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. FROM ETHYL ACETATE This invention relates to process for renoving a
sec-butanol inpurity froma producty, rising ethyl acetate. Ethyl

acetate may be produced by several W?WME@@WEM in the art 2508ev Jumh

met hod conprises reacting ethylene W™ ' cid in the presence of an

acidic 5 catalyst, for exanple, an aci di'®¥&teropol yacid catalyst. In a

second such nethod, ethyl acetate is produced by converting an al cohol
feedstock by i) dehydrogenation, ii) oxidation, iii) reaction with an
al dehyde or iv) oxidation to the correspﬁﬂ@ﬂ@ﬂmmum Wmde foll onwed by the
Ti schenko reaction (see, for exanple, EP m ese reactions can
produce a product stream conprising ethyl aceb@de, unreacted 10 starting
materi als, a nunber of al dehyde and ketone inpuries, such as acetal dehyde,
met hyl i-propyl ketone, butyral dehyde, nethyl propyl ketone, nethyl i-butyl
ketone, nethyl - s-butyl ketone, nethyl i-pentyl ketone, nethyl ethyl
ketone (MEK), as welkkbcess revardmbyamakc Ghe-branoneth@ndriHohegazkenes, such
as net hyl heptene and di nethyl hexene. The unreacted starting materials
are recovered fromthe product stream and 15 recycled to the reactor. The
ethyl acetate may be recovered fromthe remai nder of the product stream
for exanple, by distillation. Unfortunately, sone al dehyde and/or ketone .
inpurities, such as MEK, have a boiling point that is very simlar to the
boi I'i ng  poi rifhipinventign refatesttapeocasdior fanovdx@npéebuthioliimpdiify fewlat to reduce
rations of the final product to bel ow 50 ppm

or mai nt ai(ﬂ}éhe VEK Concenb
usi ng t AR EREHD coBPRAPS HhY asePtnpt s have been nade to reduce the

concentrat i gpAfacetdedn Igﬁ;e}(gl ' thes in al kyl alkanoate
streans furtheg.a As aI]?éh ég&;gg»@%éf%#gg&%ﬁ% ﬂor’?ﬁnat%ggftr g%fﬁssué?th al kyl
al kanoatreghodicerepyites rémating tbgloneraita ataticapdimnthe prdiende of MR 01 1809

25NO§2005 PCT/ C 1302/1!'34 11 inpurities usi ng[aazeot ropic distillation (see
for BxarrpllyskRopesale)an agidicopterapyarsd eatalyets A aseemidssich metiidg hthal dehyde

2??2 g:n E‘g&tggﬁ? g{éﬂtﬁlﬁggé ?}ﬁgonl@égxagég gﬁég?} ffeégsrt%c%rbyaﬁ léglllyd?cl)gke%gt?gg,?i)pr oduct
oxidation, iii) reaction with an aldehyde or iv) oxidation to the corresponding aldehyde
followed by the Tischenko reaction (see, for example, EP 0992484).

These reactions can produce a product stream comprising ethyl acetate, unreacted

10 starting materials, a number of aldehyde and ketone impuries, such as acetaldehyde,
methyl i-propyl ketone, butyraldehyde, methyl propyl ketone, methyl i-butyl ketone,
methyl - s-butyl ketone, methyl i-pentyl ketone, methyl ethyl ketone (MEK), as well as
variety of C8, branched and higher alkenes, such as methyl heptene and dimethyl
hexene. The unreacted starting materials are recovered from the product stream, and

15 recycled to the reactor. The ethyl acetate may be recovered from the remainder of the
product stream, for exarﬁple, by distillation. Unfortunately, some aldehyde and/or
ketone impurities, such as MEK, have a boiling point that is very similar to the boiling
point of ethyl acetate and, for example, it is difficult to reduce or maintain the MEK
concentrations of the final product to below 50 ppm using this method.

20 Various attempts have been made to reduce the concentration of such aldehyde
and/or ketone impurities in alkyl alkanoate streams further. As aldehydes and ketones

may form azeotropes with alkyl alkanoates, attempts have been made to separate the
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al kanoate product streamwi th a sel ective hydrogenation cat Iyg@ %Psf or
. exanple, 5 rutheniumin the presence of hydrogen. The hydroger’n Y .
reacti on WO B8 ably carried out at el evated pressures GCTIEBR24350 barg,
Under the reaction conditions, the al dehyde and/or ketone inpurities are

sel ecti v : 0..1.he,..correspondi n o | eavi ng the al kyl
al kanoatlgﬂéﬂggggﬁgg g‘?ﬁ’% 8%%%%@?‘88‘? Es&g ﬁﬁwngﬁ‘éﬁllﬁ)oﬁg?%é@d to boiIg at a very
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et hyl ademaved fGam aveEkylialikanoate podrict §tovamebly bynthetitreohe napirerllgf  MEK,

sec- but -'ﬁ?aln’ a{es h rﬂetrr to s?par%};e fﬁﬁpthe. desi i’ed et hyl acetate, because

the et hyl Acaral & HndTeRe MASEETY HRYAr9ematen catatst of, dffrenpieonal
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curve. Thiéat gdeested prabsusesgriZsito 40 berg. SUbdwathe/snytion ¢drdetiGRPMEaldeadad s t aki ng
in a very

pl ace and .t he use.of nan separation stages may only result

smal | cﬁ&ﬂ}é’éiﬁ?nﬁb'ﬁﬁ%ﬁ‘?ﬁy %ﬁ?ﬁ%éw&]é( hydrogsaetsrde theggogregparding leoltads,r educe t he
sec- but lind I . i nch be renedi ed
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| i ne andethdiiferuit kinperatrectoraile] Elkaidires, @Raboimebedn BdepaaedasNpgyrd at a

pen%ty of signifi cantly greater energy consunption. W have now found
t hat'%t h&i$1RBATcan al so be eased, and the sec-butanol level in ethyl

acetate can : L..:8. . ethyl .acetate of hj r.purity can be
obt ai ned, bi}‘f‘%‘ﬁi‘_’%‘éiﬁ%%%@é?ﬁl&”éi&h%ﬂa&%@é#ﬁ BiLA g}t? é%(gkﬁ“ﬂfﬁae distillation
col umm. aRohSCftomed bglhydrogbeatioh @ MEK | LEBUMAR, iPhBefRSscBaCEGRTnd O .

separ ati ng- ettgéth acetate from sec-butanol, said process conprising: taking

a produdesised agekatss bedanise e lthyl acstataned sewdbenclfotranginch ndedi ng t he

pr oduct M 1.0;:8.6i.sti |l at.ion colum, .operating the distillation colum
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becomes very difficult to reduce the sec-butanol in the ethyl acetate to a low level. A
pinch can be remedied by increasing the reflux and reboil, thus drawing the component
20 balance line and the equilibrium curve further apart, but this is achieved at a penalty of
significantly greater enefgy consumption.

We have now found that the pinch can also be eased, and the sec-butanol level in
ethyl acetate can be reduced further, i.e..ethyl acetate of higher purity can be obtained,
by the use of reduced pressure in the corresponding distillation column.

25 Accordingly, the present invention provides a process for separating ethyl acetate
from sec-butanol, said process comprising:

taking a product stream comprising ethyl acetate and sec-butanol,

feeding the product stream to a distillation coluinn,

. operating the distillation column at a pressure of less than 1 bar absolute to give an
30 ethyl acetate stream and a sec-butanol strean.
Thus one aspect of the present invention provides a process for separating sec

butanol impurity from ethyl acetate, said process comprising;



and sec-butanol, operating the distillation colum at a pregg lﬁ@g | ess
- than | bar absolute to provide at least 5 (1) a stream coer‘??i n t hyl
acetate a®QO¥HIYY conponent and (2) a residue or a second PSHrGBITAIICh
resi due or second stream conprises at |east sone sec-butanol fromsaid
product str . er .t rreduced pressure conditions of the present

i nvention if}g %aégg g%géﬁ‘spgﬁm’cqwail appugt $TAdLeqmpRi NG atderst Bibybasstatei nch can
be eased andindrpédvgdoseparation can be 10 obtained. Ethyl acetate product
is thus renoved as an overhead stream Preferably the distillation colum
of the preseaperatimgéhe distillatsonopédurat eich wessuhasf ledsahapi @a646s8 1ttt he col um
lies in the range {)ro and 0.95 bar absolute, nore preferably between 0.1
and 0.7 bar PABSEF 8t '€S'and nost preferably between 0.3 and 0.5 bar absol ute.

The keed tO(qﬁgsggaﬁﬁicbﬁ]gHgmgfﬁﬁ g%tg\%%{;em\%gﬁfcggﬁtgh%mbe i ntroduced between

one 15 quarter and three-qu édgflurm, nore preferably

in the centr(3) ardsidt.or aMesdndutehenallitly rdstiRie foe eetonidIstre kg cBRWE& g thi rd
and hal fway up t.he col um fromthe base. It will be readily apparent to one
skilled in theSHPe sqonbitang]drogy said pepduetatiemd conditi ons of the col umm may

depend on amﬁ{f rgélagetﬁ%égs[s)ére.czo)géig %SS%E‘SE{&%@&Q% '%gli_-tol?afsé;t 2 ﬁgc’j the

purity of the fee uri ina 20
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col dfn i r 2ttBY 34Etake PIPARqt iscthuaranovefl 2s an ovrliead stteese conditions and at
a pressure gl e t erature at .the head of the col um,
cont ai ni ng I(Pg?fgreal%i)b@té gézs,t]t”aggl? é&]ggmg? rﬁ% ggﬁnbnverxhtéoq Bweeragrd sodbatiihe anol i n
the fingreskirddn firecdliarin M8y i@e kgt D& Jnﬁ@rgﬂlet%rl%_scﬁéteﬁ:%}g efPdpyy he base

purge of the distillation colum. In general an increased purge’rate wll
| ead t o P&tWeen Qck arsh0.7 par alesobie @nt ewest preferatdy betutean 613 ankd.heredsalufeduced

level in th ut,. t he expense of, | oss of other products in the
purge. It hgg Qﬁ%\%\}s tBetfé)%élrsgh?ntﬂmtcﬁi‘i %W&gPref‘ﬁ%b]&?ﬁd?‘W%@ bgf\‘@p@ﬁm—i on of the
di stf! | qui i d i t.he.
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sec- but aAt pieisrablydle faed wildelbatecenontftarcaldimtfwdyip theicbhgin BGRELE aci d
of the EtAc) or directly

\(NI\A?II‘]C Et kgsfepggﬁﬁ%%% eéﬂg'tsag’%ﬁgeeg {{’ir%ﬁgxl”gégg t l y%lr‘gﬁﬂéﬁ Co#Ft §Pergtieg but yl acet at e,
with 3 26NNGRQT hy¥IERAIAIER BEThinbaldRhdbad fdr ckample, the number
of stages, the purity of the feed and the purity of product desired. For example, in a
20 distillation column with 25 theoretical stages, the feed to the column is preferably
located 15 stages below the top of the column. Preferably the column is operated at a
reflux ratio of 2:1. Under these conditions and at a pressure of 0.5 bara, then the
temperature at the head of the column, containing largely EtAc, would be 57.3 deg C.
The level of sec-butanol in the final EtAc product may be further reduced by
25 control of the base purge of the distillation column. In general an increased purge rate
will lead to a reduction in the base level of sec-butanol and hence a reduced level in the
heads, but at the expense of loss of other products in the purge.
It has now been found that under the conditions of operation of the distillation
column that there is a second effect of varying the purge rate which favours reduced
30 purgerates. It has been found that sec-butanol may react in the base of the column with
either acetic acid (which is produced in the column by hydrolysis of the EtAc) or

directly with EtAc. Both of these reactions lead to production of sec-butylacetate, with



by- products of water and ethanol respectively. The sec-but yé %gtﬁ f or med
- may be easily separated fromthe EtAc by the colum of the %urren .

i nvent i onwOABthIseduced purge rates any sec-butanol in theChas»2msiili have
an increased residence tine and hence the extent of reaction wll be '

increased. 5 Henc? there are two conpeting processes determ ning the |evel
of sec- bur-BRErCts AT walcs apdigthapg! respeciivslyy nhie Redttlpestate formed maste | evel of
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sec-butanol reaction, the purge rate required in the distillation may be

expect edthe gxteet afgercdivn wildre inprgesedequi red in the absence of the conpeting

process. Pref rge. rates are adjusted throughout.the life of a
cat al%yst. Fggg{ecgg}krr%fe3Pew“?’ncﬂnilpa%n§QFOQCSSSF%I%S“W?%B'S ?%’ gfses- Wkt at al yst
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Et Ac / sec-b}yt ngl. streamprior to the colum. This will also affect the

purge rate r%%fﬁcﬁ]%d’“ir% Tales agg adipstedibrgighes therkie oka qatalystodor examply,
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i nvention ustng dist ation un essure’i’s ﬁpplicable

to separaitilgsnagss it may erdipce anetatEMEK Gad behan@k-thtdrp@ andesiryedtdsr om any
source. 25 én,a preferred enbodi nent of the present invention the ethyl
acet at e PAEBCIGIFREHKbl  streamis derived froma stream conprising ethyl

acetjat e and Sy wherein the K. has been, .

hyd rlggenat ed gﬁtgb%]rs %gg géi’ a[rﬁlgtttggtgp%ﬁ %E&)r%ie?cnloﬁ 02 SF ﬁ&?ﬁqBa{E‘ﬁnggertP@&Ide‘ﬁﬂbdi nent
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obtained by addition of further acetic acid directly in the base of the column or to the
20 EtAc/ sec-butanol stream prior to the column. This will also affect the purge rate
required in the distillation column. |
It will be readily apparent to one skilled in the art that the process of the present
invention using distillation under reduced pressure is readily applicable to separation of
an ethyl acetate / sec-butanol stream derived from any source.
25 In a preferred embodiment of the present invention the ethyl acetate / sec-butanol
stream is derived from a stream comprising ethyl] acetate and methy] ethyl ketone
(MEK), wherein the MEK has been hydrogenated to produce the sec-butanol.
In a further preferred embodiment the ethyl acetate / MEK stream has itself been-
derived from the reaction of ethylene and acetic acid, or from the conversion of an
30 alcohol feedstock to ethyl acetate by i) dehydrogenation, ii) oxidation, iii) reaction with
an aldehyde or iv) oxidation to the corresponding aldehyde followed by the Tischenko

reaction.



V1' O 03/01 1 809 PCT/G 13112/11341 1 For exanple, the reaction conditions
. necessary for producing ethyl acetate from the reaction bepgexov 2Byl ene
and acetiwoagithsas e wel |l -known in the art, and are descri peg;dph e, of
exanple in GB-A-1259390. As well as ethyl acetate, the product stream

conpri ses al dehyde and/or ketone inpurities. Exanples of al dehyde
i npurities 3or axdnaple, the atatide hyuntbtiom epesayl fde hyodacinigLatyyl aketeta Yehen

val er al dehyde, | es.of ketone inpurities include nethyl iso-propyl
ket one, qﬁ%ﬁ%@rm@%ﬁ% n ?Eﬁ&ﬂ%?n‘{ﬁtﬂﬂwc‘ SH: WP WRER dheartasdiage - sec- but vl

ket one, J¥Bdrinel b;y &\%}lRﬁ'@B{XA’:{)@B Q%@-Aa sk dyel %@q%%]g hs @B{)‘XA%‘%&SE@%C‘% hese

inpurities may tormnore than ppm prefera re

pr ef er atskipam SomprisB:gghyde ind/bek qomdingturisies. sBRamplek OF aldehjdSiaipiBAts 10 The
MEK i.n t.hi sdegr od;@}&l treamis _hydrogenated to produce sec-butano], for
exanpl e, "jdcashtaliehy dg ParRIopAdelivg g tutspldelidepy darnidehyde.e Ensmplepof si ng NEK
with hydg bk . of [ drogepation catal yst. QO her
pur Bl G s e PLeBEE R BB oty

hydr ogerbaityd ctofityensthylesztibuey] Kayate ogemal isopesal REEE ahd M@k%ﬁ%gﬁ] Ly be
al de ydte

relativel ctive with respect to the 15 hydrogenati on of and/ or
Seudt

ket one hegt Bupwyities yay lormtmere than hpmi pefamlily, 5 tebgoipnt,ondrbe
hydr oge i 0 | 0 arbonyl . groups. Suitable catal ysts
conpri Sﬁ%@ﬁgﬁg%ﬁ@dﬂg@%ﬁ&@h%@ SF{FW,&I{OQ&%%E%%% pl ati num rutheni um

r hodDum and The MEK umnthiSpeddueadthinsit hydrB¥etite SRt @becdfarSX d5P! €, on
alumna, silica or carbon. The net a?, | oadi ngs "on such supported catal ysts

may ranG&amPlsocontacsingallar apartay the wodwaistcgam@obiprisinkIMBK %ith Exanpl es” of

i fi ysts include N i ca. Ru.on carb
P e, Muithal e plG e 2 el O AR i cRlybio DibERirapUr e gt r o0
enbodi medinpriee tBe PYédticRitreaat ﬁ‘l'a%/ glso DURABETRE, lr dge(’)nﬁgal ﬁfl%ers_lgeﬁécﬁ@e I s enpl oyed.

The sel ective hydrogenation step may be cdrrie € presence of any
sui t abl &ydwEenarpn catglyseisaistied take erigtivahdctive atikylespack anoat e. 25 The

pur & or By SR BHPE of Mobpe Rl kolohh iyl gais BetielbY inagin vy’ be |
2t 40 16 1500 o o ero ot T S bt e EHERRA A SAER FREELE o “ine
product cempeEriraasdionyetalgencleaphiole dpalldfiuhn pldizubhy dudgsnat, irBedish aRd may
or of or adiguty Sichigtils madhe FibHEte ot SxarrienG: proibe s iserasanben. hydr ogen
enpl oy edhemehe 16kRHEs bnlsBc sdpported catalysts may range from 0.1 to 50 wt %,
20 preferably, 0.5 to 10 wt %. Examples of specific catalysts include Ni on alumina or
silica, Ru on carbon or silica, Pd on carbon, Rh on carbon and Pt on carbon. In a
preferred embodiment, a 3-5wt% Ru catalyst supported on carbon of silica is employed.
The selective hydrogenation step may be carried out in the presence of any
suitable solvent, for example, water, and/or alkyl alkanoate.
25 The hydrogen employed in the selective hydrogenation step may be employed in
pure or impure form. Optionally, an inert gas such as nitrogen may be co-fed to the
reaction. |
The selective hydrogenation step may be carried out at 40 to 120°C, preferably,
80-100°C. The combined partial pressure of the product stream and hydrogen employed
30 inthe hydrogenation step may range from 1 to 80 barg (bar gauge), preferably, 1 to 50
barg, more preferably, 1 to 40 barg.

The mole ratio of the product stream to hydrogen employed may be 1000:1 to 5:1,

5



25NOv2005 \" 1' O 03/011809 PCT/ G B02/ 03411 preferably from ??%Oé t 0: 1,
. for exanple, 60:1. The product stream may be passed over t gY Ive
hydr ogenavOosocidbal yst at a |iquid hourly space velocity PCH®SB0208410. 1 hf
"'to 20 lir", preferably, I hr'l1 to 15 hr and nost preferably 5 to 10 hr °
1. 5 Under_the sel ive dr ogenation _conditions used in the preferred
process P(S?fe’iaE]é’ﬁ 1§§éﬂtt°il%bﬁf”i SRMAGOONEK i npurity is selectively

hydrogenat edyl oSGt ?t‘r’éa%‘ﬂkgb%‘%sseﬁtob/@fth@!s&'l@&Yx‘%ﬁaﬁiﬂ%e&%ti&?ﬁ%ﬁﬁ@# dpRuri ties

are al so hydrogenated to theéir “‘corresponding a rogenat ed
st ream diguji losulysgacongedise@ HSydf (et ki o2 0dint, peterablyt anpl to 19mcer t ai n
enbodi nents this streammay he further treated prior to feeding to 10 the
distill &PF‘G}?PSEB‘ICW?MB&éPdPiIHg- at a pressure of less than | bar absolute as

d i bed i . f A . t
Sescalbed myp By T 6t n ARV B LSRRI SRRV 0

using a grésastint@nionptheaMBEDiaiplite b seRotivin hydidgeisgdioadeebubyndl 0ggp may be
purged or re%cl ed for re-use. In another enbodinment the stream may
under go Gtharakishydepul/erickmesmpyasiepriegisothydragsnalep o treirmerspaBinghe” et hyl

acetate e nol . .to renmove ot.her, conponents, such as, for exanple,
nater, CrmaaB THRA R Rsrrkd oG SO pEIHEY ERTERES DS eSRCRTDtecr cactt on
Aqueous bupdhaF e JRRNinREnBRIMERT thil SredX ATARILR fuMBértbate sSidrtd @&dgﬂtth- Most
preferably the hydrogenated stream may be m xed with water an en fed to

a dd@antthe distiasicapebous opghatisgat sprbjuoneidessathse paratlesolithas deseribed ng a
proportion.of .t thanal . The oil rich 20 phase conpri sij maj or
propor t ipéﬁ"’%lfs%?ﬁﬂ‘??er&ggﬁﬁ Hreagymay Eﬁtrﬁ%te‘%%‘pefr_&?vﬁ aBVréT’quaFféai%dang%l um for
further 1$aPadealsePRetiot hRYy bk AckiBPed Ff&e‘ﬁahpmwuﬁnggl edsithnidGel @ﬁ)graﬁ sec-
but anol being fed to the distillatiron colum™at reduced pressure of the

pr esent dohyemt ThensepaEtainpldeogenEpebé prrpedsomeryclediforoeruae. Shrdnodher pi | ot pl ant
distillation.col %y to test the efficiency .25 for renoving s-BuCH fromthe

final prERRRETmendiag SiresayprEyndsgp dirther BERREHICRS19866 BFIORIhe BEIFALORNYS t ho
r EbQ'f’sl Clihe Etﬁgl Rbtaltd Vo ORE Hubinol 38 r&-ﬁ&%h&%@n%ﬁeﬁt?féu%g.ag rfgﬂa fmfife top,
0 thin the ati'o

and from a e various Interngdiate trays w ISt i‘on col um.
The col umater, etbwilland otias altoholgdorméd i thdleydrogdnatien rdactiahl B qhedgl ow. 30 6
25NOv20 ph\a;e\s/%a%)/?)b/e()r%r%%ggd,?g éx(gx?;?pzlé,ou?éﬁlg alsettling' unit. Most preferably the
hydrogenated stream may be mixed with water and then fed to a decanter. The aqueous
phase is allowed to separate, thus removing a proportion of the ethanol. The oil rich
20  phase comprising a major proportion of ethyl acetate may also be fed to a distillation
column for further separations prior to the stream comprising ethyl acetate and sec-
butanol being fed to the distillation column at reduced pressure of the present invention.
Example 1-
Experiments were run on a 50-tray pilot plant distillation column to test the efficiency
25  forremoving s-BuOH from the final product. Small samples could be taken at intervals
from both the reboiler sump at the base of the column and the reflux drum at the top,

and from above various intermediate trays within the distillation column. The column

reboiler was charged with the mixture in table 1 below:
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Corrponent mm%5 Ethyl acetate 62 Ethyl propionate 10 s- Butyl etate 3
s-BuOH 9 M sc. hydrocarbons bal ance Table 1. S-BuOH was ddsed V a m xer
such thatwiohehesd to the colum typically contained 330ppaysERyekt; The
calcul ated feed rate averaged sone 4050 g/ hr, entering 10 via the center
feed point (i.e. tray 20) and the colum was operated at a reflex ratio of
2:1, with the colum pressyrecBgiBRediEasUT G, af the base. At a pressure of
1. 06bara an average s-BuOf-disti il | ate concentratli on of approximately 20ppm
was achi eved. Wien the presshid aggiater educe@2to 0.52 bara the concentration
of s-BuOH in the distillate EhadugRAat0 an ayerage of 7ppin 15 The
experinment was then run wt duced feed supplly rate of 3230 g/ hr such
that the base contained a re&ﬂ%ﬂ"@'g ageHeentratd on 9f s-BuOH (< 5min®). The
col umn - was operated at betweers-Bl@H). 54 and 0. 6 tars and under these
condirtions the distillate ng...l nt gJ ny detectable s-BuCH (i.e
| ppmor less). Exanple 2 ’@'SC'-'%E%Q{{%%QES?)S% cation and
Trans-esterification in the Base of "D7600" D7600 is a conmercial 50 tray
distillation colum used for the puradle¢ati on of ethyl acetate. A snall
idis produced via ethyl acetate hydrolysis and

anmount of ac %bp ch i/
accumul at es i & was dossel iptger mixsr pychahatdhe fesd torthe columméypicallyul at ed t hat |

assumn nad, | convertin e MEK to

sec- but gcr?gl ahfed 3%gﬁur g%@ﬁoﬁhofcgbfé%%f%%ag avefa éf’in@glé%ﬁcﬁﬂ?reﬁm% a
steddy statie cenecfnt patrit (. @fay 2PP A RKIHERb BRI W (%e/ﬁte@ﬁfséjfgfﬂﬂ RiPgee purge
of 130 k s/hr The reS| dence tinmes observed in the base of the colum are

aI so di thy colanmpregraire heing aredsurediet the bases i Atermesshiraei] . 0fbathen or der  of

to 70 r to f her under.st he rates of these
pr ocesses “a ? §%Udm}/gg%@grgtre cgﬂce&tflfta IO%Bf%‘?PfW@aEﬁW% PRYR %36 aGiHer- (Whemase
conposi tthepreeduré #as fidatéd doa. BZ)Barﬁ%échBﬁcé’}ﬁﬁm@QloFﬁ]ﬁﬂ)ﬁI% llﬁcdlﬁf’}%ﬁe both acid
and s-BuOH in the base to 13.34% and 8.85% respective e 2 bel ow

shows t Heducgdpoan evesmeecdpgm during the test: 7
15 The experiment was then run with a reduced feed supply rate of 3230 g/hr such

that the base contained a reduced concentration of s-BuOH (< 5Sm/m%). The column
was operated at between to 0.54 and 0.6 bara and under these conditions the distillate no
longer contained any detectable s-BuOH (i.e. 1 ppm or less).

Example 2
20  s-Butanol Esterification and Trans-esterification in the Base of “D7600”

D7600 is a commercial 50 tray distillation column used for the purification of
ethyl acetate. A small amount of acetic acid is produced via ethyl acetate hydrolysis and
accumulates in the base of the distillation column. It was calculated that, assuming a 17
CuM hydrogenation reactor for converting the MEK to sec-butanol, a measured flow of

25 21 kgs/hr of acetic acid reaches a steady state concentration of approximately 18 wt%
assuming a base purge of 130 kgs/hr. The residence times observed in the base of the
column are also dictated by the purge rate and lead to residence times of the order of 60
to 70 hours.

In order to further understand the rates of these processes a test was carried out

30  on the pilot plant where the base composition of the distillation column was adjusted to
increase both acid and s-BuOH in the base to 13.34% and 8.85%, respectively.

Table 2 below shows the composition change during the test:



V\D .03/01 1809 5 .25-NOV M PCT/ G 1102/034 1 1 Starting W?9 n@éﬁ% %rected
NAIt%chan e Mol ar Conponentwt %0 hourswt % after over cha rs70

hours AN ?%‘”A%l"dls 3412.6910. 94- 2.38- 0.040 s-BuAc3. 12IRCBEGIAH1B, 00+
0. 052 s-Butanol 8. 855.414.67- 4.18- 0.056 Et Prop7.618.817.61-- Table 2.

Et hyl propionate was expected not to be significantly effected by the
reacti ons [ bReit] SEAART WL, STATCIALA AT _?;oﬁ%mﬂg Mg, for adj usting

t he conpositions fol w9, 1aﬂgh£|9rs )%y% 8 %s w t hat the

mol ar increase in s{BUAC i $ CONS) sten? th hE:] ecr ea sl- But anol . The
dat a shows H-hat—phef—steady—state— ’“."ESH GBS Closi dencle tine of 70
hours, 47%8fcHCec! i1 1263ve |redPO4d: |t he 2Bni NdeP.O0401] have been
purged from stAS st e 12 nl adddBSbon |1 hed-tat a [showé0Bhat| + RO5Pdss of aci d
dues 15 to estButandlchtiSolh i $ t Hedbredomihéht feact #.08 adcoonisbng for 74% of
t he butanol Mm®edpg on. 7.4lhe|tr angt estlerifgcatijon reactidn 1s sllower

accounting for 26% of the butanol conversion. Exanplé 3 Using the 50 tray
pilot plant distillation columm rel'jgﬁered to in Exanple 1, a series of
tests was carried out using a 2:1°F 1Zax ratio t hroughout. The results are

shown in Tapf 1p1%9lo%a&e\mv&><p€é@abo%%asn lﬁ%tug'eﬂeg&dt%h Etg@ﬁSEd quantity

of sec- butanol Impurity was fed to the colum cat rate. The
concentahatglpiwe@hdme thetedorelusedrpsia intepns for abjmstieg thel coagrisiaions tirsti | | ate can
]éﬁ]eerl@o fall rarlratlcally to 7 ppmwhen the colum pressure is reduced
PREFBWR '£'670. 52 bara. Reduction of the feed rate results in

The results show that the molar increase in s-BuAc is consistent with the
decrease in s-Butanol. The data shows that when steady state is reached, using a
residence time of 70 hours, 47% of the butanol will have reacted; the remainder will

have been purged from the system. In addition the data shows that the loss of acid due

15  to esterification is the predominant reaction accounting for 74% of the butanol reaction.
The trans-esterification reaction is slower accounting for 26% of the butanol conversion.
Example 3
Using the 50 tray pilot plant distillation column referred to in Example 1, a series of
tests was carried out using a 2:1 reflux ratio throughout. The results are shown in Table

20 3 below. Ethyl acetate containing the indicated quantity of sec-butanol impurity was fed
to the column at the indicated rate. The concentration of sec-butanol impurity in the
ethyl acetate distillate can be seen to fall dramatically to 7 ppm when the column
pressure is reduced from 1 bara down to 0.52 bara. Reduction of the feed rate results in
a further drop in sec-butanol level in the distillate to less than 1 ppm.

25

Test No. | Feed | Column s-BuOH Precision
Rate | Pressure Feed Base | Distillate
Bara (ppm) (%) (ppm)

1 3.8 1.0 30 2.3 5 2

2 3.8 1.0 320 4.5 15 3

3 3.8 1.0 320 2.5 10 2

20 4 4.0 1.0 330 8.0 20 2
5 4.0 0.52 330 9.0 7 2

6 4.2 0.54 _ 330 5.0 0 2

Table 3



a further drop in sec-butanol level in the distillate to less than 1 ppm

25 30 Test No. FeedCol ums- BuCOHPr eci si on Rat ePressure Feed Base Distillate

Bara( ppm (% (ppm 13.81.0302. 352 23.81.03204. 5153 33.81. 03202 5 NO¥

44.01. 03308. 0202 54. 00. 523309. 072 64. 20.543305. 002 Table 3 8 25NOV20 C ai s

1. A process for separating ethyl acetate from sec-butanol, said process

conprising: taking a product stream conprising ethyl acetate and

sec- but anolgy,if,sf €edi ng the product streamto a distillation colum,

operating t%‘e_tfi stillation colum at a pressure lying in the range 0.01 and

0.95 bar absolute to give an ethyl acetate stream and a sec- but anol

stream 2. A process as clainmed in claiml in which the distillation colum

is operated to rovide at |east: I10 gl) a stream conprising ethy] acetate
YgEty

as a maj or lconpPbREORESSARLSEPotAtng Py from see-OBtROL s31d RFRCRRS COMATBGIue or
second stream conprises at |east sone sec-butanol from said product
stream 3. A prajdess prostuel sitepmccomprigingiethyl aentate apthsecebutandle pressure in the
distillation colum lies in the range 0.1 and 0.7 bar absolute. 15 4. A
processsas cl aifesslihg the Graduct dtream 13 avdigtillaiion tblempr essure in the distillation
colum lies in the range between 0.3 and 0.5 bar absol ute.
operating the distillation column at a pressure lying in the range 0.01 and 0.95 bar
absolute to give an ethyl acetate stream and a sec-butanol stream.
2. A process as claimed in claim 1 in which the distillation column is operated to
provide at least:
10 (1) a stream comprising ethyl acetate as a major component and
(2) aresidue or a second stream which residue or second stream comprises at least
some sec-butanol from said product stream.
3. A process as claimed in Claim 1 or 2 wherein the pressure in the distillation
column lies in the range 0.1 and 0.7 bar absolute.
15 4. A process as claimed in Claim 1 or 2 wherein the pressure in the distillation
column lies in the range between 0.3 and 0.5 bar absolute.
5. A process as claimed in any one of the preceding Claims wherein the product
stream is fed to the distillation column between one-quarter and three-quarters of
the way up the column.
20 6. A process as claimed in any one of the preceding Claims wherein the product
stream is fed to the central third of the distillation column.

7. A process as claimed in any one of the preceding Claims wherein the ethyl acetate

/ sec-butanol stream is derived from a stream (3) comprising ethyl acetate and



5. A process as clained in any one of the preceding Cains wherein the
product streamis fed to the distillation colum between one-quarter and
three-quarters of the way up the colum. 20 6. A process as Z$§NoNe@®Bn any
one of the preceding C ains wherein the product streamis fed to the
central third of the distillation colum. 7. A process as clained in any
one of the preceding Clains wherein the ethyl acetate / sec-butanol stream

cthyl ket one ?k%f%ﬁ B FRbRS (FERYAAHER e ek Bl R ey AL

sec- but anol . process as claimed in Claim?7 wherein the ethyl acetate /
MEK stream (3) l’I‘f‘aséﬂ"’ h“f@eff been derived fromthe reaction of ethylene and
acetic acid, or fromthe 5 conversion of an al cohol feedstock to_ethyl
acetate by 8) deprpgessgeskimehin Claim 7gyhemin therethyliapstated MEKstream(®) has

al dehyde or iv) oxidation to the corresponding aldehyde followed by the

Ti schenko r eactitselfibedh dedivpd droesthe asactibmpfiettiylene Siddogtid acid, @ fwhetle n t he MEK
in the product stream (3) is hydrogenated to produce sec-butanol by

contactisng al | cofiversipfof ahlcplic deseitotk tesdthgaitetat) byw) dbhyiiyslienation, iiin t he
presence of a selective hydrogenation catalyst. 10. A process as clained

in Oai m8 whergidatibhgiifRa8kdn WRh Eﬂgfdgﬁﬂé%rh@rb)&@én%h%éihe OPRRYndfg a 3- Swt %
Ru catal yst supported on carbon or silica. 1I. Ethyl acetate prepared by

the process desglhpRdiigwaR%y METRhRS LAGET N9 ol ai ms. 15 10

9. A process as claimed in Claim 7 or 8 wherein the MEK in the product stream (3)
is hydrogenated to produce sec-butanol by contacting all or a part of product
10 stream (3) with hydrogen in the presence of a selective hydrogenation catalyst.
10. A process as claimed in Claim 8 wherein the selective hydrogenation catalyst
comprises a 3-5wt% Ru catalyst supported on carbon or silica.
11. Ethyl acetate prepared by the process described in any one of the preceding
claims.
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