., €3e080| 4456(6 868T8PVD1 6 AUG 2002  ESTER SYNTHESI S The present 19v,qrg|gyg
reI ates to a process for the synthesis of esters by reacting an olefin wt
a lower carboxylic acid in the presence of an acidic catalyst. It is well
known that ol efins can be reacted with [ ower aliphatic s carboxylic acids
to formthe corresponding esters. One such nethod is described in
GB- A- 1259390 in which an ethylenically unsaturated conpound is contacted
with a liquid nmedium conprising a carboxylic acid and a Mmumm)ol yaci d
of nolybdenum or tungsten. This process is a hom)geneoug \wmu whi ch
the heteropol yacid catalyst is unsupported. A further procesgqk® for
produci ng esters is described in JP-A-05294894 in which a |o~er fatty acid
is esterified with a lower olefin to forma lower fatty acid ester. In this
docunent, the reaction is carried out in the gaseous pglmmmlmumm“mumeesence
of a catalyst consisting of at |east one heteropol yaci tal eg
Li, Cu, My or K, being supported on a carrier. The heteropesyasi d used is
15 phosphotungstic acid and the carrier described is silica. One of the
problenms with this process is that inpurities present in the feeds to the
reacti on whether they be fresh feeds or recycle streans fromthe process
have a tendency to deactivate the acid catalyst. In particular, presence of

an al dehyde such as acetal dehyde in anmounts at or above 100 ppmin the feed
streans are 2 o detrinent aI to t ESTER SYNDH¥SESd catal yst. It has now been

found that the pro ci enc n [ ~=e f|c ntly. by LISIIIg
a gaseous feedstocﬁ%gtpbg 'Plv%ﬂt'loé ”Tglat 5? ?,pgﬁce% fo }l].ﬁ’?}% §a3 0 8%%r¥(§’?'ngl y the
present i nvenrea@nng 8n alqﬁnomésa;loh‘@r cartbexyicadtidcinitbepoksedcews an atidpphat i ¢ esters

by bringing ta her in an addition reaction reactants 2 s conprising a
| ower ol efin an saturat ed) lower aliphatic, nono-car box%/I icl 7 6 AUG
2002 acid in the valptsuvelblﬂm that dlefinsroan e redcted withéavesraiphatisci d cat al yst

char act ef | sed chibolI¥ adoiEARRNoFreBi AR doRUsARLGL b free of

al dehydes inpurities prior Into contact wt
het er opol yaci dexcaibad ys 8-yl 2t5ﬁé9%bﬂﬁ¥}@§1% %ﬂth?/bnwélﬂsah@samratyd F@r@éowfd ia| dehyde

inpurities i Scﬂﬁﬁeﬂedgbvlﬂ%ﬁ A8 thddiimPHEping B%ar%@?ﬁlcfdcﬁﬁéddoﬁfrééﬁat the
reactants co ri se %f&? fIceewgél%]eam (conpri SJg@ r olefin, and a

sat ur at ed, ferenq Picmo UELRTHHRESte: ﬁarocsﬁm's\éﬁwmsmqoysmt er,

V\ﬂ' cp fged StWMKW&Qthtérﬁp&?ﬁ@tﬂa@ﬂMs ehﬁ@lpoﬁléd ﬁACthﬁ)ér présxel ed to
the feedstrea t he react.or a

pref erabl y°| eg&r QWQH”@% ef}ﬁ‘fﬁ‘%%scﬁg?de&g%eﬁg)gggﬁbﬁ 18 "ih %POL‘TFétﬁﬁ‘E)’rSg%m of

al dehyde i npurs esteﬁ‘lqalrwmln aﬂ@)vérhﬁeﬁnetedstm aaﬂwanﬁaaylaag dstee. frethist or inlet. The
al dehyde | rrpurd‘o%m%%nt' thdd re% {O(I:H QlrriBd ﬁf}q%ttﬂl gz?s%éﬁs l%a%e ert%Flp %;gnc%aotfaal yst and

cause deacti vation. cular exa

acet al dehyde. cStatyst pmmngwéat ey oeahhtero;iméyaprd%&mf almetall"@ fir éshMigeeds to
the 15 reacti f reactors during
reaction and S)grllg bteo SUB?%{% gﬁg ?ﬁ'e?h?x?gé§%§ liagl(}gspﬁsth i ght products
such as dilét hmhomhvéungﬁhqamﬂ and thectaeuisrateseritiedis yllca ge elthppratdenp t o

level s far in GucasspRledshetHaPliAMRiES }e%e/xﬁllmﬁe%&!s t'oEtﬁe A& willifeal dehyde
inmpurities are, bel |ee to cause eacplvatlon of the o heteropol yaci d

catal yst by réh%)t%ﬁe%lbfeﬁéﬁfmvewﬂ@eﬂre@mslfmmee}uw%hwera EeAtensH telue t o

ol i goneri sati %ama@@tﬁehﬁm éa%l?%tt On parfieilat @%s@ﬁé@éﬂ@talm&@ésuc\»{\@'ﬂ st this is
believed to be ong gbﬁi%emec ani s of _such ctl%fltlon it is by no

means the onl y?¢ hamgpaty € @ ?\éea]rﬁotBO‘?I‘fé‘ HBAS S endered free

of any al dehy dietiimpatai {o @8 hb&r@é@a@n@tdaﬂﬂysthe feedstreamto a technique
selected from 25 av distillati nw.th an SOl uti on, of a base

such as eg sodiumh &WBQPH@ee'&fO“PQé@’tt t@%PWCP% HIHSHYHFBPF HBPONED as eg
sodi um bor ohy cigrdicandy bl}Qamglaq_nsdmkffeﬁl@to&klsdbslarﬁral]gl fieast sudhdésiparitiand e.

t ti ith iLstd |l l,ati t
and most _convent ent AEeRmeR B Bl bR E L P S LR BPlishSnl cont ai med
the ether by- poeguslighatieiesigrs yoyoig arrgtogﬁbbr idiasltaidtiit@mroerctuos reaat'm&bl y
perfor nEd(]z'en %&ﬁa‘ﬁz r'rt{)ﬁ Rk G0 f,{)f*ﬁrgﬂd a sﬁﬁxr@%{i‘%WPal‘%hc b EarBoxyic

bor ohydri sui tabl
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‘out’ in a distillation colum or in a separate vessel. Wiere a resi{y6 IAYG 2002
" used, the 35 feedstream which may be in the liquid or gas phase, is
suitably brought into 1 6 AUG 2002 contact with the acidic or the basic
resin. In the reaction, the olefin reactant used is suitably ethyl ene,
propyl ene or m xtures thereof. Wiere a m xture of olefins is used, the
resul tant product will inevitably be a m xture of esters. The m xture of
olefins is suitably s sourced froma refinery product or a chem cal grade
ol efin which al so contains sone al kanes adm xed therewith. The saturated,
o ool | oMo hGaTROREBLIOE (uPEhflad 6AA R clofplfiil Bkt T )
carboxylic acid acetic I"on nay be carried
out in a plur ahamgte@sedrleék@tt @}resregcégntg.prq mendssed substandally feee afipidehydeseous

products exi tlirnpuritre@ﬁhartd béitg B%gﬁﬂhtoaéo%tatce%ms‘th@hét@.%o(ya@a%ﬁr}tsb gas to a
second reactor and aseous I‘O UCt romthe second reactor are

fed as a feed.gas & tﬂ‘ﬁéxﬁ'ﬁf%’%‘ ﬁé%%‘ﬁ’rﬁ llég'eﬁﬁff"lg?hyélﬁb‘é‘@‘dfdéeﬁtls meatt ors, and

an al i quot s of h&&%naqm%gmutmgﬁaﬁb@mﬂ thet téhélréhctafhtd dUnipggttegech i nto the feed
gas to the se d and, subsegue reacLeg.rs sg éaz intain the olefin 15
?‘F ats(a_,tu E

to ronocar boxyFaOStreA FAmpTISEe;t ¢ layeer pidig. g4 ever dliehdti ond and
subsequent r eandmor carboxiylic acid, aafdavpdeharyrmated wiactgReed Itlnmn mapeptionatlyr ati o of

olefin to the | ower ocarb ic.a r ed to the
First react or PEHEaVARRG o ARG BaRiid ol BBy RARS R e ERRME IS LD, £ Or
10:1 to 14: 1. cDutaimigssthen P@apmi prefersiiip tess ﬂmm{pﬁww&dznorermaf@ta@mlssswrre into
contact wph t he
acid is usgd t&g&??@?%?tg ‘r?éﬁygdseﬁ %1 rnﬁeséﬁfoi‘i%ﬁef?%ﬂge%aehfeﬁg t (t:tﬁré nol e
rati o of ol ef illet o nonocarboxylic acid increases considerabl y from a

starting ratio of IPielaldchya®pmburiies i p m@mﬁ £ detrigRuvS td thencidn@tdysoal
reactor. VWhere the re ctlon 1S carr%ﬁz}r out jn a plurality of reactors set
t

up in series, anA&aysedeagtivatign.sAgparti example,f suchampurily s fed as the feed

(reactant) gaSacéﬁldehﬁies eSieAdmpedidsMhayedithet Bepre¥dnt 1rgﬁ1$€ﬁesfﬁ feeds tdwhesecond
reactor are fed as en using

s,to the third reactor
such a serfes 6%¢ tP@é’ét"baryib dff’ﬂ@e%‘l‘seaf l?yhprfoguprtdﬁéféedrre% (ﬁ{fm&feécm a\é‘ngr atio in
t he feed gas ttend trebesecyaiet mtdiese.alommmvgtwmlghaght@r@ducs sieh epdisthyl depl et ed
due to the ac'eq %?’eahggfﬁbst%ﬂ qﬂlckh te 8&% i'lcPG ﬁ({le%ﬂs% &n ?sro fbi s nol e
ratio of olefin to nmonocar ox I Acid i tot e5|re range by
i nj ecting furttﬁlﬁfarwpllwbtsﬁe@ﬁed@’F@Vﬁ’onocar boxyl ic acid to the feed gas prior

toits entry into e’ﬁﬁé‘al@éhy"dl@%n %Qr@tﬁéﬁe$é33t%%9§ér'ﬂeaﬁt¢\@a¢'bﬁro$thd n the case
of the manufacture of e ne and aagtlc ci.d, this

té}ytate frorp

e of i o heitrpdlvatt By ROR Sk ica B TbEn akg” PropyEn Cafighct ant s
fedfto EI 5 ]'Ehedlfelltb&i]l-lgbmaﬂiamgnIvmltﬂizlﬂgblgtﬂnyl tblbldfheh%mg?stfprofm %Vﬁlflsftﬁgis 1,
preferably fro : .to : nd_.t hat . e feed gas to
e seaond nndsbefigd Tahe SpSafVerEthEitd oty Byl 1fs b e it 02

addi ti on of f uthelaly meihgnists Tife fedustrrmnoe thelreactionds @oidered dree o€ afiyeed gas to
t he second and . . he nol e
atio of the ol Gy DM ﬁ%e{a%%%ﬁ%&”%ﬁ%%d%*ﬁeﬁéﬁ%o%@&’8'“5“‘S%le“ﬁféf%“’o*1 The
plurality Zf ra&act oflistié@ionyp in series referred to above can each be

di sposed in anpaxi ale@gREewithtaf sbiifoh 88 bhdetash amgso@mnnpmm gases
traversing a substantially. axi alﬂﬁg H lé%lsaln each reacé}é% romentering the
top of the reaftor [RIEHPN PHB afiogeftydridg suchasiegodumy €eor from the base
thereof, the t@ cat aéayﬁén hmhmg apﬁ&jdnmd;rsgﬁwc{dere m dway between the

poi nt of entry of th & g gasta t he 0| nt of exit of the product gases.
However, the r&act ofs 4@l Aot ho%c'%gli Y8 i n a series where the flow pat h of
the feed (3eact ant ) Cdnlespy distillation &sths eanient amd mostidosvenmrt a¢dhgiqax; al
direction wthi (g of radi al

fl ow reactors. E{be@%ﬁ%h&%ﬁ%\’g ahYI??pc(XNd%?%rqa&gd etl'rlﬂ b§%r8€3§f§%§§% ant) gases
will enter at tesgcledpSo¢h dﬂsml@a@no&sultpblysaedp mped in@ pregdrisedidedynef and t hen

outwards radially ovm r&&ﬁoﬁa&.ﬁlayb%sebna%afdhyaﬁ@&ﬁqey als@bégmtaxsly @aakd r adi al
flow reactor in the Ees is, of a.substanti al %@H ul ar .shape which in a

pl anar vi ew haSut e ﬁfﬂ Lipn GRlyMBrordn 8 Sepagte (VRS B LEIN & ‘I’%‘Pdc@ﬁcent ric

tubes and wher gedstrdien (bl reBsesinehd kquid bogad phasd, tpsuitablg bidesht mer 2 o nost
tube and flow substantially radially outward into a m ddl e annul ar tube
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housi ng the catal yst bed and then, after the addition reaction has t ge@g
" place over the catalyst bed to generate a gaseous stream of prod & @ 2
conprising ethyl acetate and the unreacted feed gases, said gaseous stream
energing fromthe annul us conprising the catal yst bed flows further
radially into the 2 s outernost tube of said concentric tubular reactor to
be fed as feed gas into a second such radial flow reactor; and simlarly

t he product gases exiting fromthe second reactor are used as feed gas for
the third reactor in series and so on. The reactant acid is introduced into
the gaseous productstﬁg_éta r% {hg t fromeach of (a) the first reactor to
mai ntain the JUAFLY! it O3 @3REEM rations in said gaseous products
stream so as to endbltke sactibrs theeaafit rattentused issitably efhytede gaspyleme t he
eoore oo lor i PRIROMOE (WA MG dedldiREiARed e fERRadBRodu LT, LN 1
reactor and so on hof t e series.
The process cawlltlrmygaltieb@pematuedomst@et Ehﬁ@lﬁpreapgé?méss %l“a@luch radial flow
reactors. ene s%ﬁrc%@?rofn?ﬂéﬂn%ﬁ/ htadtéterwﬂmlcaf £raMe bRAK Which diso ddhddins35 the
pressure drop acro?s such actar, is much | ess when conpared with a 9

16 AUG 2002 séPF‘@sa‘E?Pesr%‘HE‘?‘%‘? esithyp to operate in a node where the feed

gases and the produtfe Qﬁﬁ@@dtlbwﬁﬁlﬁﬂ\aﬁc mﬂa&t@mdxglhd 3cid foatiafBis sigdbly Wi t hi n
each reactor. I\/Bgetgver g ﬁl@éarb éeact ant (feed) gases over the
catal yst bed i% by ?é‘f‘ TefReAblY 1964F 889 mi ni i sing risk of damage
to the catal yst dugTHieDreSct&irirha)i b@mmumemt inqiphgralitgdif atacterasdtapsn sérfdre is a
possi bility that cat al bed I es t he annul us
in which tlﬁe gglé?ltpgtgasggas ¥r°df'18tc§§t( i c’r"é“a ﬁhSt?%%vodl dé €e8\§(5:éq% ove the

settl ed cat al ystackat) gasrtoaghcondi reirtepandghe gesepesamtoamts guitieg fremythpass

W t hout maki ngeekhigy ft@&'ot sfbt fe@ht Q?éed\ﬂgattb tﬂa%ﬁ@t@atemo t;h?orrtueteq%mt hi's

happeni ng may be avert y storing @gﬁa vol une of, catal yst Jbehind a
screen | ocat ecFea‘H@KﬁealtCh@‘ gt thedeastant manogabexdic agidds igro B%fdl inosel f

settles or conge#&ddSgasdo therdebSid Aldi AbQiquet rkmox@@.bakv&mainsaxmeaﬂaﬁd from
behind the screen to fill the, voi ded}&s% bove tF’i" cat aId é t her eby

m ni ni si ng3l os® BPNAREPoRFENG 2¢idiratigip 4 g t°rFé°‘&a FYSEONAPRE plurality of
react ors need m&edmemaredusw\eitlanaqire-déte'rmde&'raitgal ~5 reactors. The process

of the present inve 0 sho f Ve he
reaction is carri edlilh Ia?ent 4 %ﬂg&Fé\gé glreeqﬁ?r ‘ﬁo Cg%%&ﬁ Cuircé{ﬁ lnttg}g of

cat al yst beds g:seomeac:tatstefecbt@ thpﬁmedeaataxnsgsmtaelyhen‘g:trhngeh&omdf1 tnitB t he aci d
is injected intp FQ‘PerQElﬁD%% 1@*’1‘%8%451“156 t%é?ﬂi‘cwr? »\f/ltelh%e gz?sgoflso mai ntai n
the range of ol€fin to nocar’boxyli ¢ aci term ned range
in 2 o the2&ectnaetanisongtsieatact pithdhe hqter@ppvwéataadamqhsﬁ #deastion it is

desirable to U%@Q%E afn@% u£e%€tﬁ)tt%rf§rr§‘ﬁie ééibrlnﬂ\ar%%dtﬁé‘mﬁd Eela@tttghar{dhhe can be
reduced or |ncre ut ad vers

@g % affecti ng e{‘ | al effect of
the injection Bt ko e DD PAPOFHOAEIIG LY 1ptTE Sﬁée%r‘sgffféa »TPRE second and
subsequent cat staitiig rbedef 02: 1rteabt>w:tr3ﬁ) 1 @&5hd beit gabds frioonthe dagltreamod. s sui t ably
carried out in Q ons Due to

t he exot herm c“ﬁ% ur e gé)cntgﬁ c!lg%tanEé}quﬁtg o?‘%at%Po% st ug) Hgér éss{e?f?y to cool
the feed ga‘Sesexnogasleefmm@nd‘nrﬁndac&m‘msemdemtthe &adt(mastastc)gastqtbemqnﬂal n the
reaction tenpe I I t he
i abatc cond frirantthI LR LA% %@2&‘*@%&%8%8%22%%2§$§“e%e@%ﬂ gl
inserting an i Hhigkieaeprard soen.i fgh @t‘éﬁ’%%*@hééﬂ”‘tstﬁreaé?}orﬁ Hée @?ﬁamst beds in

a reactor or (klongasBoRflictadRl rheleqttwﬁnde&eacgaago thlacgecdmeahheﬁbs@q@mgl e
reactor is used with,a serlea cf g l&‘}/‘z‘ltﬁ gi or a serl of separ.ate
reactors are uSEFOTTRSCEBLTY AgPlele a R eﬁ}‘ga‘t?ﬁﬁiél?é'dt )fortﬁ‘%qt‘r? %Bne or
nore of: 350 (athdeadr. Shiswaogeantid uf)elsﬁn td.mﬁnddd@acﬁ@ﬁ&acﬁlﬂ))s brojglatto oire of (i)
addi ti onal xyl i€ aci d e feed
gases to the s(ea§g}re§ %%e%yu'béeeprﬁ%ﬁt Feact u%?sséﬂkewngh%(gxs ' agh%tﬂbﬁt reactors
i's used, the pifedegs poibr tchigs grtebsmtt:teaCh\Démha @poruhaﬂdtﬁebsqqpcmve@ww imer by
the addi tion OfhM\BLEof i xﬁar&%ﬂ%@%@%ﬂ% ée*t'lﬁe FRRCLth{ABh r?&tatéét“ifc adggnieat er
added to the reactlon mxture I's suit ? resent int form of steam and
i s capabl e of dangeraftmolg rafiasiofethytengto é%ﬁtt’éra@lddhdhee&%?‘rtﬂr§aqfﬁ“tFf-‘étBr ocess.

It has beenRsf oyRdlfitshpdactdd§s RRBKNE Ehedany@r&h 1 Ntd &1 lprefer RALEbAM 0T Xt ure in
an amount of 1-10 nmole % preferably from3 to 7 nole % eg 5to 6.5 nole
% based on the total noles of reactant acid, olefin and water, enhances
the stability of the catal yst and thereby énhances the efficiency of the
process. Furthernore, the presence of water also reduces the selectivity of
the process to undesired by-products such as eg oligoners and ot her

unknowns, excluding diethyl ether and ethanol. Water addition nay al so be
used to supplenent the coollng of the feed gases to the second and

. o o S o r B 1



25 'eg a mxture of ethylene and propylene, the di-ether may in turn be an
“unsynmetrical di-ether. The di-ether co-feed may thus be the by-pﬂ@bﬁ@@ 8
the reaction which by-product is recycled to the reaction m xture. The term
"het er opol yaci d" as used herein and throughout the specification in the
context of the catalyst is neant to include the free acids and parti al

salts s o thereof. The heteropol yacids used to prepare the esterification
catal ysts of the present invention therefore include irlfer alia the free
acids.and co-ordination t~~pe partial acid salts thereof in which the anion

is a conpl ex i i i i Lon conprises
2-18 ox;r/rgen-l)}ohnkgg;pﬁ% l%ggrg%t%\%e%agl%glﬁ%gﬁé?{n%\%?dg%%g%qu%tal{e egl@g%ari phe?gl
&l

atons. These patably 0t tonkd: s uT hoadditiomef rtherorliguatsof gt ral atons in a

symmetrical npp S%arb(ﬂ}ﬁc A&t RS Rbd BALITRhAE&HE Ad bubs@fiRnPreabtors ~ 9 AUG
2002 nore of no denum. tungsten, vanadl_un}) nl&ﬁ)tgj um fantalum and ot her
metals. The c dbe stbicigntde ring tha myledatie ebthe slelipigapovitin it can

conprise ahy pmgeefl1e:lapge:Mariety of atons from Goups |-VIII in the

Peri odi ¢ Tabl e of enment,s. These include, for instance, cuprig¢.ions;

i valons boryt | L umihs phanty ofieetost SEuBRE perled etertel R e G4, i

al um ni um galdisposed in apaxiak@odewith aliesfead (reacait) amhyrodpétempdsaraversing snmut h,
chrom um or rhodi um.iens.. tetra e il j ; titani um
ot coni . vaASv a8y Bial A RRIsCAkn Hacldi b SRERIU o bithe 1 [~

t hori um haf nireastoramtil theprodist gargs dave eacheaeectenirom thobase thesenfathgl ent

phosphor u ar I : fﬁ% i ] i l.er i i ons;
and hept a\§/%1l eﬁ?ﬁ%ﬁ?eﬁﬁ/ ons_d.hrég Sgl.“ h’gﬁg ﬁ%‘? @?%B%P%@%ﬁte&gb@% ltrjﬂ)@wn as
" pol yoxoani ondeed gapang thecnaintfiexit @6 theqrrodygtigasesokianever, the gaefors The
structures of ,3@iRotQfe sellBp P4 |seli@OWNRer8 hOMSw ot STARE fed{feabtaht)@n@r i gi nal
researchers in c}zsgics field .and gre kaﬂgwn eg as Kgg in, WellsDaywson and
Ander son- Evan®IPBIC 8fses gl @isypgant! Pé‘?b‘gfﬁ"y%l I RAGR r§aFtia Ee% hi gh
ol ef:ul ar \Neih@btxldebg settup Aea rsamleﬁfridiih;}ow lreagtoﬂdsms@mdl n‘acljial flicle seb-uyeri c )
conpl exes., . T aye a relativel. i ubi }i in vents such as
wat er or Of heﬁp{%{}%grﬁg‘fté'&b§8?e\§é¥{%{§?teg§tpt§§it%q ?t;a I|te13‘[wtt0 ﬁé{% Sa‘?éawrsﬁ%e aci ds and
in the case ofmiddle¢habofsamiditben auttvatdsandiabobvasithe ¢apalgsimn baad caantarol | ed by
choosi ng the PLj : -JQF £ : pol yaci ds
that may be u?éﬁf-’f“i,é#ﬁéf?%%'?a*ﬁE%a§*°?%*§%w?§9§%e*§2§%??*%E%E?‘?yoﬁ‘i‘.ﬂﬁﬁ%%@% 20
12- t ungst ophosytiel ince plepar viewhisihe appasanceipbe sst-afshipp sdhstrssiphor i ¢ acid -
2 oty bost | 1 B e A e e Do he 1T, osi 1 cat e
- ol ybdosi li ci id - i Mo, .z . i um hy, ungst osi | i
- Cs3H Si \Apzoamstﬂ?l&eanésfbrﬁ@s@pé?lbwmﬁtPHW@&? mt%tr%aﬂsgnwardgga as a free
aci dI or as a ﬂﬁiiltiinghhéi@itﬂy?aﬂeﬂ ahdh e Odftdr she ad ditidl r}éatlstidmpmsttmén placef e][ ably on
a siliceous support T il kceous support 1S, sui i e LT
r anul oo beadSe? Hle il bed PR AL R ERopk Br S SARR o Rab SO R
used can be desthyledethtecamdahe amsagtdirsd gages, pirt gassoBotegmtener giog Siom ca
especial |y fuUgdashlibCampii 8 LARSERIRUCEANDLATRGUAT O VST S of

Si Cl 4. Specific exanples ) "I ceous supports 1 nclude Support 350
nmade by pelsl et QwermQshtube oksmasprceptir ubelahreagtopsq)be fedas faad; gaspislq &t i sat i on

procedure is sdicbmbiiehGadial Ry fdabtdPYardd@niMBCBE proi@sCidsbeekidiny fASmPat ent
5, 086, 031 (see esgem ally the Exanp ted her,ei n by
I

e d.i s .lncorpota
reference. Suchescqngddeadonre yse F%‘féassgfgfﬂﬁthlfgée)?{:ﬂ%ﬁéq ¥He 04 SRot i nvol ve
any steam tr eaprrelite redctfs adidds ifi@ddced info the AbksoddPddpotsaaedry enferddne support

is derived fromthe in tices fornmed duri.ng the pelletisation or
extrusion step ey etaﬁléOﬁgaa?]beoﬁr(gﬁrsea%tf’ﬁocg?' rég’sel 1(5&;68?&%%%” is suitably in
t he form ofo petdreestratypmaiusad gasseadigroductaseeagh ebad @wrenableshidstretrmvdong an
average partic i T

siliceous 5 suif)%%%td %sqﬁlltl %e%l%?%a%%g?}éel%géqeg %’g{@@{e?%%dgre?gﬁgvev%é?nﬂg 3-1.2
m /g, preferabdsthefens gpsdo theghiffl repctoriad soppde cadeftthe Pybspienhreaeiosh
strength of atabB@s the skesl OrfeSrosddh tabihvs 8¢ op&at bY sk@ink @pb@eserips 6f er abl y

at least 6 Kg an re . preferably at.least 7 Th rush strengths quoted
are based on a?Hﬂf?“af@ a'oqéa‘fﬁeaat“t%%t(é’?%?fﬁhﬁl?efamre%% heéﬁfalg]f’“‘sr(?acmrs 1S Phat

beads/ gl obzd estigrmasstiesdrop aaroskHAChl ddefd¥ot B8sheth ledsivdfenweaparedsvitihe 1 o

m ni mrum f orce necessary to crush a particle between parallel plates. The
bul k density of the support is suitably at |least 380 g/l, preferably at

| east 440 g/l. The support suitably has anaver age pore radius (prior to
use) of 10 to 5001 preferably an average pore radius of 30 to 100. In order
to achi eve optinum performance, the siliceous support is suitably 15 free
of extraneous netals or elenents which m ght adversely affect the catal ytic
activity of the system The siliceous support suitably has at |east 99% w w
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oven at el evated tenperature for several hours or by allowing a he%u§%@%as’
" such as s5 eg nitrogen or air, to flow over the wet catal yst after i 2002
is allowed to cool to s ~ g AUG 2002 anbient tenperature in a desiccator
The catalyst loading in g/litre is determ ned by deducting the weight of

t he support used fromthe weight of the catal yst upon drying.

Alternatively, the support may be inpregnated with the catal yst using the s
i nci pi ent wetness technique and then dried by flow of a heated gas, such as
eg nitrogen or air, over the wet catalyst Thi s supported catal yst

db t Th
(neasured by WEIQNE) e LIS Bogipatly AhaeulediRe el emstant HEr Loe in
the reaction psodsgf gasbs yavemsetmalbitaotlalb{n@etldalpathmttume@b%womel ght,
referably fr ht
(pwhl ch co)r/r es%@gﬁ@veﬁrgthggé’l?@f)( ggehg%m%?me@)ged Eﬁ‘a@%ﬁ“&ﬁ%@@%?ﬁ% ght of
t he heteropol 9ar@p@raamiyiq1’éersthlpwbvmmmng askcef damags te therdagalysddue i t he

vapour phase gyjitigR! wirRva trﬂﬁal‘?@é/&t&@'t‘%re%a B%xﬁiﬁ’t%ﬁélrth&%ﬁl?ﬂtb%d
conprising the react ant amé an al co ol [ tu, e product

ester and vat EFHISORGOMRAS R thesap HOIMY ik therrétwﬁﬁa? sloraedit whi ch
condensati on @tea&ngapettirsp@ée @o@bms&t@dﬁrﬂa&alyw bad fhrblﬁé‘lﬁshlﬂh spgee thhre dew

poi nt of any va us sa n.its conp i on.

B ebpor ted ot SEBHE $ases i i ibod! Thidie BERRtu3aRREPERh SRR 1 each
react or whi ch Theyiskef ths betpqseﬁmgmnayfbeatvpraed@ﬁstonhgmglavﬂihmeZofa:atedmOurs of the
react ant ef i t at a GHSV
in the ragge E@&Q%gﬁ%fg hﬂ?@%ﬂe“b o%rcgl\é%edf%ﬁg tlaasqbg%ta@%d) ? l? %600 per
hour. The reastttlenor sorgtatCtsablﬁyﬂteaahqm otithe catalsesttsgnbesedtfmrebﬂmndtt@ range
from 150- 200C W@&,% r ant
gases is 2s suswekm@ﬁmgﬂblé&lr#géEtbg)r\{gme[t%ﬁt%lerrperratur@lﬂg ln%ﬂ(gsséﬁ?lﬁé gases
from each rea@@ﬁfeq“é)“&ﬂt”’atbltbe 4atalyto0C. The tenperature of the catalyst is

slowly ranped up asrttehﬂux@atyadﬂfatct@l@aeéd H&ttﬂsa:dlﬁﬁet@)éet' JTGRA/FLMY t he
terrperature of t

I rst reactar intainin
o nceri vig, % rateSrse 158 pbrent Subbperset TR an P UA Jrdalrk AHGIRPn
pref er rabl y }‘ rmﬁea&&tﬁw&lﬁb i@hatlomnrcﬁrrﬁsal qut @i enelohy raalamjtw}tnﬂi)madslfapﬁ dependi ngf
Upont e rel ativ 1 S, O n to ac re an n e, anount o
e e’ EiTReEal il O3t B Riseher Bef o BR 1GM ARfeor A T onn)
di stillation. thtecidstigestegrintdube produbtegases exitingfrgm ohe frst md<tqmantain esters,
ey be. hyr ol hethuo of beg95 RRReRt: e alRohRls LA Smal ool s 11

relatively hlq urit ss of the
present i R¥entiP®pegoad gad ﬁliltt,sequéﬁnt 9ed§uult1 adynieal ﬁaqtm@, i) ltas:@@sa@@et@ om

et hyl ene and acsetab@ut&buldrebMomeadpltrt $eids alﬁ&ﬁ:ghcalttswtlbb matxc@mt recycle of

any et hanol or. di et fu her
illustrated wi'PH® ?Sé:pé! Ea{vcs:rsteiy %gecflﬂg 5&15}13#8 t Eh‘é” f@tﬂ ve
Tests. EXAMPLESonddartaixlylid fed Exehefeaeisgastib ehe seacid and smbmzl;mbmoua&lmed and the
results achiev e(a %tg E?obéjl ated below. In these tables, the follow ng

S a

abbrevi ati ons ave den Used: t o HOSHours on streanBed (T/M B) Bed
(t op/ mi ddl2&/ bot t om) Wmtrbmrcrewlcuﬁsbwabhwamgi—mﬁ\MDW oEmBreAEECtioyd run

acet at eEt OHE: hapet BERDIRIBNABL DR RYFBS ALY 1RACEr ¥ElgakibNo/ Loat/hGram

per litre of catalyst our t enperat ure
pressur eSTYSpa’i?éCttqnﬂﬁ %Yeb%’%ﬁﬁﬁﬂl te CPO'C%}P@Ped gasestpdhe sernd pada pellets

(Grace 57 gr adﬁtbs@}mléﬁtatfé@ct@fses@ 2310 lﬁﬁﬁﬂt&h tﬁ’él}déctﬁtﬁﬂ%mb}éraﬁué v@ﬂmg(h@ por e
vol une 1.03 m / wer e

sol ution of si ?‘%BS%&W&& @’sa&?(’gn% ?—Qfgﬁhw %% ab@%‘éc%g't&ﬁm% ﬂ’zf Eﬂeous

sol ution) don owler recessaryy @theabye inséxeing iah intarnsadippo cdoling tskept Heewesdn uheot ungstic

acid catal yst. e ol uti dr ai ned
off. The r esul Qfﬂﬁ ‘Eat l)ét%e?&lm%pljeg&ﬂr ?Ix@?g%c p%ttﬁ é Y%[E o &ep\%&égmﬁén dried
using a warm swhmht:rra)geglescmm nmdgwwleaaermtoabgtsbfswhetdh onalseragdiofg of 140
g/litre. Cata~glhaheStdaBRrs are used. The cooling step is suitably achieved by using one

or more of’

35 (a) heat exchanger tubes



Thriee reactors, designed to sinulate an adiabatic operation, were $gt t‘:thhdi
" series with intercoolers. The feedstream was heated in a vapori ser ané
passed into the top of the first reactor at 176C and 1000Kpa pressure. The
sb exit gases fromthe top reactor were cooled and fed into the second
reactor at 1 6 AUG 2002 172C and the exist gases fromthis second reactor
were cooled and fed into a third reactor at 168C. The exit gases fromthe
third reactor were cool ed and passed into a vapour-liquid separator at 30C.
The vapour stream fromthe separator was conpressed and recycled to the
vapori ser. Th@o)l i C]ll,H &t@hr&am 5 fromthe separ ator was reduced in pressure

to at nospheric "and Sanp wer e anal as chr t ography. The feed to
the first reactor \ﬁﬁ néggmﬁﬁald?ow % SCté'/‘tfﬂ"gP Tacetic acid (616

g/ hr), water (152 g{.)hr),waﬁlhanol (40 g/ hr) d| ethyl ether (40 g/hr) and
ethyl acetate (92 %ggﬂaceﬁ } n rgunts recited into
the Table below. T Ot"r &C BAYE B%eauw t'f%Y8y, 4149 and 487g

respectiveby of théVbllche\(eosatmlqstflreacmrsat mdaﬂhysmocspm:ﬁrhepcbsahove The STYs

achi eved are qelhRsdclih gﬁﬁJﬁglﬁnﬁ@ggﬁﬂé S B pPGEPAEE bbbl of

cat al yst/ hour ace con Was anal | ne
chr omat ogr aphyhe rrgctamnmuerg/ hre\yat@mdﬂedltqéhwmctmatqrgﬁmmwval

acet al dehyde ?%s%htrlﬁtthé %td?rste@%%tlb wabrerbfrg@ﬁaaﬁgYa i 0felFQsfars Ex
10251. 5CT 10. 231013 .2CT120. 371475, - Indjcates a conparative test not

according to tAdajcphelsin s pragess. rlé%‘@ﬁ ?%enffPW?ﬁ oyt ﬁrﬁ’(ﬂeséTcezoaf%W inghg i f
acet al dehyge irgactidl @sixture i MEUOHE1-30GM6le 08) ﬁé@l&b@tfﬁox’ﬁ altb TR6Nhe, the

rate of catal yst deacti ya 0o .un s denonstrat es
the need to r&foV gg&@:ﬂ?%bg’ Cf)?r'i‘ {*}?éO?ﬂz Eel@rozé??éta%g‘f‘ﬂ’e‘;q‘é%ﬂ?qqeon reaction.
Exanpl e 2 The Wa!tqulenhambesetamstfabmm bihthe saplystadindrthasbyesancdsaehe effickExanpl e 1
Lypieal Y conguipREan s AR e LIRS e EALL B SYA, |1 om he
wat er, et hanolofakeipioeessyto bypdesired by-psoducts wiehas eg eligdmarsrandhethex- separ at or
i quid st 5gamyighind, WRciGihk Mkt TRhenEftee RIAT Yo r];{dﬁmotnhﬁaysﬁ col um

cont ai ni ng the ht ‘materials I’s to an aceta de di'stillation
col utm cont ai Hisag to GupMemertthe spoling £ she fewga%r%thewécom and subsequent

reactors as described above.
It has further been found that dosing the reaction mixture with amounts
of a di-ether such as eg diethyl ether, as a co-feed also reduces the formation of
20  undesirable by-products. The amount of di-ether co-fed is suitably in the range
from 0.1 to 6 mole %, preferably in the range from 0.1 to 3 mole % based on
the total of 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,
25  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 "heteropolyacid" as used herein and throughout the specification
in the context of the catalyst is meant to include the free acids and partial salts
30 thereof. The heteropolyacids used to prepare the esterification catalysts of the
present invention therefore include infer alia the free acids and co-ordination tvpe
partial acid salts thereof in which the anion is a complex, high molecular weight
entity. Typically, the anion comprises 2-18 oxygen-linked polyvalent metal atoms,
which are called peripheral atoms. These peripheral atoms surround one or more
35  central atoms in a symmetrical manner. The peripheral atoms are usually one or



1 6 AU G 2002 nature of the conponents present in this stream nec,gﬁs Ggatmw
the operation of this colum under pressure (1 barg) and at a nol refl ux
ratio of 38 ; 1. The acetal dehyde renoval col umm thus had 10 theoreti cal
stages and under these conditions allowed 98% by wei ght of the acetal dehyde
to be purged fromthe 5 systemas a heads stream fromthis col um which
stream al so contained a snall anount of diethyl ether. The ether |oss was
estimated to be 9% by weight in this stream The base streamfromthe
acet al.dehyde renoval col umm contai ned 67% by wei ght of diethyl ether and
the remaining Ji ”mg"% o} it from
t hi s acetal deh d%mrferm aeh%ﬂuh%ét&? v\%gislﬁé@ @Eﬁﬁfn ia‘?\'fh}.ﬂ’rglamg)tl%? \;?\zf{f? TABLE 8
Conponent Feed Hé@d@nwl@dms Bessushyodlicon Arphasphorys b kameormprissany onbef &i se s
cci 11 edoeti ¢ At A SHIMIRIQIoL SR OTH [0BIPcigBRota oSk dhfehs 4P 38! ot h
1 Et her66. 985065 5a 6. 130 3 8t hanol 1cet al deh
de0. 6215. 600. dn¢ludn, feriastoncezoumis le&%dm}ﬁnlzhmkblgmeamc “cabalt or nickel i ions;
Ends000ut anes QaQueaR3e0 alixiafunt! aiﬁuﬁh[r@%’e@iﬁﬁﬂ@séﬁcz&tl#ony, prosphépus W ~ The

t enperature profll f this a etal dehyde rermvaJ col um was as shown in
Table 9 bel ow lSﬁA\lg gchgoum gr g'u g}réwfatﬁné silicon, germanium, tin, titanium,
C152. 2254. 4356zifdbhitm/ SathditQBulphts . tA8rRing 9GhgBidle ticKell plaﬁmdﬁ,rthbﬂumvm d a

bui 1d up of - spmghy LOGHANL, FAAS, SHEh, feibhe JEL L, BeQLpOSS . 8, hur e of

70. S kg/ hr was ase Hf5Te ack to
the reactor. twanadium)antBnony,iv6s,exavialenCediiriem idns; @ncbhemmm mdirteHens.
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reaction reactants co ol ef a sa
al i phatic, rmndn@aquwi@ﬂlﬁl%efacl Hhe structieresy abssure @ﬁias well rkmwa@moa&arqmameda

het er opol yaci daffeakRd é’ﬁémzﬂ I?@sreﬂl‘%h@rrs i Bfs fidld Gh@hre IR WHERCs al&tgglrﬁ'\?@el@ rendered
substantially free of dehydes |rrpur|éo| es prior to being brought into

contact with tH&WHR ey%@%&aﬂ’&m tStrugtures. pr ocess according to Claim 1
wher ei n the react aante(r@olﬁarcﬁisa:sumdﬁw @&fgh@@@édl@iwgglﬁt@ iheNerangé bhn, a

saturated, lo no _.car bo ci.d and optio
ahi ch 1 oeddt r ol TR SR aNAT R ReERPARIFHS: T ool Rer oL MBSOt oo
form the procepsat lvdnes suekds wateawy othred ogypeneted saivantk.espedidiprif 9@y ppmrex
al dehyde 1 mpur L&y € dAh RS cas® of Mefaf BAR! SRAMEFROGERLAMR LofAGHA by N et -
choosing the appropriate counter-ions. Specific examples of heteropolyacids that
may be used as the catalysts in the present invention include:

20  12-tungstophosphoric acid - H3[PW,040).xH,0
12-molybdophosphoric acid - Hi[PMo012,040] xH,0
12-tungstosilicic acid - H4[S1W12040].xH,0
12-molybdosilicic acid - H,4[SiMo0,,040].xH20
Cesium hydrogen tungstosilicate - Cs3H[SiW,040].xH;0

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

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

siliceous support is suitably in the form of granules, beads, globules, extrudates

or pellets.

The siliceous support used can be derived from an amorphous, non-porous

30  synthetic silica especially fumed silica, such as those produced by flame hydrolysis

of SiCls. Specific examples of such siliceous supports include Support 350 made by

pelletisation of AEROSIL® 200 (both ex Degussa). This pelletisation procedure is

suitably carried out by the process described in US Patent 5,086,031 (see especially

the Examples) and is incorporated herein by reference. Such a process of

35  pelletisation or extrusion does not involve any steam treatment steps and the



3. 'A process according to Caim1l or 2 wherein the reactants are a AUG 2002
" feedstream conprising the olefin, a saturated, |ower aliphatic, 18
nono- car boxylic 15 acid and optionally water) which nmay optionally contain
any ether or alcohol recycled formthe process to the feedstrean) and
contain |l ess than 60 ppm of al dehyde inpurities prior to the feedstream
entering the reactor inlet 4. A process according to any one of the
preceding Cains ~~~herein the reactants are rendered free of any al dehyde
impurities by subjecting the 20 feedstreamto a technique selected from a.

distillation, agrosftgaf{he%ﬂe\gﬁ%rﬁ]ﬂ Rrised Bfncme Q{tel‘gta%fslz@rrnéegl Ju‘?ﬁgtth@n with a

bor ohydri de, an aC| |c or a
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reactants ar e ghiemfenek fdrﬁxeof‘}fell@c@ %r%ﬂ@ﬁ%s'm% glbbulByinRhaH A Ehgt dhe
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t} id f g aseouﬁ}‘3 ase into
contact with A¥erags particlsdiamaterqf todd;mm, gre %nlﬂy dedMPe cIEH 11§D any one
of the presedisighdd fiitaBlyWaek §ore $d1ems irdthefrangerfian 0BA1. 2iml/g hheferably, from

propyl ene or reo 0CeSSs accor e of the
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of the preced e 0 saturate ower
nmono- car boxyl iset ddoobaaédghoamltes/g@nales:ona@HAHdeG)Nltestercwblc meagqurpy iheess

accordi ng,0 q,mxmgp@f&t: hORsARPEEGL L @Iﬂu@%ey@hgﬁ&u@hﬁmt fhateg, |over

al i phatic, nono- |c aC|d IS ace rocess according to

any one of thé‘ep?'%’chdh%QJP@pﬁllﬁrﬁwmb’r?élWSEW&/I spfﬁfmaél)’raétl‘?aét‘b"f Slefin to the
| ower nonocar boxyl 'T:heaﬁlbgoﬂt @mtéwj lﬁﬂ%‘ﬁtaﬂé‘ﬁage ge@ ra@iut (Ridrith Ske)rsFaotier is

suitably int an om ocess according to any
one of the prgg)%mgf%abix %a‘(ﬂﬁaé%eéa%e faﬁlé”‘rﬁfJ3 tPe{pBé of olefin to the |ower

monocar boxyl i c aC| dniondériie ackiaed egtirsurh erfbandnie, the siticebua Rdpurbs eqitiehy

f 0; 6l
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ol efin, a sat wactivigdof theispdterni dhasiioeausisopydrt suitablychaantileasttdSPo wiw purighount
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13. A process acco one 0 alnms wherein the 2 s
het er opol yaci drefgtadl >y1§ss ﬁhgﬂ Qﬁ@"/f WoE. het eropol yacid or a partial salt

thereof. 14. A proceggr aafBlediing shfpHar@fR: Gfact B¢ aRd @3 2Hbnde bR, Wher ei n

t he heteropol yaci.d, ca st wh t her use s.a fre aci i al
aci d salt XherR&cyla, @6‘15%&7@&8 e gkca }ﬁsﬁ?%‘@iﬁzg sity. Qﬂ“ﬁg 4’[%”%"‘&3@15? herein
t he support f cdred hﬁhsmdgetoéasmlsgaﬁ’gj Gratedilytgrade HoslIMldesas agserpgobilk 16.

A2 ocess accordgel Sy 810mels R LEEEH SHRIs3H nify %H%ﬁ&%ﬁ\é@&%e' n

the silica suppor R %n " av e dianefer ore
vol ume in the vadwge of abmtd. léuml/g and mgyvmgea&ﬁemlgelzpmﬂgmgafmmgbqu bB

use) of 10 to [RPARR s@pports can be used as such or after crushing to an average particle
25  size in the range from 0.5-2 mm and sieving before being used as the support for
the heteropolyacid catalyst
The impregnated support is suitably prepared by dissolving the
heteropolyacid, which is preferably a tungstosilicic acid, in eg distilled water, and
then adding the support to the aqueous solution so formed. The support is suitably
30 left to soak in the acid solution for a duration of several hours, with periodic
manual stirring, after which time it is suitably filtered using a Buchner funnel in
order to remove any excess acid.
The wet catalyst thus formed is then suitably dried either by placing in an
oven at elevated temperature for several hours or by allowing a heated gas, such as
35  eg nitrogen or air, to flow over the wet catalyst after which it is allowed to cool to



_crush strength of "at least 2 Kg force. 3s 17. A process according tpgaxuG 2002
one of the preceding C ains wherein the ~s ~~ 6 AUG i ~U addition
reaction is carried out at a tenperature in the range from 150-200C and
reaction pressure of at |east 400 KPa. 18. A process according to any one
of the preceding Cains wherein ethylene is reacted with acetic acid in the
vapour phase in the presence of a heteropolyacid catal yst supported on a
siliceous support to formethyl acetate. 10 15 20 25 30 35 16
. A{Yr.-A3E. A3N. A. A. 2. Ah. AF( 3. A. A3. AY. AY. AL . AL3. A 9. A3y A3 i ! %.
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based on the total weight of the heteropolyacid and the support.
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
15  in situ, the product ester and water as stated above. 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 depend upon its
composition. The supported heteropolyacid catalyst is suitably used as a fixed
bed in each reactor which may be in the form of a packed column. The
20  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 reaction is suitably carried out at a temperature in the range from
150-200°C within which range the entry temperature of the reactant gases is
25  suitably from 160-180°C and the temperature of the exit gases from each
reactor is suitably 170-200°C. The temperature of the catalyst is slowly
ramped up as the catalyst deactivates, eg by increasing the temperature of the
feed to the first reactor, thereby maintaining productivity. The reaction
pressure is suitably at least 400 KPa, preferably from 500-3000 Kpa, more
30  preferably about 1000 Kpa depending upon the relative mole ratios of olefin to
acid reactant and the amount of water used.
The products of the reaction are recovered by eg fractional distillation.
The esters produced, whether singly or as mixture of esters, may be hydrolysed
to the corresponding alcohols or mixture of alcohols in relatively high yields
35  and purity.
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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:
10 HOS Hours on stream
Bed (T/M/B) Bed (top/middle/bottom)
HAC Acetic Acid
C,H, Ethylene
H,0 Water
15 EtAc Ethyl acetate
EtOH Ethanol
DEE Diethyl ether
GHSV Gas hourly space velocity
g/Lcat/h Gram per litre of catalyst per hour
20 STP Standard temperature & pressure
STY Space time yield
Example 1

Catalyst Preparation:
Silica pellets (Grace 57 grade, surface area 310 m/g, bulk density 0 4

25  g/ml, pore volume 1.03 ml/g, ca. 5-8 mm, 9.3 kg, ex W R Grace) were soaked

in a solution of silicotungstic acid [HsSiW,040} (32 kg of 26% w/w aqueous

solution) in order to impregnate the silica support with the silicotungstic acid

catalyst. After this duration, excess catalyst solution was drained off. The

resultant catalyst impregnated support pellets were then dried using a warm
30  nitrogen stream to give a catalyst with a loading of 140 g/litre.

Catalyst Testing:

Three reactors, designed to simulate an adiabatic operation, were set up
in series with intercoolers. The feedstream was heated in a vaporiser and
passed into the top of the first reactor at 176°C and 1000Kpa pressure. The

35  exit gases from the top reactor were cooled and fed into the second reactor at

10
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10% % The results from CT1 and CT 2 show that if acetaldehyde is added in
the amounts shown to simulate full recycle, the rate of catalyst deactivation is
20  unacceptably high. This demonstrates the need to remove aldehydes from the
feedstreams to the addition reaction.
Example 2
The liquid stream form the separator as described in Example 1 typically
contains around 90 ppm acetaldehyde. This can be removed from the process by
25 distillation.
The bulk of the acetic acid, ethyl acetate, water, ethanol and heavy by-
products are separated from the ex- separator liquid stream using two columns
The heads product from the second column containing the light materials is fed to
an acetaldehyde distillation column containing 10 theoretical stages. The volatile

11
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nature of the components present in this stream necessitated the operation of this
column under pressure (1 barg) and at a molar reflux ratio of 38 ; 1. The
acetaldehyde removal column thus had 10 theoretical stages and under these
conditions allowed 98% by weight of the acetaldehyde to be purged from the

5  system as a heads stream from this column which stream also contained a small
amount of diethyl ether. The ether loss was estimated to be 9% by weight in this
stream. The base stream from the acetaldehyde removal column contained 67% by
weight of diethyl ether and the remaining Light Ends impurities.

The composition of the streams from this acetaldehyde removal column
10  was as shown in Table 8 below:

TABLE 8
Component Feed Heads Product Base Product
Amounts in % by wt unless otherwise specified
Acetic Acid <10ppm <10ppm <10ppm
Ethylene 0.47 0 0
Ethyl acetate 3.66 73.44 3.93
Diethyl Ether 66.98 5.07 65.5
Water 6.13 0.2 6.38
Ethanol 0.29 3.12 0.31
Acetaldehyde 0.62 15.60 0.01
Light Ends 22.33 0 23.81
Medium Ends 0 0 0
Heavy Ends 0 0 0
Butanes 0 0 0
Butenes 0 0 0
Total (kg/hr) 553 108 516

15

20
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The temperature profile of this acetaldehyde removal column was as shown
in Table 9 below:

TABLE 9
Stage Number Temperature (°C)
1 52.2
2 54.4
3 56.0
4 57.7
S 58.1
6 58.5
7 58.9
8 59.3
9 59.8
10 60.7
5 In order to avoid a build up of some of the Light Ends such as the methyl

pentanes, a purge of 70.5 kg/hr was taken from the base stream before it was
returned back to the reactor.

10

15

20
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Claims:
1. A process for the production of lower aliphatic esters by bringing
together in an addition reaction reactants comprising a lower olefin and a
saturated, lower aliphatic, mono-carboxylic acid in the vapour phase into
contact with a heteropolyacid catalyst characterised in that the reactants are
5 rendered substantially free of aldehydes impurities prior to being brought into
contact with the heteropolyacid catalyst.
2. A process according to Claim 1 wherein the reactants (a) are a
feedstream comprising the lower olefin, a saturated, lower aliphatic, mono-
carboxylic acid and optionally water, which feedstream may optionally contain
10  any ether or alcohol recycled form the process to the feedstream, and (b)
contain less than 90 ppm of aldehyde impurities prior to the feedstream
entering the reactor inlet.
3. A process according to Claim 1 or 2 wherein the reactants are a
feedstream comprising the olefin, a saturated, lower aliphatic, mono-carboxylic
15  acid and optionally water, which may optionally contain any ether or alcohol
recycled form the process to the feedstream, and contain less than 60 ppm of
aldehyde impurities prior to the feedstream entering the reactor inlet
4, A process according to any one of the preceding Claims wherein the
reactants are rendered free of any aldehyde impurities by subjecting the
20  feedstream to a technique selected from:

a. distillation,

b reaction with a solution of a base,

c reaction with a borohydride,

d. reaction with an acidic or a basic resin, and
25 e extraction.

14
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5. A process according to Claim 4 wherein the reactants are rendered free
of any aldehyde impurity by bringing the feedstream which is either in the
liquid or in the gaseous phase into contact with an acidic or a basic resin.

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

olefin reactant is a mixture of olefins sourced from a refinery product or a

chemical grade olefin which also contains some alkanes admixed therewith.

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

acid.

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

saturated, lower aliphatic, mono-carboxylic acid is acetic acid.

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

15  mole ratio of olefin to the lower monocarboxylic acid in the reactants fed to the
first reactor is suitably in the range from 1:1to 18 : 1.
11. A process according to any one of the preceding Claims wherein
the mole ratio of olefin to the lower monocarboxylic acid in the reactants fed to
the second and subsequent reactors is in the range from 10:1 to 16:1.

20 12 A process according to any one of the preceding Claims wherein the
reactants comprise a lower olefin, a saturated, aliphatic monocarboxylic acid

and water in an amount of 1-10 mole % based on the total moles of reactant
acid, olefin and water.

13. A process according to any one of the preceding Claims wherein the
25 heteropolyacid catalyst is the free heteropolyacid or a partial salt thereof.
14. A process according to any one of the preceding Claims wherein the

heteropolyacid catalyst whether used as a free acid or as a partial acid salt
thereof is supported.
15. A process according to Claim 14 wherein the support for the
30  heteropolyacid catalyst is a siliceous support.
16. A process according to any one of the preceding Claims 14 and 15 wherein the
silica support has an average particle diameter of 2 to 10 mm, a pore volume in the

range from 0.3-1.2 ml/g, an average pore radius (prior to use) of 10 to 5004 and a
crush strength of at least 2 Kg force.

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

15
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