WO 03/011809 PCT/ GB02/ 03411 PROCESS FOR SEPARATI NG SEC- BUTANCL FROM ETHYL
ACETATE This invention relates to process for renoving a sec-butanol

i mpurity Woamsoaisopr oduct stream conprising ethyl acetate. PETIgBo2@sAl at e may
be produced by several nmethods known in the art. One such nethod conprises
reacting ethylene with acetic acid in the presence of an acidic 5 catalyst,
for exanple, an acidic heteropolyacid 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 correspondi ng al dehyde followed by the Tischenko reaction
(see, for exanple, EP 0992484). These reactions can produce a product
stream conprising ethyl acetate, unreacted 10 starting materials, a nunber
of al dehyde and ketone inpuries, such as acetal dehyde, nethyl i-propyl

ket one, butyral dehyde, nethyl propyl ketone, nethyl i-butyl ketone, nethyl
- s-butyl ketone, nethyl i-pentyl ketone, nethyl ethyl ketone (MEK), as
well as wvariety of C8, branched and hi gher al kenes, such as nethyl heptene
and di methyl hexene. The unreacted starting nmaterials are recovered from
the product strearBROGREF FORrEEPRAEHCt T RETHCACTRAM ETHE 2¢§RAME acet at e may
be recovered fromthe remai nder of the product stream for exanple, by
distillation. Unfortunately, some al dehyde and/or ketone inpurities, such
as MEK, have a boiling point that is very simlar to the boiling point of
ethyl acetate and, for exanple, it is difficult to reduce or maintain the
MEK concent rati.ons..of oduct to be .usi ng this method.
20 Vari ous {rﬁlér%‘fe lﬂ%Wiﬂ'ﬁset&?r%fﬁg OFBGIP%HB%QS?%Q%I&%IE‘RP?W% 3of such

al dehy 0d@ﬁ@b@&n&@h@3§ng ?T&kkﬁ§ in al kyl al kanoate streamnms further. As
al dehydes and ket ones orm azeotropes with al kyl al kanoates, attenpts
have been nBty! aestatemay hc Qro{tlh@d\/lﬁ S@Sﬁ@ILmStl@deTﬂ'd\iBQZh@&ztaneismiuri ties
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al kanoate product streamwith a selective hydrogenation catal yst- of, for
exanpl eaceite istpredricgdby nonviesingraesdenhel fdedityd« ooe dehyfnezenygtiomgdignat i o n
reaction |s refera rri ut at elevated pressures of 25 to 50 barg.
Under t%d? w)gﬁachgﬁmx a&r?g‘?ehﬁfﬁwa‘i"&ah%%m t&ﬁh‘%‘?‘“’l@@? e # ties are
sel ect i glowel ¥ RIERA AR FAHNE(EQ LSRN, TP Rogdp! s,

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 exanﬁple, by distillation. Uhfortunately, 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



| eavi ng the al kyl al kanoate substantially unreacted. As many al cohols tend
to boil at a very different tenperature to al kyl al kanoates, the forner
can be seweroanesoby sinple 10 distillation. However, it ha€TheRmn/oaund t hat
in the case of ethyl acetate and MEK, the alcohol fornmed by hydrogenation
of MEK, sec-butanol, is harder to separate fromthe desired ethyl acetate,
because FRETEEHYIING szsoHPRIC sEllalin (see fonekampleBP01H188%- under conventi onal

distillatio i Akl herhec.pressure. ,,A.colum is.said to be 15
b1 nched vhers Re psraastribes EIRER TN N EHFHE Sy R to PRl bri i
curve. Tmoved foii anadlkdiaiahbite piodactistredi dly cogfating thelifpseRAKAL i on is taking
pl ace and the use of many  separation stages may only result in a very

smal | ckﬁi‘f?@l@ﬂerpr%wﬁé%@am with ajsplpetiveihydragenasinmscaiadysy objiférfaxempte, t o r educe t he
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line andut heelegied pressuben of 25 V€56 barbh@IndBP@E reachbl cbiiforsSthaalieRyRd at a
penalty of significantly greater energy consunption. W have now found

that t hemg{onkgiong smppiiestsee wlestively Androgtnateskio thacarrsporidingdlcahols, et hy |

acetate r [ r...l.e.. ethyl, acetate of higher purity can be

obt ai nec},8 %ﬁeﬁgiﬁugg&%&% geugﬁt(?gtbana'ruég%%l%e : |‘AP‘F Py %89@2%‘5’6‘%@ didstillation
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separat i nqget_hyl acetate from sec-butanol, said procCess conprising: taking
S

a pr]<9duc,‘11 lafigam conprising ethyl acetate and sec-butanol, feeding the
product stre a.distillati ol yim, operating the disti|lation colum
at a pressurgfq%\%&eé’slgh?shbaeﬁn Ouﬂgf agb% ¥ c?ﬂ@itl\?‘é 4R an‘ég(l@{ﬁb? acetate
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practical significance is that very little separation is taking place and the use of many
separation stages may only result in a very small change in composition. Hence it
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 energy consumption.
We have now found that the pinch can also be eased, and the sec-butanol level in
ethyl acetate can be reduced further, ie. 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 column,
operating the distillation column at a pressure of less than 1 bar absolute to give an
30 ethyl acetate stream and a sec-butanol stream.
Thus one aspect of the present invention provides a process for separating sec

butanol impurity from ethyl acetate, said process comprising:



(2) a residue or a second stream which residue or second stream conpri ses
at |l east sone sec-butanol from said product stream Under the reduced
pressur e wondiotisons of the present invention it has been framrGBo2bat t he
ethyl acetate 1 sec-butanol pinch- can be eased and inproved separation can
be 10 obtained. Ethyl acetate product is thus renoved as an overhead
stream Prefesdg ip at‘ﬁ@ﬂlﬁt@{l CPlugm; anrodust sigrmd comprasipg atclesst ethylasatatoon i s
operat ed so,hat. {.hg,oPressure in the colum lies in the range 0.01 and

0. 95 bar absolute, nore preferably between 0.1 and 0.7 bar absolute, and
nost pr ef er aptytibetherksiilRtion a61dmd.aba Baks@® 6Pl Ban Thar hivetid @ t he
distillation colum will preferably be introduced between one 15 quarter
and t hree- qOEVids & 198t t he way up the colum, nore preferably in the central
third. Mst\p - d wll be between one-third and hal fway up
t he gol urm glr)os[m %@&%@Qﬁg{tﬁ@ﬁ‘mﬁgs?&am%?%as&@ﬁh to one skilled in
the art thaQ)tdwesiduact a saRhakiragn waRAedidhRNs seforddGresalcupr iR fapend on a
nunber of factors, for exanple, the number of stages, the purity of the
feed and the p@masgcoutagpbig@saidesodustistreaor exanple, in a 20 distillation
colum with tical stages,.the.feed to the col.um . is preferably
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oper at edhaathetethyl @béthté / 58¢-b@amd] pack-cah/Bél8ssell RES ﬁn%‘é%ﬁ SdpaRFioRBh . @
pressure of 0.5 bara, then the tenperature at the he 5) of the col um,

contl8i niohtyinedr Féry} agatate progugt i@ this renoBddsgn@veitieed btesspl. of sec- butanol in

the final E CctL. .be furth reduced by 25 contrpol of the base
purge of t h&e)ég?rgg)ﬁ’ﬁ %fhisgﬁgt&o&c E’H‘Fm ‘I’ﬁh@g’ﬁ’é? |1HV§H¥P?,&(§)§?§6€P&}B@}§£? ate will
| ead t 0 pResigd ittthc@Blunth E&En MRSAnsEY 61 aRf 0.98 GalitsBRA. nﬁgpﬁ%&sﬁya reduced

| evel in the heads, but at the expense of |oss of oOther products in the

pur ge. [betwegs Odompdibeharfabapltte; et mosigesferahly teometint0. D asd 0.5 bapahsaliton of t he

distillatio ¢ol t hat..there is a.secon ffect .of varying the purge
rate which ?8%@%?93%&{@&&%@6 CB]L‘}F{ﬁ‘eW‘rllé’trﬁfgr.a%bfeberf&goﬁ%ﬁ\{’?@[ﬁ% Offrat
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sec-butanol in the base w ave an | ncreased resi e’tinme and hence

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 produption of sec-butylacetate, with

3



the extent of reaction will be increased. 5 Hence there are two conpeting
processes determning the |level of sec-butanol in the base of the colum.
Reduct i orwofo3mhsobase | evel of sec-butanol can be achi evedCTdiBRoOs41y by
i ncreased purge rate. However reduction of the base |evel of sec-butanol
can also be _achieved by increased reaction of the sec-butanol. Due to the

conpet i My-Hroesel waer aidetbanohrrspedtizely: i15p sea-pieylgeetaie fprmead m@qbﬁ red in the
di [ | d h
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t hr oughopitrgd fages lanif secdbutanot ad tleyate wibiave xa iiréased tedidehed tib bB®hdREES MYy be
| ow as a fresh catal yst may produce | ess MEK, but as the catalyst ages it

my pr odfie exteniof seastion WEKDE icgeasethce sec- but anol ) and purge rates nmaybe
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the basehebasthé ttealolitiin. Rédicsioh bEaRMAEElPBFisE-Buthfo] GRBE hellictdde rate of
reaction_of the sec-butanol with acetic acid by changi ng the anount of

acet i c abyegtly by ingeeapekiuras rath cHewpprredupidon @fﬂhﬁbﬁf@ leyel of eevstdanobeat i on

rates c f. fur c acid directly in the
base of 020% Cagf?fe%cpﬁ 1n[l3¥ea? %Fre% n@?&ée Vit i)élganBﬁC]g 10 tg? P@Hﬂ‘?t&glpé?‘}é?% t he
col umm. Jifiesbinhhd] rédcsionahé paigetrite raiB@id Bk QistlIBGOH fidf bk Rxpdageddh 8 | | ation
colum. It will' be readi| apparent to one skilled in"the art that the

pr oddss lets thapethpfirequirad init Mﬁlil(@rpfdﬂm qvgmtlsgptdcasa on under reduced pressure
e /_sec- b t anol

is readil b e to se

stream de)rll ?g%elfar onPalsy tSilE %8 ﬂ?’fo }}S’Péﬁjgﬁi%a?%ﬁ%ta]é'ﬁtrﬁw CHIR Fre present
i nvent i dpitlahgurgs Aids MEEbSToR 4s asﬂé’shtb'diaﬁ@%a{ﬁ(fdﬁ@éﬁek@\m{ iphpss hpom a stream
conprising-ethyl acetate and nmethyl ethyl ketone MEK) ,” wherein the MEK

has beercatist egge Namdpnoducm ipoigasedtMEK el lemice ﬂeﬂ-butampl)aaﬂdpmg@xratqs referred
enbodi ment t’ghe etsh acetate / MEK stream has itself been derived fromthe
reacti on of lfl?ﬁ?? e and acetic acid, or fromthe conversion of an 30
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iii) reaction with an aldehyde or iv) oxidation to the correspon
al dehydedepenid anibel ampummf aTeticdnach kothe bmcotfﬂmnolmnmtdsﬂreﬂef&@@ommé @&B0 2/ 03411

F?gmexarg%m@rol tﬁg reat r%gclt%rrll ocft%ﬂed éetcl—b%?a%o w1t§ %gglrcyac}cdoby a{a%gffa%'t eg an% h¥ acetate
acetic acid in the base of the column. For example, increased reaction rates can be
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 methyl 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.



the reaction between ethylene and acetic acid are well-known in the art,
and are described by way of exanple in GB-A-1259390. As well as ethyl

acet at e, wbasprimsduct stream conprises al dehyde and/ or ketPemaGBRjosH1It i es.
Exanpl es of al dehyde inpurities 5 include acetal dehyde, propional dehyde,
but yr al dehyde, val eral dehyde. Exanpl es of Kketone inpurities include nethyl
i so- propyl ~ K& §¥ENPlgeihe jeacHpR pynditens paesssarg fonaroducing efhylAcetats fome

nmet hyl - = DLt -1.80- < . net hyl et hyl

et onc) T adic bef AN B (M scpROARE W EASAERARSMARAAT, ™ s T Tooo

ppm  nordescritfedfog malyl of example ib GB-PPM59B90.has prelldi ethys héd@as) th@piodictt O
treatnment. 10 The MEK in this product streamis hydrogenated to produce

sec- but aH§rM cpEPrises,adshyde and/orleiensdmphyties. | Exsmplespfraldebyde inepysitissiuct

t : | S ' ' h [ f el ect.i ve
Py r ogeranss ReBfutls thonlond etk 8B IabS i N FHER & BrERFShuCt stream
may al sdehmes@pedti¢sMathidar@ditnyaoyresi kdiofe, SedBElIrySy1 kBtoAe QaemAtisan cat al yst
is selected to be relatively active with respect to the 15 hydrogenati on of
al dehydeUhr ketonekaetbrlesce b8 kytongrmethyl-isgynentyleieneanidMEKAedtipd ethiyt h

t nat i f al k | Kk t b I . Suitable
car ol ysts oA P Sl By oo R el S AP PL 8P EoBi ot  rum

rut heni WieferabDgl & Wos a0 fpmoTeid pratiucbyeent Hridk YStrSatiBit. be supported, for
exanpl e, on alumna, silica or carbon. The metal |oadings on such

suppdrted catbaNEKsn #iy proshigestiepmnis bydroganatd towpragnce seqopustmalaot y, 0.5 to 10

w % S ific catalysts include Ni on.alu Q silica, Ru
on car E)(;e?i{g%kﬁs})flg%nz?&%g a!)lnor(?zf S thegrodict stigagy Gomprisipg rlUJ)]%‘]llg(‘,"é{{h’()on. Ina
pref er r afdesgeRdi e BreseRcedofAelbe e BifiedchatiorSsRAN ! Edh@NmpariRQngr silica is
enpl oyed. The sel ective hydrogenation step may be carried out in the

pr esenc Copiprighihe pseduchsfreansmiay alse be sdectehripideogeneatedr Thandtaiveal kyl
al kanoath he h i he .sel ective h ogenation step may

1. 25 rogen, emml oyed . in I
be enpl 038?%6%;{1086?@8? isﬁlfﬁ{égt? é??ﬁlat’ﬁﬁ{yiacgﬁﬁ?wt, rﬁWeF%%g € gas such as
ni t ri@germydeysetfiondfhRhyd 4 h1BB L ggee‘r}g ion step
maybegcarri eg Ollj)t at 40$’todfg)ége%%reg%@%%ﬁ%ﬁg%ﬁ%%%@elgﬁ%eco ?frl]ed parti al

pr essur eegprectith ghodrysldegsnatsar efzatkyd ntkahgate cgbonyd gpiupy e Suitdile catalybte
hydr ogenat i on step.nmay ran fro t 0 barg. (bar gauge), preferably, 1
to 50 bcgpjé’fls%ﬁ?lgﬂb%‘%gﬁagbggg{l aﬁnlgiée]lﬂﬁ?lﬁg?ﬁlf p%g%wﬂ%\ ‘Florb(:?gluph@dpr oduct
stream tredindl SAENcRRPHONRS ERYPRE el ORP edankSle, Bnlalumha, silica or carbon.

The metal loadings on such supported 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. Ina
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 empioyed 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  in the 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,



WO 03/011809 PCT/ (GB02/03411 preferably from100:1 to 10:1, for exanple,

60: 1. The product stream nmay be passed over the sel ective hydrogenation

cat al yst wD oa/o1180gui d hourly space velocity (LHSV) of O0.1parGBoeo340 hr- 1,
preferably, 1 hr-1 to 15 hr', and nost preferably 5 to 10 hr- 1. 5 Under

t he sel ectjve hydraogenatigon conditions used in the preferred process of the
present T @Eb’l ?f’?lgﬁé tR/EBN=%?Fpﬁ§PF‘P{Pa P&lsel ectivel y hydrogenated to

- but anol . : ' 1
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this stream may ?e further treated prior to feeding to 10 the distillation
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revisousl y. : ] @% t. i n [eact ed
IElydr ggen. d g@ggﬁ%}éﬁ%@‘?‘%ﬁ% edgfg)ﬁ% {ég%d;g%efﬁeg%ga %C%S (ilfl{gesi ng a

fl ash t gméseotingersiopathatNIBK impatitynie seldhigeBapdraeastedyslscadritanitByARe pur ged or
recycled for re-use. |In another  enbodi nent the stream may undergo further

separ at | Sherstdshede d{ o ketope impudiissaratlpohydspgenstediie thairgarrespandinge and

ot hanol - anaol: ALk FIREERERIFLnRERRETLRa e Sl Rl R “Rmeous

phases rayanok hesnyadmbodimexath GreatiShHtbefustBibdl tréaeH pridrito fOaRs tor ef er abl y
the hydrogenated stream may be mixed with water and then fed to a

decdft erthe Sisdllationeglisnn pppsaiing & agiressyws @f less tapdrbar ebsalifags desetibechg a

proporti . . il ric 0 _phase conpri si a _mj or
proport ipgﬁwo sl é[ﬁ?%}%ggﬂ gtsg-g%ﬁﬁ %’;YI bseotr aged%(éag?%veaanéﬁ ffa\cfeg&%rgwge%ol um for
further KBrpegoatseprstid may bé echibiedsior edmysle MNistigafiahhihk acLiaphatand sec-
but anol being fed to the distillation colum at reduced pressure of the

present GoRyRIht Therseparptediylrogen maydeipreget or vasyeled for rerise. Boanothgy pi | ot pl ant

di stillation. col test the efficiency. 25 for renoying s-Bu fromthe
final prods el el Bkl iy Eitiotlas Rpcot I Be ShEHBAh 1 he

r ebaisl erths efipl Retatendzesbu@hol AfreaRv theﬁ‘&ﬁm%d'iﬁnfs?édcﬂ)&s,%k' B?{H'i‘ﬁpl&,he top,

and from above various internediate trays within the distillation col um.

The col uater, ethpsil aad othgs aleolalsfamail iththe hgdiegsnatios reastipabAgudodsel ow. 30 6 WO
03/ 0118%%3&%2\%%%8%&&& for example, using a settling 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:

30



Conmponent mm % Et hyl acetate 62 Ethyl propionate 10 s-Butyl acetate 3 5
s-BuOH 9 M sc. hydrocarbons balance Table 1. S-BuOH was dosed into a

m xer sucwotohatisbhe feed to the colum typically contai nedTZ3ppsa13- BuOH.
The cal cul ated feed rate averaged some 4050 g/ hr, entering 10 via the
center feed point (i.e. tray 20) and the col umm was operated at a refl ux
ratio of 2:1, wth the col um”ccpﬁ@&ﬁ;ufe behmg%re ured at the base. At a
pressure of 1.06bara an ay oH at e concentration of
approxi mately 20ppm was achi | presisure was reduced to 0.52
tiara the concentration of sEtamp]dpnpmate he di®tilljate reduced to an average
of 7ppm 15 The experinment Wagp Jg%{ jn withsa reduced feed supply rate of
3230 g/ hr such that the base contalined a reduce concentration of s-BuCH
(< 5|§I n9. The colum was ‘
under these conditions the mztg&hydrb@tt@n@o bgmfager cont ai ned any det ect abl e
s-BuOH (i.e. 1 ppmor |essh 0 But-anol Esterification and
Trans-esterification in the Base of "D7600" D7600 is a commercial 50 tray
distillation colum used for the pdmblébation of ethyl acetate. A snall

anount of ac duced vij t hyl tate drql and
accumnmul at es |E§nig§l R%C‘Hgaisscl}aose‘?nﬁ%g n&’f{%rtsuaﬁl ﬁ?%“ﬁ fgeglletﬁra?ﬁe cqqﬁmaﬁgﬁ'gﬂ Youl at ed t hat ,
assum ngoatained 380PpH ¥ AUIENThE @Al chIBRE A thiefave@BYEIInh M0 J0NEhVEetify
sec-butanol, a neasured flow of 25 21 kgs/hr of acetic acid feaches a

steddy stiaths ceniacfead paint Gre. by aﬁ)ﬁnd)th srealeny whs opesdedzat suefluxgratiobfise pur ge
of 130 /I ht,. .The, resi dence times he bas columm are
al so di ié? g %‘?WC{’WE“MF%Y ‘?Iéggﬁﬁsufe e?é¥}{e%af%sé&l%ﬁ’éeéswﬁ%ébggar?ﬁ’é order of
60 to ZfehgysBudHdRANAE cs&ewaﬁ&%fawﬁhﬁét 9@20?5@1 WA £8ie9bd.T 1ERL
processes a test was carri ed out 30 on the pil | ant where the base
conposi tthepresfure wes thdgchltbé)tﬂiwr@ﬂiewnncanastuadq)ﬁste@Hmth¢ distiddise both acid
and s- BuC]d-I 2 13.34% and 8.85% respectively. Table 2 bel ow
Shons. t HERsA AT PREREAEIRGE Gurt ag i he Lost .

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 (< 5m/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:



7 WD 03/011809 PCT/ GB02/ 03411 Conponent Starting W% after Corrected W%
change Molar wt% 70 hours wt % after over change 70 hours 70 hours Acetic
Acid 13. 3W012/068040. 94 - 2.38 - 0.040 s-BuAc 3.12 10.56 ®CI&B0G/0801+0. 052

5 s-Butanol 8.85 5.41 4.67 - 4.18 - 0.056 Et Prop 7.61 8.81 7.61 - - Table
2. Ethyl propionate was expected not to be significantly effected by the
= a ad ac a - rmpanc—f

reactions takitg—pl andTuwere—therretore—us —a—11e fof adj usting

t he conposi {| Comptmsnt] Sariipg, ﬁ{’ SAiig Gorpegted TWa% changel MO { hat t he

nol ar incredse in s- BuA¥tYes |caPBpureqiwip affer he QNSEr easShAREY ] But anol . The
data shows tlhat when |steady [state is |réhboexs, | ug0d@uss {esidence tine of 70
hours, 47% afAcetie Abig|aridl34will | 1B&H% read0.fd; the-rkd&i nder0.040 ] have been
purged fromit heBayst gm3.12 dddil0isen tlhe dEt a $howss.0hat | 4h®0ospss of acid
due 15 to est eButdnoRt|i 05185 S |t hes pr edgm npgit 1 e¢actipmg ac¢caumbsqy for 74% of
the butanol [repchhgn.| 7BE firanggesteritjgation reaction 15 sl ower
accounting for 26% of -the butanot conversron. Exanple 3 Using the 50 tray
pilot plant distillation columm referred to in Exanple 1, a series of

tests was carried out using a 2:1 r@bledx ratio throughout. The results are

of soc: but androyRepioRse ik oy sOF IR Gl ARbRY HREel R AdRGRE  The

concent rtakih@plaoé aisEweleUh&bke i19¥HWE bineahfdr B&juswid bk campbétiengiosti | | ate can
be seen to fall dramatically to 7 ppm when the columm pressure is reduced

from0l hpagigg kiR Isvel. 52 bara. Reduction of the feed rate results in a

further drop 4 - ol Jlevel in the distillate.to |le than 1 ppm 25
Test No. FeedT h%&?%%ﬁggg‘%l%t rrg(glla%lln(():rneaseliéltséﬁlﬁ%celsgscﬁpﬁsﬁégte‘ﬁﬁ%g]see Distillate
Bara ( ppiekreaddinGHRMnol. Fh8ddta GhédPs thaBwherdsteady 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.

o 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
4 4.0 1.0 330 8.0 20 2
30 5 4.0 0.52 330 9.0 7 2
6 4.2 0.54 330 5.0 0 2
Table 3



2 3.8 1.03204.5153 33.81.03202.5102 4 4.0 1.0 3308.020 2305
4.0 0.52 330 9.07 2 6 4.2 0.543305.002 Table 38 dains: 1. A
process for separating ethyl acetate from sec-butanol, said process
conprising: taking a product stream conprising ethyl acetate and
sec-butanol, feeding the product streamto a distillation colum,
operating Chémsti stillation colum at a pressure of |less than 1 bar absol ute
to give an, 5 ethyl acetate stream and a sec-butanol stream 2. A process
for separalin ggé’é‘gc-eﬁiﬁ%éﬁ?ﬂarqt% GHPE peatate fromt s5g1butieel §Rid PraGesHCQIRRTEERE
conprising: f i LS k J ream conprising at
| east et hyl ag@gfgggptrgdrﬁt g%%“b%t@é}%% %@%g%?%ﬁ?ﬁg%ﬁ%a@ﬁhéti | I 'ation col umm
at a pressure febdihgdr groduct dtrdnar teadbdiefilldt@ntcolunpr, ovi de at | east (1) a stream
conprising ethyl acetate as a mmjor conponent and (2) a residue or a second
stream whi ch reRRg thy disiagion Cé’]!q"é‘aﬁﬁacﬁﬁﬁﬂies(@esﬁtthﬂne]a@f abgeJute tg givewat anol

fromsajd prodyg laé«t:tﬁt%%%%réggéasﬁ-ﬁ@?ﬁcﬂ%ﬁeﬁﬁ. clainmed in daim1l or 2

wherein the pressure Int I st ron columm lies in the range 0.01 and

0. 95 bar absol Atpeoceds foAsqpacuting Seabutaheliinpdritytrdsh 8ihyl dcetdte, 2aiiRb&IsH t he
pressure in the distillation colum lies in the range 0.1 and 0.7 bar
absolute. 5. APPRBBEES as clained in Jdaim1 or 2 wherein the pressure in

absol ute. 6. ACRlnER O ARl s bR ARG hIES e by Rl
wherei n the pradiset-buahsleamis fed to the distillation colum between
one- q'ulaor ter an(()jpetrar%irnz(?cfleqclijigtriltlzgiroi c(c))];umng atvgrgs?;,{lrglo]f?gsg.ﬂigq %%%/S(())lgé]’-[g-
provide at least
(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.
15 3. A process as claimed in Claim 1 or 2 wherein the pressure in the distillation
column lies in the range 0.01 and 0.95 bar absolute.
4. 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.
5. Anprocess as claimed in Claim 1 or 2 wherein the pressure in the distillation
20 column lies in the range between 0.3 and 0.5 bar absolute.

6. 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 colum. 7. A process as clained in any one of the preceding
Cl ains wherein the product streamis fed to the central third of the

di still atwormsoolsaym. 8. A process as clained in anyone of PChgGEResadi ng
Clainms wherein the ethyl acetate 5 / sec-butanol streamis derived froma
stream (3) c rising ei hyl acetate and nethyl ethyl ketone (MEK), wherein
t he MEK has tg% ﬁyH?/g}ec?Q ‘ed to produce the sec-butanol. 9. A process as

cl ai med 4 n g\gw&@ ag/gmwirmﬁ ogltf%g'{mﬁgc%egﬁg rg MEGREERAM pdkiulias  itself

been derive rom-t reacti o acetic acid, or fromthe 10
conver si on cofream iafedodtle deaealshind bf the didtitiytiormedtmhe by i) dehydrogenati on,
ii) oxidation, iii) reaction wth _an al dehyde or iv) oxidation to the

cor r espohdi ry Prosese ﬁg‘émf’ 0 Bene sy thepaecsduig daes Wadein; the cthylacelateyr ocess

as ckai med i/@e&heéaﬁgj%ueam% H%Rfeﬂifﬂ)[rﬁ ggu%gg{rﬁgg@o&ﬁgsiggg&gﬁce%é (3) 1is

hydr ogenated to produce sec-butano cti r a part of product

15 stream ( 3pethiltdthyihketong EIEKD), Whereipries MERhafbean Sedregtnat&l foydsdigenat i on
catal yst. 1%. A process as clained in daim9 wherein the selective
hydr ogenat i dhe sesrtitapel.  conprises a 3-5wt % Ru catal yst supported on carbon

oL ST, gl iRl OB s ey o
t he process iteHbe¢hddived fivnythe Reactibn bhethplegcad atgtic 6did) dfrordthe 30 10
10 conversion of an 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.
10. A process as claimed in Claim § or 9 wherein the MEK in the product stream (3)
is hydrogenated to produce sec-butanol by contacting all or a part of product
15 stream (3) with hydrogen in the presence of a selective hydrogenation catalyst.
11. A process as claimed in Claim 9 wherein the selective hydrogenation catalyst
comprises a 3-5wt% Ru catalyst supported on carbon or silica.
12. A process for purifying ethyl acetate substantially as hereinbefore described in the
Examples.
20 13. Ethyl acetate prepared by the process described in any one of the preceding

claims.
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