., e3er ZYoTTU| V: VX6YTZYHQY2 8 JAN 2003 | MPROVED PROCESS FOR THE PRODUCTI ON
OF VINYL ACETATE The present invention relates to a process for thezg JAN 2003
production of vinyl acetate. Vinyl acetate may be produced by the
acetoxyl ation of ethylene in the presence of a palladi um cont ai ni ng
cat alyst. In addi tion to vinyl acetate) carbon dioxide is produced as a

pr oduct . In commercial operation, vinyl acetate product and unreacted
et hyI ene Himm“mﬁmmmﬂ ,m fromthe gases exiting the reaction vessel. The
unr eact ed recycl ed, together with fresh ethylen
reacti on vesswhoo2fhe recycl ed et hyl ene contai ns sone car bon%ﬂ \@Wm\\\\“
ot her by-products as well as sone inert gases such as nitro
argon. The presence of these conponents linits the concentrati oft ‘8?
ethylene in 10 the feed to the reaction vessel. The factors which influence
the selectivity of the process towards vinyl acetate 15 are not fully
under st ood. The general view taken by those skilled in the art is that once
the concentration of ethylene in the reactant m xture exceeds a threshold
value, the rate of formation of vinyl acetate becomes independent of the
concentrati o .. e l.ﬂ' t hat_even if
ethyl ene is +Hdcteds EROD LICN St Mat i on of
vinyl acetate I nount
greater than t\r’?ehte tr%sl%g ﬁg%%tgﬁngagéénggﬁﬁxéé\éésé f(ﬁw eafléﬁfen%ceeg 3@&?% ot her
wor ds, as | ong VAaybareexemag bepraiubyd Byl&lela&eqbkgla&m of ethilege Irethe peREnd@l Xt ur e,

t he magnltude of this excess shoul.d not have a bearing on the anount of
vi nyl acetoéﬂé’aﬁ?%ﬂ@c“éﬂ“al@‘(‘)g?ﬁ?ab’sbéﬁé@%lovF%W“Wracle@é"nﬁP’&?&F‘ dixédlesigi ce i s

support ed | ata in Davidson et al. (Front. Chem React.

Eng., 198£pé{%@§@§%lﬁl)gg%§€auc he data show that in acetoxylation reactions
carried out at JatoRsipreial GpepatRAS ing) adehte produstandfunvdadied cibedératee 2 8 JAN
2003 produced renmi ns substantially constant as the ethylene concentration
is incr eangs@dmtfm gasen®iting the raa;ctwnrvmse%Twrm&ﬂ}%th)dbnqméfqyalede al so
extends t react i erfor d spheric pressure. In
Aol ot aroB LB B PriERCk) RO%RR0A S5 TSRS oAy FRANE GRSt o1 s ¢
aci d and %b@ml@a@e 516B6thedby- Qﬂﬁh&@ras %11%&@&@%&{@%@#5@% nfirdpepg. The
docunent recites that the rate of formation of vinyl acetate is independent
of the coraoémawonoffhofprmhgd efrthesercontponemabimite thendoncemtegtioprab eihgdahetimat t he
concetrfhrattlﬁo? g (?Lﬁ % ene exi gi ng the reactor is above 30 nol % To ensure
t hat &7g 1568 1R ESHUOP VAEhn exceeds this val ue, ethylene feed
concentrat i ons 18 Bdioflhih %fﬁle‘ﬁg@ih‘%@}écn@l%’ & fe ?&%%@%%@1 Ghapdalia in

Metal s and M nerals Review Dec. 35-40 "propose that 1 n an’industri al
process amr@ndst)fhléylenab&rstoe@t?laigennrabfnemhert lbnathoadaduﬂecBﬁ%lmmtdaammsen to

o ur e O SMEHGA LT IEkHSRE A R Ay BHATE SResEg BT R L gh e

catal yst I t Jfation
of acut ¢ hsohiaibn S INE et ARt et ST HIC ARt ion %E?‘hi%ﬂgff;‘*m

Nei t hag i S‘atildnﬂmﬁlﬁl’lﬂllmetvhethaEE\mﬁ ieothyleas iy i@eolved adthanste dewymaintith
Nakanmura et al in J. Catal. 17 (1970) 366-374 describes the effect of

pot assi umS&*@et*@tréte&ﬁ fomrationtof Myl acHAeWiH pSREC! 0 YIPRRIV IhicBRIBESFIONGE th a
feed 0as Qf (BIMA| ERGe: MNARDORERIAG ARG Rlordth 1 A0 LAY B dher onEVEr
it is not apparen ene Was rec nor- LS &Ry peneri ci al

ef fect of wirgh aeldngd snm eﬁ(@ﬂ:{seﬂfef@ﬂérﬁﬁs ﬁfb‘é@ftiub&ﬁ-rcactant mixture, the magnitude

of this excess should not have a bearing on the amount of vinyl acetate produced.
20 This general view or technical prejudice is supported by experimental data in
Davidson et al. (Front. Chem. React. Eng., 1984, (1) 300-313). The data show that in

acetoxylation reactions carried out at atmospheric pressure, the amount of vinyl acetate



,Sarrianos et al inJ Catal. (1971) 23 19-30 describe the rate of %IOI’]
formng vinyl acetate varying linearly with ethylene partial pres eJAN 2003
whi | st the rate at vvhi ch carbon di oxi de is formed remains constant

However ent .t eth ecovered and. r.ec din the
expor | nenProdsged EaE A e L SHE RVIGRS PoReaTaTat s Miced above
at mospher h&uREESS W Kol %t}g@@ﬂﬁgtdy |ty towards vinyl acetate increases as
the concentration o hyl ene 1 n the reactant m xture is increased above 60

mol % This fi Fmbm@hna:atpnejtrcﬁcreyaltwemh&lstteatmo;qa;htxqmrrepmmns@eﬁanmddeab@we
Accor di ngl%mthe present _invention E ovides a process for the gr oduction of

vinyl 30 a@eqspheric RigprgAnddstetca B} Fgst hechaplepd (B194) 143 - ik )rodum ng

et hyl LC t 1 2 8
SAN 2ons el Tk Cackit il 0y POVAIE R AR BLINA % HTat HEQE S8R Imn. | 2 O
in the prasanfént @éci@s aal Heyrate sTEbLAARIN dfViHAlabethieaCindepdrRiet sTdhee Vi nyl
acetate at above atnospheric pressure, (c) withdrawing fromsaid reactor

gases conpeicehigtiomeleeibylene it the reasion miixyre, proyideddhat the eensentrationdfde by
product an nert ases such. as o] d/ or ecovering from
Phe gases MRS FUMERRS LGP i ol ol AL i ESSRle bR ahileph fergiirac™

t oget her \ékéé%dmtf"ﬁaléé',‘éﬁz}ll&te%ecﬁ@ddéeﬁt%t%@of‘S‘Pi‘ddl‘% aR&rdIsydd, 9ases, and (e)
i ntroducing the recovered ethylene fromstep (d) and additional ethylene to
sai d t@actor iR $Ssptty ajd MeChindatinén ijmndotfxﬁrmrﬂyll?emew De¢.HO7@ 3H0Ned

feed to the reator is 10 at. | east 60 | %. Prefera .. th t hod
further cBRATQEGE! a0 s B8 Pr RS R PINTIRTE fOGAT oL by o 68T The

present i pyy rBe'éEBselm t%‘ﬂe@é%u&d&%ﬁé 8dvente Hidvrskt Mead Qtlebkﬁmei%{ usi
production of vin acetate at e at nospheric pressur ge (0
barg). Thgaétﬁnxte@o:tanmmmgy rﬂncﬁecairorof&dh)dene tatoxagqards@ﬁ éOGfthebeettat@etn 5 x 104

Pa gauge (0.5 barg) and X ~ Pa_gauge (2Q barg referably bet vveen 6 X
105 Pa gaa@téw%ct@ag@;raamy yith tsmqo%urrt&r@at?gﬁle(cow%@?ay ngtlc

f bl 12
pr €1 1351 YenShUERRIche bl ER0IAYE o rbt! A Btk Qufgavge (1

bet ween ebfh)yﬂﬁﬂavaaﬁécdvlaﬁdsamﬂfr ledf the catal yst such that an increase in
selectivity 20 towards the production of vin acetate is observed when the

amount of et hy Nakemurn ettpd irf é?aatals_l Q78K 3e43 éﬁtﬁéfib@ e ebiectphipstassip@ct i s
surpri si ngcéct%tg%grtﬁé ?atglf rt?/\até'rc%a ail%dl%r O&tﬁét% %te{é g?BF&@E@rEt hyl ene

is expect an 1 ni con ation of
at | east By %G?J a%ticSacmr@H Wﬂﬂl@%FxB@ﬂégﬂ)t HoWeAbEit lsetotab%aramﬁmeuﬁm@e wachnol .
17 (1994) 112 - 118). 25 Wil st do not wish to be bound to theory, the
i ncredge |r¢12ysblde®rl&/arb'ybena@mb]eef&ﬁpbbhlgedthtﬂﬁnaC@mtrﬁmﬂ Mcubectwo factors.

In addition toJ ncreasi f .V a at e rodu an_increase
in the amount OFTEPRYFY ﬂg ﬁ?{,e aﬁiﬁ?ﬁé@ %f?g%scflg%hﬁ Ips Ofé?ﬁi 8 {?tg”%‘m)unt of
carbon di %ﬂﬁcd@a@%g@% ﬁ§eaa1yhympéta 146 parfiBl Sreésiird Whilst thdfhtd Adufign t he
anount of carbon di oXi whi ¢h has to be separated fromthe recovered

unr eact ed c&tboatdmm@ne fannldcbnentams conetant. éwevar,bhbis ndt appadent thecgtbylenk iso t he

reactor with th cove[ | ene.
recovere recycledin t e xperiment.
25 We have now found that when vinyl acetate is produced above atmospheric

pressure, the selectivity towards vinyl acetate increases as the concentration of ethylene
in the reactant mixture is increased above 60 mol %. This finding is contrary to the
technical prejudice in the art.
Accordingly, the present invention provides a process for the production of vinyl
30 acetate, said process comprising the steps of:

(a) introducing ethylene, acetic acid and an oxygen containing gas into a reactor,



.3 ' 2 8 SAN 2003 The cat al yst of the present invention may be fixed-bed or
fluid-ped catalyst. Preferably, a fluid-bed catalyst is enployed &8 dAN| 200y
bed reactor. The catal yst suitably conprises a Goup VIII netal and a
pronot er. . Rreferabl .Lh atal yst further conprises a ca-pronoter. These
Conpounds (r e Corcrnpyatuinintihetid S E8hon Etod e TREhERaLTEs of ne

G oup VI b ch®@lydt matebi@l ff Qiereher tRpr8HudeSviRdl deadietabdeatiREgieridRy be
present in a concentration of greater than 0.2% by weight, preferably
greater tpegaswes5% by wei ght, especially about 1% by wei ght based upon total
wei ght of ,catal yst,. The _.netal ,concentration nay be as high as 10% by

wei ght . St abMECERIFiBE £rog 5316f‘ﬁ’é‘[f‘%réa?%ﬁﬁPFWEF’Héé‘“b%?FiCQ&F@WFr Vb“yl:/m ori de)
sodi ung or ,ReLasSIHRA diskide HY R ARRhAPHRH Gabds!shck NemBdEL A4 14),

pal | adi umaacet at e, pall {“adi grg?él 1) n‘??lr afgg,g SI—%E’d%aﬁl og&fog %‘ﬁ-ggn&(l 1)

sul phat e. (d)n adgbolvermg front the gédes withdirdwn fretadaid tehetor amneday ey edo/igael ses a

pronoter. Suitable pronoters include o%m d, copper and/or nickel. A
pr ef er r ed ORIy dpgsther yuthymingsiamaynts of saidhparhandigridg anejineBasefe 2gd| d

chloride, /t\etr i i ! i hyl | d
acet at e, Eé{ri u%ﬁgﬂc@% %gﬁb%feéggérg%é{ﬂ?}é%g%% g.@@#‘ﬁeﬁgra&%%l éellaﬂq#g’;g?%ﬁ %)osﬁ%gund IS
HAUG 4. Thecr ik (a)welicréin Ty aBGuitof &i}lenein &t combindd Ed td @@réaclorti® 10%

by weight in the finished catalyst. The catal yst conposition rmay conprise a
co- pr &ot arlepdt8mell % . Sui t abl e co20 pronoters include Goup |, Goup I,

codi om i ron,  FrganbLas e Befhba R RS RE Pl Bk kb WS, o

present i Bcdihte pidduceded catal yst as salts, e.g. an acetate salt. The
preferred salts are potassiumor sodium acetate. The co-pronoter nmay be
present in theThatpagspstingeniipogirovides & novel gndeesteffactiverronte faptheo 15% Were
the catalyst,is a fi.xed be 5 catal yst, the co- ter nce ation is
br of or abl YRETRER YA e 05l Smtithatrd esia r §es (TPiEn Thed
catal yst, r@Rfoh iy deRhaifedfit di A Bresfifé BEHGREeA 5%A0F P& h8ACHON vhafk) g 2ld qui d
form the co-prondbter may be present in a concentration of up t0 6 wt %

pr ef er abl y0bR4 gmeme (30 Satg), (Fefsrably botespe6ixal] Ba gauge (Obarghenc 1 Bhd0tRaal yst i s
a fluid bed catalyst and the acetic. acid is jrtroduced into the reagtor in
vapour fo,gmget(ﬂgb@@gagﬁpam Pra%bybswelspégbm’tﬁarsaag% n'é"éﬁi?‘éﬁ-%ﬁ up to
11w %o . a IRV : I . decr ease
wth ti ?refpa}gﬁg‘betag?ﬁg {ﬁa?aé%?gestsogfc ﬁg&&/ﬂg}(%%ﬁlélbgﬁ%%e{aﬁgg?%g t%{ﬁﬁantg%é{%% not er,

t he | evel befweenehytametaa thesurfaee ofithelcyslyshmiohrthatlandncre@e8n 3ABLIAAG3

decreases with tinme, thus resulting in |oss of catalyst activity. |In order
to naffit atorade BisRradiction 9f sl agatdn Iot0seye MWD tias apunt o8 clhiyiagieyathe fresh

co- pr onot t - : 1 g . [elp¥ i.S may
suitably E%dgg¥nrcP%ég%%$&gy&a%§%ﬁﬁéef)f%%f)r o%@%"kﬁgﬂt lrea?elagifwﬁg atcgtte&ﬁ iquid
acetic aC:pEbcfueﬁéh Githtresgebetoleltigjért is egpate ta®elof erdirder dncAbh @ifalt i vel y, the
addi ti onal co-pronoter nmay be introduced as a sol ution e.g in water or in

aci d di r eethylensygoaenniatiag of alrleasyA7 ol % issmnployad asdeught indkaket sl dRhem. a
nozzle. T t al i i supported catal yst. Suitable catal yst
P ThansEn 7000 ka2 138F i P f 1

supports it ¢ I’l mna, silica/alumna, silicaltitania,
titanpg, zirconwRilfiveds RetvisiCtEhEbaRIdto kR rys URPREeabdinSeldch dity Pk babl y,
the support may have a pore volunme fromO0.2 10 to 3.5 nL per gram of
support, &xglainedby asomebingtion afgwedertem. Ineaddijioarie dicreaspigohe amoeuntof vampyar ent
bul k density of 0,3 to 1.5 g.nL., The syppant. icall ve particle
oi'ze di ot P RsH Betimindetia s Srog T S VIHE e ldeg e Bhethid By "have a
particle QLARBHRS arRburlRF eX¥bén HiockHProdRRdmk aHRdductr BliS ARy cah rdfest 50%
nore preferably at | east 80% and nost preferably at |east 90% of the

cat al yst plar amaoung ©f harben diqxade whick hds eniet pafaesldrdb thcdh@novkrébunredddédn ( 105
mcrons). PreferahQly no nore than 40% of the catal yst partic|es have a

di amedr 6y f‘é@é“ﬂ?éﬁh%afﬂo%-o A" a@dm%dﬁgxcled?*ﬁék%%aomth §Te58VEFpar ed
by any suie[@lpéng nmet hod. Suitably, the first stage of the catalyst

prepar ati on’process involves inpregnation of the support material with a
solution containing the required G oup VIII nmetal and the pronoter netal in
the formof 20 soluble salts. Exanples of such salts are sol uble halide

derivatives. The inpregnating solution is preferably an agueous sol ution
and the vol une of solution used is such3that it



lcor‘r esponds to between 50 and 100% of the pore vol une of the support,
preferably 50 to 99% of the pore vol ume. The inpregnated support i2§ dANet03
at anbi ent or reduced pressure and from 25 anbient tenperature to |500

"nio the wetal 1S arsSpt (e crekelFhaL Rion AN BRee R GPMNER RHAIVE™, Cuci n

agent suclPrefsrablyhylfRildbedysttiggd isempldyedh 8 Eljisedreadtyedr ogen. | f hydrogen is
used, it wll usuaIIY be necessary to heat the catalyst to 100 to 850C in

order to effectThesaislyst suitabliueampnses 3@roap ¥lmmsalandpprametari Preferatipve have
been carri,ed t. the reduced catal yst is . washed with water and then dried.
The dri edtlz:ca‘f‘a?#ésrt f%ﬁ?rﬁé’ﬁ]pl“ﬁﬁsr%ﬁﬁﬁréﬂoﬁrmeﬁﬁ@@mu“gs§“§]§H\F39 03 required
amount 5 of JecyRhe8ME€bn aRdppdier eafter dried. Alternatively, the wet,

reduced, washed material i's inpregnated with co-pronoter then dried. The
met hod of cat alWgh regaegsaodhé GroupaYIIbmetadsthe grefarrasionetal seatiadiaimy SEhe

per formance hased on nmaxi m si ng vinyl acetat jeld and, selectivity. 5 The
process ofnet“ﬂémﬁ'r %rﬁfe”itm/%ﬁ?r? Atr %qf?ggg@errtgg{bﬁﬁcgb%fvﬁw mEeferablli d aceti ¢

acid and ggba@esxms%fwg' R BRI AoB6 P B350 tqiga%w@eogqgmag ﬁégﬁgﬁﬁf erial.

Et hyl ene y be used i substantially pure r e or nore
of ni trogeatalyset Tieenmetabtdraeedratoar haybel hokighas 0% byaweighi. rédifadlefsouroeobf st eam
or one_or r’rﬁre, of, hydrogen 4 al kenes or al kanes. 10 The anpbunt of

A

f . C3/ , _ ,
et hyl &fe PAlladiemdpsidisrdladawa (Mphchlpdds, sadivmrorpotassiumeigtractderoppliadate (e
ne ! X ' CECTY ! e
dober i ne VR ACTLE RUNCINPaf GRAL AL Shabibed (16, HAMR BFNCICRESHm oy ana

acetic acim) sigpledtants in the feed and (b) the loss of ethylene in gas purge
fromthe reactor to renove carbon dioxide and other by-products, and inert
gases such as Anefdgen tag/Goungdrmetsltheaistalyst complisesarpyamotesf Seitsble ene i n

t he conbi S t.0 85 nmol ,,.% .Preferah t he amount .of et hyl ene in
the conbi ALy Rt Bat Bolbeshbeh Buo/gt niFkd ¥ &8tefise B eRY B B Brac i ng
wi th Inf ghgsurets vt @€ irkditieasdd ahloAas, tepdthlRediricacRNHACERIRAJsS of
ethylene in the cig_ases vented fromthe reaction systemto renove carbon

rai

di oxi de afdAuGlerdigethybgeldacetatd, batiem anetomtratefor ignkkacstaten Theeprefestedgobhn be

reduced, the anount.of 20, purge gas which has to be vented c be reduced
and hencecPWBO}“HlsJ's? “gﬁh |8rPg°TBgfﬁf QC%W%@&W%‘P W@%&H?{}BWMO pur ge
gas from e, %}e@ggg@[[ir{me@ﬁq@g\ggcgtg@g& gases such as nitrogen and/or argon

may be reduced inone or nore of the follow ng ways Reduce/ m nim se inerts

such as ni trogdie catdysanempositiet hapeomprisdheceptoyrhataembeed!. ghdtabRco-
Reduce/ m ni m se inerts _such nitrogen and argan in the oxygen feed gas.
Reduc ém’ RFOAETsiREPHS Ceian, &¥owp e BiRatdsior aguon mefals fahomPlact d feed.

Reduce/ el %H@lrﬂgﬁggﬁﬂgﬁg Q?%&iﬁ’ﬁ&f QﬁﬁurEQré)rﬂ%Jn%HﬁélEsl”)icﬁeg,ran% | endyr USi g

et hyl ene or ¢ e purges. Use ‘carbon dioxide as pufge gas. 30
Reduce/ m amhaen, maritisaferpoeseasinahy fihishedemdlest aopalisatigoms actateisalt, €Ty | ene or
car bon di oxi de. Reduce/elimnate | eakage of nitrogen into the oxygen via
spar ger pbFyerred galispre potassium or sodium acetate. The co-promoter may be present in the
catalyst composition in a concentration of up to 15%. Where the catalyst is a fixed bed
25  catalyst, the co-promoter concentration is preferably between 3 and 11 wt %. Where the
catalyst is a fluid bed catalyst, and the acetic acid is introduced into the reactor in the
liquid form, the co-promoter may be present in a concentration of up to 6 wt %,
preferably between 3.5 to 5.5 wt % especially 5 wt %. Where the catalyst is a fluid bed
catalyst and the acetic acid is introduced into the reactor in vapour form, the co-
30 promoter may be present in a concentration of up to 11 wt % of the total catalyst.

The activity of the catalyst may decrease with time. In particular, due to the

volatile nature of the co-promoter, the level of co-promoter in the catalyst material



6 2 8 JAN 2003'Reduce/elimnate air |eakage into the vacuum system of
product recovery. Reduce/mninise inerts in water used in the of fo@IAN 2003
prescrubber prior to the carbon d| oxi de renopval system (Benfield). Design
the oxygedeckdis@CW itRRinky BB Fedultid qsﬁldﬁcatamsﬁsctfvm 4% 8rdk «d Aalaif@S- S The
oxygen-containing gas may suitably be air or a ga$ richer or poorer in
mol ecul arcmgpgtamrtchaunataunrof cstpromlote],m th@e:agaé)st fesghlse- mmyxg@n oyl betaddedvi th a

sui tabl e di] uent e, hitr.ogen, on or ¢ rbo i

Preferabl b featglyst ‘?‘?W@g&‘?d‘%e %‘ﬁg‘iﬂéftsu pOl1y% s Gam! l‘?uf @‘g‘ q?‘Fetd" feed to
t he react r I

1 armmbi |10y ey €6 Sy Oftk R A RIERER oFD GO ?18?‘355%#@2%%%%; 10 the
anount5 of Ahxiygevelystht hadiciondicogatofmeed nay Helitrodmed @s aisslution elgeimeage 4 to
15 mol % suitably 4 to 12 nol % The acetic¢ acid may be introduced into the
reactor i9F injagid djrqcayrw SPpvingnarugh as%wéblaera@qt@nami:@smh #%e2 NeAzZi%duced in
the vapour 1 or Fhe ThE 80Rhela AT hduBSSHAnAE, SO cAHIL Y Bl BBl 11

may be crude acetrc i-gui ace

i nt r oducegbrbn$ sllitd)@lfrhiviadsihe:dalamaed, elichiitAmny, tisdhid, Qh’c@mh@k@@ﬂbb@n means, for
exanpl e béra nozzle in which a gas is used to assist in the atonisation of
the |i qui Breéarablyithgsupporiiiysitips: agmtqbbe theosuppes mayyhaye apoeaivolpagiftdnn A |y,

d d b h
oer 1P oo BE b Byt shdedeh e Harestet B i oF BEkthm chafoRd SRR koo
with the ggpaebeu Bﬁl%tdefﬁ&bejO ko Mg RE.. "!Hersﬂﬁlbt‘?rﬁﬂlayW;ﬁcélﬁﬂxdv@%ﬁia%clé’&'zé‘g 20 a

separate injection neans. Suitably the anount of "acetic¢ acid'in the
conbi ned disidution sieh thetastienst 6&%iafi thdentalpsigertislesh@ave o paﬂlcﬂmdhaﬂrtmndft he

anount of ter issle t han v refera | ess t % e

pr ef er abl 96\,}6\3:‘23" h§4 (28(3@/8@?‘8 ﬁ%{%rgﬁé“at g@éﬁ iTROTE &F G@HH ’t"aQéF g@%t ering
t he react i r ally be

opor ot od S0 HEIPPERBEE 51 9B Q. P AR S PR AT R ) 10
The proceganied)p Heod émr(wbdmnruns)l Prefefablyeb merct than #0%i o thechtalgstqaaiclesThe

unr eact ed et hy| ene may be recov red fromthe gases withdrawn fromthe
react or biAverfediamglss o esfﬂba“éte?b a‘?i@\@“&gﬁ nsabl e products fromthe gases

by condensatio t t ver

ot hyl one, Tor  Spaannslhel BERlchiRd iSrgSaRa HRMoR St b8 AESRE!  The
condensabihe cptabydti picparmbiyn lpeocﬁesomlvaltvedxrﬂpnegndubﬁ oftieulip puvd ngpas s with a
condensat i on for exanple by using a 2 8 . SAN 2003 exchanger or by

quenchi ngsQlkEoRAERNING the BANHEd SHew: XHI mtaé apg 8% prmpreei medalae &ia formaf d

Cnom 2/ THEIEREN S h S BPE RlebH May BE Bl Ehtes 11 om

step (1) wlitorPighréferadly sh Aduedussdlutditind e wslméa)frsem@u@ked/isrmbh greftat e
product; (b') treating 5 the product of step (a') with water in a scrubber

to renpvecemsspprdsdeibgtvsca S0and 108f0Y the pewr\ebimelphie gupparb prefp@blt Hytoene i n

t he produ r, ste by contacting with potassium carbonate. A
Benfield g%/%’tg Vgﬂép"lféeed These and ot her aspects of the present

invention will TREYMPRAREE amﬁﬁk Mﬂdhl%d heABFiIBRNGR réducki Brds it QWi BgnExper i ment s
and acconpanying Figures in which: 10 Figure 1 is a schematic diagramof a

f1 ui d2bedambizat Empecatunese 156°G gnefefaebtyr @Qitoel 300 ipriento metalsredyprtase o
i nvention ure ot of the rate of vinyl acetate production

versus et ﬁ%@%éu%ﬁ@éﬁﬂa?%‘f‘f%wef%eﬁalﬁﬁ5@#’: ﬁbérfmnregnﬁ}e&lﬁlep@t isdregted With 8¢ ¢ he
rate of C@dﬁ&'ﬂg%‘g@rﬁ'sqa\ RS aﬁﬂ%héfh d?’aﬁfn%?ﬁ)rﬁ%l@élllﬁéeor hydrogen. If hydrogen is

used, it will usually be necessary to heat the catalyst to 100 to 850°C in order to effect
complete reduction.
30 After the steps described above have been carried out, the reduced catalyst is

washed with water and then dried. The dried carrier is then impregnated with the



15 concentration-for ‘Experinment 1, Figure 4 is a plot of the selectivi tiﬁUOf
vinyl acetate production versus ethyl ene concentration for Exper i2ifed&N 12 3
and Figure 5 is a plot of the selectivity of vinyl acetate production
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shown in Figure 1 bBelow. The reactor 10 defines a tubul ar” housing 12 having
an out | et ethglenamdthkicostbimmdeed is in the range at least 60 mol % to 80 mol %.
Operating with higher ethylene concentrations can lead to an increased loss of
ethylene in the gases vented from the reaction system to remove carbon dioxide and
inerts. However, if the amount of inerts in the system can be reduced, the amount of
20 purge gas which has to be vented can be reduced and hence the loss of ethylene can also
be reduced. The need to vent purge gas from the reactor to remove inert gases such as
nitrogen and/or argon may be reduced in one or more of the following ways :
Reduce/minimise inerts such as nitrogen, methane and ethane in the ethylene feed
gas.

25 Reduce/minimise inerts such as nitrogen and argon in the oxygen feed gas.
Reduce/minimise inerts such as dissolved nitrogen in the acetic acid feed.
Reduce/eliminate inert gas purges to instruments, for example by using ethylene or

carbon dioxide purges.
Use carbon dioxide as purge gas.
30 Reduce/minimise inerts from catalyst transfer operations or use ethylene or carbon

dioxide.

Reduce/eliminate leakage of nitrogen into the oxygen via sparger purge system.
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15  be introduced into the fluid bed reactor by any suitable injection means, for example by
anozzle in which a gas is used to assist in the atomisation of the liquid or, liquid-only
spray-type nozzles may be used. Additionally, recycled acetic acid may be introduced
into the reactor. The re-cycled acetic acid optionally containing small amounts of water
may be pre-mixed with the crude acetic acid or may be introduced into the reactor using

20  aseparate injection means. Suitably the amount of acetic acid in the combined feed to
the reactor is in the range of 10 to 20 mol % and the amount of water is less than 6 wt%,
preferably less than 4 wt%, more preferably less than 3 wt% of the total of acetic acid
and water entering the reactor.

The process is carried out in a reactor and may suitably be operated at a

25  temperature of from 100 to 400°C, preferably 140 to 210°C.

The process may be carried out in a fixed bed or fluid bed reactor.

The unreacted ethylene may be recovered from the gases withdrawn from the
reactor by the steps of (i) separating condensable products from the gases by
condensation and (ii) treating the gases from step (i) to recover ethylene, for example by

30 membrane separation or chemical treatment. The condensable products may be

separated from the withdrawn gases by condensation for example by using a heat
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Figure 3 is a plot of the rate of carbon dioxide production versus ethylene
15  concentration for Experiment 1,
Figure 4 is a plot of the selectivity of vinyl acetate production versus ethylene
concentration for Experiment 1, and
Figure 5 is a plot of the selectivity of vinyl acetate production versus ethylene
concentration for Experiment 2.
20  Experiment 1
(a) Preparation of the fluid bed catalyst support
A microspheroidal silica support was prepared by spray-drying a mixture of
Nalco silica sol 1060 (obtained from Nalco Chemical Company) and Degussa Aerosil
® silica (obtained from Degussa Chemical Company). In the dried support, 80% of the
25  silica 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 is as follows:

Particle Size (microns) %
>3 x 10 m(> 300) 2

44x10°m-3x10%m(44-300) |68
<4.4 x 10° m(<44) 30




20 Thereafter the mixture was filtered and washed with 4 x 200 litres
distilled H20. The solid was then dried overnight. The material wagg JAN 2003
i npregnated with an aqueous sol ution of KQOAc (I.3kg) by incipient wetness.
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the mixture was filtered and washed with 4 x 8.3 litres distilled H,O. The solid was then

dried overnight.

The material was impregnated with an aqueous solution of KOAc (76.7g) by
incipient wetness. The resulting mixture was mixed thoroughly, left to stand for 1 hour

15  and dried overnight.
(c) Preparation of vinyl acetate

Vinyl acetate was produced using a 0.0381 m (1.5”) diameter fluid bed reactor.
A schematic diagram of the reactor is shown in Figure 1 below.

The reactor 10 defines a tubular housing 12 having an outlet 14, and first and

20  secondinlets 16, 18. The reactor 10 further comprises a sintered grid plate 20 positioned
within the housing 12.

In operation, the reactor 10 is charged with 300g of a fluid bed catalyst to form a
fluid bed. Feed gas comprising ethylene, nitrogen, oxygen, vaporised acetic acid, and
optionally vapourised water is introduced into the reactor 10 via the first inlet 16.

25  Oxygen and/or nitrogen is introduced into the reactor 10 via the second inlet 18.

The flow of gas through the inlets 16, 18 is controlled by mass flow controllers
(not shown). Acetic acid is fed into the reactor 10 at a rate of 273 g/hour. Oxygen is
introduced via the first and second inlets 16, 18 such that the total rate of oxygen into
the reactor 10 is 83.3g/hour. The flow of ethylene is varied as shown in Table 1. A

30  constant volumetric gas throughput is maintained by adjusting the flow of nitrogen

accordingly.
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conpri sey € (las/h, cont I Ng € 5 ) hacetic
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and (c') {renoving. carbon dioxide fromthe ethyllene in the product from|step
(b') by dontacti héf ffeeh [pBifersi (i fesfbon@feduct | prodichcpEll as ¢I(A) ned in any

O ot o [ PTeoyB oS T YA T O] 2y e T coined
2% 28 246 433 135 22.7 449 85.8
3* 36 316 362 141 21.0 471 87.3
4%* 40 353 326 149 20.7 496 88.0
S5* 40 353 326 151 20.8 503 88.1
6* 44 387 292 148 19.8 495 88.5
7* 52 458 222 158 184 525 89.7
8 60 528 151 164 18.5 548 90.1

15  * comparative examples
(1) grams of vinyl acetate produced per kilogram of catalyst per hour.
(2) VA selectivity = VA/(VA + Y2 CO,).

Figure 2 shows how the rate of vinyl acetate produced varies as the

20  concentration of ethylene in the feed composition increases. The graph shows that as the

10
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Vinyl acetate is prepared using the 0.0381 m (1.5”") diameter fluid bed reactor of

Experiment 1 above. Acetic acid is introduced into the reactor 10 at a rate of 227g/hour,

and oxygen is introduced at a rate of 83.3g/hour.

30  Results and Discussion

The results of Experiment 2 are shown in Table 2 below.
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*comparative examples

(1) grams of vinyl acetate produced per kilogram of catalyst per hour

5  (2) VA selectivity = VA/(VA + Y2 COy).

The results of Table 2 are listed in chronological order. As can be seen from a
comparison of the results of Examples 9, 13 and 17, a notable decrease in catalytic
activity is observed over the course of this Experiment. This catalyst deactivation means

10  that the rates of vinyl acetate and carbon dioxide production of the examples cannot be
directly compared.

Figure 5 shows how the selectivity of the process becomes increasingly selective
towards the production of vinyl acetate as the concentration of ethylene is increased
beyond 60 mol %.
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