; cde3eWIL(t P6T7=$14 DEC 2004 PROCESS FOR THE PRODUCTI ON OF VI NYL ACETATE
The present invention relates to a process for the production of:Migry boos
acetateland in particular to a method of controlling the production rate of
a fluid bed process for the manufacture: of vinyl acetate. It is known that
vinyl acetate can be produced in a fluid bed reactor by contacting acetic
acid and ethylene with nol ecul ar oxygen in the presence of a fluid bed
catal yst active for the production of vinyl acetate. Such \Mmummmmm“mm‘
descri bed for exanple in EP-A-0672453, EP-A-0685449, EP-A-

EP- A- 0985655 and EP- A-1008385. It is generally known in such cadabytic
processes that catalytic activity will decrease with tine for various
reasons such as netal sintering and as a result, changes i : i NQ
conditions are required to naintain the rate of producti orm]““mmmmmmm such
a decrease in catalytic activity may be partially countere y 1 ncreasing
the tenperature of the catal yst bed. However, increasing the t8{8€rature of
the catalyst bed nmay result in a decrease in the selectivity of the
process. 1n addition, there is a maxi mum operating tenperature at which the

process can be safely carried out. Thus, there is a constraint on 1 S the
production rate which can be achi eved by increasing the tenperature of the

cat al yst bed. Consequent | v, -periodi.ca it .is necessary to shut down the
pl ant and repl ace t F&QHadd FOK THELRQDLCTION OF VINYL AGEVATE  EP-A-0 672
453 describes a : [ j Vi te,from
et hyl ene, acetic .gé}?gs%g%%anﬁf O)‘i‘r?gigéé_tggﬁat?g?e% ﬁg%g%g&ﬁﬁﬁﬁ%neéf&f@ég‘r&]égét%oaﬁda

pal | adi um 20partioniat tda petladyftcontEsling theGtddddidndatecifastkid bdibprotsss for the.
conti nuous addi.tion 9f. ke-up catalyst to such a fluid bed vinyl acetate
process carMFastar 9t ¥EXkAsEt or mance and virtually elininate catal yst
change-outs. Iy & EGHARRA b a6QaREAH! L4 G -

(EP- A- 1008385) which relates ’?Seﬁatglecg?gg%éﬂﬁgl?%@:gsga?3?5{%2%@%?3%{33?% of
vi nyl aBet acetid 4cid andiéthylemswith nidécutan ki gendn shepidsdnco of @ fluidtded-camlyat al yst
mai ntai ns catal yst. performance,and elim _nates conpl ete change-out_ and

shut - downs _acqmé,r therpdustionnf vinyh agetate. Sueh aprocssyis dessribed fof examplsricess
for the mamy ac fepisn tab e WA apgi M l.east, mid.gates the
i sacvant aghs SO/ ZAs T ER AN A5 BEA DS EP Ap oS e and I IO0E8 2 1 e
producti on rat e Infs genérdally Kndvenl inpsuch estalytio pradesses iy catatytic acfitywvilly| acet at e

may be controlled by the addjtion of fresh catalyst to the fluid bed and/or
removal of gPTgaTe With timeder yvarigys reasons ich apatahsiatesing and as agesulti ehpngerdnor 10

the rayg of hil ‘ j i . S0 ~AS: [ eve a
desir eté@ové)f’ g’lqﬁh%gggqlg&s?saﬁ%tr I 'VI tgt%?’ta?téﬁﬁéu?ﬁé)gggﬁ%o ér@élcaﬁ}agg{ﬁ{r gd
product i on deerease ifflcatalytiaactivityi may bopartiellypcamesred byinerdasing thidwenpeiasumerofvi ded
a process for the fluid bed production of vinyl acetate which conprises
reacting ethfsataiust bedetoweyes, incaeasingthe temperatismisharatalysdedimayresyliing bed
reactor at t: [ r e f.1 ui di . hed of

cat al yst, |d§&£\%%sl%clﬁq}b% %gggggﬁ}t Qgﬁ’&l’ ggéegs?sﬁaagiggg)%t g]%gea'?& ]r??xﬂllmgwgoé%?aggg of

cat al yst, whmperataré itewhivk ti! procest 8hrybd safelg chrtiet ouof Thine tHerelisdi Gpetriigtowf
catalyst is controlled to a pre-determ ned value by adjusting the activity
and/ or 1adj &aa preguetinn ratg whigh caribe echinyed by snarepsingdhel tesepesatyretof tioppatalysl y, | f

manut act ur 651 Cotiebefll. BafdPCh wiRGetsdnornll SriBiheliaN SR rittse R

process mayleidivarRld)catilyst VithfRsh estalydthe desired production rate in a fluid
bed process for the manufacture of 'vinyl acetate nmay over tine remain

constant or nay Blér@822453 desssibesprocessrfonshafividbed prodedjvorafeinyd acdtate

mar ket demand f@r Vi na%It.ace atcg xgr oduct . J{#.accor.d nce with the l rdesent

i nvent i on t1v&" S¥ERg Séct-%q'é/?? AL BT BINIE 8% 1P 13 RficeNGe BEA PREACH Y st and
hence bhe 'ppsneiedich@lyst.aEP-Ab d7hets8iditloses BafiiR BhARESRS aiditiBfiotsla®E-1H0 2
pre-determ ned overall level by adjusting the activity and/or adjusting the
rate of ad@htalyshtoofuch hdluidibkstivioytaaetatet profese can mialngain phak parformahcecatdal yt i ¢
activity of rglahl uhdis?d l’t)gd cgt al yst and hence the production rate of the
vinyl acet B35y Slpuate catalyst cARNRE~QWS- 3 pre- det ermi ned overal | |evel by
adjusting the activity and optionally 30 adjusting .the rate of addition of

t he added catal yst. The added catal yst mpy have a different activity to
that of the initial activity of



thée catalyst in the fluidised bed. Suitably, the overall catalytic activity
of the catal yst bed 2 1 4 DE C 2004 may be increased by addi hg DEE @04st
whi ch hds a higher activity than that of the initial activity of the
catalyst in the fluidised bed. Alternatively, the overall catalytic
activity of a fl i éo-BesHi sstid 1 LW i e may be
decreased by addi ng g calfgaﬁ}git mﬁ%b%gﬂg@% rHa§0?§§%5yW%ﬁk%ﬁe9§ha0%f t he
initial actfyidtbgd procenefor sheamgmifagturetafeirfyl acetits étds Hisdlosddthatsentiphsus a
cat al yst hayj igher activity than the initial actjivity of the catalyst
‘n the flui o %fke] 9‘&‘?&998 a‘é{étﬂl’%(}'é‘alsﬁﬁta St pRgfrmaneaand elisinages ¢asepletel oadi ng
in the cat athange-obt aid shut-Mowls Vi Nyl acetate catalyst of lower activity than
the catal yst bed nay be achi eved by using a | ower active netal | oading.

Cat al yst> havi ng Zhustheredersring vi¢ed fomgn ifprbeedafiidlé Ged proveisidr iHeanaRiEAYSt | S
diluted wit hf‘i,igﬁrt ts‘up»@@rt maft]eri al.. In,accordance with the present

i nvention t e BV &FHATS WPl pYidtonatilcast mitisafes the disadyiantageassociated sithithet may
be i ncreaseghioditt. | RELEASH Lt (o) catal yst to
the catalyor pon Opes Ay e Rond P o prRHRdniatere sl BEESREER AL R

addi ti on of mewitfagtyrstoftvinyl lhestdte mayi teawnireedby thatadlivioh of fiesh adtalyatto W ch

d tivated | i 15 d f t he bed be d d.
smilarty. PO bBLERYor ermndal A cotsShom tne Siid adoyheseinghe sctivity sedloped of
cat al ysto, tiheritelof additigsl gi(‘j hdyosuded .c@tﬂ%sﬁg QGJgstgagglay pd at{hﬁeé/te Elgc{egl?%df g‘?%@gﬁ

decreased. Optionally, and i'n addition to “decreasing

catal yst adetalysyactivtyt dfahe oidibed tant dendehedssiré®p@iduvdiciatgleact i vat ed

catal yst is rem),lzgd fron%l]it he ci%t al yst, bed may be increased. Wen the
changed rates of * 3 PEOEHNE HYNG A ESALINVSAtion thergdsprovided ipsocsas firyhe fltidve
achi eved t hgdr i i X I in the fluidised bed
and hence the ‘?g%{t@gf?ﬁ‘ggﬁgwﬁwﬁgr ai |i lté%s'ﬁjgflé;ﬁ’%%ﬂﬁ%qev'f“feit/w&f”dtal’l’g an
f1uidised bexygen-hentnimingsgastn afldidttiedmemmnot atefRuRY tofperbRird RitHE PRAAR dehei 1

earlier, evffl'ﬁ?' Thel?il q?ﬁr}%u t of catalyst in the reactor should not be reduced

bel ow a certAfiedRed S W NRR REPcashatabist tsdded 1a saidfluitlised bedbaf

Conversely, - . 25 4 ncreased, beyond,. t he
caidl'ﬁt,wlélh tRd o@élﬁéa)f?l?tlémngtg oP e Gfdxgec%lg,e%g 1% Cfl%in% ]slﬁ\éaprggﬁéq bed

maxi num wor ki ng 1 evel . The overalt cat tic activi

may al so béoadjresietedmingd ivalne baailjugtingwhe rnatieityodndastdidisang e ra@daddaaiorlorst
and al so incr e%ﬁi@g‘? t]he rate of renoval of deactivated catal yst thereby
reduci ng thséldtal Hastat al yst resides in the fluidised bed and hence is

subj ect to deactgd HRN: AN he .rates, of , addi ti.on, and
Feroval 30 may berrlRnirthe SvokAPactvRPEL Salisl 08 B3Rl Ped Botpyepiine

activi 29. Repiuthctivangeinyl avetaeiswontralldd, #es prodiotioniratelt thd plodbss sl éﬂ@ﬁbgnd

t he overal Ib rate @f roduction may be achieved by changing the reactio
condi ti ons "€ FORtrgded; E'Fhfe%tr%d prodyctiomratesinpeflvid hediprogessifoothetrmnabicastiofig t he
activity argls i i : : ition of the added catal yst..
Tenper at ur gqf:’ﬁé%ﬁgjé %y&%re{@g ﬁl&g\&}g& BIr]rS[%f%e{dorrélﬂﬁydP‘ife?sl‘?ﬂ d%&rte&‘fey gqr eéﬂé‘ﬂtj’eg‘ and
as the cat aksponsd to thbanges defend forpiiyahesiste fRoduee readj usted back to its
previ ous val ue. Tyg/éc |1y, .the catal yst added to the catal yst bed may be
fresh catal yst. 182¢95gancyvathathe presepfdpeantion jhepevesall extalptic actvisgnoBaci al  basi s

by conbact iggiaatiel Jsfla Rl | i th a ool ecul.ar oxygen contai ning
gas in the pres eﬁige%géwgp% ata ngés méapg{;?l%/c\é\fo 5?tetqﬁghep?8¥}t?8?tia§¥l’q'8?es§i’%yl
acet at e. Hiatljustetl ®o apeé+dpteafined 6SeraR e IR LA; AL M Esbtiith AndVof L6 of
atal yst. Recently, a ui ed process has beéen i ntlro ugeo. I"n :';1 ui e
cat al [63 fluid bed hjbé' % ddﬁ&r@?ﬂe_dbd
react or syd$tteef additiomef therndded eatplpstoPreferaply, theatvatal catdiptipativitgbfs of
' fluidised bed catalyst and hence the production rate of the vinyl acetate process is
adjusted to a pre-determined overall level by adjusting the activity and optionally
30  adjusting the rate of addition of the added catalyst.
The added catalyst may have a different activity to that of the initial activity of

the catalyst in the fluidised bed. Suitably, the overall catalytic activity of the catalyst bed

2



10 the catalyst are naintained in a fluidized state'. by a suitable gas fl ow
t hrough the system Excess flow rate may cause channeling of thé BB& 2004

t hr ough )t he reactor which decreases conversion effici ency. A typical

catal yst useful in this invention may have the follow ng particle size 15
20 25 di st Irhijuld iffreadddity Bind AFARE whRh!s dhidReC ARy HhnltRalF th S 88 to
106 microns >106 micron$s >300 m crons 0-30 wt% 0-60 % 10- 80 Wk 9 O- 80 wt %
0- 40 wt % 0-3&tivitywefithe satalyssinithe Suidised bék Alternutively, tierowgnalzeatilitid activiipof t
particles siges,of 44 106 and,300.m crons are arhitrary neasures in
that they B e arshoscDh e ieaye of Pralactiosd mﬁsggffrs@sggénaﬁas@i cle
size di StridatiysPWhidithas 390 WEARHVRE HAK (R cRWlARRL LY ' as a
M crotrac Xl(')O‘)fs In a flsui% bed pﬁgcess for tehgﬁgfra%élhg?iggtn}g%%{a I Fl@‘utﬁgcet ate
from et Byl dhidisesldedi ¢ aci d and oxygen the ethyl ene may be used in
substantially pute formor adm xed, wth one or, re of nitraogen, nethane,
et hane, carbon diBX<eaP nﬂc%é‘g']étr aivwgtaﬁgglpe(g,aﬁql\gfyn;ggrégmlgpal(ﬂggvgy ofiee of
hydrogen, (Rfafyt #l the AGRIQH 1RY KAHDR-acilidfe it | s ieabl y
be air or a gagygg ri cher (l)r pooirﬁgig inac30 nol ecu a%ﬁgb(@]ga{e&w?ﬂ%ﬁﬁg@%g ﬁ:t bl Y,
the gas mayatadysbx§igahrlyj 4 vinglchcetatdrcatalgstiof ddwer adiiVitethn tHeasatatystbpd may be

ni trogen, arg.on%fr car bop di oxi.de. P{)ef g,r abIF% the gas is oxngen.. 4 ) 14
DEC 2U04 THEMS¥ Deusing & lawgy agive metabloadiea. Catalyst hevingasadyeed setivitymay f or m
or in vapouwe 448 _ : ' [ .$luid bed reactor
and may sui tea?bl %%ewgg%%e?%?gstt@Mkugﬁip‘g?gyﬁﬁgu? H%rrtnh%b 'ai'o 400C, preferably

140 to 210C and Inacgordsmereittofheprdseht ihveriZiox tHEvdrall @ﬁ&lg@c activitp o2@ . barg),
preferably 6. s to 1.5 x 106 Pa gau (6 to, 15 barg especially 7 x 105
to 1.2 x 1 ‘%&ejdg%:dg’g Cetf?ﬁsbmizgﬁa‘rc@aﬁefg\%&éﬂ%w% therate ol additign efsmyiaddedhe
producti on i i . i : . . rise QuUp
U111 ot ol -t e Ged DORiGgH ard 3 nRIREPREER O PRI
to the G ougf cualyst toethalfluidided bpd ef estalgst thetat ai whighldeadivited cSialysefl e 10

sour ce?‘| of pal |l adjum jn¢cl ude Egl | adi um %! I,i chl oride, sodium or potassium

t et r acHPor SpRPY&ERe® the bed may kg desreasgd o1 Aosgecrqasg thedivarall satalidice,

|1 adi Y 0 i T
Pn & concereiynf ot d Biis0l bRRL AR hb ke SYRRANPor AR Bital o e LT O
0. 5% by weingytbexiesadseth 0Dpliaratly, ardiighddicbn eadekessing tHRteBE RbshGRNGAAT r at i on

may be as hi g,h, as 10% by weiq?ht. Gener al lX’ the 15 higher the active netal
| oadi ng i n 24ditign e (he catdlyst Bed therrgte gt yehichdsartivatedieaselystds pamnyed fioghthet he

t al yi,i ' ' i T f . | yst
Contar ni g BB bYLARY b¥ ctdasdh.| W ihe CHiocd Rles B ARRIG ot SRIRT 1,
essent 28l | yembeal ofithe datilyssthavdadhiesed tHeyreQuitstt Hafgd inalé rbuntiofadiyist @rthé o

the G oup ;{/{l . hetal, the catalyst for the production of vinyl. 20 acetate
conpri ses “ﬁJr‘%ﬁ‘ilrheéran Sgneethe eequireshangs in pvgrallieatalytie activitypéithe fuidisedn or

m xtures 't e | | d. ,t abl e. source of gold
i ncl ude golrbga’gtﬁ%?ﬁg%lgff agtégr"ag (Pée%cq)%g}&ﬁjg& ggﬁgu%ﬁﬁgﬂhﬁr,eaﬁgﬁﬁe&fi IQ&UCI 4,

di met hyl gahtbuacef aitalystim tellaascihoald it de péduded Belotad edrfdin Mitemimafegbied
gol d compound is HAuC 4. The pronoter netal may be present in an anbunt of

from 0.1 tdvhichthgyeagsorgwill not funegions Copverstipdhe amaintsif catalystishauidsnotdei t abl e
for us%Si n iﬁé}&s&ﬁ gg}‘ljo%tdi th m%.];cirﬁldrrq worﬁgge Ee%teﬁ ma.y conprise a co
The overall catalytic activity of the fluidised bed may also be adjusted by
increasing the rate of addition of added catalyst and also increasing the rate of removal of
deactivated catalyst thereby reducing the time the catalyst resides in the fluidised bed and
hence is subject to deactivation with use. Conversely the rates of addition and removal
30 may be reduced together to adjust the overall catalytic activity.
Rapid changes in the overall activity of the fluidised bed and the overall rate of

production may be achieved by changing the reaction conditions such as temperature in

3



pronoter material. Suitable co-pronoters include Goup |, Goup {I ,

| ant hanide or transition netals, for exanple cadm um barium po ‘és%ﬁ%?!}”‘
sodi um Jmanganese, anti nony, and/or |anthanum which are present in the
finished catal yst as salts, e.g. an 30 acetate salt. The preferred salts

are pot aSS.h&HHiS’an%oS&Hﬁéﬂgﬁﬁ‘ﬁ@L&fvﬁg aldBr SOuRIRTAL Rire bP ?@&q@@g@km&qﬁsem in

the catal yst conposrti I'n.a concentr wel ght of
cat al yst, natalgstprEdnepeadtuise chiangey nayt e &5¥eoyd wer@fipidlpthan bathlyoEhaAQes Afder e a
liquid aceti¢ acid feed is used the preferred concentration of co pronoter
salt is updBesatabyst inshgrged the framesatpie maybe wadjusted begletodts previgus welug

i n a concent 1 at N IRCAD: e Pifoftoliody £ B AR Bediol od ReiBhBlifor oht i yet

Sui tabl® cat al y3tinyl upgafetis gémedllydReREEDUS a Sbhfercialatigby@ontattiigcaeal UM na,
titania, silicaltitania or zirconia. Preferably the support is silica.
Suitably, f#daadgtylene yith mmeleculapergen spataining ganimthe preseacsofn catalystgr am of

t,. f t
bulk dens e tetrudtion b iy PRGAE Aot BB Hrafalfitdak B GpARER" "
vi nyl acet afith afixedived pfepalysd Receasy, asliid b&l grovedshad bestiittodscetihat det ai | ed

in EP-A-0672453, the contents of which are hereby incorporated by,
reference. The MeeBYi bad reastar systenpios the menusectves,ife/ingh poatatet the pptticks o

cat al f ; b40.Si D | nyl. acet at i,el d ;and

cel oot 1o oo LRGF. ARG TR, b RSATCRA T bpbe)BE svoiem
the. fI ui di Ercesb@dwolatecinbptasé cﬁfﬂhﬁelﬁ}% SRt @¥Elrouphi tha Rdavtor ilfctCddcpdaged may
be introduced into the fluidised bed of catalyst by the use of an

over pr essuf@nvgfsien effisieaelsh as nitrogen with or without the assistance of
gravity. Alternatj vel ny suiabl.e.mechani cal neans ,may. be d, for
exanpl e, a scre\?(/‘ @ggzgg?at%% Hg%lufs%%lﬁﬂwfﬁgorbwg b?‘fe tig??l&a‘%ﬂ}g 8?’%?%@7&% nyl
acet at e cattributioned may be determ ned by any suitable method known in the
art, for exanple, kinetic nodeling or analysis of sanples of catalyst

wi t hdrBwn from the bédo 2Pypiceansiy, in a f0-8Pwvthed process for the

manuf acture of vinyl t,ate the producti ratje of vinyl acetate is
suitably determ ned t%@ﬁé?éﬂ%c{nisng t he to‘%ﬁgﬁé‘? vi nyl acetate product

produced per day. 2543ybts8lhi¥sonshe overalip-getyy ty of the catalyst bed is
moni tored regularly, for exanple, nonthly, but if desired nonitoring may be
more or |ess frequentd8 tecdRémutiops t he anou8Owt¥ catal yst to be added to
the catal yst bed w |l end on the react] aneters and the activity of
the catalyst to be ag&gg%uqrﬂgs addi ti on/re(l?fggéﬁq%f catalyst to/fromthe
catal y3¢ bed may be uwsednigrodd conj uncti omswitth adjustnents to the reactor
tenperature and/or adjustnents to the feed conposition such as the oxygen
concent r at Pefisonsrskdllegyin s art willhrecegnizgijhat sunpartpantiglessizeswlii 44,88, (106 @pénd upon
t he reacti 95 RS AneL ars iEnd al so_saf tag %onstraic?ts. Sgcg 6 1 '4 DEC 200k
adj ust ment 3" can- readr1y° be Y dBYBI T ik i _Yﬁ&et?ﬁiﬁ R FiRReY iSIPVE &% t .

Addi t i onal PRrRENiRE af@paficRiiedi g m Wyt hiRuRHAGSHSutSnied Hsal n

overall activity and/or selectivity. The i'nvention wi'll now be illustrated
by ref er endevicesuchas adVlicontrasgX F0&npl es and drawings. 5 Figure 1 illustrates
a fluigdised bed,reactor suitabl.e for the.production of_ vinyl acetat.e.

Fi gureEI s a gPhphuq bedrpess ﬁ‘ijt[‘ﬁg“’é*f*ﬁé Sy heStathcr o Giser st

catal yst tgcidahé ekgg'e%qﬁe bagleRE nfadbehyed inQbQuRraal b dRpled ity phd the
. production of vin acet a?ee. 10§Exarrpllé1 1 - F[%H“E‘?E%‘ﬁ?ess elfdorl tﬂe
product i onoomove ofmitragert, anethanp, RhapacaboodicafdeSndpoater ifhke foumpafisteaused f or

the catal yst preparation was_prepared by spray-drying a m xture of Nalco
(Nal co CheRi't Wmebqﬁ%?wowi plf&“@@ﬁ"“%ﬁ@l@l‘?&‘-mgussa (Degussa Cheni cal

Company) - Aer 0Si Iryg ok gh-cdnfaihillf gd ey SRS air 0GRS ridHRF of pbbiepicame from
30  molecular oxygen than air. Suitably, the gas may be oxygen diluted with a suitable

diluent, for example, nitrogen, argon or carbon dioxide. Preferably the gas is oxygen.



- 15 the sol and 20% of the silica came fromthe Aerosil. The spray-dried

m crospheres were calcined in air at 640C for 4 hours. This nmethodeef 2004
support Jpreparation is described in EP-A-0 672 453. The particle size
distribution of the support which was used for the catal yst preparation is

as follows: 20 Pprdichig agid4Ray tRORtrBH e o thSRadRP i iff$a b, M Crons
38 <44 mcrons 30 25 b) Plrepar ati (;n ofe &:a'?al y%?a%?fﬂ‘g’q‘gf?g%@t‘“?%‘%’%i parts)
as preparedorm. (a) above was inpregnated with a solution of Na2PdCl4.xH20

t ai ni 1 | | adi d C.4. xH2 tai ni 0.4 t [ d) i
G st 11 ed et er Db PRerBmASe Sitiel it it SN Rubirerr ot bl b# xod
t hor oughl y, odegdttd Iltoell ﬁ:\ﬁngségaé{éﬁgr Sh@é"i%/ @ch'bge%jrg \r{'qﬁﬁ'tcgatl?%ﬁgrg-rrg ressure of

i npregnated materi a lowmy to & ofution o Ine in

distilléd wiY'¢o 2 xartf Ralgmuge (1 tr 20 birg} yeetetablys 200° @ViEs ﬂil@hPa\g'hdiéb @aeasi onal
stirring. Thereafter the m.xture wgs filtered and washed with 4 x 400 parts
distilled vRef®r esperiglly 7 x 10° 1 1:32c10 Ry gaviee §7 tmd2 bargh dried overnight. The

material .was inp Ued W 0 | ution of tassi,um.acetate (2.8
parts) by, moi pi AcbansF ubletyf DA REM It dr i ped e R R BB Bty
left to stanay doryrise aaBrbugh VIEUmetat;randagiist prdgotendrll ahsdptivasl dobsdniedreened to
provi de a sui tab‘lye particle size distribution. 5 The resulting catal yst

conpri sed 1.59wt YAtHdreaads tnihe Sreundilgestal, thecprefeoied ometrd ispadiadinm. Suitable

Pr oductjgon @f; i Lo sed.bed react.or was oper ated
at 8 barg w tf\cggeﬂh?lﬁg%?bgﬁéf i’rér%iléfrl%'{‘ @LL@M#@)S@&& osrcﬂ‘?g?’?é'fllmc

r epr esent attewachidropiiadeeadi)p (Na,PIEhMKPACE), palladidm betand painglusdas) a f eed
system reactor gas‘lﬁldéquid separation, gas recycle, product recovery and

liquid recytirgie ofypliadiem gHy plphate Fheymetal may be peesentdn miconeantration ofigreatsr age

1 d LG AC it h . 3
to)a tuin 1ol G oae beidh e BRHAREr YRR Y el o T amRR el peidfter
recycl e gasafabesd [B3 metdl e6hcentratibemay 8¢ aghigh aX YORby(WdighNtGdnetdN9, fheenum and
througt]ssa ‘:hlig}e?red plate i:nto_the reactor. Fresh oxygen 1 S (6) my be fed

I’y i

di rect the aqtiye el doadimg inacgtadyst switablei fon usesinyinyl hensate peaduction,

di sengagi n s sepus -products _exit the reactor ihrough
exit (8). %Réeg‘ﬁ’éﬁﬁ‘@wée“#%@ﬁ ]}J-%u |g§ 2@% ﬁgrﬁxgxap sfﬁaa]&s'p‘iﬂ%aé'ang syfte)?n wher e
hot heat t rRaflsdiem Willtbednére aptissen bltaQUEhwhidh @Leds@tisy the(safe bRD WML has
attached to the reactor wall. Al equipnment is constructed out of 316L

st ai nl ess e@-?WQ%P&“SﬁiQ"bf catal yst prepared according to step (b) of

Exanple 1 was | » . total feed co siti.on jn to the
reactor was con?r?1 %?ﬁ‘é‘&ﬂtﬁgt‘*&%héﬁ‘{“%g‘mgf"m@g%9*%‘Y§}JIP{J§?§.%&E@PP8*)&’6‘? 8-12
vol ume 20xy geetat cothpitiseOh grmater. | Hidifabke prombtids Maluda RN c8hR¥ ARumdrdon,

et hane and net hane provi ded the balance. Atwin fluid nozzle was utilised

to i ntrodud@xtuies thewof cAqueigred prametheisigokl t itabletsources pfigold inclugesgoldi ght

tio of 2.Q5: 1 | . iCi ity,in t t
Cont rol 1 ea Aufls H5chgiurg sER bty NFAGTL R CrctiielSTETaedfiR) of «he
catal yst bedrivmacemdagratebegbld¥cdtBieC ThaBreferrdPe M edhpbEAY RIIPAVCL, ] ‘Tﬂe rate

using the kinetic rate expressions derived for fresh catalyst with the
actual prod®iempien mesal gnayieeprrientin an amauat ek fiomsd 1 t;m30%ehyeweigktdnitire an

integraked fieq catalyst.

A catalyst suitable for use in " the production of vinyl acetate may comprise a co-
promoter material. Suitable co-promoters include Group I, Group II, lanthanide or
transition metals, for example cadmium, barium, potassium, sodium, manganese,
antimony, and/or lanthanum, which are present in the finished catalyst as salts, e.g. an

30  acetate salt. The preferred salts are potassium or sodium acetate. The co-prdmoter is
preferably present in the catalyst composition in a concentration of 0.1 to 15% by weight

of catalyst, more preferably, from 1 to 5% by weight.
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the amount of catalyst present in the reactor. Actual Vinyl Acet’&atBEC 2004
Product i)on. Rate = Cat al yst Activity * Kinetics 5 The process was operated
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added cat al yst, &heeatalystsnaypbe bsupperted Satalysi. vSuitablehmaralyde suppdirtsiigdludect i vi ty
of the catal yst i.P thie f.l ui ﬂj ?P hed., 9. é r DEC 2004 C ainms: 1. A process
for the fluPUOBEH S SMTEDS SHicgpluping, titapia silica/tiama or wienopier Faeferablictheng

et hyl ene, acginbg §illc2NSLi BB O EAEH5 it ' : i tor, at
el evat ed Ieﬁn%grgﬁélgca?n%%l%glygr eseE}():&eﬁo as%ga g{gpgfe:vedé&}gggf oh\‘%'gf}lggﬁyﬁ?}’%ﬁ

whi ch procegrem afsupparsita susfaaeldeed of 6 te 800 nil per disedf oftfang @habysrbnt bMer ei n

the overall  catal ytic activity of the fluidised bed of catalyst is
control | ed Qe&s%y Bﬁ:b(ﬁ%ﬁe{%‘ﬂed val ue by adjusting the activity of said

added catal yst a e ST : LEd f i d . added.
catalyst. 2. A p?gézée%{stg@@of?ls%ﬂﬁgg ?{h&%gﬁ %’tggmgi %‘%gﬂg% ﬁgﬁ%g)g’ d ?Pféﬁ%ﬁ%ya@gtsglt%bl%i ch
conpri ses rmetbodnyckuhthae detailetint BR-A306 12488 ,0tha BoMeNG IF whish Ak RfeBy gas in a
fluid bed reactor %lit el (gvat ed tenperature in the presence of a fluidised
bed of cat aPSAPOrated yredstenseocess, catalyst is added to said fluidised bed
of catalyst, wh | I .Process i s adjusted
to a pre-determ’arggéd]lﬁ\e}{altliagéJQ \gjg/{a?éf %@P?ﬁg% h‘gyab%t@ %@?cf{? éﬁfpﬁ%'g? %i'&@&s ed catal yst
and opti onaterfprmdiaettaserton maximasieg oiybatdtdté piﬂldm‘nds‘saiedtiﬁgded catalyst. 3. A
procesg as clainmed in@ﬁl ai m}ll ?r .claim?2 in which the added catal yst has a
di fferdnt acti virT&}y fHteReeshpd for infroducing, the gatalyst into thadlwidjsed bied of atalyst
fluidised c [ ' l. & i 0. whi ch .t.he ad

cat al yst hggg’ab(ﬁiené gféde?lc%lﬁ%b@;tt %'ﬁﬂfsﬂéﬂ a? rﬁétu?tg ugég e ¢ ye @Lflalf?‘ldegecg%gll yst in
the flui di sethlysety the ush qinnoesiprasurelofiangs sidh 4!ntrogeh with Bhivithodtige added
catal yst has .a higher active netal Ioadi_n% than the catalyst in the
fluidised HSSstapce of ghahe sAlternatively, aryisyitable ragahanicalimeans otay beased der

catal yst h 0 LV the initial activity of the catalyst in
the fl uidi ?zéﬁggafw%f?@%%dr@éﬁ?éﬁg%“m aimed in claim6 in which the added

catal y20 has a |Dheesvesdll actieitiref te Vinddiétatetchtilyst b&d may 8k Wsterrhied BE any
fluidised bed., 10 1 4 DEC 200 8. A process as clainmed in claim®b or claim

7 in whi ch SfePle mtheddaiosinadhe art.for graseple Kinpticneodeliag op apalysiceefosdneples 9. A

ey ' h ' ips in which th N
ot alyti o cncrioRROwlRarath o8 bdd Ty RRT b Bhufe Bed Broefis i G mass RS °
pr e- det er miafiwithyl adetete bhe producrisi rag dffvinyl at@atefis addbly deferfifincddlytaidfieidg

catalyst. 10. ‘A process as. clained in claim9 which further Conprises
decr easi ng thhtonngs @f irylasetateaproduct pseduopd perf daym t he f1 ui di sed bed. 11. A

procesgcas clai i y..one of. cl aj 1 to 8 in which the overall
cat al yt§ Pc acti vi st ai())l? ’ ﬁ%eovg T@ia&tlg@j&lbtgg CSﬁ‘a}yéfal? '§§’1°"i‘t§“ifiorﬁ$‘r‘16‘¥ 2 to a
pr e- det er mergepléaathby bdﬁﬁ‘ﬂ@ﬁﬁédﬁﬁoﬁif&inrﬁ%@ 0 mapdidt it Q@ Rlemal d added

- catalyst. 12. A process as clainmed in claim 11 which further conprises
i ncreasi ng the réenerally, thermpauintsodf cotalyst yasbe ddderhto hiee ¢atalisdibsé avibbdepend bn

. AS[S. AG. ’%lfle éac&b?ﬁ@ré%heﬁ% an'ﬁ%h@@tﬁ‘rhy’%'?%hé La%/l\g'st t?) bg added.

The addition/removal of catalyst to/from the catalyst bed may be used in

30 conjunction with adjustments to the reactor temperature and/or adjustments to the feed
composition such as the oxygen concentration. The extent to which adjustments may be

made will depend upon the reaction parameters and also safety constraints. Such
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y#10%&14) - E%ﬁmple_l - Fluid bed process for the production of vinyl acetate

a) Preparation of Support

The support used for the catalyst preparation was prepared by spray-drying a
mixture of Nalco (Nalco Chemical Company) silica sol 1060 and Degussa (Degussa
Chemical Company) Aerosil® silica. In the dried support, 80% of the silica came from

15 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. This method of support preparation is described in
EP-A-0 672 453.

The particle size distribution of the support which was used. for the catalyst

preparation is as follows:

20 ' Particle size %

>300 microns 2

88-300 microns 30
44-88 microns 38
<44 microns 30

25 b) Preparation of Catalyst
Silica support (54.4 parts) as prepared in (a) above was impregnated with a

solution of Na,PdCl,.xH,O (cont-aining 1 part palladium) and AuCl,.xH,O (containing
0.4 parts gold) in distilled water by incipient wetness. The resulting mixture was mixed
thoroughly, left to stand for 1 hour and dried overnight.

30 The irhpregnated material was added slowly to a 5% solution of hydrazine in
distilled water, and the mixture allowed to stand overnight with occasional stirring.

Thereafter the mixture was filtered and washed with 4 x 400 parts distilled water. The
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The catalyst was then screened to provide a suitable particle size distribution.
5 The resulting catalyst comprised 1.59wt% palladium, 0.62wt% gold and 1.9wt%
potassium,

¢) Production of Vinyl Acetate

A 14 litre fluidised bed reactor was operated at 8 barg with a uniform bed
temperature of 155°C. A schematic representation of the reactor is shown in Figure 1
10 and inclpdes a feed system, reactor gas/liquid separation, gas recycle, product recovery
and liquid recycle. With reference to Figure 1, fresh acetic acid from storage (1) and
recycle acetic acid are pumped together with some recycle gas (3) to a twin fluid nozzle
within the fluid bed (2). The remainder of the recycle gas feed (3), fresh ethylene(4) and
oxygen (5) enter the plenum and through a sintered plate into the reactor. Fresh oxygen
15 (6) may be fed diréctly into the fluid bed. A freeboard section is provided for
disengaging the catalyst (7). The gaseous products exit the reactor through exit (8); '
The reactor temperature is controlled using a pumped system where hot heat transfer
fluid is passed through three jackets (not shown) attached to the reactor wall. All
equipment is constructed out of 316L stainless steel.
20 4.5kg of catalyst prepared according to step (b) of Example 1 was loaded into the
reactor. The total feed composition in to the reactor was controlled between:
Ethylene 55-70 volume %
Acetic Acid 8-12 volume %
Oxygen 3.5-8 volume %
25 Inerts including carbon dioxide, argon, ethane and methane provided the balance.
A twin fluid nozzle was utilised to introduce the acetic acid in to the reactor with
a liquid : gas weight ratio of 2.05:1. The total superficial velocity in the reactor was
controlled around 11 to 13.5 cnvs.
Actual overall catalyst activity of the catalyst bed was calculated by matching a
30 predicted production rate using the kinetic rate expressions derived for fresh catalyst

with the actual production rate. The kinetic rate expressions were used in an integrated
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~Actual Vinyl Acetate Production Rate = Catalyst Activity * Kinetics

The process was operated under the conditions described above for 79 days and
then a further 100g of fresh catalyst was added to the reactor. After 103 days of
" operation a further 200g of fresh catalyst was added to the reactor. Figure 2 below
shows the increase in activity corresponding to this last addition of catalyst from an
10 average activity of 1.48 to 1.55.
| Example 2.
| To obtain a greater increase in overall catalytic activity than the increase obtained
by the addition of fresh catalyst which has the same activity as the initial activity of the
catalyst bed, Example 1 may be repeated using as added catalyst, a catalyst of higher
15 activity than the initial activity of the catalyst in the fluidised bed.
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- Claims:
1. A process for the fluid bed production of vinyl acetate which comprises reacting
ethylene, acetic acid and an oxygen-containing gas in a fluid bed reactor at elevated
temperature in the presence of a fluidised bed of catalyst, in which process, catalyst is
added to said fluidised bed of catalyst, wherein the overall catalytic activity of the
fluidised bed of catalyst is controlled to a pre-determined value by adjusting the activity
of said added catalyst and/or adjusting the rate of addition of said added catalyst.
2. A process for the fluid bed production of vinyl acetate which comprises reacting
ethylene, acetic acid and an oxygen-containing gas in a fluid bed reactor at elevated
temperature in the presence of a fluidised bed of catalyst, in which process, catalyst is
added to said fluidised bed of catalyst, wherein the overall production rate of the
process is adjusted to a pre-determined value by adjusting the activity of said added
catalyst and optionally adjusting the rate of addition of said added catalyst.
3. A process as claimed in claim 1 or claim 2 in which the added catalyst has a

~ different activity than the initial activity of the catalyst in the fluidised bed.
4, A process as claimed in claim 3 in which the added catalyst has a higher activity
than the initiél activity of the catalyst in the fluidised bed.
5. A process as claimed in claim 4 in which the added catalyst has a higher active
metal loading than the catalyst in the fluidised bed.
6. A process as claimed in claim 3 in which the added catalyst has a lower activity
than the initial activity of the catalyst in the fluidised bed.
7. A process as claimed in claim 6 in which the added catalyst has a lower active

metal loading that the catalyst in the fluidised bed.
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12. A process as claimed in claim 11 which further comprises increasing the rate of

removal of catalyst from the fluidised bed.
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