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ESTER SYNTHESI S The present invention relates to a process for Co
synthesis of esters by.reacting an olefin with a | ower carboxyllc aC|d |d§7
t he ‘presence of an acidic catalyst It is well known that ol efins can be
reacted with lo gxylic acids to formthe correspondi ng
esters. One suc '%ggﬁg?i%ﬁ%%zgkﬁted in GB-A- 1259390 in which an
ethytenically u oundg is contacted with a |iquid nmedium
conprising a carboxylic acid and a free heteropol yacid of nolybdenum or
tungsten. This process i-s a honbgeneous process in which the heteropolyaC|d
catal yst is unsupported. A further process for producing esters is -
described in JP- A-05294894 in which a lower fatty acid is esterified with
a lower olefin to forma lower fatty acidqester. In this docunent, the
esterification reaction is carried out in the gaseous phase in the presence
of a catalyst consisting of at |east one heteropolyacid salt of a netal eg
Li, Cu, My or K, being supported on a carrier. The heteropol yacid used is
phosphot ungstic acid and the carrier described is silica. It has now been
found that the process efficiency can be inproved significantly by
co-feeding water to the reaction m xture. Accordingly, the present

I nvention is a process for the production of |ower

ESTER SYNTHESIS

The present invention relates to a process for the synthesis of esters by
reacting an olefin with a lower carboxylic acid in the presence of an acidic catalyst.

It is well known that olefins can be reacted with lower aliphatic carboxylic
acids to form the corresponding esters. One such method is described in GB-A-
1259390 in which an ethylenically unsaturated compound is contacted with a liquid
medium comprising a carboxylic acid and a free heteropolyacid of molybdenum or
tungsten. This process is a homogeneous process in which the heteropolyacid
catalyst is unsupported. A further process 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 esterification 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 phosphotungstic acid and the carrier described is silica.

It has now been found that the process efficiency can be improved
significantly by co-feeding water to the reaction mixture.

Accordingly, the present invention is a process for the production of lower
aliphatic esters said process comprising reacting a lower olefin with a saturated
lower aliphatic mono-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 ey ng the reaction.

fhan of water as a component of the
(B4 that the presence of water in the
' eferably from 1 to 7 mole %, eg
i the stability of the catalyst and
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aliphatic esters said process conprising reacting a [ower olefin with a
saturat ed | ower aliphatic nono- car boxylic acid in the vapour phase in the

presence of a 1?@? LEo c acid catal yst wherein an anmount of water
in the range fi 4 ed on the total of the olefin, aliphatic
nmono- car boxyl i | er ijs added2o the reaction m xture during the

reaction. A feature of the invention is the addition of water as a
conponent of the reaction mxture. Surprisingly, it has been found that the

presence ofthmbye enhancésthe embpafﬂibptwes | Furtherridre the pﬁéseﬂcemvmére %
ool or 201 Y ARl od s afofeh 8RBy BRRAI SRS 01 2, oo
enhances t haligefifersindnatherafnknheny, escudisg diethyl hﬂ;pmdegthamhb pr esence of wat er
250, oS, LSt b SR ARSI« st
di-ether such as eg diethyl ether, as a co-feed also reduces the formatxon of

undesirable by-products. The amount of di-ether co-fed is suitably in the range

from 1 to 6 mole %, preferably in the range from 1 to 3 mole % based on the total

reaction mixture comprising the olefin, the aliphatic carboxylic acid, water and

diethyl ether. The di-ether co-fed may correspond to the by product di-ether from

the reaction generated from the reactant olefin. Where a mixture of olefins is used,

eg a mixture of ethylene and propylene, the di-ether may in turn be an

unsymmetrical di-ether. The di-ether co-feed may thus be the by-product of the

reaction which by-product is recycled to the reaction mixture.

The term "heteropolyacids" as used herein and throughout the specification is
meant to include the free acids. The heteropolyacids used to prepare the esterification
catalysts of the present invention therefore include infer alia the free acids and co-
ordination type salts thereof in which the anion is a complex, high molecular weight
entity. Typically, the anion is comprises 2-18 oxygen-linked polyvalent metal atoms,
which are called peripheral atoms. These peripheral atoms surround one or more
central atoms in a symmetrical manner. The peripheral atoms are usually one or more
of molybdenum, tungsten, vanadium, niobium, tantalum and other metals. The central
atoms are usually silicon or phosphorus but can comprise any one of a large variety of
atoms from Groups I-VIII in the Periodic Table of elements. These include, for
instance, cupric ions; divalent beryllium, zinc, cobalt or nickel ions; trivalent boron,
aluminium, gallium, iron, cerium, arsenic, antimony, phosphorus, bismuth, chromium or
rhodium ions; tetravalent silicon, germanium, tin, titanium, zirconium, vanadium,
sulphur, tellurium, manganese nickel, platinum, thorium, hafnium, cerium ions and
other rare earth ions; pentavalent phosphorus, arsenic, vanadium, antimony ions;
hexavalent tellurium ions; and heptavalent iodine ions. Such heteropolyacids are also
known as "polyoxoanions", "polyoxometallates* or “metal oxide clusters". The
structures of some of the well known anions are named after the oﬁginal researchers in
this field and are known eg as Keggin, Wells-Dawson and Anderson-Evans-Perloff
structures. :

Heteropolyacids usually have a high molecular weight eg in the range from 700-
8500 and include dimeric complexes. They have a relatively high solubility in polar
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It has further been found that dosing the reaction mxture with amounts of
di -ether such as eg diethyl ether, as a co-feed al so reduces the formation
of undesirabl e TMP% Fhrejanount of di-ether co-fed is suitably in
the range from o}%ﬁﬁi@i%{? Nreferably in the range from1l to 3 nole %
based on the thtal BEA m xtfure conpgi sing the olefin, the aliphatic
carboxylic acid, water and diethyl ether. The di-ether co-fed may
correspond to the by product di-ether fromthe reaction generated fromthe

reactant ol ebivants\WieH & Watlt & thér Qlygeratdd sdbvents, EspRElallyCH titey Brefrbe Sridy
et hyl ene and H ene, th | -eth

r,oRy| t he AN b t I
e L i v
whi ch by- pr cpprdpriate conatetli@s. tSpetifie exanaplés aftheterogialyaeids that Snaftbe used ad thst

supported o Ld:l CEO . i liceous support is suitably in the
form of ext %&%gsgslhgﬁe%f%ggggﬁ%léxgﬁ??s’ceous sul%p[%\t’ used i s nost
3

pref erabl y dé@-tungstophasphetic agicbr phous, non-- 12040] xH,0
12-molybdophosphoric acid - H3[PMo04,040].xH,0
12-tungstosilicic acid - H,[SiW12040). xH,O
12-molybdosilicic acid - H4[SiM0,,040].xH,0
Potassium tungstophosphate - Ks[P,W1306,] xH,0
Sodium molybdophosphate - Na3[PMo0,,040].xH,0
Ammonium molybdodiphosphate - (NH4)s[P2Mo0,306,;]. xH,O
Sodium tungstonickelate - Nay[NiW0,,H].xH,0
Ammonium molybdodicobaltate - (NH)[Co,Mo0;¢05¢]. xHO
Cesium hydrogen tungstosilicate - Cs;H[SiW1,040] xH,O

Potassium molybdodivanado phosphate K;s[PMoV,0,0].xH,0

The heteropolyacid catalyst whether used as a free acid or as a salt thereof
is suitably supported, preferably on a siliceous support. The siliceous support is
suitably in the form of extrudates or pellets.

The siliceous support used is most preferably derived from an amorphous, non-
porous synthetic silica especially fumed silica, such as those produced by flame
hydrolysis of SiCl;. 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. Such a process of
pelletisation or extrusion does not involve any steam treatment steps and the porosity
of the support is derived from the interstices formed during the pelletisation or
extrusion step of the non-porous silica. The silica support is suitably in the form of
pellets or beads or are globular in shape having an average particle diameter of 2 to 10
mm, preferably 4 to 6 mm. The siliceous support suitably has a pore volume in the
range from 0.3-1.2 ml/g, preferably from 0.6-1.0 ml/g. The support suitably has a
crush strength of at least 2 Kg force, suitably at least 5 Kg force, preferably at least 6
Kg and more preferably at least 7 Kg. The crush strengths quoted are based on
average of that determined for each set of 50 beads/globules on a CHATTILLON
tester which measures the minimum force necessary to crush a particle between parallel
plates. The bulk density of the support is suitably at least 380 g/l, preferably at least

heet Has Been R"ﬁ”"'d

i




porous synthetic silica especially fumed silica, such as those produced by
fl ame hydrol ysigs errj. SpeC| fic exanples of such siliceous supports

i ncl'ude Support GHO gmge Effetisation of AERCSIL[err] 200 (both ex
Degussa). This jpell eﬁ' X Ff'b¢edure is suitably carried out by the
process descri bed US_ Pat’ent 5§ 036, 0314(see especially the Exanpl es) and
I's incorporated herein by reference. Such a process of pelletisation or
extrusi on does not involve any steamtreatnment steps and the porosity of
the support 44g gferived fromthe interstices Lorrred during the pell etisgltion
or extrusion step.,of the na ous silica The,sij)i.ca su | S_sSuitably
in the form of pelleSPEPY swgagﬁrohaarangygrag?ggmraﬁuq Jf?"?ﬁ%?p‘éé)ﬁa{‘/i LXaverage
particle di qmefetablydna&etagepammdluproéﬁemm 4 to 6 nm The sil | ceous

support suitably &H%?ci&ég(%{:tﬁe\)'e {HRurh eoé}?maﬁgé]t ﬁfilfo% usosuipgﬁ‘t%s {ﬂi{aﬁlygrﬁ ‘h of

preferably from e su Ccrus
at |east 2 Kfextsanesus mtqlsm glements which ngjghtpd f/@fﬁdﬁaffmtéh@aéadyb;c activiteaft 6 Kg

and nore Pr?ﬁéfﬁg!n%/ The !ﬁﬁéb%hs Zudﬁgéths-ﬁhﬁb&h&ksiil&%{ 952}2}*7% ity 3 gh%re based on
average o at”,deter

CHATTI LLON %‘BP%‘F"W?Q% ﬁ‘éﬁégjﬁ’ :thfé lﬁiﬁﬂq g@ ﬁd&%’ﬁaﬁﬂs)fetmeéf%bh a
particl e betlgysehanmBedslvetw.pl ates. The bul k density of the support is

suitably at | eaStOt%gtopg{e{e’d sﬁfcg Sﬁp‘%b syaré"‘EheI 33 57 and 1371 grades of silica. In
paticular, Grace silica No. 1371 has an average bulk density of about 0.39 g/ml, an

average pore volume of about 1.15 ml/g and an average particle size ranging from
about 0.1-3.5 mm. These pellets can be used as such or after crushing to an average
particle 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 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 ambient
temperature in a desiccator. The weight of the catalyst on drying, the weight of the
support used and the weight of the acid on support was obtained by deducting the latter
from the former from which the catalyst loading in g/litre was determined.

Alternatively, the support may be impregnated with the catalyst using the
incipient wetness technique with simultaneous drying on a rotary evaporator.

This supported catalyst (measured by weight) can then be used in the
esterification process. The amount of heteropolyacid deposited/impregnated on
the support for use in the esterification reaction is suitably in the range from 10 to
60% by weight, preferably from 30 to 50% by weight based on the total weight of
the heteropolyacid and the support.

In the esterification reaction, the olefin reactant used is suitably ethylene,
propylene or mixtures thereof. Where a mixture of olefins is used, the resultant
product will inevitably a mixture of esters. The source of the olefin reactant used
may be a refinery product or a chemical grade olefin which invariably contain some
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4 440 g/|. The support suitably has an average pore radius (prior to use)

of *10 to 500 A preferably an average pore radius of 30 to 100A. In order to
achieve optinmum performance, the siliceous support is suitably free of
extraneous netals or elenents which m ght adversely affect the catalytic
activity of the system The siliceous sugport suitably has at | east 99% w w
purity, ie the inpurities are less than 1% ww, preferably |ess than 0.60%
w w and nore preferably | ess than 0.30% ww. Qher pelleted silica supports

are the Gam&mxg@ﬁkr&@ges of sili ca In paticular, Gace silica No.
1371 has an average bul k 5|t f .about /ni an aver g pore vol une

of about 1.15 ni/ ea%alraﬁ? H‘Em%lPé’aEh agid feactant is syl 0. 1-3. 5
mm These p@l&&aﬂmxyh@adﬁeﬁsanefetablyczrceﬁxfi&d crushl ng to an average

particle size in e %&Ftﬁ%&aa%f?%rﬁggaﬁ{oﬁ\f n&spgét%r %lel?ﬁi ng used as

t he support for t he eropol'yaci
reactant wnth respect to the aliphatic mono-carboxyhc acid reactant. Thus the

mole ratio of olefin to the lower carboxylic acid in the reaction mixture is suitably
in the range from 1:1 to 15 : 1, preferably from 10:1 to 14:1.

The reaction is carried out in the vapour phase suitably above the dew
point of the reactor contents comprising the reactant acid, any alcohol formed in
situ, the product ester and water as stated above. The amount of water is in the
range from 1-10 mole %, suitably from 1-7 mole %, preferably from 1-5 mole %
based on the total amount of olefin, carboxylic acid and water. Dew point is the
temperature at which condensation of a vapour of a given sample in air takes
place. The dew point of any vaporous sample will depénd upon its composition.
The supported heteropolyacid catalyst is suitably used as a fixed bed 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 esterification reaction is suitably carried out at a temperature in the
range from 150-200°C using a reaction pressure which is at least 400 KPa,
preferably from 500-3000 Kpa depending upon the relative mole ratios of olefin to
acid reactant and the amount of water used.

The water 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 process.
The products of the reaction are recovered by eg 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 improved over the conventional
process of producing alcohols by hydration of olefins.

The present invention is further illustrated with reference to the following
Examples and Comparative Tests.

EXAMPLES:

In all the Examples, the reaction conditions used and the results achieved

are tabulated below. In these tables, the following abbreviations have been used:




The i npregnat ed support S SU|tany prepared by dissolving the
tungstosilicic a g-st+-hed water, and then adding the support to
g[ ”g’n*
.

t he aqueous sol %‘éff&@%(ﬂEEN e support is suitably left to soak in the
acid solution for_a dBEBLAGED of sdveral hours, with periodic manual
stirring, after which time Tt TS suitablg filtered using a Buchner funnel
in order to renove any excess acid. The wet catalyst thus forned is then
suitably placed in an oven at elevated tenperature for several hours to
dry, after \Hﬂ)sh time it is allowed tHoweoh stréardbi ﬁnt t_errﬁtera;uiﬁ in a t
desi ccat or. ht of the cataly ry| wei g o] e suppor
used and the g of the acid on 53%%@@?9&%@%%?%@& by deducting the
| atter fromHA@ former from which theAasticacist | oading in g/litre was
det er m ned. c?%er natively, the suppor]_i;v\yl?,i\{1 be inmpregnated with the catal yst
n

using the i I ent wetness techni que simul taneous drying on a rotary
evapor at or . s supported catal yst (Wa®sured by weight) can then be used
in the estemtAtcation process. The ammup Qdﬁﬁgungﬁt05|I|C|? acld t
deposi ted/i nated on the support se in the esterification reaction
ispsuitably¥ghﬁghe range from 10 to é%895§ wei ght, preferably from30 to
50% by wei gidElbased on the total melgm&ﬂsﬁdh&e acid and the support.

GHSV Gas hourly space velocity
g/Lcat/h Gram per litre of catalyst per hour
STP Standard temperature & pressure
STY Space time yield

Example 1:
A Catalyst Preparations:

Catalyst 1:

Silica granules (Grace 1371 grade, 530 m’/g, bulk density 0.39 g/ml, pore
volume 1.15 ml/g, ca. 1-3 mm, 70 g, ex W R Grace) were soaked over 24 hours
with intermittent stirring in a solution of silicotungstic acid [HL4SiW,049.26H,0]
(65.53 g, ex Japan New Metals) dissolved in 250 mlo distilled water in order to
impregnate the silica support with the silicophosphoric acid catalyst. After this
duration, excess catalyst solution was decanted and filtered off. The resultant
catalyst impregnated support was then dried in flowing nitrogen gas overnight at

120°C. The supported catalyst so formed was then left in a desiccator to cool and
was finally reweighed. The resultant supported catalyst had a heteropolyacid

- catalyst loading of 92 g/litre.
Catalyst2: Silica granules (Grace 57 grade, surface area 510 mzlg, bulk density
0.649 g/ml, pore volume 1.0267 ml/g, ca. 5-8 mm, 57.7 g, ex W R Grace) was
soaked in a solution of 12-tungstosilicic acid [H,SiW1204.26H,0] (ex Johnson
Matthey, 69.4 g dissolved in 200 ml distilled water) for 24 hours with intermittent
stirring in order to impregnate the support with the catalyst. Thereafter the excess
solution of the silicotungstic acid catalyst was removed by decantation and
filtration. The resultant catalyst impregnated support was then dried overnight
under flowing nitrogen at 120°C. The dried supported catalyst so formed was
cooled in a desiccator and had a heteropolyacid catalyst loading of 190g/litre.
Catalyst3:  The above process of Catalyst 2 was repeated and was found to
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In the esterification reaction, the olefin reactant used is suitably

et hyl ene, propyl g n1xtures thereof Where a m xture of olefins is used,
™ ably a m xture of esters. The source of
the ol efin reactant ugeg; ey BEH& refinery product or a chem cal grade

ol efin which i nVariably d8@Dai n spne 5 al kanes adm xed therewith. The
saturated, |ower aliphatic nono-ctar boxylic acid reactant is suitably a
Cl-C4 carboxylic acid and is preferably acetic acid. The reaction m xture

sui tably cormagé g@stefo 31d @RS Palinglora92LAltden reactant with respect to
t he a“phat?ﬁ rmngt-ecaﬂr?ya |w§0|d rneactanFﬂl 'Ighus the nole ratio of olefin

to the | owe =in the reaction mxture is suitably in the
range from 1:1 t cAll#flie chtalystsafrodwdel ebbveowerkBrdken@oivh ahd sidved t@abtainON | s

w poi nt of the reactor
e S O R kR R 20
Catalyst Testing:
The reactor used was a three-zone Severn Sciences reactor constructed of

Hastelloy C-276 capable of withstanding glacial acetic acid up to 300°C and 15000

Kpa (150 barg) pressure (length 650 mm, outer diameter 22 mm, internal diameter

16 mm). It had a thermowell running the entire reactor length (5 mm outer |

diameter) and 1.77 cm outer diameter Swagelock VCR joints at each end. Gas

from cylinders of ethylene and nitrogen were taken off at 1000 Kpa (10 barg) and

then compressed to 5000-12000 Kpa (50-120 barg), via Haskel boosters, before

being regulated and fed to mass-flow controllers. The liquid feed systems had 2

dm® reservoirs maintained under a nitrogen blanket of 10 KPa-80 KPa (0.1-0.8

barg).

A cooling jacket was provided to condense products in the gas stream back
to liquids prior to collection in a receiver. The majority of the liquid product was
collected at room temperature.

A pre-heating zone was located upstream of the catalyst bed. The pre-
heating zone was separated from the catalyst bed by a plug of glass wool. Another
plug of gas wool was used downstream of the catalyst bed to reduce dead volume
and help maintain the catalyst bed in the centre section of the reactor.

The reaction was started up by pressurising the reactor to 1000 KPa (10
barg) with nitrogen, establishing the desired flow rate (which is the same as that
used later for the olefin feed) and then increasing the reactor temperature to the
desired operating conditions (170°C or 180°C) over a one hour period. The liquid
pump for the mixture of acetic acid/water mixture was switched on initially at the
desired flow rate and the olefin admitted into the reactor on liquid breakthrough at
the collection pots, usually after 2 to 3 hours. The flows were then adjusted to
give the desired feed molar ratios and GHSVs. The reactor effluent was collected
at regular intervals. Liquid product was drained off, weighed and then analysed by
GC. The gas stream was sampled downstream of the liquid collection points and
also analysed by GC. Total gas out during a test period was measured using a
wet-gas meter.

The above process/catalysts were used to esterify ethylene with acetic acid.
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situ, the product ester and water as stated above. The anount of water is
in the range from1-10 nole % suitably from1-7 nole % preferably from
1-5 nol e % based on the total anount of olefin, carboxylic acid and water.
Dew point is the tenperature at which condensation of a vapour of a given
sanple in air takes place. The dew poi ntgof any vaporous sanple will depend
upon its conposition. The supported heteropolyacid catalyst is suitably
used as a fixed bed which may be in the formof a packed colum: The

vapours of trfigrdiafeladtunty sifeatif ofihe Catdlylss PfE3 ﬁ@eﬂsaiénr%\eers:zb laRd 6&d al yst
e.from10Q to 5000 hour, preferably from

suitably at. a t.he ran
300 to 2000l Sﬁﬁﬁﬁwmﬂgtl&qs ?qt@af?%ﬂo?@’éﬁ?ﬁﬂﬂ WSisyitably carried out

at a terrperature in the range from 150-200[err] using a reaction pressure

whi ch is alf St 0 fer bly {r Q0 40 bpendi ng upon the
relative ngl Q?m. 29" of "'erﬁai Walac'i‘ fga?glwt aggﬁ.%g:;ﬂmunt of water
used. The (inh?)i thS he reaction hﬁiture i § Bui tablyjpresent in the
form of stegm. {S cap «generatkhg a m Aft.ure of epters and al cohol s
in the prof i pt-of ?Q?glfu )?he et 2*""‘4&?"—1?830\/81 efd by eg fractional
distillati )Hellel\mze@eét el @relPr oducefl0.5nhet her| ®3-4gly of as mi xture of
esters, thppRqaf@giPe |8.75(14%) 14 14

* Parameters of Catalyst 1 used for the Runs in Table 2



i nproved over the conventional
of ol efins.
the foll owi ng Exanpl es and Conparativ
Exanpl es,
t abul at ed bel ow,

hydrol ysed to the correspondi ng al coh
relatively high yields and purity. By using this latter technique the

ef ficiency of the process to produce al cohols fromolefins is significantly
process of producing al cohols by hydration
illustrated with reference to
EXAMPLES:

The present invention is

ols or

f ur pher
e Tests.

In all

m xture of alcohols in

t he

the reaction conditions used and the results achi eved are

In these tables,

t heAB®JH pW ng abbrevi ati ons have been

on st ream péS9nditions: (1 Mole % Water &dded t fosdyusing Catalvstil:e/ hot t o) HAC

Acetic Acid [err]

Et hyl ene
Parameters Run No. 1 Run No. 2 Run No. 3*
HOS 17-20 42-45 70-73 (21-24)
Temperature (°C)
Applied 170 170 170
Bed (T/M/B) 173/-170 172.5/-/169.5 170/-/168
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 974
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 69
H,0 GHSV/h 9 9 9
CH, (g/Lcat/h) 1131 1131 - 1131
HAC (g/Lcat/h) 177 177 185
H,0 (g/Lcat/h) 8 8 0
Feed contact time 4 4 4
[1/GHSV](secs)
C,H4/HAC/ H,0 mole % ratio 92.3/6.7/1.0 92.3/6.7/1.0 92.9/7.2/0
C,H/HAC/ H,0 wt % ratio 85.9/13.5/0.6 | 85.9/13.5/0.6 { 85.9/14.1/0
C,H/HAC mole ratio 13.7 13.7 13.1
* - No added water used in this comparative test (not according to the invention)
Product Analysis (Table 1 continued):
Products/Analysis Run No. 1 RunNo.2 | RunNo. 3*
HAC Conversion 66 64 27
Product Selectivity (wt %)
EtAc 97.3 97.8 91.6
EtOH 04 0.3 0.1
DEE 1.8 1.3 0.0
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.3 0.6 14
Others 0.1 0.04 6.8
EtAc Yield 95 59 25
EtAc STY (g/Lcat/h) 180 160 44
Carbon Balance (mol %) 104 105 100
Oxygen Balance (mol %) 95 102 81
Mass Balance 103 105 99
Water recovered (%) 69 73 -

* No water used and is hence a comparative test (not according to the invention)




[err]
Et hyl
Di et hyl

g/ Lcat/h

acetate Et OH
et her

GHSV

Wat er

G am per

St andard tenperature & pressure STY 10

yield Exanple 1: A
(Grace 1371 grade,
ca. 1-3 mm 70 g,

530 n2/ g,

Cat al yst Preparations:
bul k density 0.39 g/,
ex WR Grace) were soaked over 24 hours with intermttent

Et Ac

Et hanol

DEE

Gas hourly space velocity

litre of catalyst per

hour

STP

Space tine

Catal yst 1: Silica granules
pore volunme 1.15 mg,

stirring in a solution of srlrcotungﬁg EE%P'd [err] (65.53 g, ex Japan New

Met al s) dissol ved |n 250 ntoodrstrl
silica supp& v ng; 1) :

dur ati on,
resultant

HAPHER

in order to inpregnate the
i : g Catalyst 1:After this
excess catalyst solutron was decanted and filtered off.

The
Parameters Run No. 4 Run No. 5 Run No. 6 Run No. 7
HOS 19-22 44-77 68.75-71.75 91-94
Te re (°C
fg;;?:: o 180 180 180 180
Bed (T/M/B) 181.5/186/182.5 | 181.5/185/183 | 181.3/184.5/181.2 | 181.4/184/181.1
Pressure (Kpa) 1000 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980 980
CoH4 GHSV/h 905 905 905 905
HAC GHSV/h 66 66 66 66
H>0O GHSV/h 9 9 9 9
CaHy4 (g/Lcat/h) 1131 1131 1131 1131
HAC (g/Lcat/h) 177 177 177 177
HyO (g/Lcat/h) 8 8 8 8
Feed contact time [1/GHSV](secs) 4 4 4 4
C2H4/HAC/ H20 mole % ratio 92.3/6.7/1.0 92.3/6.7/1.0 92.3/6.7/1.0 92.3/6.7/1.0
CoH4/HAC/ H2O wt % ratio 86/13.4/0.6 86/13.4/0.6 86/13.4/0.6 86/13.4/0.6
CoH4/HAC mole ratio 13.7 13.7 - 13,7 13.7
Product Analysis (Table 2 continued):
Products/Analysis Run No. 4 Run No.5 Run No, 6 Run No. 7

Ethylene conversion (%) 5.3 3.9 4.1 6.0
HAC Conversion 71 64 60 54
Product Selectivity (wt %)
EtAc 95.9 97.2 97.8 98.1
EtOH 0.7 0.6 0.5 0.6
DEE 23 1.8 13 1.0
Acetaldehyde 0.0 0.0 0.0 0.0
Oligomers 0.8 0.3 0.3 02
Others 0.3 0.1 0.0 0.0
EtAc Yield 68 63 59 53
EtAc STY (g/Lcat/h) 194 183 164 148
Carbon Balance (mol %) 100 199 100 97
Oxygen Balance (mol %) 94 89 93 88
Mass Balance 100 99 99 96
Water recovered (%) 53 56 62 65




cat al yst

overnight at 1 20[err].
desi ccator to cool
catal yst had a heteropol yaci d cat al yst
Silica granules (Grace 57 grade,
pore vol une 1.0267 m /g,
in a solution of 12-tungstosilicic acid [err]

g/ ni,

| mpregnat ed support was then dried in flow ng nitrogen gas

surfacelhrea 310 [err],

ca. 5-8 mm 57.7 g,

(ex Johnson Matt hey,

The supported catal yst so forned was then |eft
and was finally reweighed. The resultant supported
| oading of 92 g/litre.

Cat al yst
bul k density

69.

dissolved in 200 mM distilled water) for 24 hours with intermttent

stirring in order to inpregnate the support wth the catal yst.

Ther eaf

the excess solution of the silicotungstic acid catalyst was renoved by

decantation and filtration.

then dried qugl BbHifiodt
catal yst so

cat al yst

The resuTABLE 3at al yst
oiwvwg&r i4ddA9 8k di b2 PhaiJs 2.The dried supported

f or med was g i ed | §§§ CCEEG: ali% lfad a n

et eropol yaci d

| gading of 117g/litre C‘talyqt 3. _The above process of Cat al
was repeat dd and weRaramefersd t o Run No. 8 Run No. 9 Run No. 10
HOS 14.75-17.5 38.5-41.5 62.5-65.5
Temperature (°C)
Applied 180 180 180
Bed (T/M/B) 179.5/189/182.8 | 179.6/187.5/182.9 | 179.4/186.5/182.8
Pressure (Kpa) 1000 1000 1000
| Total feed GHSV/h (@, STP) 981 981 981
CoH4 GHSV/h 905 905 905
HAC GHSV/h . 66 66 66
H2O GHSV/h 10 10 10
| CoHy (g/Lcat/h) 1131 1131 1131
HAC (g/l.cat/h) 177 177 177
H>O (g/Lcat/h) 8 8 8
Feed contact time {1/GHSV](secs) 4 4 4
CoH4/HAC/ H20 mole % ratio 92.3/6.7/1.0 92.3/6.7/1.0 92.3/6.7/1.0
CoH4HAC/ HyO wt % ratio 85.9/13.5/0.6 85.9/13.5/0.6 85.9/13.5/0.6
CoH4/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 3 continued):
Products/Analysis Run No. 8 RunNo.9 | RunNo. 10
Ethylene Conversion 7.3 3.9 33
HAC Conversion 81 77 75
Product Selectivity (wt %)
EtAc 92.7 95.2 96.0
EtOH 0.8 0.7 0.7
DEE 3.8 2.8 22
Acetaldehyde 0.0 0.0 0.0
Oligomers 1.6 0.9 0.8
Others 1.1 0.5 0.3
EtAc Yield 75 73 72
EtAc STY (g/Lcat/h) 213 211 201
Carbon Balance (mol %) 100 102 103
Oxygen Balance (mol %) 99 96 98
Mass Balance 100 102 103
Water recovered (%) 45 43 51

in a

2:
0.4

ex WR Grace) was soaked

49

ter

i mpregnat ed support was

yst 2



7 have a heteropolyacid catal yst | oading of 119g/litre. B. Cat al yst
Form ng: Al the catal ysts produced above were broken down and sieved to
obtain the desired pellet size for loading into the esterification reactor.
C Cat al yst Testing: The reactor used was a three-zone Severn Sciences
reactor constructed of Hastelloy C 276 ddpabl e of wi thstanding gl acial
acetic acid up to 300[err] and 15000 Kpa (150 barg) pressure (length 650
nm outer dianeter 22 nm internal dianmeter 16 mm. It had a thérnmowel |
running the entire reactor length (5 mmouter dianeter) and 1.77 cm outer
di anmeter Swagel ock VCR joints at ea BiE: Gas from cylinders of ethylene
and n|trogen were taken off at 1000 barg) and then conpressed to
5000- 12000 n Qonditions (b Mofe % Water-tskied ko feac piystcd e bei ng regul at ed
and fed to nass flow controllers. The I|qU|d feed systens had 2 [err]

reservoirs IIblFFILd.I_ﬁEHI —a Tt TO ekt ﬁ%"w .8
barg). A CPERETI] HoRE llév:wv;la prov] ueigolggs,égrmt l%ﬁ?%fb i 'ﬁSﬂﬂéﬂf‘b tream
back Temperature (°C)
Applied . 180 180 180
Bed (T/M/B) 179.3/188.5/182.4 | 179.6/188.5/183.4 | 179.5/188.5/183.4
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 975 975 975
CoHg GHSV/h 866 866 866
HAC GHSV/h 61 61 61
H0 GHSV/h T 48 48
CyHa (g/Lcat/h) 1083 1083 1083
HAC (g/Lcat/h) 164 164 164
H,0 (g/Lcat/h) 38 38 38
Feed contact time {1/GHS V](secs) 4 4 4
CoH4/HAC/ H2O mole % ratio 88.8/6.3/4.9 88.8/6.3/4.9 88.8/6.3/4.9
CoH4/HAC/ HyO wt % ratio 84.2/12.8/3 84.2/12.8/3 84.2/12.8/3
CoH4/HAC mole ratio 14.2 14.2 14.2

Product Analysis (Table 4 continued):

Products/Analysis Run No. 11 RunNo. 12 | RunNo. 13
Ethylene Conversion 44 4.0 43
HAC Conversion 68 72 72
Product Selectivity (wt %)

EtAc 85.2 82.9 82.0
EtOH 3.7 3.7 3.9
DEE 10.5 13.0 13.6
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.6 0.4 0.5
Others 0.01 0.02 0.07
EtAc Yield . 58 60 59
EtAc STY {(g/Lcat/h) 203 215 210
Carbon Balance (mol %) 102 103 103
Oxygen Balance (mol %) 87 87 89
Mass Balance 101 102 102
Water recovered (%) 43 39 42




to liquids prior to collection in a receiver. The majority of the liquid
product was collected at roomtenperature. A pre-heating zone was | ocated
upstream of the catalyst bed. The pre- heating zone was separated fromthe
catal yst bed by a plug of glass wool. Another plug of glass wool was used
downstream of the catal yst bed to reduceldead vol une and hel p maintain the
catalyst bed in the centre section of the reactor. The reaction was started
up by pressurising the reactor to 1000 KPa (10 barg) with nitrogen,
establishing the desired flowrate (which is the same as that used | ater
for the olefin feed) and then |ncrea§: g g he reactor tenperature to t he
desired operating condltlons (170[er 80[err]) over a one hour peri od.
The liquid @ Motle ffoWVatier adde ed) Hsing Catal

oninitially at the deS|red flom1rate and the olefln adn1tted |nto t he

LHAR GT}A tl ora

reactor on [T QUi 0 BLERAELET OUON af UgE, {ih ecyT ORuR RS 15 uaualR %N%'ts"' 2to 3
hours. The [[{gEWs Were thnem adjusted .9 Ve e gy’ e fcmh P tgtios
and GHSVs. @Wb TOl | ectef—at—Tegutar—ntervatrS—Hi qui d
product wag dpgfned of f, wei ghed]and tfen angl yseqgpy GC.{ The ggs strleam
was sanpl ed dgiigapgAm of the | i fuizd1aiisest | . nERS3 31017l $RoARRd Ysed by
GC. Tot al %Q&ga{%fl Mg o test—pert Ui_boavab u*F&Suu TOboual rg—& 1000

Total feed GHSV/h (@ STP) 980 980 980

CoH4 GHSV/h 866 866 866

HAC GHSV/h 64 64 64

HyO GHSV/h 50 50 50

CoHy4 (g/Lcat/h) 1083 . 1083 . 1083

HAC (g/Lcat/h) 170 170 170

H20 (g/Lcat/h) 40 40 40

Feed contact time [L/GHS V](secs) 4 4 4

CoHy/HAC/ HrO mole % ratio 88.4/6.5/5.1 88.4/6.5/5.1 92.3/6.7/1.0

CoH4HAC/ HyO wt % ratio 83.7/13.2/3.1 - 83.7/13.2/3.1 86/13.4/0.6

CoH4/HAC mole ratio 13.6 13.6 13.6

Product Analysis (Table 5 continued):

Products/Analysis Run No. 14 Run No. 15 | RunNo. 16
Ethylene Conversion 6.6 7.6 6.3
HAC Conversion 86 85 83
Product Selectivity (wt %) _

EtAc 73.4 74.0 73.2
EtOH 3.7 3.7 3.5
DEE 220 215 . 22.9
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.6 0.7 0.5
Others 0.2 0.1 0.0
EtAc Yield . 63 63 60
EtAc STY (g/Lcat/h) 219 221 224
Carbon Balance (mol %) 106 104 105
Oxygen Balance (mol %) 103 101 95
Mass Balance 105 104 104
Water recovered (%) 40 40 36




wet - gas neter.
with acetic acid.

used,

reaction were as follows: Paraneter
Catal yst 3 Volunme (cnferr])

113(11. 4%)
0.5-1
Par anet ers

25

14

Catal yst 1
25

The above process/catal ysts were used to esterify ethylene
8 The rel ative anobunts of each of the Catalysts 1 to 3
their bed size and bed length in perform ng the esterfication

Cat al yst 2

25 Weight (9g)

12 12 Pellet size (mm 1-2 (0.5-1%)
0.5-1 Bed |l ength 8.75 (14%) 14 14 ¢
of Catalyst 1 used for tIMPABUES in Table 2
Run Conditions: (5 Mole % Water added to feed) using Catalyst 3:
Parameters Run No. 17 Run No. 18 Run No. 19
HOS 160.5-163.5 208.5-211.5 285.5-288.5
Teilg;{?:dure( © 180 180 180
Bed (T/M/B) 179.2/190/184.1 | 179.3/190/184.3 | 179.3/190/184.2
Pressure (Kpa) 1000 1000 1000
Total feed GHS V/h (@ STP) 980 980 980
CoHg GHSV/h 866 866 866
HAC GHSV/h 64 64 64
HyO GHSV/h 50 50 50
CoH4 (g/Lcat/h) 1083 1083 1083
HAC (g/Lcat/h) 170 170 170
H>0 (g/Lcat/h) 40 40 40
Feed contact time [1/GHS V](secs) 4 4 4
CoH4/HAC/ H2O mole % ratio 88.4/6.5/5.1 88.4/6.5/5.1 88.4/6.5/5.1
CoH4/HAC/ HyO wt % ratio 83.7/13.2/3.1 83.7/13.2/3.1 83.7/13.2/3.1
CoH4/HAC mole ratio 13.6 13.6 13.6
Product Analysis (Table 6 continued):

Products/Analysis Run No. 17 Run No. 18 | RunNo. 19
Ethylene Conversion 8.8 8.7 8.4
HAC Conversion 85 86 88
Product Selectivity (wt %)

EtAc 73.2 73.0 73.7
EtOH 3.6 3.9 3.7
DEE 22.6 22.6 22.1
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.5 0.5 0.5
Others 0.1 0.1 0.1
EtAc Yield 62 63 65
EtAc STY (g/Lcat/h) 217 217 225
Carbon Balance (mol %) 104 104 104
Oxygen Balance (mol %) 103 103 103
Mass Balance 103 104 104
Water recovered (%) 40 41 38




9 TABLE 1

Par anet er s

Run Conditi ons:
Run No. 1

Run No.

3* HOS

(1 Mole % Water added to feed) using Catal yst 1:
Run No. 2

17- 20 42- 45 70-73 (21-24) Tenperature ([err]) Applied
170 170 170 Bed (T/ M B) 173/ -/1170
172.5/-/169.5 170/-/168 Pressure (Kpa)}3 1000
1000 1000 Total feed GHSV/ h (@ STP) 980 980
974 C2H4 GHSV/ h 905 _ 905 905 HAC
GHSV/ h 66 TABLE7 66 69 H20 GHSV/ h
9 Run Eonditions: (5 Mole % dd8éd-fofebdVusing Catalyst 3: 1131
1131 g/ Lca 177 177
185 H20 (gllcat/h) : —8 _8 ; 0 Feed
cont act tile Parameters A Run No. 20 aRun No. 21* Ryn No. 22

HOS 375.5-378.5 448.5-451.5 472.5-475.5

Te °

:g;{?::m( © 180 180 180
Bed (T/M/B) 179.3/190/184.4 | 179.3/186.5/183.4 | 179.3/186.5/183.4

Pressure (Kpa) 1000 1000 1000

Total feed GHSV/h (@ STP) 980 1001 1001

CoH4 GHSV/h 866 866 866

HAC GHSV/h 64 64 64

H70 GHSV/h 50 50 50

DEE GHSV/h 0 21 21

CoHy (g/Lcat/h) 1083 1083 1083

HAC (g/Lcat/h) 170 170 170

HyO (g/Lcat/h) 40 40 40

DEE g/Lcat/h) 0 71 71

Feed contact time [1/GHSV](secs) 3.7 3.6 3.6

CoH4/HAC/ HpO/DEE mole % ratio 88.4/6.5/5.1§ 86.5/6.4/5/2.1 86.5/6.4/5/2.1

CrH4/HAC/ HyO/DEE wt % ratio 83.7/13.2/3.1§ 79.4/12.5/2.9/5.2 | 79.4/12.5/2.9/5.2

CrH4/HAC mole ratio 13.6 13.6 13.6

* co-fed additionally with 2 Mole % DEE.

§ - No diethyl ether used in this Run

Product Analysis (Table 7 continued):

Products/Analysis Run No. 20 | RunNo. 21 | RunNo. 22

Ethylene Conversion 8.7 2.7 2.4

HAC Conversion 85 81 80

Product Selectivity (wt %)

EtAc 74.1 71.9 70.8

EtOH 3.6 5.0 5.4

DEE 21.6 22.9 233

Acetaldehyde 0.0 0.0 0.0

Oligomers 0.5 0.2 0.5

Others 0.1 0.0 0.0

EtAc Yield 63 59 57

EtAc STY (g/Lcat/h) 226 226 222

Carbon Balance (mol %) 103 105 105

Oxygen Balance (mol %) 98 101 98

Mass Balance 102 105 104

Water recovered (%) 38 60 63




[ 1/ GHSV] (secs) [err]/HAC [err]
92.3/6.7/1.0
85.9/13.5/0.6

13.7

13.1 * -

nole %ratio
92.9/.2/0 [err]/HAC/ [err] w
85.9/14.1/0 [err]/HAC nole ratio

%ratio

92.3/6.7/1.0

85.9/13.5/0.6

13.7

according to the invention) Product Anall¢sis (Table 1 continued):

No added water used in this conparative test (not

7.8
1

hers

Product s/ Anal ysi s Run No. 1 Run No. 2 Run No. 3* HAC
Conver si on 66 64 27 Product
Selectivity (wt % EtAc TABLE 8 97.3 9
91.6 EtOH un Conditions: (5 Mole % Water + 2 Mole YODEE added to feedPuding Catalyst 0.
DEE 1.8 1.3 0.0
Acet al dehyde 0.0 0.0 0.0
A i goners 0.3 —0-6 1.4
0.1 0 04 Parametersg 8 Et Ac e| dRun No. 23 Run No. 24 5
59 HO®5 Et Ac STY (g/Lcat/h) 479.5-500.5 180 544.5-547.5 1H0
44 Temperature (°C)

Applied 180 180

Bed (T/M/B) 179.3/186.5/183.4 179.4/187/183.4

Pressure (Kpa) 1000 1000

Total feed GHS V/h (@ STP) 1001 1001

C2H4 GHSV/h 866 866

HAC GHSV/h 64 64

H>0 GHSV/h 50 50

DEE GHSV/h 21 21

CoHj4 (g/Lcat/h) 1083 1083

HAC (g/Lcat/h) 170 170

H20 (g/Lcat/h) 40 40

DEE (g/Lcat/h) 71 71

Feed contact time [1/GHS V](secs) 3.6 3.6

C2H4/HAC/ H20/DEE mole % ratio 86.5/6.4/5/2.1 86.5/6.4/5/2.1

| C2H4/HAC/ H2O/DEE wt % ratio 79.4/12.5/2.9/5.2 79.4/12.5/2.9/5.2
C2H4/HAC mole ratio 13.6 13.6
Product Analysis (Table 8 continued):
Products/Analysis Run No. 23 Run No. 24

Ethylene Conversion 1.4 1.3

HAC Conversion 84 32

Product Selectivity (wt %)

EtAc 70.6 71.1

EtOH 5.1 5.2

DEE 23.9 235

Acetaldehyde 0.0 0.0

Oligomers 0.3 0.3

Others - 0.0 0.0

EtAc Yield 59 S8

EtAc STY (g/Lcat/h) 226 224

Carbon Balance {mol %) - 107 106

Oxygen Balance (mol %) 103 99

Mass Balance 106 105

Water recovered (%) 61 63




Car bon Bal ance (nol % 104 105 100 Oxygen

Bal ance (nol % 95 102 81 Mass Bal ance
103 1067 9Qo—-Mater recovered (9 69
73 * No water us =5Hgn%£'{ Héﬁc%EH conparative t(es/% (not according to the
I nventi on) 10 AUED condilfti ons: 1711 Mol e % Water added to feed)
using Catal yst 1: Paraneters Run No. 4 Run No. 5
Run No. 6 Run No. 7 HCS 19- 22
44-77 68. 75-71. 75 TABRE 94 Tenperature ([err]) Applied
180 180 180 180 Bed (T/ M B)
181.5/ 186/ 182-5—181-5/185/183—-181.-3/184. 5/ 1812 181.4/184/181.1
Pressure (Kpa) . LIQUID PRODUCTJ3ATA 1900 1000
1000
GCMS
180°C, 1000 Kpa (10 barg), ethylene/acetic acid = 14
Organics (% by Wt) Run No.
7 17 23
Water (mole% in feed) 1 5 5(H+2%
DEE)

Acetic acid (unreacted feed) 523 212 16.3

Ethyl acetate 46.5 67.3 ~_ 69

Diethylether 0.05 3 3.3

Ethanol 0.65 7.8 11

Acetaldehyde 0.002] 0.04f = 0.009

C6 oligomers 0.0015 0 0

C8 oligomers 0.0055 0 0

Miscellaneous oxygenates 0.0065 0 0

Aromatic hydrocarbons 0.045 0 0

" |Unknowns 0.11] o.01 0
BALANCE :others (Hydrocarbons & oxy compounds)

Example 2:
Catalyst Preparations:
Catalyst 4. 12-Tungstophosphoric acid [H;PW,,040.24H,0] (175 g) was
dissolved in distilled water (250 mi). Lithium nitrate [LiNO;.2H,0] (0.652 g) was
dissolved in distilled water (~ 5ml). The lithium nitrate solution was added
dropwise to the tungstophosphoric acid solution to form Solution “A”.

Solution “A” was added to pelleted silica support ( Grace 1371 grade, 1-3
mm, 99.5 g, ex W R Grace) and left to soak over 24 hours with occasional stirring
in order to impregnate the silica with the tungstophosphoric acid catalyst. After
this duration, excess solution “A” was decanted and filtered off, The resultant
catalyst impregnated support was then dried in flowing nitrogen gas initially at 150
°C for 3 hours and then raised to 200°C and maintained at that temperature for 5
hours. The supported catalyst so formed was then left in a desiccator to cool and
was finally reweighed. The resultant supported catalyst had a final wexght of 164.4
g, a net catalyst loading of 64.9 g and had the formula
Lio,1Hz.9PW12049.24H,0/Si0, corresponding to a loading of 255 g/i.

et HaS Been RP(‘laced
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Total feed GHSV/h (@ STP) 980 980 980

980 C2H4 GHSV/ h 905 905

905 THEOBHEREH 66

66 66 Rgﬁggg%ﬁ 66 [err] GHSV/h

9 9 ¢] 18 9 [err] (g/Lcat/h)
1131 1131 1131 1131 HAC (g/Lcat/h)
177 177 177 177 [err] (gl/Lcat/h)
8 Catalys84.  Pelleted silica support (Grace 1371 grade, 1-8 nieed0goex MR ti me
[ 1/ GHSV] se ; : . i wind o 4
Lorr] /HAG - EBlEhayes Sgpked jna solution (259 i of 17-pungstosiigigdeid |

92. 3/ 6. 7/ 1. (H4SiW1.0@.26H607(65.53 g én diptillad wraten) for 24choyry with éntermittent
86/ 13. 4/ 0. 6tirring $667°dRr 4 Pngftegnate th8BLpporttwith the catalysB6TActestte? the &xReds] / HAC

nole ratio . s 3.7 . .13.
13. 7 Productolieh gtthe tunestosilicis acihwrsfmayed Y defantetionnd Gispion The o o 4
Run No.5  resufam chialysbimpregnakddsubiport Waktienldeied ogennight anden flo%Wjing 5.3
3.9 : ° - 8. ' . 71
ot ritrogh dt 120°C. The drich slppdied HUIRLRY Rl was pogod g,
95.9 desigratar and had a finalgiyeight of 86.2g, a netg@talyst loading of 16.2 g and had

the formula HSiW,040.26H,0/S10, corresponding to a loading of 92 g/1.

The above catalysts were used to esterify ethylene with acetic acid. The
relative amounts of each of these catalysts used, their bed size and bed length in
performing the esterfication reaction were as follows:

Parameter Catalyst 4 Catalyst 5
Volume {cm*) 25 25
Weight (g) 15.5 11.2-11.4
Pellet size (mm) 1-2 1-2 (Table 11) &
0.5-1 (Tables 12, 13 and 14)
Bed length 8.5 8.75

This Sheet Has Been Rzlilaced
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Et OH 0.7

0.6 DEE 2.3
1.0 Acet al dehyde 0.0
0.0 O igoners | THIS SHEET HAS BEEN | ©.8
0.2 Others REPLACED 0.3
0.0 EtAc Yield 68
53 Et Ac STY (g(Lcat/h) 194

148 Car bon Bal ance (nol %
97 Oxygen Bal ance (mol %
88 Mass Bal ance .

96 Water reRupSonditions:

65

TABLE 3 Run Conditions:

100TABLE 10 1
Catalyst 4 - 15.5 g$°
fcl%gys e 99

53

0.6

19

1

0.5
1.8 1.3
0.0 0.0
0.3 0.3
0.1 0.0
63 59
83 164
99 100
93
99
56 62

(1 Mole % Water added to feed) using Catalyst

2. Parametprs ParametersmUN NO. S| Run No. 29N [NMRunWNo. 26 | RHANY027
HOS 1-3 19-21 25-27
Temperature (°C)

Applied 170 170 170

Bed (T/M/B) 173.5/-/170.5 172/-/1169 172/-/169
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 979 979 979
C,H, GHSV/h 905 905 905
HAC GHSV/h 65 65 65
H,0 GHSV/h 9 9 - 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 173 173 173
H,0 (g/Lcat/h) 8 8 8
Feed contact time [1/GHS V](secs) 4 4 4
C,H/HAC/ H,O mole % ratio 92.4/6.6/1.0 92.4/6.6/1.0 | 92.4/6.6/1.0
C,Hy/HAC/ H,O wt % ratio 86.2/13.2/0.6 | 86.2/13.2/0.6 | 86.2/13.2/0.6
C,H,/HAC mole ratio 14.0 14.0 14.0

- Product Analysis (Table 10 continued):
Products/Analysis Run No. 25 Run No. 26 | Run No. 27

HAC Conversion 51 47 45
Product Selectivity (wt %)
EtAc 89.7 98.0 97.7
EtOH 0.5 0.5 0.4
DEE 0.9 0.7 1.0
Acetaldehyde 0.0 0.0 0.0
Oligomers 7.0 0.4 0.7
Others 1.90 0.49 0.26
EtAc Yield 45 46 44
EtAc STY (g/Lcat/h) 128 122 118
Carbon Balance (mol %) 102 102 105
Oxygen Balance (mol %) 86 89 100
Mass Balance 101 101 104
Water recovered (%) 90 70 81
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HOS

180" 480. Bed.. (T/ M B) 179.5/189/182.8
179. 6/ 187. 5/ 182. 4 THISSHEETASBEMR] 8 Pressure (Kpa)
1000 1000 REPLACED 1000 To2@l feed GHSV/h (@ STP)
981 T 981 [err] GHSV/h
905 905 905 HAC G}ENU?h
66 66 66rABLE]11GHSV
10 10 (%%ﬁil)?sﬁé]‘ 121%/ L)cat/ h)
1131 1131 CCg/¥cat / h)
177 Run Conditions: 177 [err] (g/Lcat/h)
8 8 8 Feed contact tine [1/GHSV](secs)
52.3/6. 71 1.ja—oooremany Lo T R3O Rup No 2 T Riin X6, 30
85 9/13. 5/ A0S "85 9/13 5/0 6 g5 loj 131520 6 prnﬂr?ﬁh(‘ nol e 2134 o
13.7 Temperatgre(°C) 13.7 Product Anklysis (Tafle 3 continued):
Applied 170 170 170
Bed (T/M/B) 176/-/174 173/-/170 173/-/170
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 66
H,O GHSV/h 9 9 - 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,O (g/Lcat/h) 8 8 8
Feed contact time [1/GHSV](secs) 4 4 4
C,H,/HAC/ H,0 mole % ratio 92.3/6.7/1.0 | 92.3/6.7/1.0 | 92.4/6.6/1.0
C,H/HAC/ H,0 wt % ratio 85.9/13.5/0.6 | 85.9/13.5/0.6 | 86.2/13.2/0.6
C,H/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 11 continued):
Products/Analysis Run No. 28 Run No. 29 | Run No. 30
HAC Conversion 62 66 64
Product Selectivity (wt %)
EtAc 86.0 97.3 97.6
EtOH 24 0.4 04
DEE 33 1.8 14
Acetaldehyde 0.0 0.0 0.0
Oligomers 24 0.3 0.6
Others 5.9 0.1 0.1
EtAc Yield 53 65 62
EtAc STY (g/Lcat/h) 151 180 171
Carbon Balance (mol %) 101 104 105
Oxygen Balance (mol %) 98 95 99
Mass Balance 101 103 105
Water recovered (%) 70 69 67

14.75-17.5
62.'5-65.5 Tenperature ([err]) Applied

38.5-41.5
180
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Pr oduct s/ Anal ysi s Run No. 8 Run No. 9 Run No. 10
Et hyl ene Conver si on 7.3 3.9
HAC Conver si on 81 77 -
Product Sel ecti v O—E=t-Ac :
95. 2 THIS e T FAS BEEn 21 0.8
0.7 7_DEREPLACED 3.8
2.8 2 2 Acet al denyde 0.0
0.0 0.0 digomers TABLE 12 11.16
: 0.8 O hers :
05 0.3 EtAc Yield (Catalyst5-112g) 75
73 Run Conditiges: STY (g/ Lcat/ h) 213
211 201 Carbon Bal ance (nol (VQ 102n
égz Oisﬁsl‘vh%aq UMEF%Bgllcl CE[”: e R No. 31 | RunNo. 32 . 1 &3in No. 33
102 HOS1 N2 WAt er recover ed ( OA 19.25-22.5 23-26 43.25-46.25
43 Tempgprature (°C)
Applied 170 170 180
Bed (T/M/B) 172.5/176/- | 172.5/175.5/-| 182/187/-
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 66
H,O GHSV/h 9 9 - 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,O (g/Lcat/h) 8 8 8
Feed contact time [1/GHSV](secs) 4 4 4
C,H/HAC/ H,0 mole % ratio 92.3/6.7/1.0 | 92.3/6.7/1.0 | 92.3/6.7/1.0
C,H/HAC/ H,0 wt % ratio 86/13.4/0.6 86/13.4/0.6 | 86/13.4/0.6
C,H/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 12 continued):
Products/Analysis Run No. 31 Run No. 32 { Run No. 33
HAC Conversion 72 72 82
Product Selectivity (wt %)
EtAc 96.0 94.4 94.9
EtOH 0.5 0.5 0.7
DEE 29 2.7 33
Acetaldehyde 0.0 0.0 0.0
Oligomers 04 1.6 0.7
Others 0.2 0.7 0.3
EtAc Yield 69 68 78
EtAc STY (g/Lcat/h) 203 194 210
Carbon Balance (mol %) 101 103 108
Oxygen Balance (mol %) 91 97 104
Mass Balance 100 103 108
Water recovered (%) 47 48 48
This S
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12 TABLE 4 Run Conditions: (5 Mdle % Water added to feed) using Catal yst 2:

Par aneters Run No. 11 Run No. 12 Run No. 13 HOS
90.5-95.5 134 5-137.5 158.5-161.5 Tenperature ([err]) Applied
180 180 Bed (T/ M B)
179. 3/ 188.5/ 182.{4 7?%73% BEBNR 4 17825/ 188.5/183.4 Pressure (Kpa)
1000 1000 1000 Total feed GHSV/h (@ STP)
975 975 975 [err] GHSV/h
866 866 866 HAC GHSVjE
61 61 6 \V/
48 48 w [ Lcat/ h)
1083 1083 . (Cmt ISIACU@)Lcat/ h)
164 Run Condifidns: 164
Parameters Run No. 34 Run No. 35 | RunNo. 36
HOS 47-50 .67.25-70.25 71-74
Temperature (°C)
Applied 180 190 190
Bed (T/M/B) 181.5/186.5/- | 191.5/196/- | 191.5/195.5/-
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 66
H,0 GHSV/h 9 9 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,O (g/Lcat/h) 8 8 8
Feed contact time [1/GHS V](secs) 4 4 4
C,H/HAC/ H,0 mole % ratio 92.3/6.7/1.0 | 92.3/6.7/1.0 | 92.3/6.7/1.0
CH/HAC/ H,0 wt % ratio . 86/13.4/0.6 86/13.4/0.6 | 86/13.4/0.6
C,H,/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 13 continued):
Products/Analysis Run No. 34 Run No. 35 | Run No. 36
HAC Conversion 79 74 72
Product Selectivity (wt %)
EtAc 95.2 94.7 94.9
EtOH 0.7 0.7 0.7
DEE 32 2.8 22
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.6 1.4 1.3
Others 02 0.3 0.8
EtAc Yield 75 70 68
EtAc STY (g/Lcat/h) 206 202 191
Carbon Balance (mol %) 105 102 104
Oxygen Balance (mol %) 102 94 99
Mass Balance 105 102 104
Water recovered (%) 47 52 54
This Sheet Has Been Rep
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[err] (g/Lcat/h) 38 38 38
Feed contact time [1/ GHSV] (secs) 4 4 4
[err]/HAC/ [err] Iult Yo r-att-o 88.8/6.3/4.9 88.8/6.3/4.9
88.8/6.3/4.9 [err]/lﬁﬁ&/%%%ﬁ!\&mwatm 184.2/12.8/3
84.2/12.8/3 4.2/ 13EB/ACEDerr]/HAC M e ratio 14. 2
14. 2 14. 2 Product Anarysis (Table 4 continued):
Pr oduct s/ Anal ysi s Run No. | Run No. 12 Run No. 13
Et hyl ene Conver si on TABLE444 472 323
HAC Conver si on
Product Selectivity. (w % EtAc (Catalyst 5 - 198 8) 85.2
82.9 Run Gondfiqnery- 3.7
3.7 3.9 DEE 10.5
13.0 13. O parileerdenyade Run No. 37 RunNo. 38 | _Rudh No. 39
0.0 HOSY. U I TUUTETS 1922 4447 | "g875-71.75
0.4 O—-5—Hhers S—0t
0. 02 Tempgragyreft QL Vi el d 58
60 Appiied 180 180 180
Bed (T/M/B) 181.5/186/182.5 181.5/185/182 | 181.3/184.5/181.2
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 66
H,0 GHSV/h 9 9 - 9
C,H. (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,0 (g/Lcat/h) 8 8 8
Feed contact time 4 4 4
[1/GHSV](secs)
CH/HAC/ H,0 mole % ratio 92.3/6.7/1.0 92.3/6.7/1.0 92.3/6.7/1.0
CH/HAC/ H,0O wt % ratio 86/13.4/0.6 86/13.4/0.6 86/13.4/0.6
C,H,/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 14 continued):
Products/Analysis Run No. 37 Run No. 38 | Run No. 39
HAC Conversion 71 64 60
Product Selectivity (wt %)
EtAc 95.9 97.2 97.8
EtOH 0.7 0.6 0.5
DEE 2.3 1.8 1.3
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.8 0.3 0.3
Others 0.3 0.1 0.0
EtAc Yield 68 63 59
EtAc STY (g/Lcat/h) 194 183 164
Carbon Balance (mol %) 100 100 100
Oxygen Balance (mol %) 94 89 93
Mass Balance 100 99 99
Water recovered (%) 53 56 62
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Et Ac STY (g/Lcat 203 215 210

Car bon ‘Bal ance (i iu%‘szT HAS BEEN 102 103 103
Oxygen Bal ance ((mol 9BEPLAGED 87 87 89
Mass Bal ance . 101 102 102
Water recovered (% _ o 43 39 42
13 TABLE 5 Run Conditions: (5 Mble % Water added to feed) using Catal yst 3:
Par anet er s Iumuumﬂn Run No. 15 Run No.” 16 HOS
16-19 ” "’ 2.5-115.5 Tenperature ([err]) Applied
180 * 180 Bed (T/ M B)
179.1/191/183. 2 179. 1/ 190. 5/ 183.5 179. 2/ 190/ 183. 8 Pressure (Kpa)
1000 1000 1000 .
24
Claims:
1. A process for the production of lower aliphatic esters said process

comprising reacting a lower olefin with a saturated lower aliphatic mono-

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.

2. A process according to Claim 1 wherein the amount of water added is in

the range from 1 to 7 mole % based on the total of the olefin, aliphatic mono-

carboxylic acid and water.

3. A process according to Claim 1 or 2 wherein the amount of water added is

in the range from 1 to S mole % based on the total of the olefin, aliphatic mono-

carboxylic acid and water.

4, A process according to any one of the preceding Claims wherein the

heteropolyacid catalyst is supported on a siliceous support which is in the form of

extrudates or pellets.

5. A process according to Claim 4 wherein the siliceous support is derived from an

amorphous, non-porous synthetic silica.

6. A process according to Claim 4 or 5 wherein the siliceous support is derived

from fumed silica produced by flame hydrolysis of SiCls.

7. A process according to any one of the preceding Claims 4-6 wherein the

siliceous supports is Support 350 made by pelletisation of AEROSIL® 200 (both ex

Degussa).

8. A process according to any one of the preceding Claims 4-7 wherein the silica

support is in the form of pellets or beads or are globular in shape having an average

particle diameter in the range from 2 to 10 mm, a pore volume in the range from 0.3-
-
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Total feed GHSV/ h (@ STP)

[err] GHS V/
HAC GHSV/ h
[err] GHSV/h

[err] (g/Lcat/h)

HAC (g/ Lcat/

h

THIG SHEET HAS BEEN
REPLACED

h)

[err] (g/Lcat/h)

Feed cont act
[err]/HACI [

982 g 980
Sy
s B %
170 170 170

40
L2 e B ens K fors ancya bulk sty ofafeast 380 g1

40 : 40
4

92. 3/ 6. 7/ 1. 09] er r I/ panGyss pegordlingto 98y enei of the precedirgaClajmsa4-8 /vehetein the

83. 7/ 13. 2/ 3.
13.6

Sl N

13.

ratio 13.6
le 5, continued):

Product s/ Anal$si s# process according talaun 4 wherey theglicequs suppegis apelleted sifiea)| ene

Conver si on
Conver si on

3
Product Sel e&F R0V} J-19 fpl/g gndign qverage partic

74.0

support which has an average ulk densitigl of about 0/3%g/ml, an average pofe Voliie

83

e size ranging from a%gut 0.1-3.5 mm. 734

11. 73A2process according to Claim 10 wherein the pelleted silica support is used as
such or after crushing to an average particle size in the range from 0.5-2 mm to support

the heteropolyacid catalyst.

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

heteropolyacids used to prepare the esterification catalyst is selcted from the free acids

and co-ordination-type salts thereof in which the anion is a complex, high molecular

weight entity and comprises 2-18 oxygen-linked polyvalent metal peripheral atoms

surrounding in a symmetrical manner a central atom or ion from Groups I-VIII in the

Periodic Table of Elements.

13. A process according to Claim 12 wherein the peripheral atom is one or more of

molybdenum, tungsten, vanadium, niobium and tantalum and the central atom or ion is
selected from silicon; phosphorus; cupric ions; divalent beryllium, zinc, cobalt or nickel

ions; trivalent boron, aluminium, gallium, iron, cerium, arsenic, antimony, phosphorus,

bismuth, chromium or rhodium ions; tetravalent silicon, germanium, tin, titanium,

zirconium, vanadium, sulphur, tellurium, manganese nickel, platinum, thorium, hafnium,

cerium ions and other rare earth ions; pentavalent phosphorus, arsenic, vanadium,

antimony ions; hexavalent tellurium ions; and heptavalent iodine ions.

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

heteropolyacids have a molecular weight eg in the range from 700-8500 and include

dimeric complexes.

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

heteropolyacid comprises at least one of the following compounds:

I2-tungstophosphoric acid
12-molybdophosphoric acid
12-tungstosilicic acid
12-molybdosilicic acid
Potassium tungstophosphate
Sodium molybdophosphate
Ammonium molybdodiphosphate

H;3[PW1,040}.xH,0
H3[PMo0,2,040] xH,;0
H[SiW1,040].xH,0
H,y[SiM0,2040] xH,O
Ks[P2W,506,].xH,0
Na3[PMo,,040) xH,0
(NHy)s[P,M0,806,]. xH;O

This Sheet Has Been Rﬁlpllaced

AR




Et OH 3.7 3.5
e UL T 1T e 22. 9
Acet al dehyde oo M s e 0.0 0.0
A i goners THIS SHEET HAS BEEN : 0.7 0.5
O hers REPLACED 20. 2 0.1 0.0
Et Ac Yield 63 63 60
Et Ac STY (g/ Lcat/h) . 219 221 : 224
Car bon Bal anSedigmnggonickelate 106 NaJNiW0,1xH,0 182
Oxygen Bal angg{dHRim folybdodicobaltate 198 (NH,)[Co;Mgfsel XE,0 oo
Wat er r ecovefesiun fydrogen tungstosilicate 49 Cs;H[SiW,0,46H,0 . 36

14 TABLE 6 RustaiRiliiolybRadiviradbphbspiaibat er - addeg ipRrfwRsl)) gigg Catalyst 3:

16. A process according to any one of the preceding Claims 4-15 wherein the
amount of heteropolyacid deposited/impregnated on the support for use in the
esterification reaction is in the range from 10 to 60% by weight based on the total
weight of the heteropolyacid and the support.

17. A process according to any one of the preceding Claims wherein the olefin
reactant used is ethylene, propylene or mixtures thereof.

18. A process according to any one of the preceding Claims wherein the
saturated, lower aliphatic mono-carboxylic acid reactant is a C1-C4 carboxylic .
acid.

19. A process according to Claim any one of the preceding Claims wherein the
aliphatic mono-carboxylic acid reactant is acetic acid.

20. A process according to any one of the preceding Claims wherein the
reaction mixture has a molar excess of the olefin reactant with respect to the
aliphatic mono-carboxylic acid reactant.

21. A process according to any one of the preceding Claims wherein the mole
ratio of olefin to the lower carboxylic acid in the reaction mixture is in the range
from 1:1t0 15: 1.

22. A process according to Claim 18 wherein the mole ratio of olefin to the
lower carboxylic acid in the reaction mixture is in the range from 10 : 1 to 14:1.
23. A process according to any one of the preceding Claims wherein the
reaction is carried out in the vapour phase suitably above the dew point of the
reactor contents comprising the reactant acid, any alcohol formed in situ, the
product ester and water.

24. A process according to any one of the preceding Claims wherein the
supported heteropolyacid catalyst is used as a fixed bed which may be in the form
of a packed column.

25. A process according to any one of the preceding Claims wherein the
heteropolyacid catalyst is further modified by the addition of phosphoric acid or
other mineral acids thereto.

26. A process according to any one of the preceding Claims wherein the
vapours of the reactant olefins and acids are passed over the catalyst at a GHSV in
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Par aneters Run No. 17 Run No. 19 HCS
160..5- 163. 5 208.5-211.5 28@!}“& [H lHture ([err]) Applied
180 T 1 (i

179. 21/ 190/ 184.[1' TS SHEET HARBERG]3  179. 3/ 190/ 184. 2 Pressure (Kpa)
1000 000REPLACED 1000 T@7al feed GHSV/h (@ STP)
980 980 980 [err] GHSV/h

866 866 866 HAC GHSV/ h

64 the rang®df 100 to 5000 per houb4 [err] GHSV/ h

50

1083 27. fﬁg@gess according to an;?glé«g&f_‘kgpﬁeg rtﬁg{:;aﬂgls wherein the

170 esterificatipg reaction is carried out 2pa E@mpe}‘at(ng/mﬂmrﬁmge from 150-200°C
40 gogppt act time [ 1/ GHSV] (secs)
4 using a rgaction pressure which is ]491%#2 R o 88.416,5/5.1
88.4/6.5/5. 28 ABBTO&P%? agpordingtaapy ppenedthe preceding Claimgwherein the

83.7/13.2/3 réacuon &thiife’lﬁ ddéedl. vhith a dB&he?:/ abdoudit Of d dil @hdrlcoHRLivevitablyat | 0
13.6 the range from 1 to 6 mole % basecl3 on the total reaction mixture comprising the
olefin, the aliphatic carboxylic acid, water and di-ether.
29. A process according to Claim 28 wherein the di-ether corresponds to the
by-product di-ether formed in situ during the reaction from the reactant olefin
which is recovered and is recycled to the reaction mixture.
30. A process according Claim 28 or 29 wherein the di-ether is diethyl ether.
31. A process according to Claim 28 or 29 wherein the di-ether is an
unsymmetrical ether.
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Product Analysis (Table 6 continued): Products/Analysis

17
8.7
86
73.2
3.6
22.6
0.0
0.5
0.1
62
217
104
103
103
40

Run No. 18 Run No. 19 Ethyl ene Conversion

8.4 HAC Conversi on 85
88 Product Selectivity (mt 9% EtAc
73.0 73.7 EtOH
3.9 3.7 DEE
22.6 22.1 Acet al dehyde
0.0 0.0 digoners
0.5 0.5 G hers
0.1 0.1 EtAc Yield
63 65 Et Ac STY (g/Lcat/h)
217 225 Carbon Bal ance (ol %
104 104 Oxygen Bal ance (nol %
103 103 Mass Bal ance
104 104 Water recovered (9
41 38
28
BSTRACT
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 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 enhances the yield of the desired ester.
The reaction mixture may optionally contain a di-ether to minimise the by-
products.
| The process is particularly suitable for producing ethyl acetate from
ethylene and acetic acid in the presence of water.



15 TABLE 7 Run Conditions:—(5-Mol e % Water added to feed) UM@@ME

Par anet.ers THIS, SHEET HRSIBENM. | 20 Run No. 21* R
375.5-378.5 42&@&5@{;95 472.5-475.5 Tenperature ({err] )2 App‘
180 8 180 Bed (T/M B) SR ?998
179.3/190/184.4 179.3/186.5/183.4 179.3/186.5/183.4 Pressjurie_(Kpa)
1000 1000 1000 Total feed GHSV/h (@ STP)
980 1001 1 i SV/ h
866 HOS 566 8 ﬁé@ g%@{h
64 Bed (T/MgR) 6 Bepdtap/middisdpottom)
50 HAC 50 SQhdelE AdSV/ h
0 21 2 :

C,H;, %Ethylene

H,O Water

EtAc Ethyl acetate

EtOH Ethanol

DEE Diethyl ether

GHSV Gas hourly space velocity

g/Lcat/h Gram per litre of catalyst per hour

STP Standard temperature & pressure

STY Space time yield

Example 1:
A Catalyst Preparations:

Catalyst 1:
Silica granules (Grace 1371 grade, 530 m%/g, bulk density 0.39 g/ml, pore

volume 1.15 ml/g, ca. 1-3 mm, 70 g, ex W R Grace) were soaked over 24 hours
with intermittent stirring in a solution of silicotungstic acid [H4SiW;,040.26H,0]
(65.53 g, ex Japan New Metals) dissolved in 250 mlo distilled water in order to
impregnate the silica support with the silicophosphoric acid catalyst. After this
duration, excess catalyst solution was decanted and filtered off. The resultant
catalyst impregnated support was then dried in flowing nitrogen gas overnight at
120°C. The supported catalyst so formed was then left in a desiccator to cool and
was finally reweighed The resultant supported catalyst had a heteropolyacid
catalyst loading of 92 g/litre.

Catalyst2: Silica granules (Grace 57 grade, surface area 510 m?/g, bulk density
0.649 g/ml, pore volume 1.0267 ml/g, ca. 5-8 mm, 57.7 g, ex W R Grace) was
soaked in a solution of 12-tungstosilicic acid [HySiW,049.26H,0] (ex Johnson
Matthey, 69.4 g dissolved in 200 ml distilled water) for 24 hours with intermittent
stirring in order to impregnate the support with the catalyst. Thereafter the excess
solution of the silicotungstic acid catalyst was removed by decantation and
filtration. The resultant catalyst impregnated support was then dried overnight
under flowing nitrogen at 120°C. The dried supported catalyst so formed was
cooled in a desiccator and had a heteropolyacid catalyst loading of 1 ébéllitre.
Catalyst 3:  The above process of Catalyst 2 was repeated and was found to
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[err] (g/Lcat/h) ' _ 1083 1&@1 TN ot
1083 HAC ( g/iteatih) 170 LACEMENT SHEET
170 [err] (d/THISISHEET HAS BEEN 40 40

40 DEE g/ Lcdt/h) REPLACED ; 0 71 2 JAN 1998

71 Feed contact trme—t+it-cHS-{ secs) 3.7 3.6

3.6 [eer]/HAC/[err]/DEE nole %ratio 88.4/6.5/5. 1[er5] T
86.5/6.4/5/2.1 [err][HA / %ratio 83. ¥13.-2L3.1

79. 4/ 12. 5haved %et?'ol’?g’a@gfﬁt[agﬁé’] 53?}&{ B@‘FHAC nmole ratio

13.6 B. gatalﬁtﬁormmg * co-fed add| tionally with 2 Mole %
DEE. - No diet eth use h| s n_Broduct Si Tabl e 7

conti nued): 6@&'? S)%?(guced agove wer bf&]{r? n%. e}(’ﬁﬁﬁ fain, Run
No. 22 Etthel @n@e@dlnemsefmloadmg into the esterification reacgor7 2.7

2.4 HAC Cepnver ting: 85 :

80 Pr odugé 3 ?g | |tT§s T % EtAc .

74 1 The reactor used was a thpge-gopg Sgyern Sciences reactor constructed of

3.6 Hastelloy 8-276 capable of withtadding glacial acetic acid up to 300°C and 15000

Kpa (150 barg) pressure (length 650 mm, outer diameter 22 mm, internal diameter
16 mm). It had a thermowell running the entire reactor length (5 mm outer
diameter) and 1.77 cm outer diameter Swagelock VCR joints at each end. Gas
from cylinders of ethylene and nitrogen were taken off at 1000 Kpa (10 barg) and
then compressed to 5000-12000 Kpa (50-120 barg), via Haskel boosters, before
being regulated and fed to mass-flow controllers. The liquid feed systems had 2
dm’ reservoirs maintained under a nitrogen blanket of 10 KPa-80 KPa (0.1-0.8
barg).

A cooling jacket was provided to condense products in the gas stream back
to liquids prior to collection in a receiver, The majority of the liquid product was
collected at room temperature.

A pre-heating zone was located upstream of the catalyst bed. The pre-
heating zone was separated from the catalyst bed by a plug of glass wool. Another
plug of gas wool was used downstream of the catalyst bed to reduce dead volume
and help maintain the catalyst bed in the centre section of the reactor,

The reaction was started up by pressurising the reactor to 1000 KPa (10
barg) with nitrogen, establishing the desired flow rate (which is the same as that
used later for the olefin feed) and then increasing the reactor temperature to the
desired operating conditions (170°C or 180°C) over a one hour period. The liquid
pump for the mixture of acetic acid/water mixture was switched on initially at the
desired flow rate and the olefin admitted into the reactor on liquid breakthrough at
the collection pots, usually after 2 to 3 hours. The flows were then adjusted to
give the desired feed molar ratios and GHSVs. The reactor effluent was collected
at regular intervals. Liquid product was drained off, weighed and then analysed by
GC. The gas stream was sampled downstream of the liquid collection points and
also analysed by GC. Total gas out during a test period was measured using a
wet-gas meter.

The above process/catalysts were used to esterify ethylene with acetic acid.
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ReduALEMENT SHERT

DEE -7 21.6 22 9
23.3 Adét al dethygigs 0.0 0.2DJAN 199
0.0 digomers SRHEEIEJAE{EAS BEEN 0.5 0.2 8
0.5 Qthers 18 0.1 U0
0.0 EtAc Yield 63 59 ]
57 Et Ac STY g/ Lcat 226
222 Car bofa pted/(flhca support {(Grace 1371 gradfgg-S mm, 70 g, ex WiRg
335 Ngyggmrﬁéb %Qo&lf@d' in Wsolution (250 mi) of 12-tungstosBiic acid | 101
SS

104 VAt er W@%&%ﬁ;@] (65.53 g in distilled water) for %P é@rs with 1 mtermxtten%o
63 16 difiding 18 ofden t&omphiegnadethe sGppdrbivith tha/ ddtalyst+ TheMalter tielBkfesadded to
feed) usi Blufréih g %%ttur?g'stosilicic acid was removed by decantation and filtration. The

resultant catalyst impregnated support was then dried overnight under flowing

nitrogen at 120°C. The dried supported catalyst so formed was cooled in a

desiccator and had a final weight of 86.2g, a net catalyst loading of 16.2 g and had

the formula HS1W,046.26H,0/Si0, corresponding to a loading of 92 g/l.

The above catalysts were used to esterify ethylene with acetic acid. The
relative amounts of each of these catalysts used, their bed size and bed length in
performing the esterfication reaction were as follows:

Parameter Catalyst 4 Catalyst 5
Volume (cm’) . 25 25
Weight (g) 15.5 11.2-114
Pellet size (mm) 1-2 1-2 (Table 11) &
0.5-1 (Tables 12, 13 and 14)
Bed length : 8.5 8.75
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Par anet er s

47.9. 5-500.5 THIS 4

Run o nﬁIIIIWlILUIIINJITHT Moot i SHEET

180

179. 3/ 186. 5/ 183. Y CED187) 1 3 4 Pressure (Kpa)

1000 1000 Total Teed GH3\Zh- (@ STP) 2 JAN g%%oo
1001 C2H4 GHSV/ h 866 ] G
GHSV/ h CLAIMS: 64

50 50 DEE GHSV/ h 21

21 [err] (g/Lcat/h) 1083 1083 HAC
(g/ Lcat/ h) 170 170 [err]

E g; tgg{ ; Eg 1. A process for the production of lgxxéioaliphatic esters said proce.;%’ gm: Ergs1n%n { act

time [1/
nole %rati

E\gax(:tmg a)low%rbolgﬁ% wAghSe; Qahirated lowggsaliphgtic ;rg)pg cgr%oxlfflyﬁ\c% [u? rt1r1e] / DEE

vapour phase in the presence of a free silico-tungstic acid wherein 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.

2. A process according to Claim 1 wherein the amount of water added is in the
range from 1 to 7 mole % based on the total of the olefin, aliphatic mono-carboxylic

acid and water.

3. A process according to Claim 1 or 2 wherein the amount of water added is in
the range from 1 to 5 mole % based on the total of the olefin, aliphatic mono-

carboxylic acid and water.

4. A process according to any one of the preceding claims wherein the catalyst is

supported on a siliceous support which is in the form of extrudates or pellets.

5. A process according to Claim 4 wherein the siliceous support is derived from

an amorphous, non-porous synthetic silica.

Sheet Has Been Reﬁaced
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13. 6 Product An I}yﬁgss}mtﬂﬂ@ BEEMDONt | nue
No. 23 Run 24 grpyAcepe Conyersion
1.3 HAC Converswr.

[err]/HAC/ [err]/ DEE wt % ratio
79.4/12.5/2.9/5..2. [err]/ HAC mjatlm I ”ji @ ‘

- 25 84 81_ I'I UUU\:L

Selectivity (wt %9 EtAc 70. 6 /1.4
Et OH 5.1 5.2 DEE
2369 A processZiscérdivpetoaCldimn e 5 wherein the siliceous support is derived
OOGlgorre 0.3 0.3 O hers
0.0 from, figmed ﬂgcavp{ﬂdaced by flame hydrolysis of SiCl,. 59 58
Et Ac STY (g/Lcat/h) 226 224 Car bon Bal ance( nol
0 107 10 )
1/%3 7. g process according to any one oyf qgep p%ed%rrllcaagm 4- ﬂ;vherein the
siliceous support is Support 350 made by pelletisation of AEROSIL® 200 (both ex
Degussa).

8. A process according to any one of the preceding Claims 4-7 wherein the silica
support is in the form of pellets or beads or are globular in shape having an average
particle diameter in the range from 2 to 10 mm, a pore volume in the range from
0.3-1.2 ml/g, a crush strength of at least 2 Kg force and a bulk density of at least 380

g/l

9. A process according to any one of the preceding Claims 4-8 wherein the
siliceous support has at least 99% w/w purity.

10. A process according to Claim wherein the siliceous support is a pelleted
silica support which has an average bulk density of about 0.39 g/ml, an average pore
volume of about 1.15 ml/g and an average particle size ranging from about 0.1-3.5

mm.

11. A process according to Claim 10 wherein the pelleted silica support is used as
such or after crushing to an average particle size in the range from 0.5-2 mm to

support the catalyst.

12. A process according to any one of Claims 4 to 11 wherein the support has an
average pore radius of 30 to 100 A.

13. A process according to any one of the preceding Claims 4-12 wherein the
amount of catalyst deposited/impregnated on the support for use in the esterification
reaction is in the range from 10 to 60% by weight based on the total weight of the
catalyst and the support.

This Sheet Has Been Re(i]aced
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Mass Bal ance . \&t rfﬂrzec,over AP
61 63 17 TABLE 9 L| I“ﬂ lM&I%V& ferr] “10001K
(10 barg), ethyl ' | 4 @rganl CS ' n :
Water (nole%in fggﬁﬁ%ggy C BEEN 5 (+ 2% D EE)} Acetic acﬁgg&l
(unreacted feed) 1.52.3 LA 16 326thyl acetate

67.3 69 Di et hyl et her 0. 05 3 3.3

Et hanol 0. 65 7.8 11 ' '

14. A process according to any one of the preceding Claims wherein the olefin
reactant used is ethylene, propylene or mixtures thereof.

15. A process according to any one of the preceding Claims wherein the saturated,
lower aliphatic mono-carboxylic acid reactant is a C1-C4 caboxylic acid.

16. A process according to any one of the preceding Claims wherein the aliphatic
mono-carboxylic acid reactant is acetic acid.

17. A process according to any of the preceding Claims wherein the reaction
mixture has a molar excess of the olefin reactant with respect to the aliphatic mono-
carboxylic acid reactant,

18. A process according to any one of the preceding Claims wherein the mole
ration of olefin to the lower carboxylic acid in the reaction mixture is in the range
from 1:1 to 15:1.

19. A process according to Claims 15 wherein the mole ratio of olefin to the
lower carboxylic acid in the reaction mixture is in the range from 10:1 to 14:1.

20. A process according to any one of the preceding Claims wherein the reaction
is carried out in the vapour phase suitably above the dew point of the reactor contents
comprising the reactant acid, any alcohol formed in situ, the product ester and water.

21. A process according to any one of the preceding Claims wherein the catalyst
is used as a fixed bed which may be in the form of a packed column.

22. A process according to any one of the preceding Claims wherein the catalyst
is further modified by the addition of phosphoric acid or other mineral acids thereto.

23. A process according to any one of the preceding Claims wherein the vapours
of the reactant olefins and acids are passed over the catalyst at a GHSV in the range
of 100 to 5000 per hour. I

Sheet Has Been e\placed
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Exanpl e 2: Catal yst Preparations: Catalyst 4. Pel | et sili.ca.support
(Grace 1371 grade, 1-3 mm 70 g, ex WR Grace) was soaked in a solution
(250 m) of 242- tuﬁngmpwldcmrdmgatmaay[@pro]fthﬁﬁremmgg Cilalmssxhetdmdhwvat er) for
24 hours w g 0 bpeor t W th
t he cat al ys%’ae#ﬁéea?fgm f%c%g{lﬁ%&ér%ggs%gts ut n%{-atﬁr g‘}’om 2| C acid was
renoved by dsingntreadton prestufe whichtis alnleas't’HGOKPa

25. A process according to any of the preceding Claims wherein the reaction
mixture is dosed with a co-fed di-ether in the range from 1 to 6 mole % based on the
total reaction mixture comprising the olefin, the aliphatic carboxylic acid, water and
di-ether.

26. A process according to Claim 25 wherein the di-ether corresponds to the by-
product di-ether formed in situ during the reaction from the reactant olefin which is

recovered and is recycled to the reaction mixture.

27. A process according Claim 25 or 26 wherein the di-ether is diethyl ether.

28. A process according to Claim 25 or 26 wherein the di-cther is an
unsymmetrical ether.
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resul tant catal yst inpregnated support was then dried ov r.maghl...i.md,ewmww
flowing nitrogen at 120[err]. The dried supported cat aIy i(ﬁp}gn{ mq Vas ,gi
cool ed in a desiccator and had a final weight of 86.2g, - Jii"‘
| oading of 16.2 g and had the fornula [err] correspondin 10

92 g/l. The above catal ysts were used to esterify ethyl ﬁ?r&%ﬁ@%& i
acid. The relative anounts of each of these catal ysts us d their. . bed sij
and bed length in performng the esterfication reaction re as fol |l ows:
Par anet er : Catal yst 4 Volune [err] 25 Wi ght—te)

11.2-11.4 Pellet size (nm 1-2 (Table K0) & 0.5-1 (Tables 11, 12and 13)
Bed | ength 8.75 19

ESTER SYNTHESIS
The present invention relates to a process for the synthesis of esters by

reacting an olefin with a lower carboxylic acid in the presence of an acidic catalyst.

It is well known that olefins can be reacted with lower aliphatic carboxylic
acids to form the corresponding esters. One such method is described in GB-A-
1259390 in which an ethylenically unsaturated compound is contacted with a liquid
medium comprising a carboxylic acid and a free heteropolyacid of molybdenum or

~ tungsten. This process is a homogeneous process in which the heteropolyacid
catalyst is unsupported. A further process 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 esterification 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 phosphotungstic acid and the carrier described is silica.

It has now been found that the process efficiency can be improved
significantly by co-feeding water to the reaction mixture.

Accordingly, the present invention is a process for the production of lower
aliphatic esters said process comprising reacting a lower olefin with a saturated
lower aliphatic mono-carboxylic acid in the vapour phase in the presence of a
free silico-tungstic acid catalyst wherein 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.

A feature of the invention is the addition of water as a component of the
reaction mixture. Surprisingly, it has been found that the presence of water in the
reaction mixture in an amount of 1-10 mole %, preferably from I to 7 mole %, eg
1 to 5 mole %, based on the total feed enhances the stability of the catalyst and



' REFLAUL ey SHERT
TABLE 10 (Catalyst 4 - 11.3 g) Run Conditions: Paraneters R:’JT‘
No. 28 Run No. 29 Run No. 30 HOS %- 2
17- 20 21-24 Tenperature (C) Applied . 27 APR 1998 170
170 170 Bed (T/ M B) 2 176/ - {174 17301110
173/ -/170 Pressure (Kpa) 1000 1000

1000 Total feed GHSV/ h (@ STP) 980 ) 980 980~
[err] GHSV/thereby enhances the efficiency of the pr&&@8s. Furthermore, Hé9resence of wat@05 HAC
GHSV/ h o 66 . 66 66 [err]
GHSV/ h also reduces the selectivity of the pgocess to undesired by-products such as §g[err]

(g/Lcat/h) oligomers and other unknowns, e3dluding diethy! ethtddnd ethanot, 1131 HAC
(g/ Lcat/ h) 177 77, . 177 [err]
(g/ Lcat/ h) It has further been found thgt dosing the reactiogmixture with amowntyekd cont act
time [ 1/ CHYletfRe Saeh as eg dibthyl ether, as a co-fébd also reduces theormation of

undesirable by-products. The amount of di-ether co-fed is suitably in the range

from 1 to 6 mole %, preferably in the range from 1 to 3 mole % based on the total

reaction mixture comprising the olefin, the aliphatic carboxylic acid, water and

diethyl ether. The di-ether co-fed may correspond to the by product di-ether from

the reaction generated from the reactant olefin. Where a mixture of olefins is used,

eg a mixture of ethylene and propylene, the di-ether may in turn be an

unsymmetrical di-ether, The di-ether co-feed may thus be the by-product of the

reaction which by-product is recycled to the reaction mixture.
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[err]/HAC/ [err] 92.3/6.7/1.0 92,316, 7F1 0 ~—=y
92.4/6.6/1.0 [ernﬁﬁiﬁéﬂéﬁm l%ﬁEN))ratio 85. 9/ 13. 5/ 096,
85.9/13.5/0.6 86.2/ 1RENACED[ err]J HAC nol e ratio .
13. 7 13.7 Product Analysis (Table 10 continued):

Run No. 28 Run No. 29 Run No. 30 HAC Conversion >
62 66 64 Product Selectivity (w i
86. 0 97. Bhe 97 chtalystQhhether used as a free acid or as asaltthereof 2.4
(1) j Acet al d@ﬁyv(}é;ly supported, preferably on a siliceougsypport. The sxhce@uq)support is é g
Qi goners suntab!y in the form ofextrudates or pelfetét 0.3 0.6 Qhers
5.9 Et Ac Yield 53
65 62TE¢ mbceguysq@om@pd ipymost preferably derived froggap amorphous, nont g
g( ;gg‘;‘r ggraﬁﬁoﬁ?%ﬂ( l5ilid especially fumed gsxshca,lé't?f%.h as those Bxéodtf%gd“fby flame - 105
hydrolysis of SiCl;. 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. Such a process of
pelletisation or extrusion does not involve any steam treatment steps and the porosity
of the support is derived from the interstices formed during the pelletisation or
extrusion step of the non-porous silica. The silica support is suitably in the form of
pellets or beads or are globular in shape having an average particle diameter of 2 to 10
mm, preferably 4 to 6 mm. The siliceous support suitably has a pore volume in the
range from 0.3-1.2 ml/g, preferably from 0.6-1.0 ml/g. The support suitably has a
crush strength of at least 2 Kg force, suitably at least 5 Kg force, preferably at least 6
Kg and more preferably at least 7 Kg. The crush strengths quoted are based on
average of that determined for each set of 50 beads/globules on a CHATTILLON
tester which measures the minimum force necessary to crush a particle between parallel
plates. The bulk density of the support is suitably at least 380 g/l, preferably at least
T




Mass Bal ance 101

recovered (% 70 .69 ,
11 (Catalyst 4 - 11.2 g) Run Conditions: Paraneters 0.
Run No. 32 Run No. 33 HOS 4 ' %%R%N?
23- 26 43. 25-46. 25 Tenperature (C) Applied i
170 170 180 Bed (T/ M B) 172.5/ 176
172.5/ 17S. ﬁO‘g/I. 182/ 187/ - Pressure (Kpa) TO00

1000 1000 Total feed GHSV/h (@ STP) ) 980 980
980 [err] GHSV/The support suitably has an average poregiadius (prior to usglgef 10 to 500A 905

preferably an average pore radius of 30 to 100A.

In order to achieve optimum performance, the siliceous support is suitably free
of extraneous metals or elements which might adversely affect the catalytic activity of
the system. The siliceous support suitably has at least 99% w/w purity, ie the
impurities are less than 1% w/w, preferably less than 0.60% w/w and more preferably
less than 0.30% w/w.

Other pelleted silica supports are the Grace 57 and 1371 grades of silica. In
paticular, Grace silica No. 1371 has an average bulk density of about 0.39 g/ml, an
average pore volume of about 1.15 ml/g and an average particle size ranging from
about 0.1-3.5 mm. These pellets can be used as such or after crushing to an average
particle 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

tungstosilicic acid, in eg distilled water, and then adding the
support to the aqueous solution so formed. The support is suitably 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 ambient
temperature in a desiccator. The weight of the catalyst on drying, the weight of the
support used and the weight of the acid on support was obtained by deducting the latter
from the former from which the catalyst loading in g/litre was determined.

Alternatively, the support may be impregnated with the catalyst using the
incipient wetness technique with simultaneous drying on a rotary evaporator.

This supported catalyst (measured by weight) can then be used in the
esterification process. The amount of tungstosilicic acid deposited/impregnated on
the support for use in the esterification reaction is suitably in the range from 10 to
60% by weight, preferably from 30 to 50% by weight based on the total weight of

the acid and the support. |

In the esterification reaction, the olefin reactant used is suitably ethylene,
propyléne or mixtures thereof. Where a mixture of olefins is used, the resultant
product will inevitably a mixture of esters. The source of the olefin reactant used
may be a refinery product or a chemical grade olefin which invariably contain some




HAC GHSV/ h 66 66 |prer mn A ferrh
GHSV/ h 9 9 | REPLAGEHEENT |SHEE
(g/ Lcat/ h) . 1131 1131 1131 HAC ™3 |
(g/ Lcat/ h) 177 ¢ 177" 22APRI808 ]
(g/ Lcat/ h) 8 8 8 Feed coMt act
time [1/ GHSV] (secs) 4 4 4 [ger
%ratio 92.3/6.7/1.0 92.3/6,7/1.0 92.3/6.7/1. @ [err]/HAC [err]jw
%ratio HOS 86/13.4/0.6  86HPYTUIDSECAM 86/ 13. 4/ 0.6 [err]/ FAC ToTe
ratio Bed g/M/B) 13.7 Bed $top/middle/bottomd3. 7 Product Anal ysi s
(Tabl e 11 continued): Products/Analysis ) Run "No. 31 Run No. 32
Run No. SSHQEEC Conver si on Acetic Acid 72 72
82 Productcggl ectivity (w % EtAc Ethylene 96.0
94. 4 94.9 Et OH 0.5 0.5
0.7 e H0 Water 2 9 2.7 3.3
Acet al dehygc Etf}1 Qcetate 0.0 0.0

EtOH Ethanol

DEE Diethyl ether

GHSV Gas hourly space velocity

g/Lcat/h Gram per litre of catalyst per hour

STP Standard temperature & pressure

STY Space time yield

Example 1:
A, Catalyst Preparations:

Catalyst 1:
Silica granules (Grace 1371 grade, 530 mzlg, bulk density 0.39 g/ml, pore

volume 1.15 ml/g, ca. 1-3 mm, 70 g, ex W R Grace) were soaked over 24 hours
with intermittent stirring in a solution of silicotungstic acid [HsSiW,;,040.26H,0]
(65.53 g, ex Japan New Metals) dissolved in 250 mlo distilled water in order to
impregnate the silica support with the silicophosphoric acid catalyst. After this
duration, excess catalyst solution was decanted and filtered off. The resultant
catalyst impregnated support was then dried in flowing nitrogen gas overnight at
120°C. The supported catalyst so formed was then left in a desiccator to cool and
was finally reweighed. The resultant supported catalyst had a heteropolyacid
catalyst loading of 92 g/litre.

Catalyst2: Silica granules (Grace 57 grade, surface area 310 m*/g, bulk density
0.4 g/ml, pore volume 1.0267 ml/g, ca. 5-8 mm, 57.7 g, ex W R Grace) was
soaked in a solution of 12-tungstosilicic acid [H;SiW,,04,.26H,0] (ex Johnson
Matthey, 69.4 g dissolved in 200 m}_distilled water) for 24 hours with intermittent
stirring in order to impregnate the support with the catalyst. Thereafter the excess
solution of the silicotungstic acid catalyst was removed by decantation and
filtration. The resultant catalyst impregnated support was then dried overnight
under flowing nitrogen at 120°C. The dried supported catalyst so formed was
cooled in a desiccator and had a heteropolyacid catalyst loading of 117g/litre,
Catalyst 3:  The above process of Catalyst 2 was repeated and was found to



A i goners 0.4 1.6 .- Q. Z.Qhers
0.2 0.7 0.3 EtAc Yield {RERL A FMENTOOHRET
68 78 Et Ac STY (g/Lcat/h) 203" $G4— "
210 Carbon Bal ance (nol % 7 101 _ 193 8 i |
Oxygen Bal ance (nmol % 91 97 i 27%%%11%&%55;
Bal ance 100 103 L 108 \ater. . i
recovered (9 . 7 o .. 48 48 21 TABLE
15" CCat al y diVea beteropslygsid catalysh AP 68 L OBt er s

Run No. 35 B. RurCatelystForidag:
67.25-70. 25

W o PPN
\urr mT™wU.

47-50

34

Kl}fhycatalysts produced above were broken down and sieved to obtain
the desired pellet size for loading into the esterification reactor.
C. Catalyst Testing:

The reactor used was a three-zone Severn Sciences reactor constructed of
Hastelloy C-276 capable of withstanding glacial acetic acid up to 300°C and 15000
Kpa (150 barg) pressure (length 650 mm, outer diameter 22 mm, internal diameter

16 mm). It had a thermowell running the entire reactor length (5 mm outer
diameter) and 1.77 cm outer diameter Swagelock VCR joints at each end. Gas
from cylinders of ethylene and nitrogen were taken off at 1000 Kpa (10 barg) and
then compressed to 5000-12000 Kpa (50-120 barg), via Haskel boosters, before
being regulated and fed to mass-flow controllers. The liquid feed systems had 2
dm?® reservoirs maintained under a nitrogen blanket of 10 KPa-80 KPa (0.1-0.8
barg).

A cooling jacket was provided to condense products in the gas stream back
to liquids prior to collection in a receiver. The majority of the liquid product was
collected at room temperature.

A pre-heating zone was located upstream of the catalyst bed. The pre-
heating zone was separated from the catalyst bed by a plug of glass wool. Another
plug of glass wool was used downstream of the catalyst bed to reduce dead volume
and help maintain the catalyst bed in the centre section of the reactor.

The reaction was started up by pressurising the reactor to 1000 KPa (10
barg) with nitrogen, establishing the desired flow rate (which is the same as that
used later for the olefin feed) and then increasing the reactor temperature to the
desired operating conditions (170°C or 180°C) over a one hour period. The liquid
pump for the mixture of acetic acid/water mixture was switched on initially at the
desired flow rate and the olefin admitted into the reactor on liquid breakthrough at
the collection pots, usually after 2 to 3 hours. The flows were then adjusted to
give the desired feed molar ratios and GHSVs. The reactor effluent was collected
at regular intervals, Liquid product was drained off, weighed and then analysed by
GC. The gas stream was sampled downstream of the liquid collection points and
also analysed by GC. Total gas out during a test period was measured using a
wet-gas meter,

The above process/catalysts were used to esterify ethylene with acetic acid.



Tenperature ([err]) Applied 180-. ‘;“: 90
190" Bed (T/I\/§B) 181.5/186.5/- 191.5/ 196]%: \CEMENT {' SHEFT
191.5/195.5/- Pressure (Kpa) ., 1000 1000
1000 Total feed GHS V/ h (@ STP) 1980 27 APR ?39%9
[err] GHSV/h 905 905 90 ¢
GHSV/ h 66 66 66 Terr
GHSV/ h 9 9 9 [err]
(g/ Lcat/ h) THABLE 9 1131 1131 HAC
(g/ Lcat/ h) 177 177 177 [err]
(g/ Lcat/ h) IDPRO% C A 3 8 Feed cont act
time [ 1/ GHSV] (secs) LIQU UCT DAT 4 [lerr]/HAC [err] nole
%ratio 92.3/6.7/1.0 92.3/6.7/1.0 92.3/6.7/1]0 [err]/HAC/ [err]
w %ratio 86/ 13. 4/ 0. 6GCM$/ 13. 4/ 0. 6 86/ 13. AL/O.g[er/rA\]/:-lAC_rmle
ratio o Product Anal ysis
(Tabl e 12cofts HLIISO C, l,QOé%(pziQQRE%)yetl?r}aer?elacetlcaquIL\,unlliw 34 Run No. 35
Run No. 36 5réamcs (% by Wt) Run No.
' 7 17 23
Water (mole% in feed) 1 5 5(+2%
DEE)

Acetic acid (unreacted feed) 523 212 16.3

Ethyl acetate 46.5] 67.3 69

Diethylether 0.05 3 3.3

Ethanol 0.65 7.8 11

Acetaldehyde 0.002] 0.04 0.009

C6 oligomers 0.0015 0 0

C8 oligomers 0.0055 0 0

Miscellaneous oxygenates 0.0065 0 0

_{Aromatic hydrocarbons 0.045 0 0
Unknowns 0.11} 0.0l 0
BALANCE :others (Hydrocarbons & oxy compounds)




" HAC Conve

rsion 79 T4 ¢, o e PhegREt
Selectivity (vt % EtAc 93.2 ""'*“.i""""‘\%‘ 3 _Eg
94.9 Et OH 0.7 ' 037 0.
DEE 3.2 2.8 f 27 ARR 998
Acet al dehyde 380 0.0 g 0.0
A igoners 76 1.4 1..37 O herjs
0.2 0.3 0.8 EtAc Yield 5
70 68 Et Ac STY (g/Lcat/h) 206 202
191 Carbog, B3l gnge (mol % 105 102 104
Oxygen Ba?—aﬁceﬂ%ﬁvl % 102 94 99 Mass
Bal ance Catalyst Preparations: 105 102 104 Water
recovered (% 47 52 54

Catalyst 4.  Pelleted silica support (Grace 1371 grade, 1-3 mm, 70 g, ex WR
Grace) was soaked in a solution (250 ml) of 12-tungstosilicic acid
[H:SiW{3,040.26H,0] (55.53 g in distilled water) for 24 hours with intermittent
stirring in order to impregnate the support with the catalyst. Thereafter the excess
solution of the tungstosilicic acid was removed by decantation and filtration. The
resultant catalyst impregnated support was then dried overnight under flowing
nitrogen at 120°C. The dried supported catalyst so formed was cooledina
desiccator and had a final weight of 86.2g, a net catalyst loading of 16.2 g and had
the formula HSiW,,045.26H,0/8i0, corresponding to a loading of 92 g/1.

The above catalysts were used to esterify ethylene with acetic acid. The
relative amounts of each of these catalysts used, their bed size and bed length in
performing the esterfication reaction were as follows:

Parameter Catalyst 4

Volume (cm’) 25
Weight (g) 11,2-11.4

Pellet size (mm) 1-2 (Table 10) &
0.5-1 (Tables 11,12and 13)
Bed length 8.75




SHEET 22 TABLE 13 (Catalyst 4 - 11.4 g) Run Conditi ons: Pa’E-"'TIi? er Sii i |
Run No. 37 Run No. 38 Run No. 39 HOS sLALACERLE ,‘.T SHEET
19- 22 44- 47 68. 75-71. 75  Tenperature (C) Apgli ed
180 180 180 Bed'¥7/ M B) 27 APR 1998
181.5/186/182.5 181.5/185/182 181.3/184.5/181.2 Pressunej(Kpa)
1000 1000 1000 ed GHSV/ h (@ STP) 9
005 HAC Grsvih o L] G (Caalysta- 1) 66 =
[err] GHSV/Bun Conditions: 9 9 9
[err] (g/ !_cat/ h) o 1131 o 1131 o 1131 HAC
(g/ Lcat/h) Parameters "1 RunNo.28 | RunNo.29 | RunN4.30

HOS 1-2 17-20 21-24

Temperature (°C)

Applied 170 170 170
Bed (T/M/B) 176/-1174 173/-/170 | 173/-1170

Pressure (Kpa) 1000 1000 1000

Total feed GHSV/h (@ STP) 980 980 980

C,H; GHSV/h 905 905 905

HAC GHSV/h 66 66 66

H,0 GHSV/h 9 9 - 9

C.H, (g/Lcatth) 1131 1131 1131

HAC (g/Lcat/h) 177 177 177

H,0 (g/Lcat/h) 8 8 8

Feed contact time [ 1/GHSV](secs) 4 4 4

C,H/HAC/ H,0 mole % ratio 92.3/6.7/1.0 | 92.3/6.7/1.0 | 92.4/6.6/1.0

C,H/HAC/ H,0 wt % ratio 85.9/13.5/0.6 | 85.9/13.5/0.6 | 86.2/13.2/0.6

C,H4/HAC mole ratio 13.7 13.7 13.7

Product Analysis (Table 10 continued):

Products/Analysis RunNo.28 | RunNo.29 { RunNo. 30

HAC Conversion 62 66 64

Product Selectivity (wt %)

EtAc 86.0 97.3 97.6

EtOH 2.4 04 0.4

DEE 33 1.8 1.4

Acetaldehyde 0.0 0.0 0.0

Oligomers 24 0.3 0.6

Others 5.9 0.1 0.1

EtAc Yield 53 65 62

EtAc STY (g/Lcat/h) 151 180 171

Carbon Balance {mol %) 101 104 105

Oxygen Balance (mol %) 98 95 99

Mass Balance : 101 103 105

Water recovered (%) 70 69 67




.[err]

(g/ Lcat/ h)

8

Feed contact tine 4 4 o [
1/ GHSV] (secs) [err]/HAC [err] nole %ratio 92.3/6.7F1}0
92.3/6.7/1.0  92.3/6.7/1.0 [err]/HAf) [err] wt %ratio 27 APR 1998
86/13.4/0.6 86/13.4/0.6 86/13.4/0.6 [err] { HAC rm[l_eb Zt |1§ R
13.7 13.7 13. 7. Produ Anal ysi s a :
Pr oduct s/ Anal ysi s Run No. MR&L No. %8 (Run No—-39-HAC ”
Conver si on (Cathlyst4 -11.2g) 64 60 Product
Selectlwt)ﬁ(v(\% OéQ,Et_Ac 95.9 97.2
97. 8 Et 04 Runlonditions: 0.7 © 0.6 0.5
DEE 2.3 1.8 1.3
'écie;glngrega f]e Parameters Jé by No. 31 Run] : cg, 32 | RunNo.33” Ot her s
0. 3 HOSq ; 00 £tad U%2522.5 23:76 43.25-4625 | 63
63 Tempgguture (°C)
Applied 170 170 180
Bed (T/M/B) 172.5/176/- | 172.5/175.5/-| 182/187/-
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 66
H,0 GHSV/h 9 9 - 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,0 (g/Lcat/h) 8 8 8
Feed contact time [1/GHSV](secs) 4 4 4
C,H/HAC/! H,0 mole % ratio 92.3/6.7/1.0 | 92.3/6.7/1.0 | 92.3/6.7/1.0
C,Hy/HAC/ H,0 wt % ratio 86/13.4/0.6 | 86/13.4/0.6 | 86/13.4/0.6
CH/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 11 continued):
Products/Analysis RunNo. 31 | RunNo.32 | RunNo. 33
HAC Conversion 72 72 82
Product Selectivity (wt %)
EtAc 96.0 94.4 94.9
EtOH 0.5 0.5 0.7
DEE 29 2.7 3.3
Acetaldehyde 0.0 0.0 0.0
Oligomers 04 1.6 0.7
Others 0.2 0.7 0.3
EtAc Yield 69 68 78
EtAc STY (g/Lcat/h) 203 194 210
Carbon Balance (mol %) 101 103 108
Oxygen Balance {mol %) 91 97 104
Mass Balance 100 103 108
Water recovered (%) 47 48 48




Et Ac STY (g/Lcat/h)
Bal ance (nol %
Bal ance (nol %
100
56
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- 23 - CLAIMS: 1. %t
| ower aliphatic esters said process conprising reactin

a saturated | ower aliphatic nono- jc acid in th$ vapour phase in }he
presence of a free silico-tungsti G?AE?’ iz' tal yst suppo ' S

194 183
100

94
99 Water _recovered (%

A process for
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support wherein an anount of wafCatalyst 4t-Hld.2 ghge from 1-10 nol e % based on
the total ﬂné@ﬁdiﬂbﬁg‘i n, aliphatic nono-carboxylic acid and water i s added

to the reattron mxtare during the reaction. 2.

Claim1 wherein the ampunt of water added is in the
Parameters RunNo.34 | RunNo. 35 | RunNo. 36
HOS 47-50 67.25-70.25 71-74
Temperature (°C)
Applied 180 190 190
Bed (T/M/B) 181.5/186.5/- | 191.5/196/- | 191.5/195.5/-
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H, GHSV/h 905 905 905
HAC GHSV/h 66 66 " 66
H,O GHSV/h 9 9 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,0 (g/Lcat/h) 8 8 8
Feed contact time [1/GHSV]{secs) 4 4 4
C,H/HAC/ H,0 mole % ratio 92.3/6.7/1.0 | 92.3/6.7/1.0 | 92.3/6.7/1.0
C,Hy/HAC/ H,0 wt % ratio 86/13.4/0.6 | 86/13.4/0.6 | 86/13.4/0.6
C,Hy/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 12continued):
Products/Analysis RunNo.34 | RunNo. 35 | RunNo. 36
HAC Conversion 79 74 72
Product Selectivity (wt %)
EtAc 95.2 94,7 94.9
EtOH 0.7 0.7 0.7
DEE 3.2 2.8 22
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.6 1.4 1.3
Others 0.2 0.3 0.8
EtAc Yield 75 70 68
EtAc STY (g/Lcat/h) 206 202 191
Carbon Balance {mol %) 105 102 104
Oxygen Balance (mol %) 102 94 99
Mass Balance 105 102 104
Water recovered (%) 47 52 54

A process according to



range from1l to 7 nole % based on the total of the olefin, allphatla” SHER
nono- car boxylic acid and water. 3. A process according.to- €k b=
wherein the amount of water added is in the range from1 joi rgt}\tﬁ%bas‘
on the total of the olefin, aliphatic no- carboxylic acjdfa Reid98,
A process according to any one of thezgoecedl ng cl ai ns wherk
Is in the formof extrudates or pellets. 5. A process
4 wherein the siliceous support i sTABLK &3 from an anor ph
synthetic silica. -24 - oge cordlngto Caim4 or 5

wherein the siliceous support gcﬁ &lgtvgedfflt ?nfurred silica produced by
flame hydr Buplendtionfierr]. 7. A process according to any one of the

sSuppor

preceding d ai m; 4-6 wherein the siliceous support is Support 350 made by

pel | eti safon—of r‘i’arametfér —{bot “Run No. 37 Run No. 38 Run No. 39
HOS 19-22 44-47 68.75-71.75
Temperature (°C)

Applied 180 180 180
Bed (T/M/B) 181.5/186/182.5 181.5/185/182 | 181.3/184.5/181.2
Pressure (Kpa) 1000 1000 1000
Total feed GHSV/h (@ STP) 980 980 980
C,H,; GHSV/h 905 905 905
HAC GHSV/h 66 66 66
H,0 GHSV/h 9 9 - 9
C,H, (g/Lcat/h) 1131 1131 1131
HAC (g/Lcat/h) 177 177 177
H,0 (g/Lcat/h) 8 8 8
Feed contact time 4 4 4
[1/GHSV](secs)
C,H/HAC/ H;0 mole % ratio 92.3/6.7/1.0 92.3/6.7/1.0 92.3/6.7/1.0
C,H/HAC/ H,0 wt % ratio 86/13.4/0.6 | 86/13.4/0.6 | 86/13.4/0.6
C,H/HAC mole ratio 13.7 13.7 13.7
Product Analysis (Table 13 continued):
Products/Analysis Run No. 37 | RunNo, 38 | RunNo. 39

HAC Conversion 71 64 60
Product Selectivity (wt %)
EtAc 95.9 97.2 97.8
EtOH 0.7 0.6 0.5
DEE 23 1.8 1.3
Acetaldehyde 0.0 0.0 0.0
Oligomers 0.8 0.3 0.3
Others 0.3 0.1 0.0
EtAc Yield 68 63 59
EtAc STY (g/Lcat/h) 194 183 164
Carbon Balance (mol %) 100 100 100
Oxygen Balance (mol %) 94 89 93
Mass Balance 100 99 99
Water recovered (%) 53 56 62




- REPLACEMENT slfli
wherein the A prpcess according ko any one of the preceding Clains 4-7

wherein the silica|syippogtjijis1998 t he{ form of pellets or
gl obul ar i n shape hayi ng an aver agp barticle dianeter in ?ﬁ?%@%gég%@
cL.ll

to 10 nm a pore vgl dre—mtterangej{fromO0.3-1.2 m /g, gth df
at least 2 Kg force and a bul k densi y..'_B.:I‘_‘.a.t_ | east 380 g/l. 9. A process
accordi ng :on€ of the preceding Clains 4-8 wherein the siliceous

support has at least 99% w w purity. 1 ording to Claim4
wherein the siliceous support is a pell ﬂ"ﬂlﬁﬂmr’mﬁﬂwm” whi ch has an
average bul k density of about 0.39 g/m,” arf aterAgespore vol ume of about

1.15 nm/g gnd "i!P V@%@ﬁgﬁ@ﬁ&gg&%ﬁdﬁ&%ﬁﬁgﬂhﬁ Ho §t9 ‘J’foc&s Tomh ?s

A process accordP erernt ete ica sup or S used
as such or after crushln to an average partlcle S|ze in the r nge from
0.5.2 mm t EaLipBarlowenelenn il 8 satirated Iowar phRatS SmonceR YRS @it it ne. of
Clains 4 to 11 wherein the support has an average pore radius of 30 to 100
A vapour phase in the presence of a free silico-tungstic acid wherein 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.

2. A process according to Claim 1 wherein the amount of water added is in the

range from 1 to 7 mole % based on the total of the olefin, aliphatic mono-carboxylic

acid and water.

3. A process according to Claim 1 or 2 wherein the amount of water added is in
the range from 1 to 5 mole % based on the total of the olefin, aliphatic mono-

carboxylic acid and water.

4. A process according to any one of the preceding claims wherein the catalyst is

supported on a siliceous suiaport which is in the form of extrudates or pellets.

5. A process according to Claim 4 wherein the siliceous support is derived from

an amorphous, non-porous synthetic silica.

This Sheet Has Been Re
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3. A process ac¢o dl.ng to any one= erein
the amount of cataky$t dBpieHi 1998/ i g;u“ﬁtuﬂn)ﬂmﬁm] lwb rt] TRIG Mﬂ 4 BEey
esterification reag¢tijon is in the agefr(ﬁmiOto 60%by |ghtRp PN

the total weight off the—Tararyst andjthe support. -25- 17T pt-86LSS
according to any one of the precedi Ct24—ns wherein the olefin react ant
used is etlyl enes ppsQRY h&ddedin C% H‘Oﬁxiﬂ £3r 5 Ralepsth thelsiliceoud\sBipoRES defivedor di ng
to any one of the precedl n ains wherein the saturated, lower aliphatic
mono- car boxXdm dumed gilice produnediby fang hygrolysibekpiGle acid. 16. A process
according to any one of the preceding Cains wherein the aliphatic

nono- carboxylic acid reactant is acetic acid. 17. A process according to
any of the 7pr eceslippgeess ad:mdm@ftdsahylohdﬂefﬁleepttdedmgr@lamtb6h'd$reinmhd ar excess

f th | ef t ant h [
?eact Sn? © sllhnceggsagup%grt 1\§MStuppcr>ret%%8 dte%y pe etaislaltl n o} 'AEROSIY® 564 R)o l:)l( ¢ acid

Degussa).

8. A process according to any one of the preceding Claims 4-7 wherein the silica
support is in the form of pellets or beads or are globular in shape having an average

particle diameter in the range from 2 to 10 mm, a pore volume in the range from

N/ 0.3-1.2 ml/g, a crush strength of at least 2 Kg force and a bulk density of at least 380
g/l
9. A process according to any one of the preceding Claims 4-8 wherein the

siliceous support has at least 99% w/w purity.

10. A process according to Claim wherein the siliceous support is a pelleted
silica support which has an average bulk density of about 0.39 g/ml, an average pore
volume of about 1.15 ml/g and an average particle size ranging from about 0.1-3.5

mm.

o b 11. A process according to Claim 10 wherein the pelleted silica support is used as
such or after crushing to an average particle size in the range from 0.5-2 mm to

support the catalyst.

12. A process according to any one of Claims 4 to 11 wherein the support has an

average pore radius of 30 to 100 A.

13. A process according to any one of the preceding Claims 4-12 wherein the
amount of catalyst deposited/impregnated on the support for use in the esterification
reaction is in the range from 10 to 60% by weight based on the total weight of the
catalyst and the support.

- —————
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18. A process cpor di o, any ion of the erein the
mol e ration of ol ft n t%gpﬁ-’réigsgvﬁ car boxyl | almallnﬁlﬁjmlqﬁmhl on m xt ure
is in the range fro A process acec Img to Cains
wherein the nole atlo of ol efl n tc therzﬁower carboxyllc aC|d in the

reaction mxture lom 10;:1 to 14: ocess

accordi ng t8- any BrReesy aqcpwding @H"Pﬂf‘lﬁ@? ﬂgecvmesé}lmswéh%adm el¢fins
carried ou &/ RRAhY e dew point of the reactor
contents cg&rﬁgﬁngpﬁz it%he rea&?ﬁﬁ)tﬁé1ll|e %%‘éﬁ’?&gﬁggm formed in situ, the
product ester and water. A process according to any one of the

pr ecedi ng ai ns, wherein t i used bed be
"n the for fPof & BHSERS esﬁ%? Site oftn¢ Blecedie S Ree ARGt ¢ he
precedi ng Qx@érraslphﬁﬁé ﬁidﬁoldaﬁ)dxgthéihbiﬂtreac&nfisré (erCovesbioxlylel aéli. t he addition
of phosphoric acid or other mneral acids thereto. 23. A process
according to any one of the preceding Cains wherein the vapours of the
reactant o fln t t he
' ange of 1 ?gggagze%gécq rg*tooﬁﬁﬁ&g MRS plededifi@ CUiNRwikreifl tfd BpHaflc
mono-carboxyhc acid reactant is acetic acid.

17. A process according to any of the preceding Claims wherein the reaction
L mixture has a molar excess of the olefin reactant with respect to the aliphatic mono-

carboxylic acid reactant,

18. A process according to any one of the preceding Claims wherein the mole
ration of olefin to the lower carboxylic acid in the reaction mixture is in the range
from 1:1 to 15:1.

19. A process according to Claims 15 wherein the mole ratio of olefin to the
lower carboxylic acid in the reaction mixture is in the range from 10:1 to 14:1.

20. A process according to any one of the preceding Claims wherein the reaction
is carried out in the vapour phase suitably above the dew point of the reactor contents

comprising the reactant acid, any alcohol formed in situ, the product ester and water.

21. A process according to any one of the preceding Claims wherein the catalyst
is used as a fixed bed which may be in the form of a packed column.

22. A process according to any one of the preceding Claims wherein the catalyst
is further modified by the addition of phosphoric acid or other mineral acids thereto.

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

of the reactant olefins and acids are passed over the catalyst at a GHSV in the range
of 100 to 5000 per hour.
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26 - 24. A proceps c:? ﬂLn@ éo arfy one of the preceding Cains wherein
the esterification| react?s 9 arrled out at a terrperé'HEéHEETﬂ“m B@NJ
from 150-200[ err] pshng.a reactlo ir essure whi ch I's %h | eaREPIAQBEPa.

A process accordi to Claim1 wherdin _3d1e reaction m h a
whi ch di -ether cor -product di-ether formed in situ during
the reacti &h frdnprasess asgerdang toansf one oftheiprecsding(Seimsewhernin the recycled to

amount of  reioaibieadiin iy AuRaAERE  AEERLELAEI BeXle R SHEC on (e

total reactsing ameadtionepressupes whichgis tah deast AﬁOK:Pa the aliphatic carboxylic
acid, water and di-ether. 27. A process according Claim25 or 26 wherein
the di-ether is diethyl ether. 28. A process according to Claim?25 or 26

wherein thesdi - &f BRfcedsSacRBrdiiS W AR 6f thelpr&dedfE-Claims wherein the reaction

mixture is dosed with a co-fed di-ether in the range from 1 to 6 mole % based on the

total reaction mixture comprising the olefin, the aliphatic carboxylic acid, water and
di-ether.

26. A process according to Claim 25 wherein the di-ether corresponds to the by-
N/ product di-ether formed in situ during the reaction from the reactant olefin which is
recovered and is recycled to the reaction mixture.

27. A process according Claim 25 or 26 wherein the di-ether is diethyl ether.

28. A process according to Claim 25 or 26 wherein the di-ether is an

unsymmetrical ether.
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- 27- 24. ' A process according to any one of the preceding ¢ vy prYEEYya
the esterification reaction is carried out at a teﬁperaturg @Cmfa‘ﬁd@ g‘;-’rEET
from 150-200[err] using a reacti.on pressure which is at |easf #00KPa. 25.
A process according to any of the preces8ling C aims wherein thejrdht§EM1998
m xture is dosed with a co-fed di-ether in the range from1 {o{6 nole %
based on the total reaction m xture conprising the olefin, the aliTphatic
carboxylic acid, water and di-ether. 26. A process accordihg to Claim25

wherein the di-ether corresponds to the by- product dj-ether forned in situ
during the react °?t?1éf§ﬁstuﬁg°’it?é§8? 27lGSPES SUPPRF; gﬁ‘ei%h(ie@E%WPQE ind is

recycl ed t osuifaBlyrinaké fstth 8F &itHidates of peflefe 0cess according O aim 25 or 26
wherein the di-eéther is. diethyl_ether. 28. A process according to Claim

o R§S| uher ei nd Bficddls Slppeft dstd NinbitprareRbly deflved Hof an IhbHhSte abnHas
porous synthetic silica especially fumed silica, such as those produced by flame
hydrolysis of SiCl;. 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. Such a process of
pelletisation or extrusion does not involve any steam treatment steps and the porosity

At of the support is derived from the interstices formed during the pelletisation or

extrusion step of the non-porous silica. The silica support is suitably in the form of
pellets or beads or are globular in shape having an average particle diameter of 2 to 10
mm, preferably 4 to 6 mm. The siliceous support suitabfy has a pore volume in the
range from 0,3-1.2 ml/g, preferably from 0.6-1.0 ml/g. The support suitably has a
crush strength of at least 2 Kg force, suitably at least 5 Kg force, preferably at least 6
Kg and more preferably at least 7 Kg. The crush strengths quoted are based on
average of that determined for each set of 50 beads/globules on a CHATTILLON
tester which measures the minimum force necessary to crush a particle between parallel

plates. The bulk density of the support is suitably at least 380 g/l, preferably at least
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CLAIMS:

1. A process for the production of lower aliphatic esters said process comprising
reacting a lower olefin with a saturated lower aliphatic mono-carboxylic acid in the
vapour phase in the presence of a free silico-tungstic acid catalyst supported on a
siliceous support wherein 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.

2. A process according to Claim 1 wherein the amount of water added is in the
range from 1 to 7 mole % based on the total of the olefin, aliphatic mono-carboxylic

acid and water.

3. A process according to Claim 1 or 2 wherein the amount of water added is in
the range from 1 to 5 mole % based on the total of the olefin, aliphatic mono-

carboxylic acid and water.

4, A process according to any one of the preceding claims wherein the support

is in the form of extrudates or pellets.

5. A process according to Claim 4 wherein the siliceous support is derived from

an amorphous, non-porous synthetic silica.
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6. A process according to Claim 4 or 5 wherein the siliceous support is derived
from fumed silica produced by flame hydrolysis of SiCl,.
7. A process according to any one of the preceding Claims 4-6 wherein the

siliceous support is Support 350 made by pelletisation of AEROSIL® 200 (both ex
Degussa).

8. A process according to any one of the preceding Claims 4-7 wherein the
silica support is in the form of pellets or beads or are globular in shape having an
average particle diameter in the range from 2 to 10 mm, a pore volume in the range
from 0.3-1.2 ml/g, a crush strength of at least 2 Kg force and a bulk density of at
least 380 g/l.

9. A process according to any one of the preceding Claims 4-8 wherein the
siliceous support has at least 99% w/w purity.

10. A process according to Claim 4 wherein the siliceous support is a pelleted
silica support which has an average bulk density of about 0.39 g/ml, an average pore
volume of about 1.15 ml/g and an average particle size ranging from about 0.1-3.5

mim.

11. A process according to Claim 10 wherein the pelleted silica support is used as
such or after crushing to an average particle size in the range from 0.5-2 mm to
support the catalyst.

12. A process according to any one of Claims 4 to 11 wherein the support has an
average pore radius of 30 to 100 A.

13. A process according to any one of the preceding Claims 4-12 wherein the
amount of catalyst deposited/impregnated on the support for use in the esterification
reaction is in the range from 10 to 60% by weight based on the total weight of the
catalyst and the support.
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24. A process according to any one of the preceding Claims wherein the
esterification reaction is carried out at a temperature in the range from 150-200°C
using a reaction pressure which is at least 400KPa.

25. A process according to Claim 1 wherein the reaction mixture is dosed with a
which di-ether corresponds to the by-product di-ether formed in situ during the
reaction from the reactant olefin which is recovered and is recycled to the reaction

mixture,

26. A process according to Claim 25 wherein the amount of di-ether recycled is
in the range from 1 to 6 mole % based on the total reaction mixture comprising the
olefin, the aliphatic carboxylic acid, water and di-ether.

27. A process according Claim 25 or 26 wherein the di-ether is diethyl ether.

28. A process according to Claim 25 or 26 wherein the di-ether is an
unsymmetrical ether.




