WO 00/ 03966PCT/ GB99/ 02099 ESTER SYNTHESI S The present invention
relates to a process for the synthesis of esters by reacting an olefin with
a lower carboxylic acid in the presence of an acidic catalyst. It is
wel | known t hwboobxée ns can be reacted with | ower aliphati ecrashmeyddi c
acids to formthe corresponding esters. One such nethod is described in
GB- A- 51259390 in which an ethylenically unsaturated conpound is contacted
with a liquid medium conprising a carboxylic acid and a free heteropol yacid
of nol ybdenum or tungsten. This process is a honbgeneous process in which:
t he heteropolyacid catalyst is unsupported. A further process for producing
esters is described in JP-A- 05294894 in which a lower fatty acid is
esterified with a lower olefin to forma lower lofatty 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 heteropolyacid salt of a netal

e.g. Li, Cu, My or K, being supported on a carrier. The heteropol yacid used
i s phosphotungstic acid and the carrier described is silica. One of the
problenms with this process is that inpurities present in the 15reactants
and any inert gases used in the reaction have a tendency to deactivate the
acid catalyst. That the inpurities in the feedstock nay be a probl em has
not been recognised until recently due to the diverse sources of the

ol efinic feedstock used in thisggigggéaggfg ave now found that the
presence of basic nitrogen conp . Orelatively small anounts,

for exanple, at Ohe plessneinVeribiop petatéstotalpeodessaoithe byaittiesls 60stRayNt of the feed
streans can be.detr“ggg%%lafo t he activit% and lifetime of the

het er opol yadFaftie&aiLe lewet egpoxyriction thepst st cERbYIdoeseryst

Accordingly, the [I§ GSR Riov AR AR VERRS wAth6 W& AfighaliOEarbiSIiT oduct i on of -
| ower aliphatjc esters said process conprising reacting a |ower olefin with
a acids to form the corresponding esters. One such method is described in GB-A-

5 1259390 in which an ethylenically unsaturated compound is contacted with a liquid
medium comprising a carboxylic acid and a free heteropolyacid of molybdenum or
tungsten. This process is a homogeneous process in which the heteropolyacid
catalyst is unsupported. A further process for producing esters is described in JP-A-
05294894 in which a lower fatty acid is esterified with a lower olefin to form a lower

10 fatty acid ester. In this document, the reaction is carried out in the gaseous phase in
the presence of a catalyst consisting of at least one heteropolyacid salt of a metal e.g.
Li, Cu, MgorK, being éupported on a carrier. The heteropolyacid used is
phosphotungstic acid and the carrier described is éilica.
One of the problems with this process is that impurities present in the
15  reactants and any inert gases used in the reaction have a tendency to deactivate the
acid catalyst. That the impurities in the feedstock may be a problem has not been
recognised until recently due to the diverse sources of the olefinic feedstock used in
this process. |
. Wehave now.foun_d that the presence of basic nitrogen compounds even in
20 relatively small amounts, for example, at or above 0.5 ppm in tt;e fresh olefin

component of the feed streams can be detrimental to the activity and lifetime of the
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heteropolyacid catalyst.




saturated | ower aliphatic nono-carboxylic acid in the vapour phase in the
presence of a heteropol yacid catal yst characterised in that the reactants
are rendered substantially 5 free of basic nitrogenous conpounds prior to
bei ng broughtwont/esssont act with the heteropol yacid catal ysecT/GB99/0209By t he
expression "substantially free of basic nitrogenous conpounds” is neant

here and t hrough . LiLcati t rising the
~olefin, acetic a&%’%ﬂ%y’zﬁfﬁ\%\/{% g‘?}ségﬁ&e{)‘ﬂgpesr%gg{e?%?th(rg%ﬁ?g&@reggst ream '
i ncl udi ng atywet dliphatic etEEnaolFocaseeampyisise scactigch ldweri alefintwith a eact i on) to the
reactor has ] than 0..5. referably. less than 0.1 m of basic

i tr ogen cottSuRddoTR pmer Plhe B oSl gd n R Rerst e iy R Bee fE)

conponent of hefeeopbBadd t4tsigstBhapadiadised i thab thefreRthisafardhderddaabsigtibllye react or
inlet. Specific ex,aggl es of such nj t rogenous conpounds are_amoni a, al kyl
ami nes and &F§Pfbase ’é?gF‘PﬂE’Fﬁ‘Eﬂ‘?fﬁmgﬂr?éFq ‘l"'}‘lgé’ﬁ%“gﬁbl?‘t}’a‘?ﬁ“ﬁé‘ wWithe 5ol yar yl ene
pol yam nes. heteropolyddi€cdedlgst.C Ni trogen conpounds present as inpurities in
particular are detrinental to the acid catalyst and can cause deactivation.
These i nmpuri ti esBythe expigagiany systagtially fiiep of hasic pitwoppnous eempospdsiisas e. g.

ethyl ene t 0 fhg HRAGH iRBuenb RGNS GRERALaiBh HaltnS £ BRI [Ty Present
woul d depend upon the SOLﬁ’ ce o?g.gt%he agl e%l{aﬂihggégg&%&qg t es?gg‘%stream

The basi ¢ niclefingestinrsidandpuunasr predwerecyds! to tipfeédsiresn iacledingdnyeved to cause
deactivap Ofﬂg.%f efels i*r}g& E&QP&%@&%’ tﬁf}eg't%ﬁ} o th G L TRY e stt?1a6ns Lmy be remved
fromthe feedstreans by~a nunber Gf ¢ echm gues: e suc echini que uses,

f or exanpl e ppma, greferablyled timapabppen ofbasibsiabfénngmpderals bi thefreshedd | npurities

fromthe feedstr .. The 25guard bed itably comprises an acidic materi al
Such s . g ATEARE (45 SHURD G e ELP L 10 Eriseears. o )
zeol i tes) Olentefii Y £dA3IdDMIcE. ESpedFic eldmipkd oFRic ainflcEelBRY chHfipdin@chre N any

suitable form for exanple, as powders, pellets or extrudates. A preferred

_ ) P .
net hod of r éRBYhagalisd ammenandasy amingsinglading polyrdkvieng pelyamigevenid ol ef i n, whi ch
conprisas apsR&9Rfe foiPithesOf the invention, conprises contacting said |ower
30 olefin with an acid-zeolite adsorbent material. The |ower ol efin may
formpart of a f&bebasicaiiragenpinanoundsresent ag onpwitiseis partisalanarat ed, | ower

al i phatic i j I col | erjals include

H nor deni trelei gﬁg& ﬁ{aﬁgw%?do%f%b@%&% %Egﬁe%?%%f R Hpﬁht?eﬁé& reaction, the
ol ef i n r eactussily pesait inghs olefirafebd/sueh hsd. g reehylepe it esaetionr Tie ahounes t her eof .
Where a m xtuyr.e of olefins i s use t resul tant produyct wildl inevitably
e nmxt ur & B Bosgpis iiRuted eSS word geend Vo e st e ittty be-a

ref i ner yopr adihe feedstreamchem cal grade ol efin which invariably contains sone
al kanes admi xed ige ew t h. The saturated, |ower ali ghati (o3 '
mono- car boxyl i ¢ 8§ PRSICAUEqesPRYS CAmMBQHnASIESPntAs HnpYNtEs M RYAVEEIOLEYSS and i s
preferably asgkivfiond the hafaeopaﬁa&a tdlysBYudiSmpditiel Ridy BdHemboleddrdh ur al ity of

reactors set up In series suc . .
the feedstreams by a number of techniques. One such technique uses, for example, a

guard bed capable of absorbing/adsorbing such impurities from the feedstreams. The
25  guard bed suitably comprises an acidic material such as e.g. alumina (y-alumina,
bentonite), molecular sieves (e.g. zeolites) or ion-exchange resins. These materials
may be used in any suitable form, for example, as powders, pellets or extrudates. A
preferred method of removing basic nitrogenous compounds from a lower olefin,
which comprises a second aspect of the invention, comprises contacting said lower
30  olefin with an acid-zeolite adsorbent material. The lower olefin rﬁay form part of a
feedstream, which further comprises a saturated, lower aliphatic mono-carboxylic

acid. Suitable zeolite materials include H-mordenite and H-Y.



that the reactant gases exiting froma first reactor are fed as the feed
gas to a second l1lOreactor and so on for subsequent reactors, and an ali quot
of the reactant nonocarboxylic acid is introduced into the feed gas to the
second and suboewmesesst reactors so as to nmaintain the ol ef i RCT/GB99/02099
nmonocar boxylic acid ratio in the feed gas to each of the second and

subsequent reactigt rédctibh, rih@olémﬂeaﬁneﬁﬁurhesdnfwkgeylen}'mmpylénhermol e ratio of
olefin to the |l ower nonocarboxylic acid.in the 15reacta drj}ct‘% ses fed to the

first react®ixtyres therpefapyRere amixgie pEQlgfins fsuspd, thepresuljant gro eferably from
10:1 to 14, ttf?.éjls’ ) n{ng:ﬁre r28G Lk Ofhe SMORE of A€ oleRA FdadtRft LSAPRS BeQTe 1 Nto

contact wt het eropol yacid in a cat al yst bed, at |east sonme of the
acid i s usedfinqy pwdacrom chemies grade plafimwhiclkiovériablricentpiantomestkanstd t he nol e
ratio of ol efi.n L.Q.Jonocar boxylic acid increases considerably froma
starting ra? MEXSGOTNH  about 2030:1 in the exit gases fromthe final
reactor. Where tTiR sitaaRdd, Diver sliphticrm@d-catboxylic agid pédotaal ik bujtablfy arGlact or s set

up in series, the exit gases the first reactor are fed as the feed gas'
H’é%“%&“@‘&s@%ﬂ fromthe se

to the secof cabaplipacidang i cond reactor are fed as .

the feed gas to fHgeddibh fhay BAGHRA ADR aSphurdRty of¥egdlors Sétg ibseibs aciseri es of |
reactors, the olefin to nonocarboxylic acid nole remélo inthe feed gas to

t he second ﬁ'ﬁﬁ@%&%&@iﬁféﬁt‘“‘l‘%ﬁ%‘f‘érﬁéﬁF"sac’é’éﬁreé?j%"rsﬁh #l 6 &2 3658 o t he acid
bei ng ug ctblﬂar{dge Jgﬁsgea&nplfeaét&e a%ataﬁahqumﬁhmhamﬁatl o of olefin to
nonocar oxy C acl rou to the desired range by injecting further
“aliquots of mpn@arbom@amldowwro@cetm@ thefeptgasfte the seepad pad sbsedeentt s entry into
each of the manuf acture
of et hyl ace%8§ 1%’1? a g% %ﬂg%g&gﬁn ace%‘%g%%ﬁ%CMnﬁtcgﬁ?gen%éed éo? ?030 nol e
rati os of etdefiloéthe séamnam&tsubsea,cendraactotshettmmprb-almtenma@esngeed to the first
reactor is suit 18:. 1 refer nyfromlO:lto
14: 1 and t hat o?'ptf'% r@%\%n&geﬁtnﬁ%ms?i%weﬁ&mgﬂﬁ"su scea(fﬁie"rllg1 reactors is

sui tabl ysf r ggactamt: ghsdsqfedlﬁ tHe firdthi€actof@d ﬂﬁﬁ&ﬁﬂ@ﬁiﬁ@ﬂl%l 02099: Bddi ti on of
further aliqugts of the nonocarbax %I i Cc aci d Lhe f eed as to the second-

and - subsequé‘i‘?fer?‘bé%%?%rlg 14p &t g Pyen f‘?aﬁ'i’%i” ‘f"ot BFPRHEEAYS 10P% ratio of the
olefin to agkélcsdchivith U{Uh%teh%ﬂgﬁcx@fn al@dtalybt 8@, sk BeastlsomEBethplatial ity of

reactors set up in series referred to above need not be a 5descrete set of
i ndi vi dual pEedapde formiheestar draexothermioeeactios aahthe meleratie shelefiidal d wor k

equal Iy effge f’l ﬂ:{ ﬁcac%dhﬁcréa% ClohQabribly £ b s@Hing Wtio! I 191190 hiJag T eact or

whi ch has a plura cata yst eds set up in series and the acid is

i nj ect edoi nB@ltuhEheemt gasgefies therfnh redetorf Whete thetractipnisgamiediont e range of
olefin to nmp r r f 45N the second
and subsequ@ﬁ’fa(il 335% orfﬁe%u”nysﬁ?%:saﬁhef)télgg S?Sofﬁgﬁ%ﬁ%%%gtgg%r@a e to use about
four react ot fecl gas o he s&end eactar dnd ohegdxitighses fromrthdsecoriceatnt aerfed

as the feed gas to the third reactor and so on. When using such a series of reactors,

the olefin to monocarboxylic acid mole ratio in the feed gas to the-second and

25  subsequent reactors is seriously depleted due to the acid being used up in the

— formation of the ester. This mole ratio of olefin to monocarboxylic acid is brought
to the desired range by injecting further aliquots of the monocarboxylic acid to the
feed gas prior to its entry into each of the second and subsequent reactors. In the
case of the manufacture of ethyl acetate from ethylene and acetic acid, this range of

:;,0 mole ratios of ethylene to acetic acid in the reactant gases fed to the first reactor is
suitably in the range from 1:1 to 18:1, preferably from 10:1 to 14:1 and that of the

feed gas to the second and subsequent reactors is suitably from 10:1to 16:1. . The
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i ncreased wi thout adversely affecting the beneficial effect of the

i njection of the nonocarboxylic acid to.the feed gas to the second and
subsequent catal yst beds or reactors. The reactors used in this context are
suitably run wodeessedi abatic conditions. 15 Due to the exorbwcBduozesat ure of
the reaction, it may be necessary to cool the feed gases to the second and

subsequent  J4g@Rich Bf BrtR& afiquotLofMRd MbicAtbbilic BERES thofeed gaspetiktsecond Wi t hi n t he
desired range. This coolin

_ may be achi eved either by jnsertiing an
i nt er medi atand gewrduset reactqss poulidde suffipientdq brngthe pls 1 ‘é%l‘&t]ttgeréeéﬂfa can be
whol l'y or %{dt\iﬁg"il‘l%lérr%%??@: Py idrer i njection of the acid into the feed gas
and s

to the 20 secon sequent reactors. The internediate cooling step can
~al so be used whdihe puraiynefireactassispt npincenes refiredtorshevediepd BtdE Rty of cat al yst
beds set_up,in series s, used |Inthis. | RteWgdi ate
cool i ng st e‘}fs‘frgteﬁ%t@g"’fhc‘)”dé’glscﬂeactt?% P](iae crﬁ%eﬁf&%gésrggééﬁ? ‘ée:rllhﬁlg t&e second and
subsequent ejailBl effsétivelgdthe Maétion ivcatrixdldunip csib ipgirsces stiichhii s may be

achieved e.qg. Py using one or nore. of at . exchanger, t.ube 1d by

25i nj ecti or qUPEWﬁgcaéa%ﬁtB?dgﬁ%flupr}%ﬁ%&%?‘ggﬁfﬁcﬂ 'S JE5¢ r"étgg %’fﬁ? gig(’Jrgl o the feed
gases as deg&h kieaist®B@\Emaintain the riig dTolfR SEmofochibexyjlic esémithintheent i on can be
i nproved further by the addition of ter as a conponent of the reaction

mi xt ure. ThiFedpaereincd page)inthe ieﬁ‘é“draé‘géﬁ\.{ﬁm?eﬁtisiacgﬁsr “iaéypé‘i?r'feﬁ‘moﬁ ¥ esent in the

form of, st eﬂgﬁmoiﬁe 2028 Er R0 SEIHA Sdids Athd0SH this WirfbeakdRed 6r s and
al cohols in the process. It has been found that the presence of water in

the react i omcngised without adeenselyraBigeting dlfe benafipiaheffest ofthginieptianadthe from 3 to 7
nole % e.qg, . 9 ic acid, -
ol efi nQ and mﬁ%‘%‘%? g@?é@ﬁ’bﬁh éﬁg%%gég&\fg?@rawg%ﬁ% cetggttaﬁget bgfgﬁori lity of the

cat al yst angtaitber eby enhances the efficiency of the process. Furthernore,
t he presence of ter al so.reduces the seleciivi . EQRESS to
undesi red by- pr o'}(llkla?(f?aé:toﬁj'&sﬁd é{%tglé.car.‘te)f)tIafegsgﬁﬁb?%}ug\r(fha%taﬁé?at"gE&Iﬁé&mg, excl udi ng
di et hyl 1€t hBue fttle etdii@ngic natiéd Ethadabitioh dhmaghe etsmrp® wskttie feed suppl enent 5
the cooling of the feed gaslﬁg to the second and subse uent reactors.

It has furt B8PS 9ebsserndAId s¥PsEaugRISFACE S ?Peasrtga’éwfa&fh“qﬁf e with amounts of

a di-ether sumlradite Ritlin il dbifbdIraftle NThis cosling nfa9 bé eibved eimerwduces t he
formation of undesirable by-products. The anmount of di-ether co-fed is

sui tably i nins¢rtng avigiermedistg @poling ercbehwrea thy cagh efths wattorsapd $43der ange from
0.1 to 3 no QhAihjedtn@Railel 01 ifth XUt gaotehé si ng_t he

ol ef i n, the@?@p‘ﬁ%’?ﬁ@@%ﬁ’%ﬁ%ﬁyi o ajgi d,n wat earl ell_nd di et kfilé et her. The

di - et hero cosdcend amdysulsequeptisasiorst dhe interedigie eapling step castakbabe $¢dm t he reacti on

Joner ated iRl iAR Aol ils o IR G L LR Bl uhShdn | S ubed,

e.g. a mxturée o ne and propy t he er may in turn be an
unsynmet r i cabeddiln thisHatter cdsecthelinteptbdiate cooling etelp isayped thiggolshe nepatany - pr oduct  of

i S IR TN R R
~ the used, this may be achieved e.g. by using one or more of heat exchanger tubes and by
25 injection of the additional monocarboxylic acid reactant into the feed gases as
described above.
The process of the present invention can be improved further by the addition
- of water as a component of the reaction mixture. The water added to the reaction
mixture is suitably present in the form of steam and is capable of generating a
30 mixture of esters and alcohols in the process. It has been found that the presence of
* water in the reaction mixture in an amount of 1-10 mole %, preferably from 3 to 7

mole %, e.g. 5 to 6.5 mole %, based on the total moles of acetic acid, olefin and
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context of the catalyst is neant to include the free acids. The

het er opol yaci ds used to prepare the esterification catalysts of the present
invention therefore include inter alia the free acids and co-ordi nation
type partial woiodlo®sd ts thereof in which the anion is a 20eomuBexg2odi gh

mol ecul ar wei ght entity. Typically, the anion conprises 2-18 oxygen- linked
~pol yval ent %@len%géﬁhe mllﬁpop{hecﬁagét% fREfebyPbRhes fk @Riencit@RR PEri pheral
atonms surround one or nore central atoms in a synmetrical manner. The .
peripheral atosess. Burthegmeral thy prssracoef waserelsofredveesyhriselngtyitialfigst en, vanadi um
ni obium. ta lsSch I héwtsual Iy silicon
or phosphorg} %%ﬁu?a%sx%g%ggéé@ggﬁ;é/c ggg%ogﬁg@%lgapgbgg&/an ety of atons from
G oups |- VI Excliding diethyPetheoghid ethaadil &Vamsfr addhﬁoremh;salso‘lﬁeesed tonsuppldmentf or

i nst ance iC.ioO i val ent ber zinc, caobalt or nickel ions;
trival ent b c?ﬁ°l"§lqglmerfd‘iﬁﬁasejé?fl]el§ O"FP ubgeapsl A% s eni ¢, anti mony,
phosphor us, bi snithhs fufthérogediSusd thidddeing theiréddtion htur@wih embursd dfiacon,
germanium tjin, titanium,_ zirconium vanadiu p tel |l urium
manganese nldbkth?fS“ﬂiaétet&wdﬁﬁhy‘(%?ﬁﬁ%mcoff?ﬂdr??sﬁﬁ?@“& L P?PPG}%%O and other rare
earth ions; uH&@ﬁ&Y@dy%}Bd&EOSM@%H%t oaalseeﬁur Co-fA4AN MY in tamanﬁmuml ons;
hexaval ent telluriumions; and heptaval ent iodine ions. Suc

het er opoI ya@|1d§ 6zmade 4, wfq@hbm thesrangediopbl b 43 Biele%e bassdop diedeigt al | at es” or

" et al ' 1;“;?@ I i l l,gknown ani ons
are narre ?‘?aﬁ lém%lg{ugerfo I nan ?ﬁé:sear::lt}ﬁ11 spg%tﬁcsﬁﬂl%xﬂic atciad \gﬁdA are known e.g.

as Keggi n,  \AetlybetBanwdbe dae:thlerAndeﬁ socobfesposd Retht by prodedt dizetherdeom

Het er opol ya |ds sual | v lecylar_ wei e range from
o0 2Bo0” HeTRae3H Bt e @‘eé%a?r% £kt l{’lf'h'“ea?’%’fawe“" gFoieh "5#."‘@5% hi gh
solubility ‘e pﬁﬁﬂﬁre%ﬁbtﬁﬁ&te&ndpfﬁpyﬁﬁe vb&td@uharm@tnharmbe(yxgenat ed sol vents,

~especially if the ree_acj.dg and._i S f s ver salts, and

t hei r sol ubi*PHPS %&ﬁ{‘ﬁ }Lebnp?eo"ﬁe feﬁﬂﬁ‘ﬁ%ﬁ’%&ttﬁ%géﬁﬁﬁﬂﬁr“

_count er -1is0NgeaciREWhit By-proandistecyeled Rethe raPRIn@giuels t hat may be used as the
catalysts in the present invention include: 1012-tun tophosphorlc

aci d113[ PW12040] Thetzon theterppafesaidproishisreie angtiheppghqubis spesifsptionp Hhe

12- t ungst osichiehGf ﬁﬁ'cgﬂ%[st% m&@&p}lc]ﬁ&ﬁ% fés A4y lTﬂ@ﬁétérbgél&’acxds used to

acidli 4[ Si M0120401. x. H20 Cesi um hydrogen tungstosili cat eCs3H Si WL2040] AH20
15The het er pppasedbs estarificatiop satalupte oftbe prgseatiingentian fhe@éoraéicbdwwaghaﬂ]@ar tial
actd sait !0k Gaks dud B iRl @%Q&Eﬁ%ﬁ sagtﬁ&%ﬁpmcﬂ& Gindhld £E€0US support.
The siliceous support is su m of extrudates or pellets.

The sil |zﬁeowsmplmpngltmmlmbhrmrghb@nder'ﬁypedlyf ﬁmﬁmamcmpdﬂbdl%pxm@n por ous

pynthet] ¢ i SR iRBER Al Bk P i pSH P Robl s PRk S 1 2Te

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
25  alarge 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
30  and other rafe earth ions; pentavalent phosphorus, arsenic, vanadium, antimony ions;
hexavalent tellurium ions; and héptavale_nt iodine ions. Such heteropolyacids are also

known as "polyoxoanions", "polyoxometallates" or "metal oxide clusters”. The:



- 20Si C14. Specific exanples of such siliceous supports include Support 350
made by pelletisation of AEROSILO 200 (both ex Degussa). This pelletisation
procedure is suitably carried out by the process described in US Patent
5,086, 031 (sewoasn®eé al | y the Exanpl es) and is incorporat edclhrreipedaody
reference. Such a process of pelletisation or extrusion does not involve
any steamt E:H(g,, ' BRGitred @rived from
t he interst:‘;’tces %éfﬁg‘g’ggﬁtrh?%nt e %ﬁ#ﬁ?&?gﬁaﬁrt&tebg?%lsrfggﬁmﬁgp of the
non- por ous tlgs fidl¢and Enekmivin ecg as Kpgain, Wells-DawiseradndyAndersermBvangPelddf.  gr anul es,
beads, aggl onerates, gl obules, extrudates or pellets having an average
particle di SEEFS of 2 to 10 mm preferably 4 to 6 mm The siliceous
support suit abl yHbe@fopalypddsausiialy hiae: d ligh ihelecuan geight ©gnifdth8-rdng? from/7§0-
preferably fromQ.6-1.0.mM/g. The s rt suitahly. ha .crush strength of
30 at |edst 390 df“&ﬁl"(fié,d“%‘?ﬁ’icgaﬁf’g?"e&t lfﬁ%ﬁ?ﬁ'e gr V@&%&E?“Q‘b@&w‘r% 'y at least 6

Kg and nor e sguaheqsbhdwabr dropel olyekhted SoRefs, Wsptcilly €8y bre figb atidyhndr e based
on average of that determ ned for each set of 50 beads/globules-on a

CHATTI LLON trethe e3sewhseypralnalis gndtheir syt omdeeputrolesby psogthene ni ni num
force necest%ﬁ;gxgﬁa% SJuH&P-icﬁxs.pf’;‘ééclﬂ%'eﬁanﬁkﬁ%s\&ﬁ&e&g%?%;cﬁ'thaPln% BSused Bethdul k

density of upport 1s suitably at |east 3 , preterably at |east
440 W. cataljte ingbgppresent ipwéntiabinglueis an average pore radius (prior to
use) of 10 tg 500 referablly an average por i §S 30 to 100A.

I'n order’to lgéﬁ?géégﬁ%ﬁ{‘?r}%ﬁﬁdperfor nmance, the?{'gﬁi’?’égﬁhgbgupport is suitably
free of extrnasedysiopieisplicsicacidel ements whi ch d.giMo.zQvled’Ol y af fect the

catalytic activity of the system The silice . r uitably has at

| east 99% W/(ik/'tb'tﬁsglof‘g?'c F‘.’“z. the inpurities ar gﬁfsé@gzw&é‘ﬁzq% w w, preferably

| ess than 0.16Q861WdsiRdicladidr € preferably 1 ess HfEMoQORQWRW w. 10Qther silica

supports are the Grace 57 and 1371 grades of silica. lfﬁ(ﬁ rticular, G ace
4

57 grade si |Gesmpbydrogenyngstosdifdety of about &SGR0 surface area in

the rangg of 250T§§Qet&g§>& acld @G sBWhdiifeR usiasl g Pacid &/ab alpasiaPddidaier age bul k
density of about 0.39 g n¥ a surface area of about 500-550 n2/g,. an

average por dheredfimmitaifly supperted] prefrablypncailicgens syrnosg d hp sii¢eory WPRITEE rangi ng
from about %u&ibglvlgtl{g%m;rgﬁ’?cﬁg #&%%Elfttsqan be used 15as such or after

crushing to an erage par e size In the range from0.5-2 mm and si evi ng
bef ore bei ng use@hasili¢chas sipppouted tar betdegvdidiam arpahgrphdug, noatParopst . The

‘inpregnated s ort. i s sui I repared .b I i : pol yaci d,
which is pr et %E%E‘I S@'c%leﬁpﬁﬂa]tg?g"s% slrﬁbcf’csu%hc? 39 c})(Sle ﬂhzdﬁgé.d\{’ﬁ P@Enlg Ffder{ﬁs\t/l\%t{e)r , and
t hen addiong Sitle Spaeifio ekariestdiuchgilieas suppbrit incindesSuppont ABUmadetby support i s

suitably left to soak in the 2 id solutio Qr dur.ati on ,of .several
hours, with asa?tlsﬁmn@fﬁ&mﬁm@t%%ﬁ‘?%?x ‘f@"éﬁag eﬂf 1SHEOR RFOFQUTE L ¢ abl y |
filtered usigigamd BuedanRE bf e PRIcedsMeRFBRNin US FafiiDY,0860D! (Sockessialithe. The wet
catalyst thus formed is then suitably placed in an oven at el evated
: Examples) and is incorporated herein by reference. Such a process of pelletisation or
extrusion does not involve any steam treatment steps and the porosity of the support is
25  derived from the interstices formed during the pelletisation or extrusion step of the non-
porous silica. The silica support is suitably in the form of granules, beads, agglomerates,
globules, extrudates or pellets having an average particle diameter of 2 to 10 mm,
preferably 4 to 6 mm. The siliceous support suitably has a pore volume in the range from
0.3-1.2 ml/g, preferably from 0.6-1.0 ml/g. The support suitably has a crush strength of
30  atleast 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



tenperature for several hours to dry, after which time it is allowed to
cool to anbient tenperature in a desiccator. The weight of the catalyst on
drying, the weight of the 25 support used and the weight of the acid on

support was oWbabgfes by deducting the latter fromthe forngericeosmei ch the
catalyst loading in g/litre was determ ned. Alternatively, the -

Support may | %miu ilC&Tﬁ r}@é r(xaeg:es\é\'ziit rt]o hsql ac%rﬁélé/l%settwge%i ra‘:%llél?)? és.n%h%uwaenm f ness .
techni que w ST tanebus dr yl g onba Totary evaporator . 'S Ssupport ed
cat al yst ( meafshe sagpdiyis\saitalyiyta} leaaa380 b rpréferablg ededsn440h@l. pr ocess 300f the

i nvention. The anpunt of heteropol yaci d deposited/i npr e t he

support for use i ets‘I‘PémF‘éH‘Eaﬁbﬁ'c}HEF‘%XvﬂﬁgFBBrleyfaqs“l‘f(Pﬂ@'tggfégijﬁ@?ﬁogg to 60% by

wei ght , pref,ﬁéfa}ablyaﬁamg%%o}é}a&ﬁ%mtmbm,t based on the total weight of

t he heteropol yacid WD 00/03966PC1'/ GB99/ 02099 and the support. The

reaction s carrileardsuto achieyarptipapaisriopranse tha sliceys punpoBvesuitshly fiespfpoi nt  of

Lhe reactor GABAGH feGRTPLILALAOWHREnT RS ALY AR e med in

situ, the product esteer and vvat‘élr_-l arsnggl?gte Elé%g%/c&he%e%yg%?%w%ﬂt e

t enper at ur e sustemhiTbhsiiceounsipparhisuitably bds ag least (98Ur wivf puaitygil. v.ahe ispnyities aien ai r

- takes pl ace. e i S i - its
conposi ti on.le%%nglﬁ)%g’gtpggﬂa‘gkl %?%%%Wgﬁg ‘é’a“?gﬁ?s"t Hy:eilglagig?%g%?/ﬂgg‘%d as a

fixed bed i rwisach reactor which may be in the formof a packed columm. The

vapours of the r tant olefins and. acids arg passed_.oqver _the.catal yst
suitabl y*%t a G@ﬁ“frﬁ{}%%’pp(’a’ﬁg"ée ?}ngﬁ?&g af‘glg . a%éPfﬂléfﬁr In cf“g’F’abl y from

10300 to 200Grapes7 grady silica has a bulléenki®ostiaboit 0l Sg/mlliah@d byrfacired Mahdidhgeat a
tenperature in_the ra r 150- 200C wi t hin which ransg_ye) the entry

f
t enper at ur e Y10 §g§§ﬁ?g' £gadeiNo. 43,11 hap py averagabylls densiip ef abapt ¢ e

tenperat ure @l LRErRY latea SRMRD 550G aﬁga&%@rpoiesvowet&%aﬁt 149+gR0C. The
reaction pressure is suitably at |east 400 KPa, preferably from 500- 15

3000 Kpa, nuoAtd appearagepitiglesiye rangmg domadauid® bd fanmg These sunrkes ¢aslbgupade nol e
ratios ofs ol gfdidh 4 o RN Aer 209, 4 ' Is. The
products 5of t_ﬁe ré%gtgticéorﬂs élggg%eco{/%r g?ﬁl gs%%‘%‘%’rag etilﬁ%gtr’\g‘l5 %ﬁ@%ﬂ | ation. The
est ers produteyihg bafose bring usedag the suppers farithe hetezopwlyacid catrlgst. may be hydr ol ysed

(2,5 Corr espendagualgaleaofle DL Bufbsth O0B B R fel B o1,
suited to Makhiciyis pteforhblyne ampitesiliciconideinteyd. diselledrwhtaceidithenaddidg thy an addi tion
rE)?Z(r:T;): gn W térlllp;%)rE -{o"tﬂ? Lquregl?s%giugor? zo f%ered.e %gggpo(r)tris gllltgl;[l)t] yek tg tsoqﬁ I’in tfhgr ”,Ed'
20  acid solution for a duration of several hours, with periodic manual stirring, after which
| time it is suitably filtered using a Buchner funnel in order to remove any excess acid.
The wet catalyst thus formed is then suitably placed in an oven at elevated |
temperature for several hours to dry, after which time it is allowed to cool to ambient
temperature in a desiccator. The weight of the catalyst on drying, the weight of the
25 support used and the weight of the acid on support was obtained by deducting the latter
from the former from which the catalyst loading in g/litre was determined.
Alternatively, the support fnay be impregnated with the catalyst using the incipient
wetness technique with simultaneous drying on a rotary evaporator.
This supported cafalyst (measured by weight) can then be used in the process
30  ofthe invention. The amount of heteropolyacid deposited/impregnated on the
support for use in the reaction is suitably in the range from 10 to 60% by weight,

preferably from 20 to 50% by weight based on the total weight of the heteropolyacid



Adsor bent bed for renoval of basic nitro2en conpounds from 2as stream 25
Adsor bent Preparation Adsorbents in the formof powders were pelletised,
crushed and sieved to the size range 0.5-0.85nm Adsorbents supplied as
pellets or ex{ybo4iidegs were crushed and sieved to 0.5-0. 85mperApbadida® oOf
acidic adsorbent materials suitable for the renoval of basic nitrogen 30
conpounds froma gas stream were eval uated. Adsorbent eval uati on Between
2.5 and 20ndnddhe B -bent particles (0.5-0.85m) were | oaded into a tube

(stainless steelfndreftioRR¥kied San aﬁw&egﬁasmaayaﬁm&me%omssi ng dry
ni trogen through the tube (200nl mn', 155C, O bargf) for 8-24 hours. After
0.

act i vat i on, of thereagtprecoptentscempasing the pmactantagidkanyplcghol formed fresiethat ure for the
duration of the adsornti.on ;¥Rel HRD! Ded phinfi HRNEnFHRLRIa0 Aigh amoni 2
(60ppm vvasppagcsfe% %r tg{?gﬂ at?_ﬁe a%igssg?'beﬁt ptgittrjlge at g\r};]lﬁg(zl—lsv.aof 1, 500- 13, 000
litres gas (dndenseticuis@rviapour pf a yiverasachpletin &ir ppkesqdace e The depOpairt dfamy. Anal ysi s
of ammoni a down-stream of , the tub |l o erm ' capacity of
t he adsor bentPofBY *4n (’Temlad-ep ?s"lﬁ’f"t1 gsi o\éﬁgﬁgﬁ'}ee ¥ r??’r%zri ?’gé{grgg{’lﬁ%%rocess

vari abl es asatagst s sagablyh@ed ayafiiet ibebin@ach reddiorovhichanaydeadd the fiemweii ous

B e e B ., P 0% oS P A WSS
SD- 940 (H- Y}athyst Qifablyia@h GHEVn ZiRthhde@rdaBMBQA0 5¥0bper hbuf) preféraByatonst . 15
Adsor bent ngoetolzoE(?{;Qh%sg size [m] | ’
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 suitably
from 160-180°C and the temperature of the exit gases from each reactor is suitably
170-200°C. The reaction pressure is suitably at least 400 KPa, preferably from 500-

15 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 e.g. fractional distillation. The
estefs prodixced, whether singly or as mixture of esters, may be hydrolysed to the
corresponding alcohols or mixture of alcohols in relatively high yields and purity.

20 - 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 diéthyl ether formed.

Example
Adsorbent bed for removal of basic nitrogen compounds frdm gas stream
25 Adsorbeht Preparation _
Adsorbents in the form of powders were pelletised, crushed and sieved to the size range
0.5-0.85mm.
Adsorbents supplied as pellets or extrudatés were crushed and sieved to 0.5-0.85mm.
A range of acidic adsorbent materials suitable for the removal of basic nitro_gen-
30  compounds from a gas stream were evaluated.
Adsorbent evaluation

Between 2.5 and 20ml of adsorbent particles (0.5-0.85mm) were loaded into a tube



NH3 [ ppm] Pressure [barg] GHSV [W] Capacity [mmopl g-1] K306 bent oni t e
pellets 2.4 60 10 3125 0.26 E3992 7-al um na extrudates 5

WO 00/03966 - PCT/GB99/02099 _

(stainless steel, i.d. 20mm). The adsorbent was activated by passing dry nitrogen
‘through the tube (200ml min™, 155°C, 0 barg) for 8-24 hours.
_ After activation, the tube was cooled to 25°C and kept at that temperature for the
duration of the adsorption experiment. -

s  Ethylene containing ammonia (60ppm) was passed through the adsorbent tube at a
GHSYV of 1,500-13,000 litres gas (litre adsorbent—)'l h™ and at a pressure of 10-12 barg.
Analysis of ammonia down-stream of the tube allowed determination of the capacity of
the adsorbent for ammonia.

~ Results ,

10  The table summarises the process variables as well as the capacities and efficiencies of
the various adsorbents tested. '
Bentonite clay K306 was supplied by Sﬁd Chemie, y-alumina E3992 by Engelhard,
zeolite H-mordenite by Laporte, zeolite SD-940 (H-Y) by Crosfield and zeolite CBV600
X16 (H-Y) by Zeolyst.

15.

Adsorbent Type/ | Bedsize | NH; | Pressure | GHSV Capacity
| fom | [ml] |[ppm] | [barg] | [6"] | (mmolg’]

K306 bentonite 24 60 10 3125 0.26

pellets
E3992 y-alumina 5° 60 10 1560 0.26
extrudates _

H- zeolite 28 60 10 6860 - 1.5

mordenite powder -

SD-940 zeolite 2.6 60 10 6920 2.6

(H-Y) powder -

CBV600 zeolite 26 60 12 12,900 1.7

X16 (H-Y) | extrudates




60 10 1560 0.26 H nordenite zeolite powder 2.8 60 10 6860 1.5 SD-940 (HY)
zeolite powder 2.6 60 10 6920 2.6

WO 00/03966 - _ _ : PCT/GB9%9/02099 _

The alumina and bentonite clay adsorbents possess' capacities for ammonia of 0.26 mmol
g, while the acid-zeolite adsorbents possess higher capacities of between 1.2 and 2.6
~mmol g". Inall of these experiments, efficiencies of ammonia adsorption of >99% were
determined; thus ammonia levels were reduced from 60ppm (upstream of the adsorbent)

S to 0.5ppm or less (down-stream of the adsorbent).

10

15

20

25

30

10



CBV600 X16 (HY) zeolite extrudates 2.6 60 12 12,900 1.7 The alum na and
bentonite clay adsorbents possess capacities for amonia of 0.26 mol
while the acid-zeolite adsorbents possess higher capacities of between 1.2

and 2.6 ntnolyg 06/039

QN all of these experiments, efficienci gsrhopni a

adsor ption of >99&6mere determ ned; thus ammoni a | evels were reduced from

6Qppm (upstream of the adsorbent) 5to 0.5ppm or
adsor bent).

10 15 20 25 30 WD 00/ 03966PCT/ GB99/ 02099 _ d ai ns:

| ess (down-stream of the

1A process

for the production of lower aliphatic esters, said process conprising
reacting a lower olefin with a saturated | ower aliphatic nono-carboxylic

acid in the vapour

phase in the presence of a heteropol yacid catalyst,

characterised in that the reactants are rendered substantially free of

basi ¢ ni trogenous conpounds prior to being brought

het er opol yacid catal yst.

10

15

20

Claims:

L. A process for the production of lower aliphatic esters, said process
compnsmg reacting a lower olefin with a saturated lower aliphatic mono-carboxyhc
acid in the vapour phase in the presence of a heteropolyacid catalyst, charactensed in
that the reactants are rendered_ substantially free of basic nitrogenous compounds
prior to being brought into contact with the heteropolyacid catalyst.

2. A process as claimed in claim 1, wherein, prior to being brought into contact with
the heteropolyacid catalyst, the concentration of nitrogenous compounds in the
olefin reactant is less than 0.5 ppm.

3. A process as claimed in claim 2, wherein, prior to being brought into contact with
the heteropolyacid catalyst, the concentration of nitrogenous compounds in the
olefin reactant is less than 0.1 ppm.

4. A process as claimed in any preceding claim wherein the nitrogenous corﬁpounds
include ammonia, alkyl amines and aryl amines including polyalkylene polyamine and

polyarylene polyamines.

~ 5. A process as claimed in any preceding claim, wherein the nitrogenous compounds

are removed by the use of a guard bed.

6. A process as claimed in claim 5, wherein the guard bed comprises an acidic
material consisting of alumina, a molecular sieve and/or ion-exchange resins.

7. A process as claimed in claim 6, wherein the acidic material is a molecular sieve in
the form of a zeolite.

8. A process as claimed in any preceding claim wherein the olefin reactant is

ethylene, propylene or a mixture thereof,

11

into contact with the



2. A process as clained in claiml1, wherein, prior to being brought into
contact with the heteropol yacid catal yst, the concentration of nitrogenous
conmpounds in the olefin reactant is |ess than 0.5 ppm 3. A process as
clainmed in clyb@yeesererein, prior to being brought into cegfagbedséedbh 10t he
het er opol yaci d catal yst, the concentration of ni trogenous conpounds in the
olefin reactapt is |less.than 0.1 m 4. ess a | ai ng n-any

pr ecedi ng c% al r%r%séraél ﬁ‘“{“ﬁé“ %qytprr%cgée)'ﬂ%f}?mc% ﬁ‘ at}’ﬁ@ldg%era'ﬁ h‘f a, aI kyl
am nes and ﬁxbyd-camxybcsammmhmﬂtﬁhgamLWakbbyyltcmexdpol yam ne and pol yaryl ene
pol yam nes. , 155 cess as clained in a cedl m. wherein the
ni trogenous Ql: Btﬁﬂ(ggfoﬁ?’g‘”?% Vé’b‘r?%?"?”ﬁémﬂgé“ Bﬁ‘g e&°l?§?! saidg A process
as cl ai nmed inBthSJi a(blﬂ@rﬁmg%ﬁtﬁ&lng shib QleAh AtH ab@éid-ﬁéUﬁde&ﬂSen@ﬂxa@ﬁhldl c nmaterial
consi sting of alumna, a nolecular sieve and/or ion-exchange resins.

7. A protessl-dsmethed aeclpimed il @, whgrei e plefimorag pati of afsedsiean), s a
mol ecul ar Sl’vﬁﬁéﬁﬁirme!z&tnﬂ)?i xf]s gjteﬁo%groihkﬂa?ic moﬁo-cﬁb Ehad as clainmed in any

precedl ng clai mwherein t fin reactant 1s ethylene, propylene or a

m xt ur e t het®df methodas d@llpﬁd)@@kignég ot aiwheegini the myem@@eqfnngbgemcalﬁm wher ei n

t he saturat I t reactant is a d-C4

car boxylic g(g?dé)g% 6@%&9\9& %ﬂ%@%ﬁ%@@%ﬁ“ﬁ ﬁgﬂn?u trogenous corrpounds from
a | ower ol et3. mmstaodjammwm(aoyrpﬁlaimmgo ok whemmghmncbntrhtm‘mqﬁ with an

aci d-zeg| ite, adsar bent as .cl |rred|n claim110, .
wher ei n% he™8PEFPH ¢ rpr?gnéﬁé? he(gcfweé %«ggﬁ"rg‘f %‘gtr?]les\ﬁmaﬂ R0 her conprises a
saturated | ower aliphatic nono-carboxylic acid. 12. A nethod as clainmed in
- claim10 or 11, wherein the concentration of nitrogenous conpounds in the

| ower olefin is reduced to less than 0.5 ppm - 13. A nmethod as cl ai ned
in any of clainms 10 to 12, wherein the concentration of 10nitrogenous
conpounds in the lower olefin is reduced to less than 0.1 ppm

12



