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-;Z[eSe:N:K;(T6TT17!f 1 FEB 2003 PROCESS FOR THE PRODUCTI ON OF VI NYL

ACETATE The present invention relates to a process for the production of
vinyl acetate. Vinyl acetate is generally prepared on a commerci al basis by
contacting acetic acid and ethylene with nol ecul ar oxygen in, the presence
of a catalyst active for the production of vinyl acetate. 5 1l Al F&BaRopst
suitable for use in the production of vinyl acetate may conprlse a G oup
VIIl metal, a catalyst pronoter and an optional co- pronDter For exanple EP
A0672453 di scl oses a process for the production of vinyl jﬂmmﬂmmmmlm
catal ytic oxidation of ethylene in the presence of acetic a J MWhe
catal yst is a supported pall adi um catal yst conprising a pronotenrepd a
co-pronmoter. 10 It has been found that when the catalyst is used in a fluid
bed reactor and the acetic acid is introduced into the react &”l

liquid form the catalyst particles can becone sticky and | MWWH%W”

thus formng lunps especially over extended periods of operatiog

extrene cases, fluidisation can be |ost which may cause the reactor to be
shut down. 15 European patent publication EP-0847982-A relates to a fluid
bed process for the 4 productlon of Vi ny acetate in mhlch liquidis

i ntroduced into tHERS 5 3 TN K ATEnovi ng heat .

The liquid introduced |nto hefI |sed be be.a react an ncI udi ng
The LLqurd [ ntragced bk oubhe ikl %nr%gssgfa?ﬁﬁearame@ Ly

di ssolved in th t r%% erein
the catal yst hag”{f‘1 ggetgn%tlgggmtré}gl ‘ﬂgpag?‘%” hgo%gﬁr&éél?gﬁggygﬁﬁtﬁézﬁ e%%/]\m ght
% . This aamdiatd oifnylpod: aswi motecdar @ggemdsthe pr@e@ewdiagiatal Pt patvadst the acet at e.

Al though it is stat that the catalyst did not aggl orrerate and defl ui di se
there is nBrOPHEHALRS ‘BW]&FettaH"e scal e of the experiment or 1 1 FE8 2003

how | ong the ex e(‘rlt Q5 RE prdbuch {, em of
sticki ness can e aav0| 5 ﬁyﬁﬁluﬁ?tﬁg t he caerrlxlggfr‘ltﬁ:l %8%%8%0%g% erial in
t he cat al yStoupoWHd sietalpa catAiystoproimogdriand ehepfoes eatpromuent Fonexanpld BRg\-a

process for the production of vinyl acetate which conprises feeding .
et hyl ene, Y9%#drd d&@gtsr:%a REQCEsSA9A therpradycgion- qfdwhaqﬁt%ggwse qaﬁﬁlﬂl%@mq?qsioa bed

eyl one. SSTERS AN pr b RUINSeACHRELARNL ALk Barkls il ot ARAEREY

et hyl ene, ace c aci oxygen int cat al yst

material, scahldlstaahdrigt gd”fﬁ*oﬁfdt@r'an@wﬁbipmera Goup VIII netal, a pronoter
and a co pronoter, said copronoter being present in the reactor in an

anmount1®f up toltd%swew@@ﬁtthaﬁﬂvwéh@aatawgs useﬂontﬁ@q@b@s@mtor #ethei on
provi des a rocesf r the, producti n acetate |cha0|dsthe

Dt obl em of “EiEar5as iad BEOHETRAGR, R o LS AR% R st Poe@BerS) | over
ext ended pgédoafisstiRky QRE ik topRtHek Qhu@fb@ﬁﬂigelu&bﬁ éfél’:natlﬁaﬂer%x%m& peridis of

catal yst of the present”invention is a catal yst materi al,

conpr i si ngoper@igu plnaxtienmestaats, ﬂalmbcmcmbeln@t vahiclo mpy causedhe refibtes &0 be
conpounds aﬁg sui tably 15 acconmpdated on a support. Wth regards to the
Group VIIISHEA]WN the preferred metal is palladium Sui tabI e sources of

pal | adjgim i nclu h3died éﬂd t prdsd%sﬁ Je14r85Q6 Btess for th
tetracLI or opal | gg‘ate ?I I )[Tb %léc?h or K2P CI 4) y pgl ad| u aceesfgact)re,e
H2PdC 4, patddadiiomof vihyl avetateineviach Wxﬂmﬁmﬂnd&detl)ntmﬂ@ﬂmﬂsedfh&l reettat foray be
present in a concentration of 20 greater than 0.2%bDb preferably

greater thH® R}“B%etgf IBPYRE he@s;5@‘(91151!-1}(1)/1“5{86‘&&3‘11“t%tb‘§/%{wéiség?ecb@§)éae Bpon
total weight, .of; GaLANSthe addf J0RE FacE AL S5, Wot?s%m%?a&'taqg nfd§ b 0% by

wei ght .

dissolved in the liquid feed to the bed. In the example described therein the catalyst had
20  ametal loading 0f 0.44 Pd, 0.36 Au and 2.5 K (weight %). This amount of potassium
corresponds to 6.3 weight % potassium acetate. Although it is stated that the catalyst

did not agglomerate and defluidise there is no indication of the scale of the experiment or
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In addition to'the Goup VIII netal, the catal yst conprises a pronoter.
Sui t abl e, pronoters include gold, copper, cadm um and/or ni ckel qqrrfgél%lﬁ A
preferred 25 pronoter is gold. Suitable sources of gold include go
chloride, tetrach| oroautic acid uCl 4), NaAud 4, KAud, 4, dinethyl gold
acetate, bAVINEEEERENBENY YRS REHOEEtet ate. The preferred gol d conpound is
HAuG 4. The proRpd RiveTBLAL tHiBlhe o%ﬁlﬁ&%ﬁcmﬂ?s@eaﬁﬂpmidéﬁ by lﬁ%%{gﬂeto 10%

by weight in the finished catalyst. The catalyst conpositi‘on conprises a

co- pr onot eampwitexfical promesanatenalan 8@ atatyst ndompdsitbon. of up to 6% by wei ght of
the catal yst conposition.,K Suitabl.e cao-pronpiers include G o l, oup |1,
|t han; e or -t AERGITSH tHEPIET IFys e BIAES & 2apESO b PIORCiR el
sodi ums i I 9k, BRAGAES Rprigeh Fehl B0 MYuid 3B Qcid AHat BbGiiR € 2
1 1 FEB 2003 2ylar esent 1In rtlhe i rﬂgs%% cétg"flyst gs Cgsdaﬁas%haéewg%n gﬁﬂtg@eﬁate

sal t. The pashera @diddedirsaciorcandatactiganelevated timparatast iattke fldidded eegatanot er

is present in t)Be cataJ yst, conposition in a concentration of up to 6% by
vei ght of Ewreahyjene, aggticrackdand oxygap indtha PEssencstaf gifluid bed epglystanateriab s py

i ght of . i.all 9 i gh h I ) i al
'S 8 supporteg b BRRichireh SRR VR e A BRe 6T ORI T o

al um na, spldmcteabaing Peesertiif eHY @actdi inl dhndun8Bf @p tZ6%LNWEgR of SRS BHlyst.
Preferably the support is silica. Suitably, the support nmay have a pore

vol umelq r om 0. 2 Tihg peeseniinvensiongrrayidesa Bigspssifer thy pseguctier ofiviayl asktate t o 800
n2 per gra n . ensl of 0.3 to 1.5 nL. The
Suppor t ‘g TS SRRRGE pRBEertBr BRRPEREbS Sa B | Bl ool morieltVai

| east 60% efertdxeeriad gbmesas mﬁemioﬂqfd}@w@mglergaé&mm didaygt er of below 2 X
10'm (200 mcrons). Preferably at |least 50% nore preferably, at |east 80%

nmost pr ef er abl y Thatcatalyst of e @resent ineerdionas § Svidbed wcatalyst mateviel, soparising h e

di anet er Ig‘,lss tb}gﬂ 1.015 X 10‘méq;§05 m crons),., Preferably no rr%rqf than 40%
of the cat A9 VHHMEGRY ALY Andif SORRFUPOSF TR CORRAUDTS.ra sRIERIY( 40
mcrongy. i&ohRo&AbLby Sku be prepared by any suitable nethod, such as
that detailed in EP A-06724S3. Suitably, the first stage of the catal yst

preparation prod€sls régavds teabe Gnpupe§dmeodal, the préferreippai is patisdumalSuitble a
sol ution cont ai ni t he r.equire oup VILLI . petal. and the .pronoter netal in
he T or m ofougr ISR PURIE Rl e Bt o Be peBRUBe | de-

der i val | Vefoiralli rd L EABAH NS PUOLIGPK PACRT SARIAR YodfoRHURRYS piMdiihon 20

and the volune of soluti I's such that 'it corresponds to tween 50

and 100% of1I} hieraposrepallatiume(IDfsutphetesThzpoethl mpy bd preadit yn 50oncen@&6rodf t he
pore volune. The inpreghated support. is dried at apbiept or reduced
pressut® aBEsr 6%%%&&% Welghh dir gtg[i’i’é’ 8’62“2%%@} Oéro/gplé?”é!ﬂh}’ EGBGQ‘%IYPS’G@ prior
to metals n J il &1 i e, the
 mpr egnat ed Suppe PaR RO bl BHER SRBIyE, Int el b LA B O
hydr azi ne, hfgbragalogdeby deight. hydrogen. |f hydrogen is used, it wll usually
be necessary to heat the catalyst to 100 to 850C in order to effect

conpl et e reduct ilBaddifipn ée theHeronpepdl metpd thpedalsy epmphissses peawtearuitableout |
wat er ,,and then drie The.dri.ed carrier

t he reduced cattalsy.sg [ g\@shoed Wctg ! depdried. &.cdr ]
is then i mBFUBNATEECIAT BOPREPHST BHTR A YRR SPmRBU I otb & e
thereabter pdiheldr is¥dl@r BakdbteotredshE okt incll@sgsla@hloras Nedadiid Rk adi®
i npregnated with co-pronoter then dried.
(HAuCls), NaAuCly, KAuCls, dimethyl gold acetate, barium acetoaurate or gold acetate.
The preferred gold compound is HAuCls. The promoter metal may be present in an
amount of from 0.1 to 10% by weight in the finished catalyst.
The catalyst composition comprises a co-promoter material present in a
30  concentration of up to 6% by weight of the catalyst composition. Suitable co-promoters
include Group I, Group II, lanthanide or transition metals, for example cadmium, barium,

potassium, sodium, iron, manganese, nickel, antimony, and/or lanthanum, which are
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' The net hod of catal yst preparation may be varied to optim se catal y§'t 3
~1 1 FEB ?003 - performance based on maxim sing vinyl acetate yield dnBEB 2003
selectivity. The process of the present invention conprises reacting

ol ene. ; OCe S nve ( A
catalyor et i PR RS RIRN 208 R PR AR et SRR, O 1"
adm xed W%&a&ﬂﬁn%? sOMLM 2Rbtakl, t'rm&ﬂprdmmg@res@ﬂthaﬂ%ca%‘»alys@wﬁPoﬂii@mnde and

water in the formof steamor one or nore of hydrogen, C3/C4 al kenes or
al kanes. Theomsehtrhtéoreof up toheedyréigltcbffcatalyst. oPrefezablp dbe oonagntyatiom iafromeast

60 nol e% e sgen- cont aini as may suitahly be.gir or a gas richer or
poor er in_?TTgItB%{’g yd&?}g‘@é&h%iﬁ“%@ﬁéﬁ'@ﬁ%Ha 3 may begoxyglen
diluted, with a gy Eaaiﬁ,gt rhtefhl i¥ 8 Rhppdrid GXAFR! Suitdbild Q8 &supptiindudear bon

di oxi de. Preferably t gas I's oxygen. The ‘acetic acid I's ihtroduced into

t he react oporons kiligajiathrhioa,rsilicafauroina) titgnia ssilpartitarda zirfconiher aatibdn.mByeferably

i ntroduced  in the yapour for he acetic acid is preferably cru cetic
aci d. Sui t B6ISyPPITRES %‘1i‘iiui5rﬂ"té@¥tﬁ£€saﬂ?fa“‘ W&iﬁ%ﬁéef}ﬂ?ﬁedﬁﬁ’é%gf’??t%z fchg-%f id bed
reactor by i i.ng i , I y be
a gas-i ndu'():ég?f ?Lrélaaft‘:so %f’nagg uﬁ%&é?@a?‘f g??é‘ﬂ??&%@%?@%"? ggéhﬁgﬁkza})g%e“ame or
mor e nozzl esknieysityeoflis®eb 1 6rg.inhi SThHewuppse mapdghitdligrialé ¥ panteisysiteed acetic
acid nﬁé be introduced intg the reactor. The recycled acetic_acid may be

pre-ni Xbd distributing segh fhat afdeast £0%cotdhe patalyst naaiqlesthaye apaticdediametse of eact or
using a se t£. h R hOD.: S. I 0dCet | c I i ly
conpri se Wg%}é%f’él}ptrgg?g@%%‘éﬁ ; tpégﬁgdghg%%‘f?af g |/§’nl’?’|£)lrr1e ?'ﬁger%é%négf%ws%o?)g’am i's
20 such t hajost frefet@s]f rat CABCTIY lofthedght A19dt dArticRd hatd Fﬁﬂﬁ@lercﬁ@ﬁét@ﬂekﬁhhﬁss
than 6% by weight, preferably |ess than 4% nore eferably, |less than 3% of

’
the total A5 Hiim GHSomicsenshaRrateablympanemhincid of thematalyss paiclss Bawut | ons
for introduging.a ldquid intq.a fluid bed should be taken, such as avoi ding
cold surfaﬁggﬁaquggﬁéﬁ%}grﬁg QH% fﬁﬁngbch catal ytic processes that

catal yg4 acti Vi tife\vhialys?Riafl 86 bRdared Myt dhylsuit®hé Alethvd! sukiSs tiRAZeRfed INEP-
particular, due to the volatile nature of the co pronoter, the |evel of

co- pr onot e A-0672403. Sattably.sthe fintt stagalof theoratadyse sraparation ipnecesstinvelvesesul ts i n

| oss of catalyst activjty and a |oss .i,n selectivity. Ln order,to iptain a
const ant  cURRsERR &5 h BBt PesndRrtUn S ES daioe Ak R el Wl o

bei ng | ess pfchanng twd %ﬁo”t&ﬁﬂetﬁﬂh RROTRISSS sBRYIR8ItAdEeM 1 dhack sdilyst

during the reaction. is may suitably be 30 carried out by adding the

co- pr onot esolnbledwalidd derovatines. | Thpuingregneting salatich if peaferablytan agheousisqluitidn

recycle acetic acid. ternatively, the additional co-promgter 5,0
introdﬁ%eda%th& \obme éfgf'f’ef%t.“ﬁ‘. quﬁ ‘%/\%Hcérth%r‘t FORresee S&?B%&qeg%bfngﬁéﬁ g into
the reacto [ fdrativ %0 2093, Ak §6td Jeans such as a
nozzl e. InEheetaé:q{Q(%gEJg?e ?ﬂﬁggglg{p%{g%% gefraggont 8cts gt)he ?ata ylét material. The
process is carr iThd imptegnated shppordishizidd ae ambient @andduey psesst@izng flven oper at ed

at a tenperature from 100 to 400C preferably 140 to 210C and a pressure of
105 to 2 xambiepbtempegainpeto(159°€opreterabdy §9 to b3 ELCerrisity metals 1gigetion. 1Tg x 106

Pa gauge (6_.to 15 barq). espegi . . , to 12
bar g - The caPBEeR Mebrint BB fleTneotisdsthac M irfush PRt RGN o,

Fi gureod apghuchg doBhi QIhRE efRyRAB! I88rdAh MU riRldehghé & hydicked, $ARGHEeNGs
representation of a reactor Systemfor use in the présent invention. 10 The
exanpl es weasal, dawilliesdalbube meressafyuiol heaethgchrlysi 100t00to&$0°Gim ohlentseffgmer at ed
at steady state. The apparatus is as shown in Figure 1 and includes a feed
system re&empleteEeductioni d separation, gas recycle, product recovery and
liquid recycle. A/gérr{hé gtfe§£ g&%ﬁbé&)aﬂ:o'vggﬁ?e ﬂEe fcgﬁ'?ego%?%}lé Pedﬂgé&jcgtélggpiét orage
(1) and recycle"acetic acid are punpée ogePher W th sone recyc gas (3)
to twin fl wiadhedwnhevated ddiihéheridd. UTik dréed dader isTthen ireprepnuded with té t he
recycle gas feed (3), fresh ethylene (4) and oxygen (S) enter the plenum
and t hBBughequirsidramauat oprerpeometenandid@ereafien dried. pﬂat@mttyﬁgyg@w &) redasedoe f ed
directly into tcpe {I.u'd.bed. At?fre board s cthon ri.sd provi ded for

di sengagi ng"ashe E‘&eélla{@t‘m?';/e)gpa v %"é%@?og?r& Ut94xi t the reactor through
exit (8) throughril REBHEAS LAthlySr prepREREY May BOVarkldQWDptimlfdTatARet Or ‘
tenperature is controlled using a punped system where hot heat transfer
fluid is 20 passed through three jackets (not shown) attached to the
reactor wall. Al equipnment is construct &d out of 316L stainless steel.



"Exanple 1 ts an exanple according to the present invention. Corrpﬁ;ati ve
Exanple A is not according to the invention wherein the process bEER 2003
catal yst not according to the present invention in that it contains nore

than 6% bygm(i)xg&hcggas%é o“rrﬁmﬁg\'gbmqpétgteaiél@hn LERaLRY T on of Catal yst

Support The support was prepare y ‘spray ying a mxture of silica sol
1060 (obtai ned fTheprdéessof tBhenéseat inCGaiparypessd réetiagicthybdne] amrti¢ atidanded
from Degussa Chemi cal ;30 Conpany). In the dried support_80%of the silica
sol cane fPBRKYSFE-SHf2IRAYSODUIRE Presencsiof theLatalyat natesial t Rthyleae sadyibe uppé
Spray drie } Cl i I or u The
particle sﬁ]zggbg{agﬁgr@ﬁ{ﬁ?g% ! a?ﬁ{é%sdaﬁggr" B ¢ \{R‘Hngﬂé %ﬁéggéénd n}eg}}arﬁg héetﬁ%:'}ft alyst 5

~ 1 FEB5 20Q&bph daxidet dndnvdter iaghd firhn0yfstealfst el & o hpiopemQ,/c3x 10" 4m
(>300) 2 S 4.4 x 10-5m 3 x 10' m(44-300) 68 <4.4 x 10's(<44) 30 It should be

under st oodalkaags artakanas.t The ethulereindhe combined &ed 4o thareation may de ableastnt ended
to be li m% gﬁola@pd that variations in this distribution are contenpl ated
dependi ng % ¥@actor size and operating conditions. 10 (b) Preparation of

Catal yst The si Hihgax§ %&aiﬁ&éék%&@@ﬁﬂj‘@@aif g{gﬂ?ﬁ Bhef 3} 8@&‘3}/@1 Was

i npregnated with a solution of 2PdU , 4. XH20 ( ai ni ng 1000g Pd) and

Aud 4. x H20 modesntagionygen thaogir AG)itably, dhs gad maydberatygen dijutied ovithi eesuitablet ness.
The resul ti m xture s.m xed thoroughly,.left to.stand for,1 hour and
ar ed Ser AT O RSP G aieed Shiddeh Aot BB REE S gt o o 5%
sol ution of N2HAHencekSAdid [sqfkr¥MIRA iRDthd R8ctBE ?htll{#u_?d R)Inlnp"@ﬂiogﬁllﬁta igj th

occasional stirring. Thereafter, the mxture was filtered ‘and vwashed wth 4
X 400 |itr efthefacdi mbty bé edrodacet in thitreapoms fidbri. ibhesaleticlacid $s phefeeablpemdai ght .

The material was.|npregpated with a solutiagn of potassium acetate (2.8kg)
by 20 inci BFEia fﬁa&aﬂ],ﬁffglwgﬁwpﬁ@dﬂ%&%l&tr efliinte dhg Ry Heg Reagtor ef t

to stand f "3? élfl)é Elﬂ%rbleﬁﬂféc%ﬁ ﬁ’lgar%v rrkixngﬂé}e aTr{B‘azzl%%}ﬁt}g r?ﬁq g%ﬁ r%ﬁél%ut?é:d’ eened to

renove part aving a partitle size greater t crons. The

resul tifig asimibiygmnozodepr liged-ohlyipraf-Sippabizel Wne & MbrewioXzlgohdy Badsed 3 wt %
pot assi um acetate. 25 (c). Production of Vinyl Acetate 4.5kg of catalyst
prepar ed ad¥ohiingPess: Sxdliiqally, dpexsled\asstic ¥ad ey badwradyeet Wi thsrreactere

orafile of TeRapRisdislle fidmpfine bt ARUPCRRTERE e e BEfha) B 1 1€

conposi t i ointtdtiud®d Mt eHeCreidtoLIdigY & Bépatdie infetiah visdanh etherasycled acetic acid
et hyl ene: oxygen: acetic acid:inerts 30 58.9:4.9:11:25.2 respectively at a

total reactny suirldy compued wytenf Suiably, tha weler sencentaaticnsin dmucydlosiseam ish a
Lo R RN BB B oSl dad e AR PAISRR S
D10 o PR By e s raen g () semshear 7
(b) Prepar 4¢d mbo thfe r€aatar. yEhe usual precautions for introducing a liquid into a fluid bed
should be taken, such as avoiding cold surfaces.
It is generally known in such catalytic processes that catalyst activity will
25  decrease with time for various reasons. In particular, due to the volatile nature of the co-
promoter, the level of co-promoter in the catalyst material decreases with time. This
results in loss of catalyst activity and a loss in selectivity. In order to maintain a constant
concentration of co-promoter on the catalyst, the concentration being less than 6 wt%,
fresh co-promoter may be added to the catalyst during the reaction. This may suitably be
30 carried out by adding the co-promoter material to the liquid acetic acid feed or to the

liquid recycle acetic acid. Alternatively, the additional co-promoter may be introduced as

a solution e.g. in water or in acid directly by spraying into the reactor through a suitable

4



S The silica support (54 4kg) obtained from (a) above was inpregnated with
a solution of Na2PdC 4 xH20 (contai ni ng 1850g Pal | adi um and AuC141>qI—E% 200
(containing 740g Au) in distilled water by incipient wetness. The resu |%a
m xture was.m xed thoroyghly, left to stand for 1 hour and dried overnight.
A por ti on BHCCHAB MEB SUIASEIOTAle I &RCH SE°IRS SHAEOHOIGE ORGP BHINE 1006 10

sol ution ofy,l in distilled water and the m xture allowed to stand

overni ght wth occasional stirring. Thereafter, the mixture was filtered
and washed w t h Thexpr@9s Isidarresl @mft inla $luid beddeaadreand miesudablybewmsrdtdteat adr i ed
overnight. The material was inpregnated with an aqueous sol ution of

pot assi um iRFenesatarg tram4i09)to 0} Goprefeaably Wi toe2lk)°Cand arnsessiie ofg i dr e was

m xed thor I | eft tand 15 QU s i overnight .. The

Feaul tihg S408 Bayeelii P ebtdobrekipdy BY TodP % 1ROUIB AR 15 F4D6. 5 we e
pot assi um ggritalle7 A 00’ tBnoxikabt pa gaige\i7nylizdaghat e 3. 45 kg of catal yst
prepared according to step (b) above containing 6.3 wt% 20 potassi um

acetate was | oaddg presenhiavensipntvoitl mpebe dustrased with refgeange tagFiguregl andiths Pa
gauge (8 barg) .with a bed t cature profile of: botrt.om 150C,  nmiddle 155C
Jop Tsse. btk EraReBS b REBEI R % Resmet BretnliRD of F et dhaSEebal y o
bed was et yl \@B%n hey8RnBRSEAtfoRCI d: i nerts 47:3:22: 28 respectively at a

total reactor inlet velocity of 6.7 cmsec at process conditions with a
twin fl@i d nozzlThelexemplts wergesriaedioghon a fitll mcydle gitotDldnd whickf wer operated st of

operation, the oxyg detected at the reactor exit suddenly increased with
2 fall in SreBRUEEIcon EARRTANIYS & SHATIn FHRHTe | AR0dRlNdsd ired SYSHEM CSACtAry ot

bed was no b die S ng s I "Gt . ot
i xi ng. adefael g s PRIAHER AR RO AL AL R S TERpnEpS
cat al yst diFigde & fréshcefioncid Zronostosage (Jbpmdiiesydasagtingcit aee pathpddiopetherom t he

reactor both free flowng 30 catalyst and | unps, were recqvered. The free
flowi ng cat¥thsomesegysieags Bofo bvin ﬂ\i;e&/&%fea%hlaﬁ?e flyid bpﬁ@s %&F%@gﬂf% 4.8
wt % pot assi t i L I ed
becam&*tl gst itc ch gﬁggsp%gg F%) ’ fr F%f’%??éﬁ? (@%@%kg& Egg%@g@lﬁé p%ﬁi.g??{fn@'a t&{b%)%\p
process fonr sidierefphdeliHtod the @bctot. NFlesin6eygeh €6)\abye be fdrdirectigintd ercluidbed.
ethylene, liquid acetic acid and an oxygen-containin as into a fluid bed
react or and Freghorrcggchonts pioxidgd &or dizangasiag thecatalyst k8- fihgigasensg predistsor t he
et hyl ene, acetic I nd .0 i . pr | U d tal yst
mat eri al , sez)iﬁcgif‘%rzf? gﬁ"ﬁ%‘ﬁ"‘ﬁ%‘% é?’?g{’ ti&%ﬁ%&?@?eﬁgdsgﬁ%%ée%en& q‘nPF%m]%t“gﬁ; Iglgpr onot er
et al sel egeRtor tempeiabee ¢ €dHerotion akig apinped Rt wihepigst kadraatbriluigiand a
co-pronoter salt, said co-pronoter salt being present in the reactor in an
anount 26f ppssed tiowupl thwee tiskets(natishownl attagbed topthe segsiarcrals Albequipment is
production of vin C a.ch conprises feeding ethylene, |iquid acetic
acid and aﬁ°8§39bcé#%‘§yﬁ?fﬁhﬁﬁgg?ﬂfé§ S’l?eﬁirg a fluid bed reactor and reacting at
el evated tenper gtyngpld N id fifedanipldade8iingarthe prdsbf iﬁ&@mbﬁ.n@og?@mﬁws aci d and
oxygen in the presence of a fluid bed catalyst material, said catal yst

mat eri al cdivampdd Ads aotGoosogling tol theirtvahtiomwperemshe prarass wes o cgtrlystotodr

sel ected fromthe group consi sti.nﬁ.l of salts of (’f‘}faogp B Gf%gﬁ Il and

| ant hani de<$cCyEInNg o4 PEsagtdpventp Q‘%Fb’é@ﬂ‘ﬁta‘i“ﬁ”i%"et B2k BY Werehh foanpunt  of
up to ob)bm\ﬁio t of the catalyst. 3. A process as clained in claim1l or
claim2in ich the Goup VIIl nmetal is palladium 4. A process as cl ained

inclaim1Eh@len2 or claim3 in which the Goup VIII netal is 20 present

in a concentration of greater_ than 0.2% by wei ght of the total weight of
t he (2) Preparation of Catalyst Support

The support was prepared by spray drying a mixture of silica sol 1060 (obtained
from Nalco Chemical Company) and Aerosil® silica (obtained from Degussa Chemical
30 Company). In the dried support 80% of the silica sol came from the sol and 20% of the
silica came from the Aerosil. The spray dried microspheres were calcined in air at 640°C

for 4 hours. The particle size distribution of the support which was used for the catalyst
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*catal yst and up to 10% by wei ght of the weight of the catalyst. 5. A
process as clainmed in any of clains 2 to 4 in which the pronoter 1i
selected fromthe group consisting of gold, copper, cadm um nicKel Fﬁﬂd’oog

m xtures ther . .ess as claimed in any one of the preceding
clainms in Rﬁerpgrﬁixf)ﬂgapsﬁ'g% %‘r Is 25 present 111 an anount of fromO0.1 to 10%

by weight as netal in the catalyst material. ~ ~ FE8 2003 9 7. A process
as clainmed in ally one of the preceding clains in which the co-pronoter is
sel ected front the gfamiclesiaa(msiciang) of salts of Goup | ¥d Goup Il. 8. A
process as cl ai med in.,anysQf ims 1, 3, 4, 5and 6 ill ;which the
co-pronoter is sel ec'It; Wr'Br(r?ﬂ] group consisting of sal lzs of Goup I,

G oup 14, lanthani des AR403mtT ANdBFM(AN30ML al s 9. A procegg as clained in
claim7 or claim8 in which the co-pronoter is selected f1' 0111 the groups

consisting OF salts GH.4albi44pot assi um sodi um and ni xt 3Pe thereof. 10. A
process as_clained in all ne.of th recedi ng cl.ai I n.which the

Go- pr onot oft Tieuldkesindertteqd GAChe pare e ditibiten sVen thpvs IKORNETLRY of
the catal y§¢ jimiff £aaRhov-ARQYs iﬁf’t’hi@dis%@i‘%-arééont&ﬂﬁ@ﬂ%%ﬁexﬁﬁngf&op%nﬁed In

any one of the preceding clains in which co-pronoter I s added t he
cat al yst duoeactyy stZzeend eaetatiog codditions. process as clained in claim 11l in which

said aij(lg)jed 0- pronot er isf dc‘ed to the 15 liquid acetic acid feed or to a
liqui d'f ecy¥l e L Atal¥st A process as claimed i 11 claim 11 in which
sai d added co- prOERfRL i3S oBtaifRlaYtd Ce | /
t hrough injection nelanss.ﬁplcﬁgg%' pl(%zgesas as glqgrie?rgéﬁﬁlgl egag?nr#lj%gn%t??%vmiach
sai d addedsslatipm offtvadrd GlsxIdadl éebnasiniag 30008 PdrendmMwEll. eH, 0 (contaiamg @0020 . A
[.A 5S. A AU A@A Y. AS, . A . AAQY ;) . . .

Au) in distilled water by incipient wetness. The resulting mixture was mixed

thoroughly, left to stand for 1 hour and dried overnight.

15 The impregnated material was then added slowly to a 5% solution of NoH, in
distilled water and the mixture allowed to stand with occasional stirring. Thereafter, the
mixture was filtered and washed with 4 x 400 litres of distilled water. The resulting solid
was dried overnight.

The material was impregnated with a solution of potassium acetate (2.8kg) by

20  incipient wetness. The resulting mixture was mixed thoroughly, left to stand for 1 hour
and dried overnight. The catalyst was then screened to remove particles having a
particle size greater than 106 microns.

The resulting catalyst comprised 1.45 wt% palladium, 0.65 wt% gold and 4.3

wt% potassium acetate.

25 (c¢) Production of Vinyl Acetate

4.5kg of catalyst prepared according to step (b) above was loaded into the
reactor. The reactor was operated at 8 x 10° Pa gauge (8 barg) with a bed temperature
profile of : bottom 145°C, middle 152.5°C, top 155°C. The total feed composition in
mole percent entering the catalyst bed was ethylene:oxygen:acetic acid:inerts
30 58.9:4.9:11:25.2 respectively at a total reactor inlet velocity of 13.2 cm/sec at process
conditions with a twin fluid nozzle liquid to gas weight ratio of 2.05:1. The process was

operated under these conditions in excess of 28 days with no operational upset.
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The material was impregnated with an aqueous solution of potassium acetate

(1.4kg) by incipient wetness. The resulting mixture was mixed thoroughly, left to stand
15 1 hour and dried overnight.
The resulting catalyst comprised 3.1 wt% palladium, 1.26 wt % gold and 6.3
wt% potassium acetate.

(c) Production of Vinyl Acetate

3.45 kg of catalyst prepared according to step (b) above containing 6.3 wt%

20  potassium acetate was loaded to the reactor The reactor was operated at 8 x 10° Pa
gauge (8 barg) with a bed temperature profile of: bottom 150°C, middle 155°C, top
155°C. The total feed composition in mole percent entering the catalyst bed was
ethylene:oxygen:acetic acid:inerts 47:3:22:28 respectively at a total reactor inlet velocity
of 6.7 c/sec at process conditions with a twin fluid nozzle liquid to gas weight ratio of

25 2.14:1 After 7 days of operation, the oxygen detected at the reactor exit suddenly
increased with a fall in production rate to near zero. This suggested that the catalyst bed
was not fluidising adequately and had probably become “sticky” so not mixing
adequately with the gas feed. The process was shut down and the catalyst dried at
150°C for 12 hours. Upon discharging the catalyst from the reactor both free flowing

30 catalyst and lumps were recovered. The free flowing catalyst analysed for 2.1 wt%
potassium, the lumps analysed for 4.8 wt% potassium. These results suggest migration

had occurred when the bed became “sticky” and poorly fluidised.
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rqactpp the qthylsnepageticyacid and oxygen
in the presence of a fluid bed catalyst material, said catalyst material comprising a
Group VIII metal, a promoter metal selected from the group consisting of gold,
copper and cadmium and a co-promoter salt, said co-promoter salt being present in
the reactor in an amount of up to 6% by weight of the catalyst.

A process for the production of vinyl acetate which comprises feeding ethylene,
liquid acetic acid and an oxygen-containing gas into a fluid bed reactor and reacting
at elevated temperature in the fluid bed reactor the ethylene, acetic acid and oxygen
in the presence of a fluid bed catalyst material, said catalyst material comprising a
Group VIII metal, a promoter and a co-promoter selected from the group consisting
of salts of Group I, Group II and lanthanides, said co-promoter being present in the
reactor in an amount of up to 6% by weight of the catalyst.

A process as claimed in claim 1 or claim 2 in which the Group VIII metal is
palladium.

A process as claimed in claim 1, claim 2 or claim 3 in which the Group VIII metal is
present in a concentration of greater than 0.2% by weight of the total weight of the
catalyst and up to 10% by weight of the weight of the catalyst.

A process as claimed in any of claims 2 to 4 in which the promoter is selected from
the group consisting of gold, copper, cadmium, nickel and mixtures thereof.

A process as claimed in any one of the preceding claims in which the promoter is

present in an amount of from 0.1 to 10% by weight as metal in the catalyst material.

Ped %ot

71 109%& ()-ff5#109%& ()- 3



) 1111

223} [ <YNCI p, + $1096& () - MBI N, : $109% " & () - M5! 109%&: () - ! 10%& () - | 10%& §)- F&/JZO%
& () - 3>4X5y6667WXGYNCI t , - $10%HE! () - VB, : L0 () MBI K, : $10992& () -
0% ()- M8l a, : $109658&' ()~ MB! X, : $10% , & () - M57ABHOJOKILONDZYO{ \ ;
1S#10%' ()- 0S&L0% ()-Z 10 10 10, ;
S10%&' () -1 p@S$10%DD&’ ()-! f @S10% : & () -y999: Oc<=yVB{\ ; | XSH10%& () -
! 18#10%1 & ()- '1IS#109& g) - I DSH109& ()- ! @B#H109%& () - 0% & (

=6>276Ax YT{ \A PIOgessEsosamey In assprgod the preceding € siprs(in \‘%&mwwwmr is

2SF10% ()- 1\ SHI0YSSE ()- 6A
B" B#B$BYB2 B4 B<Bele@rtl fifoh® e &réyp cohSikbigg ¢f salts 0@ &p(])and Grioup (L. 10, ;
S10% ()-!ff.$100& ()-, <BBB=COCADE~ @ ! a3Y10% & ()- 10% & () - 10% & () -
"10% & ()- 8. A process as claimed in any of claims 1, 3, 4, 5 and 6 in which the co-promoter is
10% & () -yf 10% & () - 4Dt DDEsEEFaB~ @'a, #10% & ()-110% & ()-10% & ()- 10% & (

)-'L'lO%‘"&'() -+10% &
()-95) &10% & ()-$ Jegtf/%g)" 591 ?Be 8@%‘%@ é%%gﬁﬁ?@ﬁ I% L‘% ﬁr&?@{%gﬁé i
10" & S#H10% & ( % - 610‘V' & ()-

10% & () - ‘szyloJ)ﬂé}S‘?j’“ I’}Teﬂ%fl |1 PJJAEYNC | & SMlO%&' ()-y&@

109%& () - mLO%&' (;3 F109& () - 109%& ()7 T &@OY& () -1 JJKXKaKKLABYNC! 'a! " L" 109%:R
& ()- process as claimed in claim 7 or claim § in Which the co-promoter is selected
109&' () - 10%&' ()-@0Y& ()-ymlO%&' ()-10%&' ()-L"LVLLLSMVIEYNC!!a! 3(109& () -
L& 1098 ()- #g fcdo@ie(@roup diBiging pf salts of barium, potassium, sodium and mixtures
109%&' () -yl0%&' () - MUN7N: NdEYNC! 'a! 3(109%&' ()- L& 109& ()- 9010%& ()-.
10%&' () -, 109 (hersdfl0%& ()- Normal" "Headi ng 13]c" "Headi ng 23] c¢" "Heading
33] ¢c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading

83] c” "Headi pg /3 c':'e@s aﬁfllﬂwdtm BRYy 88K 8fe preceding claims in which the co-promoter
Font O% L6$?KF: KP , 81<BXK: N123456

Now RoMBltAri al Z%ﬁre?éf L e L

| " HSOR () *+, -. /012 ?
#SUR () 1§123450789: - <=> @\BCDEFGHI JKLMNOPQRSTUVWMKY

11. A process as claimed in any one of the preceding claims in which co-promoter is
added to the catalyst during the reaction.
12. A process as claimed in claim 11 in which said added co-promoter is added to the
15 liquid acetic acid feed or to a liquid recycle acetic acid.
13. A process as claimed in claim 11 in which said added co-promoter is added as a
solution sprayed into the reactor through injection means.
14. A process as claimed in claim 13 in which said added co-promoter is added as a

solution in water or in acid.
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