15 10*§PECIFICATION 15 FLUI D BED PROCESS FOR THE ACETOXYLATI ON OF ETHYLENE
FRE - PRODUCTIONEF VI NYL™ ACETATE 20 BACKGROUND OF THE | NVENTI'ON Fiel'd of -
Wivantion 25 This application is a continuation-in-part of U S. Serial
No. 08/252,874 filed June 2, 1994. The present invention relates to a fluid
bed process 30 for oxyacylation of -olefins or diolefins. |In particular,
the present invention is directed to a fluid bed process for the production
of vinyl acetate from ethylene, acetic acid and an oxygen-containing gas in
the presence of a fluid bed catalyst. Mdre particular, the present
invention is 35 directed to a fluid bed process for the production of
vinyl acetate using a pall adi um gol d- pOtaSSIPn1f|UId bed catal yst. The
commerci al production of vinyl acetate by reacting ethylene, acetic acid
~and oxygen together in the gas phase in the presence of a fixed bed
-~ catalyst containing 40 palladium a pronoter netal, and an al kali metal
acetate isThis is the replacenent sheet 2 known. Usually the fixed bed
catal yst conmponents are supported on a porous carrier such as silica,
zirconia or- alumina. There are various patents such U S. Patent 3,759, 839
and Great Britain Patent 1,266,623 which
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15 | | |
. FLUID BED PROCESS FOR THE ACETOXYLATION OF ETHYLENE
~ IN THE PRODUCTION OF VINYL ACETATE
A
20
BACKGROUND OF THE INVENTION
Field qf ;he Invention
Y 3

This application is a continuation-in-part of U.S.
Serial No. 08/252,874 filed June 2, 1994. '
The present invention relates to a fluid bed process
30 for oxyécylation of olefins or diolefins. In particular,
the present invention is directed to a fluid bed process for
the production of vinyl acetate from ethylene, acetic acid
and an oxygen-containing gas in the presence of a £luid bed
catalyst. More particular, the present invention is
35 directed to a fluid bed process for the production of vinyl
acetate using a palladium-gold-potassium fluid bed catalyst.
The commexrcial production of vinyl acetate by reacting
ethylene, acetic acid and oxygen together in the gas phase
- in the presence of a fixed bed catalyst containing
40 palladium, a promoter metal, and an alkali metal acetate is
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5 df'scl dse the manufacture of vinyl acetate utilizing palladi um pronoted
cat glyst . % I n each of these patents, nention is made of using a fluid bed
process. :However, in neither of these patents is there any nention of any
techni que or aspect of fluid bed procedures which would 10 produce
unexpect ed superior or econom cally beneficial results when conpared to the
“fixed bed process. In fact, in each of these references, the typical

condi tions under which the process is run are fixed bed conditions. There
are nunerous di sadvantages related to the 15 ocess of manufacture of

vinyl acetate in a fixed bed procedure. Sone of these di sadvantages are: 1.

The catal yst Ubldhged eaNGiBYOURLY: aUIR Gk dikah BolbbdnPEdatgact or
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excessively hi %ﬂlﬁ'@i%ﬁ%:ﬁbﬁétééuéﬁéé{lﬁé@.er | 8D REHP e TRhEEE ?iﬂtéﬂtt:s Cat al yst
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res!drng in zones hel ow the desired, opera ing%i enper at ur e wi T )
optimal ly reacteP&i0PodEcBaPReChal? %u#kﬁﬁ §¥¥€Pﬁ?Fe§EetaF%We§%F' in
3. = The per- paseithereosi chesé patyhtemeis cHerd taeg mgnthenl efeanpf oxygen
3 e BRER betaBiLear ety d b RRaiedachLah: pipde,
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" the process is run are fixed bed conditions.
There are numerous disadvantages related to the
15 process of manufacture of vinyl acetate in a fixed bed
procedure. Some of these disadvantages are{
1. The catalyst utilized continuously deactivates in
the fixed bed reactor with time on-stream. This leads to a
decline in vinyl acetate production. Thus, the product and
20 recovery system must be designed to handle the high initial
vinyl acetate yields and as the yields of vinyl acetate
decline, a portion of the product recovery train is not
utilized, thus, capital is wasted.
_ 2. The fixed bed catalyst experiences uneven
25 temperatures throughout the length of the reactor. Catalyst
exposed to excessively high temperatures usually'experiences
premature aging. Catalyst residing in zones below the
desired operating temperature will not optimally react to
produce the maximum amount of vinyl acetate.
30 3. The per-pass conversion of ethylene is limited by
the level of oxygen which is fed into the fixed bed reactor.
In a fixed bed operétion,,the oxygen is premixed with the
ethylene/diluent and acetic acid stream prior to entering
-the reactor. This complete feed mixture composition must be
35 outside the flammability zone or the risk of explosion/fire
‘results. Accordingly, the amount of oxygen which can be fed
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3into the reactor is limted by the flammability limts of the m xture. 4.
The WS?y1“%cetate reaction in a fixed bed is seriously diffusion Iimted.
Accordi ngly; much effort has 5 gone into designing catal ysts wherein the
active conmponents are located in a thin shell on the surface of the
particles. Fixed bed catal ysts which have a uniform di spersion of active
mat eri al throughout the particle typically proguce far fewer pounds of
vinyl acetate per pound of noble nmetal 10 than shell-type catalysts. 5. In
a typical fixed bed procedure, catalyst activator (potassium acetate) nust
be continuously added as the reaction proceeds. This neans that the

cctivalor 12 2k nd heddlst 401 ey LUed, B Egi ) athags Lhe 18
results in a novhermixtuweli stribution of the activator upon the catalyst
LT 1 by eSS, ROk S A GO T sl o1

di sadvant ages ofe¥Hu§ihi HALUSIRReltRAFed i x AFIRKAIGEYat MITHaRGEQERi BBES
unexpect ed supegome igtsolldesiemipar edtaDydt X echdesd iproie ssrdvelbempdrant ages
descr bed bel ot "S5 SOMRI TR FREH) FWENT TN T | aiire S ehe blirkieter.

t he present invRixedrbad @Falyssei dbich fhayel aoemi;ﬁq;@ey@gimrséwa@ﬁl ation
of olef ins or gol-ff iMcediall hdchyhdberc1DiKbt if1d R IR p-BMERET ON
to : . far fewer pounds of vinyl acetate per pound of noble metal
10 than shell-type catalysts.

5. In a typical fixed bed procedure, catalyst
activator (potassium acetate) must be continuously added as
the reaction proceeds. This means that the activator is
added at the inlet to the fixed bed reactor to replace the

15 activator which exits the reactor. This method of addition
of activator results in a non-uniform distribution of the
activator upon the catalyst which, in turn, results in zones
of less active and more active catalyst.

| The fluid bed process of the present invention

20 overcomes many of the disadvantages of the typical
commercial fixed bed operation and achieves unexpected
superior results compared to fixed bed processes. The
advantages of the fluid bed process of the present invention

will be more fully described below.

25
SUMMARY OF THE_INVENTION

It is the primary object of the present invention to
30 provide a fluid bed process for oiyacylation of olefins or
diolefins.

It is a further object of the present invention to
provide a fluid bed process for the manufacture of vinyl
acetate from ethylene, acetic acid, and oxygen.

35 It is still another object of the present invention to
provide a fluid bed process for the manufacture of vinyl
:_v.r,...wmbrit shest
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provide*a fluid bed process for the manufacture of vinyl acetate from

et hyl.ene,%acetic acid, and oxygen. 35 : It is still another object of
the Ppfesent invention to provide a fluid bed process for the manufacture of
vinyl This is the replacenment sheet Date 8/4/96 4 acetate using a fluid
bed pal | adi um based or pal | adi um gol d- potassi um base cat.al yst. Additi onal
obj ects and advantages of the invention will be set forth in part in the
description which follows 5 and in part will pe obvious fromthe
description or may be | earned by practice of the invention. The objects and
advant ages of the invention may be realized and attai ned by neans of the

instrumentalities and conbi nati ons particularly pointed out in the appended
clains. 10 acetgte 4fink & Hduigr b6 RgldBfaumsbafed (RF Raldafium-gold-
i nvention, the pooaesbund Gaswrafadtdeing of vinyl acetate in a fluid bed

‘reactor conpri ses fecdyag el eng A, 266l 16,8k doED! e L bg. AU s bech
reactor through one or nore in et A S I'ng "an oxyaep-con ainrng gas into
the fluid bed reitidee 1t thersdghnapakrsadn the fepehiption sthickofodlemag

the oxygen- zongahniMpHAS widlihpeeBsv2BHs2e8bnCtRE! deddrig18 dnl Wrd magdbe
reactor while |£ coq%§§%,mnth g fluid ged,catalgst nabfrlﬂl,t ena% e the
et hyl ene, aceti C®&tH o PFRFGefe 8 E8E 1P¥SBFoThce VN APIEEEEaPR%nd
recovering the advightagss atfe theorim2enttiba fmbhwi Hebeealtmst agmd lattaipedf byr ed
erbodirent of ! Reafl 5L nd N¥RALLALLERE C10Y 818 b AR IdnAPadaba1bpdy
into the reactor as a_gaseous m xture throu h_ the one or nmore-inlets. In
anot her embodi nePintdd (W Fre§bgt apreadedoflaina.

10 To achieve the foregoing objects of the present
invention, the process for manufacturing of vinyl acetate in
a fluid bed reactor comprises feeding ethylene and acetic
acid into the fluid bed reactor through one or more inlets,
feeding an oxygen-containing gas into the fluid bed reactor

15 through at least one further inlet, co-joining the oxygen-
containing gas, ethylene and acetic acid in the fluid bed
reactor while in contact with a fluid bed catalyst material
to enable the ethylene, acetic acid and oxygen to react to
produce vinyl acetate and recovering the vinyl acetate from

20 the fluid bed reactor.

In a preferred embodiment of the present invention the
ethylene and acetic acid are fed into the reactor as a
gaseous mixture through the one or more inlets.

In another embodiment of the present invention, the

25 oxygen containing gas is feed to the reactor through more
than one inlet.

In a further preferred embodiment of the present
invention the ethylene and acetic acid gaseous mixture
containS'oxygen below its flammability limit in the mixture.

30 In another preferred embodiment of the present '
invention, the fluid bed catalyst utilized to practice the
process of the present invention comprises a catalyst having
the following formula: Pd-M-A wherein M comprises Ba, Au,
cd, Bi, Cu, Mn, Fe, Co, Ce, U and mixtures thereof, and A

35 comprises an alkaii metal or mixtures thereof (preferably
potassium). Typically, the weight percent of the palladium
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25 " bxygen contalnlng gas is Heed 1o the reactor through ‘mor é than one | i—

inlet. I'n a further preferred enbodi ment of 'the present i nvention the

et hyl ene and acetic acid gaseous m xture contai ns oxygen below its
flammability limt in the mxture. 30 I'n another preferred.

enmbodi ment of the present invention, the fluid bed catalyst utilized to
practice the process of the present invention conprises a catalyst having
the following fornula: Pd-MA wherein M conprises Ba, Au, Cd, Bi, Cu, M,
Fe, Co, Ce, U and m xtures thereof, and A 35 conprises an aI kaI| metal or

m xtures thergofaieddf xﬁéﬁﬂﬁhé’ c{i&%&%?é ?‘ﬂ%s EX;W@@ﬂaﬁmﬂ]ﬁ-efé@d/b%g pgrcent of

the palladium This Is 5 and

al kal i netal 3.0 vth aélsﬁlwryatert’gmofm 10 w@/ospt@fembﬂ/z Bditeauwtin Ipaddidengithy 0.5
to 2.0 w% %lé ht &E&ﬁ@MH&i %ﬂ@tﬂb&t?%‘ﬁﬁéﬁebﬁbgé t@rtﬁgff‘b% I'n

addi tion,- the f tange fromO to ab
preferably grfé’aﬁ CHy Br '“ég %a\”’f'@ preferred being O: 1 to 3

W% In a-further h'fsf\ﬁthee reférbsicinibodiment ofl the prasexstdnvenition i dradurnk bE  anount

SLcﬁaéé' 251 g %t’ﬁgﬁ“tetE*@fza@%%‘éa%%a@%ﬁam iy fieaf 1.7 evel
suf ficient toprgséndin th@rﬂmdtbedjteg@oplamamamd at ladeved suffigisnttosllow fouttieng t he
- reaction so aasét tﬁtnlme 6at 28 tb&&hﬁd& n%&ﬁ&?dﬁ&ﬂésﬁ%‘hﬁlo%ﬂ@ﬂ&cﬁ&nf&‘e

catalyst. In urt er p erre I ment of the present 1 nvention,
the fluid bedPr@&F @Fcﬁtélé(étt 60% of the catal yst particles at a

di amet er of bel ow ED@ sﬁll firhies (e&r&ﬁz)nbadidteﬁtmﬂmé e‘s&ﬁﬁnvuﬂ%@fthé feidpar ticl es
possess! g = (LATEUFh B3N 195 B e PR DA AL,
| ess than 100200 micross (02 rmypndmamore thar 40% bfithe4Rvticlés pdssespiag hididmeetethavi ng-
- a diameter bepbge j&§ thah M mitfond\(G.0RAR). (PrefAHY, the catalyst particle diameter
range is at least 50% of the particles being less than 100 microns (0.1mm) and no
* more than 40% of the particles having a diameter being less than 40 microns
(0.04mm). .
The operation of the fluid bed process of the present invention overcomes
some of the distinct disadvantages described previously in the current commercial
fixed bed operation to produce vinyl acetate. In the fluid bed process the catalyst
is homogenedusly continuously mixed in the reactor resulting in significant
improvement in the homogeneous addition of the promoter even if it is introduced
through a single outlet. Furthermbre,’ the fluid bed operation allows for the
continuous removal of a portion of deactivated catalyst and continuous
replacement of -

-
o
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The "oper™ation of the fluid bed process of the present invention overcones
some, of, the distinct di sadvant ages described previously in the current
commérci al fixed bed operation to produce vinyl acetate. In the fluid bed
process the catal yst is honpbgeneously continuously nmixed in the reactor
resulting in significant inprovenent in the hgnngeneous_addition of the
pronoter even if it is introduced through a sPFngle outlet. Furthernore, the
fluid bed operation allows for the continuous renoval of a portion of
deactivated c t .a contlnuous r nent_of This, is t cenent
Shoet Dt o 1677 Y sy | SSRER . OB ndpulity S8 ca oA dh S atRady
state perforrrm&:mfoﬁmamhn t |Im,adadittmnj b.edfhmttbnduseatﬂmf yis soddweiymal by
desi gn whi ch ' '%?ﬁ% I . t @ﬁg ,gggg§s' e
heat . Finall nyéIBn{i} Jfaé%l %é%e%?%ic%@sﬁﬁa e pr esen élg’l\e/dééé?l on, o
typically, thewkyereXposuse fxekeRasivadieatis oddimmhluntin tha HE Jariedd

i nsi de the sreagd@rprddies£ior eahé k%‘é:@élﬂl y_ﬁ{véétﬁr?s%i’msﬁ he-Heeds, ddd st

m x at reaction tenperature and reaction proceeds 1 nmediate]y. Th| S
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Ntern?t}}lﬁﬁre&l@tgﬁﬂ méﬁﬁlcﬁxﬁb\é\ﬂdﬁﬁe acamwxl mems:qsﬁ@séﬁmgnmsdt&selﬂbeais
typical fix eratio | additiona spar.ged into t
reactor via thfglrs aﬁueffe M gtﬁ?ﬁstﬂ?ﬁ%tlf%% Cgactr)l-fe eeaocfaq]lgﬂnd B& ee
process al | onsimieghigtielgnt | yThigeranevdiat dfhe Soxpgaye pant izl sg;tfefaqure
enpl oyed i1 t [ f48C a tad
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t he et hyl ene, acetic
y eactor v1a the separate inlet. This unique feature of the

fluid bed process allows significantly higher levels of

15 oxygen to be safely employed in the conversion of acetic
acid and ethylene to vinyl acetate without danger of
flammability. The utilization of higher levels of oxygen
permit substantially higher levels of ethylene and acetic
acid conversion than are possible in the fixed bed

20 processes. The ratio of the sum of thé ethylene, acetic
acid to oxygen-containing gas entering the reactor may be
within the flammability limits for said mixture.

25 BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schematic illustration of the process of
the present invention.

30
DETAILED DESCRIPTION OF THE INVENTION

In general, the process of the present invention
35 comprises the manufacture of vinyl acetate in a fluid bed
reactor comprising feeding ethylene and acetic acid into .a
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acid to "c')xygen-cont aining gas entering the reactor may be within the
flamppbi | Mty limts for said mxture. 25 BRI EF DESCRI PTI ON
OF THE DRAWNG Figure 1 is a schematic illustration of the process of the
present invention. 30 DETAILED DESCRI PTI ON OF THE | NVENTION I n general, the
process of the present invention 35 conprises the manufacture of vinyl
acetate in a fluid bed reactor conprising feeding ethylene and acetic acid
into a This is the replacenent sheet Date: 7 fluid bed reactor,
preferably in the gaseous state, through at |east one inlet; feeding an
oxygen-containing gas into the fluid bed reactor through at |east one

second inlet; Cﬁlui@lBé@gréa{lﬁ:dixY@Q@fﬁgabiyniﬁgtﬁésga@id% Rt d tageligh
acid 5 in the f #d bed r eact.or V\% contact with a fluid bed c%talyst

to enabl e the efhylt RS Wit eke ngxﬁﬂeﬂxl’%e? TR i F58e WA Ry |
‘acet ate and recbherfhgld H@d/qudctmethreughoattheas&tt wnke EEtargadndet ; Tiko-

general schematig;fh ‘2&7 %%nb%%n 59ﬁ§ﬁ§ %& acetﬂ@&% ddayart 'aeedfor

t he acet oxyl atlon o 0 produce_ v e oxyacgapatlon
of olefins ot diBl ¢n%1tinni Rk REAFERIK) Whhdey bR %@%t#%twqhq a il

reference to Fi gut@l;lst Halighdkae théctaehyi'eﬁént@d:éﬁﬂg a-?mfd Wl 2aRgenlbo
~m crospher oi dal &8l é/ost |s e UI gﬁyg Q?§§0%|$ col ver1 V\,q: hvpl;lmil de for
c

heat transfer fTonw eac roug 7 e
m xture of et hyﬁ@ﬂ@amdfmtm@ &dudd Ehdsrﬁa'xtqre i s di spersed wi t h| n

reactor 7 via a grid The general schematic for the fluid bed process of the
' 10 present invention for the acetoxylation of ethylene to
produce vinyl acetate (or the oXyacylation of olefins or
diolefins in general) will now be set forth in detail with
reference to Figure 1. _
Fluid bed reactor 7 containing a fluidizable
15 microspheroidal catalyst is equipped with cooling coils 9
which provide for heat transfer frém the reactor. Entering
reactor 7 through line 3 is a mixture of ethylene and acetic
acid. This mixture is dispersed within reactor 7 via a grid
or sparger (not shown).- It should be understood that the
20 mixture of ethylene and acetic acid can be partially
supplied by recycle of acetic acid and ethylene via line 31.
In addition, oxygen may be added to the stream sent in via
line 3 provided that the concentration of the oxygen in the
stream is maintained below that which result in forming a
25 flammable mixture.
Oxygen is fed into the reactor through line 1 as a
separate stream and is dispersed in the reactor via a
separate gas dispersion grid or sparger (not shown). The
oxygen may be added in pure form or as an admixture with
30 inert gas such as nitrogen or carbon dioxide. This stream
of oxygen may also be mixed with low levels of hydrocarbons
such as ethylene or acetic acid provided that, again, the
mixture is still outside the flammability limits. Because
the gas streams provided in lines 3-and 1 are never mixed
35 prior to entry into the reactor and upon initiation of the
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or sparger (not shown). tt should be understood that the 20 ntxture of
ethyl ene. and acetic acid.can be partially supplied by recycle of acetic
acid and ethylene via line 31. In addition, oxygen nmay be added to the
streamsent in via line 3 provided that t he concentration of the oxygen in
the streamis maintained bel ow that which result in formng a 25 flanmable. .
m xture. Oxygen is fed into the reactor through line 1 as a separate Stream.
and is dispersed in the reactor via a _separate gas dispersion-grid or
sparger (not shown). The oxygen may b& added in pure formor .as an

d h b di h -
o onygen mebcfion bR et Fle i b6 BRERHTE S CRBRERR Prifiend e 1Mo
et hyl ene or aceti Thagasequsefiiuets produced mgaauhor'liueplassedmhreuglsa sydlduie out si de -
the flammb'aﬂ&/&ﬁltépéy&enﬁﬁemﬁ Eﬂ}?%tg?ﬁx%kﬁ'ﬁg idP&de %ﬁ%rﬁfhe I%a%h?ﬁf?’ and 1

are never nixed 3 to ctor on | ation of

the This is pwéupbmosteeﬁn'r %‘PPé@YStﬂéilen returnegl mébetqaswrma lingdSeat.al yst in

the reactwor, caectdmmatas gsetmmsa %Sﬁglﬂirfé 18! qﬂuee&enatanmaﬁeat fluents
produced in r tor are h a.c ne and/ O{ﬁ?&i ter system 13

whi ch separa atn";‘?alék??‘r‘ eé&ﬁ"& %@ttﬁgmd? %ﬁé‘“ga%*é roduct
produced. ThEuxthemiqre tpromottdsremte:w uiayde aﬂdbdtdempleaely bﬂpar'ﬁaﬂy tothe 15 or

how cat al yo A °ﬁ€§}'ﬁt‘* o A R0 B fne 14 nBueBl BRIk fie G100 .r“ﬁgt
14. Furthernﬂ#RP erpwm enmt@raddlprmgtebmhnmﬁd corrpl etely or partially to
the catalyst syst qRegla9éths‘ieddfioh E)?od&@t"étfé%%%ﬁﬁg flo ﬂié‘-ig? bf {:}"clo}é g‘i’ her eby

Gaseols. 1 oachiten DERER AorProfyes sereationun 19 AGine d whsse BERElssiEHB obr 111t er
13 goes to pvingliadetate ireabvered thidughlihe 21 3 Ahy Fécokdry\Whd perificationde st ream of
procedure known in the art may be utilized, including those disclosed in US Patent
No. 3,759,839 herein incorporated by reference or Great Britain Patent No.
1,266,623. The remaining stream containing unreacted ethylene, acetic acid,
~ carbon dioxide (and/or other inerts), and oxygen is transported via line 20 for
recycle to the fluid bed reactor. To prevent excessive accumulation of inerts
- including carbon dioxide in the recycle stream, a small slip stream may be |
transported via line 23 to an inert removal station 25 where inerts are removed and
%' transported via line 27 for dispesal while the remaining recycle stream is
transported via line 28 back into line 31 for re-entxy into reactor 7. Fresh ethylene
may be supplied to the recycle stream 3] through line 29, Fresh acetic acid may be
supplied through line 4 to the recycle stream for entxy into reactor 7 via line 3.
_ The process is generally conducted at elevated pressures. Typically,
A pressures of 345 to 1379 kPa (50 to 200 ps1g) are used, preferably in the range of
517 to 1034 kPa (75 to 150 psig). The reactor '
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vinyl- atetate is recovered through line 21. Any recovery and purification
proqedyrarknomn in the art may be utilized, including those disclosed in US
Pat ewt No. 3,759,839 herein incorporated by reference or Geat Britain
Patent No. 1, 266,623. The remai ning stream contai ni ng unreacted ethyl ene,
acetic acid, carbon dioxide (and/or other inerts), and oxygen is
transported via line 20 for recycle to the fluid bed reactor. To prevent
excessi ve accunul ation of inerts including cdr bon dioxide in the recycl e
stream a small slip streammy be transported via line 23 to an inert
renmoval station 25 where inerts are renpved and transported via line 27 for
di sposal whi | eempena¢meienicag rengel eystcably i fram 4a9950k0ed50PE Wikl 28 back
into line 31 ft%rmgr%‘%‘?%ﬁ%)é &HLQPéef‘&xggé cl?:f £S5 LhiloengMRY RSseUPPlied to

the recycle stre t hroug I ne resh acetic acid may be supplied

through |ine PrederREdrecyr| geBerahm pohenttIRETAGUFESCEBR #°%FPa |ine 3.
The process i adgentagebnst9ngectapleyed| with ebwaire pyesearedypi cal |y,

pressures @f 345 to 1379 kP« 0 to 20 L a P € y_LBast he
range of 517 to 103491 aou(s7%et(a§ fgﬁcﬁggﬁggl%%'é%a‘%{%ggaﬁ%’sfa%@?keawd
repl acenent shegt oxygent mapevarvr e Typicahge usgfivdarepaPEoAre0dFefet to
250[err] with dgipeiabuyes in the range of 135[err] to 190[err] being nost

preferred. In general, higher tenperatures, can re,advant ageously be
enpl oyed with [ower pr e§:§gﬁ’é§?‘e5‘ 30 to 7‘2%’5%?&%"’@?3%3%@& ggffo‘ﬂ%’"’%f
et hyl ene, acetprefexatblgndooxpgenseay vary. Typically useful ranges are as

set forthgel ow Ethylepe_;;30 70% forabl )32, 4816°% BBshas,
preferabI;B40 to 60% 1§Eetl§ abfa A%%E#% A@|H1¥?10 to 25% prefe?ably 12

to 22% nost poStePaiferablyoldote ZRYyen - 8 to 25% preferably 9 to 15% |
The bal ance of .the streagyges cogpesessef prefdramileni gb ssgh as carbon

dioxide, nitrogen, QEégnkéTg%J;egkughe streams is composed of inert

material such as carbon diokide, nitrogen, argon and helium.

15 The primary restriction on the feed composition is that the
oxygen level in the effluent stream exiting the reactor be
sufficiently low such that the gas stream exiting the fluid
bed reactor is outside the flammability zone. This level is
controlled by the amount of oxygen in the feed, the extent

20 of oxygen conversion within the reactor and the
concentration of inert in the effluent stream.

The following examples are set forth below only for

purposes of illustration of the present invention.

25
EXAMPLES
‘Example 1:
30
A representative fixed béd-catalyst of composition
0.91 wt% Pd, 0.34 wt% Au, and 3.2 wt% K on KA-160 silica
spheres (5 mm) was prepared as follows.
35 The appropriate weights of NajPdCl, and HAuCl, were

dissolved in 8.7 ml distilled water and impregnated on
15 g KA-160 silica spheres. The wet solid was allowed

This is the replacerment sheet
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15 The primary restriction on the feed conposition is: en Ieve
I n Lhe effl uent streamexiting the reactor be suff|C|e | ow such t hat

t he gas streamexiting the fluid bed reactor is outsid maamm ldcldy
zone. This level is controlled by the anbunt of oxygen

extent 20 of oxygen conversion within the reagjor and t ﬁ! n of
inert in the effluent stream The follow ng exanples are set fo

only for purposes of illustration of the present invention. 25 EXANPLES_
Exanpl e 1: Preparation of legd Beqbégtg ¥St as Q?rted in 30

U.S. Patent 5,185, 308°AS+EprRSEREAY PR TR T AR cAAPTRFE i on
0.91 wt % Pd, 0.34 wt8ohlutiandoB. doddim knetra kil it siwas alsphepesred onfowas
prepared as foll ows. he t r]
Rere di ssolved in 5. 7R aF <ePHan \APRTT aif | Sob B M Pect fiadigdndspga
silica spheres. The QEerBDghd ma&na¢QQﬁmMB1$wkutspmrQ¢rhxﬁ%@%#@%thxﬁééte
Dat e: Thi s Sheet utlon 05& ced éﬂet&mhmd&é&&ﬂ?g 0L SEVET Pt

hours. An agueous soO |un1neta5| | cate_was then poured onto the
wet solid. Again theSE]@*PFGSwasTh%f‘t’eGnﬁ?%%%rm bl rii%’ts‘:%ib"a‘aueous

sol ution of hydrazi ngy8yfligh€.5 The soll&WWhérﬁﬁbﬁﬁaﬁihﬁédtﬂﬂdS@&@he@nfree

the catal yst ft updisturb
Gverni ght. e cataveL saleless THEREL, 2o s Lol il iy e 3 fried

distilled water. TheasobbdeCyashdrappropriate amount of potassium acetate
10 in aqueous solution was then impregnated upon the
'solid and the finished catalyst was dried at 60°C.

Evaluation of this catalyst undgr the following

conditions:
15
Feed: CoHy :HOAC:05:He =
: 53.1:10.4:7.7:28.6
GHSV: 3850/hr
Temp: 150°C (at hot spot)
20 Pressure: 115 psig
Catalyst Charge: 2.50 g
Catalyst Dilution: 30 cc of 4 mm glass beads
produced 94.2%.selectivity to vinyl acetate at
8.0% ethylene conversion (calculation based on the
25 reported oxygen conversion of 32.2%).

Example 2: Preparation of Fluid Bed Catalyst

- 30 A catalyst with targeted composition corresponding to
0.90 wt% Pd, 0.40 wt% Au, 3.1 wt¥% K was prepared by the
preferred method using the steps indicated above.

The NasPdCl, (8.57 g) and HAuCl, (2.18 g) were
dissolved in 128 g of distilled water. This solution was
35 then slowly added to 210 g of the spherical silica support
'(KA-160, Sud Chemie). The solution support mixture was

swirled and gently shaken to insure even coverage. This

This iz i, rama@mn.nt.h-ﬂ
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at 60[err], the appropriate anount of potassium acetate 10 I n
aqueous sol ution was then.inpregnated upon the solid and the finished
cataFyst was dried at 60[err]. Evaluation of this catalyst under the

follow ng conditions: 15 Feed: [err] = 53.1:10.4:7.7:28.6
GHSV: 3850/ hr Tenp: 150[err] (at hot spot) 20
Pressure: 115 psig Catal yst Charge 2.50 g Catalyst Dilution:. 30
cc of 4 mngl ass beads produced 94.2% sel ectiyity to vinyl acetate at 8. 0%

et hyl ene conversion (cal cul ation based on theu2 reported oxygen
conversion of 32.2% . Exanple 2: Preparation of Fluid Bed Catal yst 30

A catalyst with targeted conposition corresponding to 0.90 wt% Pd, 0.40 wt %
Au, 3.1 wt % K mastpreperedblovete Yo fidr fod fwehbauysi ag ¥oeem sﬁ%merature

i ndi cat ed abovenaTbssdBeRiClf L8 Thdlsold ibh! uhs( 20d8rsaa waieo dirsol ved in
128 g of distilled water, I s solutjon was %h%ﬁq %Jgfd dto 210 g
of the spheri-cSPPRP¥Fca & Gignk RE1 86, 1sdd OEnERFEY™ %‘éa 4 eh suppor t
m xture was swillkedleed gemazy o etk @i sted 1l egluwe tevewas opeueg omte ki s s
the repl as?e”gmgpé gt P00l 4 i nibkhibOyiBSa P LANPAS il el Ty

hours at room ature a essentlally al he so ut1 on was_absorbed
into the suppoEhre@ Benys ofrtofthis fl@eoﬁssédguﬁf@Y%E??%%t@%aé%eolv(?e"d in

252 g of d'StlEhéédwﬁﬁ&rtM@Sm@&Hﬁﬁﬂw&@t@e&h&tted to sit overnight. ' The
solid spheres were then washed thoroughly with distilled
water to remove chloride from the solid. The solid was

10 dried at 60°C overnight, then the dried solid spheres were
crushed. The crushed catalyst (200 g) was milled overnight
with 133.3 g of silica sol (30 wt% SiO3) and sufficient
water to provide a millable consistency. The catalist
slurry was then spray dried to form microspheroidal

15 particles. A portion of the microspheroidal solid (15 g)
was then impregnated with 0.75 g of potassium acetate
dissolved in 10 g of distilled water. This solid was dried
at 60°C overnight. Microscopic examination of the finished
catalyst indicated well-formed microspheroidal particles.

20 Evaluation of the catalyst was carried out in a
40 cc fluid bed reactor under the conditions specified in
Example 1 except the catalyst bed was composed of
7.5 grams catalyst diluted with sufficient inert silica

_ fluid bed support to produce a. total bed volume of 30 cc.

25 An ethylene conversion of 5.2% with 93.7% selectivity to

vinyl acetate was obtained, indicating that the preparation

method employed was effective.

30 Examples 3-7: Effect of Process Variables on Fluid Bed
: ] - B

The catalyst prepared in Example 2 was tested in order
to determine the effect of oxygen feed concentration, space
35 velocity and temperature on performance. The percent
ethylene fed was maintained constant and nitrogen fed was

This is the raplacement shest
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5 ihpregnated support. This mixture was allowed to sit for three hours. At
this ti.mex 26. 8 g of hydrazine hydrate was added and the m xture was
pernftted to sit overnight. The solid spheres were then washed thoroughly
with distilled water to renove chloride fromthe solid. The solid was 10
dried at 60[err] overnight, then the dried solid spheres were crushed. The
crushed catalyst (200 g) was mlled overnight wwth 133.3 g of silica sol
(30 wt% [err] and sufficient water to provide a mllable consistency. The
catal yst slurry was then spray dried to formm crospheroidal 15 particles.
A portion of the m crospheroidal solid (15 g) was then inpregnated with

0.75 g of pOt@é?ﬁé‘E@&C&évﬂivﬁhﬁ %@'o‘k?@ehnoﬁoage@ic dhsid |18 MAtilcrebiRed .
solid was dri E :ﬁ:g‘;err vernlag M crosco (g exam nation of the

fini shed cata Py et e P &Pﬁﬁdwﬁfﬁr’&%g‘ﬁ toidal particles. 20
Eval uati on of t.he catal yst was carried out in a 40 cc fluid bed reactor
under the conditions specified in Exanple 1 except the catal yst bed was
conposed of 7.5 grans catalyst diluted with sufficient inert silica fluid
bed support to produce a total bed vol uF®B®E B0 cc. 25 An ethyl ene

conversion of 5.2%wth 93. 7% selectivity to vinyl acetate was obtained,
i ndi cating th&kadges preparati on gret hod ergl oyed wasseffectiveg 30 Exanspl es

3-7: Effect Oﬁio r ss Vari abl es -on Fl uifk Bed Cat ajeyst Perfqr rrqnce Th
catal yst pre arrpl e 218va§ t est I oor der det ern the eéﬁegt
of oxygen fe%sg ce at| on, ce 35 v 8 C|ty an errperatijg(gl -
per f or mance ent et hyI fed wa i nt ai n const an nd nit rjog%
fed was This ¢ he r epl acenent8feet Da?t%:5 8/ 4/ 96°
| C2=Conversion 6.0 7.4 7.7 8.5 10.2
(%) .
VAM ' 93.0 90.6 92.5 91.2 86.4
Selectivity
(%)
5
Table I set forth above shows that good selectivity
and conversion are maintained over a wide range of feed
conditions.
10

Example 8: Hﬁg&mla;sm_q:_ﬂu;d_ﬁe.d_gitﬁlzs_t

Dissolved 6.80 g of NayPdCl, and 1.73 g of HAuCl, in

15 110 g of distilled Hy0 and impregnated this solution on
200 g of KA-160 silica spheres (5 mm). Allowed wet solid to
sit for two hours then added a solution of 12.0 g of NajSiOj3
in 240 g of distilled H50, mixed gently and allowed solid to
sit undisturbed for 2 hours. To this mixture was added

20 21.3 g of 55% hydrazine hydrate. This mixture was allowed
to sit overnight. Drained solution from solid and washed
solid with fresh distilled H50 until negative test for
chloride was obtained. The catalyst precursor spheres were
then dried overnight at 60°C. 200 g of this catalyst

25 precursor were crushed and mixed with 19.05 g crushed KA-160
(washed to remove Cl), 202.8 g of Snotex-N-30 silica sol

This is the replacement sheet
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12 adj usted downvvard as oxygen or acetlc aci d Ievel s |ncreased The

f-ol | owi ng observatlons wer-e noted::*TABLE | Exanple = 3 4
5 .6 7 %err] Fed = 7.7 15. 4 15.4
15.4 15.4 [err] Fed ' 10. 4 10. 4 : 15.8 10. 4

10.4 T (deg-0O © 160 160 . 160 160 170 GHSV

- 3080 3850 13850 . 3080 3080 C2=Conver si-on 6.0
7.4 7.7 . -8.5 - 10.2 VAM 93.0 90. 6

92.5 91.2 86.4 Selectivify (% 5 Table I set forth above shows
that good s Iect|V| and c \zer5|on are in d over a wde range of
feed condi tféﬁgm’fe @ tenbnates ta r "tﬁmﬁiagﬁc?"@é'dtewftgltg%t Di Ssgsol ved -

6.80 g of dl%?ﬁﬂﬂuﬁhd_@w&nﬁ%ﬁov{eﬂﬁ%ﬂn §;gay ﬂhlied .OThé¢ nﬁhrﬁiﬁbﬂoﬁiﬂ [er 'rA} I andd. |
i npr egnat e IS sol.ytion on Sj, li-c S owe
wet ool -+ eraye nagclhs pReied dRadaLAgRC el B RS elig el o1 1
240 g of dlﬁﬁﬁh#t%lPﬁand]OZﬂwﬁdlgently and allowed solid to sit undisturbed

for 2 hours. #s%l%liétég&e %aﬁqg‘%ﬁpﬂng? %&ﬁgmﬁ'ut 1,0 glPam ne hydrate.

.This m xture was al | owe Sit overnli’g romsolid and

washed sol i inpipgnnted thisselption of 5Bt the ahave misrogphargidal pagticlesy Aftes or i de

was obt ai nedwxr@ﬁe%@h@b&ﬁthm@dQW/Qbo&Bﬂ&h%éet&@re t hen dried overnight at
60[err]. 20 bJS C | yst 25 "precursor were crushed and m xed with

19.05 g cru ed to renmove C), 202.8 g of Snotex-N-30 silica
sol This is the demixornefi4.Sdefthe Bablgst in Exampled &ifd sufficient fludizable

silica to provide 30cc were placed in the fluid bed test reactor. The conditions and
results are as follows:

Example 9 ~ 10 11 12
%CoH, fed 50.2 48.4 45.6 45.9
%0, fed 53 86 9.7 8.9
%HOAG fed 10.3 9.9 13.5 13.7
%N, fed | 34.3 33.1 31.2 31.4
Total Flow ' 380.8 3943 418.5 415.9
Temp (C) 156 157 165 158
Pressure (kPa) 793 | 793 | 793 793

_ (psig) s | s | (15) (115)
C,H, conversion (%) | 129 17.5 20.5 162
VAM selectivity (%) 90.0 87.7 ~ 86.1 89.3

This is the replacement sheat
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13 (36 wt%sol i. ds) and suff|C| ent water to prow de a mill abI e consi stency
to the slurry. Thi's slurry was mlled overnight, then spray dried. The - -
m crospheroi dal catal yst parti cles were oven dried at 110[err]. El enental
anal ysis of this solid found 0.62 wt% Pd and 0.23 wt % Au. Di ssol ved 1. 66g
of potassiumacetate in 13.5g of distilled [err] and inpregnated this '
sol uti on of 15.85g of the-above microspheroidal particles. After drying the
solid contained 9. 5vvt%pot assi'um acet at e. Exanpl es 9.through 12 A m xture
of 14.5g of the catalyst in Exanple18 and sufficient fludizable silica to
provi de 300% werE ﬁl aced in the fluid bed test reactor.. The conditions and

results are ws: Exanpl e 9 - 10 11
12 % [err] fed A 16.0g portion GiGh@catalyst prep%edflm Example 8 wd calcmed at 45.9 %02
fed /&IQAC fed
10. 3 660"& in air for3 lfgrqs To this calcﬂpdfol,yl ?Ng; Ffd?%& 68 o% potass:um 343
33.1 agetate dissolved ig13.5g ¥00a |ThE|cgwlyst was then dried 3860%C. 394.3
418.5 . p4ddoRs TRHEAIAS) : 156 157 165 ..
158 Pressure 793 (psig)
(115) (115) T6.05¢ of(thmtaglyst of Ex%@ﬂ‘&)“["é?r&!}lﬂf@é wﬁ’r %Jifféﬂe!(t%ert 12.9
17.5 nﬁ&oﬁpheroxdal silica 1@ giiRI8B 6| Bhik otk l%')!t hbdure w@sQched ina ﬂuxd §Zd 7
86.1 2 ﬂ_éﬁ_&&s)th.e re kacemant sheet. Dat e: Example 13 A
16. Qg porti 5?’? 59”1“ g?vgg ?Jﬁ f)ar ed in Exanpl e 8 was cal ci ned at
_ Example 14 15
| %CoH, fed ' 472 ' 452

%0, fed 6.7 , 10.5

%HOAC fed : 14.0 13.4

%N, fed ' ' E 32.2 30.9

Total Flow 405 422.5

Temp (C) 154 168

Pressure (kPa) | _ 793 793

(psig) __(115) 15).
CoH, conversion (%) 11.1 | 16.9
VAM selectivity (%) - 91.8 : 83.7
Example 16

A spray dried catalyst was prepared in the manner described in Example 8
except that it contained 17 wi% silica from the sol and levels of palladium and gold
reagents were increased to give 0.69 wi% Pd and 0.25 wi% Au (no potassium
acetate). - 16g of this mncrospheroxdal solid was calcined 0.5 hours at 400°C
followed by 2 hoursat

Thls ls the replacement sheet
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640[err] in a|r for 2' hours :MTo t-hlS cal ci ned soli d was added 1 69 of |

pot assi um acet ate di ssol ved -i.n "13. 5¢g H2Q The catal yst was then dried at

~60[err]. Exanples 14 and 15 16.05g.of the ccatalyst of Exanple 13 was mxed"
with sufficient inert microspheroidal silica to give 33cc. This catal yst
m xture was tested in a fluid bed reactor with the following results.

Exanpl e’ S 14w : 15 %J[err] fed - .
- 47.2 ' ' 452%[err] fed _ - 6.7
10.5 % HOAc fed ' : 15 14. 0 : ©13.4 %
err] fed 30.9 Tot al
|[:'| ow] 640°C. 1.57g of potassnurg@g,etate d?ssolved in 13.5g of dlstlllggj{;@w@s(m (0
154 impregnated upon 1508 oPties@HRd (sBﬁ%B)Thls fmal cata st was dried at 6093

% conver si on (%

793 (pSI 9 xa)n les 17 through 9 VAM sel ect i VI ty (°/<)err 91.8

83 7 Egarml e 16. 1/3@Oﬁm}le@aﬁabﬁﬁfﬂmhmlﬂlﬁmmlxeqbwiﬂ'ckufﬁmémmeminner i |
and | evel s SpcioAptidR EanBleite e TSRt KA S HABE 0"t o

Pd and 0. 25’9&@9%61“ the BPMlTBSﬂtacet ate). 16g of this nicrospheroidal
solid was cal ci ned 0 5 hours at 400[err] followed by 2 hours at Date:

18/ 9/ 97 T5 640l err]. L. 379 Of porassrugymacetate arssg-ved—Tm—+3—5g—¢f
distilled ,_E_L_L_]_Eﬁmm nr pgiat ed ui?m 15, of tH8 calcired solil8 This
final catallgst,Hpgeddried at! 60[ er4r7]9 nipl es 115 ghrough 19 13459 of the
cat al yst of o Rafgpl € To Was M Xed—wW tir—sufjfrecrent—Tmert—rcrospherotdat
silicato 2 c Thic'ra'ralyqslmxturp was Pekted i a fldldl bed
reactor w {beHOAJ Ul owi ng|resul g 13.6 13.4

%N fed 32.7 - 31.0° 306 .

Total Flow 39 419 426

Temp (C) 151 158 167

Pressure (kPa) 793 793- 793

(psig) | (115) (115) (115)
CoH, conversion (%) 115 - - 15.5 18.7
VAM selectivity (%) 920 89.3 86.0

While the invention has been described in conjunction with specific
embodiments, it is eVi_dent that many alterations, modifications and variations will
be apparent to those skilled in the art in light of the foregoihg description.
Accordingly, it is intended to embrace all such alternatives, modifications and

- variations as fall within the Spirit and broad scope of the appended claims.
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Exarrple 17 N 18 | o 19 %[err]

f ed [ & A . 45.6 o a4.8 %lerr]
f ed - . 5.1 o T 9.7 | 11. 1 % HOAc
fed 14. 2 : 13 6 : 13.4 % [err]

f ed . .. 32.7 31.0 ' 30.6 Total .

Fl ow - 399" 19— 426 Tenp (C)
151 . 158 : e (kPa) 793
793 . ' 793 (psig) ”"‘"”"H“""mﬂi'" ~ o+ (115) ' :
(115) [err] conversion (% - . * 15.5 T 1807
VAM sel ectivity (9 92.0 . .89.3 SEEEEREIRG: 0

Wil e the invention has been described in conjunction with specific:

enbodi nents, it is evident that nmany alterations, nodifications and
variations will be apparent to those skilled in the art in light of the
foregoing description. Accordingly, it is intended to enmbrace all such
alternatives, nodifications and variations as-fall within the spirit and
br oad scope of t he appended clains. This is-the replacenent sheet "
Dat e: 18/ 9/ 97 16 dains: 1. A process for manuf act uri ng vinyl acetate.
~in a fluid bed reactor conprising feeding ethylene and acetic acid and
optionally and oxygen-cont ai ni ng ga§6into the fluid bed reactor through one
or nore inlets, feeding an oxygen-containing gas and optionally |ow | evels
of hydrocarbons into the fluid bed reactor through at |east one further

I nl et, provi dBdimdrat each of the feeds to the reactor is outside its

rceti e aci d i 1 eI BERUIERE YD toote Bor RGO PRB g
cat al yst nmat deeding ethylene bhibadetie acit lapd optionaliy ef| bﬁyml-cbnwinin gasdeio the react
bedr oot or . "4 o8 s B BROY ol e on SRPAA CpldfR delRat L1
acetic acid d-'ﬂ@loﬂ@uy loﬁ{ l@vqls]gf hyslsecarhona inta theefinid bed rdagtonthroughr atlegst anee or
more inlets. further inlet, provided that each of the feeds to the reactor is outside its

flammability limit, co<joining the oxygen-containing gas, ethylene and acetic acid in
the fluid bed reactor while in contact with a fluid bed catalyst material to enable the
ethylene, acetic acid and oxygen to react to produce vinyl acetate and recovering
the vinyl acetate from the fluid bed reactor.

2. A process as claimed in claim 1 wherein ethylene and acetic acid are fed
into the reactor as a gaseous mixture through one or more inlets.
3. A process a$ claimed in claim 2 wherein the ethylene and acetic acid -
gaseous mixture contains oxygen below its flammability limit in the mixture.
4, A process as claimed in any one of the preceding claims wherein the

- oxygen-containing gas is fed to the reactor through more than one further inlet.
5. A process as claimed in any one of the preceding claims wherein the fluid

bed catalyst has the followmg formula: Pd-M-A wherein M comprises Ba, Au, Cd,

Bi, Cu, Mn, Fe, Co, Ce, Uor mixtures thereof and A comprises an alkali metal or
mixture thereof. '

6. A process as claimed in any one of the preceding claims comprising -
maintaining the amount of fluid bed catalyst material in said reactor at a volume
sufficient to allow for the dissipation of

This is the, wpfammnt sheet




3. A proceés as claimed in claim2 wherein the ethylene and acetic acid
gaseogs #1 Xture contains oxygen belowits flamuability limt in the
m xtUre.. 4. A process as clained in any one of the preceding clains

wherein the oxygen-containing gas is fed to the reactﬂm"u Iﬂttllﬂ” g' han
one further inlet. 5. A process as clai mﬁ_z i n any ml I ng
clainms wherein the fluid bed catal yst has t followiny forrul &: Pd-Mm A
wherein M conprises Ba, Au, Cd, Bi, Cu, M1, Fe, Co, Ce, U or mxtures

t hereof and A conprises an alkali netal or m xture thereof. 6. A process
as clainmed in any one of the preceding clains conprising maintaining the
anount of fl uihelaﬂ:)@neﬁtaldyairiﬁﬁttﬂfei aéadtriosaifdtnee&ch@renat Feetdt LHEd and
sufficient to d jon of This is the. a sheet
Date: 18 /9/ 970%4’ e§§%aé%g‘? J'%% et“ﬁ T'éat l|do’rcle%)]cf%"t&ﬁlq-'lo %’E&?g&ﬁe acetic
aci d and oxygehtkewt éMﬂgﬁgtcgaQetfriemébsﬁdena‘tﬂlwﬁg said reaction to proceed

wi thout damage to tnhﬁréée%daéJ%Qaﬁ%haW hain 6 wherdiRI QGASHLAY GdRiHREh Jo
claim®6 V\/qgrel n said fluid bed catalyst 5 material conprises a_m xture of
particul at® cEFEFSHLCCWRESFTSAR HGFUPAL B HCRIF PRt Ayt LT MaFerigl and p
process as cl pafeitul ranyet@adérilaie preceding clains” wherein at |east 60%
of the particylate fI ui d beéjs (‘::gtal s, mat erial t]:qls c%étn clccf J§n|\sz"ev g}; amet er
of bel ow 200 i croAsPENG Ao NoT & at® 28% B¢ 16 e cafaﬁ S partic 8s
have a di anet efF leass ¢anf fhenportdaslate fluidAbed GGEQHS&Smaﬁeawrbdlabna any one
of the precedipgchai 0B MIEHRED: s LEARE 25@%&9£or£sh§na3%t.h&lél ghsn Tbui gk bed
cat al yst terial has a particle dianmeter of |ess than 100 mcrons and no

nmore t han' 40%Bf Garalysit Rpyisiclparave| 2 SipmRFeralefisafpte 0| BSEoRfran 40
mcrons. 15 910. a ﬁrweesea%sca&m@haimdyldheaay t@xaepxﬁgceahﬁg Rl emedivhgeihal s

wh th the eth t -
Cont ai ning gade oREBF: 14 PR TFoRRTiar FAe R e ThE MRt ES, R T s for

said m Xture. particle diameter of less than 100 microns and no more than 40% of

‘the catalyst particles have a diameter less than 40 microns.

15 10. A process as claimed in any one of the preceding claims wherein
the ratio of the sum of the ethylene, acetic acid to oxygen-
containing gas entering the reactor is within the flammability limits
for said mixture.

11. A process as claimed in any one of the preceding claims wherein

20 the concentration of ethylene in the combined gaseous feeds entering
the reactor is between 30 to 70 volume percent.

12. A process as claimed in any one of the preceding claims wherein
the concentration of gaseous acetic acid in the combined gaseous
feeds entering the reactor is between 10 to 25 volume percent.

25 13. A process as claimed in one of the preceding claims wherein the
concentration of the oxygen in the combined gaseous feed entering the
reactor is about 8 to 25 volume percent. .

14. A process as claimed in any one of the preceding claims which
further comprises recycling at least a portion of the unreacted

30 acetic acid, ethylene and oxygen into the fluid bed reactor.

15. A process as claimed in any one of the preceding claims further
comprising recovering at least a portion of the fluid bed catalyst
material escaping the fluid bed reactor and recycling said material
into the fluid bed. reactor.

35 16. A process as claimed in any one of the preceding claims wherein

This is the teplacément shaet
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_'11 A process as clalned |n“any"0he'of the precedlng clalns mhereln 20'w“ﬂ
‘the concentration of ethylene in theseonbi ned: gaSeous f.eeds éntering the =5 &
reactor is between 30to 70 volume percent. 12.. "A process as clainmed in:
any one of the preceding clains wherein the concentration of gaseous acetic
acid in the conbi ned gaseous.feeds entering.the-reactor is bétween 10.to 25

vol unme percent. 25 - 13. A process.-as clained in one of the preceding
cl ai ms wherein the concentration of- the oxygen in the conblned gaseous feed
entering the reactor is . about 8 to 28 'vol une percent. A process as

I d of th o
| it B 55 e S B D T, 5o
and oxygen témperatunerdniges ffomeboniclOt®to 23BC. A process as claimed in any

one of the preceding clains further conprising recovering at |east a
portion of the fluid bed catalyst material escaping the fluid bed reactor

and recycling said material into the fluid bed reactor. 35 16. A
process as clainmed in any one of the preceding clains wherein This is-the
repl acenent sheet Date: 8/ 4/96 18 the pressure ranges from about- 345 to

1379 kPa (50 to 200 psig) and the tenperature ranges from about 100[err] to
250[err]. This.is the replacenment sheet Date: 18/ 9/97
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