ESTER SYNTHESI S The present invention relates to a process for tﬁﬁﬁg gSﬁ;—Tz—
synthesis of esters by reacting an olefin with a | ower carboxyli

the presence of an acidic catalyst. It is well known that oIeflnéjgﬁﬁg% / 9
reacted with |ower aliphatic 5 carboxylic acids to formthe cor respondi ng
esters. One such nmethod is described in GB-A-1259390 in which an
ethylenically unsaturated conpound is contacted with a |iquid nedium
conprising a carboxylic acid and a free heteropol yacid of nol ybdenum or
tungsten. This process is a honpgeneous process in which the heteropolyacid
.catal yst is unsupported. A further process 10 for producing esters is
described in JP-A-05294894 in which a lower fatty acid is esterified with a
| ower olefin to forma lower 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 eg Li, Cu, My or
K, being supported on a carrier. The heteropolyacid used is 15

phosphot ungstic acid and the carrier described is silica. It has al so been
known that the addition reaction can be carried out in-a plurality of
reactors set up in series which reactors may be interspersed with an

i ntermedi-ate cooling stage because the reaction is exothermc and as the
reaction mixture progresses thrpypRREERTHESIS such reactors the

t enperature 20 ﬁ ul d steadil,y T\ Se and exceed esj red range thereby
~adversely affecti BePFFée‘Pté‘é‘@N‘ "eqt?“ﬂé‘sl"'ﬂ?ﬁﬁ/sg@'é 'sPﬁﬁit "lsﬁ’g process
efficiency ceac amﬂeﬁxvaﬁthwlgwerfcaﬂmyhc/adi&muhppcesem dfanttidic al i quot s of
~acid to the Qﬁ%pt on m xture. Accordingly, the present invention is a
process for oduction of 25 | ower aliphatic esters said process
conpri si ng react i figs well&nowd dhat iotefins eanche reacted withllowerraliphatici n with a

saturated. | o d hase |nthe
presencedsof é\ﬁ-h ’&eﬂrc(%la@%ltgg&:gﬂggtgg‘#&%}{&héﬁggtserdlngeh ”alg tﬁe reaction is
carried out tescrbed m@BrAﬂzwmem%mh@n@@wlwally&ussamre@dwmnowhxs t he gases

‘conpri sing tE&n?@é&%&%nc@?@ﬁédn%@gﬂf&Qiﬂgta%aﬂfék&lid‘&nd sfg fed i St reactor 5

are fed as t secon those exiting fromthe
second react b?teéﬂpélyfaé’d of anqlyhdenyps or tungsten. ThisPocesRBRIIOMALENEWSon for t he

subsequent  process in which the heteropolyacid catalyst is unsupported. A further process
10 for producing esters is described in JP-A-05294894 in which a lower fatty acid

| is esterified with a lower olefin to form a lower fatty acid ester. In this
document, the reaction is carried out in the gaseous phase in the presence of a
 catalyst consisting of at least one heteropolyacid salt of a metal eg Li, Cu, Mg

or K, being supported on a carrier. The heteropolyacid used is
15  phosphotungstic acid and the carrier described is silica.

Tt has also been known that the addition reaction can be carried out in a
plurality of reactors set up in series which reactors may be interspersed with an
intermediate cooling stage because the reaction is exothermic and as the
reaction mixture progresses through a series of such reactors the temperature

20 could steadily rise and exceed the desired range thereby adversely affecting the
~ reaction. '
It has now been found that the process efficiency can be improved
significantly by injecting further aliquots of acid to the reaction mixture.
Accordingly, the present invention is a process for the production of
25  lower aliphatic esters said process comprising reacting in an addition reaction



reactors, and an aliquot of the reactant nonocarboxylic acid is introduced
into the feed gas to each of the second and subsequent reactors so as to
maintain the olefin to nonocarboxylic acid ratio in the feed gas to each of
t he second 10 and subsequent reactors within a pre-determ ned range. In
the addition reaction, the olefin reactant used is suitably ethylene,
propyl ene or m xtures thereof Wiere a m xture of olefins is used, the
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of the second and §%§fﬁ€ﬂf“1¥té‘§csﬁ‘8?@)’°wﬁp{'$?é adpelar ecessiaf thelefimct ure of

et hyl acet at erdactamt with respect to the aliphatic mono-carboxylic acid reactant. Thus, the

20 mole ratio of olefin to the lower monocarboxylic acid in the reactant gases fed
to the first reactor is suitably in the range from 1:1to 18 : 1, preferably from
10:1 to 14:1. During the reaction, when the reactant gases come into contact
with the heteropolyacid in a catalyst bed, at lease some of the acid is used up to
form the ester in an exothermic reaction and the mole ratio of olefin to

25  monocarboxylic acid increases considerably from a starting ratio of 12:1 to |
about 30:1 in the exit gases from the final reactor. Where the reaction is
carried out in a plurality of reactors set up in series, the exit gases comprising
the unreacted materials and the ester product from the addition reaction from
the first reactor are fed as the feed gas to the second reactor and the exit gases

30 from the second reactor are fed as the feed gas to the third reactor and so on
for subsequent reactors. When using such a series of reactors, the olefin to
monocarboxylic acid mole ratio in the feed gas to each of the second and
subsequent reactors is seriously depleted due to the acid being used up in the
formation of the ester. This mole ratio bf olefin to monocarboxylic acid is

- 35 brought to the desired range by injecting further aliquots of the




et hyl ene and acetic acid, this range of nole ratios of ethylene to acetic
acid in the reactant gases fed.to the first reactor is suitably in the
range from1l:1 to 5 18:1, preferably from10:1 to 14:1 and that of the
feed gas to the second and subsequent reactors is suitably from10:1 to
16:1. The addition of further aliquots of the nonocarboxylic acid to the
feed gas to the second and subsequent reactors should be sufficient to
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which is fed 4% reactor and so on to each of
t he subsequenseries iscofar sibstantially tubular shape which in a planar view has the _ :

appearance of a set of three substantially concentric tubes and wherein the feed
gases enter from the top into the inner most tube and flow substantially radially
outward into a middle annular tube housing the catalyst bed and then, after the
25  addition reaction has taken place over the catalyst bed to generate a gaseous
stream of product gases comprising ethyl acetate and the unreacted feed gases,
said gaseou_s stream emerging from the annulus comprising the catalyst bed
flows further radially into the outermost tube of said concentric tubular reactor
to be fed as féed gas .into a second such radial flow reactor; and similarly the
30  product Igases exiting from the second reactor are used as feed for the third
reactor in series and so on. The reactant acid is introduced into the gaseous
streams emergent from each of (a) the first reactor to maintain the desired
reactant concentrations in said gaseous stream so as to enable said stream to be
used as the feed gas for the second and (b) the second reactor which is fed as
35  the feed gas to the third reactor and so on to each of the subsequent reactors



along in the series. The process can thus be operated by setting up a
series of such radial flowreactors. One of the features of the radial flow
reactors is that the pressure drop across such a reactor is nmuch | ess when
conpared with a series of reactors set-up to operate in a node where the
feed gases and the 5 product ‘gases traverse a substantially axial path
within each reactor. Mreover, the velocity of the reactant gases over the
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gases from the first bed to maintain the range of olefin to monocarboxylic acid

within the predetermined range in the second and subsequent beds. In a typical
addition reaction it is desirable to use about four reactors set up in series
although this can be reduced or increased without adversely affecting the

25  beneficial effect of the injection of the monocarboxylic acid to the feed gas to
the second and subsequent catalyst beds or reactors.

The reactors used in this context are suitably run under adlabatlc
conditions. Due to the exothermic nature of the addition reaction, it may be
necessary to cool the feed gases to the second and subsequent reactors so as to

30  maintain the reaction temperature within the desired range. This cooling may
be achieved, where necessary, either by inserting an intermediate cooling step
between the each of the reactors and can be wholly or partially replaced by the
injection of the acid into the feed gas to the second and subsequent reactors.
The intermediate cooling step can also be used where a single long reactor

35  which has a plurality of catalyst beds set up in series is used. In this latter
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The intermediate cooling step can al so be used where a éingle | ong reactor
35 which has a plurality of catalyst beds set up in series is used. In

this latter 4 case, the internediate cooling step is used to cool the
reactant gases entering the second and subsequent catal yst beds. Were a
cooling step is used, this nmay be achieved eg by: a. usi ng one or nore
of heat exchanger tubes, or 5 b. I njection of: i. an additional anount
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gases. By sprayi upwar sprays
~are able to reactlon mixture in an amount of'1-10 mole %, preferably from 3 to 7 mole %, -

eg 5 to 6.5 mole %, based onthe total moles of acetic acid, olefin and water,
enhances the stability of the catalyst and thereby enhances the efficiency of the
process. Furthermore, the presence of water also reduces the selectivity of the

20  process to undesired by-products such as eg oligomers and other unknowns,
excluding diethyl ether and ethanol. Water addition may also supplement the
cooling of the feed gases to the second and subsequent reactors as described
above.

Where the reactant acid or an admixture thereof with another

25  component such as water is used as the reactant/coolant liquid in the present
process, this admixture may by sprayed upwards into the or each of the first
three reactors in a four-reactor system from the base thereof. This ensures
sufficient mixing of the reactant/coolant liquid with the reactor gases. By
spraying upwards, around the centre of the reactor, the sprays are able to

30  vaporise within the recirculating feed gases and the spray is then entrained into
the bulk flow. This spray may be achieved using one or more spray nozzles
capable of delivering a fine spray of droplets suitably having an average droplet
dimension of less than 200 microns. Thus, to achieve the desired flow rate of
the admixture, a set of five spray arms is suitably used with four to five nozzles

35 on each arm which will provide a maxim_um flow rate. It is preferable to



300 vaporise within the recirculating feed gases and the spray is then
entrained into the bulk flow This spray may be achi eved using one or nore
spray nozzles capable of delivering a fine spray of droplets suitably.
having an average droplet dinension of less than 200 microns. Thus, to
achieve the desired flow rate of the adm xture, a set of five spray_arns S
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et hyl aceg@t euhsymmetrical di-ether. The dl-ether co-feed may thus be the by-product of
the reaction which by-product is recycled to the reaction mixture.
Furthermore, ethanol by-product can also be recycled in order to
minimise build-up of relatively impure by-product ethanol which may otherwise
have to be processed further, if pure ethanol has to be recovered
25 therefrom. Inevitably, if ethanol is recycled to the feed gases comprising
acetic acid, there may be some esterification of the ethanol to ethyl acetate in
- the presence of the acidic catalyst used in the process. .
The term "heteropolyacid” as used herein and throughout the specification
in the context of the catalyst is meant to include the free acids. The heteropolyacids
30 used to prepare the esterification catalysts of the present invention therefore include
inter alia the free acids and co-ordination type partial acid salts thereof in which the
anion is a complex, high molecular weight entity. Typically, the anion comprises 2-
18 oxygeri—linked polyvaient metal atoms, which are called peripheral atoms. These

peripheral atoms surround one or more central atoms in a symmetrical manner. The
35  peripheral atoms are usually one or more of molybdenum, tungsten, vanadium,
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t he presence of the acidic catalyst used in the process. The term

"het eropol yaci d" as used herein and throughout the specification in the
context of the catalyst is neant to include the free acids. The .

het er opol yaci ds 30 used to prepare the esterification catalysts of the
present invention therefore include inter alia the free acids and
co-ordination type partial acid salts thereof in which the anion is a

conpl ex,._ i 9h gkt YhAblEh i héthiy. Thy Bl bibmslaheugeilpalicae! i ses 2- 16
ent netal atons, which are calle at ons.

oxygen- I i nked ral
These peri phepgvsl’ilpwuéﬁﬂmlséﬁ@y one ik karaesnriety|of éf‘ﬁ%sé‘?‘ﬁr&% WRelret ri cal

manner. The 3§qq1 lﬁeﬁé P& T@&@Hﬁeléﬂ&xtysmﬁéshmdmﬁ ib"ru{mir\ee @l m)io)ibdenum
tungst en, vanadi ni obi um tant El um met, al_s. .central

m |
atoms are usu Nﬂy"“ébF‘D’H’b‘ﬁ" Binc,tavalt ob pigkelions; U&’ﬁgeb P “’B‘H&}mblgglhﬁ’f"’ a large
¥ﬁ“ ety 0}‘5 3t Q@P Eérium, @ RuiRsartimory) phdsphdrb§ Hﬂﬁr:iutb,whgorfﬁabdmfrhédnmhmnt Sb I
ese include, for,instance i val ent ber i nc, cobalt
or nickel i Onéetrqv[a}qygplbmn ﬁm&"hl(i\?n? {]?Piﬁlm zg&?‘]‘?'ﬁrﬂanggmlln %%hu cerium
arseni c, anti nellufiung neemghimese sickdl] platitum, thévivmy hafnium, cenioohi ions ardm;her rare

| |
(ot raval ot o1 Lot BT s W OO0 ROk
i ons and ot henelhaium as; dndiheptayalgrenodinaioast Smtdxqmtomlsqmdsraseais@knqmnm| um
anti mony 4 8nsioBRSRAGR ,kﬁgw(])%lhé{%dtgf‘% -fidthi BEBE eakAn! Th?ﬁHb‘i‘uer . Such

het eropol yaci d oxoani ons oxomet al | at es”
or "metal oxi demel Qfstheewsll knawie agionsase m@gd erghgrpriginal tfhi@aﬁfoh?rﬁ inthisdieldini ons

are named aft ghglaperAswibgad KE g;g":ﬁawanewwwh dnldi AndetsehdvandPadtr known eg as
Keggi n, Wells-Dawson and Anderson- Evans-Per| off structures. Heteropol yacids

usual | y have #UNCBWeSTOl ecul ar weight eg in the range from15  700-8500 and
' nf' Ud? di m?[]' c CO”HE&E@%IyaIiH@MsJ&ﬂy Bave z{lﬂ%ﬁiﬁd&’@hhﬂg Riefgiht sgainuhe lrangy frb?lhp0| ar -
sol vents suc er Qr r QX at e ent s ey are
free aci d5 andﬁ%ng?q‘? '@dgﬂlﬁﬁ‘ﬁg‘&(}%@m PISXgSt ﬁvet%'lé’fﬁ?sgéﬁ ?{ﬁbﬂ}‘f%lé'n be
-ﬁont rolled by cIﬁﬂaxcm\mgtsts!meh aspwmpm ather @qgamaeed sobvents, Egpecialty nfttmya:mfress of - -
et er opol yaci hat I nvention
i ncl ude: 20 dénf%ep 8938 P/?rg sgitf Cim(c‘l%elr %’osfub?ht& Rat Qg co[hrtl%ﬂg&]f)y
Herr][PWerr ]cﬁﬂoesmk]tkd—ﬁmroﬂr@t&@umﬁrybmﬁo rSpesifib exaroplecoftheteropolyacids that -

g% et } % gi“’gvg g; ;+g 78 [.Hd 45 eeéart}ngt}% the! B&%&rﬁ?ﬁx}ehﬁbr?méﬁug o

20 12-tungstophosp oric acid H3[PW;2040). xH,0
12-molybdophosphoric acid - H;[PMo1,04].xH,0
12-tungstosilicic acid - H,[SiW12040]. xH0
12-molybdosilicic acid - H.[SiM0,2040] . xH,0
Cesium hydrogen tungstosilicate - Cs;H[SiW1,04].xH,0

25 The heteropolyacid catalyst whether used as a free acid orasa partial

acid salt thereof is suitably supported, preferably on a siliceous support. The

siliceous support is suitably in the form of granules beads, agglomerates,

globules, extrudates or pellets.

The siliceous support used can be derived from a synthetic silica especially

30 fumed silica, which may be amorphous, non-porous, such as those produced by

flame hydrolysis of SiCls. Specific examples of such siliceous supports include

Support 350 made by pelletisation of AEROSIL® 200 (both ex Degussa). This

pelletisation procedure is suitably carried out by the process described in US Patent

5,086,031 (see especially the Examples) and is incorporated herein by reference.
35  Such a process of pelletisation or extrusion does not involve any steam treatment
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.~ ..order to achiastiwityp

12- ol ybdosilicic acid -

Herr][SiM[err](err]].xH err]O Cesium hydrogen tungstosilicate -
Cs[err]HHSiWerr]Oerr]].xHerr] O 25 The het eropol yaci d cat al yst
whet her used as a free acid or as a partial acid salt thereof is suitably
supported, preferably on a siliceous support. The siliceous support is
suitably in the formof granules, beads, agglonerates, globules, extrudates
-or--pel |-et s.- ‘$tepsand thequuesitywfitiee suppore it desivedfronhcthe intetstices formed\duringtic - - - -

Such: as ¢ hos R pefictiation'st Beitudbn 4ERor B b oEfols Mo ROP ARG pBORIP IO
of such sil i seitably Buthe forrsof peliets debéads poate glotlardd ehdpg having an averageon of
AEROSI L ' |6 i S a0 i
Su Cabl y car PARTHE Aingte B DROUO B3, prefblally it e SHAMAORGRHEE (0, (.
especi al | § t tsuitablnhas a:pgresolumesin thecrengsoirom Oc3-h /g pseferablydramO6-185  such
a process of nafgs.'tgﬁ% ﬁ@hg&gﬁﬁibbeﬁasra%mu%‘gﬁ% oF@t 1eh&'20K Y Pored) buRtipaR

treatment 7 e porosity of support . 1S derjyed fromthe
i nterstices flwtrééfm%grqub%éﬂmﬁ%sa efemﬁi%f bﬁ%r\e@%i?&f hene

Bonapor ous Sidn:.léhastxieﬁﬁﬂi_s Qubled AreBaBEPS aveFagelof it Ideterminkd forfe@cinsetlof 56! | et s or
10 mm pr of oreaAyBlabules g A HATEEL 0N sedfer #HishReastres the i iyohas o por o
vol umet i ot Pmbeleedsﬁg thicAEhQ. ﬁrticl@bdﬁfﬁx paf@an%i pl:aﬁabl Thé bonacf&nﬁrylofahm / gb| The
support suita as a orush stren t lea g force, suitably at-
| east 5 Kg f(?PEé?ﬂbsr%'Fté@é{Bﬂ}a&%sﬁggs re%rqbgygr}aasﬁ%?ég)ér eferably at Iea>s/t 7
Kg. hThe cr?sh st réghﬁh?)pqﬁfsummhas ahaseadgopore\radieg@riof td tse) ofi 80 &0 i ned f or
each set o e ' an T ter which neasures the
m ni num f or cgs%?g‘&eﬁe/é%éigiﬁ&ﬁ? pco?%@qﬁg okél?@'&f)@ﬁbet ween parallel plates.
The bul k density din arder towashieve optinunu perfitrimanee, thesiiceo8gsupport is suitablyr abl y at
| east 44Q.9/ gl ' r | ior to
usey of 18 toff%eo%%x?‘#ﬁ?dé{%ﬁ% A R R T
theisystery e slineons supporksuitably bas atdaash 89%e Wav pWityabl y 15 -

free of extrageReingiities freQéssThaaNep wWiw\iefdiably BS54 thaf 0GOS Whw ahd ffoke t he
{eséa‘eapsys em The siliceous support suitably has at

catal ytic acti vgry 0
| east 99% w vPTBTerably RS0 ties are less than 1% ww, pref erably

| ess than 0. 60% W @t dilio® sppoits kRtAOGradeSTuanti 1371 gradeSofilica. In

20 particular, Grace 57 grade silica has a bulk density of about 0.4 g/ml and a surface

area in the range of 250-350 m%/g. Grace silica grade No. 1371 has an average bulk
 density of about 0.39 g/ml, a surface area of about 500-550 m?%g, an average pore

volume of about 1.15 ml/g and an average particle size ranging from about 0.1-3.5
mm. These supports can be used as such or after crushing to an average particle

25 size in the range from 0.5-2 mm and sieving before being used as the support for
the heteropolyacid catalyst. _

“The impregnated support is suitably prepared by dissolving the
heteropolyacid, which is preferably a tungstosilicic acid, in eg distilled water, and
then adding the support to the aqueous solution so formed. The support is suitably

30 left to soak in the acid solution for a duration of several hours, with periodic
' manual stirring, after which time it is suitably filtered using a Buchner funnel in
order to remove any excess acid.
The wet catalyst thus formed is then suitably placed in an oven at elevated
temperature for several hours to dry, after which time it is allowed to cool to
35  ambient temperature in a desiccator. The catalyst can also be dried suitably by
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QO her silica supports are the Grace 57 and 1371 grades of silica. In 20
particular, Grace 57 grade silica has a bulk density of about 0.4 g/m and
a surface area in the range of 250-350 nferr]/g. Gace silica grade No.
1371 has an average bul k density of about 0.39 g/m, a surface area of
about 500-550 nferr]/g, an average pore volunme of about 1.15 m/g and an
aver.age particJe sjze rangipng frqoqm aboyt 0.1-3.5: These supporj.s can be
used as such “émgéffi‘éﬂ’ Ogﬁ?ﬁgﬁpﬁé speh %F@EP&%m'pad‘F-tﬂ’g\Icétagﬁt Foagqngén tehe
range from O.varslefdinitied by RMicihglRé Weighbef 18 supgoh ased!isn Sheweight draie t he
het er opol yaci dqig%al y,st.. The inpregnated support is suitably prepared by
di ssol vi ng t K81a¥St RGBS aci d, which is preferably a tungstosilicic acid,
ineg distilled wmnématmcy,tﬂmg mybbhm'pﬁgﬂﬂ@ﬂhwiﬂahébﬁa@ﬂmbh%ahém ution
so forned The.s.uggort ist uita #30(1- | ef t &lo Soak {g t he acid solution
for a durati JACBFIEREEES e g ang dfied pupringp °%$ﬁ}bﬁ“t5aﬁf‘i‘ SCfter which

time it is suiitregémorfaid. t ered usi ng a Buchner funnel in order to renobve any

id. Th . - ' ' ' ' Laged i
oven at ol evat od t Dhin SR LoD aleabITES by el gt bRt Yol WRRRC ' ' o (¢
i s all owed t process of thegesentinéntion. Thepmounuetheteropolyacid ccat or. The

tal yst ' ' 415 : -heat ed h
o o ni t 1 ogeibpSsiedfintiegited Yo tabopi i use NG Rdn 1873 T 996, ue
deduct i ng0t hesuitablyin thefrangedremn Jp e 60%§yd~¢lgbm§@rahbrifmm 20to 0% byat al yst on
drying. Alterggghtflofe Eﬁe@aﬁly% DOIBBY, BE weiliht Séhdid o d 1'3&difﬁ€t al yst

using the 5 |, ifcipien] wetness.techn]gue and dried hy uUsjphg a ow of
heat ed gas sd&ﬁi‘]%&a“é@" 1‘?%&&?1‘26% gé‘ltrteﬁ gﬁﬁ?ﬁé’“s‘l]'b%?‘t_‘ﬁﬂg}é%ﬂ#é §st (measured by
wei ght) can tﬁaaopglyu@@dndfhetshpp@f,ocess of the present invention. The )

f h id.d ted/j d f '
The.addi i on 1 eact TERRCHOrS caried abt 7 ihe eur PLAGSUAURARO A the BB, by

wei ght, pusef epaitw of the esactd contefitd Yolnprising v reactanteaci, anpalabhol formmed 20- 35% by
Based on t ne Tadh tgrfictsneling st o Bed BCE DefBRitelior . The
reaction i s ctemperdureat whichtdoedenagttom ofiareapeusof 4 givey satple én dihakeew
~ place. The dew point of any vaporous sample will depend upon its
composition. The supported heteropolyacid catalyst is suitably used as a fixed
20  bed in each reactor which may be in the form of a packed column. The
vapours of the reactant olefins and acids are passed over the catalyst suitably at
a GHSV in the range from 100 to 5000 per hour, preferably from 300 to 2000
per hour. | ' - -
The addition reaction is suitably carried out at a temperature in the
25  range from 150-200°C within which range the entry temperature of the
reactant gases is suitably from 160-180°C and the temperature of the exit
gases from each reactor is suitably 170-200°C. The temperature of the catalyst
is slowly ramped up as the catalyst deactivates, eg by increasing the
temperature of the feed to the first reactor, thereby maintaining productivity.
30  The reaction pressure is suitably at least 400 KPa, preferably from 500-3000
| Kpa, more preferably about 1000 Kpa depending upon the relative mole ratios
of olefin to acid reactant and the amount of water used.
The products of the reaction are recovered by eg fractional distillation.
The esters produced, whether singly or as mixture of esters, may be hydrolysed
35  to the corresponding alcohols or mixture of alcohols in relatively high yields
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15 poi nt of the reactor contents conprising the reactant acid, any

al cohol forned in situ, the product ester and water as stated above. Dew
point is the tenperature at which condensation of a vapour of a given
sanple in air takes place. The dew point of any vaporous sanple will depend
upon its conposition.- The supported heteropol yacid catalyst i's suitably.
used as a fixed 20 bed in each reactor which may be in the formof a
packed col unand phirityvapours-of the reactant olefins and acids are passed

hour . preferant y FRERIGt 9iihe BrstbileRitt Fossliberof ik, P00 07
e S 2 1
i Le 1 e r
era

from 160-180[ err] gases rrom each reactor
is suita®y 170- 2smpbrrapd:chmr andrfidrthe ameuntfoftdﬂﬁncrawleﬂss rngc@l ow y ranped

up as the catal ysy of the
feed to the first IléeIgd(?:lI gh&a&ﬁﬁ'r yeﬁpﬁppgﬁg%é}% guctl Et%&ﬁ The
reaction pressur eusgogsmllsbeqplmentmscl mwgscqm@r%spésol y_ from 500- 3000

Kpa, nore prgferaly gﬁv@slweeré&%x%paatd@ﬁ%elamnymotéﬁrmh%rw mol e ratios
of olefin to acid react a e anbunt of ter used. The prgducts of
v&I}"@g‘y

the reaction are F%%’ER}' mageWenTRage af reactantaongentraigns. ckhea s
producedyo Whet her padsest pto@éss o hhsdesy ﬁot@ftna@ﬁdr%ﬁlysﬁﬂéhcﬁﬁatbﬁdﬁd' ysed 35 to

th di l,coh I I I h | d
o' “and pur vy, vARSARe byprofuct pimargn. AhR el By Fredratindil, %o, ©

advant ages: a. itl ﬁurgnts&soleﬁ:sﬁcl‘t areaswhera bg-praduet frmation blikelywotbyg. Thi s

i ncrease has two ﬁé\ﬁ%&t ages: (i) Less catalyst is used and hence the
reactor used can smal | er and cheaper, and (ii) the anmount of
ol efin recycked |§treddcﬂsamhmmst&i)eha@héheaﬂ@iormfmhqueﬂssfoddper pass t her eby

compreagkos 50" TnqhockibBxlllc RfEPla E RRUARITMinafe PR oF the Ef?‘*ﬁs due 1o
-operation of tIle b@ﬁt@ﬁﬂrfe%ﬂﬁ@rér Use pfitheadded fﬂaﬁﬁﬁémpmﬁfhf@‘%‘? agidtxt ant -

concentrations. Thgoflfhe incoming reallafifs 26 thd¥eeSifmdNubseqiat | €ss potential for
cat al yst deactivation and
‘reactors/stages may also eliminate the need to install relatively

expensive heat exchangers.and the maintenance costs associated
20 - therewith. -
Any disadvantage arising from the increased used of the
monocarboxylic acid in terms of cost is more than offset by the above
advantages. The process of the present invention is particularly suited to
making ethyl acetate from ethylene and acetic acid with optional recycle of any
25  ethanol or diethyl ether formed.
_ The present invention is further illustrated with reference to the
following Examples and Comparative Tests.
EXAMPLES: _
In the examples STY is the space time yield measured in gEtAc/lcatalyst/hour
30  Catalyst Preparation:
Silica granules (Grace 57 grade, surface area 310 m2/g, bulk density 0.4
g/ml, pore volume 1.03 ml/g, ca. 5-8 mm, 9.3 kg, ex W R Grace) were soaked in a
solution of silicotungstic acid [H4SiW12040.26H20] (32 kg of 26% w/w aqueous
solution) in order to impregnate the silica support with the silicotungstic acid
35  catalyst. After this duration, excess catalyst solution was drained off. The
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undesirabl e by-product formation. This is particularly inportant in that it
m nimses olefin rich areas where by-product formation is likely to be

hi ghest. c. It reduces utility costs because the addition of aliquots of
cold 15 nonocar boxylic acird to the exit gases facilitates cooling
of these gases between reactors. Use of the added reactant nonocarboxylic

acid to fé?ﬂ’t'amt n%ﬁ?@?ie%ﬂatéf%?@%ﬂ e"%"ﬁtg v&eP@th%ﬁﬁH&ﬂuﬁﬁ??W&Hﬁequm

. reactors/stages y neFd to .1 nst relatively expensive
9

heat exdWaPEFErsireamdoEive heatalys yathadoadiag of HOgllifrat ed 20 t her ewi t h.
Any di Smfﬂgﬁtm&l si ng fromthe I ncreased used of the nonocarboxylic acid

interns 0O Qﬁ_ﬂ_ I S m)r t.ha t b %he above advant ages The process
of the presen Fﬁ(ﬁéﬁ{qrﬁ eyign ts?'E raﬁ? Ay QREERIOY: Wﬁﬁ?lsﬁb'ﬂ%'f‘hyl acetate

];I r Omr?elt tkgt:ﬁnmt?rtﬂrm?oﬁsemme\fee‘dhtmm wasadatadein yiod firsoéapd Pw?ﬁdt St hatnﬁl or
I et e en rated wi
refergncpeas§e ltr?ceﬁ‘?g %@Iﬁﬁér %Fr?{ﬂ’ég‘@-ﬁ?%g&%@aa#’e é'Fefetq &ﬁ LES:. I n the
exanpl esfr@ii the toptreactepwere thempassedehrbugh e secahd vapgtiseand fadtmﬂoyst/ hour 30
Cat al ¥ BBl Fdchlk at Spb9C TR RS SERIAE sihnflvllfor i bR 37 02 310

ensi re v 9. 3 kg,

ex w R cm sad) thugugh tb@dkrdd/apmssrg ntq athirdireantor at 370 r@sﬁﬂéltla@ald
[ H[ &or | Sdc\é&@a&h%raahemw ﬁx@%&nsé.%%ek\seeqfth@é{etwmm@a ol ution) in

or der toer{la&ltete& ia port wth t JCOUHStlcaCId35

cat al ystfromithe.thirdifeactos wereicopled ap ags,sewmy%aous QUK SePRTARE Aty af ned of f
The 10 20°CeTHe ?ﬂﬁﬁur%&éfthﬁ%ﬁn%lﬁ@éﬂit@i Kds fcumegsted aed f&svclsledl\?rtnet h]ganlfl1 E) I ed
usmga mnitro stream e a catal gadi.ng o

o1 er o ML ety i gl R ot Ui o alor whS reghist o preRG L e i abat i ¢
oper at i oatmospheticant sampples ware amlysedlsy gdstchrdntategraptapor i sers. The feedstream

vas ggated | DrhORGhS He HORRALEPLARHIRTE A 1R ek BBmBnehtte 111!
made up of ethylene (3650 g/hr), acetic acid (652 g/hr), water (147 g/hr), ethanol
(20 g/hr), diethyl ether (28 g/hr) and ethyl acetate (90 g/hr). The three reactors
were each charged with 430g of the silicotungstic acid catalyst specified above.
After the initial settling in period the catalyst activity was monitored by

20 overall STY. Upon addition of acid via the second and third interbed vaporisers, -
the STY was increased to 236 gEtAc/ICat/h. for a period of 200 h.
Comparative Test (not according to the invention):
In a comparative test, the process of the above Example was repeated except that
no additional acetic acid was fed to the second and third vaporiser stages. For a

25  period of 100 h acetic acid was only supplied from the first vaporiser to the top
reactor. Under these conditions the STY remained 226 gEtAc/ICat/h. The results
of this and the Example are shown in the Table below:

Acetic acid Aceticacid - | Acetic acid ETAC STY

added to top added to second | added to third (gEtAc/ICat/h)
reactor vaporiser vaporiser

Example* . ] 652 110 110 236"

Comp. Test 652 0 0 226

*According to the present invention.
30
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“ fromthe top reactor were then passed through the second vaporiser and fed
into the second reactor at 176[err]C. The exist gases fromthis second
reactor were then passed through the third vaporiser and into a third
reactor at 176[err]C. Additional 10 acetic acid-was added into the
"vaporisers between the reactors. The exit gases fromthe third reactor were
cool ed ad@ﬁﬁ%&ﬁﬁh into a vapour-liquid separator at 20[err]C. The vapour

~stream.fromthg sﬁﬁrﬂaﬁi@i 6fa waaoﬁmrf@ﬁﬁ\edna’mﬁachﬁ@bfbﬁﬁl idétawath) st -

vapori ser IO d. stre f.rq e, se a ced,in pressure to
at nosphe rX‘@Iea‘ﬁ ﬁﬁ%‘f’@g d\?@rafg} T?%'Q&h59 la@Péwcq*}F%P@g rtg"pﬂ'iﬂet tq; The
feed to tthe chtalyst bedeadithe reaetor oatlet arﬂrer tHe ddditivh ofnsil 53clqyiad atduc:monent s made

et handt E%ﬁéﬁnéfﬁ?%‘o%nﬁgrzrsﬁiw o5 &Ssﬁrr%ng(a%w @lad gy, The
t hree reametlc acidovas 12akcat théinleyadd wias retu8Rd tofl211het the bmttebtmﬁrgst ic acid

| h |

oA Ey 388 BlAPAU ROl M e U B L bl B8 ety e oot 2yt
second armmuhane@uslmwm the teorpesaturs attained smm&lysnbedaarst&ﬂ ko 236

gEt Ac/| C3§l{oﬁld Moted A tmemcuaﬂmz ﬁ&dﬁb@gﬁ?%ﬁe ﬁgrmauagsor ding to the

i nvention): nparatijve _test, F ess 0 ove | e was
r epeated %S'obt?é’ﬁ@ bY ﬂrawdrwe%tm alonerpad vath@u E‘alitﬂgdlsmgfqiﬁt}'ebl@xpﬁ@@econd and
third vapgdat edhafigé@sies. For a 25 period of 100 h acetic acid was only

supplied fromthe first vaporiser to the top reactor. Under these
conditi ons—the SIY. rempined 226 abEtAc/lCat/h The resilts of this and the

Exanpl e 4re SHEFRA®I n t|[fBletpreCeiatont| Mtdet ctoaCptplyst |Afker Acglfjwater
Acetic adid ETAC _9TY ;}35? | Bedydkgihg) o o c grkndeghiong (kg/hmhilr g
V.

' H

(gEt Ac/ | QRITHE Beldhi o ser v£’83 flser Exanp| e=35738
652 Ethylene 179 202680 19386TUonp. Test 199867
0 EtAc 0 A281* Accordi ng t &56Rh¢ present i niSAT¢|on.

30 ExdRes 2 - A sfnulation - GHO4 reactor used1fdit| t he nanufactidBy of

ethyl acdwatiex (Et AC) yj €l ded the Tsabejow ng data TomBiBgle 1Nl et 10 118892
adi abat | qEERERaLYST ped—the outreuegé—m. U1

out | et a[ if‘dhtl. IEEdsilidl thon Uf 515%2&1”6 hf acetTTC dblz\é44o 22440
Permanent Gases
Heavy Ends 6.3 6.3 6.3
TOTAL [ 279848] 279851] 285307
Pressure 1200 (11) 1200 (11) 1200 (11)
(KPa (barg)) .
Temperature 175.0 183.3" '175.0
(°c)
Phase _ Vapour Vapour Vapour
Example3

15 A simulation of a reactor used for the manufacture of ethyl acetate (EtAc)

yielded the following data for the inlet to the adiabatic catalyst bed, the outlet to
the catalyst bed and the reactor outlet after the addition of 5075 kg/hr acetic acid
(AcOH) (at 25°C). The molar ratio of ethylene to acetic acid was 12:1 at the inlet
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5 (AcOH) (at 25[err]C) and 302 kg/hr water (at 40[err]C). The nolar ratio

of ethylene to acetic acid was 12:1 at the inlet and was returned to 12:1

at the outlet to the reactor follow ng reaction; this Exanple shows how

this may be achi eved whil st sinultaneously |owering the tenperature

attained at the catalyst bed outlet. It should be noted that the reduction

I n tenperature produced bétthe simulation is 10 achieved, by |iquid
; e

- i-njrect i oransl Bkl abtheputlebin theseactas and thusithis Exampleshows how thisyatieat -

exchanger gy 56 friafifained withih the preferl fhnpetwiildt siflulthieouslydwéringthé er AcOH & ”

B h h I
ggg §r5 . e p%‘attru)e attaingd) ggtgg %at%gt/ berd) outlet. Igg\,ag@etg llpfgﬁgcg
202680  reduction in tempdr@R8Sproduced by the simulatidh ¥achidved by liquid injection

kg{hrér) Acetic Acid

1411(%111 5 aloneand withou]t%g%?ng use of relatively ex;lagxgsi%lhlzetgg?eyrghangers.

8196 8189 8492 Et hanol .

1656 Stream @abet to Catalyst| outlebted cabdlysrds & After AcoH

22440 224484 _(kg/hx) F44 OkgFriran et InSasionHetleyAhxEr ds
6.3 Acetic Acid 6 3 30296 6.3 TOTA25488 279848563
279851 [Ethylene 285307 Pr €ssiaseoo TAEG689|1) 1665629]0
(11) Btac 1200 () (RPa(bar gpze|TENPeratur€ 12980 7570732980

183 3 E’cher 51.115 UrL (]:S:) Piiﬁ ir R 1}93 ‘V'Ol[JU}JT 1193,J
Vapour - Mapetr—Exanplgzs—35 ASHERH- sEsEct or
used for &8 , dat a
for the i|AERR"O%n the aHi ' IYSt bed
and the rEi%%’ItoF“%ﬁé&l et| after the ¥dB%tion of 5075 ¥8JPRr acetic acild7PYcoH)
(at 25[er|f R *Fhe™t6Far ratio of etHylene to acetic acid was 12:1 at |the

inl et 12 [Heawn&ndg. 7: 1] atthe outl e®-8jo the reactor &m8 thus this Ex&n}jl e
shows how this ratio may be maintained within the preferred range whil|st

si mul t ang@osdyy Towerinp the 233207 233209] 238285
Pressure 1200 (11) 1200 (11) 1200 (11)
(KPa (barg) ) —
Temperature 175.0 183.3 175.0
(°c)
Phase Vapour Vapour Vapour
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15
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“tenperature attained at the catalyst bed outlet. It should be noted t hat
the reduction in tenperature produced by the simulation is achi eved by
liquid-injection 5 al one and wi t hout nmaking use of relatively expensive

heat ex Inlet to Catalyst Qutlet to Catalyst
After Aﬂmmllmuﬁmﬁm Bed (kg/hr) I njection (kg/hr) Acetic
* c L M ) 2

Aci d 5 80296 5488 30563

Et hyl ene 168900 166639 166639
Et Ac : 5926 12980 12980
Et her : 1170 1193 1193
WAt er . 6830 6825 6825
Et hanol _ o 1380 ' 1380 1380
Li ght Ends & 18700 - 18700 18700
Per manent Gases Heavy Ends ' 5.3 5.3
5.3 TOTAL 233207 233209

238285 Pressure 1200 (11) 1200 (11) 1200
(11) (KPa(barg)) Tenperature 175.0 183. 3

175. 0 Phase Vapour Vapour Vapour
10 15 13 Cains: 1. A process for the production of |ower aliphatic

esters said process conprising reacting a lower olefin with a saturated
| ower al i phat i €18#8%i0- carboxylic acid in the vapour phase in the presence

of a heteropol yaci dAGstbadsy $r the prodiutien sEldwenaliphatic bters'sgidProces i s carri ed
out in a pluralit f rea erlles S t he gases

exiting from a®qm fé%?n% @gg{t{g% %W‘%ﬁ’@g‘g éﬁgtht %l?rt]‘?é?é er ‘i{ﬁ’“é&g’g{e%‘d react or
and those exi téarbostylionicidie tieewapoar %lﬁae irothe presedcecbfacheteropdlgsil gaalysto a
third reactor a{]"g gs}o. %a if ﬁ{a %Hréeesqlﬁ. sequent . r aiCta%is . ang.ran oalt_l | §U°t of the
react ant monocHIARYETHSH iy Magthedes iPp dyiertacd Pl 2 preliy g PO F MRe second
and subsequent inrsedes such that thesgdses exiting from & first rhetor are fed apthedesdogasy | i c
-~ . .- .- . toasecond reactor and those exiting from the second reactor are fed as the- - -
feed gas to a third reactor and so on for the subsequent reactors, and an aliquot
of the reactant monocarboxylic acid is introduced into the feed gas to the
- second and subsequent reactors so as to maintain the olefin to monocarboxylic
10  acid ratio in the feed gas to each of the second and subsequent reactors within
a pre-determined range.
2. A process according to Claim 1 wherein the plurality of reactors are set
up in series in such a way that each of the reactors is disposed in an axial mode
with the feed and product gases traversing a substantially axial path within each
15 reactor from entering the top of the reactor until the product gases leave each
reactor from the base thereof, the catalyst being positioned somewhere midway
between the point of entry of the feed gas and the point of exit of the product
gases. _
3. A process according to Claim 1 wherein the plurality of reactors is set-
20  up in a series of radial flow reactors whereby the feed gases enter at the top of
a reactor, pass down the middle thereof and then outwards radially over the
catalyst in said reactor. '
4, A process according to Claim 3 wherein each radial flow reactor in the
series is of a substantially tubular shape which in a planar view has the
25 appearance of a set of three substantially concentric tubes and wherein the
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10° ' lo in the feed gas to each of the second and subsequent

react mﬂm{”ilt' Mﬂ”"determ’ ned range. 2. A process according to Caim
1 wherelnk el Iy of reactors are set up in series in such a way that
each of the reactors-is disposed in an axial node with the feed. and product

gases traversing a substantially axial path within each 15 reactor from
entering the_ of the reactor yntil the product es |l.eave .each reactor
From the basdeehRase SIS fon dh 1Py Bi0 the IThe BOS i AL AR ey
between the padially edtward inyo afmiddk anaeldr twbe housing the cpralyst bedfand then, of t he
product gasesg, 3 Y A.o%r ocef\sshacgagrdigg to ﬁb‘?gl mall tﬁ'é% ein theér_lfol urality
of reactors iagegg}e_adgﬁl rﬁ‘bcﬁoﬁ 25 takpn place,over 1hg catalyy %@FW%aMereby t he
feed gases emgaseousistredm of produtt gaseseomprisingpetlsyd acktate and ¢hemieliceedt her eof and
t hen outward [.al 1.y C I i ' Qr .. 4 A process
accordi n\é\@t o%éd;gir%g% s%ﬂgagélo#ggggq{ﬁ%&a{gﬁg #&83/@? %ﬁ’@ﬁ‘ggs%ﬁnflﬂ%ﬂ?er ies is of a
S ]lc.let an': i a:c | yatalystibed flovéng ﬁulnherhadlaﬂyanm tbnantemhesﬂthbesoﬁshd_c@ﬁcentmpigear a][]ced
of a set o | e ee
gases enter }t?%l?n&i%g&taég&?én@g #ﬁ%ﬂ{gggg@{oﬁ.gg%? g%‘é%m%ﬁvk%u ogt antially

radi al ly out mﬂéom o a mddle annul ar tube housing the cat al yst bed and
then, after tgie adfighbQas AEBRIiASHH ORiin 5 AWk SheP¥BttartiRidGet 2l yst bed to

generate a gaseous stream of product gases conprising ethy] acetate and the
unr eact ed%5 inipodieped iaso dhe gweauw@é@ﬁgn@fgeeh&v@ﬁe%p _);heé{mrﬁ@t%rnnm us
;:ogpr I fsn ng é he tﬁﬁﬁt&![m’tﬁb dtéﬁfjédrrhwaﬂﬂ @o{n&htrtbt%nsﬁ@ghigghseo?mﬁeah% a_aw? er nost 4
ube of said concentric tubular reactaqr .to pe fed as,fe as i nt,o a secon
Such radi al BN sBdtsam IR pe Sed s the ed il i tecBRa abEBN RGBS i 3 or
4 wher ei nf t.hereaaaﬁwmmf iafsddﬁitlsef feed gas totthethirdadadtot mdtsbm:gﬁwd "thé (r]I eans
enmergent from gac the f.irst reactor to naintain the desire
react ant concsé'ﬁ%qgfﬁtorﬁé&%ﬁ aécg}g]mélies%ewg. stream so as to enable said stream
to be usdd asH.t he Agrdcaysacdonding heanycarerod thenpre¢dding Glrimsowhareintleact or whi ch
is fed as th . ' 1%@ ' o each of the ,
" subsequent rgoa{% d?egg%ﬁ%é\%ditlér}&g %lgh%gﬁ;gsﬁ%g | Te?gh&%i%roces.s according to
any one of thb preddqipeass ascording ihameone afithe preceding Claims wherein the

-saturated, lower aliphatic mono-carboxylic acid reactant is a C1-C4 carboxylic

acid.

20 8. A process according to any one of the preceding Claims wherein the
mole ratio of olefin to the lower monocarboxylic acid in the reactant gases fed
to the first reactor is in the'range from 1:1t0 18 : 1,
9. A process according to any one of the preceding Claims wherein the
mole ratio of olefin to the lower monocarboxylic acid in the reactant gases fed
25  to the first reactor is in the range from 10:1 to 14:1.
10. A process according to any one of the preceding Claims wherein in the
case of the manufacture of ethyl acetate from ethylene and acetic acid, the
mole ratios of ethylene to acetic acid in the reactant gases fed to the first |
reactor is in the range from 1:1 to 18:1 and that of the feed gas to the second
'30  and subsequent reactors is maintained in the range from 10:1 to 16:1 by
adding, as necessary, further aliquots of acetic acid to the feed gas to the
second and subsequent reactors. -
11. A process according to any one of the preceding Claims wherein the
process is carried out in one long reactor which has a plurality of catalyst beds
35  setup in series and the acid is injected into the exit gases from the first bed to
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‘oI efin reactant med I s ethylene, propylene or m xtures thereof. 7. A

plmmm‘lﬂmmm “ Lo any one of the preceding C ains wherein the saturated,

o-carboxylic acid reactant is a Cl-C4 carboxylic acid.
pr ocess according to any one of the preceding C ains wherein
the erIe ratio of olefin to the | ower nonocarboxylic acid in the reactant

B ocess  accor APIFETIRE rireB RE Sispn Fo IrdpbeludF e ot Yt ih o deltfiindd, 0 o 1 ac' o
of olefin to trimgediowhe secondant swbseguent beds datdrlottgiteacteadtemw ngtiemallyf ed 25
Lo uhe. T1vst TARkALs 4 Bubdhe) Binid00n QG I pihSeddh 1 10" A process

according to any-“one ein in the case of the
manuf act ur e ofldet hyh pmsmosordmmﬁo@mymenéth&mrje@dmgﬁalmvcheﬁmﬂteno| e ratios

of ethyl eng t%%ﬁb&mﬁﬁé&aﬂ%ﬁt%ﬁ%@&ﬁ@@& egr,%sed to the first reactor

Is in the ran eed gas to.the second 30
and subsequent}3 eachPracessageardingiornay one of the H"%ﬁ?é@gfq %‘Fﬁsi’d‘ele"ﬂ theis: 1 by

adding, as NG hetwieth bltlorthd RUAbA iokcli6Rl) Whate ndedstark hdIper gas 10 'f
0 .any one o

t he second and sy react process, accor.di

t he preceding R?F‘éﬁng’YWﬁ%FWWH ﬂ‘ﬁr’@ﬁ?@é’é a?‘g VBIET PRRIXtuRes Fbﬁr‘??%é‘ react or

whi ch has a plﬁé@gastmtaés@gﬁ@hwgubb@ﬂgm?@acto@et up in series and the -acid
omthe ntain the

i's |nJected [ exit gase %

range of dPefi g‘r?ﬁ%?‘?é? g‘i?? ’r‘% oA $nfi° rhemftfﬁﬁlﬂér@a‘&se‘r‘rﬁ’%ﬂ‘er ange in
the second an::hesetbpelgamdt:atblgdas siieotangstic gcid @sed asra ﬁm;:rmpartllzll |y A
conpri ses . . 14,

b ocess. acoor dig At hatbor Slboipe be SIERERonsEer e hel¥ aniieic.
process conprisile. at | east four reactors set up in series. 1 A process

5.
according to afy ong ﬁBcés?ﬁco%hﬁﬁffH mgam%wr;%mrtmre%h%&,ﬁ% lfé%?b%difat cREt ween

each of the reactors is ac necessary lally by
the inj ectiSon etalystds suitablyassed asca fixed/eed én eash rego@lur es t hereof into the feed

~gas to the secpnd anobrayés§§e&?ah (SR e Df thprecelifhg crahmwaaﬁsh@ccordl ng.
to any one of the precedi ere| n the eter ca%/a?CI d catal yst S
I

si | i cotungsti cVAROMES areastaat ole agidg arepassed,oyer t ystata
GHSYV in the range from 100 to 5000 per hour.

19. A process according to any one of the preceding Claims wherein the

20  addition reaction is carried out at a temperature in the range from 150-200°C
within which range the entry temperature of the reactant gases is from 160-
180°C and the temperature of the exit gases from each reactor is from 170-
200°C.
20. A process according to any one of the prededing Claims wherein the

25  reaction pressure is at least 400 KPa depending upon the relative mole ratios of
olefin to acid reactant and the amount of water used.
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acid salt thereof supported on a siliceous support derived froma synthetic

silica. 17. A process accordi ng 1o Ctaim16 wherein the support ed
het er opol yacid 15 catal yst is suitably used as a fixed bed in each
reactor. 18. "A process according to any one of the preceding C ains

wherein the vapours of the reactant ol efins and acids are passed over the
catalyst at a GHSV in the range from 100 to 5000 per hour. 19. ~ A process
according to any one of the preceding Cains wherein the 20 addi tion
reaction is carried out at a tenperature in the range from 150-200[err]C

wi thin which range the entry tenperature of the reactant gases is from 160-
180C and the tenperature of the exit gases fromeach reactor is from 170-
200[ err] C. 20. A process according to any one of the preceding d ains
wherein the 25 reaction pressure is at-|least 400 KPa dependi ng upon the
relative nole ratios of olefin to acid reactant and the anount of wat er
used. 30 35 16

ABSTRACT
ESTER SYNTHESIS

This invention relates to a process for the production of lower aliphatic
~ esters by reacting a lower olefin with a saturated lower aliphatic mono-

carboxylic acid in the vapour phase in the presence of a heteropolyacid catalyst
in a plurality of reactors set up in series such that the reactant gases exiting
from a first reactor are fed as the feed gas to a second reactor and those exiting
from the second reactor are fed as the feed gas to a third reactor and so on for
the subsequent reactors. An aliquot of the reactant monocarboxylic acid is
introduced into the feed gas to the second and subsequent reactors so as to -
maintain the olefin to monocarboxylic acid ratio in the feed gas to each of the
second and subsequent reactors within a pre-determined range.
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