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WO 2006/032843 PCT/GB2005/003470 SILICA SUPPORT,
HETEROPOLYACID CATALYST PRODUCED THEREFROM AND

wERIER2%NTHESIS USING THE SILICA SUPPORTED PCTIGB005/003470
HETEROPOLYACID CATALYST 5 The present invention re afes oa
silica support, a heteropolyacid acid catalyst prepared from the silica
support and use of the supported heteropolyacid catalyst in the synthesis
of esters of monocarboxylic acids by reacting an olefin with a carboxylic
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support, catalyst and process are particularly wel

AP dischion oF ethiiiEadetHd I8¢ thd FSHEACA. (FUPD @RiHEN B BUTERARMIL BaidID
It is well known that olefins can @gﬂqg@dfwith 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

convigflgebvuiih R i merium QQ{H%@@%& %ﬁ@f%%‘%@fz%%%%ﬂ Afi8R

heteropolyacid of molybdenum or tungsten. This proc

PrepRypiogRmcbe S id BERRom e tHdhteterppuibstrumelypsidsatalyst in the

syntHeSiaRITQRREb JF fHorhRyRARSafas BYAdNGRG SStRERISWRSE IR e acid
JP-A-05294894 in which a lower fa’gji acid is reacted with a lower olefin to

andeBRAOSTOWET FAHP AR RS AR FaERT R P e e arBRen cHbgeabus

proff3asecipaiiielifgenttabpapialiht pennictiod of ahleastaR@y the reaction of

eth eltlgr\% nge%d asc%t of a metal e.g. Li, Cu, Mg or K, supported on a carrier.

' e he eropofyamd used is 20 phosphotungstic acid and the carrier
deisdsibel] IsieilicthdE PlokB7an0R tdRR Chimioals) dishloseadpracessdoto

ion,of lower aliphatic esters, for,example ethyl a y ..
for R B o R S G Ao ypicn
an qiylenjsolly pheateritednepresed de ohtabeibratolyhgiddoataiysi comprising a
i [ ) r.in the range from 1-10 mole %
o b ) N 000 AR iR s o
hompgracigiappsessondidadudresronatradd daigliseisemstipporiade présénce
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y the reaction. A%general problem encountere ove processes

reaipdhsiihra deivaorl Srein foracelene iy dvidaspo ek diamsgisahied out in

~ the g%@tﬁﬁs‘éﬁﬁ malbARUOET QEQM?E@M&IS@S@%Q ARAYGIS. Eﬁj%‘i@%(}){lyacid salt

y-products generally have to be removed from the ester pro

of adnptal 4% l-brot e &yHnpo et 8B AaanisH atlembstriopolyasid axadistion.

phodfiRARSGERLN Rryiéaungimrtansdtckiiyproduct, butan-2-one or

methyl ethyl ketone (MEK), is . :
%P}A-W 5}{7 027 (BP éhemlc):als) discloses a process for the production of lower

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

A general problem encountered with the above processes in the production of ethyl
acetate using heteropolyacid catalysts is the generaﬁbn of small amounts of a variety of by-
products. These by-products generally have to be removed from the ester product by
separation processes such as fractional distillation and solvent extraction. The applicants

have found that one such by-product, butan-2-one or methyl ethyl ketone (MEK), is
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WO 2006/032843 PCT/G132005/003470 particularly troublesome due to
its close boiling point with ethyl acetate and hence the difficulty in
wdemviagit via distillation. WO 02/20158 and WO 02/0058%degasHaes@oz470
process for producing an aliphatic carboxylic acid ester from an aliphatic
carboxylic acid and an olefin catalyse%l by a 5 supported heteropolyacid
catalyst , wherein the catalyst is contacted with a gas containing one or
more of water, a lower aliphatic carboxylic acid or a lower aliphatic alcohol

padt@ueRiainAnatalysyi Wse m&&%{ﬁlﬁhﬂ?ﬁl&%ﬁ?&iﬂﬂ?%&%%&%ﬁ&%
Ia

_ester. It has now been found that special treatment of the silica used to
dif§epboit tRBCKERIbYSIJEETERIyst used for the production of esters by

theweaetion: ok alefinscrod dék saaneear@licacids: ganiteslbinAphatic
significant reduction in the levels of undesirable by- products. It has also

carBaatlifasetie i ra A REAt c s heRY!H iiended ity sttpfesedrby a

sup ARIQMRMResIIdIY AR ehuaRsstromgthiotibe-sapporeshcaialy shitRagAtontaining
improvement in the attritjon resistance of the supported catalyst. It js an
o RO A RIE CC BT AT BV h Bt letha s
obfareduationofocaieaniodcit gstersdqratiesd byibeytrantionsed -olefins
with monocarboxic agids and water In e, presence of hstergpolacid
ca al§/sst, Ecordingly the present mventon provided & srocesor
hetpropbjwcgi&esuﬂgmsengMeipradsuppmntécbmmpmlya@iﬁchiﬁ(ﬂaﬁaymd
mJgéc%%%{%E@%§59@H tonetan s‘?%ﬁﬁﬁ%tr ?e%%&%%n%nlth%l %%l\évgﬁtﬁdesirable by-
monocarboxylic acid and water fh the vapour phase wherein the process
prepesnphiccdwdwindosind Ahgbthgrapatimsnivitndeadrie atgndedsetaliiskdiip an

imPI6 VARG ih AetCrR e lRhRR2RIOL BHAIRRE {3 G ARRGR TR AR W he

he present invention also provides'a support as prepared by the

attgHeyecHfsrs R dhprorraied s aedfon, the present invention provides a
procgss RbBIRAUEIRE railisenarh oI RROVIEE Detarrprliasid Gatlysiior

use in the production of an ester by reacting a I- olefin with a

profBfiisErbea R didd A GSiratar i tRet PapBar 788 Wierdifith e atalyst is
mAHSAEHG IRy IR eaNaing RNHOsrdepRsitNEcgRS) e defstepolyacid

o o
in prepasedycthe fryaeRbaaRk mealiiontd eaduehd ploduthen, dhenesesit reacting
a ll[l\ig&tll (‘?’J}tg raor\{ligr?c?c:?r J.\?y 1ecS asctlgramie\%rgg }Jnct.%nv%];&r} S :Egé %erein the process
comprises treating silica-gel granules with steam at a temperature in the range 100 to
300°C for a period of time in the range 0.1 to 200 hours.

The present invention also provides a support as prepared by the above-mentioned
process.

In addition, the present invention provides a process for producing a silica-gel
supported heteropolyacid catalyst for ﬁse in the production of an ester by reacﬁng al-
olefin with a monocarboxylic acid and water in the vapour phase wherein the catalyst is
produced by impregnating and/or depositing at least one heteropolyacid onto a support of
the present invention.

Furthermore, the present invention provides a silica-gel supported heteropolyacid
catalyast as prepared by the process as mentioned above.

Yet further, the present invention provides a process for the production of an ester by

reacting a 1-olefin with a monocarboxylic acid and water in the vapour phase in the
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reacting a | -olefin with a monocarboxylic acid and water in the vapour
phase in the WO 2006/032843 PCT/GB2005/003470 3 presence of a

woSiligawgalisupported heteropolyacid catalyst, wherein the sili'ﬁaé%eéz%%&%r 20
is in the form of granules, the granules having been subjected to =~

treatment with steam at a temperaturé in the range 100 to 300C for a
period of time in the range 0.1 to 200 hours. Suitable types of silica gel
can be manufactured, for example, by the hydrolysis of 5 SiC14 with

prasates of byiaeigiflng puacsclicata salulian. for fX2 MRS mllﬁge%hi)uﬁygﬁn is

mineral acid to sodium silicate solution. Preferably t

. addition

n ﬁ‘gs%rh“é’ L %SaFﬁ&%mB FEYEY BE 2 tenrvhissichrierepatafabith 360 8 a

tenmrnaianciieshecialy 806 3007C The:gsanyest ahibs SHORRABER 00 hoyrs.
fr.agm%r%jg,tfo%%{s\glple fglrzneci)by drying the silica.gel or by crushing anJ
~sieving drietPSilica ger raseR s EaG oo iR Ris b idshizaitof

Sitformiﬂewk?r gr_bor?gidﬁﬁyingré:]ime@ugr hﬁ@ﬁi@&&%ﬁé&?&?@% ®fle addition of
: indri . any other suitahle shapes. Examples o

R R T e A —

diaprefeest biaHe prosemrinvefition G mb] GERYeT ARG LaRMR

0-5y4s eoﬁll silica. Grace 57 silica has.an ayerage pore
voﬁlﬁ?e%%%gﬁ? iﬁf{S %ggna g%?rfgrg% Sad el Lprmed By g@"ﬁ’érﬁ‘e

siligh 8tk . by GOHING. A sisiing datgmlivieslusedasosbppertisuitaalyhave
ABBHEOYQIMEIAITINR IANEE BOMe st 3, Mb/g. Preferably from 0.6-1.2
ex SR Hlomegﬁz%ﬁ% A9 '&xe? gﬁxen\}\%s canngeCa?ﬁﬁPédal,

b ug and a single pellet crush stréng at leas ons
i

ﬁ%ﬁ%ﬁP@H@ﬁ@W@&‘%ﬁé‘ﬁé@&ﬁW%eraQe of that determined for each
setahbppasidennera ATt OMesterWhi &JP%?F#J %?ngﬂﬁﬁg&' fmum

orce 20 Lf(iiacessary to crush a particle between parallel plates.

f .
the procesH o SBRFIFAS BYeatierase Giare At yiiondd sappBMREHR015 grades
of oatalist diiieteol)yalcl) WIRARARILIRKIRLE POrEVEIAUE PRRSIALILS QY 3010,

aveZ{?%A.alrrtlu%der to achieye optimum performance, the support is suitably
frés RO estrs RtiReomiabs b iethe At Mhich can adversely affect the

caytidliaetpeltyrahiide RBdysiappol Stitais BMP l.p%@fi_ @&Hﬂ%_%ﬁ'&é%g%om

terjal it prefer b}t}/ ha yrity of at least 99% wiw, i.e. the impuritie
3-1, 4 - !
] e A
Ne‘g‘rgle by |$@msgﬂt%%hulq\mﬂ'ddeﬁ@m@?hQQ%?&@WF%&Q!&HP;B%EH for
§ Iscaurie e[I t?[) eteropolyacid catalyst is applied to
eacﬁ:e sufp()%gégt O}S%Sc%?r?g#lo% &S)Ifrg‘lllj z\%ée&%h‘? W%H fp@sures the minimum force
necessary to crush a particle between parallel plates. The support suitably has an average
pore radius (prior to supporting the catalyst thereon) of 10 to 500A preferably an average
pore radius of 30 to 2504.

In order to achieve optimum performance, the support is suitably free from
extraneous metals or elements which can adversely affect the catalytic activity of the
system. If silica is employed as the sole support material it preferably has a purity of at
least 99% w/w, i.e. the impurities are less than 1% w/w, preferably less than 0.60% w/w
and more preferably less than 0.30% w/w.

The treatment of the silica gel support with steam is carried out before the
heteropolyacid catalyst is applied to the support or is carried out simultaneously with the
application of the heteropolyacid to the support. The steam treatment is carried out ata
temperature in the range 100 to 300°C, preferably 130 to 250°C, more preferably 150 to

200°C. The length of time the silica gel is subjected to the steam treatment is in the range
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30 application of the heteropolyacid to the support. The steam treatment is
carried out at a temperature in the range 100 to 300C, preferably 130 to
wo2hl6Inqse preferably 150 to 200C. The length of time the siliga gk isv3170

subjected to the steam treatment is in the range WO 2006/032843
PCT/GB2005/003470 4 0.1 to 200, p‘feferably 0.1 to 100, more preferably
0.1 to 70 hours. The steam can be pure steam if desired, or can be a
mixture of steam with other gaseous or volatile components, for example

0.13Y RroNtreaeR,1 09 RATHEl RIssHeLEtReoNaEh G aPuYANT oMt kA% ure

of the total pressure. The total pressure suitably lies in the range 0.1 to 50
steqynig dsptrchaigan be ST DA G HBrEHISBRABRIIAS 804G  heapronents,
for RrEBFRAD I dPrirard: Thepsiing gekaraniHiescandeaulisceslo to 100% of

treatment with steam using any suitable commercial equipment. For

thedQiah RS IHE oran NBLRET S THERRY Mes iiBa Bagedt hovih e Braiie e 0.1

to BieRAR} Rasses deabBVELB® hedfeistheddasigd pesad:ef time. A fluidised
bed. of the granules,can also be. employed, but this can lead to .
BT ERLATBHIGT T OFor A e eV aPA e EEmee gy Sl
coamérais éqapniest Bée dxantslel dheegamoh tbrec st darplisedasacikinl bt dhe moving
esired pressure and temperatute. At campletion of th am treatment,
b s S S en o e oy TR e irtof o3 ST ARk e
of tsiggpaudtreamatiodry eaporynitrbyethi T¢m hetd topotiavible dtatied afthe

grahmﬂeil:lp&%t‘:ﬁﬂ FEAMSIIQ Y Pg BIERAM GRS I and the

eteropolyacid is loaded on to the support using conventional methods.
steings protidcinistiiesBEsdyprersusRang EmmsRtet the addition reaction of

olefip o gadRxylichascihn] Rederant NatergRRiMacidpagitagd ferein pnd

throughout the specification is meant to include the free acids and/or

X3S DAERRSFEEAN PRATFIRIISAEGHS Q5B IBIREPEIRED the

esterifigatippyepialisisIoidbe diresaiy doypnieanigeipte NdudedHekalin
the free acids and co-_ordinati(%au type salts thereof in which the anion is a

trepispRpleXnAiRHeRBIAATL SARAGHT SR RRPRETEISHSIFARIG IR methods. The

préfivIEsesh fredytee e aightaBRigxy denatiokedch RalyialentrRiatab atebasylic
ig[hich are generally known as the "peripheral” atoms. These peripheral
aClftoms surround one or more central atoms in a symmetrical manner. The

25 maénbendihatenis BreidsSuallyedieeimadetiaobmalyhdensprecifivagsted,meant

o PR S R Lt TR o e e
theotatoifis frantGrlgstp o1 thd ipries¢heiPemdbidic thalslerefinclude inter alia the free acids
and co-ordination type salts thereof in which the anion is a complex, high molecular
weight entity. The heteropolyacid anion comprises from two to eighteen oxygen-linked
polyvalent metal atoms, which are generally known as the "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,
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elements. These include, for instance, cupric ions; divalent beryllium, zinc,
cobalt or nickel ions; trivalent boron, aluminium, gallium, iron, cerium,

woazamnigsantimony, 30 phosphorus, bismuth, chromium or rhdidR,iRR%3.47¢
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, WO 2006/032843 PCT/G132005/003470 5 antimony ions;

anthexayalantietlawiddnieasiandihepayBIRpIOMHAG 1885 eIMN Such
heteropolyacids are also known as "polyoxoanions”, "polyoxometallates”

helgog it TR FioRSI S AES ol YR High notesitharide

clugteight e.g. in the range from 700- 5 8500 and include dimeric complexes.
Thﬁ)étgavela rg?tive%&i%; solubilit ir% polar solvents such as water or
other oxygerated Sl N Sgéé%?? Ty Ardehbe adnbaraga figm 700-

85@heel o Jederihsaits cdiplsakibilityydarvbe raniralienipl 6100RALRSIar

ri counter-ions. Specific.examples of heteropolyacids and their
o e e el LR el o and in

ts that may be used as't
the pgsg RéteripstdphitsFiorivlabitity Ei3[PYVi@4adedttyQhoosing the appropriate

-molyb orl ' M0]2040].xH20 12-tungstosilicic acid
o e o e s BB e s he
catgesdiimths/aretan mrgsiwsitielts- Cs3H[SiW12040].xH20 15 Potassium

tunastapResiREn &8I RAWIS062]. xH20 Ammonium ofli ! phate
- (NH4)e[P2M01{§662].xH20 Preferred heteropolyac’zl[;lpgég\%?f/oﬂ"égroer)suse in

thd pracbdprhasaBarracidngstosilicic acid and tukbstdfhoepheHeQcid.

Parteuladio siieiRyeediare the Keggin or We"—S'Dan[SﬂK/pOmJ.xHZO
Ar;%ers n-Iivan,s-_Perl_off primary structures of tungstosilicic¢ acid and
tu s‘ﬂb‘%ﬁ% BHBFIE 38cid. The impregnated suppBrd SEMchpiegied by

dissatvimchihizdieierapeiyatichin e.g. distilled or d@gjg?g@uﬁggm/%@z@and
thc?,ntaddirr]‘? the aql;ﬁé)u solution so formed to the su %cf)rt. The support
is SUABN TeH 1B LHAICTRWE acid solution fof a dur:ﬁﬂbﬁ” isedrdl2Bours,

withnpeoioitic mahytalogistioghakier which time it is syitahlpiliered Hising@

BUI(’:rtc] e?{eg geft%ponpeolliyrégr C%Eatlgls@rf]g?Xgeqquh%)(gﬁ:ssgn?ci:rigénﬁon are tungstosilicic
acid and tungstophosphoric acid. Particularly preferred are the Keggin or Wells-Dawson or
Anderson-Evans-Perloff primary strugtures of tungstosilicic acid and tungstophosphoric
acid. ‘

The impregnated support can be prepared.by dissolving the heteropolyacid, in e.g.
distilled or demineralised water, and then adding the aqueous solution so formed to the
support. 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,

‘Alternatively, the support may be impregnated with the catalyst by spraying a
solution of the heteropolyacid on to the support with simultaneous or subsequent drying

(egin arotary evaporator).
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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
woellowedsts cool to ambient temperature in a desiccator. AlRCmatRzis/ehe 70
support may be impregnated with the;catalyst by spraying a 30 solution of
the heteropolyacid on to the support with simultaneous or subsequent
drying (eg in a rotary evaporator). WO 2006/0328-13
PCT/GB2005/003470 6 This supported catalyst can then be used in the
additiosy peatid rdietvebem therdie fiedmuthkerddoocsasorylietician theelefin
e e 3 I g on te
supp@ight, Yedfetab R ROAF S0 I 500 bswWelghbbadae ropahE iRyt by
we@g DRESRpelvacith anddhessuRReR: v atidoading ab e atalyst, in
g/litre, can be determined by Subtracting the weight of thé support used
hetfropeltrsidvangihesumeatalyst on drying, and then dividing the result by

thepyollimefcaialy alesupnost weedi ROt axermIR ik Qb phertabRiy the
support with a bulk density of 0.40 kg/litre is used in the catalyst

weighl SAMSSPRATS w6 dTel i oehb el @ipbstetdume ong s dividdngthe
resﬂﬂ%l}‘\/@n@bflﬂféw@dc?ﬁﬂ%ﬁhplﬁ@ﬂa@d.fr(PEfi thismpup ﬁxor? is a&ztégstmm;lihﬁ
. total acid loading of the catalyst sample is (13.75 - 10)/0.025.= 150 gllitre.
Wik A TSATS O B S e SaaB s G aki bds SR s
cathiysthapoeveokxaefl®,@ Heid.|dédiagveishbOfghitre @guptestpared from this

3.75/13.75)*100 = 27.3%wt/wt. 15 | e addition reactio olef -
st T (et P B A R et e AL RER L R oo -

150 ¢iere arvinadiafsoléfirscralisedithiboesutinsly prochastdail hevinetitaibly In
the?at?&%t%ﬁn? BSIRIRciiNGaR1Y 6F RhtpA;RIS] 5?&9%.’?%9.*7@? 852

efinery product or a chemical or a polymer grade olefin which may
2730mAlivitsome alkanes admixed therewith. Most preferably the olefin is

etiene AR ThenAte bR A RWA b dsatplic acid
and is preferably a saturated, lower aliphatic mono-carboxylic acid. Acetic

propoigne pravstrses theepbadibrisaiminare atainiieoinpirkdhs ipBikitxcess
pr&fuihe plefindeacient witliespeciiesthemalighaticommpeieamexyisasid

reactant. Thus the mole ratio of olefin to the lower carboxylic acid in the

maBEAGHRFRINE AT SIS tahgelsbr gradgpiefip which may contain some

alkanes admixed therewith. Most preferably the olefin is ethylene.

The mono-carboxylic acid is suitably a C;-C, carboxylic acid and is preferably a
saturated, lower aliphatic mono-carboxylic acid. Acetic acid is preferred.

The reaction mixture suitably comprises a molar excess of the olefin reactant with
respect to the aliphatic mono-carboxylic 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. '

Preferably the reactants fed or recycled to the reactor contain less than 1ppm, most
preferably less than 0.1 ppm of metals, or metallic compound or basic nitrogen (eg
ammonia or amine) impurities. Such impurities can build up in the catalyst and
cause deactivation thereof.

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, and the produced

ester. The meaning of the term "dew point” is well known in the art, and is essentially, the
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25 preferably from 10:1 to 14:1. Preferably the reactants fed or recycled to
the reactor contain less than | ppm, most preferably less than 0.1 ppm of
worn@kals 2o metallic compound or basic nitrogen (eg ammomaToG Bamine)3470

impurities. Such impurities can build up in the catalyst and cause
deactivation thereof. 30 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, and the produced ester. The
higm@taem,gﬁ&fr&hrwf@emfmv?mm&iﬁowdi/ kpown ﬂi?eﬂ@@ra,l’ét Mﬂcﬁ?}liquid can still
.essentially, the WO 2006/032843 PCT/GB2005/003470 7 highest .
em{émﬁmmﬁiaffoﬁ%aﬁ%ﬁ RSO RO RS Givar Fe\géif@fsag‘%ﬁﬁ@wﬁawas
conggdisidhh. exist in the mixture. The dew point of any vaporous sample will
thys depend upon its composition. Water is present.in the reactign
VI TR AT R FAAIER BHABE, (e RAABRS Ol e g o BiTR
in th& mele ffompreddraiblylfr 66 3 dferhBlmnblend’s, tond2enjrieferabby diasicbattly fibm 5

10le%q, se%on he total amount.of olefin, carboxylic acid and water. The
o e B e R 2 R R R A LR e

maihbeuppatel forrer afdypacked byt msyitabiadisd bach dbadstradl ahich may be
. ial [ e r.-design. The vapours of the reactant, olefi
 SOTREEa A el TR g e
destgour(jhs papeuisalbdisoretin rieiie rodnaids 1 DogBherddur cprdferabitpbly
at 4GSO ARG PS5 QW elb ‘%ﬂ%@@aﬁg?%ﬁ'm%'?@o@%%@ur,
temperature in the range from 150-200C. The reaction pressure is in the
prefarigly Sraana9Gterg OBPater 4B from 1l to 15 barg. The water added to the
reagtioRdnisiesistabitabiyeresant if dhep R efistermand:dn iscapakte
of generating a mixture of ester and alcohol in the process.. The products

Thereprionpeierd 1eReTAeH biP &Y PischE aTabistitambh! Bxkhiiie: Two
samplemet silina wete usation e fiistesisa spryple WaS COR foafsdieam and

. avajlable 20 Grace G57 silica with a 3-6mm particle diameter. The
s GRaBa ﬁ?@ﬁf@gwmﬁgﬁpfﬁ@é&?ﬁﬁa@@m HydrsitetmbPerathen eofhe

reaCii@ceréadosiiea bising. hectpliipivingitngifiod: 25 grams of the silica
granules, supported on a glass wool plug, were placed in a 1.5 inch
diameter multipurpose microreactor. A preheat bed consisting of 50m1 of
Example

Two samples of silica were used. The first silica sample was commercially available
Grace G57 silica with a 3-6mm particle diameter. The second silica sample was produced
through the hydrothermal treatment of Grace G57 silica using the following method:

25 grams of the silica granules, supported on a glass wool plug, were placed in a 1.5
inch diameter multipurpose microreactor. A preheat bed consisting of 50ml of
carborundum (RTM) silicon carbide granules (mean particle size approximately 1-2mm)
was also installed on top of the silica gel, separated from the silica by a second glass wool
plug. The use of a preheat bed within the heated microreactor allows any liquid feed to
fully vaporize prior to contacting the silica catalyst support.

Hydrothermal modification of the silica was then carried out by feeding a mixture of
21.6 g/hr of nitrogen and 6 g/hr of steam through the reabtor at 13 barg, and 210°C for a
period of 20 hours. Fellowing this, the steam flow was switched off and the reactor was

allowed to cool back to ambient under the nitrogen flow only.
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carborundum (RTM) silicon carbide granules (mean particle size
approximately 1-2mm) 25 was also installed on top of the silica gel,
separated from the silica by a second glass wool plug. The use of a
WORHEAT &Y within the heated microreactor allows any liquid fSed ke OfuitRA+70
vaporize prior to contacting the silica gatalyst support. Hydrothermal
modification of the silica was then carried out by feeding a mixture of 21.6
g/hr of nitrogen and 6 g/hr of steam through the reactor at 13 barg, and
210C for a 30 period of 20 hours. Following this, the steam flow was
switdieaioffreae ahes pédatBrsvad cEbWE srtbhedulatralcian ampiituABeiC by
thdNR BT RgeD;Hows anbh W AR0RA3A84 3 £l CRAAGHAD I P& stiGh the

microreactor used in this experiment can be heated from ambient to 300C

repgyjoxsan secon ke rigisendentyl edrito g usraansater a bprbdarasic the
rePEBSSUTE i d0E gHeaGtan sa@mﬁqmwﬁdm%&&@?%% Bangdbr oyPhies

e use of a back- pressure regulator. Varlous ases can Eassed

wighrthidhe theontiolid 2o mas |ﬁ€l’é‘i“§éf‘r561|é Btigiwih eskitranadpo be

padith massiiow captspliatscAeritiaprilydguid E%@%@k&@ab%gaﬁ@ﬁme
through the reactor, these being delivered by an HPLC pu

LipniES eI EeP e BHIRGL U BRS ‘ﬁtﬂﬂpvahg?ghmgw.%f%mw high
prigweof I|qU|d at very hlgh pressures). Both samples of silica (the
hy o erma c? d hg ttreat a()werethe 10 im re nated |th
sHmo?un%s‘f’B %y(i'ﬁ oI Ry heth atr?ﬁegoatﬁ t%ng atee
m@gmfem%lseium;l@umaadl@hherﬁoﬁds&m&mdummd with distilled water
to make 1 ml)-sa f either t
or Eéna%}ce%gtﬁg %1} gglwag&r%%e%% t |sés0 U)%i)nglﬁltﬁeemrlg%ﬁ? mggael(élted
withixdigtidl sdaxattén tefked @@@ﬁd)fmonm:mwslrﬁarm\(éréﬁrbbakexpwm either
tr&qg@&qgﬁlle%%ﬁ' Qgrc‘f‘%g gé{ﬁﬁ%fé\%? R)atﬂlglgdﬁﬁgn Ellﬂg tﬂg%‘sg t"ﬁ%: ture was

were then filtered to remove any unabsorbed acid solution . ltered

theflitdtisasiapb FPEA AW IRig K v Beprkeniv distreasiomobstimiesd risliesfit hours
haanpRen weighed andithe e licaringsic ARIdURIRESHoANIFHE $Usiation .

calculated as previously described: Untreated G57 Silica eI

Theyltsterbiitishy tehfadiiesd 2 Simighyen e oammealise 139 Qgraﬁfsdaﬁd silica
waligRIReRNIe AGIKH the silicotungstic acid uptake (loading) of the silica calculated as

previously described:

Untreated G57 Silica gel Hydrothermally treated
G57 Silica gel

LOADING 140 134
(grams of silicotungstic acid

per litre of silica)

Both catalysts were tested for activity in relation to the production of ethyl acetate
and selectivity to methyl ethyl ketone. This was done using a microreactor under the
following set of standard écreening conditions:

6.25ml of catalyst (crushed to 0.5-1mm particle size) was mixed with 6.25ml of G57

silica of the same particle size and was placed into the microreactor as described above.
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per litre of silica) 20 Both catalysts were tested for activity in relation to
the production of ethyl acetate and selectivity to methyl ethyl ketone. This
was done using a microreactor under the following set of standard

WEHeriHGBonditions: 25 625m1 of catalyst (crushed to 0.5-1PRH{FaHERY3470

size) was mixed with 6.25m1 of G57 silica of the same particle size and
was placed into the microreactor as described above. WO 2006/032843
PCT/GB2005/003470 9 The testing conditions used were 185C (catalyst
temperature), and | 1 barg (reactor pressure), with the composition of the
Thatssisginerevsmies ehtafyst as follewaly sCsmponene ek IRk dre ggrapytor
pELBYIENG 23 65 ARBIG A3 T9 Maten® 9. RigtbviaiharQ Bigwbutanol
0.05 5 The gas stream from the microreactor was cooled with a heat
exchanger and the liquid products collected in a knock out pot and

analysed by offline GC (gas chromatography). The remaining gas was
analysed by online micro.GC. 10 After 25 hours. on str

am the productivity

of the catalysts were

oS 18NpNER Pro

e R Aty Eth)

| Acetate STY

(g/litre MEK STY (g/li
hyrdothermally treate

rete@léfe cat/nr

G57 basge - not

catalyst made with th

Ao s mall

treate%ﬂcgatalyst

485 0.0226
9 0.0091 15 The
5hows

approximately the samngsgpace time
baseline catalyst. The-methyl ethyl ketone production

significantly reduced.

yield (SJ &9 for etfyl acetate as the

however is

Diethyl ethér

"0.38

s-butanol

0.05

The gas stream from the microreactor was cooled with a heat exchanger and the

liquid products collected in a knock out pot and analysed by offline GC (gas

chromatography). The remaining gas was analysed by online micro GC.

After 25 hours on stream the productivity of the catalysts were as follows;

Product

Catalyst

Ethyl Acetate STY (g/litre
cat/hr

MEK STY (g/litre cat/h)

G57 based — not
hyrdothermally treated

485

0.0226

Hyrdothermally treated G57

489

0.0091

The catalyst made with the hydrothermally treated catalyst shows approximately the same

space time yield (STY) for ethyl acetate as the baseline catalyst. The methyl ethyl ketone

production however is significantly reduced.




10 Claims: 1. A process for the production of an ester, which process
comprises reacting a 1-olefin with a monocarboxylic acid and water in the
vapour phase in the presence of a silica gel-supported heteropolyacid
catalyst, wherein the silica gel support is in the form of granules, the MCSLLP
granules having been subjected to treajgent with steam at a temperature
in the range 100 to 300C for a period of time in the range 0.1 to 200
urs, before or simultaneously with the application of the heteropolyacid

on%mﬁie supgort. 2. A process as claimed in claim 1 in which the average

baftiere dreormerbetipmeftary patei Qs HBTPCOSIE L MilFESI CAC R G b lefin
astklaimecsarblaini2 avhbsathvhe airelegeapati gragétim eie hedstir suppeitica
R R ST A

&S Al SF RPN S 0 FURISSLCAJ S ESATE i WHY R p LA grature in
theddngwHich ttha0vea@ ttmenperithl stEimeisn dicartegwypeiata2)fhhhe samefere or

%ﬁ&i&é’e’?ﬁ@y%ﬁiﬂﬂ@Bﬁ%ﬁ@a&@@@@m@m&ﬂ&ﬂ%&@%ﬁ‘@@ﬂ@%ﬂb@ﬂy one

fclaims 1 to 5.in which the silica purity is at least 99% wi/w. 7. A process
2 ARG S ERLAF ST B H e 108 SR ORR A appor

arapolesvdlipge IfeHE ranye from 0.3 to 1.8 ml/g and a single particle

avarpgR&Ishclalengih ahah [RagicfdNetaneireattideRIRERESIAT the support
laj inclajmg?, i ich. re.volume is in the range from 0.6 to
%r%nmrﬁ/%lsgfi Brgt%@é%%% 5%?1?%%%% 6arr?§flrJl one of claims 1 to 8, in which the
AvrBIE S RIS DI HY SIS ditIpHeT 10 Sdppkstp throsilitargst averalss are
ipdal 0Byl prefevablyyB0do@b0 A. 10. A process as claimed in any

e pfelaims élfa%n%ctimgﬂao' Bﬁ@%ﬁ@éﬁﬁgmavm%%n R SRIHERAULARL dteam is
B STADALES £ DA W DL PR ) Rt el .10

@ 0Ainradsishathdamestbisaabp pyltcobdieines d @15t Chishrdoxgilicapidity is at least
99% wiw.

7. A process as claimed in any one of claims 1 to 6 in which the support granules have a
pore volume in the range from 0.3 to 1.8 ml/g and a single particle average crush
strength of at least 7 Newtons force.

8. A process as claimed in claim 7, in which the pore volume is in the range from 0.6 to
1.2 ml/g.

9. A process as claimed in any one of claims 1 to 8, in which the average pore radius of
the support prior to supporting the catalyst thereon is 10 to 500 A, preferably 30 to 250
A.

10. A process as claimed in any one of claims 1 to 9, in which the treatment with steam
is carried out at a total pressure of 0.1 to 50 barg, preferably 0.1 to 10 barg, more
preferably 1 to 5 barg.

11. A process as claimed in any one of claims 1 to 10, in which the monocarboxylic
acid is a C; to C4 carboxylic acid.

12. A process as claimed in claim 11 wherein the monocarboxylic acid is acetic acid.
13. A process as claimed in any one of claims 1 to 12, in which the 1-olefin is ethylene,

propylene or a mixture thereof.
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12. A process as claimed in claim 11 wherein the monocarboxylic acid is
acetic acid. 13. A process as claimed in any one of claims 1 to 12, in
which the 1-olefin is ethylene, propylene or a mixture thereof. MCSLLP
11 14. A process as claimed in any one of claims 1 to 13, in which the
heteropolyacid is at least one heteropglyacid selected from the group
consisting of tungstophosphoric acid, tungstosilicic acid, molybdosilicic

g¢1d, molyhrlaphasphanc.Acd ANchs IR SIS 9Tl Py A AEaS A AAIeH acid is

in any one of claims 1 to 14, in which the amount of 5 heteropolyacid

delsasitoatnstegratiacshas ierdcduppa t acirgtherr £age fiow 2D tengswpheyphoric
WegRin RS TRRNA MR i 80 %R A8 19 1988658 B NG FosRI WRIGRE S thereof

the heteropolyacid and the support. 16. A process as claimed in arg one
b claimis Are6CEs ekt dlaAisupio P AtaHS Intthd taiyevhigh the amount of

%&!ﬁ)"@o @@&ﬁé@ﬁﬂ@@%@&&&@% %B@ﬁai@ﬁ?(ﬂﬁ@ A %%ﬁnﬁ) to 60%
water. 17. A process as claimed in any one of claims 1 to 16 wherein the

Brefiveighsrausirably fromridxtesvithyreupielt thatsd mpribeateiakytieight of the

R&iop8HARIQERSSASupisdmed in any one of claims 1 to 17 wherein the
Gas Hourly Space Velocity is in the range from 100 to 5000 per hour. 15

19, A pRobRSERLRISIHBAGALMY oMK of &laims 1 1o 1B Widrdinirgmount of water

IeMRBEAMIE:IS D tREnTARYS RN ZARGe @D aM RIRCESSIBSEIAIBRIdrbaMic acid
one of claims 1 to 19 wherein the pressure is in the range 5 to 20 barg.

39d X3lebcess as claimed in any one of claims | to 20 wherein the process

iy carriadp R RYtaz Ritxerhedpraeasscdgnd IPIOAESHHef RO GENGIA is present
silica-gel supported heteroPonacid catalyst for use.in the production of an

BeidPairExetitg Ath ISRERNAL RS G EEoRifieddid and water in the
yapourpbase wherainee taialyshisarradused Ry impiresiating @agdidsurly Space

depositing. at least one heteropolyacid onto a support which support has
B Wéﬁgfélﬂfﬂﬁ'iggﬁ% igosﬁ’ﬂ(,gﬁb%%‘i'gﬂmes with steam at a

temperatprecisihe tiged Q0 40y3Gfulanenad 08 fimedmthe ngerdulre is in
to 200 hours. 23 A process according to claim 22 wherein the granules

e epRRl 0, 1R Lar

20. A process as claimed in any one of claims 1 to 19 wherein the pressure is in the
range 5 to 20 barg.

21. A process as claimed in any one of claims 1 to 20 wherein the process is carried
out as a fixed-bed process.

22. A process for producing a silica-gel supported heteropolyacid catalyst for use in
the production of an ester by reacting a 1-olefin with a monocarboxylic acid and water
in the vapour phase wherein the catalyst is produced by impregnating and/or depositing
at least one heteropolyacid onto a support which support has been prepared by treating
silica-gel granules with steam at a temperature in the range 100 to 300°C for a period of
time in the range 0.1 to 200 hours.

23 A process according to claim 22 wherein the granules are spheroidal, tubular

and/or cylindrical.

MCSLLP



and/or cylindrical. MCSLLP 12 24. A process according to claim 22 or 23

wherein the silica-gel granules have an average particle diameter in the

range 2 to 10 mm, preferably 2.5 to 8 mm, especially 3 to 6 mm. 25. A MCSLLp
process according to any one of claims 22 to 24 wherein the treatment

with steam is carried out at a temperatyse in the range 130 to 250C,

preferably 150 to 200C. 26. A process according to any one of claims 22

2 i Wi i r ; e of
R i A L L8 B TR

evpestaliyrticle 8iparicn. theproeesstadortingrelenad vRedspdlaims oweeially 3
28awhgrein the support has a pore volume in the range 0.3 to 1.8 ml/g
and a single patrticle crush strength of at least 7 Newtons force. 28. A
prodeBE eREOtEALBLIQIM RO E Féitnh e hErerbpdisiatidlis Serseted fidin steam

1082 91QHP £ ANSIRIAGLL HRgRPRROSRNPSiF RCidoiengRIpSIIGc Aaidy 200°C.

molybdosilicic acid, molybdophosphoric acid and salts thereof. 29. A
PPofeBY e EaeRAEBLIAIMRBNWRE FAAIR S AfAGINT b s dhe pEstgiaesat with steam

flepegigdlimpreanaieskonie UIQ)%EPSU%&%] %ﬁ’éfé@d@%edf P 16 12:80HRY
weight, preferably from 30 to 50% by weight based on the total weight of
mefHalrobilyhbrgarider I bupioR. 2382 A silica-gel supported

b@l@r?p@w&mﬁhfgsw%y%&mﬁ@a&r@dm&%qf@&@ﬁtﬁ{e BYIRACHRGBpore

1-olefin with a monocarboxylic acid and water in the vapour phase
Wi arasrniRedapay St P rof e b rigly tortHE o STEEHY Urfd tpst 7
slaimsd 2oiee29.

28. A process according to claim 22 wherein the heteropolyacid is selected from the
group consisting of tungstophosphoric acid, tungstosilicic acid, molybdosilicic acid,
molybdophosphoric acid and salts thereof.

29. A process according to claim 28 wherein the amount of heteropolyacid
deposited/impregnated onto the support is 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.

30. A silica-gel supported heteropolyacid catalyst for use in the production of an ester
by reacting a 1-olefin with a monocarboxylic acid and water in the vapour phase

wherein the catalyst is produced according to the process of any one of claims 22 to 29.



