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* The present_invention relates to a process for the synthesis of ester y
reacting an”BI%P%7with a | ower carboxylic acid in the preseRE&/H99/8301
acidic catalyst. It is well known that olefins can be reacted with | ower

al i phatic carboxylic acids to formthe correspondi ng esters. One such

nmet hod i s described in GB-A1259390 in which an ethyl enically unsaturated
conmpound is contacted with a Iiquid nmediumconprising a carj Mmmm,’m and
a free heteropolyacid of nolybdenum or tungsten. This proce ’” ’,
honbgeneous process in which the heteropol yacid catal yst is unse@ggsted. A
further process for producing esters is described in JP-A05294894 in which
a lower 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

. phase in the presence of a catalyst consisting of at |east one

het eropol yacid salt of a netal eg Li, Cu, My or K, being MM a
carrier. The heteropol yacid used is phosphotungstic acid ”Wagr
described is silica. W have now di scovered that nmetallic or gL 2 ound
inmpurities present in the reactants and any inert gases used in he

reacti on have .a tendency to deactivate the acid catalyst. In particular,
the presence of, for exanple, iron, chrom um nolybdenum and ni ckel arising
fromthe corrosion of equipnment and sodi unf potassium (if present in
significant amounts) or cal ci um ESTHRBYNBHESI®r acetic acid reactant used

are detrinmental to the heterogpolyacid catalyst. These inpurities may
cont ami nat e t he Eha priegent inventiet T%i}te%m 2 pronednfor the syndesispbestersbyeans or as

Pmvent s on | Ee et v arger PREMBIRATER R B st a0
00/ 03967 PCT/ CBIR1OZLI Ghowh il Ades @5h 86 Soahlelins RIS laifiaric abokfie 2 | oveer

olefin with a saturated | ower alilphatic nono-carboxylic acid in the vapour
phase in t heigatodermns theoforeeshendng paensaddnk swh aleytstd is dhstribed BvGBett i n t hat

a) the react] s carried out .in a plurality of reactors set up.in series,
Shd by the. 16890 Fewfich ansadenicaly Sl FAyPoudds somaeditha gt al
conmpound i 4t P'Hépf%t i i i with the
het er opol yg&ggﬁgﬂaﬁ? yst.” By E@fﬁéag{dg%@egﬁg@?%gr(???g/g{?dggg@tl%gﬁ%@Pg/ free of
such i npuri tungstent Thisproeess s lidrhegeneoys prstessdn whivhatie Heteropolyhcidant | y. By

t he expression "substantially free of netallic or netal, compound_i o

i npuriti es” catalypaaunrsupppiedind furtherupyosess fonprogpeing esterstis describeg indRed+ ot al

f eed h - han, 0. f | d/ |
compounds.  BTAFEP i YiichddoRs fey B 5reieh SrntioBir nEER 1o frgtve Pien
contact W t ffyRiC&téH MAthis oafméM, ARNIBAGRNASERRERBLEINGRE §ds¥&ls phalein The

feedstock to the reactor is made up of fresh and recycl ed conponents. 1 s
The net al | i theprdsenet af a caalystueraisistingi of af leastione peterdpoipagid sait ef dstetdlegnt al to
the acid catalyst  and use deactiyvation.. Specific ex l,es of such
inpurities i cér(‘h pﬁﬁﬁgm&sgpqqr}ﬁq o‘bﬁrcﬁmeﬁ'm%ﬁﬁf‘%tﬁ@pf)ﬁ'ggdi“ﬁ $pot assi um and
cal ci um and ;948 ; the! JIP4EH ddsEshsiys Bi@s iron, chrom um

nmol ybdenum or che?\g&bés%l%? y arei se rr%r% ttﬁe? corlr osi on of equi pment wher eas
those of sodi um Wehasshaowndistovered tiait enataliic esmkial Eompowmyimpatifies preseacet i c
acid reactant used in the reaction. In particular, these have a tendency to
bui | d up i n iR Beyerdanss pedany ined gasesaised in thetraectian ihave a tspdencyrie dadixatehey
are carried pver,i he yvapotiser, These i rities,my be renpved fromthe
feed to th_et &aqd 8%12‘ §'ir11§ grtwiarrdfh[g&fe%ein,ce gﬁg R ‘é“v%%%’ﬂ“_é’}er. \here a
guard bed i Snaigsdbnuintnd Miélél SridhSy frBnd the doPfodiod of e@lipenttmdn Whi ch is added
to the liquid Streams whet her they be fresh feeds or recycle streans before
t hese are vaodingpatassiume (iff peasentdedignifidaabhmoudsitari caleivm fiooranyxwiatenrare resi n
t hr ough whi ch the.é)i uid streans pass SO aﬁ%o enté(a the nmetallic or netal
conpound i MAGPHE FOIBF gq{p.se&.aﬁgpe epldpd ?teiﬁpe ﬁ‘ﬂéa@_yéh 54 guard bed
[°1 uoe | anor KAy b ARSI e St RUfherdS Ahirhentin L DRRRPSRBAKCS: o0
si |l i coal um nophosphates, netal al um nophosphates and support

het er opol yacerds.gabphasefacetatexaltpirethedfapbasstieanar e eg Amber|yst 1 SH,
Purolite CT 145 and CT 175 Since the inpurities are Iikglgé to build up
above the speci fi Aecardinglyhthecpresent inyentionisya procesp\iprabe psuisetion of lower




~ p JAN 20113 PCT/ GB99/ 021 O streans being recycled to the r¢8ctMeriiBsuch
recycl e st ul'd al so be passed through the guard bed j 0

m nim se cgﬁgﬁ%’%gfi on of the catalyst by adventitious ent ryﬂé(;rrjei;jr%bf‘{azll'§lnet al
conmpound inpurities into the reactor. Were a vaporiser is enployed, it may
be desi gnggbHaicdsfdiy Y { ifhiasalh FRIdRIIEWES DY using
dem ster pg%sa gnd/ or E}salh%gh?}qﬁ%a@éc@%&s@?gﬁ%@@% ?J : ata tahe base‘lvgtfs t he

vapor i ser alipfetie marst-carbotytie acktialthesedposr phdsk irbtherpeeseneedof aThe desi gn of the
vaporiser can b ngh that fresh acid, which is lowin_ heavy netals, can be
fed in at hF‘I‘FéOR‘gWC catplysty ehasacseriseq in thatip) thareastioniscarried @utipal d i nprove
the effici f |, i t ard bed
and a vap?ﬁﬂg%?%gfé%g%lsétsg}gmg 8“?%%1@(\1/{5?%3 gﬁdgﬁ%%n%gsr'{éﬁﬁéergd%?ops%q%ﬁ@# eedst ock.
The f esdsifrelofingetillit 6 meest S6MpbiiidiniuritiedsdsAnbaDRT t61B&aE bRAGhaeye, and
the liquid exiting the bed (ie the eluate) is introduced Into a mddle

and/ or uppentaceyitbihohetetopolyapidroatadyst. For exanpl e, where a 5-tray vapori ser

i s enpl oyed, t el.uate may he passed to tray 2 (fromthe.top). Ethylene

reactant may t ugggpg&sqo%tg»geefgtopﬁé&ﬁ&npaﬁﬂ %?e ‘Pé%’cgéf%“’%?ﬁoﬁ‘?ser, wher eby

the acid, éﬁB&’es@@ﬁicie%?’%x?béfxﬁeﬁé{?@d Gigslatdypyet o are vaporised. The vaporiser
0 1 d dem

sui tably ntairns a |1qui m ster-at or“above the top tray to m nim se
any |iquid carrBy thesgxpréssionlfsubsedntiallypfreclof metallic toalmeyal icothppbdye the top tray
of the vaporiser to scrub the vapours of recycled acid as it rises up the

vapor t8er 1MpEFBEY 1p epRhers anditiyopghouy thespegificasion ghas e tosal derd taither ¢ he

vapori sed I e e saturated with v [ acid

(aﬁd any V\r/g&etgs Fll‘Jéhcr:neor {%B#gﬁ]g ﬁg%zqﬁg%g%haﬁ]%@or g}glbceonép&upg%lp;%&?@b@ﬁgﬁs heat ed
before beithgn D& fpin, ipiRdoried BEiag bfdught int6 86kt Switl thelch@IysE@FAd Bnham@ ol efin
reactant used is suitably ethylene, propylene or mxtures thereof. Were a

m xt ur e ofacgbpthblesatatystiitedThe feedstoskita thetreamtardsiotadevip lof fnestvandaebycléase a

m xture of esters, The source of the olefin reactant used may be a 25
refinery pfUBRRYEMSr a chemical grade ol efin which invariably contains sone
al kangs, adm xed-rhpafemid fhd ﬁ-ﬁ@ﬁl o4 5unqu§1§§1tif?€slﬁn ?Pﬁﬁuﬁ? alaeccie@*immﬁletro and
recycle streans, In particular, nay contaln net or netal conpound

i mpur i ti esthetiicithcdidlys ahd cheserdeattivadons Speifis éxarmplaatadgechpifiputitie® bei ng
brought into contact with the acid catalyst. so The saturated, |ower

al i phati c shdedbg metals iren, garomipgy, sickel; sadium, patassivn gndgalaumaad boxyl i ¢ aci d

and is pre ] id. The.reactign is cari€ yut im plurality
o r eact or oBRunfs Mt TRl AepaReh Gt JbhSRall orfid) 5

PCT/ GB99/ Ogdiflly takiSe fr8@Cthe BbrrEi6E® f 8auiprndd viHepdHs ahdseof bodiBMC pStassiirf of ed as
the feed gas to a second reactor and so on for subsequent reactors, and an

al i quo20 of calhiany reaelt from anynwatar doacetic acidaeattang usattindhkxsactiomtlo t he feed gas
to the second. and Bub;}ealguent ({Beact rs,,so.as to maintain the olefin.to
monocar box PRTHEURE theseAave aitendeney toutldgipdn repyels stregns enpecially dm e
subsequent t et R - I+ ge. Thus, the nole ratio of
olefinto {%‘geﬁoﬁ\%géls%%@cgﬁgg%laioge%@vgé?ﬁ%trﬁgnreact ant gases fed to the
first reactor i sThese inghirities mayibe remoged fromrthd fedd tothik&eactds ugiiged gunalll y from
10:1 to 14:1. During.the reaction, when the reactant, gases ¢conme into
contact wi 8 ORDIBiEFablY; dofaparsed. Where aguasd ped istsed, this couldde in theeforn t he
acid is.1l gpused up.to f t t.er.in an ot her m e i t he
nol e rg io 051@ rg B nctl}% afgr%gr?otggrﬁ gé@/‘ oht- (ol gh?tﬁgrrtg [e’méﬁg%’)hn%:é& e&%ﬁ%ﬂ'f roma

starting ratledm8befbie ﬁmewarab@géﬁs_?eaa @He%uhﬂﬁbe@%hkatﬂfé&ﬁaih? aiidnbéchanp!

reactor. As the reaction is carried out"in a plurality of reactors set up

in series, resiethoough yhiohshé higuid tstrearhs pass so astd entragrtbe methllisortthetak eed gas to

t he second reactor,,and.the exit ses fromthe second reactor are fed 1 s
cHfeTmaspels b, Bed

as the feedoFRoung IMPWitypresent o SEhermataHa car R usadaas; a guapd
b i i s 1 Qi . . d d b t
T nes o 20X YhyEaE GBS o itk Wy EEIBRa L RirloHioBRERRC 81 Bubseduen

for mat ison ofiliddafingaéHosphdiess nistdiglumaiophosphae ahd Bupported heepdpotyagidsc acid is
brought to the desired range by injecting further aliquots of the

TDNoCar boxypesiEmamplssIR celseie 8 Amalys® b HLEurekeBCT 185 286 BS. t he -
d 2 d b t t .. t f.t t f et hyl
oo nte oSNt Mo RRINER ark BREY 36 Build i ahe 1hE et RN IORR W g™ 11V

ethylene to acetic acid iin the reactant gases fed to the first reactor is
suitably in the range from1:1 to 18:1, p%eferably from10:1 to 14:1 and
that of the feed gas to the second and subsequent reactors is suitably from
10:1 to 16:1. The addition of further aliquots of the 2 s nonocarboxylic
acid to the feed gas to the second and subsequent reactors shoul d be
sufficient to bring the nole ratio of the olefin to acid within this range
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fromthe first bed to maintain the range of olefin to rmnocaraaryl‘\hc? id
within the 4 WD 00/03967 10 JAN 2003 PCT/ GB99/ 02101 predete h)e ge

in the secol8%4MPSTubsequent stages. In a typical reaction iECT/EBFY¥QIPLY| e
to use about four reactors set up in series although this can be reduced or

i ncreased wi t hout., adver F@gl y ﬁffecti ng %he bfznefi Ci ab e]f fafcg) of the

| nj eoti on SHEATABEIRE ReRYSedaR s teaskionSch Terueia sesams Shoylg alsadediastsdd and
subsequen I : . j is context- are
Surtanly hfeBA N byl tRd H of SO fidimied BENERRALEN Be B by o SO XL

t he react iaiventitiougryitrh @f netslssailcomposedimpunities mes tigasestot.0 t he second and

subsequent reactors so as . to maintain the reaction tenperature within the
desired range. YWheEe yenariser ingppinyeddhmay be designed to pinknige ¢arsicover 9§ an

i ntermedi ate cqool ing_ ste et ween, t he each the r ors .and c e

whot 1y Sor e el FrBhffesdty R dreniter B0 efiob P E b PiAheR Mkt ot ced gas
to the secaB®a@¢F the RaSEHLRAIWhERARSPbBthe Hdall ARSHATEBE Rnfove@OThEdesip®P can

al so be used where a single long reactor which has a plurality of catal yst
beds set ugf the veporises carsbaiset thdtdresihacid, whitlkets lowdr heaviyemétalsceandu fad e
cooling step . is use 0 cool the reactant i, .S gases entering.the second and
subsequent N thA wt&aﬁag@wﬂm& gery e%nm&- Thig ruld imprgve theiediciagey

achi eved e&eﬁl’réff&ﬁg one or nore of heat exchanger tubes and by injection
of the additional nonocarboxylic acid reactant into the feed gases as
descriired aboveln dieepbedifeft, bbth diguapd bekaid 4 vaporisercire empldyed tdrpneoved
further by the addition 20 of water as a conponent of the reaction m xture.

The wat er Bt impwitiasdrane the feedstonkx The Eeedsoakuis fingippsssA dBiough pguerdbadasm of

steam and i,s_C | e of nerating. a.m xtuyre of .esters. and alcohols, in the

o ocese. 1 bestERBEReyer e eTalt SR P iE B EOd M indl R e riae

M Xture I Nagdyof tre%]f)n of R \fﬂﬁbﬁse%Fo?re%rﬁﬁl@?&)fer@fa@ﬂrg%' UshofisBPhk @mffloyRd, © 1O
6.5 nole % (based on the total noles of acetic acid, olefin and 2 s water)

enhances t te duabimaytbe pafsedio teyt2afrpst thanep)t Ethytdng reachent cwy thérebeefefliintioency

of the_ process. Furt ernore, the presgglctg?/of wat.er al so, reduce

) h
ool cot ol ¢ T RotiqRs ob e saae VRBORER ORI S 1y Scif oy Y TeqiEls SUERDg fed et s

and ot her | ML 5 ek hy : s A MaLen it don may
al so be usgyﬁwgg%dp%%e\%pb%ég@g{gﬁ éﬁgﬁé%e{lﬁ@&?gggﬁ%gg{egr to t ﬁ}é@@gctgd d and
subsequent to afnihmisesany3igquld cargsovierr Freshi adegie acidasindtablyded dbeverthe tépetrageft i on

m xture with anounts of a di-ether such as eg diethyl ether, as a co-feed
al so r educéke vaporiserrtescrubrthe vapewseef reeyled apid pyibasestup theapernsst therehy

di -ether co-fed.is_sujitably i.n the range fr 5 VWD 00403967, .10 JAN z~3
PCT1 GBool OFTOENGNE 2B heeaesifars By el VR e Yreo PSR BRI o 3 1ot e
% basedoon the tphglené SAGEkQIWIth %;&H’rﬁe@@d@%ﬂnﬁ'dﬂg vidi&) ehRfdiny frbahel i phati c
carboxylic acid, water and diethyl ether. The di-ether co-fed may

cor r espond vapotises nny hersuitably figithesthbased beforn heing fed de theoplunpiyeofireadorsy om t he
reactant ol efin. ere a mxtu of olefins is e 5 eg . a mxture of

et hyl ene and prM%ﬁ%’,"t‘?‘i’réﬁﬁp{egf’ﬁwt%ysqgﬁs ’E‘ﬂ}aﬁﬁ’b‘ghﬂﬂ‘%ﬂ@}%[?ﬂ? ff cal

di - et her. b = : - t reaction
whi ch by pragups FERRE BMneEs IR ISR WG, I TRl roficr ViR

"het er opol yiaevidblydse amdttutecsfeisterahetsoumegifohd olefereapat fisedandydve da n t he

context of the catalyst is neant to include the free acids. The
het er 038l y afefinery psediict or 2 cherpicakgrade elplin whickinvarighlyicentaingisampaikangs t he

present invept.ion,ther.ef include inter, alia,the free acid nd. .

co- or di nat i%drimf‘?fgg‘ebeé‘( 'gfﬁ%%ﬁ% r%ﬁﬁ%‘*ﬁ’i‘@? 8%?0'?’nw€%ﬁri% ' d%%lr%rrp%f g a
conpl ex, hi ghhieMhe aiyaion¥ddh Sidtal 8Pty corhydindainbiritiéshehieR have toQUEpr i ses 2-18
oxygenl i nked pol yval ént nmetal atons, which are called peripheral atons.
These peri pregraved as dascribed roemedrion¢o beingbromgbeinta edntadt ovith the agidsymet ri cal
manner . The%léﬁeri pheral atonms are 1 s usually one or nore of nolybdenum
tungsten, v %}éﬁtum ni obium tantalumand other netals. The central atons
are us ly sili 1 .S oA e

vari ety tor  at oms e SRUER AR IBRY dpnii mORRCHAERIECSEIARMGRIS: Ritbly 4082
These i ncl u@d,cafbaxylinadidandis preferdbly dcetis acidi val ent beryl | ium zinc, cobalt
or nickel ions; trivalent boron, alumnium gallium iragn, cerium arsenic,
anti mony, phosphdihaseadsion isearriedoet rnnrpbrralumogreapmamjmpilaﬁ@r,*eStSé@h thakl ent
silicon, germanium tin, titanium zirconium vanadium sulphur, tellurium
manganese ni ckel, platinum thorium hafnjum ceriumions and other rare
earth ions; pentaval ent phosphorus, arsenfc, vanadium antinony ions;
hexaval ent telluriumions; and heptaval ent iodine ions. Such

het er opol yaci ds are al so known as "pol yoxoani ons", "pol yoxonetall ates" or
"metal oxide clusters”. The 2 s structures of sone of the well known ani ons

Y S




structures. Heteropolyacids usually have a hi gh nol ecul ar weig ?
© range from g@npReRe and include dinmeric conplexes. They have % ?yog
hi gh solubility 1n polar s o solvents such as water or other oxygena
sol vents, especially if they are free acids and in the case of several
sal ts, andtﬂef}@adtaxﬁ%'fab&'émhgf&ﬁﬂaliﬁstfrem&oirh?éd £>§’ ﬂcﬁ%mot cGRPropriate
counter-ions. Specific exanples of heteropol yaC| e used as the
6 ~ 1 JAkeastdd ahﬂ@@h@@%lbsweaﬂ rgadtersj and healmlmselﬁthe redetant on i ncl ude:
12-t ungst ophos hgr . acjd 12- rgo dophosphorl c acid 12- tungst03| licic acid
12- ol ybdoﬂanE‘i i gcigds ey Wf Sd@lﬂ’? segoad pod subsoqyenp1 oL -

ﬁ[ gyvyl\/tz)%%oﬁ&%%]@&ooawdgﬂ dl"Wf(Baolglqé%&'%l &%Sfﬁcgé ywa((%lt feefi éas? whet her

used assa feactrofahe second afd sutRaquenateadiordwithinta ﬁ&-d&eﬁ:ﬁn&ﬁra‘h@@r EOf i's
sui tably support ed, Er eferably on a siliceous support. The siliceous
support is suit dbug t hmqlmrangrqﬁoa‘ﬁngoaMOwr mmgrboaglgd aikinghes, gl obul es,

t rudat d d f
aor phous, THSHRBEHES LT Bist S BB Tape PGB 1<, 118, bsuch oo
th d h
Si 11 cobus. SuacaPy ol TR Bl B s e o, R e e A B v Mhmom L

200 (both entolegussajth tHetieterppolyadid ired canlypy tade duleastison@lfitiedadgd sar ri ed out
by the process desgribed in US Patent 5,086,031 (see especially the
Exanpl é8) aigd pRtq ﬁmﬁgspﬁﬁw aexethermip reactionandehe melgragionf ledindoof

pel l'eti sat 'rﬂ&m?ﬁrb%ﬁﬁé‘a%icpﬂc%g&% %ﬂgldérgeﬁglfyoef\ng arﬁ%f%otéteﬁt Jbot} ePS and

t he porosity of the’ suppofrt Jertvaacy Fom erstlces ormed during
the pel | et izpat inafe exit gxdel BONDIhe Findlre@dtof. NRs ARNRAERMBisTatricddut Riea si | i ca
support is suitably in the formof pellets or beads or are globular in
shape havi rgjurahtyaxfém:gmparup ipIseries, theesxergasés omdhe Girsnreactorefrefeabdsy 4 to 6
nm The SI|IC ) su ort qﬁ_@ltabl ha a pore volune in é({]e rang ehérom
0.3-1.2 m /e TsAams S eyerangreestet ¥ ﬁFF’égaW@%Hﬂf‘o‘i"FO TeAGHoF T

crush strengt it e,

prefer ;jbl yn%ttn? geféig%%%{‘ﬁg'%té}r‘{ﬁd }r%ﬁeé)?rdﬁ& %?gblﬂm%ll ﬁ]&a @?Bﬁb&%&é%l{r&ush
strengt hs gmoleaati@incthb fiddzas o thearagrl anld shb@etqudﬁtteamomd sérwuskyatﬁplesed of 50
beads/ gl obul es on a TTILLON fester which neasures_the mni rrum E%r ce

necessary t#edtPtatiacid bang pssdumuy the &rmstipaiof gie ¢ster: ethis male 1tie R alshidi ty of
h I | . Th
e oot PP i fMaliehllc Bha |sAstert PO dhirld FhBeichlnd SR8 AR08 | 11

preferably afthaveneg&bpeylie amdbuﬁe fekd 385 pAoriEs erthy MEIedchio? tikcsticond
opti mum performance, the siliceous support is sui tablﬁ/lfree of s o
¥

ext ranedus anst absequentateasterst In ke caise thetmannfaateesi of eyl eeatatefeoraat al yt i c
activity of e SYS sup ort t.ably has at. st 99% w w

i ceo
ity Vie ehene i faicof, Bis ranga malsRRRgs of thyBRetoatits 5ot o nar
0.60% W w a g-1. WO 00/ 03967
PCT/ GB99/ 02 ?%f&\% %SQ%FJ&%E 21?4 %ris* feaguol E}?&grglt’@q’ﬁ%e rangOfrofiN: Fad e, VO 00
grades of sptdferably fronp&0:1itc U4 drandGhatcf the fegd ade to the seaodtbandasubsdguentensi ty
of about 0.4 g/m _ and a surface area in the. ran e of 250-350 nez/g. G ace

silica gr adéeWc?fS issyitably fopnl il &e A6d- ﬂ[helédélé??é‘lq Vugher-Aiguetsoftte g/ ni | a
surf aceaer €3 Cﬁ’ggwhcsdg% t?%)e Pl $as 1B #oan%e ari2 Jusfev | %r%acggrs%mgffltﬁ b]e 15

m /g and an average ’p Sl cle size rangi ng from abou

supports Ca@uﬁ@neﬁﬁﬁﬁbrﬁ% tﬁé‘ﬁ%ld)fan@fdfﬂie @éﬂksfu Add wathaan iy enae ef PRI L ite |16 si ze
in the range fromO nm and si eving before being used as the support for

t he het eropollyaci d cat al yst The i rrpregnat ed support is suitably prepared
by dissolving th e yacid, 1 o which i ref er abl tungstosilicic
acid, in eg di st é’ﬁl“\ﬂgtg’ S TEaGHRTS SettP ‘BéB??Fgre?eﬁ'Eedstﬁpﬁ?B?’? X‘t”%} ‘loﬁé’gzi‘q_ueous
solution so dfeQJrgt%%t JRdiSHAARAEICthS. SteRBLeds bEIHe freseh® Hehtibd Mgy Aork

30  equally as effectively if the reaction is carried out in one long reactor which has a

plurality of catalyst beds set up in series and the acid is injected into the exit gases

from the first bed to maintain the range of olefin to monocarboxylic acid within the



solution for a duration of several hours, with periodic nmanual, stirring,
after which tine it is suitably filtered using a $uchner funndl0 iIJANONEREr to
renove any WQA®E¥6aci d. The wet catal yst thus forned is then PSIYGRA0Y101

pl aced in an oven at elevated 1 s tenperature for several hours to dry,
after which tinme it is allowed to cool to anbient tenperature in a

desi ccat orpredetesmirgdgiangein the second and subsgauant giaggs. Imetypidelreactign itise support

used and the weight of the acid on support .was, obtai,ned deducting the
ot ter i SHEEE REseabor Enf it ot el eBRE el B o e PR R nas

det er m nedncrédded WldouY Bdversely et RP fie bemRiciRFeftd¥P bR aAj8EkioM dfitné he cat al yst
using the incipient 20 wetness technique with simultanéous drying on a
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Catal yst Preparation: Silica, granules (Grace 57 grade, surface area_310
rnz/ g, bul KNkBEEOf 9ster.84neﬁ1?phc%ﬁa}@e\mpm lt.mm?wé.th%-t presense 8f kg, ex
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mole %, eg 5 to 6.5 mole % (based on the total moles of acetic acid, olefin and

25  water) enhances the stability of the catalyst and thereby enhances the efficiency of
the process. Furthermore, the presence of water also reduces the selectivity of the
process to undesired by-products such as eg oligomers and other unknowns,
excluding diethyl ether and ethanol. Water addition may also be used to supplement
the cooling of the feed gases to the second and subsequent reactors.

30 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

undesirable by-products. The amount of di-ether co-fed is suitably in the range from
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| evel of Osugound enexersmpegierntraDatomBimapyremetridabmanner.b & e peripheesd atomesiarei t h

f h | d f 00h I od ' ed. The f h | d/
Feod b CBTYABE B TRl T RE s eRFUMRONBPFT e Aot op
bed( 11 ) ( Gufie] sl GRREAZIALANABRAR0T MoRordhuc i SAAEIF Brs o JAN

24f 533 PCT/ GB99/ 02101 Again t cat ti'vated but at a subStantially
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of <0.01°% thlude, for instance, cupric ions; di i i ickel ions; tri
, , cupric ions; divalent beryllium, zinc, cobalt or nickel ions; trivalent
boron, aluminium, gallium, iron, cerium, arsenic, antimony, phosphorus, bismuth,

20  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

25  structures of some of the well known anions are named afier the original 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
30  solvents such as water or other oxygenated solvents, especially if they are free acids and

in the case of several salts, and their solubility can be controlled by choosing the

appropriate counter-ions. Specific examples of heteropolyacids that may be used as the
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stream 5 An acetic acid streamat 78C and containing |7.w % Water, %
Et Ac and 4wveooRto®d7wer e passed through a 20 cnB8 Purolite CT1EST/GCaY/@NOY €Sin
bed at a flowrate of 190 m s/hour.. The liquid entering this resin bed
contained transition netals sinulating the presence of corrosion netals at
concent r atcatalystsoin tY®presentiimventior icpydm ni ckel and 10 ppm chromium 1 o This

bed renov t hese corfosion nmetals to a conce jon of _less than 0.1 ppm
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vapour phase in . the presence of a heteropolyacid catalyst, characterised in
that ay tHe-Mehbdeghcicacidarried out in a-pl uréﬁﬁ@}"‘bﬁow&é&%rs set up in

seri es, ar@e@dn?&grl?%lg?ﬂggg@gigh&grendered subst%t%g%yon%j.gn%@f netallic or

nmet al conpoun hat the feedst e than 0.1 ppm

of metal s and/ oTh&étetopeaBidwathbyst Whetber hsed RS FkecRUSHHS al paktial aoiatsalet Wi th
t he heteropolyacid catalyst. 10 2. A process as clained in claim1, wherein

t he feedsttbefeofiissuitably supported, preferably of asidicadus sappdmdr Tive sdliceatis sppportis,

prior to being hrought into contact, with the heteropol yacid cat st. 3. A
P botss s ARy Th e KA el A SR CeBIOme A Bt ooy X rgatss PR RIS
render,gd subst agdk ah; ? t ' r I H{g@@@g d}p%; L es whi ch
ari se 1?5 fromtEgbglg#érlocgéisgﬁpﬁu%gucl%lp‘)k%?\l?ﬁvegﬁé ia{:l% resu t’l#ro rgﬁé)/ wat er or
aceti c acisymtlesictsilich espeethlly furhébsiliean eddhas theke pfoduced by Slaae hytmlysisthfi n cl ai m
3, wherein_the petallic or netal c¢onmpound inpurities which arise fromthe

corrosi on ofCleqdpssisraxapphasof such silicsus sppers MsjudgiSuppert A48 made §%1 ybdenum
20 5. A pr S, as ' | Lm 3 4 ein,the.netal lic or netal
compound i ﬁig)l??’?’?ti?? sé:flv\fl‘éwlilli fgﬁgplé@u%?)lto aqp %rﬁxgéﬁgu\ﬁf;\gi 3rpeg?:tésﬁl§r§8r_@|°8®r8ésct ant
used in theuitMREEArAB] 6B the Préces dRtritALAS P’A"férﬁ@,iéw,oﬂa{s% EPecifily the
process as clai'med in any preceding claim wherein'thé nmetallic or netal
conpourid i Epempleskandas encogporated hereonbyt feéeréreed Stich & Ipeocessicf prtletismtiog oa guar d
bed 2 5 and/or .a yaporiser, 7. A process as clained in cl a(igan, wher.ein the
guard bed FETHHIOR ARSSS: VGIVeAY StAMEEEAmAR)Steps &fl thegporasipy RfdBE WRROTHF af med
in claim74e.M0&f £bM thdfitdsiiled fOIRLdHATRE REFelletisation 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
20 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
25  to crush a particle between parallel plates. The bulk density of the support is suitably at
least 380 g/l, preferably at least 440 g/l.
The support suitably has an average pore radius (prior to use) of 10 to 500A
preferably an average pore radius of 30 to 1004.
In order to achieve optimum performance, the siliceous support is suitably free of
30  extraneous metals or elements which might adversely affect the catalytic acti\-/i-ty 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%
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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. Dew point is the temperature at which
condensation of a vapour of a given sample in air takes place. The dew point of any
30  vaporous sample will depend upon its composition. The supported heteropo-lﬂfacid
catalyst is suitably used as a fixed bed in each reactor which may be in the form of a

packed column. The vapours of the reactant olefins and acids are passed over the

8



@."10%| & ()-f,10%| & ()- *109%4| & ()- )yl0%4| & ()-L'- 10%4| & % ZDaBA7
104] : 10%4| & ()- S810%t| & ()- f4!10%4| & ()-!tf4! 10%& ()-93ML0%:| &O(JAN 2003

1: 10%] & () WD/0Bee| 31 109B&' () - 3yF109B& () - Gy#109B&' () - 109B& KFGREM21d104 |
104| <10%4| & () -] f ydEbC 104|, y#109B& ()-! 109B& () - @109B& ()-F 109B& () -
f109B& ()- 3&8109B&' ()-y&-0odEbC 104, 109B& ()- *10%B& ()- S)1098& ()-'
10988 () - SHAvyEertadly ataGHPGR thy rangediaur 10049 500@ peoimurppeferatdyfeom ) -
8109B& () - £ QBRI (o gﬁ)low.&' ()-yl.1109B& ()- K7 aBYNC 104| @

109%&' () - &10Y& (@% |Per hedre: ()- 109%& ()-! # 109%& ()-mlO%& ()-7  8""#9$dEYNC
104] % 10%& () - yTAOBAChidn is'shlaMy carried out at a temperature in the range from 150-

109 ()-:f!109& () -10%& ()- 9$$$5%00B&BYNC 104| @ S 10%&’ (f’-

S, "109%&' ()200°€ witliaswhich sangd O%gnfry-tympemtury of ticsactant @8esdgsuitably aB7C 10

(<f])1 )0 %f‘i 51(<)C EQRN- {95 and the %%p@itur!e\o o & g?is_é% o (é/ggéh(rzaéct&rllg Os/ﬁta(&y o
170-200°C. The reaction pressure is suitably at least 400 KPa, preferably from 500-
3000 Kpa, more preferably about 1000 Kpa depending upon the relative mole ratios
of olefin to acid reactant and the amount of water used.
The products of the reaction are recovered by eg fractional distillation. The
10 esters produced, whether singly or as mixture of esters, may be hydrolysed to the
corresponding alcohols or mixture of alcohols in relatively high yields and purity.
The process of the present invention is particularly suited to making ethyl
acetate from ethylene and acetic acid by an addition reaction with optional recycle of
any ethanol or diethyl ether formed.
15 The present invention is further illustrated with reference to the following

Examples:

EXAMPLES:

In the examples STY is the space time yield measured in

g EtAc/l catalyst/hour

20  Catalyst Preparation:

Silica granules (Grace 57 grade, surface area 310 m%/g, bulk density 0.4
g/ml, pore volume 1.03 ml/g, ca. 5-8 mm, 9.3 kg, ex W R Grace) were soaked in a
solution of silicotungstic acid [H4SiW12040.26H20] (32 kg of 26% w/w aqueous
solution) in order to impregnate the silica support with the silicophosphoric acid
25  catalyst. After this duration, excess catalyst solution was drained off. The resultant
catalyst impregnated support granules were then dried using a warm 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
30  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 exit gases from the

top reactor were cooled and fed into the second reactor at 172°C and the exist gases
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5 atmospheric and samples were analysed by gas chromatography.
The feed to the first reactor was made up of fresh and recycled components made up
of ethylene (3690 g/hr), acetic acid (558 g/hr), water (147 g/hr), ethanol (EtOH, 6
g/hr), diethyl ether (28 g/hr) and ethyl acetate ( EtAc,113 g/hr). The three reactors
were charged with 283g, 430g and 554g respectively of the silicotungstic acid
10  catalyst specified above.
After the initial settling in period the catalyst activity was monitored by
overall STY and exotherm on the three beds.
Example 1
For the period 200 - 400 hrs on stream the fresh acid/water feed contained

15 2.9 ppm calcium. Catalyst deactivation, particularly of the top bed was observed as

outlined in the table below.

Time on stream Overall STY Exotherm on top bed
(hrs) (g EtAc/lcat/hr) (°C)
200 227 10.6
300 220 6.5
400 211 2.4

After this period the top bed of catalyst was removed and analysed. An
average calcium level of 0.14 %w/w was found.
20 Example 2
The top bed was replaced with fresh catalyst and a further 200hour period

monitored. The fresh acid/water feed now contained 0.6ppm calcium.

Time on stream Overall STY Exotherm on top bed
(hrs) (g EtAc/lcat/hr) (°C)
650 212 12.4
850 209 10.6

10
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Again the catalyst deactivated but at a substantially lower rate than in
Example 1. Analysis of the catalyst gave a calcium level of <0.01 %w/w.

Example 3

This example demonstrates the removal of metal ions from the feed stream.

An acetic acid stream at 78°C and containing 17.wt% water, 7wt% EtAc and
4wt% EtOH were passed through a 20 cm3 Purolite® CT145 cation resin bed at a flow
rate of 190 mls/hour.. The liquid entering this resin bed contained transition metals
simulating the presence of corrosion metals at concentrations of 40 ppm iron, 10 ppm
nickel and 10 ppm chromium.

This bed removed these corrosion metals to a concentration of less than

0.1ppm (detection limit of the analysis method) and treated 11 kgs of feed prior to
regeneration.

11
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5  vapour phase in the presence of a heteropolyacid catalyst, characterised in that a) the
reaction is carried out in a plurality of reactors set up in series, and b) the feedstock
is rendered substantially free of metallic or metal compound impurities such that
the feedstock has no more than 0.1 ppm of metals and/or metal compounds, prior to
being brought into contact with the heteropolyacid catalyst.

10 2. A process as claimed in claim 1, wherein the feedstock has less than 0.01
ppm of metals and/or metal compounds, prior to being brought into contact with the
heteropolyacid catalyst.

3. A process as claimed in any preceding claim, wherein the feedstock is
rendered substantially free of metallic or metal compound impurities which arise

15  from the corrosion of equipment, or which result from any water or acetic acid
reactant used in the reaction.

4. A process as claimed in claim 3, wherein the metallic or metal compound
impurities which arise from the corrosion of equipment comprise: iron, chromium,
nickel and/or molybdenum.

20 5. A process as claimed in claim 3 or 4, wherein the metallic or metal
compound impurities which result from any water or acetic acid reactant used in the
reaction comprise sodium, potassium and/or calcium.

6. A process as claimed in any preceding claim, wherein the metallic or metal
compound impurities are removed from the feed to the reactor using a guard bed

25  and/or a vaporiser.

7. A process as claimed in claim 6, wherein the guard bed is in the form of an
ion-exchange resin.

8. A process as claimed in claim 7, wherein the guard bed comprises
amorphous aluminosilicates, clays, zeolites, aluminophosphates,

30 silicoaluminophosphates, metalaluminophosphates or supported heteropolyacids.

9. A process as claimed in any one of claims 6 to 8, wherein the metallic or

metal compound impurities are removed from the feed to the reactor using a

12
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