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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 EQ, 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
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15 limiting ethylene glycol concentration in the recycled water to the absorber.
Typicat levels are less than 10 weight per cent ethylene glycol in the |
recycled absorber water.

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

20 nitrogen, carbon dioxide, mefhane, 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.
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carbon di oxi d&¥&i8d Iwatrarmal boilingspoint of 14°C versus 100°C, respectively, and
15 does not form an azeotrope with water. Thus, EO can be distilled read ily
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 EQ from ethylene oxidation
effluents likewise are not effecti\fe 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
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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 EQ 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 ablove, 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 corréspondingly decreases so that the amount of circulating

30 absorbent must be increased, reducing the economic utility of the process.
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15 or other impurities absorbed with epoxybutene from the butadiene
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U.S. Patent 3,644,432 discloses the use of liguid ethane as an
absorbent for EQ. The reactor product gas is cooled, compressed , and
then passed through a molecular sieve drier bed to remove the by-product
water of reaction. The dried reactor product gas is contacted in a
countercurrent absorption tower with liquid ethane at a preferred
temperature range of —31.5 to ~17.6°C at a pressure of about 1.8 MPa.

EO is much more soluble in liquid ethane than in water, so the solvent to

20

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 témperatures 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.
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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 h-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
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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 —
psig; 550 kPay), 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 ﬂarhmable, 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. 8. 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



Epoxybutene is recovered fromthe water by stripping with an inert gas,
simlar to the conventional EO recovery process described above.
ohd Mg

expl ai ned \gggl}/@ 84§@ter by itself is a poor absorbent for epoxybut
its WD 03/ P42 9 MAR 2004 PCT/ US02/ 21588 use resul t sPEHUSH/21588

uneconom cal process due to the required high water to epoxybutene ratio.
Mor eover, the process, as described in th&- 954 patent 1is inconplete and
cannot provide purified epoxybutene. No nention is made of the binary

epoxybut ene-wat er _m ni rum boi | i ng azeotrope or of 5 nethods to obtain
purified epoxyBEIEHES oAl LRESORGMNIsE BEeEs dueviattbe required/high vadter e

ihed R t _that. there | d
For an | mpr oveneSTARRE'TRRG MG fen UeahioRRE B Bnaiatin the v Potanta-
pur i fi cat i on isfinepmpjisketamecémiunpiolies purinee eppRIBLEAL! N Rlarkidis: |- e
nvent fon | RirseRieoRBenlaraubiive-waisr mibirouen-baling ezeatiopeorof {1
I t |t - -oalindaze oeadffrom a
sﬂ\ég?alm?gal I yrﬁ@}ﬁgﬂgw S&@ﬁbﬁﬁﬁ%@@ §’§Jlu$§'2% fc:)o i Si n&t{e 0X Rutene, 15
oxygen, unreacted butadrener and Fh P froph s pae 9%?"’3 Wafef-hane,
et hane, nitrogen, lmdielvhefiﬁmcomimbéé?@é@deﬁibbaﬁﬂdﬁgl&E@a%ﬁ&%rn?us

e, liquid a

effluent w tﬁﬁ?nlgeff_ect I ve anmount of a water-m sci bsor bent or
solvent in a tRereligareed & aromproved prepessfontimoetiicient and absor b

o1 ruent. o> gy Rormich so R AU PRRRBHERTD! ob driienshanes Buleelone, 1 ne

recovery of eppaationefiluam i, heirbauét gud ot 83860tBh&Ld bpgliatiop™ an
epOX|daﬁ on zone,wherein butadiene is contacted th an oxygen-contai ni ng

gas in e pr@?ﬁﬂ@é of a catalyst and an inert diluent, to produce an
epoxi dation effluent conprising epoxybutene, butadi ene, oxygen, an inert
di luent and water which 25 conprises feeding the effluent to an absorption

vessel whereifu of therbvention nti mately contacted with a water-m scible,
| i quid absorbent tg ,obtain: (1) a gaseous effluent conprising butadiene,
oxygen and an i ner ﬁ has bgsn dl(sczwereg that epoxybutene can be recovered from a

substantially vaporous epoxidation effluent comprising 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 okygen-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:



. fromthe upper section of the absorption vessel; and (2) a liquid effluent
conpri si ng epoxybutene, the absorbent and water from 30 the | ower ghp(. M

of the ab3up pt/iommvessel ; WO 03/008403 9 2 9 MAR 2(104 PCE %{ Zg%

wherein the absorbent is selected fromdiols, aliphatic and cyclic

al koxyal kanol s, al kanoate esters of al koxysl kanol s, di al koxyal kanes,

alkylnitriles, N, N-d ial kylformamides, N, N-dial kyl acetam des, N al kyl -

pyrrolidinones, dialkyl sulfoxides, norpholine, pyridine, or a m xture of

any 2 5 or rmneh&r’@iﬂféabékﬂ'b@h t to 8 carbon

at ons; epoxybut ene |s 3,4-e oxgiﬁ%tgﬁgﬁoﬁQ%%{@ggé%%ﬂps&fn%%mﬁ "Sdi ene.

. A second enbodikpalginaieal a%&@ﬁtesﬂtmmﬂallmxyakamolﬁeslldllﬁdixydﬂ%rfe%c0Very of

1.
oot a et 1 uerd Sy e S i imEinS N ol laikiscstamiaes, hatkyin 10" col unm
to obtain (1) pyriligiriorieat dnﬁfl'sﬁﬁ&iudé@”ﬁ’ﬁbgﬁr‘oﬂﬂ ewﬁgt&ngw@regﬁ g‘;{om

the upper. section of the distillation ves

comprisi thé)%gqlﬂmdmmmdd’b?"'?“fd;mm?ﬁs’f A I

i stillation i St i s

phases conpri \sﬁ?ﬁ@ganp &%%blﬁ%héﬁg SRROM- LU @”Qriwtadlﬁélegﬁﬂr.&@lmtqﬂmae and
[11. feedi t heA buwsmab er section
of a second disti|lall on’ﬂcﬁ?fﬂ‘“ﬁ?ﬂtﬁm‘ﬁﬁs‘ﬁﬁ?’{@ﬁﬂﬁf“ broinky fordRB eeivery
conpri si ng eﬁé?{?@tﬁ’ “QrfEPMHh@BbﬁVQMUIU@fﬂmrQ;byﬁh@@t@fg sfhe

distillati ff h b
from the | over o5 ding i cHid'oftd fei td'ﬂﬁ%e%@cwmfré st tistotion
embodi méfk s of tbEuiTMVRNGbiam (n@msmzét@%ﬁ[)dsé@'rtggﬂg)r gtsgg?,\%ﬁﬁé%? h phase

obt ai ned from st eg I Land the renoval ent
conpri si ng but adVeifs fram e Mppetsestiamedithe diistillation ﬁfesﬁelt bﬁt:ile.@PﬁfllquﬁE‘Ct ion

of the absorpti Oé‘fﬂiﬂﬁﬁtsgé)mpﬂéln% tBe ¥BRoA%H and water from the lower section of
the distillation vessel:

her s,

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 |l 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 ll"_and the removal of absorbent present in

effluent comprising butadiene, oxygen and an inert diluent from the upper
section of the absorption vessel.
25



[ I pti Drawi ng The
008403 -10 PCT/US02/21588 Brief Description of the
\z;\éocg?r{oanyi ng Figure is a process flow diagramillustrating an epoi%MMb?ﬂ&

[ i nci f the present
recovery s mhodyi ng the principles of the processes o :
i nventi gn. mﬁ:{]}éﬁgﬁe present invention is susceptible to 5 dfiigUs03ensssi n

various forms, there is shown in the Figure and hereinafter described in
detail preferred enbodi nents of the invenﬂﬂpn: However, the present
di sclosure is to be considered as an exenplification of the invention

Descri pti on ofCUfDRRoRarc toe Diauinges of t he prosent | nvention may be
E)gzgr: Ir[:t l:gzbionat | ONThadidcRo n F ﬁPéf?s I S vms(ﬁrei n lwt ?di'ene I'S
contacted with an oxygen-mt gﬁﬁ(n@ gas. 'ﬁqg%gsglpg AdEB iUz I:@él.pgl%t and
CPoxyout i, oryeaeioLt eotons e eodsin 1 PIALHES COBBRLAILs o
e Soencar K Pos ot o memrt o et ot rer'
o oceases deser Thadriatih oS fitg, A8 5 SHByhan it F uS ahmrerehiatigp oa
935 oL s St oot S A RIS O
reat of cac: Porer Rl Tt oftodte marsemmmottomtonasane i o
from occurri ngvitHout Iinﬁf&iiﬁﬁ'ﬁfth@SEEE@%%é%Qaﬁgﬁéﬁsggyg; Cf‘eaﬁt gfedesi gns
fﬁgrtggenﬁr{?? s?;gggcghﬁgbap?g reactors, fluidized bed reactors, moving or
Sl N AN AR Tt
conpri ses but Jurene, T ncentration.up, to the
expl 0Si Ve, IOP%FE | ggﬁrhtiﬁﬁuggg# l%'?e ﬁ%ﬁp@“&é@ﬁﬁ}éﬁ%a?ﬁé i1 Gg@Pinatiame i nert
Gab  the  imaxi il @ty Geexidetion pansssashemeimbuaBIe & ohfacté@ wiige of 9 ol e
percent. H ghgg, oy A8 taBng Yoo 1S presence of a catalyst and an inert gas to
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
empioyed 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 desigh_, typically used for ethylene oxide
production, may be employed. Other types of reactor designs include muiti-
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 (Oz) concentration up to the explosive fimit can be used. For
example, when using nitrogen as the inert gas, the maximum oxygen
30 concentration nommally is in the range of 9 mole percent. Higher oxygen



- -11 2 9 MMARIA PCT/US02121588 concentration, e.g., up to 18 nole percent,
may be enpl oyed using nethane as the inert diluent. Wen using but ArieMARS 2004
t he i nert Y@ D¥er0gas, relatively high oxygen concentrati QRS LeogUP T O
30 nol e percent may be enployed. The recovery process of the’%@ggé‘wﬁg

I nvention advantageously 5 is used in cor]qi1n_ation wi th a butadi ene

epoxi dation process enploying carbon dioxide, nitrogen, ethane, or
preferably, net haneg_ﬁas the inert diluent. The butadi ene concentration
typically is 4cercestrationeepe@etd 18 Hhsle [ 10X n le ratio in the
feed normal | yﬂﬂ‘%{f@ nt ai ned vml'gf_hi n the p?;ksngg’ @Pﬁﬂef)er%'/aﬁ’i’@gg{ﬂ%e i nert gas
. usual |y constitt &8s the ertrjluent.oWhercasing bhtéd@aéﬂ’lteaihle Qﬁﬂlehﬁgggg "

epoxi dation z i I feed al.so includes a small anou

to 40 parts pg’r@%r%::lgfw‘ld g@*‘(‘%‘ﬁfﬁ%a%ﬁ‘cs"@‘?%%om é@38 moileqercent may be

1, 2- di chl or oetHBpbyedarTheuscoys | | - be used, many of

whi ch arg desgi bea in U.S. Pat%‘%@%;gggggﬁpg?rbgﬁﬁ '%Q&?@%ﬂfﬁﬁgmuwe

organi ¢ Ral i dé> HSHHR cpalinatignavith aritadiens eipbxi‘dhﬁoné;ré&si’saélﬂgb&m to 10
mol e per

ppm The feed carbén : -l I nor _anounts,. e.g., or
greater, of iEﬁurit?Z%k“gé&?ﬁﬂg‘%rﬂ]ﬁqﬁ%n%%lﬂfeér%%énp&a@ems thesihert and up to
2 nol e per centdliggnbomhhebatbdiene 86 o, pe..present in the feed.
The anount of %rtz-?cﬁn is controll ed%ﬁ%@git@&aﬂé%ﬁ*{%5%5?§§ﬁ1peéﬁenthérheacycl e
gas. Typi cal | YURIENS OMigen Bioleraiiin therfaed hammany i@.tmai%?)aihsaﬁfifﬂ“ﬁ] 10
percent. The g@ﬁg@gﬁ@@q’@@t n.effluent typically contains ik 5 to 10
mol e pe[lﬁent epoxg;tt;uc;éne and’ B?'@f'@?ﬁl&a?'ﬁué ton@itutep5cten8s hapld nol e

per cent -4 t obstcanilcf timetataifeel ub a8 i &ff 0p35 Ml rcent reaction
di | uent gas, ﬁ}cﬂ-gqe ni trogen, carbon g?@)‘(’?%é %é?%ah’gfmg&lghg?e%a!ﬁ%pane,

3_— Ibut ane, or : S emalamant, etlmd‘éto 49M1Jst isquer rﬁiﬁioﬁ%ﬁ%&?@ﬁ’é{@?]id%he

i luent gas, &6t e resent, i nvention, préfera s

car bon digoxi dlej:;?‘cre[?'l odgllejéns,o?'gfﬂgﬁlg,}oépg%s%HPH‘F étl‘eﬂfloyganﬁgtﬁwides n‘l':;/[,ebe
ffl | [ ohwihi i8 f h

ef fl uent al so traang ofwhidhehreodeddribed %.”Pé@n?ﬁé}@@?%?ﬁ efﬁﬁt er

water, acrolein, furan, Vviny Be, and

constituents S ..
cr ot onal dehy dg&?&n%rdtlon of the organic halide in the feed more commoniy is in the

15 range of 2 to 10 ppm. The feed also may contain minor amounts eg.,5

mole percent or greater, of impurities such as Uup 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 p'_referably from 1 mole percent to 7 moie
percent, 4 to 50 mole percent butadiene, and 25 to 85 mole percent
reaction diluent gas, e.g., nitrogen, carbon dioxide, methéne. ethane,
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
formed in the epoxidation reactor. Unconsumed organic halide also js |

25

30



30 formed in the epoxidation reactor. Unconsumed organic halide also is WO
03/ 008403 12 2 9 MAR 2004 PCT/ U502/21588 present in the epoxi dat|2)g MAR 2004
ef fl uent. Rk gpom dation effluent, typically 170 to 270C

typically 200 1oy normal ly is cooled in a heat exchanbef UEV’%’ﬂ’Eﬁ rect
contact with a suitable cooling nedia such as water, chilled brine,

glycol, or cool reactor feed gas, to a tet®derature of less than 5 150C,
preferably | ess than 100C. The absorption zone conprises a col umar,

{ Ki terial that facilitat
Phtimet e gas/ enraa 8FinahA ertwdahta elsiipiho hotemwesatios bt né‘.%baﬁw?dié
o i 2 ot o nnra 6 RERIRHIoRy 2ROTS 28BS ars EnaBudn Bkt ne. upper
section ther e@xch@ihger bv@‘&ﬁt&dt é@ﬁtacﬁﬁﬁh adbuisBRSEG P%héhagilﬁgfé’fwgﬁevessel

epoxi dation effluent is fed to the ower section o
preferably ne&hi lh@bb +ayeals on ¢ool r&mtslefeed,gaa mjademmtauremfslesbhﬁan

absorbent; is f cti preferably near the top, of the
absor ptlon vess R&gﬁr%ﬁﬁ?‘%ﬁﬂﬁ%r"ﬁa @5 ther eby absorbing or scrubbing the
- epoxybut ene conponertie bb&oRptibR 20, LI LQREES  uent. A
sol ution of epoxybutene |np¥t eZOH Sopﬁri’éef\sl se{isrlg%\%ggj%g%ﬁﬁe&%égﬁ se of the

absor pti on ve$oplaining raysapioa packing materigl that fadilitates intheste ¢hd/igng. oxygen
x] dation effluent 1s renpved from

d b d t f th
? Re f g:o 8? th%ébg%?gﬁlmez@’esrh{at'?ﬂoh‘%ﬁﬁ? “RE%@'FY isigeviged vwithsmepaat such asleect ed
f di ol ldigeryd I sters
of al kl);él oo 5 Jading SPacEUBIIE R Pitkng. B0 £ 67 b Rniz@ L RRffhERE e
i desh | di ark ﬂ’d@@tm th@rﬂd@ﬁfﬁﬂh‘aﬁdmchmdfrgxhﬁﬂenmpes Sﬁd‘dﬂ #fwre%wlt'ﬂ%l des
. nor phol i ne, mi xture of a or ereof an e
absgrbent co%o%%d‘? %Edogﬂ& nS4pstariglly %aysﬁaf"ﬁo‘?f)%‘ N affideqieisifed e dhe
properties of lawerdsetidiedl thes®isbiption vdisel, Bf%%g;ﬁrl%b%ﬁﬁte'(t%hqngﬁfgpg%éi (1)

high affinity and capacity for epox but ené fic
heat: (3) | vagﬁsqzlea& liquid,ywaler- mngpgbeﬁhmelmtasnﬂad toytheruppestsectién,
oxi dati ve st aB\'éi’eHle%% t%)?o%r, BE {hoenatz)isnodrp (')ns uasse andr}lows downward,

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,
dialkoxyaikanes, 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 distiliation
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)



conditions; (5) higher boiling point, e.g., a boiling point of at |east
100C, 30 preferably at least 125C, to reduce | osses in absorber offZ&aMﬂR 2004
(6) WO 03mmB30E46313 2 9 MAR 2004 PCT/ US02/21588 miscibility with water to
al | ow easy recovery fromthe absorber off -gas; (7) is a INVP22588he
normal operating conditions of the recovery process; (8) does not form an
azeotrope wth epoxybutene or is easily separable from epoxybutene.

Al t hough no chem cal species possesses all of these 5 desirable

char act eri st i discilpitiyrwith wenst 1o ' i dat e absorption solvents,
we have found %E&\t tgeF cl asses ﬁlbgﬁﬁ%%ﬁé@@{}%rg%ﬁagﬁﬁwﬁggaﬁx@m ary
- solvents for t d ?ﬂqmppeﬁatfng&mdﬁid)nb@fﬁﬁé‘redd%égi ﬁd&s‘éaﬁﬁobeesm "

a

and "sol vent" ryt9o | changeably for describing a materi
conposi tion that pﬁ@% ae%%l%tgch%w'ﬂgﬁpﬁmmﬁe@p!ﬁ@amblese@afameﬂfﬁ}rﬁt ream

conposed of t kPOXybxidnga.eAlthai : ' ts. As used herein,
"absorbemt zong".a f " absorbt_argh gégﬁéuse[dﬁbhﬁégﬁ‘?%ﬁﬁ%%Jiaafsthgﬁé skilled in
the art will ‘ESUGRIS ehersteriion affendutensiveastihg bheahdtible aBL0TAL
function and @@qugr\gg V\glfé{‘l ‘iﬁ@éﬁf erfed to_ herein as "apsorbaPra  As
used herein to descri eﬁane Q Iﬂ%Fasﬁﬁ{S@fCQmpﬁrUBdskbebrﬁl‘ﬁél@cﬁ\ﬁe é%
i qui d absor bexemanosoldsntetibeihet ftesahSAY -water binary system does
not exhibit Iiqui dEA%ﬂUi d phase formation at e absorption and

|

distillation condi t1oHse@herainshenerns fabsorbeiitt Bha@nsiildnt®ardlysasor ben
conpounds havmtardMa, iJling.point of at |east 100C, ~ prerérably at

| east 1%80. 20bSpecir@gb§x§E‘gﬁgﬂﬂﬁg &inatasiab os eompasition tiedtysteferentialy € not
linmted'Yo, a&bsorbshepodbuyerneorbilidg (M{ﬁ‘ i di ne, 3-butene-1,2-diol
(1,2-diol), 8@?“ eng I ){col , di nmet ﬂeﬁ.’or na‘)rjﬁjsc?gj?/&cfﬂﬁvﬁpﬁ%' yautensmangk,

di et hyl f or mant de&, COF® F%‘)ﬂ ®c86 aweddereioptabsorlidnteonst GRY %&?&,BPO e

nmor phol i ne, dusdédiHia ar@'e}éﬁg) Sd‘%')rretﬂa)/l ether, triethylene glycol & net hy!
et her, tetra:é h%‘lﬁene gl yeor PP Sitled In the art wilbiapognizeghat ehcironomet hy|
et her acet at ePCeRM$ arsubgitamtizlly siRMASHAY hylene gl ycol monobutyl
et her, ethyl eﬁ@re%%cql nopr opyl et her ,OIE%Q%;%F%%@%%%“%W@&%?%W
ether, propylene §C3P80r er. As used herein 1 describe the absorbents, *water-

15 miscible” refers to liquid absorbent compounds which the absorbent-water
binary S-ystem 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, dirhethyisulphoxide, morpholine, diethylene |

N glycol dimethy) ether, triethylene glycol dimethy! éther, tetraethylene glycol

dimethyl ether, propylene glycol monomethy! ether acetate, ethylene glycol
monoethy! ether, ethylene glycql monobutyl ether, ethylene glycol
monopropyl ether, propylene glycol monomethy! ether, propylene glycol
monoethyi ether, propylene glycol monopropy! ether, diethylene giycol
monomethyl ether, diethylene glycql monoethyl ether, diethylene glycol



nmonoet hyl ether, propyl ene glycol nonopropyl ether, diethylene glycol

nononet hyl et her, diethylene glycol nonoethyl ether, diethylene glycol WO

03/ 008403 “ﬁf foozsMAR 7004 PCT/ U 502/2 ] 588 nmonopropyl ether, di etzfﬁlMé?hEﬂUé
u?y? eth 8

gl ycol rnono er. The preferred water- miscible sol verftd/B§02/215
3-butene-1,2--diol and NMP. The absorber and its contents typically are
operated at a tenperature between 0 and -1BD€ and at a pressure of 1 to 17
bara (100 to 5 1700 kPa), preferably at a tenperature from5 to 60C and

f 2. h 5 750 kPa). Th t of Iiquid
Bbeor bent 1 ed TS DRLoRYRRrsicRylehe aiypal msiotiiingr. deheopmeiermo ter

exanpl e, on t haigoible Soléhts a&gqﬁghtgﬁgn{d?%laédho“m%he use of packing
r co

mat eri al anditstyﬁ_e, and the fee € an sition of the
epoxi dati on ef f | uentr hecbsarhet gnd its eonteings tybiddllg aléog_érét@ﬁaggsor bent feed

to the total | lon effluent feed via line 1 is in the range of 15:1
to 1:20, rmreeltg%ejélhr'?n%e.twe@é‘ and 1PRLC madrirapiessurs oft hto 17 bak @100 to
absor bents f eeth7gn | f to 100C,. nore preferably 20 to 70C.
The effl uent s?g%omk?ﬁz’hgrgg%%%& %r? %%er@gﬁrf fafB 3te)605Cornshpigssuee of Rl5uent
conpri si ng buttadi.&rmraqg$oan 7B0ckRH). TRE® ' whi exi.t.s the upper
section or top,of the gbsorption @gsgg %@d(g?ﬂéu'm%%@%}t&?%iﬁﬁﬁ"e
conpri sing ep@RANVPEhEan Mesy sukstantally depending fomékamplexbh shd Part Qs
section or bot\;éggbpéoﬁﬁ@%lﬁgﬂr tei n ¥fss(§(l. The -amount  of epoxy[)tutene
present in the ggsegus ueh dgs;?e RAGING M@ter anddisttype.cand theefemad t he
20 nunber of gJakpesdicompesiids of frr ' ' an 0.1 weight
ppes eadch! Sl CenefaR, I Mol el

percent ,,preferably | ess than 0.05 wei ght percent, | ess
than 250%pm Gfﬁﬁeagé@menté‘seuc@me toteleapoxidationesfesabed viadind € is in the
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the gaseous effluent is suitable for recycling ne.
Al ternativel y,70a§y makeup butadi ene required may be fed to the recycle

The effluents from the absorption zone comprise (1) a gaseous
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 effiuent depends on the absorbent flow rate and the
20 number of stages in the absorber but typically is less than 0.1 weight

15

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 recyéiing 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 alf oxygen-containing and
30 nitrogen-containing species useful as absorbents in the process of the
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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 iqtimate vaporfliquid 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 pPpmv, more preferably less
than 25 ppmv. The abs'orber 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



to |l ess than 100 ppnv, preferably | ess than 50 ppnmv, nore preferably |ess
than 25 ppnv. The absorber and water wash colum may be two separateZ 3 MAR 2004
pi eces of awquésuwBiz or they may be conbined within a single &g}l mm_shel |l 30
With the upper section of the colum separated fromthe | owd CtRbHS by 2
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5?(1r1r17), i)llz andWS, 312, 931. mggigﬁggmgﬁgg&%hd@%ﬁ%%ﬁg%%%z Sé'bﬁ?g%qs% syst ens
i ncl ude cont aduithEr Precessingdor seenvedeof thenwaleninmigcibler sstve i, By, apy aqueous

al kal i al i de ot assi,u arbonate, or aqueous amnes in an
absor pt ini?n pr %%@@ﬁo%hﬁ;&%ﬁ%@ﬁblﬁ%gﬁq {hee'épperﬁ seftdon pf therasarbpar At e

wat er - wash st mmrdrh%oabﬁ%mnﬁ?isw %@tﬁﬁieﬂ@dmﬂg}% %@& %h\@?éc' bl e

absorbent contgnt of the absorber gaseo uent d by
washing in a CHMEBAWINAKEXES therrpper sectien potont ofthe dvatenneishaasy beom t he

Cor o1 O GBS PIAERABE BinbE b SRRl B £ >

epoxidation reactor. Suitabie carbon dioxide removal systems are known to

15 those skilled in the art as exemplified by the carbon dioxide removal zones
described in U.S. Patents 5.1 17,012 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 cohtent 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, aiso 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
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ni trogerf 10 which®xidi tAxi r inert reaction diluent, are
stripped from the Wt e?.’%ﬁg'é,g%‘ft@ﬁ&gﬂ?,’?ﬁmgﬁbg Efrl?stﬂﬁmﬁpré’flﬁﬁﬁéﬁpfmgll?ed to

the m d- sect iG@taingreta3amejghttperestiepdxyhiaane! ifofb iy 91 g slages from
the top, of Edg? &tl %ﬁ] %ié,zti I L_ﬁ't,i on ,cgl um. ?ﬁ'e section Igbé;@eﬂ 'sﬂ%d tray
serves as a recti {/ FYLLERS- ohhig bauid effluent issonyrayedtto e firsbéistifistion
distillate. TEotuBhgbPEH YERRE retical equilibriumstages in
the first distill aSiEion Ig‘cé)?lrﬁrm | srﬁé?%ﬁ’fgu&%ﬁ%@??"wb\'@f‘@r‘é@t% and sninor
stages. The @&nQdatafrathar materialosuct agbueididhe diddohed gkﬁénl hﬁ}égﬁe&. col um
normal lqg i s fC%ﬂ%Blf?gICfﬁ? ?1050 dependi ng on the water content'o :

over head vapor di st d¢. dhethaneor dnent eeaptionrdilueat carefstipped frofst

di stillati ontle@water-nisdBle soent! . « RQreferably from 100 to 20
185C. The operati pressuréebl% t't @g}"ﬁ‘r]@té‘ﬁi‘éﬁﬁgﬁs i%h‘%ﬁ’l'@n?ﬁcm.rml ly is
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2.3 bars (10§; . vapor.ous distillate product 1's renbved from
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condense andseetiat & Reép the absorbent out of the distillate. The preferred number of
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

20 183°C. The operating pressuré 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
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16 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, morpholiine, dimethylformamide, dimethylacetamide,
and other water-miscible, polar, aprotic solvents. '

20 A liquid product comhrising water-miscible absorbent, water, and
epoxybutene-water reaction products, i.e., 1-butene-3,4-diot, 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
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than 90 weight percent epoxybutene. After cooling, the vapor product is
separated into a liquid comprising epoxybutene and water and a vapor
comprising uncondensed components such as oxygen, nitrogen, carbon

15

dioxide, methane or other reaction diluent, and saturated with butadiene,
20 epoxybutene, and water. Butadlene 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
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water column typically is 3 to 12 slages, preferably 6 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 10400 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
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156 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 inc!ude 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 glyco! ethers, respectively.



conpounds. The pol ynerization inhibitor may be added to the upper section
of the epoxybutene absorber and first distillation colum. The forpamMapmn;
of | ow nol e@goswsi ght, but adi ene pol yneri zati on products %@ﬁ'
substantially suppressed by the addition of 300 to 400 ppm FEHY2588 o5

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

i nhi bitor addition point can be any placeZ2hat is convenient for the
operation of the first distillation colum by neans of a | owflow addition
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reaction. For %_gﬁgﬁrr%'?'e?:%ﬁ %ggﬁlgi%qﬁ? ra Bltens dwdrqlysis inover 600500 5
times gréuater tamepbreatehalpits tanlat gy 7P!At—p]|-i"!1:[t§§fa?% ﬁeé\?%roﬁ{;@}eé H ;TES

. pH 7.

greater than at 5{3‘(57 At pH 8, the rate is only h
Since it is EEERYAANRN BLPRIhi Mt pE Bptbeybtet ismely OFdrRedUmtiA gIEACISRRCW th

nucl eophi | es, j Q}@élﬁlré L] VIt an be reduced by maintaining

epoxybut ene- | éﬁgn S0 El) |on'@ﬁ-§7tq‘lIi eﬁé’&fcbuée'?ﬁq‘%ﬁe%d%tg.reaw@ with be done by
10 adding a baselenphilesnehdxybiuiéns RSO LoLngxanpl e, the
procedures described in U. ijy Pat ent b, 7%F%EE§%%§CFB%P%H%'E’RBMeri al

that is capablFROSYPHEhErafen iselitiongatior near dpHels e QUTAR édh bE/IINEHF Nt
process0Exanpg | al kal i) -nmetal hydroxides,

bi car bonat es, Egmonagtﬁgﬁcogﬁrﬁa‘&%@p TEcovety Syptem.a” Papkiariexaanple) theet al 15
hydr oxi des an@recachoesidescribadimias. PSRRI e P Gar bonat e

car bonat e, anﬂfeﬁhos%gg@e; am nes such asp?'%%qg'%ghaeg?bég&ma E‘r"feﬂl Kyl

ami nes cont ai MMdS & 4 nautbiaing ergeniccarideomal dehosed istRipreseher ti ary
one: basre PSS RMASNATIL KR A aoth, ace "
bicarbonates, carbonates, and phosphates; Group lla (alkali earth) metal
15 hydroxides and carbonates; ammonia; ammonium hydroxide, bicarbonate,
carbonate, and phosphate; amines such as tertiary amines, e.g.,r trialky!
amines containing up to 18 carbon atoms; amino alcohols, such as tertiary
aminoalkanals, e.g., N,N-dialkylaminoalkanols containing up to 20 carbon
| atoms; basic ion-exchange resins, and similar materials. The base
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.

20

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



.. 20 compound shoul d be stable, or substantially stable, under the

distillation conditions enployed in the process. The use of phospﬂa&féAR 2004

buffers, wanesmos®3 amoni um buffers, and/or al kyl am nes ar %g%@ Breferred
met hods. The base conponent or conponents nay be added to fUShA21588
absorption/distillation systemas an aqueous m xture on an as needed basis
to maintain the pHwith the proper range:2¥he base solution may be added
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the first di g b | unm | vent recovery columm), the water-wash
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absor ber52 anfedwiadineB 361 i v [ne 3.tq the upper
W ppeesdmcrfe g hBES b i5

section of thq_ absor ber, preferably near
downwar d count BEARsshent whdownhwardcoasternisrent to ialasing garkbliyent and

comr i oi g bucbbfEaHoh B AT S PaaRbLibRe froitie Gassoussiaert: her
conpounds exi gasédugs aﬁmﬂntéeﬁfphgmg%utéﬁgngf O%égl?%q{gﬁr be%fl% I%'aﬂ{o:r)ﬁgh li ne

5. The gaseous effluent may be reCycled via
but adi ene epoRMPMHRT PHRS compaungdsexits theuppef sédtionadiitby @M thd aBs OB

treatedgfor ' rbon di oxi.de renmoval zone. Alternatively, the

gaseous effl ugﬁl?% Il)déé ?‘r a gp%g‘FQHS\ﬁ ant MRy Be geeycled Wadines|HWeand @ct i on

or bottom of M‘Bbmﬁbn@m@didﬂbrﬁﬁﬂmé&dﬂ?@whno’fpﬁ gﬁlﬁgﬂfﬁ%se Ligent 15
I'on 0

I n contacted vm't{]ﬁ W?ter which is fed to the upper sec FeBol um
10 through cbEad anexameleds acaitiph divkde rembealrdmmenl Alteonatasigrihbal |y al |

veter cont ai S yme ERE MR iR VB dhes b b the lvwsnassbonover
section or bottom of water wash vessel or 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 tfransported 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



or bottom of water wash vessel 10 through line 12. The water/absorbzgt 20
liquid my be discarded fromthe recovery systemthrough lines 12 a M@ZW
or transpwg eshiggzeans (not shown), e.g., a distillation columm, for
recovery of the absorbent. Preferably, the water/absor bentPGdFH2G1538
transferred via lines 12 and 14 to the upper section or top of absorber 2.
A gaseous -effluent is renoved from wat er24vash colum 10 via line 15 and
recycled by 25 neans of |ine 7 to the epoxybutene production system To
noderate the }Sg ﬁrﬁture W thin absorber 2, liquid may be renoved via line
15, passed ¢ At ﬂg off £urpn 2 wiarrein epawybuitsne, wiater, dnpiadEmer anddthieh goli qui d

Is |owered, &b rnihroqugh i, 17. Epoxybutene-rich
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absor bed epox%p&% as the ecgﬁé{butene/ wat er azeotrope w thout providing
external reflUx. engNeh Ak tr'$a¢@d§6rfm§h$e¢tmrf etcalon @0 ahd-zsect i on
of colum 20 vsbreus\ApauEtR BARYES trohPulccOBRh fr RA LIS Corum, by |ine 21

and partially condensed in heat exchanger ™ a@'@”ﬁbonents
conpri si ng 10°@4efsed ini beatgxchanger2h Moadoienstl *&%ﬂ?p@rm{té’go@ﬁﬁfnga
er Tare

processqgli | ue, d _.saturated with putadi ene, epoxybut'ene an
removed t hroug qa'?'lmr'ié"t§¢ %rﬁ?rﬁﬁ?dl?é“cgﬁ gthane @andharrother pescessidideaband t o

recover the hbsgtashtedavitia BitRIRNY from the non-condensed
stream Condensed |i quli dlssdg:orrpri’%@%é@&%ﬁ%&pﬂéﬁéﬁﬁe\R%'F‘Qlyeaglémé@ ViRgd 15

T oy oo Pt oo s 1
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Condensed liquids comprising epoxybutene and water are conveyed

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,
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.

20

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



The upper, organic phase typically conprises 90 to 98 wei ght percent
epoxybutene, 2 to 3 weight percent water and butadi ene. The Iomer,ozzgmgm%

aqueous pWasB/Mg4Bcal |y conprises 95 to 97 wei ght percent
wei ght percent epoxybutene. Reflux is provided to col um 2%@%"%5‘%5.

The reflux may be a fraction of the upper phase, a fraction of the | ower
phase or a mixed fraction of the upper aRé- ower phases. A liquid
conprising water-mscible absorbent or solvent, water, and 25
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line 30, 5 h ﬁ-;gg}’@@ . : i ne 32 to provide the heat ol'l up)
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t he requi r ed colusan 20ty stearprstrip dpdxjbutbhé flofs RPfe %%rf% ﬁ‘rgtthot water fed to
rom

t he base of lum 20 to steam strip epoxybutene PBFS/CI abl e
bot t ons ab58§§ %PHE)P regiayed dhkougblige 26.ne 26. 10 The

epoxybdi®ene-ri ch, L d ntained in decanter 40 is conveyed
vialine 41 to a QE%@&#’E%%@F@%@@W PE%??BOF%H@ ipdecanteaDon

col um) at alSpnveyadaiia fihe 4tiop beesd aibtifetion%edlumn (ebBlOnilinee or oduct

t heoreti cal L L brium stages fromthe top. A vapor

is renoved ﬁg%#‘ﬁ@ ?@B"Wg%&é‘lﬂﬂmt nearithe topybf colummad1 aag. fwithihahpay tial 15
¢ R

condenser 44thd@eé@gpeaup;5_rﬁhhpgt %Stfﬂ{?%ﬂ{eesﬁpy%g I s condensed. The

condensed |iquids conprising epaxyb BPIteCeblive aducnie
removed from the top of column 42 through line 43 and fed to partial
15 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 hon'nally are treated to recover the butadiene
and epoxybutene present therei.n. 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



partial condenser 44 by line 45 to decanter 40. The uncondensed

conponents, e.g., oxygen, nitrogen, carbon dioxide, nethane and/orﬁégﬁﬁmmf
process d\ba%gho4§§turated wi t h but adi ene, epoxybutene and water ar

renoved throughzilne 46 and normally are treated to recoverP¢HUSHRIZH ene
and epoxybut ene present therein. The uncondensed streamof |line 46 may be
treated with and in the sane manner as unc2®densed stream 23 is treated
for recovery of butadi ene and epoxybut ene. Condenser 22 and condenser 44
serve essentially the sane function and, to conserve capital 25 expense,
may be physi calﬂr§dyﬁfe°%‘§ﬁk§'sﬂ$%§1aﬂf0 éqnlm@ntqmrcemn arferabiielessthbad00
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means of |ine é% ated in heat, exchanger 49 and fed via line
lower section 5%ndaiineiy, asn saddrrodusiumil containinadrifioe ta Bpokisateneequi r ed

for the operath If ten roduct streamis

wi t hdr avvnpf rom ?c])’leur?r;nm“%caﬁgaﬁ@n s}ﬁh%% e}ﬁ:?&ééﬁ Piiaﬁelermnd &S in

addition to epéx%ﬂ!cdw—produgﬂsefnnhed linh ndumﬁﬁﬂﬂr%dﬁéé@ uﬂé EWHEW
mm

ol i goner $g and fﬁ\%ﬁ" 1, 2-diol by-products fornmed in colu
|ntroduced |nto co 42 via 10 feed line 41 Alternatlvely and

preferably, Iiquid, Ad[@lﬁyﬁr\,@qspgndgﬂﬁgyy qiaﬁ ﬂz%t%ga%b BmPt hdra as a

vapor or liquid via line 51°fro
preferably at [E¥ske yibdrawnesta worslrdlgﬂldaha\}’aeﬁl’la‘rorfﬁﬁd sife bﬁ@&bh‘ﬁf feed
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feed of reboiler 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 53. When stream 51 is withdrawn as a liquid, condenser 52 can be
used fo 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 (watér 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 resuiting liquid is conveyed by means of line 64 to decanter



~line 53. Wien stream 51 is withdrawn as a liquid, condenser 52 can be used
to cool the product. Epoxybutene product is wthdrawn as sidedraw ?@f@%ﬂm

51, streawdlsgeeilved fromthe base of colum 42 conprises bu
cont ai ni ng hi gher boiling components such as epoxybut ene 2(5"%?'?%%%?@ and

3-butene-1, 2-diol by-products. In accordance with the process of the
present invention, it is possible to obt% n epoxybut ene of greater than 99
wei ght percent purity, preferably greater than 99.5 wei ght percent purity,
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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
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about 12 mole percent oxygen, 12 mole percent 1,3-butadiene, 63 mole
percent methane, 2-4 ppmy 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 ab_sorbent 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 defection limits. Approximately 60% of
the butadiene in the epoxidation effluent gas contained in conduit 1 was
absorbed alonlg 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
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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 line
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.
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via conduit 3. Compositian pbie repstar predueigasivas aasutitd mole pertemt oxigan, 29C
by heat 12 mole percent 1,3-butadiene, 63 mole percent methane, 2-4 parts per
million by volume (ppmv)} ethylchioride, 20 ppmv trimethylamine, 4 mole
15 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. The 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
30 810 9.
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20 EXAMPLE 3

This example compares the absorption affinity of various water-
miscible solvents for epoxybuteﬁe 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 |, one part by weight water-miscible solvent was added to two parts of

30 the standard water-epoxybutene solution. Each water-solvent-epoxybutene
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thus is a bet \Y +f Qf but.ene .than water. Results are iven in
Tabl & 1i5 20 Zéeréla?% §i8tribuion ORIt greater fhan unu?y indicates that the J

solubility of epoxybutene in the aqueous layer has increased in the

presence of the solvent. A solvent with a relative distribution coefiicient
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 |.

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 2.44
Dimethylacetamide 2.68
30 Acetonitrile 1.89
Dimethyisulfoxide 1.40
2-Methoxypropyl Acetate 1.05

2-(2-Butoxyethoxy)ethanol 4.30



30 TABLE | Water-M scible. AbsorbentRel ative Distribution

| - Met hyl - 2- Pyrrol i di none2. 78 Ethyl ene G ycol 1. 14 Propyl ene d ycoljl RRR 2004
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2- (2- But oxyet hoxy) et hanol 4. 30 WO 03/ 00851%?__-33 5 10 TABLE | (cont)
Wat er - M sci bl e Absorbent Rel ative Di stri bUtion

2- (2- Met hoxyet hoxy) et hanoi 1. 83 2- But oxyet hanol 1. 29 2- Propoxyet hanol 1. 49
Propyl ene d ycol Mononet hyl Et her2. g-%&%g%% Triglynel. 54 No sol vent
(100% Water)1.00 2 9 MAR 2004 PCT/ IVPLE'_4 The rate of
epoxybutene hydrol ysis was determned at several Rbfatiliefferent pH levels
according to the foll oWViaderMiscisle iisofbetiti r r ed, Distribution

5 2-(2-Methoxyethoxy)ethanol 1.83
2-Butoxyethanol 1.29
2-Propoxyethanol 1.49
Propylene Glycol Monomethy! 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, ?
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 epoxybutené hydrolysis as a function of pH is
presented in Table il. 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 1o 8.
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PCT/ US02/ 21588 TABLE Il Sol uti on-pHRel ative Rate of oxybut ene Hydrol ysis
3555.5 55.6 71.0 80.7 93.2 1117.6 EXAMPLES 5 - 9 ANB ARATI VE EXAMPLES 1
- 2 Mxtures conprising water, e&poxybutene, and waper-m scible

g 3.2

11 17.6

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
Oldershgaw column, equipped with a liquid-dividing distillation head, feed
tray, reflux magnet, reflux timer, cooling water condenser, jacketed rebailer,
pressure gage, and nitrogen purge line. The column was configured with a
20 15-plate siripping section, a 10-plate rectifying section, and a 500m!|
jacketed flask heated by a thermostatted circutating 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 tob 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 ﬂowéd by gravity to a jacketed
cooled receiver, which also .functioned as a phase decanter.
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reboil er and 'gll_liﬁl lgl e?%ign Bebi]qﬂo The duration of each continuous run was
fromeight to 1 o5 ged =g MSRIPAYCISArE given ik Tables 3 and 8: Alas
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Tésuils are presented in Tables 3 and 5 wherein “EpB’ is 3,4-epoxy-1-
16 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 1o 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 Botioms
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
Mass of Epoxybutene Lost
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conductivity detector. Mass bal ances were done to determ ne percent
distillate, distillate and bottons conpositions, percent epoxybutene? chﬁ,zﬂm
t he recowesy3afssasnr eact ed epoxybut ene, and rate of oli gonq;cflgg(gpzzg&n.
These results are presented in Tables 3 and 5 wherein "EpB" is 3, 4-epoxy-1
15 butene, "1,2-diol" is 3-butene-1,2-diol, "NW" is

1-met hyl -2-pyrrolidinone, and "oligonmer'36s the successive reaction
products of one or nore nolecules of EpB with itself or 1,2-diol. The

fol |l ow ng terEE Eéﬁg iﬂ Tgbl es 3 to 5 are defined herein as foll ows.
Percent Disti late Collected X 100 20 Mass of
Material Fed to Co §%]ﬁ_ Ny
Distillate + Mass p%ﬁﬁﬁ?@%ﬁ?@?@%ﬁ%ﬁﬁﬁs@ Kﬁ%@éﬁfﬁgt}xybut ene
Fed to Col unmdiRtibaticar wheh thierpdhuirt theé dahBnr iS0uldides o8 savpl sitthisl at e Mass

Epoxybutene in Distillate + Mass Epoxybutene in Bottons O igonmer Mike-rate
= Mass O i gonBNEMHORy s‘giﬁ’ﬂplﬁ absprhepsifiughihaving o5P FbsYHRNSIAG Lost WO

03/ 008403 3043 43 hRer Okl PR WSP A 1OR) CARARITI o EXABL R, ThT

exanple illustrates opéeration of tHhe solve istillation
when the pH idistiteticroapparates. dutota! dé 1021 .2rpobalogarbef effluent wiagved: i on. A

8, el b e i o L
apparatus. A 3Qd qlpedeclatthe?nSidth lﬂ?@é&ﬁgﬁ{ﬁﬁé“éo réﬂ%rﬁﬁéj% ‘orfggr&g t he

distillation, the tenperature at the top e colum was and
106. 0C at t hechrdenseddistibatedplensent distittate\e28%) waspl@$h water, 4% he

condensed distill gt erce bStid late = 2. 500 was 16%water, 84% 10
epoxybu(t? ne a%lo’g%’.‘gﬁ'('g/oa{‘,dz%pg_l/‘.’s L'fiﬁ%‘otlﬁ-?ﬁ cﬁﬁj{%e SEpa ?%\é\%?ﬁ‘f’ﬁ #5SShases
upon st andi ngupdhatdlinG T He Bittshn® TQHY prodact HadP4IpP ofs 8R4 cofifidetrd
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

|



. 59.2% water, 39.9% 1, 2-diol, 0.14% epoxybutene and 0.14% ol igoner. The
percent age of unreacted epoxybutene recovered was 93.2% and the ol i ddhMAR 2004
formati onW@bxoosass 1. 4% The percentage epoxybutene | oss V\%Tn}é)zg?%
COVPARATI VE EXAMPLE 2 This exanple illustrates operation of the Sol'vent
recovery (first) distillation when the pHin the colum is outside of the
scope of this 20 invention. A liquid abséfber effluent conprising 35.5%
water, 55.8% 1, 2-diol, 8.25% epoxybutene, and 0.022% ol i gomrer was m xed

with potassi e/-pghosphoric acid buffer solution and fed to the

distillation %ﬁ%%géﬁ‘rh@‘%@@?“%% %é@&e?ﬁfﬁeg GPexylutepe recoverad veds 3910. 6

- g of absorber H0%usnd thesligaifler fAnnation 48 whsSa bj atr| nperature at
25 the top of the col umm vvaés 62. 9C and 10%‘%?%9 /%'hghgg%etr%%]ﬁtgbgt he col um.

The overal | cdPRRBYOULeDE rssiwias BS8%ensed 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 bottons |iquid product
conprisimy 37.EXAMRIE 5 62. 5% 12-di ol , no detectabl e epoxybutene and 30

0. 05% ol i gomrer, ha neasured pH of 11 due to deconposition of the WO
03/008403 37 2 9 MAR'SER@Mpeiustmtesopastiondf the sylsertmecienn@irgpnt age of

ted i : 0% .and_.t T gor f t t
has 319 e paieten WRERYL BEL e rdlMILE Mk Mingu s TESva peapecofthiss -

exanpl e il | ustinvertioroby raeidition offa bbffersHIMRAL A 85GY ' istillation
when the pHin_ the.co s maintained within ?he%s%gﬁ)éé%%ﬁps I nvention

| ,
gz god/di/\; an o%’&%‘%’ﬁﬁﬂsﬁgﬁ’w@ﬁﬁ%% ba+c£iola8£% mgpbgﬂgﬁgndlamm%si ng

. 8% r, i oadi : utene. .a . 0 ol i gonmer was
m xed with pot alsgsi_ umvggr 6@%’(}%? @'@tﬁo@%ﬁ%‘%&a&?r@tﬁpﬁp@go@%F'qu Byffeind fed to
the distil|at isolutigmandte to Texiptiltiontdppatatesl Thetgh of thfedh mibrd 2 ©f
3340.1 g of a%é)sr Q_e rAE;tfa gfe é’§4ow?‘°g c;fea%sorberrle%uén?%vas fed. During the

distillation, the temperature 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




distillation, the tenperature at the top of the colum was 93. 1C arid IM
09.7C at the bottom of the colum. The overall conposition of the 1% AR ZH_[M
condensed it e (%distillate = 17.2% was 51. 4% wat er 5% _
epoxybut eng’loz';njéd(}%@%B% 1,2-diol. The distillate separated i n?’gé}-?'\)/%”ﬁh‘ﬁes
upon standing. The bottonms |iquid product, conprising 29.5%water, 69.9%

1, 2-di ol , no detectabl e epoxybutene and ©389% ol i gomer had a measured pH
of 8. The percentage of unreacted epoxybutene recovered was 100% 20 and the
ol i goner formation rat s 3.3% The iggl[centa e. epoxyhut g/ne | 0ss wa

2.9% EXAVPLE @MihPY '%Set P condengeddistilale Shdistiiate F the ‘s)dnf%ﬁti~7’r9éc§very
o LE S . . . ne 75 rscover
(first) 25 Iswatbhases.%\@E@%&%@%@g%ﬂ@ﬁ?h@p e, P16 ﬁ*ﬁg c}’?%lg@a:t@d the

scope of this invention e I nhere e absdrbent .
absor ber ef f | isaparatednipto bvo ghased aponatanding OTHS ¢oipBsitidnO6ithe mtidpng ene,

1109, g of  adeIS Rt comariene.2 Stk waier, BRGBRRRER D Bt Rick ne.

of The. col um. The: Soora{ible ghl B SHERA otee 0 e eitient B sas

conposi ti on ofextianasctisdeasie thatesal wasaddéddaladjust thatpH red@tingdn tasligidd 7%
wat er, 55.3% but ene, .<0.01% N d Q.06% 1,2-di.ol. The distillate
separated int gpqqf%n%%%@éd W%?%Pﬁ&’oﬂﬁeqéﬁmg‘?qtﬁgﬁ Flnf‘ﬁf%Ctht t oms
liquid producte Utsie B2 covaRdd %@8.4%6ar§ﬁﬁfewce&a§é‘@rgox%bméﬂe logs 0- 14%
epoxybut ene and no detectable oligoner. In this experinent, "no extraneous
basi ¢ mat eri alWa@8-2de dNe oliganes formaiiopiwasdelectady in the |iquid bottons
pr oduct ving a pH of about 6. The percentage of unreacted epoxybutene
recovered was 98.4% and t he percentage epoxybutene |oss was 0.27% No

ol i goner forneEXaMMEs 7det ected. 10 EXAMPLE 7 This exanple illustrates

operation of the solvent recovery (first)
his example illustrates 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-tree

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.
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~distillation when the pHin the colum is maintained within the scope of
this invention by the inherent pH of the absorbent. The epoxybutenesf We

15 wat er / WPy Jdoguizd bottoms product resulting fromthe distillation LR B
out in Exanple 6 was saturated with fresh epoxybut ene and PAJaUS0241388i | | ed.
The conposition of the feed was 9.99% water, 80.69% NWP, 9.3% epoxybutene,
and 0.05% 1, 2-diol and the material fed- @8- 3206.2 g. During the
distillation, the tenperature at the top of the colum was 91. 8C and 20
164.0C at the of the columm. The overall conposition of the
condensed di s+ odistillate = 15.4% was 45. 2% water, 54.6%

8
T phases. pon st AN we i MEShdel e iionCHing SBlyenh fecavequ I opr oduct
conpri sing 2. Gisﬁiﬂaﬁdrewheﬂ'rthé?ﬂ-l\hﬂhe(bolﬁﬁlﬁJ@n‘@ifﬁéine@-ﬁ@r%emgéﬁﬁfgé%??rt\i S alnd
materl a

no detect abl e, ol igorTBr. In this experinment, no extraneous basi
was added to RYFOUeN Oy dheinherept pHRf the abserbenty uAdiquist abserber effiugnt havi ng

H of mbout ; byt d
S0 B0 arg ¢ neoSmpASROREQTINARG, Bl 489 RATP K ST SN e ANEBTh  or mat i on
was det ect ed. 1.2edislwas/e0 34 e drdiilatich MhpardRR4 A RSl M@é?g?& %%%YBEF 8
irs

This exanpl e i/l us{ rates operation of the solvent recovery
di stillation SMHR" W@SS i PUrng the distillation, thedempeeatuse ahthe topeofthepe of

this inventigs 0 o rbent.. A |iquid_absorber
ef fluent 5 corrplr'lm ‘%’ggzgg ﬁ%bgﬁﬁzgl%&%%@%& %é}t]"&ﬁﬂ t et Ower@llo. 1%
1, 2-di ol was ¢@upositiohef dhs cbhtansethdistilae WaGistilfaté & ¢ 89%) Wa994%99 of

absorb ef f nt fed. During the distillation, the t'enperature at the
top of E“[qw c‘&#ﬁ?ﬁn?%% 290xykuleng, 18004% NMR aed 560 h2-dible Thel urn. The

SiHik 1o varSrevlenchivae ORI o ik Pl otbl on e e
distillate sefpifenedquistpraduet phmpesingSte%twatet, 8677 RMRPesys i on of the
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 sysjem consisting of a silvered, vacuum-
jacketed, glass Oldershaw column, equipped with a liquid-dividing

distiliation 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 S-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



bottons |iquid product conprising 3.12% water, 96.7% NWP, 0.16% 1, 2-diol,
and no detectabl e epoxybutene or oligoner. In this experinent, no
extraneousyBasifsdgpt €ri al was added to adjust the pHresulting in ch:QMAR 2004
liquid 15 bottons product having a pH of about 6. The per ceRtHY&0%4H1588
unreacted epoxybutene recovered was 99. 9% and t he percentage epoxybut ene

|l oss was 0.51 % No oligoner fornmation wW®-detected. EXAMPLES 9 - 11 20
Epoxybut ene-rich distillate phases produced in the nmanner described in
Exanples 5-8 were distilled to denonstrate recovery of epoxybutene in a
distillation &sacemddqusionguump. &inee tid feedadixtwracomprigeaclitte avhteg| thes

d der shaw col ipped with a liguid-dividin distillation_head, feed
tray, reflux wg?lfet?',%%?gglnﬂﬁrﬁﬁﬁs, nOLBPRRAYeHanEF ‘%QB Wrméf#s’eﬁoﬁuﬁl% ket ed
reboil er, preggded. gage, and nitrogen purge line. The colum was

configured with a 15-plate stripping section, a 10-plate rectifying
section, and a 500 Tie ljoguik bodars produbisias dobleddn memathswatereshilled, r cul at i ng

ot o "SR5t ROAGH R CED B B i B et ey o
col umm bot t omgl.sig.&fgé\d@illé@;%r@ci fowed *bg dravity & a jdtketet Hgglrcrep\q %g)é\f%er,

03/ 008403 -40 2004 | US02121588 "a second” pi st on I'nce’ t he
feed nixture ¥igh alsedunctianed asagphaserdecamterofFartedl éxardplesxa rafixwagionot

measur ed, nor [ ,sqlution dded. The .li quid bottaq r gduct

was cool ed i noﬁﬁ'?rr%? ¥ ,e%{:’g?qtﬁjihf#@g?ou@eﬁ“éﬁrﬁIpég‘ﬂdg‘gééﬂ‘%é%qo'@cgaager

pl aced in |i ndistitlatidre hetg! iBxthStsHtinRiout hen 14846® frof8ight & 1 b s iy oduct

fl owed ié gra\pﬁlu%t to a jacketed cool ed receiver, whic¢h also functioned as a
a .

phase défante 0. dn allkgeampples thedistillale separsteddnta tvio whesespipoyed.
Th | i . ' i stillati d, Each
contf muous. s gy THIsHAO-Bhadd ik ek ecBfen S blaref e RArdigh as ¢

exanpl es the uiaten-fitlnand epoxybtiete piiasesywo phases upon standing. This

t wo- phase m xture ‘ﬁﬁ]s decant ed and stored separately as
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 cligomer formation rate.

EXAMPLE 9

This example illustrates operation of the EpB purification (second)

20 distillation column. The epokybutene-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 distiliate
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.



_water-rich and epoxybut ene phases. Al sanples were anal yzed by gas
chromat ography using a thermal. conductivity detector. Mass bal ancesz\geMA?{ 204

done to detesmesmzper cent 15 distillate, distillate and boh, 32@
conposi tions, percent epoxybutene |oss, the recovery of urlfeati%ee!sss
epoxybutene, and oligonmer formation rate. EXAMPLE 9 This exanple
illustrates operation of the EpB purificaftilon (second) 20 distillation
colum. The epoxybutene-rich feed naterial conprised 97.9% epoxybutene.

2. 1% wat er, am table 1,2-diol or oligomer. Atotal of 2600.4 g of
materi al was ; the distillation, the tenperature within the

. colum was 63.6C atThﬁi]éxém e mﬁsﬁ&e@,t%é}st}g@bforreggg,éﬁisgﬁ?%gt(sthe feed

tray. The preésure Wi t hin he col um
conposition o 'sihﬂétl%ﬁ@bIMdThesapdibumr(e%m foled| rhatesiat c8ipHa¥Y g@goﬂ 9%

" Soparated i nt PORPHRGRER ofpivetes 3E0FA,T 2 diu soapesiatenabis ofgemin: vors
l'i qui d pf oductotsast W‘ﬂﬁﬁm&@ﬁl%f& %ur/\{%ﬁ’;bg;{,qﬁtﬂ%f%ﬁo/g%q Eed,gl ol , and

no detectabl e OEI gomner he epoxybut ene [0S PrEFat %0
formati on wasW %@wlumw@sﬁamatm tﬁp%%ﬂ)&@% bBEIMUShe 84.888

EXAMPLE 10 T 0 on. of the B purlflcatlon
(second) di Qétltsﬁ at i on&yo %ﬁ{%%gfeewﬁﬁgﬁj}pé}?@mm M foBt dihespveralipri sed
A5 total of 260 g of et e R i e A b R P 5 1 he

t enperat ure ‘O(Ffeﬁrg Yo epexyhvtenss asd. mmwctab&aﬂﬁpdloﬁa'lﬁcdléhlléﬁée bott om
and 65. at re.within the colum was 738 tort.
The ove‘?{a:l I s&é osélataﬁ]oénwpt ggﬁg'rﬁﬁinéaﬂd'agst ine caraposition of the hotiomsa2. 79
was 5.0% watliquid %odlm%veamssmme@@oxymeﬁe é@b%@%%ﬁo%q}a%z,di dioll Ma

distillate 10 ) %f ed Into twg _phases upon s osr’
t he bottomns a FlaPlsRlisomers B spoxdndeyslosevess 0.(191%Matcﬂrgonﬁ>e:08%

1, 2-diol, and’ormatlon rate was detected.

16 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%.



no detectable oligomer. The epoxybutene | oss was 0.04% No ol i goner 7 9 MAR 2004
formation rate was detected. 15 EXAMPLE 11 This exanple illustrates
operation wio ¢3nesfeB purification (second) distillation coly %gnl ;/9%88
epoxybut ene-rich feed material conprised 97.8% epoxybutene. Ig‘p ter,
0.08% 1, 2-diol, and no detectable oligoner. A total of 4759.3 g of
material was fed. During the distillation#2t-he tenperature 20 within the
colum was 64.8C at the top, 69.0C at the bottom and 66.2C at the feed

tray. The pr esl%ggggﬂ“éq?n the colum was 738 tort. The overall conposition
of the conden te (%distillate = 70.61 % was 2. 8% water 97. 0%
epoxybut ene, and <O0THE%xh Ié'lIMs{raTéé?o éﬁafnbh'o?ftr?e% h%{; WO phases
upon standing. The conpospﬁ on of the gottom; ?2’% prgclj s 99. 4%

epoxybut ene, (igtilbatina calump. Fowatersrich dlstlllatecph‘sGeQJIoGﬂced agamcnb@hen

but I te was 4.2% 2 9 MAR
2004 o 03/ odmiBe A3 a5t I deRaneleleibe Hraley afgrorbitang ar s
operati orf of tfremvatititerRjIRYAS s@thldrﬁ) Th@'cﬁéﬁliahélb Lsggugﬁilfaﬁgqst%{ geser rich

distillate phase produced as described in 'ledto
denonstrate tHd Vﬁ%mcyub’f-la@b@teﬁmlaea@ldeﬂsham @lldnhuequmpeamm adlqlmlid-on

The d |1 f Kk gl
O 'der shaw col (HREHBTABROAEIe0 Gy fenskinagies. BN IHEE Goinadter eed
tray, reflux nogwignser, Gjéd:keteﬁ Iré@cﬁllercpﬁéslsﬂﬁb g\@é@randcrﬂﬂgﬁﬂﬁ‘?f n%é fﬁﬁﬁetﬁﬂa

reboi l er, pI‘ESSLfI‘e gage, and nitrog ené ?e [T ne. colu
confi gured wi t40lgm geRfigired withhg 1 e)ﬁrlpalng(se;@tlaneaﬂ@»plad:el fyi ng

t d t f tatted | at
o1 bat b0 Therslyily %é’&*&’@r &g, 3ol Rl EtetiasRinred By dtreinestaded| on ™
head. The contcltrwtaimgimleaﬂhl E[hEﬂﬁothpléﬁweré%r@\%e@‘zé?fhel?eﬂ?ﬂé? and Al

sanpl es were | as chromat ogr aph ing a thermal conductivity
det ect or . ma{ﬁgu &h %Gﬁ@t"il@usc@’é@i/a’ﬁoﬁéﬂ@ﬁeﬁ%@ﬁﬂ qlﬁ afiestlid heawrs,

distillate an%tb@éﬁ-@& WOrPARAI LN By JAR" Ot AN LERG 4 B55mdine
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
K2CO3-H3PO,4 buffer solution. A total of 2579.1 g of material was fed.
During the distillation, the tempé;ature 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. '



reéovery of unreacted epoxybutene, and oligoner make-rate. A feed materi al
conprising 96.92% water, 3.0% epoxybutene, 0.09% 1,2-diol and no zfq W‘R 2004
ed to

det ect ablwoasiogower was supplied froma 5-liter jacketed %ﬁﬁ%u
the m ddl e section of the columm via a piston punp. The 20¥’pH 0 Z?E‘%sf eed

m xture was adjusted to a value of 8 by the addition of a K2CO3- H3PO4
buffer solution. A total of 2579.1 g of Material was fed. During the
distillation, the tenperature within the colum was 96. 7C at the top,

102.1C at the bott . the feed tray. Th rewithin th
col umn was 740 tor | CAE] carrPaBiishif e EopseRn dnfide R disiuates <

~ experinent. /AD.8Vexwas230%rveaert 76004 i hagkehe ed
recei ver, V\hil%}fqaxhgo functioned, as a 9?}%&%@%’,&%&3.98%@%?@1 ﬁ'@@@d

separated into SHEEEL COMBRISNg-999%e Water, 8. 1%, i camd noudeteveble

decant ed and epc¥ybe : A oxubut ene-rich hases.
WD 03/ 008403 9f‘43 2 sta.é'ﬁ/ﬁ%f %ﬁe@?\g@éﬁ@/"rﬁ?g@ﬁﬁ%gg%%he ealpoR via 8n of
the condensedesond pisknepuripdTheibotahes fyuid uctascooled Wh&malf 6 0%
epoxybut ene, v@%g 0 qpoc/f 1,2-diol. Aliquid ottons stream conpri é& ng 99. 9%
water, 0.1% I, Stalnlgsg sterlhast exchangerplacetdndineon Goarsuchiss

renmoved fromgidieob ant i econ i ston punp. The bottons
li quid product vvasﬂi%g?@g ihﬁ-lissnal | & I%Fdetr?g a1k F&ﬂgﬁk‘f"aﬁrﬂ%@é@ S%tEee heat
exchanger pl d8€@very afithe upreatted spaidybuteneiwigs 960 bhanAHRoligdiRepH of the
l'iquid bottoq@"ﬁ%%%?waga%tabtog‘t ﬁéﬁ%he recovery of the unreacted
epoxybut ene was BT RO SOt i praehiaas epexvhutentelosstveas 216,

per centl@ge epoxybutene | oss was 2.9% 10 The invention has been descri bed

in detail with particular reference to preferred enbodi ments thereof, but
it will be understidtinveation hashisermdesaibedrindetdingith pasticMr RFcRi{ect ed

Wi thin the sghnidfepRd) %B%irﬁénttsqge}e%\f, n&tiito\?li'll b1e5understood that variations
and maodifications can be effected within the spirit and scope of the
invention.
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2 9 MAR 7U04 -44 W claim 1. Process for the recover,, of epoxybutene from
a substantially 5 gaseous effluent froman epoxidation zone wher ei 2 9 MAR 7104
but adi ene is contacted w th an oxygen-containing gas in the presence of a
catalyst and an inert diluent, to producg4gn epoxidation effluent

conpri sing epoxybutene, butadi ene, oxygen, an Inert diluent and water

whi ch conprises feeding the effluent to an absorption vessel wherein the
effluent is Intimately contacted 10 w t hcpAWASer - m sci bl e, |iquid absorbent
to obtain: (1) a gaseous effluent conpriSing butadi ene, oxygen and an inert
diluent fromtigeeriex section of the absorption vessel; and (2) a liquid
ef fl uent conprising epoxybutene, the absorbent and water from, the | ower

section of the qbsorgjr?gé*ss\qugﬁl techbemhsirapionyblienatitm BesHbstantigdiixy but ene
is at a nole ratio o

rom3:1 to 1:5  ,and wherein t.h
sel ected frsom dlgdsepualeﬁhleat fromeaiy epg¥ifaKCN @%P@erﬂp%ﬁagﬁ%wﬁéded
al kanoate esters al kox H@@-ﬁ 8 R yaindi drv jneets,
N, N- di ai kyl f or méf¥i ?B@yg%'ﬁgﬁgﬁi%ngg‘i am egbhﬁ gﬁ y’cataj[’)yrr | i di nones,
di al kyl sul f oxi dfifgientéRicdudeean pyotidation effiuent ¢omPpiisiag GPORYBMINSO or nore
t hereof and the extractent compoynd
epoxybut ene | s HutadieoryOXVASM: éﬁin éﬁ@%ﬁ%@ ‘giér%@ﬂ% %E ?ﬁgﬁgzthe .
Process accordin @fghg%ﬂgge”éﬂs r?iré‘sstemﬁ!h%béﬂltm emuenemietlmﬂwyopetm% at
an

a tenperature of Fressure of 7 5 bars 25 absolute
(250 to 759p kPa)w|thIaa~awbmnsnibliea iqyid @RS @Pp Is fed to the | ower

section of the ab t | on sel i § 48d Bhénetpriluent
section of the a@ twhﬁ?sﬁ*ﬁéﬁlﬁtga%ﬁ uent (2) conprises 5 to 20
wei ght percent epoWEﬁ@@ éose%uoﬁmﬁ%abmbonmegsaloam aim 2 wherein the
absorbent is 3-butene-| d| ol or met h ﬁ?éﬂd}f?@@ "%'1‘8 &904
-45 4. Process a{@d)@ hqung eﬁtueu gcmpnsm(g_pgf @%éo : 441 S
a wvater wash colunp 4o, or QRS ot thé BHbGroabh 'vE§§é| compr i si ng vater and
16 wherein the absorbent to epoxybutene is at a mole ratio of from 3:1 to 1:5
" and wherein the absorbent Is selected from diols, aliphatic and cyclic
ethers, alkoxyalkanols, alkanoate esters of alkoxyalkanols, dialkoxyalkanes,
alkylnitriles, N N-dlaikylfonnamides N,N-dialkylacetamides, N-alkyl-
pyrrohdmnnes. dialky! sulfoxides, merpholine, pyndme, or & mixture of any 2
20 : or more thereof and the extractent compound(s) contain 3 to 8 carbon
atoms; epoxybutene Is 3 4-epc;xy-1 -butene; and butadiene is 1,3-butadiene.

2 2. Process according to Claim 1 wherein the absorption vessel is -
| operated ata temperature of 5 to 60°C and a pressure of 2.5 t0 7.5 bars
25 - absolute (250 to 750 kPa), the substantially-gaseous-effiuent Is fed to the
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.

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



absor bed wat er-m sci bl e absorbent and a gaseous effluent conprising

but adi ene. oxygen, Inert diluent and | ess 50 ppnv water-m sci bl e absarb&#R 2004
5 and the gaseous effluent Is recycled to an epoxidati on zone wherein

but adi ene is oxidized to epoxybutene. 5. Pggcess according to Claiml for

the recovery of epoxybutene from the liquid effluent (2) of daim1l by the
steps of: 10 1. feeding liquid effluent (2) to the mddle section of a

first distillation - p}g{?éw"iaédérd]hg% Cl4if) 1 whereinigasaous efffuent 1) isdadie & ng
epoxybutene and “water- fromthe upper section_of the d'bjgsélél"@é#gﬁ vessel ;
and (2) a |iqui avatef waskeolummisprodage etiguishe@psrtsomALSIRg t he
| ower section of , the distill.at, X I et ébrabtisingt e (1)
fromstep | to ﬁ&’?ﬁﬂ’f‘ﬁ“@ ﬂn'é@h%rn?%ﬁgglgtnanjdg%é%%ﬂ%deﬁfgpri ch p asegand a
wat er - ri ch phaseg; tadidnk! dxydefchieRaliluent smbless Bloprrhvataier- i efabsergenty 11
to the upper section of )2' second di sti l Iaii on cal l@ %%&g%&eﬂ) a
di stillat e %f f | i thegaspous ieffiyeab Fpsyeiad L0 A ERRXIGANO the apper
section of the segond 20 distild.atd ;.and (2) a liquid effluent
conprising the 3%@&@8&9&8*%%&3%?%%@2%“on of the second
distillation colum. 6. Process according to Claim5 wherein the first
-distillation colum i's operated at L pp temper Gromnd a
base tenper at ur éB.of 2Brocges agcarging 1y aﬁﬁarﬁgﬁr%kg?%foﬁgﬂegﬂ??% gct')sol ute
(100 to 230 kPa) 19k 1 bathestepslafim is operated at a top
t enperature of 6@%&”@%@["%%&2%9@% errger.att?rpg of 67 tf? &308 a;(nd a
pressure ofgl to |2.fgedihgIliqumtﬁﬂlhentdﬂ_’mdbeﬂbldémmﬁ.Ofa rst distitlation
| column to obtain (1) a distillate effluent comprising epoxybutene and
water from the upper section of the distillation vessel; and (2) a liquid
effiuent comprising the absorbent and water from the lower section of
the distillation vessel; : |
15 Il. allowing distillate (1) from step | to form 2 phiases compnsing an
epoxybutene-rich phase and a water-rich pha;e; and
1. feeding the epoxybutene/water phase from step Il to the upper section
of & second distillation column to obtain (1) a distillate effluent
compristhg epoxybutene and water from the upper section of the second
20 distillation column: and (2) a liquid effluent comprising the epoxybutene
from the lower section of the second distillation column.

6. Process according to Claim 5 wherein the first distillation column is
operated st a top temperature of 80 fo 105°C and a base temperature of

25 100 to 185°C and a pressure cf 1 1o 2.3 bars absolute (100 to 230 kPa) and
the second distillation cojumn is operated at a top temperature of €0 {o
75°C and a base temperature of 67 to 120°C and a pressure of1t02.3
bars absolute (100 fo 230 kPa).



