ESTER SYNTHESI S The present invention relates to a
process for the synthesis of esters by reacting an
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an acidic catalyst. It is well known that. olefins can
be reacted with |l ower aliphatic carboxylic acids to
formthe corresponding esters. One such met hod is

- ‘described in GB-A- 1259390 in which an ethylenlcally
unsat urated conpound is contacted with a Iiquid nmedi um
conprising a carboxylic acid and a free- heteropolyaC|d
of nol ybdenum or tungsten. This process is a
~-honpbgeneous process in which the heteropolyacid
catalyst is unsupported. A further process for
produci ng esters is described in JP-A- 05294894 in
which a lower fatty acid is reacted with a | ower
olefin to forma | ower fatty acid ester. In this
docunent, the reaction is carried out in the gaseous
phase in the presence of a catal yst consisting of at

| east one heteropolyacid salt of a netal e.g. Li, Cu,
My or K, being supported on a carrier. The

het er opol yaci d use% 5@ Ehgsghotgngstic acid and the
carrier described i S 0757027 (BP ‘
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andepA-0@81027 (BP Chemicals) discloses a process for the production of

lower aliphatic esters, for example ethyl acetate, by reacting a lower olefin with a
saturated lower aliphatic carboxylic acid in the vapour phase in the presence of a
heteropolyacid catalyst characterised in that an amount of water in the range from 1-
10 mole % based on the total of the olefin, aliphatic mono;carboxylic acid and water -
is added to the reaction mixture during the reaction. The presence of water is said to
reduce the amount of unwanted by-products generated by the reaction.

The reaction disclosed in the prior art can be carried out, for example, at

pressures in the range 400- 3000 KPa (4 - 30 .barg)', preferably 500-3000 KPa



extraction. It is an object of the present invention
to provide an inproved process for the production of
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containing hydrocarbons. In particular, in the production of ethyl acetate from
ethylene and acetic acid, operation of the process at pressures in the defined range
results in a substantial reduction in the production of certain volatile by-products,
especially butan-2-one (cbmmonly know as "methyl ethyl ketone " or "MEK"), and
acetaldehyde, without adversely affecting the production of the desired ester.
The invention further. provides a process for the production of ethyl acetate
by reacting ethylene with acetic acid in the presence of a heteropolyaéid catalyst at a

temperature in the range140 to 250°C, preferably 150 to 240°C, more preferably 160

to 195°C wherein the reaction pressure is maintained in the range 11 to 20 barg

2



The term "het eropol yaci d' as used herein and
t hroughout the specification is neant to include the
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8500 and include dimeric complexes. They have a relatively high solubility in polar
solvents such as water or other oxygenated solvents, especially if they are free acids and
‘in the case of several salts, and their solubility can be controlled by choosing thé
appropriate counter-ions. Specific examples of heteropolyacids and their salts that may

be used as the catalysts in the present invention include:

12-tungstophosphoric acid - - H3[PW1,040).xH,0

12-molybdophosphoric acid - H3[PMo01,040].xH,0
12-tungstosilicic acid - H4[SiW,040) xH,O



Cesi um hydrogen tungstosilicate - Cs3H SIWO0 o] xHO

Pot assi um t ungst ophosphate - K [P W].xH Anmoni um
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In order to achieve optimum performance, the suppbft is suitably free from

extraneous metals or elements which can adversely affect the catalytic activity of the -
system. If silica is employed as the sole suppoft material it preferably has a purity

| of at least 99% w/w, i.e. the impurities are less than 1% W/W, preferabiy less than |
0.60% w/w and mofe preferably less than 0.30% w/w.

Preferably the support is derived from natural or synthetic amorphous sﬂica.
Suitable types of silica can be manufactured, for example, by a gas phase reaction, (e.g.
vaporisation of SiO; in an electric arc, oxidation of gaseous SiC, or flame hydrolysis of

SiH4 or SiCly), by precipitation from aqueous silicate solutions, or by gelling of silicic
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product or a chemical or a polymer grade ol efin which
may Inetharedction,dheolefin reactant used is preferably ethylene, propylene or

mixtures thereof. Where a mixture of olefins is used, the resultant product will be
inevitably a mixture of esters. The source of the olefin reactant used may be a
refinery product or a chemical or a polymer grade olefin which may contain some
alkanes admixed therewith. Most preferably the olefin is ethylene.
The saturated, lower aliphatic mono-qarboxylic acid reactant is suitably a C,-
- C4 carboxylic acid and is preferably acetic acid.
Preferably the reactants fed or recycled to the reactor contain less than 1 ppm,

most preferably less than 0.1 ppm of metals, or metallic compound or basic nitrogen
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carboxylic acid and is preferably acetic acid.

Pr ef er.abl the reactants, fed or recycled to the
(ceABMRYTHE OLAINS) HOELics Sigh BT s oaR build wp i e cgtalystand
caub®achclvatidnRneebr Netal s, or netal lic conpound or basic

nitrogen(eg amonia or amne) inmpurities. Such

i mpTihé teaetsoncmixtie |shxﬂahlnpcomp1idee a aadla@l exséss affi theoaefiiereactant

.geact i vation. t hereof. e reactjion m xture suitably
wit eaah'p%

SRBFet R the-plipgplis mane: sbopiicaRe gty Thuznthedpple ftiorpt
f

oleZTPRE %t attr e RIBH o TRRAS BB sy g range
. fromal: box14:1 cpreferably fromn®: ¥ @aeiti.on ni xture is suitably in

the e.froml1l:1 to 15:1, preferably from10:1 to
S FERGHqTLI3 SRS OBCInghG Ao phAse ﬁwta%ﬂiéahpaséhﬁdep‘ha@et

t

°f%§ h%?*ﬁi.’f%% K EomBEHE WoRRlchlpt Lid B AGRES R AT AN e
produdtiestet. fieis prefeivet toast at least some wﬁte@ﬁxﬁth‘e&éaoh@n wsiRtues. The

| east. sone vvater in the reaction m xture. The anpunt
ameynt,Qf afer €ath b, 40T §Xgmpds, ihihe sange fromp - lpan@lé % rmsafeebiny

soff 1 . S s LS R A Al
olefinydacborlylic acid add aattr\@hemeanihg ofa éritg" dely pdist" iswen

dewgomt i.s well known in the art, and is '
knosyiaithe atti apd it psctialliethe highayderaperptare for agivemeemposition,

ata S@Uﬁoﬁﬁe&h&n atI ngutcﬁ llq{If‘ﬁecg.n Q{lff %%Htr iy éh@ﬁmym}ne? I31“hrel d%ﬁfl ypq)mct%rt1

anARIPOTFoul SarfpleTwiH thmsl depéﬂw@odemempwﬁanl ts conposition.
The supported heteropol yacid catal is suitably used

as &h¢ mp@art@fbhletvmp@lbra%yatblasq lﬁSQlFﬁb}/ wednon fixed hedkwhich

ma 8 18 8 BEERRKeAE AR, SRt Aiar POTpaC B mial
availabik irétStor l?ﬂémgﬁl %e%ﬁo@@ﬁﬁtﬁg rédéRint dlefins atdPdc¥dstare passed
sui tably at GHSV_in the range from 100 to 5000 per

*over gy catalyss Switably 4t A GBSV 50 Cherrangzoloon 8P 15000 pereu,

t i carried out at a tenperature in
preger?aab%g%ﬁjeé@r%%?@g'y% The reaction pressure as
© st arBsireRétO i9 'dﬁl'tablzy iaribdlodtea Ee%%kﬁ:@atﬁx‘é i hed@hgh from 150-
2chreferablyfroml to 15 barg he water preferably

36 ddhetreacting prassuse,iag rstamqu\rleusl}s isin the pinge g ¢s 20 baign
pre%eraebly from 12 to 15 barg.

The water preferably added to the reaction mixture is suitably present in the
form of steam and is capable of generating a mixture of esters and alcohols in the
br’ocess. The products of the reactiOn are recovered by e.g. fractional distillation.
Where esters are produced, whether singly or as mixture of esters, these may be
hydrolysed to the corresponding alcohols or mixture of alcohols in relatively high
yields and purity. By using this latter technique the efficiency of the process to
produce alcohols from olefins is significantly imbroved over the conventional
process of producing alcohols by hydration of olefins.

The invention is now illustrated in the following Examples and
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i ncor porati nq a recycle systemfor both unreacted

| fee&é@ﬁ@ﬂémomora ing@ Teejclsr syslgmpion bethugyeactgd feeds endall the

T

section JEtd feed sdctios htikiee ligoiddeddpunipgsas Meliver fresh acetic acid, fresh

water, unreacted acid / water, ethanol and light ends recycle streams to a vapouriser.
The ethylene feed also enters the vapouriser where: it is premixed with the liquid
feeds. The ethylene is fed both as a make-up stream, but more predominantly as é
recycle stream and is circulated around the system at a deslired rate and ethylene
content. The éombined feed vapour stream is fed to a reactor train; comprising four
fixed bed reactors, each containing a 5 litre catalyst charge.

The first three reactors are fitted with acid/water injection to the exit streams
to facilitate independent control of reactor inlet temperatures.

The crude product stream exiting the reactors is cooled before entering a
flash vessel where the separation of non-condensable (gas) and condensable (liquid)

phases occurs. The recovered gas' is recycled back to the vapouriser with the
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unreacted acetic acid, water, e ght en
stredm eanposition, caibyated imgwtdack t o t he vapouri ser. Snal |

bl t I ted_in the liquid / nabl

EECIET M e O MR T TR L
EA0ES Sl e 824 PLER B, RERGED Ll
. Thé efr¢amsompdstticei ibyleasired adisg ar Agileit intdel 6§90r da diqiiel
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DBAGet aligeh)ide filh ABidkids©perited b tRIigMctativr igheflo®Df dual
crude product after the acid / water recycle stream

minhendpbitrasiont 24t The Waeplingysiemcommlorsidis omohlinarlosd legp
i na. ilent degl ., 689 iquid ¢ch t
v B PR et it THOST Yot s B SRutBeRf fes

bedidallculBéPirofWhdAepaAEl EGndertratidRTAn CEXPRASEWith re5Péet to ethyl
fitted colum is a 60mx 0.32mi.d. DB1701 with a m

actate BiliYhi ckness operated on Heliumcarrier gas flow of
2 mThe reported hydrocarbon analysis is from a sample of recycle light ends

feed anzilysed Qfﬂine using a Chrompack CP9001 gas chromatograph equipped with
and FID detector. The fitted column is a 50m x 0.32mm i.d. CP Sil 8 witha 1.2um
film thickness operated on Helium carrier gas flow of 2 ml min™ and split ratio of
20:1. The quoted components were identified by GCMS. '
Experimental Conditions

The catalyst employed was 12-tungstosilicic heteropolyacid supported on
Grace 57 silica at a catalyst loading of 140 grams per litre.
The experiment involved start-up and initial operation within standard

parameters to obtain a steédy baseline activity and impurity make rates. The total
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-Ethanol STY (g/litre catalyst/hr)

7.84

7.56

MEK STY (g/litre catalyst/hr)

0.195

0.224

Acetaldehyde STY (g/litre catalyst/hr)

0.874

0.974

Results

As can be noted from Table 1, the effect of varying pressure over the

experimental rahge had negligible impact on catalyst productivity of ethyl acetate at

a constant reactor inlet temperature. The effect of pressure was also noted to be

minor towards the make-rates of the major by-products in the process; namely

_ethanol and diethyl ether.

It will be noted that operation at 9 barg (Comparative Exarrip]e 3) provides

relatively high make-rates of both MEK and acetaldehyde, while operation in

accordance with the present invention at, respectively 11 and 13 barg (Examples 1

and 2), resulted in significant decrease in the concentrations of both these by-

products. The response to pressure of these materials is displayed on Figure 2 of the
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Di ethyl ether STY (g/litre catalyst/hr) 3.64 3.38 3.40

Et hanol STY (g/litre catalyst/hr) 7.84 7.95 7.56 MEK
weIs0gIHitre catal yst/hr) 0.195 0.087 0.224 PCT/GB2004/003619

Acet al dehyde STY (g/litre catalyst/hr) 0.874 0.598

0..974 Results As can be noted from Table 1, the effect
Dm&i‘f‘ngﬁaryl ng pressure over the experinental range had

negfﬁ&hmeeratemstvaﬁ&ﬁ?mhmno?fr A6k b%%féﬂu@tfs v@r@_l_lhe

acetate at a const r eact or et f enper at ur e.
obserfvee oi cluhgpaesesule ofidmngdsin thmwlomq;réseum nor towards
t he_make-rates. of the nmajor %y products in

pr obfgigact Wé‘r?é?‘?}“%%  5A98F oL yflreqazhanimpurifes at SF’PS% Ipyelg, gt
con@éﬁtﬁﬁoﬁ?@ﬁu 8/08b F}Eﬁﬂﬂ&%egcrg% r&&R@H@%{ﬁtTﬁéﬁ E@Hﬁﬁlg 3)

provides rel ative ates of bot
) ran@:mamll)dﬁhmc(é; tovizichebon membt:nsom chain &mgtir. ddoveeveni théy dane
present i nvention at, ctivel y and barg (Exanpl es

grow ig ﬁeala)lengﬂé%m PI?PUSI”F § throygh therepgtae Gainn ¢ he
Congent | orﬁfmgp@aﬁe {nlgs sb(}f sg&gﬂé‘& {) o egtn?até sponse

to pressure t he nraterla3|s i gure
bradched ot lindr apccm}sl e. Thietiplpentand, Ssmethylpentaiié, Qtnethi/hexdire)
m. nor reacti on by- [l)lroducts were al so observed to

2,3 dimsteipgatane, Sauethylherang amethy pent-2rfae, Wct-methyl-2-heptene,
han ﬁ%%&{ ﬁlenﬂ—a%! e{s%{ 49 ﬁ&%ﬁglo %%ﬁs? §e9f hydrocarbon

I es frations of up

t 0 ]:hQﬁﬁmaﬂﬂg amalydfuaoﬂlhwl Balfgf andUGtbafd 6pation Prediet streams,
ur|t| es ra Ml nly fromto carbon nunbers in
by E hegrgatpgra \}%note@ fhay thezedugtionin theseri-produetsish

CoT4E I e R e,

presé;ﬁﬁe&tp&haioﬂdeprbieafsti\ﬁ}dlﬂ% of tHacabtainpe at e ?loWerQ;ressure and in
2- et hyl pent ane, 3-net hyl pent ane, 2-net hyl hexane,

songe C3sef; qusple/mm%dlf@rq@gq w]lm@y comparison of Flgures 3

e

S peSigfificantteARHBAbE amelamﬂgy&t@i ®fdrédacbcd Byaprodedislalear 9
operation product streans, by FI'D gas chromatography,

occpss at é3 h@ngemetaﬁan, inglading @ut:mtdmtqd torrestonp (reguesd byt29%)s
eth)zlorrp nate (f El,fcge éP’ 92?3 iﬂa erﬁ ér(l%]:luccc%so%'%O‘J) ({T?tﬁslur ed
propionate (reduced by 50%). Not all of the process impurities in the stream have
been identified. |

The heavier hydrocarbon species, up to Ca4, also undergo signiﬁcant overall
reduction at higher pressure, being measured at 40% of the lower pressure value,
also by FID gas chromatography, although nd disfinction is made between the
individuall components in this measurement. |

~ As the aforementioned impurities predominantly originate from an ethylene

precursor, the operation of the prbcess at higher pressure improves the catalyst
selectivity based on ethylene by inhibiting the formation of these species. Since the
process must typically remove the majority of these components by means of a
purge stream, the bcne_ﬁt of higher pressure operation will allow process operation

with significant reduction or elimination of some or all of these purge streams. It is
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pressure operation represents only 10% of that

obtai ned at the | ower pressure, and in sone cases, as
woowsa371% This difference is illustrated by PCT/GB2004/003619

conpari son of Figures 3 and 4 which show Gas

Chr to rarrs of. t he .crude product st
reasTT 1) SABROS ot SRS ASPooE ROy SO BHPF BEefbon
furthy- products al so occurs at 13 barg operation, '
including but not limted to; acetone (reduced by
909%he reduvyions mmuaklebycbcamdenbtbxl eﬁi}‘l/z)cetoﬁe forekampleenable
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pressure co extend t he beéen

ﬂoW ﬂﬂlut@t' i Sranddrd feedebonditiohyubed avete 2328 hg[hr ethiylene kK6 omi/hi adetic
npl e enabl e extended catalyst |ife as this materi al

a°1dn Aénlﬂ%ré‘oqt%wﬂﬁ Yemhhy diethy} qtheéadla@oaalba%w 2-butanol were
aonBF A58 AT B8 863G PR B UL AR nedBE

the Hg#ia ahd ghd Winpieits MWekdlfed ntd theOreh&6r @sfer a®om] E&lbohiﬂaum pre-
cat al yst surface and hence providing a barrier between

heatbﬂd tp ensre fitlkvapatisation a@énaxlylgtof thetliquid eompanents vitikibe gas.

f. el

Thel 6 FRG R0 en¥ SGRRRR. from plecalelBt 118K F el PRTig B e

cataqayst Béuswmheﬁ stpbofted 6h alfitifer 30Gs #1801 IR, URAEBEMUAY running
benefit. Example 4 and Con]Jar ative Exanple 5 The data

condigions thepeesEa s aeainiained af Obarg withra gas haurly gpace velocity of
3608.e ﬁ po%cts from the reactor were cooled and the liquid components were

collected and analysed by liquid GC, the gas components were analysed by an online
refinery gas GC.
In these Examples the reactor was started up under the standard conditions

~ described above. After 110 HOS (hours on stream) the catalyst -had bedded in and was
pro.ducing.steady data. At this point the acetaldehyde make of the catalyst was 0.24 .
g/lcat/hr and the methylethylketone make was 0.011 g/lcat)hr. After the samples were
taken the reactor pressure was increased to 12.9 barg, all other paremeters, feed rate,
reactor temperature etc were kept the same. After 132 HOS the acetaldehyde make had
reduce to 0.14 g/lcat/hr and the methylethylketone make had decreased to 0.007
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m croreactor. The microreactor is a single pass
tubul ar reactor holding 6.25m of silicotungstic acid
wo@ositizen catal yst ground to 0.5 - | mm parti CPET/€B2@®4/003619
m xed with 6.25m silica 0.5 - Immparticle size. The
ERAst hase downward flow reactor.
wsﬁdgﬁ@gg%EEano%§u§ed were 23.81 g/hr
ethylene, 3.65 m/hr acetic acid, 1 m/hr water and
Q Ly 1% w/ w 2-hut anal

—54—ﬁHHH;%ﬁ%ﬁ#ﬁ4—4§4¥¥—éﬁkﬂ¢+@ﬂ&L
vier e doped into the Iqu|ahW68d as a by-product

| J_ i AUi d
g:‘i cc rrp%?g ;te icalsé[ﬁsé}}m M5 tazdjelhﬁée r eay{eg}yl%g)él]ségne '
Oml car bgr undum pr qblgat peekd fy]@ ayrie ful fo/lcat/hr)
lon—and i xing of! the ui conponents With

apori-satil l
h&ogws5S ThelpPe- 1eat1(bed vvereos,l'aq:)ar atled fromalie

atatyst—gsiT Ot-a rd—the—catalbyst—bed
jlas t en-\upgg%te 323 furth ﬂﬁﬁfass wool. p@JEV Under
standard running conditions the pressure was '
mai ntai ned at 10 barg with a gas hourly space velocity
of 3600. The products fromthe reactor were cool ed and
the liquid conmponents were -coll ected and anal ysed by
liquid GC, the-gas conponents were anal ysed by an
online refinery gas GC. In these Exanpl es the reactor
was started up under the standard conditions described
above. After 0 HOS (hours on streanm) the catalyst had
bedded in and was producing steady data. At this poi nt
t he acet al dehyde nake of the catal yst was 0. 24

g/l cat/hr and the methyl et hyl ket one make was 0.01
g/lcat/hr. After the sanples were taken the reactor
pressure was increased to 12.9 barg, all other
paraneters, feed rate, reactor tenperature etc were
kept the sane. After 132 HOS t he acetal dehyde nmake had
reduce to 0.14 g/lcat/hr and the nethyl et hyl ket one
make had decreased to 0.007g/lcat/hr. The results are
shown in Table 2. Table 2 Exanple HOS Pressure
Acet al dehyde Met hyl et hyl ket one (barg) nmake (g/l cat/h)
(g/lcat/hr) Conmp. 5 110 10 0.24 0.011 4 132 12.9 0.14
0.007C aims: A process for the production of a | ower

al i phatic ester conprising reacting a |lower olefin
with a saturated | ower aliphatic nono-carboxylic acid
in the vapour

J

c*r—r(mm'n
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12



10

15

20

phase in the presence of a heteropolyacid catalyst,
characterised in that the reaction pressure enpl oyed
WO e@s/023141 he range 12 to 18 barg (1200 to 1800P&P&B2002/003619
A process as clained in Caim1 characterisedin that
the reaction pressure enployed liesin the range
preferablyin the rangel2 to 15 barg (1200 to 1500_
KPa). 3. A process for the production of ethyl acetate
by reacting ethylene with acetic acid in the presence
of a heteropolyacid catalyst at a tenperature in the
range 140 to 250 C, wherein the reaction pressure is
mai ntained in the range 12 to 18 barg (1200 t 0 Kpa).
4. A process as clainmed in any one of the preceding
Clains wherein the heteropolyacid is selected from
12-t ungst ophosphoric acid, 12-nol ybdophosphoric acid,
12-tungstosilicic acid and 12-nol-ybdosilicic acid. 5.
A process as clained in any one of the preceding
Cl ainms wherein the heteropolyacid is supported. 6. A
clRippcess as claimed in Caimb5 wherein the support is
S

elected fromsilica, clay, zealite, ion exchange . .
L7 esithRIOSRRS L POl of o overalinhalis euerpommaedgaating s
e a3 FAEC Lol WEpISHE b bl il 8 Fhnqur
phasedn thpriesenct af ah&erofolyacid cathlystechuradieised it the ScadHoE
by fla hydrolysis of or SSCU 9. A process as clained
p“"r%urﬁr‘f ?’E‘W&XE‘FS tﬂyéF Fnes 1260 §8 hirrg (1290 o808 Figdr t i smade
by I B i i ] j- .1on, or by
2 o [t BoBaglated AN SR Ield f hef R Rahlrliesn e
emplogédhiiz in the samge preferalily (@ the rangb 12 mc|> 95 g&n@r(ejwo m?oe iKPa).6
the support. has an average particle dianeter of 4 to
3. 1 APIPEEdUaDS BrodigHonel ot eseiatarby reacting oibslea Withieetic
Lietid el ' ' L hereof . .
wof i Hrk oot 7 EErop AR b o R b A gke 1400

2504, wimkeid thel rex®@iongrésplira tid ﬁaiﬁ%&dﬁﬂ&lﬁ&’éﬁ%& £2 &C1Fbarg (1200
reactant is «a -C4 carboxylic acid. 13. process as

b0 RR) in daim1 or 2 V\,herein t he saturated,‘ | oner

g all &hﬁlokgss as claimed in any one of the preceding Claims wherein the
heteropolyacid is selected.from 12-tungstdph0sphoric acid, 12-molybdophosphoric
acid, 12-tungstosilicic acid and 12-molybdosi1icic acid.

5. A process as claimed in any one of the preceding Claims whereiﬁ the
heteropolyacid is supported. '

6. A process as claimed in Claim 5 wherein the support is selected from silica,
clay, zeolite, ion exchanée resins and active carbon.

7. A process as claimed in Claim 5 or 6 wherein the support is derived ﬁom
natural or synthetic amorphous silica. | o |

8. A process as claimed in Claim 5, 6 or 7 wherein the support is made by
flame hydrolysis of SiH, or SiCls

9. A process as claimed in any one of Claims 5 to 8 wherein the support is

13
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nono- car boxylic acid reactant is acetic acid. 14. A

process as clained in any one of the preceding d ains
wobk@saeitT4t he nole ratio of olefin to the | owerPCT/GB2004/003619

carboxylic acid in the reaction m xture is in the

madg 0P Sohiftoms Rt i sWECAE PR eRinR R P o

collefdsol efin to the [ ower carboxylic acid in the reaction
mxture in the range from10:1 to 14:1. 16. A process
10. as Rspmcmswiﬂlmm}lrmwanﬁd E@lp\s &de Qiwlpréh avheseimtter ei n
east so %the reacti on m xture.

Suplioft L%? ﬁgra&'@%pﬁcg‘%\?’ﬁgg 4t€| M wher ei n t he anmount

11. of M?F&Ess'&cld"mk@ﬁl CRIAS erme%awhml:ﬁn W amaggk, on the
total anount of olefin, carboxylic acid and watér. 18.

propylenec amixtusentbergof i al |y as herei nbefore described in
t he, Exanpl es t.0

h
12. 2, DRORER S CER REGUA R o SQURREE e Tobijeieddp et gt
moﬁ&wtoﬁyﬁwa\a rBtRis PCREALABHWAR Acfy. t he reaction

product in a process for the production of ethyl
13. acer atoeebyas rcmmmd iCleirhyt log Aeviwir¢in tiacatirated,dder aliphhtic

P A R
14.they Pﬁﬁgﬁs as2ldifled i 29? dde Q)% E’Q%réc%d ggﬁaf‘ﬁﬁa\)vher&@ Jﬁﬁﬁilgﬁae

the Ievel of nethyl éthyl tone a acet
ratio of ¢lefn tocthe dowoer carbodylid adidinathp reaciers mixtoretik én the range
roduction of ethyl acetate by reacting ethylene wth
fror'géelt d33cid in the presence of a heteropolyacid

15. CatRhMREssAs chhith BMMEAR e Bf tHe prite din@8GinOPhdiin e mbte |
ratio of olefin to the lower carboxylic acid in the reaction mixture in the range from
10:1 to 14:1.

16. A process as claimed in any one of the preceding Claims wherein at least
some water is used in the reaction mixture.

17. A process as claimed in Claim 16 wherein the amount of water is in the
range from 1-10 mole % based on the total amount of olefin, carboxylic acid and
water.

18. A process substantially as hereinbefore described in the Ethples.

19.  Use of a pressure in the range 11 to 20 barg (1100 to 2000 KPa) to reduce

the level of methyl ethyl ketone and/or acetaldehyde in the reaction product in a
process for the production of ethyl acetate by reacting ethylene with acetic acid in
the presence of a heteropolyacid catalyst at a teinperature in the range 140 to 250°C.
20. Use 6f a pressure in the range 12 to 15 barg (1200 to 1500 KPa). to reduce
the level of methyl ethyl ketone and/or acetaldehyde in the reaction prodhct ina |
process for the production of ethyl acetate by reaéting ethylene with acetic acid in .
the presence of a heteropolyacid catalyst at a temperature in thé range 160 to 195
°C.
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