C,. depending the water
content of th@W SHEYS PhGSE .V‘;i'ﬁ‘{b FRESIR e gfaresaid desanier swaydve farbtonat er

col um, e. g., tHe\ipdpet!detion b d o o | 00 to
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cool ed. The |water cohanpiysically isBRyUISRHEs AMfMIbS'S to 10 stages. The
15 temperature at the top stage of the column is normally from 60 to 105°C,
depending the water content of the overhead vapor. The temperature at the
base of the water column, e.g., typically provided by a reboiler, normally is
from 100 to 150°C, preferably from 100 to 120°C. The operating pressure of
the third distillation column normally is within the range of 1 to 4 bars (100
20 to 400 kPa), and preferably from 1 to 2.3 bars (100 to 230 kPa).
A vaporous distillate product is removed from the top of the water
column and is cooled. The liquid comprising epoxubutene and water
condensed from the overhead vapors is returned to the decanter for
separation into two phases. The composition of the condensed liquid
25 typically is on the water-rich side of the epoxybutene-water minimum-boiling
azeotrope, and typically comprises 10 to 99 weight percent water and 1 to
90 weight percent epoxybutene, more typically 15 to 50 weight percent
water and 50 to 85 weight percent epoxybutene. A liquid product
comprising primarily water is removed from the bottom or base of the water

30 column. The conditions within the water column are adjusted so that the



condensed fromthe overhead vapors is returned to the decanter for
separation into two phases. The conposition of the condensed |iquid 25
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i bi tor knauoto" 1o g @9?93 PReiEpIeESAAG0 Rintdorh idlinERb, "
pol ymeri zat i canedabchbeqbnsdeﬂad linu @stére H. iZaiDistiiatiyh D d@ﬁhﬂéGﬁiw—ﬂ"ﬂ neyoxi de
conpounds. Ttﬁggﬂ &rﬁ%rpltezr% glqd |8nh| bitor may be adde t he upper
15 To prevent the formation of butadiene polymerization products in the
epoxybutene absorber and/or first distillation column utilized in the |
operation of the present process, the epoxybutene absorber and first
distillation column may be operated in the presence of a polymerization
inhibitor known to those skilled in the art. For example, suitable
20 polymerization inhibitors include tertiary butyl catechol or amine oxide
compounds. The polymerization inhibitor may be added to the upper
section of the epoxybutene absorber and first distillation column. The
formation of low molecular weight, butadiene polymerization products are
substantially suppressed by the addition of 300 to 400 ppm Actrene 230
25 inhibitor, based on the amount of vapor removed from the column. The
inhibitor addition point can be any place that is convenient for the operation
of the first distillation column by means of a low-flow addition device such
as a syringe pump.
Epoxybutene reacts readily with nucleophiles such as water and
30 alcohols to form 3-butene-1,2-diol and glycol ethers, respectively.



section of the epoxybutene absorber and first distillation colum. The
formati on of | ow nol ecul ar wei ght, butadi ene pol ynerization products are
subst ant iwblog/oes4ppr essed by the addition of 300 to 400 ppwcAatSEzEsR30 25

i nhi bitor, based on the anmount of vapor renoved fromthe colum. The

i nhibitor addition point can be any placg that is convenient for the
operation of the first distillation colum by neans of a |owflow addition
devi ce such as a syringe punp. Epoxybutene reacts readily with

nucl eophi | es Hawéverstheattativendie SlepdxyBhRng reachsH With riidltilés % di 0! and
gl ycol et herz, r.esp ct'vgl y. WO 03/008403 PCT/ US02/21588 -22 However, the
rel ative rat u'@)‘ﬁ"’é’p‘%ﬂﬁ)u pRYYhUaRe; ke athenepaidesspimdergoessbath daitiantdon of
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reaction. Forre@satmpll%grexamh plaxthea’atepbapﬁxybamehwh roly¥isiif d\,@rgmgr7500 5

ti mes gieateg. at t ha H 7. .1 .1, the rate is over 17 tines
gr eat er fhanE'gfespiiﬁé'?férth Pﬁ???apfl ﬁgpﬁi egre&amgh%ra#eﬁm thtimeat pH 7.
Since it isgeestertincatipH 7 APH S, BiROMYD |4t 'ﬂ?@ Ly peagtion with
nucl eophi | es,, .epoxybut erfg-l_r,eactrq vity can %e&?gghce S%;%?tr@—é?hia% 8
epoxybut ene- Itdg8asikahlate srnimize @ponidautene fngses daetto réacidn withan be done by

10 adding a t ver stem e, for exanple, the
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that is capabbexylfutemeHadsr Sol0brey SEdt fearG i3 oFB)ol2e T‘H?see%h Beld¥ndlhyPsent
proces Exan'al es include Goup la (alkali) netal hydroxides,

bi car biRat es? GQS%H%%QQF“QHH"@ﬁ%ﬁpﬁ]myeway@tqml | Seeafdradxaneplet the netal 15
hydr oxi des a RNG KFibeTHRN 52 ' I de. bi car bonat e,

car bonat e, aﬁg)cp%ggsphat%ﬁbgraﬁ nes'séﬁgﬁ as %@%f@@wﬁﬂ&&“& '@??erfarli al kyl
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toms:  basi oSS ExANRES B Biaa te(AkRAmeial bydxeisThe base 20
conpound  shobicdrizmatés Ratborites, itd BRSdpHatds; TrBfb fra (WIGH edrl ey ! ation
15 hydroxides and carbonates: ammonia; ammonium hydroxide, bicarbonate,
carbonate, and phosphate; amines such as tertiary amines, e.g., trialkyl
amines containing up to 18 carbon atoms: amino alcohols, such as tertiary
aminoalkanols, e.g., N,N-dialkylaminoalkanols containing up to 20 carbon
~atoms; basic ion-exchange resins, and similar materials. The base
20 compound should be stable, or substantially stable, under the distillation
conditions employed in the process. The use of phosphate buffers,
ammonia, ammonium buffers, and/or alkyl amines are the preferred
methods.
The base component or components may be added to the.
25 absorption/distillation system as an aqueous mixture on an as needed basis
to maintain the pH with the proper range. The base solution may be added
to any or all of the following locations including the absorption column, the
first distillation column (solvent recovery column), the water-wash column,
the decanter of the first distillation column, and the third distillation. It is not

30 preferable to add the base solution to the second epoxybutene drying



conditions enployed in the process. The use of phosphate buffers, amonia,
ammoni um buffers, and/or alkyl amnes are the preferred nethods. The base
conponentwori3pasapbnent s may be added to the, 25 absorpti omCaditsn2/b158% i on
system as an aqueous m xture on an as needed basis to maintain the pHwth
the proper range. The base solution may_bg added to any or all of the
follow ng | ocations including the absorption colum, the first
distillation colum (solvent recovery colum), the water-wash colum, the
It

decanter of t Bglubin Bcalise ﬂgbhﬁbf e b basdorhP8nérts Bfe Hgﬁéélhb@ ihon.

is not 30 preferable to add the base solution to the second epoxybutene
dryi ng WO 03/ epexysitensinbelsessee of watecol urm because many of the favored
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epoxi dati on efrhb ugRbrisdid fRRRUR ’%@H&@r@ﬁrr&ﬁ%th?ﬁaﬁ@ﬁ{aﬁﬁ%u@f fluent. A

gaseous effluent conprising butadi ene, oxygen, | ner and m nor
anounts of ot Bpoxidatipoeffientand absorbs apoxybaientifrom the gagemfs ¢fflaeabsar ber

10 2 through lLine 5. The gaseous eff|uent may be recycled via lines 5 6
and 7 to theIBRRUA %ﬁé‘e@ %qmﬁré?_'ri'%ﬁ?u%lﬁﬁ%n%fq)fégegdﬁ%”@ﬂ'u%mtl afﬁfmdrl‘ﬂf ef f | uent
has been tregiRdintd 6f oA BBINBoLIAdSR ity PRUSHEPSeBfon Sf‘g)‘ﬁaéf tﬁﬁ%sor er

Alternatively, the qaseous effluent may be transported via lines and 8
to the MBuer 24Rqugh liner5.nbbe grserusaliuentwnal becresgtied viacknes®, 6 andier ei n

t he gaseous e ' | r ' Is.fed.to the upper
section or togﬂoh;é %?é@bﬁ%ﬂaﬁ@%%&n%‘cﬁ(@&}éﬁﬁ-%lgrv‘%ﬂ]@ggg tfqas S
absorbs al | ofreatesiefidri extdnyplalin a@hrboradipxitii Rndva$ 2o cARGERILIDEN!T tHy esent i n
the gas fed via line ter containing the water-m scible absorbent

. _The
i's removed fr8APEHE edeRt Say DearRnsGOnBaIwS e 5 AaA d loJRSHoweR seationd
-through i neodgettdicoriipdteF Wass 96888 %r column 10 wherein the gaseous effluent

15 in contacted with water which is fed to the upper section or top of column 10
through conduit 11. The descending water absorbs all or essentially all of
any water-miscible absorbent present in the gas fed via line 8. The water
containing the water-miscible absorbent is removed from the lower section
or bottom of water wash vessel 10 through line 12. The water/absorbent

20 liquid may be discarded from the recovery system through lines 12 and 13
or transported to means (not shown), e.g., a distillation column, for recovery
of the absorbent. Preferably, the water/absorbent liquid is transferred via
lines 12 and 14 to the upper section or top of absorber 2. A gaseous
effluent is removed from water wash column 10 via line 15 and recycled by

25 means of line 7 to the epoxybutene production system. To moderate the
temperature within absorber 2, liquid may be removed via line 15, passed
through heat exchanger 16 wherein the temperature of the liquid is lowered,
and returned to the absorber through line 17.

Epoxybutene-rich absorbent is removed from the lower section or

30 bottom of absorber 2 and conveyed via line 19 to the mid-section of first



20 liquid may be discarded fromthe recovery systemthrough lines 12 and 13
or transported to neans (not shown), e.g., a distillation colum, for
recovery wofo3nbsaoabsor bent. Preferably, the water/absorbe®RCTIUSqu21#ss s
transferred via lines 12 and 14 to the upper section or top of absorber 2.
A gaseous effluent is renoved from wate 4\1\/ash colum 10 via line 15 and
recycled by 25 neans of |line 7 to the epOxybutene production system To
noderate the tenperature within absorber 2, liquid may be renoved via |line
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wat er-m sci bl e absorbent. . Additional water may be added t
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concentrati Orbﬂdkybnferﬁé/ﬁlhﬁggzepgg@%&vﬁhéu ﬁﬂé@}ﬁnié%ﬁ%glgﬁé%lt xgal | of the

absor bed epoxybutene as t e ené/wat er azeo Bit provi di ng
ext ernal ref |@poxybhtenespcix absorbest isifed tatisomibsection beblumntdteand &- sect i on

f colum 20 and dugt i d fromthe col'um by line 21
and parti al | y'2POSREHS 5 tedhved Tram g cobinn sline gricuseartalimonent s
comprising 1&omdensd if heaOsRhangaf PRI NG fifnsBB! AR A ComBlBREy

process, diluent and saturated wth butadi ene, epoxybutene an
r enoved!q hr o RYYIENNBItrogenanarbenydioxide, meethamefand/brothas preessidilednbanye t o

recover the ' . . t epe,_conpopen fromthe non-condensed
st re\altm Cond%&@%ﬁ?%&h@%@%é?&u%ggﬁ WA Sfaﬁﬁﬂ rGpoypd 4 rQUSBH\’/‘@yZd 15
via conduit 28 and nefy b trdatanfuether 88 edsridtbalsbve f&%c@@@%@sﬁﬂagﬂeﬁ%i ITate,

typically conprjsing 9 to 70 wei ght percent water and 30 to 91 wei ght
per cent epox%%‘?@g'biuﬁ% romeanenys fiem the aarrcopgansacsiream. t wo phases.

The upper, organi CoifsRdMRIUIR LomGRRY EpERyAeh8 aRd Wit te By
15 via conduit 24 to reflux decanter tank 40 wherein the condensed distillate,

typically comprising 9 to 70 weight percent water and 30 to 91 weight
percent epoxybutene, is allowed to settle and separate into two phases.
The upper, organic phase typically comprises 90 to 98 weight percent
epoxybutene, 2 to 3 weight percent water and butadiene. The lower,

20 aqueous phase typically comprises 95 to 97 weight percent water and 3 to
5 weight percent epoxybutene. Reflux is provided to column 20 by line 25.
The reflux may be a fraction of the upper phase, a fraction of the lower
phase or a mixed fraction of the upper and lower phases.

A liquid comprising water-miscible absorbent or solvent, water, and

25 epoxybutene-water reaction products, i.e., 1-butene-3,4-diol, 2 butene-1,4-

| diol, and higher epoxybutene-derived ether alcohols is removed from the
base of column through line 26 and recycled to absorber 2 via line 27, heat
exchanger 28, and line 3. Heat exchanger 28 may be utilized to adjust the
temperature of the recycle liquid of line 27 to that desired for the absorbent

30 fed to column 2, e.g., from 0 to 100°C, preferably from 20 to 70°C. Stream



epoxybutene, 2 to 3 weight percent water and butadi ene. The | ower, 20
aqueous phase typically conprises 95 to 97 wei ght percent water and 3 to 5
wei ght pewoeabosapoxybut ene. Reflux is provided to col umm 20This02/21368 25.

The reflux may be a fraction of the upper phase, a fraction of the | ower

phase or a m xed fraction of the upper | ower phases. A liquid
conprising water-mscible absorbent or solvent, water, and 25
epoxybut ene-wat er reaction products, i.e., 1l-butene-3,4-diol, 2 butene-1,4-

di ol , and hi gftemagpeddatih . ' r Ci ' g%\g;ad fromthe
base of col urm.t_ra\r?ough i n?@%%%‘&@g?@%%@ %ﬁodﬁ@?g%lrﬁ%éﬁl l'ine 27, heat
exchanger 28 effigiency efthe. proeess. ekrsshngeke2p algorbentunalyibeeadded wdjhest t he

t enperature liquid of Iine 27 to that desired for the

absor bent 30%%%‘%%%%%”’5%599&% 0 to 1001C, preferably from20 to
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make- up absors@hexehangss e aad ling 3ite providetee Nieay thailuphyequiatsfoothd i ne 29.

xenanger 31 Parelh SO ROy RErdh 2B il oh 1 ahe Pt e

operati on of helatoaydre pravidectinythedormof 8@anSonkobiatdrifed®to tHebagsyi r ed
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product rerrp\a@dowérnpp%uddtrﬁ@m%@ed%Qroﬁgﬁliﬁ@?sypute_“e-riCh: upper, |iquid
phase contained in decanter 40 1s cohveyed via line 41 to a second

distil 1" ion col uthe@asuyputensentch, pppet,iliguaid passtentajneat inadguantdr 4ear t he

top of col uns wia YWt hin three t tical equilibriumstages from
thg top. A \%péé%vfgegivé?%%gggopﬁ%%‘i? 47§fﬂ{aﬁaﬂﬁ9@§?%%?wg¥q% 019 col um
42 through | ipuefideionnsblieeh) be ansitt rdar Yee G CRBIGRHnAM, WG Qlithirftpesti on of

the distillate is.condensed. The condensed |iquids conprlising epoxybutene
and wat er ar d*URlA) equilibsiim siages drone theders & vaporeys distilats pradube é&ant er

40. The uncopg@psédifrom the top of column 42 through line 43 and fed to partial

156 condenser 44 wherein a portion of the distillate is condensed. The
condensed liquids comprising epoxybutene and water are conveyed from
partial condenser 44 by line 45 to decanter 40. The uncondensed
components, e.g., oxygen, nitrogen, carbon dioxide, methane and/or other
process diluent, saturated with butadiene, epoxybutene and water are

20 removed through line 46 and normally are treated to recover the butadiene
and epoxybutene present therein. The uncondensed stream of line 46 may
be treated with and in the same manner as uncondensed stream 23 is
treated for recovery of butadiene and epoxybutene. Condenser 22 and
condenser 44 serve essentially the same function and, to conserve capital

25 expense, may be physically the same piece of equipment.

Liquid, dehydrated, epoxybutene product is removed from the lower
section or base of column 42 through line 47 and normally constitutes the
final, purified epoxybutene product of the epoxybutene recovery and
purification process described herein. By proper confrol of temperatures,

30 pressures and boilup rate within column 42, the epoxybutene underflow



conponents, e.g., oxygen, nitrogen, carbon dioxide, nethane and/or other
process diluent, saturated with butadiene, epoxybutene and water are 20
renmoved tWo®aQbs4bi ne 46 and nornally are treated to recovecTiusez/bisadi ene
and epoxybutene present therein. The uncondensed streamof |line 46 may be
treated with and in the same. manner as ungondensed stream 23 is treated
for recovery of butadiene and epoxybutene.” Condenser 22 and condenser 44
serve essentially the same function and, to conserve capital 25 expense,
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-di olmpy p&gdélﬁts formed in columm 42 or introduced Into co 2 via
X1 ne

10 feed Peéinati vel y and preferably, liquid, dehydrated,

but r oduct d via lin 1 from
epoxybut ene. pr OdUCIAte SRV, 4hd BB T BBl LAY AG R
t heoreti cal sm@ebawuthdramasfaampwformqbﬂl\halhné €¢drdm fife bide dffcoRirhgam 51 i's
wi t hdrawn as gV, He 15 pro s condensed i n, condenser 52 and

recovered as a I@ﬁ&"&f’ viAPaiAm. pre; ﬁ@ at lggatong theargtical siaggiabayedha as a
l'iquid, condefised obrebofér feed line 50. If stream 51 is withdrawn as a vapor, the

15 product is condensed in condenser 52 and recovered as a liquid through
line 63. When stream 51 is withdrawn as a liquid, condenser 52 can be
used to cool the product. Epoxybutene product is withdrawn as sidedraw
steam 51, stream 47 removed from the base of column 42 comprises
epoxybutene containing higher boiling components such as epoxybutene

20 oligomers and 3-butene-1,2-diol by-products.

In accordance with the process of the present invention, it is possible
to obtain epoxybutene of greater than 99 weight percent purity, preferably
greater than 99.5 weight percent purity, from either line 47 or 53. The lower
aqueous phase contained in decanter 40 may be fed to the upper section,

25 e.g., within three theoretical equilibrium stages from the top, of third
distillation column (water column) 60 via conduit 61. The purpose of water
column 60 is to strip epoxybutene from the aqueous phase from the
decanter. A vaporous distillate product is removed from the top of the water
column through line 62, cooled in condenser 65 to condense the distillate

30 vapor, and the resulting liquid is conveyed by means of line 64 to decanter



used to cool the product. Epoxybutene product is wthdrawn as sidedraw
steam 51, stream 47 renoved fromthe base of column 42 conprises
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purity, fromeither line 47 or 53. The |l ower aqueous phase contained in

decanter 40 niyfopeebarhtion |hiww¢m1ﬁse%ecﬂhé)ébm6531ﬁoﬂofth‘é’ddﬁdén%@ﬁﬁ%md
t heoreti cal rrﬁ ui I brium stages fromthe top, third distillation colum

(water colu '8@ Iy, {801 Brepatersich momeﬂten@t\@aterannmﬂmmllmto

t b

i St 111 ate pragogoPbohd ARG TR (o td blufhe pHREAR WBler v BB Lo

I |h ne 62, l;:oolg@dNElghtpammepoﬁ;ﬂautenecmdm&plcblhye15!t6§0|tv{I@igBt §@rtcénp\c;\£) and

t in ve I ne o decant er

03/ 008405 PCHARD3NS PSEs F Weltbppiset epandiiene . AdBuiRoBHabes. The
conposi t i on ebigisipprRRIRAubIcH 1S bkl Gialing 65 thEBotBPHr bAEh oF! de of

the epoxybutene-water m ninmum boiling azeotrope, typic y Cconprises
10 to 99 wei datenseldant 60l ¥atenpelumn 60 isooparataghin epmlanaelt senmmbetene nor e

t Iy 15 d 50 to 8 t
LYpl ool Y 15 ol B PRSI T 1B s QUM BeSRhalrb e BRECST'
li ne” 65 fromp'elmarﬁppltsﬁenabﬂy |leesehem‘ 5owpﬁrb¢wbtgm PBre W@frabapieﬁgﬁhgﬁ’ 'S
oper atel nner SO ;Eﬂgf qul d water stream renoved vi a | ne

conpr i sgs | e 9 RRIA By we @E’PXYW?BQML\ Pejitien of HpA§riowssiraara $5560 ppm by
wei ght, nor edWe‘i‘lfé%{@Sblﬁéén%%? ih8%B, k %afla%qlﬂ'%f%w %WG]] aﬁ%‘)@b\gé?ﬁ\gat od in

portion of underflow stream65 is rver
heat exchang®8 tethahewerskatioa reandhe B8ttom dﬂwldmnveo to pesvide tineAeat he bottom

of colum 60 t he eat red for the operation of the colum.
15 Exanpl es f%cgu Eéq%)\;gﬁ?/ogﬁ 'Bﬂrqfiﬂi‘%g?‘ UBH-pr ocess provi ded by the present

15 Examples
The recovery and purification process provided by the present
invention is further illustrated by the following examples. The percentages
specified in the examples are by weight unless otherwise specified.

20 EXAMPLE 1
This example illustrates the efficacy of a continuously recycled

absorbent comprising NMP and water for epoxybutene absorption from the
product gas of an epoxidation reaction zone. The embodiment of this
process as practiced in this example is shown in the Figure. After partial

25 removal of carbon dioxide, the gaseous effluent from absorber 2 passed
through an epoxidation zone comprising two identical stainless steel tubes,
7.62 meters tall, 18.7 mm inside diameter, packed with 1.2 meters of
Denstone ceramic packing on top of 3 meters of silver/cesium/alumina

catalyst rings. The epoxidation zone was maintained at an average



invention is further illustrated by the foll ow ng exanples. The percent ages
specified in the exanples are by wei ght unl ess otherw se specified. 20
EXAMPLEL wWhiog/oesdedpl e il lustrates the efficacy of a conti mocoushy2rsegycl ed
absorbent conprising NMP andwater for epoxybutene absorption fromthe
product gas of an epoxidation reaction zege. The enbodi ment of this
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25 renoval of carbon dioxide, the gaseous effluent from absorber 2 passed
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sol utions of #ngiegnatingth@supportt naterial Vet sludHsO6 AlSiNe? lanaMedaund t her nal
deconposition/reduction treatnent in the presence of an oxygen-containing
gas to conver FE¥HE Shlppde fglnge({]gy 3itheraral degomppsitionfraductipndseaimentin aden

mnat e, W th aeer aoengs A aniGReRohEliing ges o Eoh et SMEP SR SRy o,
12 nol e 1;9e_rcemeta|,- 3-but adi ene, 63 nole percent nethane, 2-4 ppnv
S ol o percent it §BAPCAVBUENSIRURA oSt RIAdE o0 B SOEOSTRI® Obas s
fed via |ine 140¢o 806 stanearddrsrsigeR nfifiuteCRAK HRBIERECARPOLIE cmpRERIg Sing a
stainless st eggoﬁﬂf rrm)’le %grcrlenn]t Ior)ligl;edne, 12 mole percent 1,3-butadiene, 63 mole
percent methane, 2-4 ppmv ethylchloride, 20 ppm trimethylamine, 4 mole
15 percent carbon dioxide, and 5 mole percent nitrogen and argon was cooled
to about 34°C. This gas was fed via line 1 to the lower section of
epoxybutene absorber 2 comprising a stainless steel column, 83 mm inside
diameter, packed with about 1.8 meters of 9.5 mm stainless steel Penn
State packing. A recycle absorbent mixture comprising on average 93%
20 NMP, 1% 1,2-diol, 1% oligomers, and 5% water was fed at a rate of about
11 liters per hour to the upper section of the absorber via conduit 3. The
absorbent feed temperature was maintained at about 29°C by heat
exchanger 28 by indirect contact with cooling water. The absorber
operated at an outlet pressure about 4.5 bara (450 kPa), with an average
25 temperature of about 30°C. The epoxybutene concentration in the vapor
removed through line 5 was below detection limits. Approximately 60% of
the butadiene in the epoxidation effluent gas contained in conduit 1 was
absorbed along with the epoxybutene. To maintain the proper butadiene
concentration in the off-gas removed by line 5, fresh butadiene was added
30 via line 4 at a rate of about 1000 g/hour to absorber 2. Absorption of



di aneter, packed with about 1.8 neters of 9.5 mm stainless steel Penn
State packing. A recycle absorbent m xture conprising on average 93% 20
NMP, 1% IwP-odioed4p3 1 % ol i goners, and 5% water was fed at &Cratse2/afssabout

11 liters per hour to the upper section of the absorber via conduit 3. The
absorbent feed tenperature was naintai n_egggt about 290C by heat exchanger
28 by indirect contact with cooling watef” The absorber operated at an
outl et pressure about 4.5 bara (450 kPa), with an average 25 tenperature of
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about 8 to 9. X ne- Li,ch absprber sol ution remved, t hrough
line 19, pr eﬁtégﬁ%sgspﬁggg&ﬁlﬁme?gtrﬂ?\e’n argg{g@, P%#&df‘@ﬂ‘mgﬁ% fgtr@et@(sg out 11
liters 5 per9lfaum dtainléus stedriPennStatel parRingdi T bbtedrh & thd boRifrZ0
conprising a stainless steel colum, 71 mmin dianeter, packed wth about

1.5 neters of cojaineda & mmliawetersiainiesssieathgating soili refoilamd!. Hratt om of
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distilled, dernineralized ter S ded to the | ower _section of the
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absorbed epoxybutene as the epox butene?vvater azeotrope w Lout provi di ng
ext ernal ref | (BOVERZapikpically adingfdha mbserbed epoxybolenerds tiiest i | | ation 20 was
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15 temperature of the solvent distillation 20 was maintained at about 150°C,

while the top temperature was about 77°C. A vapor was removed via Iiné
21 and was partially condensed against cooling water at a temperature of
20°C in heat exchanger 22. Condensed stream 24 comprising
epoxybutene, water, and butadiene was collected and removed from the

20 system. Stream 23 comprising noncondensable gases such as carbon
dioxide, oxygen, nitrogen, argon, and saturated with water, EpB, and
butadiene vapors was expelled from the system. NMP extractent was
washed out of the absorber vapor effluent stream 5 by contacting it with
aqueous monoethanolamine in a carbon dioxide removal zone prior to

25 recycle to the epoxidation reactor.



21 and was partially condensed against cooling water at a tenperature of
200C i n heat exchanger 22. Condensed stream 24 conpri sing epoxybutene,

wat er, armwowavesddene’ was col | ected and renmoved fromthe PRO/GSYB2ESH8 Stream
23 conprising noncondensabl e gases such as carbon dioxide, oxygen,
nitrogen, argon, and saturated with wategg_-EpB, and butadi ene vapors was
expell ed fromthe system NWP extractent was washed out of the absorber
vapor effluent stream 5 by contacting it with aqueous nonoethanol anine in
a carbon di oxE¥&MRKBPal zone prior to 25 recycl e to the epoxidation

reactor. WD 03/008403 PCT/ S E2 Thi s exanpl o
illustrates the ef ?B@a%ggan gﬁjéﬁ'ﬁ? Lé??lacf ‘E‘é'nu85§¥ﬁﬁﬁ¥r¥tqe§orrprl si ng
1, 2-di ol and seécrbehPEorBPid T%Ultzaﬁ)l%ha%a%r%épb%utéﬁ@aléé@ﬂﬂi%fg&}ﬁ of an
epoxi dation reaction zone. nmbodi nent of this process as practiced in

this exanpl e he prediplgas gfianeepaxidatiomtastiopzonemrheanthodigwent of tisanpl e 1

Cool ed 13 andlioeess SePraceBIR R HENTIe B A FRAE' 736 Tedcls S tetndar o
iters per nidesdcribied fot Beaipiet weeoideafop ExaRmiy Ut ene absorber 2. Absor ber

2 consisted of a 1Q stai nI ess steel columm, 83 nminside dianeter, packed
with about 1.8 Bepogybuenerladen manteisyodueigaskwas sosles ’@a%b@uig. The

oxygen, 12 nar< 280 188 ot 3F SERRaIE P Pite 300 iiBRRN el PR N RGRE Dot <
per m I 1ion thye lowkensectiqmoohepadybutetial alisotiser 20Abssrbet RigvRkRyedat e, 4 nole
15 percgnt car,bon di oxi and nol e percent nitrogen and argon. A

recycl et absHRLESRS ?F??EQﬂhémBoﬁﬁrm@l'Hﬁ'dSrﬁj'%Wé'fe&déaﬁngﬂgﬂboweT 8ent
1,2-diol, 5 "meyss@ho, @ﬁfn‘f%fétml%égféﬁp%nn;%}?%elg%dgﬁ%hfhé’%g o vater was

fed at a rate of about ters hou per sectl §n of absor ber
2 via condui tc@npositien ab’emrmantorfpazedua:tgaseﬂas abeutwsmoie péreenedxgderabout

igg(c):r Egr hga&aﬁf mot& IB Fit 1,2£b81>édllenn% r6 mo eogg]etr%gﬁt n‘ﬁv'e%rén%f’%'i Sgrté“’%tes a

million by volume (ppmv) ethylchloride, 20 ppmv trimethylamine, 4 mole

16 percent carbon dioxide, and 5 mole percent nitrogen and argon. A recycled
absorbent mixture comprising on average 85 weight percent 1,2-diol, 5
weight percent oligomers, and 10 weight percent water was fed at a rate of
about 14 liters per hour to the upper section of absorber 2 via conduit 3.
The absorbent feed temperature was maintained at about 29°C by heat

20 exchanger 28 by indirect contact with cooling water. Absorber 2 was
operated at an outlet pressure about 4.5 bara (450 kPa) and average
temperature of about 30°C. Thé epoxybutene concentration in the off-gas
of line 5 averaged about 200 to 500 ppm. Approximately 35% of the
butadiene in the reactor product gas fed to the absorber was absorbed

25 along with the epoxybutene. To maintain a butadiene concentration in the
off-gas of line 5 suitable for recycling to the epoxidation reaction zone, fresh
butadiene was added at a rate of about 700 g/hour to EpB absorber 2 via
line 4. Absorption of trimethylamine from the reactor product effluent was

sufficient to maintain the epoxybutene/absorbent of line 19 at a pH of about
30 8to9.



operated at an outlet pressure about 4.5 bara (450 kPa) and average
tenperature of about 300C. The epoxybutene concentration in the off-gas of
i ne 5 awspagea4about 200 to 500 ppm Approxi mately 35% ofPCrhEsoz/mssadi ene
in the reactor product gas fed to the absorber was absorbed 25 along with
the epoxybutene. To maintain a butadiengconcentration in the off-gas of
line 5 suitable for recycling to the epoxidation reaction zone, fresh

but adi ene was added at a rate of about 700 g/ hour to EpB absorber 2 via

line 4. Absorpti omhefeddxyBRichel8onser SONMdISS ieAPd MasRiréReatedabfd uent was
sufficient to maintain the epoxybutene/absorbent of line 19 at a pH of

about 30 8 temperaiyens IS/ tusoe of adsut 14 liteTs peeponytothene/ absor ber
sol ution of H@i’ 1%%3 re%heat ed to a 5§1r%erature o] .9|OOC {;\n fed at a
rate of abou € é’”ﬁ%ﬂ FREAMETY Solun 20 CoRIRNIsHd & slaiRissh st cover y

col um 20 coeplun®h, ol ging irkiRhRESr, pheRed wWithl abbut 176 nidtersbfd sifher . packed
with abogut 1.5 neters of 9.5 mm5 stainless steel Penn State packing. The

bott om 8f t h&talyeasstest MeanYtatepackingn dharhstiom ef therdoligsn sostdinedat i ng

coil, reboil @r . | Lon of 2.6 bar (38 psig;
col um waby canatas af2. : M gf dollr € wWas

about 800C. gﬂ% over head v%r Jh% S gartial |y condenszd aga?nst cool i ng
water at a t eNFHAREIEBRFABIRES | alysosberseTlumh a0 was MEinaiRC® @R | si ng
epoxybut ene, 188¢@r whitd'the ﬂﬁtt@mﬁ%‘ﬂﬁtu\‘@ﬁlagﬁbdo‘%ﬁ%Gﬁb.aﬁﬂercﬁ/@g*s(@écha\‘;/ el t he

system Stream 23 conprising noncondensabl e gases suc di oxi de,
oxygen10 ni t wegdqrartiafygoondensedsgainstcodling watevater tenamaiuveoé 26°C and

but adi ene 15 [ ) pell ed fromthe.system, Absorbent was washed out
of the  absolba} 8@}%\%‘%% R C?%‘é‘_”?"&@ CPBRUHPNTVRTRE B | uent wi th
aqueous  nonpatiae KsRIEsed M lRPibVEdRGARhE 2. 88B8mPI3Or to recycle
to the epoxidation reactor. 20 EXAMPLE 3

comprising noncondensable gases such as carbon dioxide, oxygen,

nitrogen, argon, and saturated with water, epoxybutene, and butadiene

15 vapors was expelled from the system. Absorbent was washed out of the
absorber vapor effluent of line 5 by contacting the effluent with aqueous
monoethanolamine in a carbon dioxide removal zone prior to recycle to the

epoxidation reactor.

20 EXAMPLE 3
This example compares the absorption affinity of various water-

miscible solvents for epoxybutehe in the presence of water, as occurs in the
absorbent zone of the present invention. A standard mixture of 2 parts by
weight water and one part by weight epoxybutene was prepared. A portion

25 of the standard solution was placed in a separatory funnel, shaken, allowed
to settle, then separated into two liquid phases at room temperature. The
water phase was analyzed by gas chromatography to determine the
solubility of epoxybutene in pure water. Next, for each solvent specified in
Table I, one part by weight water-miscible solvent was added to two parts of

30 the standard water-epoxybutene solution. Each water-solvent-epoxybutene



Thi s exanpl e conpares the absorption affinity of various water- mscible
sol vents for epoxybutene in the presence of water, as occurs in the

absor bentwomn®osah3 t he present invention. A standard m xtuPeTafSo22y388ts by
wei ght water and one part by wei ght epoxybutene was prepared. A portion 25
of the standard solution was placed in aggeparatory funnel, shaken, all owed
to settle, then separated into two |iquid phases at roomtenperature. The
wat er phase was anal yzed by gas chromatography to deternmine the solubility
of epoxybut engolltiopwas plated in Aleeparatary feandl, simketllowed itd seitlej thenTabl e 1,

one part b i r-mscible solvent was added tQ two parts of 30 the
stangard vvgt 2%%%%%“&%03841@& ?S\égﬁqprﬂé?"ép-eg%ﬂ% hﬁéﬂé'%%ﬁmﬁéev\o
03/ 008403 PCTibiS0RE HetbBtatiohPwss aHaly98d ¥o 38! F&hat ra%ry‘g?%%&%mefunne"

shaken, all om&d to settle, then separated into two I ases at room
t enper at ure. TRERAYYBBIRNGSRIVbIlitFin dnattihasee Faamathiese caepoaitahgzed by gas

chr omat Ograph%ifg%ﬁsé%rggfﬁﬁenty@%rs%3@?3#%@%‘3 solubility in that phase. From

t hese conposi I'stributionC ®8nts were cal cul ated as:
Di stri buti on Bistibiutivnecaefficibht ©s Muexgbowybuteridinasiganicdayagyer Ml es

epoxybut ene in aqueous |ayer ThgofeglepoxyButhbiinabliediis pRkVent s for
absorption of epoxybutene was 10 determinhed froma relatrve nol ar

di stribution Tk rlagE Sf | LNE el STr ' = istribution
coefficient: in prgsence r@}lqgg?\%m%t)aé%gﬁggb?’Er‘?@&*&?’&?g)rgf in water only
system A0r el adeteaminesitfromua relativeomblar distributipnetatrey calbalatethad:y i ndi cat es
inthe  preseiCEieT 'dishﬁb@%qrﬁ%ﬁ&@sw@r 3R oot ressnee A SONBSH 11 but | on
coefficient greater than unityiSHRtGN GogHficiantn wateranly systemoxybut ene

conpared to ter alone, and thus is a better solvent for epoxybutene than
wat er . Resul t/ relative gisjbution qoegffieient greeter ABrEUNitRiFdidstesthat the

15 solubility of epoxybutene in the aqueous layer has increased in the

presence of the solvent. A solvent with a relative distribution coefficient
greater than unity has a greater affinity for epoxybutene compared to water

alone, and thus is a better solvent for epoxybutene than water. Results are
given in Table I.

20 TABLE |
Relative
Water-Miscible Absorbent Distribution
1-Methyl-2-Pyrrolidinone 2.78
25 Ethylene Glycol 1.14
Propylene Glycol 1.90
3-Buten-1,2-Diol 1.39
Dimethylformamide 244
Dimethylacetamide 2.68
30 Acetonitrile 1.89
Dimethylsulfoxide 1.40
2-Methoxypropyl Acetate 1.05

2-(2-Butoxyethoxy)ethanol 4.30



Wat er- M sci bl e Absorbent Distribution | -Methyl-2-Pyrrolidinone 2.78 25

Et hyl ene dycol 1.14 Propylene dycol 1.90 3-Buten-1,2-Diol 1.39

D net hyl fworsanisdes 2. 44 Di net hyl acet am de 2. 68 30 Acet oni PCTIES0421388

D net hyl sul foxide 1.40 2-Met hoxypropyl Acetate 1.05

2- (2- But oxyet hoxy) et hanol 4.30 WO 03/ 0Q840p3 PCT/ US02/ 21588 -33 TABLE |
(cont) Relative Water-M scible Absorbent Distribution 5

2- (2- Met hoxyet hoxy) et hanol 1.83 2-Butoxyethanol 1.29 2-Propoxyethanol 1.49
Propyl ene dycol Mnomethyl Ether 2TRBLAUI (@ohf)ne 1.03 10 Triglyme 1.54 No
sol vent (100% Water) 1.00 EXAMPLE 4 The rate of Clggox but ene hydrol ysis was
determ ned at several 15 different pH |levels acck '&f' to the follow ng
procedure: A stirred, Walardiscible Absedent was fiBistdbuliom a sol ution of
buffered water and allowed to equilibrate at a tenperature of 2308 -
Phosphatge buffers at a , and 1 re prepare y addi ng
eit hgr phosphoric acid %@'@’%&ﬁ%"ﬁ%@’ﬂ’?%@?ﬁ@ to a O.JrggeM sol ution of

di sodi um phosphate. For eaBuidkyetmmiolnent, the buffer sol ution was charged

to a stirred, thernostatt sﬂ:’ropoxyethanol 1.49
Propylene Glycol Monomethyl Ether 2.02
Quinoline 1.03
10 Triglyme 1.54
No solvent (100% Water) 1.00
EXAMPLE 4

The rate of epoxybutene hydrolysis was determined at several

15 different pH levels according to the following procedure: A stirred,
thermostatted cell was filled with a solution of buffered water and allowed to
equilibrate at a temperature of 29°C. Phosphate buffers at a pH of 3, 5, 7
8, 9, and 11 were prepared by adding either phosphoric acid or sodium
hydroxide to a 0.05 M solution of disodium phosphate. For each

20 experiment, the buffer solution was charged to a stirred, thermostatted
equilibrium cell equipped with an UV spectrophometer probe. Once the
solution had equilibrated at 29°C and a background spectra had been
collected, a 10 microliter standard sample of epoxybutene in acetronitrile
(warmed to 29°C) was injected into the cell to give an initial concentration of

25 0.01M epoxybutene. The disappearance of epoxybutene and formation of
3-butene-1,2-diol over time was followed by UV spectrophotometry.

The relative rate of epoxybutene hydrolysis as a function of pH is
presented in Table ll. This data clearly shows that the rate of epoxybutene
hydrolysis can be reduced by maintaining the epoxybutene-laden solution

30 at or near a pH of about 7 to 8.



equilibriumcell equipped with an UV spectrophoneter probe. Once the
solution had equilibrated at 290C and a background spectra had been

col | ect edwOa3a@4ni crol iter standard sanpl e of epoxybutenePCh/imomeyse®itrile
(warmed to 290C) was injected into the cell to give an initial
concentration of 25 0.01M epoxybutene. The di sappearance of epoxybutene and
formation of 3-butene-1,2-diol over tine was foll owed by W
spectrophotonetry. The relative rate of epoxybutene hydrolysis as a
function of pHis presented in Tabl eTABLENp s data clearly shows that the
rate of epoxybutene hydrolysis can be reduced by nmaintaining the

epoxybut ene- | aden solution 30 at or near a ptRelativgpBate of to 8. WO

03/ 008403 PCT/ US02/ 21588 - 38olatimiipH11 Rel :

Epoxybut ene Hydrolysis 3 555.5,5 5 5.6 7 1.0 . 9 3. 11 17.6 10
EXAMPLES 5 - 9 AND COVPARATI VE EXANPLES 1 - 2 M¥Xtures conprising water,
epoxybutene, and water-m sci bl e5 absorbent were disgilled continuously to
denonstrate the recovery of epoxy- butene from such absorbents as an
epoxybut ene-water distillate miXture. 15 Exanpl es 508 and Conparati ve
Exanpl es 1-2 were conducted in distillation sy369n1consisting of a
silvered, vacuumjacketed glass d dershaw col umm, ‘equi pped with a
liquid-dividing distillation he@d, feed tray, ref3.8x nagnet, reflux timer,
cool ing water condenser, |acketed reboiler, pres%y%g gage, and nitrogen

purge line. The col um was conf1i1gured with a

10
EXAMPLES 5 — 9 AND COMPARATIVE EXAMPLES 1 - 2
Mixtures comprising water, epoxybutene, and water-miscible
absorbent were distilled continuously to demonstrate the recovery of epoxy-
butene from such absorbents as an epoxybutene-water distillate mixture.
15 Examples 5-8 and Comparative Examples 1-2 were conducted in a

distillation system consisting of a silvered, vacuum-jacketed glass
Oldershaw column, equipped with a liquid-dividing distillation head, feed
tray, reflux magnet, reflux timer, cooling water condenser, jacketed reboiler,
pressure gage, and nitrogen purge line. The column was configured with a

20 15-plate stripping section, a 10-plate rectifying section, and a 500m|
jacketed flask heated by a thermostatted circulating oil bath. A liquid
absorber effluent was supplied from a 5-liter jacketed vessel via a piston
pump and fed to the middle section of the column. A liquid was removed
from the bottom of the column (bottoms take-off) via a second piston pump.

25 The liquid bottoms product was cooled in a small water-chilled, stainless
steel heat exchanger placed in line on the suction side of the pump.
Condensed vapors from the top of the column was condensed in a cooling
water condenser and was conveyed via the liquid-dividing head either to the
column as reflux or as take-off as determined by the reflux timer and

30 desired reflux ratio. The take-off stream flowed by gravity to a jacketed
cooled receiver, which also functioned as a phase decanter.



20 15-plate stripping section, a 10-plate rectifying section, and a 500mni

j acketed flask heated by a thernostatted circulating oil bath. Aliquid
absor ber wpfobwesans was supplied froma 5-liter jacketed ve®selusor/z158 pi st on
punp and fed to the mddle section of the colum. A liquid was renoved
fromthe bottomof the colum (bottons tgke-off) via a second piston punp.
25 The liquid bottons product was cooled in a small water-chilled,

stainl ess steel heat exchanger placed in line on the suction side of the

punp. Condens$bermagauples nene plwidespatthetrbboit=rlandndigliztionheadsthd N a
cooling wat en %.nde ser_, and, was convegeﬂ_ Vi a, %he | i ﬂUi d-di vi di ng head
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ti d 30 ' &b - 2 | ity t
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a jacketed cooled receiver, which o.tTunctione ase decanter. WO
03/ 008403 PCTrelstitiens fgeachIxampe arcoivph ds Tables Daod Adbdalhexampleseboi | er

and distgll at] . i f each coptinuous, .ryn s from ei ght
fo 14 notrs. (roisfifile sRBAmELES Wi pllesFEEPaT SEnde b prdpss. Fecd

conposi tions mixurewadidecantediaid stofdt SR i ' nd 4.
In all exanpl es lérégﬂ_he distillate separated feﬁ}t, gétqﬁér\pl)%hs?gu Eggﬁﬁg‘{tép\%i ng.

Thi s two- phasi@Yers iardeed ipsubseguantdistilatiostsieps! separately as water-rich

and epoxybutene | t diSti i on eps.
Distillate and bot ?gs‘jr@é%efe%pde?%‘gE&Qé@@%gp?gééméﬂ,eg%%g’ ?f@égfﬁaesd"e%H of
the feed anddplgtdfdhefq&:]cbdmtbsttaneﬁgbdmtsiare@Bﬁﬁh&ﬁ 1|&ba.=m3 gnd/j!_lAuLO 3arrp| ed
were anghyze chr omat ogr a using a thermal conductivity detector.
Mass ba ncessﬂ{ﬁf)%%sd‘%ﬁ'@ ?@H@%ﬁ@%%ﬁw@@ﬁwa y4sing adkermalsti i ate and
bot t ons conposdridudiisity Befceedit Wﬁﬂﬁééhewbﬁaﬂné 'ft?detreﬁﬁﬁéeﬁé(rc%t unreact ed

epoxybutene, and rate of oligoner formation. These results are presented
in Tables 3 afiigtiltandistiiate apgbotiomsacamppsitigns, pEBcéntteporybltena{ckglthei s

o eneemar BBy veh et PB4 e 1 SRGSer FRalPh R
itself or 1, 2redults ard peedentddini TebléS BrEIUS Aheréin TEBBER 3,4-epoxy-1-
15 butene, “1,2-diol" is 3-butene-1,2-diol, “NMP” is 1-methyl-2-pyrrolidinone,
and “oligomer” is the successive reaction products of one or more
molecules of EpB with itself or 1,2-diol. The following terms used in Tables
3 to 5 are defined herein as follows.

Percent Distillate = _ Mass of Distillate Collected X 100
20 Mass of Material Fed to Column

Percent Epoxybutene Loss =

Mass Epoxybutene in Distillate + Mass Epoxybutene Collected in Bottoms
25 Mass of Epoxybutene Fed to Column

Recovery of Unreacted EpB =

30 Mass EpB in Distillate
Mass Epoxybutene in Distillate + Mass Epoxybutene in Bottoms

Oligomer Make-rate = __Mass Oligomer in Distillate and Bottoms
35 Mass of Epoxybutene Lost




3 to 5 are defined herein as follows. Percent Distillate Mass of Distillate
Collected X 100 20 Mass of Material Fed to Col um Percent Epoxybutene Loss
= Mass Epawvbuoosane in Distillate + Mass EpolL(ybut ene Col | ecrasor/msBot t ons
25 Mass of Epoxybutene Fed to Col um Recovery of Unreacted EpB 30 Mass EpB
in Distillate Mass Epoxybutene in D stillate + Mass Epoxybutene in Bottons
A i goner Make-rate Mass A igoner in Di 5897 ate and Bottons 35 Mass of
Epoxybut ene Lost WO 03/ 008403 PCT/ US02/ 21588 -36- COVPARATI VE EXAMPLE 1
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per cent age of unreacted epoxybutene recovered was 93. 2% and the ol i gomer
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recovery (first stilla e colum 15 outside of the
scope df0 t hi @poxybutene and <0.01% 1,2-diol. The distillate separated into two phases

upon standing. The bottoms liquid product had a pH of 5 and comprised

59.2% water, 39.9% 1,2-diol, 0.14% epoxybutene and 0.14% oligomer.

The percentage of unreacted epoxybutene recovered was 93.2% and the

oligomer formation rate was 1.4%. The percentage epoxybutene loss was
15 66%.

COMPARATIVE EXAMPLE 2

This example illustrates operation of the solvent recovery (first)

distillation when the pH in the column is outside of the scope of this

20 invention. A liquid absorber effluent comprising 35.5% water, 55.8%
1,2-diol, 8.25% epoxybutene, and 0.022% oligomer was mixed with
potassium carbonate/phosphoric acid buffer solution and fed to the
distillation apparatus. The pH of the feed mixture was 8. A total of 3910.6
g of absorber effluent was fed. During the distillation, the temperature at

25 the top of the column was 62.9°C and 107.6°C at the bottom of the column.
The overall composition of the condensed distillate (% distillate = 9.66%)
was 10.8% water, 89.1% epoxybutene and 0.08% 1,2-diol. The distillate
separated into two phases upon standing. The bottoms liquid product
comprising 37.0% water, 62.5% 1,2-diol, no detectable epoxybutene and

30 0.05% oligomer, had a measured pH of 11 due to decomposition of the



20 invention. A liquid absorber effluent conprising 35.5% water, 55.8%

1, 2-diol, 8.25% epoxybutene, and 0.022% ol i goner was m xed with potassium
car bonat ewpleseaos i ¢ aci d buffer solution and fed to the PdiraiSo/2#ss on
apparatus. The pH of the feed m xture was 8. Atotal of 3910.6 g of
absorber effluent was fed. During the di_%Zi_I | ati on, the tenperature at 25
the top of the colum was 62.90C and 107.°60C at the bottom of the col um.
The overall conposition of the condensed distillate (% distillate = 9.66%

was 10. 8% wat §iffeBSysheiR. SPRE YR SO urfte &%ﬂ%{p{%&(ﬂ%&’ﬁene B@o&gri%%w&sat e

separated into two phases upon standi ng. The bo I qui d product
conpri si ng 37.109%weand the eligawel famation rateovare8 46h.alfhe pesosntbgeene and 30

0. 05% ol i gorer, ur of 11 due to deconposition of the WO
03/ 008403 Pd%gggﬂf%g%@%‘gsg@g&f%’er system The percentage of unreacted
epoxybut ene recovered was 100% and the oligoner formation rate was 3.1 %

The percent ag epoxybutene 1 oss was 5.9% 5 EXAMPLE 5 This exanpl e
illustrattes o%&'ﬁbﬁ_@f the sol vent recovery (first) distillation when

the pH in the col umg:d ' ' i~ AL ' nyent i on by
addition of a buffzp"éséfﬁpﬂ’c%ﬁh Fﬁ”@?ﬁ*ﬂ'ﬁé@’? 6@?92&?ﬁﬂreetr?tm’é%<§@¢si ng 34.8%
wat er, 56. 3% djstilldiian whendbe ghbinythetcahenn anaabhtinidéowiithio theyscope afthisn xed

i th potassi um car.bonat e/ pk i i d.buf _sol ut | d fed to th
0l sti Practon IBEaran s sadten B 3bufiRgSaibue iiouidabopboBefherbrar or
3340.1 g of al@éﬁrpbi%rngem.ls%waté@ssf@/d-1,ZJH@II raﬁ%h@pm&bﬁﬁédé %hu%ﬁ}gebottom

tenperature at the top of the colum was 93.11C and” 109.70C at
of the @ um oligerepwasanixedonifiopotassiunmoearbhpatefplasphiens esidibsffar | ate (%

distillate = .0 o . 48 5% . ep but.ene and 0. 08% 1, 2-di ol .
The. di sti 11 at $ouESh AfEretn e M Marort Baoati Bt “BHRREA S e w1 i o
product, conpmasi 819A20tdl%f 83461, g 6Pabdorbds éffided wad tedlebafihgthe epoxybut ene
and 0.09% ol i gmr .had a measured pH of 8. The percenta eoof unr eact ed
epoxybut ene r atiey thgdempegoature at the top of the column was 93.1°C and
109.7°C at the bottom of the column. The overall composition of the
15 condensed distillate (% distillate = 17.2%) was 51.4% water, 48.5%
epoxybutene and 0.08% 1,2-diol. The distillate separated into two phases
upon standing. The bottoms liquid product, comprising 29.5% water, 69.9%
1,2-diol, no detectable epoxybutene and 0.09% oligomer had a measured
pH of 8. The percentage of unreacted epoxybutene recovered was 100%
20 and the oligomer formation rate was 3.3%. The percentage epoxybutene

loss was 2.9%.

EXAMPLE 6
This example illustrates operation of the solvent recovery (first)

25 distillation when the pH in the column is maintained within the scope of this
invention by the inherent pH of the absorbent. A liquid absorber effluent
comprising 10.13% water, 80.76% NMP, 9.06% epoxybutene, and 0.05%
1,2-diol was fed to the distillation apparatus. A total of 1199.8 g of absorber
effluent was fed. During the distillation, the temperature at the top of the

30 column was 88.7°C and 163.0°C at the bottom of the column. The overall



20 and the oligoner formation rate was 3.3% The percentage epoxybutene

| oss was 2. 9% EXAMPLE 6 This exanple illustrates operation of the sol vent
recovery Woiosmo4o25 distillation when the pH in the col umrCraSou2B&®i ned
within the scope of this invention by the inherent pH of the absorbent. A
l'iquid absorber effluent conprising 10353% water, 80.76% NWP, 9.06%
epoxybut ene, and 0.05% 1, 2-diol was feé3 to the d| stillation apparatus. A
total of 1199.8 g of absorber effluent was fed. During the distillation,

t he tenper at gbtpdsitioheofithe cdhdeRsedBBistimie ai@tma?eé-mz:e%)duésﬁzw@@ at the
bottom of the colum. The overall WO 03/008403 PCT/USQ2/ 21588 -38

conposi ti on dateh&5:3henaubuians; <0104% NME and .06%: b2-diel Theydistllaters. 704
t 55. 3% () 0 t
vat er, B?F@f@&'i} B?Wojnq'agés/ LE!'XEI <y '%h ‘??(% Lofiddsftlon Jﬂﬁe‘ﬂo?%h{é ate

separat ed |nto ases on st conposition of th tons
liquid pr oducthUmanpdush c@nﬁrlﬁﬁ%&m%rwatéﬁ BBBARMMPOOD7% 1, 2diblol , 5 0. 14%
epoxyb In.this e I ment, no extraneous

det ectabl e ol i
basi ¢ ng eri Zﬂn%\tgosepggéigﬁ e[%@ Ué%%%mﬁop%%‘ﬂﬁ i ﬁéﬁ ISEXRRIMEPE  bot t ons
product havi RgtanBbli®badlRqHhtebial WAS JABEE %0 ha) %@t e Mqrréé’@lilﬁéi in W" ene

recovered was 98. 4% and t he percentage epoxybutene | oss was No
ol i goner f or regitoos predudgthaxdng @ pH Of Bhewrd. B he petcentageriiureadtadt r at es

o Tum 18 iRy RRRNE bR et 85 496 b 1RSSR B R NEEE o Rher ont o
of the absor kesy0.2THe Rpigouierforrhatish was deteetddNVP | i qui d bottons product
resultlgghfromthe distillation carried out in Exanple 6 was saturated

with fr epoxybut ene and again distilled. The conposition of the feed
was 9. 99% watBya % NWP, 9.3% epoxybutene, and 0.05% 1, 2-diol and the
mat eri al fed'vva'sMggggfz g. During the distillation, the tenperature at the
top of the col um Thisegdmp@ ilustrates operation of the solvent recovery (first)

distillation when the pH in the column is maintained within the scope of this
invention by the inherent pH of the absorbent. The epoxybutene-free

15 water/NMP liquid bottoms product resulting from the distillation carried out
in Example 6 was saturated with fresh epoxybutene and again distilled.
The composition of the feed was 9.99% water, 80.69% NMP, 9.3%
epoxybutene, and 0.05% 1,2-diol and the material fed was 3206.2 g. During
the distillation, the temperature at the top of the column was 91.8°C and

20 164.0°C at the bottom of the column. The overall composition of the
condensed distillate (% distillate = 15.4%) was 45.2% water, 54.6%
epoxybutene, 0.06% NMP and 0.06% 1,2-diol. The distillate separated into
two phases upon standing. The composition of the bottoms liquid product
comprising 2.36% water, 97.5% NMP, 0.1% 1,2-diol, 0.02% epoxybutene

. 25 and no detectable oligomer. In this experiment, no extraneous basic

material was added to adjust the pH resulting in the liquid bottoms product
having a pH of about 6. The percentage of unreacted epoxybutene
recovered was 99.8% and the percentage epoxybutene loss was 0.43%.
No oligomer formation was detected.

30



20 164.0C at the bottom of the columm. The overall conposition of the
condensed distillate (%distillate = 15.4% was 45.2% water, 54.6%

epoxybut ewe,030086% NMP and 0.06% 1, 2-diol. The distill atePsesnzaLses i nt o
two phases upon standing. The conposition of the bottons |iquid product
conprising 2.36%water, 97.5% NWVP, 0.1%4dg2-diol, 0.02% epoxybutene 25 and
no detectable oligoner. In this experinent, no extraneous basic nmaterial
was added to adjust the pH resulting in the liquid bottonms product having
a pH of aboutgganH1gE ger cent age of unreacted epoxybutene recovered was

99. 8% and t he percentage ep ox?/butene |l oss was 0.43% No oli %orrer formation
was detected. 30 \VihigexaugdeHlustraiassnerationsef the solvenkaeavens (s} s exanpl e

11 ustrat es. ofernih iR 1A 9h HESbol AHOY Holnibldcanind sbbpa o g e

the pHin the'co the scope nvenlon by
t he i nherent iptemntiort bmtl@metaﬂtpH éfihecp.bsdrtwmsoAdmwda’abSum efflusmtpri si ng

Che di S0P 11 arsesPEYRG A Ll Wt GEhoo%r B 51358 BbaryaifiensvRnd Dael tient “wes
fed. During the ghskid ¢ td)@e d.&ma&'gﬂ%ﬁgaﬁétu@ Rttofa'PSfS@QQ qu bhgbsdBLHM Was

79-810C and 162.50C at t ottomo colum. The overal conposition
of the condensffuenti was facht Buing dine distillatian, theltengrgraivae at thestap1of that er

eparatod | n 0 L0 b Lo 8REG gt tickchn Sk e s T VBRI o

liquid prOdUCéorﬁgGQMﬁbﬂmécdrﬁfén@tl&fstlllﬁfa (derrateO: 11@%) Wag-24i.8%, and no
det ect abl e epoxybut ene or ol exper ext raneous

basi c nd®eri avalRis’ adHeaproxyudenat<q.-f@1t %I—NMBsﬂﬂdt‘FQ}Qﬂ"/m"ta‘l@'of i@ d 15
bot tons pr odugiky;payisag a@at@@gﬂé @B%s s uégﬁ s t?gg 08[;1 t eﬁgﬁf&ﬁﬂe

epoxybut ene recovere ercen epoxy
wasO. 51% No bd)’ctcgnsrhqu|ﬂq5rnstcmmpnssmgBem%mateEx36’mJE$lMP— 0186%

1,2-diol, and no detectable epoxybutene or oligomer. In this experiment, no

extraneous basic material was added to adjust the pH resulting in the liquid
15 bottoms product having a pH of about 6. The percentage of unreacted

epoxybutene recovered was 99.9% and the percentage epoxybutene loss

was 0.51%. No oligomer formation was detected.

EXAMPLES 9 - 11
20 Epoxybutene-rich distillate phases produced in the manner

described in Examples 5-8 were distilled to demonstrate recovery of
epoxybutene in a distillation system consisting of a silvered, vacuum-
jacketed, glass Oldershaw column, equipped with a liquid-dividing
distillation head, feed tray, reflux magnet, reflux timer, cooling water

25 condenser, jacketed reboiler, pressure gage, and nitrogen purge line. The
column was configured with a 15-plate stripping section, a 10-plate
rectifying section, and a 500 ml jacketed flask heated by a thermostatted
circulating oil bath. Feed material was supplied from a 5-liter jacketed
vessel and fed to the middle section of the column via a piston pump. A

30 liquid column bottoms stream was removed from the base of the column via



20 Epoxyb utene- rich distillate phases produced in the manner descri bed

i n Exanples 5-8 were distilled to denonstrate recovery of epoxybutene in a
di still atworn3sgsbem consi sting of a silvered, vacuum | ackeramsp2/gl5sss

A dershaw col um, equipped with a liquid-dividing distillation head, feed
tray, reflux magnet, reflux tiner, coothp wat er 25 condenser, jacketed
reboil er, pressure gage, and n|trogen purge line. The colum was
configured with a 15-plate stripping section, a 1 Oplate rectifying

section, andg e%ﬂd:ﬁlstFﬁ&gﬁﬁﬁdS dc%stgnef?ééé WxtHYe[ ??@Pﬁég@ﬁft@(ﬁvﬁfér fHd cul ating

oi | bath. Fee mat e froma 5 acketed vessel and
fed to the npltdkthedeed nnximrfretv\tas natl neaswed, rorpvas any puffer sgluton! i qui d
colum botto st,ream was renoved fromthe base of the colum via WO

03/ 008403 PC%%@%@Q/ZlSBB -40 a second piston punp. Since the feed m xture

conprised little vineSiquid bettomk prbdlidtavd<esbled it asenalpwvatet-chegur ed, nor
was any buffer solution added. The |liquid bottons product was cooled in a

smal |, wat er Stainkessgteel best axmwrﬂwﬁ indiae oaxbrAvgEen sideetitien i ne on
the suct i on ?hfjrg)doﬁ'hé BRtin g oduEFﬂcﬂhé& Pk rg?:%\fftg %dj‘éﬁketfeldoé’@oqem‘ec%?é@ ty E)O

a jacketed co6o0 receiver, hase decan

al | egagpl es mmmeélguﬁrn@ttdrmdd@é Sbhbs[w;i&ceWrﬁFegallﬁxewmapbﬂax va&tice
pr ovi ded at t epoll er an i sti ation hea Eac con uous run
| asted from é’i?gh{ wag emplaveq-s Tharmgcelnies Were PTQY'doﬁGF agthe }’ e'b R&d

distillate Sﬁpﬁﬂléﬁléﬁhégéoéa‘ﬁﬂ dﬂﬁ%ﬁﬁéué’ﬂﬂ?las % tTt‘B'fQ h¥Qrgpase m xture

was decanted and stored separately as water-ric d epoxybut ene phases.

Al saf® es \delr@ticunalhyeﬂle@(atmplgastheantlﬂate@mmdummg/owmamsmon
conductivity s _bal ances were don ter ent 15
ot ate, SEIG-aTidHE RO EBS g et Al Bl SRRRT e T oss,
the recover ywHér-tem gﬁgb@@xgp@t@a@lﬁm@s and ol i goner for mat I on rate.
EXAMPLES This exanple illustrates operation of the EpB purification
(second) All samples were analyzed by gas chromatography using a thermal

conductivity detector. Mass balances were done to determine percent

15 distillate, distillate and bottoms compositions, percent epoxybutene loss, the

recovery of unreacted epoxybutene, and oligomer formation rate.

EXAMPLE 9
This example illustrates operation of the EpB purification (second)
20 distillation column. The epoxybutene-rich feed material comprised 97.9%
epoxybutene. 2.1% water, and no detectable 1,2-diol or oligomer. A total of
2600.4 g of material was fed. During the distillation, the temperature within
the column was 63.6°C at the top, 68.6°C at the bottom, and 65.3°C at the
feed tray. The pressure within the column was 736 torr. The overall
25 composition of the condensed distillate (% distillate = 38.16%) was 4.9%
water, 94.9% epoxybutene, and no detectable 1,2-diol. The distillate
separated into two phases upon standing. The composition of the bottoms
liquid product was 99.92% epoxybutene, 0.01% water, 0.04% 1,2-diol, and
no detectable oligomer. The epoxybutene loss was 0.02%. No oligomer

30 formation was detected.



20 distillation colum. The epoxybutene-rich feed material conprised 97. 9%
epoxybutene. 2.1 % water, and no detectable 1,2-diol or oligoner. A total

of 2600.wog@3wobs4nmt erial was fed. During the distillationpCrhusoyzmsger at ure
within the colum was 63.60C at the top, 68.60C at the bottom and 65.30C
at the feed tray. The pressure within the_colum was 736 torr. The overall
25 conposition of the condensed distillate (% distillate = 38.16% was 4. 9%
wat er, 94.9% epoxybutene, and no detectable 1,2-diol. The distillate

separ at ed i ntpXpAMPIEhgees upon standi ng. The conposition of the bottons

liquid product was_99-92% epoxybutene, 0.01 % water, 0.04% 1, 2-diol, and
no detectabl e ol i gbhisexamde dpisiratra eperation of thesEpB proificalion(sepond) 30

formati on wasa; 0] . - FE 0 This
el e 111 ug FAAS il SHORSBASE-HER Fetffesia Bomesiap o
distillation emdxyimatenthe.@%boxatent@0d% i1 Ghdibe efid Mt detestabi@oligormer A8. 0%
epoxybut ene. 2 q% ter, 0.01% 1, 2-di ?I and no detectable oligoner. A5
total of° 261104 g’f%ﬁ&%ﬁ giatgpal wag fedhy lPpriRg thedigtilation, Hig smperagure

tenperature withiRitAe CBRING® WaEBIBEC &R tRPfop?b3leee dtthe b@ﬁPﬁp%nﬂt65.s‘§§b0t tom

and 65.80C at the feed tray. The pressure w thin the coluim was torr
The overal | aidhpdeed tray. Bhe phesstive cndtidre thedcalumnivease 7 884talir s fTihe aiezalt 42. 7%

was 5.0% wat .. 0% epoxybut ene, ,.and. ng detect abl -di oL .. The
distillate 1006@8‘21%5?%8? & SSﬁa@%@%B%@(? gl ﬁg‘ﬁ#ﬁi"@ﬁr% % tion of
the bottoms watew 95.DPPEp6kyBASHE arkifib BBREABIE aNRdid). Prdtiligte 0. 08%
1,2-diol, -and no detectabl’e oligomer. The epoxybutene | oss was 0.04% No

ol i gonel0  f orsaRAraiedrintotwmRharascEPeiY StangiraxANre composition of taepotioms

col um. The oRig BlfcE e o pE% SN Ao REaRr 08 sl sl
2.1 % water, riodetéctalile dligpbmeanTheepmbayboteakllesovag®4%. No blijomherof 4759. 3

g of materi alfo\r/\r%gtiér?géte[\alvjésl Qgtetc?eed.dl stillation, the tenperature

15 EXAMPLE 11

This example illustrates operation of the EpB purification (second)

distillation column. The epoxybutene-rich feed material comprised 97.8%
epoxybutene. 2.1% water, 0.08% 1,2-diol, and no detectable oligomer. A
total of 4759.3 g of material was fed. During the distillation, the temperature

20 within the column was 64.8°C at the top, 69.0°C at the bottom, and 66.2°C
at the feed tray. The pressure within the column was 738 torr. The overall
composition of the condensed distillate (% distillate = 70.61%) was 2.8%
water, 97.0% epoxybutene, and <0.01% 1,2-diol. The distillate separated
into two phases upon standing. The composition of the bottoms liquid

25 product was 99.4% epoxybutene, 0.04% water, 0.50% 1,2-diol, and <0.01%
oligomer. The epoxybutene loss was 0.052%. The oligomer formation rate
was 4.2%.



20 within the colum was 64.80C at the top, 69.00C at the bottom and
66.21C at the feed tray. The pressure within the colum was 738 torr. The
overal | worepoed4ds on of the condensed distillate (% disti PCatuS02721588 61 %)
was 2.8% water, 97.0% epoxybutene, and <0.01% 1, 2-diol. The distillate
separated into two phases upon standi ng, The conposition of the bottons

| iquid 25 product was 99. 4% epoxybut ene, 2O 04% water, 0.50% 1, 2-diol, and
<0.01 % oligoner. The epoxybutene | oss was 0.052% The oligomer formation
rate was 4. 29(AMPLE3{H08403 PCT/ US02/ 21588 -42- EXAMPLE 12 This exanple
Il lustrates operation of the water renmoval (third) distillation colum. A

wat er -ri ch di stil |Btieeyxaple Pugimnies epatmtipasefithe waterrenmuahiihgd) 5- 11 was

distilled h A . Qi i
aqueous. sol T anegh Bkt 'R RERHER VISIARARRE rBRGedu S UBPfbufi ®
vacuum j ackettedingples $-11 as stistiled ob demorstratehedevbidryaofldpiixyButehevi di ng
distillation_head, Ieed tray, reflux magnet, reflux tinmer, cooling water

condenser, | dLRAFiuleBaves solutiar hegdigtilatigpsyatan sganistrd @ETI i ne. 0The
colum was c¢ Wty g .y IR0 CL. N 1
rectifying sgcl:n??%rdll,’ Qg%%ﬂrgl?%%beﬁd P%‘%&@@%F#ﬁg}s@@@t %gﬂ@ypeg vtq’ﬁ?arar@gj atted
circul ati ng dlividingtdistilfatien inead ufdedstraw reflye magdet) refiux timegedmilihgnmaatetilz
distillation The continuous distillation s.carried out over

nour s, A} SRIEPEST BRSNS ByStsute BhpSraiSERRD RiteRdhe” s rm
conducti vi ty ddRirfiwals cohfigaRs With anPE:piAS seiping seclRiCamulpider cent 15
distillate, distillate and bottons conpositions, percent epoxybutene |oss,

the rd&over yeelifyingrsestioncansha opeml dacketethflash heaiad byrmthermaséatted f eed

mat eri al compgi.Sj 1920 % 0.09%. 1,2-diol and no
detect abl e gﬁ%@%@igg%gsb%gfp%rﬁ{gcpﬁg%%ﬁ%%ﬁgﬁgbSjg%3lyé? g%)o'k%@gl and fed to
the m ddl e selidtillationhetdie Thel comiinubas disillaticnwas garrictheut2®/grH DOhotfe f eed

m xture was justed to a value of 8 by the addition of a K2CO3-H3PO4
buffer sol ut?‘g Samplesware anazed by @a%ghrﬁm%%raphmlrm.thermal

conductivity detector. A mass balance was done to determine percent

15 distillate, distillate and bottoms compositions, percent epoxybutene loss, the
recovery of unreacted epoxybutene, and oligomer make-rate. '

A feed material comprising 96.92% water, 3.0% epoxybutene, 0.09%
1,2-diol and no detectable oligomer was supplied from a 5-liter jacketed
vessel and fed to the middle section of the column via a piston pump. The

20 pH of the feed mixture was adjusted to a value of 8 by the addition of a
K2COs-H3PO4 buffer solution. A total of 2579.1 g of material was fed.
During the distillation, the température within the column was 96.7°C at the
top, 102.1°C at the bottom, and 99.3°C at the feed tray. The pressure within
the column was 740 torr. A reflux ratio of 1:1 was employed for this

25 experiment. A distillate product flowed by gravity to a jacketed cooled
receiver, which also functioned as a phase decanter. The distillate
séparated into two phases upon standing. This two-phase mixture was
decanted and stored separately as water-rich and epoxubutene-rich
phases.



During the distillation, the tenperature within the colum was 96.7C at the
top, 102.1C at the bottom and 99.3C at the feed tray. The pressure within
t he col unwowa®osad® torr. Areflux ratio of 1:1 was enpl oy@dTiusn2/2138% 25
experinment. A distillate product flowed by gravity to a jacketed cool ed
receiver, which also functioned as a pha;;r%_decant er. The distillate
separated into two phases upon standing. This two-phase m xture was
decanted and stored separately as water-rich and epoxubutene-rich phases.

WO 03/ 008403 PCT/ UB2 b¥éiall@ordsositiditoPthel cndehseipastilatenop skl stecondensed
distillate (00/§g;%§t| | | gé@o/ 9.3% _was 23. 9% water, 76.0% epoxybutene, and
. 0

0. 08% 1, 2- di wag wetelo 18- 0 rapoxyidiepei anchg.0896 dod-dinlof ligoidi %

1, 2-di ol , ' - th
base of 1 he Calore SAERAR dp NGRS ARG, R TR0l B OB bl
was cool ed i reppXyhutene ernligondriwastmeved frorsthe taseloftkacokmehazger pl aced
in i t . ide gf th D. . Th f the liquid bott
Stream s ansong Pisthe PUEE othe boferRe B uinpiasbelis 6oReH R Bramals 100 o
and no ol i gorgatet-@hiiiti SRINESs Q@bﬁﬁé@ldexcﬂaﬁgeﬁgl‘ésé'& ﬁgfjmnfﬁﬁgbf&‘éh&? | oss was

2.9% 10 The invention has been described 'n detali articulrar
reference t SigR of Bie RMBrIbE pidof the liguid bottomststisaminids alutraleTisé ood t hat

variations 3gpd ,@Qi i i d wW-thin the irit and scope
of the invention: 1%@%%% 66%%@8%@%§'%§f g’o arl 4”%Ei§‘RfﬁerWs claim 1.
Process for tfhematonwesdetéctegoThesernentagerspaxpibliehabdsalvhy Do@aseous
ef fl uen1tO froman epoxi dati on zone wherein butadiene is contacted
The invention has been described in detail with particular reference

to preferred embodiments thereof, but it will be understood that variations

and modifications can be effected within the spirit and scope of the

invention.
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wi th an oxygen-containing gas in the presence of a catalyst and an inert
diluent, to produce an epoxidation effluent conprising epoxybutene,

but adi enewowmspesan an inert diluent and water which conpripseshredsng t he
effluent to an absorption vessel wherein the effluent is intimately
contacted 10 with a water-m scible, Iqu&e absorbent to obtain: (1) a
gaseous effluent conprising butadi ene gen and an inert diluent from
t he upper section of the absorption vessel; and (2) a liquid effluent
conpri sing epoxybut ene, the absorbentgggggﬂgter from the | ower section of
t he absorption vessel; 15 wherein the ent is selected fromdiols,
aliphatic andNEyéﬁmt ethers al koxyal kanol s, al kanoate esters of

al koxyal kanol s, dlalkoxyalkanes al kylnitriles, N, N-d ial kylformam i des,

N, N-d ial kyl1acet dtnoceskefor the rddovkry oepcdybtteheTesm 04 deamtisiyl f oxi des,
m)rphoI|5ne xture of any 2 or nore thereof and the

i.di ne
extract ént C%SBHﬁ@g ue@e‘)ﬁpm an @ppé'dgt'@%t?@ﬁﬂ whgrein diwtadiepe is/bontacted s
3, 4- epoxy- | - Rufreag; ng\g-, cess accordi ng
to Caim1 wherei no agg@@ﬁlﬁ%ﬁagﬁgwg’p@ééﬁ% gf%tcgﬁymﬁt ind %’hﬁ]&fgt ure of 5
to 600C and 4lil BEBEé@lpéodﬂcezarﬁepm(ldatﬁbrbeﬁfleenmn;bmm@g epbRytirerd80 kPa), the
substantial | y ed.to the 25 | ower section of the
absor ption vesggcfﬁgﬁ%J )&TQSbO fﬁ@’%&"ﬁ'd{v@fﬁéwn Gomprisas fgedistg thiee
absor ption vesusnt taad dbisatptidnefddsePRhefed tr@@ﬂﬂheﬁﬁgl Qte%Pc H\%IC%??[
o sor bent

per cent epox;i/vb%t ene. 3. Process according Clarm ere n
i s 3-butene- a watenmiscile, ligwd ﬁ9$0rbepwombtam none. WD 03/008403

PCT/ USOZ/ 215 4 [ Claim1l wherejn eous
ef fluent (1) ¥ 2 piSedus EMRERCCOARAERY Hifdigng: ooxefpsaawﬁ A e DL f | uent
conpri sing vvat efrorariie upbsoséctibrvet the abseritivhescabslPrhgnt and a gaseous
effluent co i t adi ene, en, inert diluent and | ess 50 ppnmv
wat er - ni sci b %h@%fj@gﬁf rgCQmP {Smgy%gyg/@yger@g theabsorbent ay wiater froman
epoxi dati on zorthevbRErsaLtioRWrank BSolptioRedsged L0 epoxybut ene.
15 wherein the absorbent is selected from diols, aliphatic and cyclic ethers,

alkoxyalkanols, alkanoate esters of alkoxyalkanols, dialkoxyalkanes,

alkylnitriles, N,N-dialkylformamides, N,N-dialkylacetamides, N-alkyl-

pyrrolidinones, dialkyl sulfoxides, morpholine, pyridine, or a mixture of any 2

or more thereof and the extractent compound(s) contain 3 to 8 carbon
20 atoms; epoxybutene is 3,4-epoxy-1-butene; and butadiene is 1 ,3-butadiene.

2. Process according to Claim 1 wherein the absorption vessel is

operated at a temperature of 5 to 60°C and a pressure of 2.5 to 7.5 bars

absolute (250 to 750 kPa), the substantially-gaseous effluent is fed to the
25 lower section of the absorption vessel, the absorbent is fed to the upper

section of the absorption vessel, and liquid effluent (2) comprises 5 to 20
weight percent epoxybutene.

3. Process according to Claim 2 wherein the absorbent is 3-butene-1 2-
30 diol or 1-methyl-2-pyrrolidinone.



5. Process according to Claim1 for the recovery of epoxybutene from the
liquid effluent (2) of daiml by the steps of: 10 1. feeding liquid

ef fl uent WB)3we4dbhe m ddl e section of a first distillati oRCTasbumsss o
obtain (1) a distillate effluent conprising epoxybutene and water fromthe
upper section of the absorption vessel; agul.(2) a liquid effluent
conprising the extractant and water fromthe | ower section of the
distillation vessel; 15 11. allowing distillate (1) fromstep | to form2

phases conpri gi.ng a?rocesmaydiwdmlgetor(ilahn dhalsereimdasecwdteffluentqh) phiasieto sand
(. feedlngth bu ene/wat(%{SJ haefr mstep 11 to the upper section
of a second dl"@ ?f é’ts SRR (HArqICsIH Ue&‘tﬁpglpflﬁln&t‘@,‘a@fﬁlment

conpri si ng epREBHEH Gafiiideihfd abs Sn&'g seBGQ%HRIén‘PTcp ‘?ls
@?é;) a d&mF epoxybut ene

absor pti on vessel; I qui uent nprising t
fromthe | O\A/erbu‘twenenowfgenhmemmem aod lm&@ppnﬁ wétenmasbbcmhwaibegt to
Claim5 erein the first distillation caolum is erated

Bedidp

t enperat Ut e offE0NESARGEYE HIent, Is,fEsyC é}“a?w “Zé’"fo‘fﬂﬁ?r@“i 85 C and a

pressure of 1Hwad3eﬁeb§6§dﬁ@a%@p©x96&@néo 230 kPa) and the second
distillation colum is operated at a top tenperature of 60 to 75T and a

base tenperature of 67 to 120'C and a pressure of 1 to 2.3 bars absolute
(100 to 230 kBa). FHocess according to Claim 1 for the recovery of epoxybutene from

the liquid effluent (2) of Claim 1 by the steps of:

10 l. feeding liquid effluent (2) to the middle section of a first distillation
column to obtain (1) a distillate effluent comprising epoxybutene and
water from the upper section of the absorption vessel; and (2) a liquid
effluent comprising the extractant and water from the lower section of
the distillation vessel;

15 . allowing distillate (1) from step | to form 2 phases comprising an
epoxybutene-rich phase and a water-rich phase; and

lll. feeding the epoxybutene/water phase from step Il to the upper section
of a second distillation column to obtain (1) a distillate effluent
comprising epoxybutene and water from the upper section of the

20 absorption vessel; and (2) a liquid effluent comprising ’Ehe epoxybutene

from the lower section of the absorption vessel.

6. Process according to Claim 5 wherein the first distillation column is
operated at a top temperature of 60 to 105°C and a base temperature of

25 100 to 185°C and a pressure of 1 to 2.3 bars absolute (100 to 230 kPa) and
the second distillation column is operated at a top temperature of 60 to
75°C and a base temperature of 67 to 120°C and a pressure of 1 t0 2.3
bars absolute (100 to 230 kPa).
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