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Field of the Invention

This application is a continuation-in-part of U.S.
Serial No. 08/252,800 filed June 2, 1994.

The present invention relates to a process of
producing palladium-alkali or palladium/promoter
metal/alkali metal catalysts useful in the oxacylation of
olefins or diolefins. 1In particular, effecting the

.production of vinyl acetate from ethylene, acetic acid and

an oxygen containing gas. More particular, the present
invention relates to the process of producing palladium-
gold-potassium fluid bed catalyst useful in the manufacture
of vinyl acetate. ' |

The production of vinyl acetate by reacting ethylene,
acetic acid and oxygen together in the gas-phase in the
presence of a catalyst containing palladium, gold and an
alkali metal acetate promoter is known. The catalyst
components are typically supported on a porous carrier
material such as silica or alumina.

In early examples of these catalysts, both the
palladium and gold were distributed more or less uniformly
throughout the carrier (see for example U.S. Patent
Nos. 3,275,680, 3,743,607 and 3,950,400 and GB 1333449).
This was subsequently recognized to be a disadvantage since
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rgactants did not diffuse significantly into the carrier before reaction
occurred. In other words, a significant 5 amount of the paapadPBRP4RYd gol d
never came into contact with the reactants. In order to overcone this
proglenl neM/nFthods of catal yst nanufacture were devised with the ainlof
produci ng, catal y i N ctlv one C n [
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wat er-1nso um an ounds on soaki ng the
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Catalyst51nto the porous carrler can be controlled by pretreatlng n%
porous carrier with an alkaline solution of, for example,
sodium carbonate or_sodium hydroxide.
Another approach which has been found to produce
20 particularly active catalysts is described in U.S. Patent
No. 4,048,096. 1In this patent shell impregnated catalysts
are produced by a process comprising the steps of
(1) impregnating a carrier with aqueous solutions of water-
soluble palladium and gold compounds, the total volume of
25 the solutions being 95 to 100% of the absorptive capacity of
the catalyst support, (2) precipitating water-insoluble
palladium and gold compounds on the carrier by soaking the
impregnated carrier in a solution of an alkali metal
silicate, the amount of alkali metal silicate being such
30 that, after the alkali metal silicate has been in contact
with the carrier for 12 to 24 hours, the pH of the solution
is from 6.5 to 9.5; (3) converting the water-soluble
palladium and gold compounds into palladium and gold metal
by treatment with a reducing agent; (4) washing with water;
35 (5) contacting the Catalyst with alkali metal acetate and
(6) drying the catalyst. Using this method catalysts
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3“havi'ng a specific activity of at |east 83 grams of vinyl acet ate per gram
of precious netal per hour neasured at [err] can all egedl gade @bsa(med.
Shel | inpregnated catal yst are also disclosed in U S. Patent No. 4,087, 622.
Finally, 5 U S. Patent No. 5,185,308 al so discloses shell inpregnated

Pd- Au cat : cess. of . manuf acture. ch of the_ above patents is
prinmaril y@%%&ﬁgscé%%ﬁi(?h%éﬁﬁﬂﬁ%c? rat O#e?‘?gg% HERRE 12 )?é‘tn?ﬁ]sef ul in

t he manufaggatfte @Peyigwam ebtprecidis metal pdt heurt dndeeswecahcd C?I |y )
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t he manufadsive eatfentisiyis goetdiei 19 Cdoemied (l\fiﬁHlG:He“l\tﬁHuﬂHﬁﬂdre}[ ﬁ)ﬂ he
rimar ' t ' ' t | de a process for e

Pranuf a>c/t (t}lryefeg# Hagq Iéﬁ%g%%égf&a%%%g?aﬁ% cq_ﬂ'%reed S PR foxacyl ation of

olefins &°&fidfi®fins. It is another object of the present invention to

provige a process @whul@nué actombndcei1¢ 1%&%912% ;’gfe bﬁf\%ﬂ?’%ﬁ%%’%

K
cat al yst ed in the mapufacture of vinhyl, j ects
and aévarﬂlﬁ ] Lifie midn RRFtqulas tthe masfagtynenof

descri pt mdmydhisdetfalld d¥om ethylene, acetic acid and oxygen could be
performed in a fluid bed process. However, until the
discovery of the process of the present invention, the
15 preparation of Pd-Au-alkali metal catalyst in fluid bed form
has not led to a catalyst héving the necessary properties
which can lead to an economically viable fluid bed process
for the manufacture of vinyl acetate.

20
Summary of the Invention

It is the primary object of the present invention to

provide a process for the manufacture of a fluid bed
25 Pd based catalyst used in the oxacylation of olefins or
diolefins.

It is another object of the present invention to
provide a process of manufacturing of a fluid bed Pd based
or Pd-Au-K catalyst used in the manufacture of vinyl

30 acetate.

Additional objects and advantages of the invention
will be set forth in part in the description which follows
and in part will be obvious from the description or may be
learned by practice of the invention. The objects and

35 advantages of the invention may be realized and attained by
means of the instrumentalities and combinations particularly
pointed out in the appended claims. '
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and in part will be obvious fromthe description or may be | earned by
practice of the invention. The objects and 35 advant age€askt BB89i(2yenti on
may be realized and attai ned by nmeans of the instrunentalities and
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bed catalyst precursor,and optionally 1mpregnat1ng the

15 microspheroidal particles with a solution of an alkali metal
salt to form the fluid bed catalyst. Typically, the weight
percent of Pd and alkali in the catalyst are: 0.1 to
5.0 wt% Pd, preferably 0.5 to 2.0 wt%; and alkali greater
than 0 to about 10 wt%, preferably .01 to 5 wt%. Typically

20 the weight percent of M may range from 0 to about 5%,
preferably greater than 0 to 5%, especially preferred being
0.1 to 3%. The balance of the catalyst comprises the inert
support material. Depending upon the particular fixed bed
catalyst precursor used, the alkali metal acetate may

25 already be present and the need for additional alkali metal
salt impregnation after spray drying in some cases may be
minimal or non-existent.

Also the need for catalyst to be highly attrition

resistant for economical use in fluid bed, will generally

30 require that the catalyst undergo a calcination step at some
stage of its preparation. In general it is advantageous for
this calcination to occur after the catalyst is spray dried
and before the alkali metal salt is added, but with certain
fixed bed catalyst precursors the calcination step may be

35 applied after addition of alkali metal salt. After catalyst
calcination, a final chemical reduction step may be
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25 al’ready be present and the need for additional alkali netal salt
i mpregnation after spray drying in some cases may be ni niGa@e &589(2)
non-exi stent. Al so the need for catalyst to be highly attrition resistant
for economcal use in fluid bed, wll generally 30 require that the
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After catalyst calcin f I
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nmet al % rt%ofrf)r?#yéyéﬁ dpéiﬁ?r%u%g]!n%e surs%lggg@%f O'te(hghsr?up ort and
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Pr ecly SOhed Ra2RAkRRT qu‘.lﬁrgcﬁd enbodi ment of the present | nvention the

Uy at an el By nm“r iR SRR e 1% R ¢ | ol os of
cat al yst in¥ention thd Rmrigidhesf pief erqubm‘mdmmnusofpetdf@me@séxyt
S0 Bt 50, S S o AR e o
1. 00, note [fiogiemelrnpsphenaidnld particles of catalyst
15 In another preferred embodiment of the present
invention a metal salt solution of Au and Pd is prepared to
provide a weight ratio-of Au to Pd on said resulting
catalyst of between 0.10 to 1.00, more preferably 0.2 to 0.8
and especially preferred being 0.25 to 0.75. The specific
20 details of preparation of the salt solutions is conventional
and well within the skill of one having ordinary skill in
the art. See, for example, U.S. Patent No. 5,185,308 herein
incorporated by reference. Preferably, the fixed bed
catalyst precursor consists of a support with a surface
25 layer of palladium-gold alloy, preferably extending
substantially uniformly to a depth less than 0.5 mm from the
surface of the fixed bed catalyst support.
In a preferred embodiment of this aspect of the
present invention the alkali metal is selected to be
30 potassium. Preferably, the alkali salt is selected from the
group consisting of sodium, potassium and lithium acetates.
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and especially preferred being 0.25 to 0.75. The specific 20 details of
preparation of the salt solutions is conventional ‘and weldagé tdsgo (he skill
of one having ordinary skill in the art. See, for exanple, U S. Patent No.
5,185, 308 herein incorporated by ref erence. Preferably, the fixed bed
catal yst precursor C‘Mﬁ{lﬁd@?ﬁ&sﬂi d J S | ayer of

pal | adium gol d all oy, preferably ext [ niformy to a
depth less than 0.5 mmfromthe surface of the fixed bed catal yst support.
IlnkaI pr ef erlred mﬁ@@twﬂﬁbtﬁ%ﬁ Eéﬁﬁ&&eoint&@tﬁ$5&5‘t?hé‘ é@ﬁt lhe "
al kali meta ted to be otassmm ra he al kali sa
is sel ectpgc?qeffdﬁﬁf ér&)é)r Ii:tc?nﬁfgtq %8&}5‘8’? % nd 1t hi um
acet abes follo@m &ixteanp 1Qes Erieptdan ﬁﬂrﬁeﬁdmﬁﬂﬂumﬂeﬁ&r Purposdd now be
made in %g_@ to the present preferred enbodi nents of the invention of

whi ch the following exanples are set forth for illustrative purposes
only. It has bedh R demengiratred Aiat fPA/AufedE batdiyed can be

obt ai ned da AR B LtUePIAF QIR 58y frald RO Yrobipipoedur e

conpri ses | g fixed 10 bed support nateri al eneral_havin
particl esﬁtzn%roé%@i‘atb qt? ﬁ"@at@oqer%eathf‘%tse@ G“Hﬁe%a&%lﬁlé‘eﬁ I east
3 mMmiow bledarsmmwma;ﬁlgjalsalﬂ# findraan efvikd @l'l(i)a%tldl@::#ﬁ.'ﬂ& t he {Tet al
salts to Au. and Pd on.the port terla e suppor

mat eri al ortr% éfrlE?ri‘easé-'edr ﬁﬁ:aqfﬁ tpr eecurr PTG qy J& &F fixed bed
cat al yst lma@d:uﬁsoun,vmmltl'aran reeute dual imek tadd sa:m:ecsmddmmderoﬂ ®d @anmd a uni form
aqueos Skt el Grd el 96 10, RYTBAIIE YR Sind B YlMene

m cr ospher 0i artiicl es of cat
support materlal drying the support material to form a

15 fixed bed catalyst precursor, milling the fixed bed catalyst

precursor with an inert fluid bed aqueous binder to form a
uniform aqueous slurry, drying the slurry to remove the
water to form microspheroidal particles of catalyst
precursor, calcining the dried catalyst and impregnating the

20 spray dried material with a solution of a metal salt of an
alkali metal.

Preferably, an aqueous salt solution of Pd and Au are
utilized, most preferably an aqueous solution of sodium
tetrachloropalladate and chloroauric acid.

25 A variety of reducing agents may be utilized to
precipitate the Pd and Au on the support surface. Typicaily
the precipitation is performed with sodium silicate followed
by reduction with hydrazine hydrate.

Size reduction of the dried particles is performed by

30 conventional means such as grinding, crushing, milling, etc.
Typically, spray drying of the aqueous slurry is the
preferred procedure of removing the water from the aqueous
slurry. However, other conventional means of drying the
particles to form microspheroidal particles is envisioned in

35 the practice of the present invention.
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precur'sor, calcining the dried catalyst and inpregnating the 20 spray dried
material with a solution of a netal salt of an alkali netGise B&%®(2bly, an
aqueous salt solution of Pd and Au are utilized, nost preferably an aqueous
sol ution of sodi um tetrachl oropal | adate and chl oroauric acid. 25 A

variety of red b til t | pit d A
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t he preferred me%mlelm aremm%us heolrsete@nfcr%ntheene'eeﬂeoﬁelem

Hovever, sof halkLanwRitdona Jeans«d. drid Gridienald iLles it adeimis
mcrospheror dal artrﬁles I S envisi ed in sz theaé%ractlce of the present

i nvent i oPotassi i eI 59 tﬂr‘?é?é? HIFasfHhafH % to [err]
in air fayplidalld4 dlrizediss impfesmaitey tiad cpaty driesd etreierldserr] to

[ f ut_ 1046 h [ f th
et Al sar e S B 1o Mol it RS pd RO AR M et
i s pot assi um anth apheopracsicel qfldneopr%@aisslmlawlat%ui%abwl cal l'y
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carboxylic salts ma e practice of the present i nventi on
sui t abl e ZiEFeamid d 3R Gk /%r%romre? iand mighurss dhereet a it na

Zi rconi a,geerdl t aarq@ecfu@rrgam hef ek Madarasld wéqfreﬂehgﬂr,ermit
mrgﬁ_u(s:as | s of ]:E;Scf a}ﬁr)%r‘g{l al ane. a{r?fseerrrvgéj asblg er}:ess_wl I d particles
suspended in liquid medium other than water, for example

15 alcohols such as ethanol, butanol, iso-butanol, are also
applicable. Typically 90% of catalyst particles exiting the
spray dryer are less than 200 microns in diameter.
Preferably 80% of catalyst particles exiting the spray dryer
are less than 100 microns in diameter.

20 Fluid bed catalysts, prepared by this procedure have
been demonstrated as very effective for the production of
vinyl acetate by reacting ethylene, oxygen, nitrogen and/or
CO, and acetic acid. Typical feed ratios are between 0.05-
0.4 09:0.2-0.7 Ny/CO5:1.0 CyHy:0.05-0.5 CH3COOH, preferably

25 0.08-0.35 05:0.25-0.65 Np:1.0 CpHg:0.07-0.35 CH3COOH,
especially preferred being 0.1-0.3 02:0.3-

0.6 N2:1.0 CoHp:0.1-0.3 CH3COOH.
The following examples are illustrative of our

invention.
30
Example 1:
35 : A representative fixed bed 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:
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suspended in liquid nmediumother than water, for exanple 15 al cohols such
as et hanol, butanol, iso-butanol, are also applicable. TyGas=al858902) of
catal yst particles exiting the spray dryer are | ess than 200 mcrons in
di aneter. Preferably 80% of catalyst particles exiting the spray dryer are

| ess than 100 crons N t | ysts repar ed
by this proced %R%r%%]gﬁg‘gg ‘S%S?%%? e‘af Iga%%c%f%fq,ré%t "zéf yw?]ﬁ% Prep
producti on of \drquohv:edaile ®y7 rebcdisgi bleg | eneer cyd eimpregnaged amd/ or

d t T 1 2:0.7
Lorr] 0. 05 0. & 1, S8-T90; ERLLLEcphEteRs Dfe NSHTEOL Yaae al1qlied,
C2H4: 0. 07- 0. 35 Wn@wé%rmgyf%@%Wé@lb@W@so 1A ZAWBOWS 3- 0. 6

%grrEl(sO I1 [irr]PstticteﬂlI@wm%mcr}méB@ésﬂfcatéttmé athere ﬁuﬂém m%@ntpl ?n t
anpl e reparatio i xed, Be as 0 . at en
5, 185, 308 35 WS SabEds AR 15 cthe sbat I vas LEbC it ROHERER  f on
0.91 wt % Pd, O.SvemhPokt, amm SqieonddKobutkdn 160 Isydraziseheydsatd m"r) was
prepared as fol] 0, a t
di ssolved in 8. “#g\st%e ;—(F(&e "6 Ee){léa% 11}.’1\@”%?:2 %%‘?é di%rﬂ él]%éa 9?&“1%% Si I i ca
spheres. The wesphetes. wa"éhtaIWer%IOlbdswaSul\@Iﬂsthuxbe everal hours. An
aquepys S ﬁ?i T,On Phe S 6’1.’:'&‘ N%éaéhéfé‘:&f&lﬂ@é éﬁ@%&é&%&dffé'éo the
lid. Agaln t SO

wet so id was Teft undistur over ni g An aqueous

sol ution of hyREAMORIIR Avtthedisrihledwates. | nEhe Fotid was dFied the
catal yst spherest sd¥e, WEhe S@bpopRsat&f imonit SbfIrpethssium acetate

in aqueous solution was then impregnated upon the
solid and the finished catalyst was dried at 60°C.

15
Evaluation of this catalyst under the following
conditions:

Feed: . CoHy :HOAC:05:He =
20 53.1:10.4:7.7:28.6
GHSV: 3850/hr
Temp: 150°C (at hot spot)
Pressure: 115 psig
Catalyst Charge: 2.50 g
25 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

reported oxygen conversion of 32.2%).

30
Example 2:

An attempt to prepare a fluid bed catalysﬁ by the same
35 method of Example 1 except using a microspheroidal silica
support in place of KA-160 was carried out. Inspection of
the finished catalyst undef a microscope indicated the
presence of reduced metal particles mixed with the support

-
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16 t overnight. The solid maé t hen drai ned and washed free of
chloride with distilled water. The solid was dried at [erEhset B89 (2)
appropriate amount of potassium acetate in aqueous solution was then

i npregnat ed upon the solid and the finished catalyst was dried at [err]. 15
Eval uati on_ of CR «unde fal ] ow ng conditiQns: ed

Corr] = oA Wrell! &6 *Rb2uBhr 107 hoblbnegat 84 e SP7400" BBpokE!

3850/ hr Tamplysis of the cafalypt(andhoategoohlyrestérets PAd and 115 psig
Cat al yst £h - guSO Ha2a th st t h@Pa13Ra8CHOER4 MM gl ass
beads producede%4 2% Se ectleF%ggto 3§ﬁ§?ggcétg%éga?g8a%/6%thy %ﬁe

conver si o¥8gReE cAVAY+ on based on the reported oxygen conversion of 32.29%.

30 Ex[éfm'leAZ f{m’aa{u&ﬁ:u@ﬁ @ff Bl. o @E:F@@debﬁ %&&Sbalﬂﬁl'yht ﬁaﬁuerTehbm que as
anpl e n.atte e a | ed. ca e sanme 35 nmethod

of Exanpl €°39L%18B Bg ﬁg c%o¥bﬁ§?89d8P1¥|b %éé ﬁg%%i?n?n pl ace of

KA- 160 wasonweersidnowith| B6peseleatitritiretbi minpkdacetatgst under a

m croscope i ndi cated the presence-of reduced netal particles mxed with the

support 9 as well as "clunps" of agglonerated netal and support.

‘Anal ysi s of the catal yst indicated onIy 0 16 w % Pd and 0.072 wt % Au,

i ndi q@f i Ngxifigie MPSt B R &d yBeer %

A catalyst with targetéd composition corresponding to

0.90 wt% Pd, 0.40 wt% Au, 3.1 wt% K was prepared by the
15 preferred method using the steps indicated above.

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

20 swirled and gently shaken to insure even coverage. This
mixture was allowed to sit for two hours at room temperature
and essentially all the solution was absorbed into the
support. A solution of 15.1 g of sodium metasilicate
dissolved in 252 g of distilled water was poured onto the

25 impregnated support. This mixture was allowed to sit for
three hours. At this time 26.8 g of hydrazine hydrate was
added and the mixture was permitted to sit overnight. The
solid spheres were then washed thoroughly with distilled
water to remove chloride from the solid. The solid was

30 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% SiOy) and sufficient
water to proVide'a millable consistency. The catalyst
slurry was then spray dried to form microspheroidal

35 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.

9 This Sheet Has Been Rerlaced
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5« o Eval uation of 5.0 granms of the catal yst under the conditions of
Exanple 1 yielded only 0.56% et hyl ene conversion with 86%8eee8bB9i(RY to
vinyl acetate. 10 Exanple 3: Preparation of Fluid Bed Catal yst by the
Techni que of the Present Invention A catalyst with targeted conposition

correspongdi n Pd, Wt % Au % K was ared by the 15
preferPe $ %g?%nf%ﬁl t%ggégﬁﬁ?géfe%xﬁﬁbQ%ElQﬂem?e?ﬁ ? h ¥ and
[err] (2. QQ¢§anern@ cabededel h- iQBmgdomldresphéEdldaleparﬂhckesolutlon
was then sl owl yegddadcion?d® gnaf chbg1sRelheabadihbfaoaPparh (KA 160, Sud

Chenmie). The solut]on support m xture SW I gently shaken to
i nsure evdh €ovEFaR. e#h¥§aﬁ¥9¥uF%dﬁﬁst%?I%Q%@1¥%P%$tSP%ﬁlf%®dhbﬁrs at

room stemtaﬁgf zanélx?épenthel d:ataiyst hBe&%&'é'@&n#@é%@béﬂlrbeg int <235t2 he f
suppor olution o u e, di sso in go
di stilled wgigﬁaV%sc Bﬁi%ﬁ%oﬁfguFﬂg Q%Eh Egbﬁ aﬁ Eﬁ%ﬁ%r? 19%is mixture
was al | ovebuid lsed éuppbhteﬁohpnoéucéuathotal|hedZﬁoBu@eoéfhymraalne

hydr at e - r S, pe t The solid
spheres &%?éggﬁgﬁ wash $€6?ﬁ%$%ﬁ Fmg 2? &glétﬁ rzﬁ %% %?y?& gg%%e chl ori de
fromthe BoayH. aqth*éa*é@IW@lswabtegnedr i tudaeattng] thaker phghprepaeatior dried

sol i dosph@émoa\%@ppéyéaeﬂas dbgest ppbed catal yst (200 g) was milled

overnight with 133.3 g of silica sol (30 wt% Si Q2) and sufficient water to
provide a m |l able consistency. The catalyst slurry was then spray dried to
form m crospheroidal 35 particles. A portion of the m crospheroidal solid

(15 9) wa@xérhy]eneérmrsg'ﬂﬂ:wcm Brddedh Ofa PRt WH afialad el ssol ved in
10 g of distilled water éled - 10

15
The catalyst prepared in Example 3 was tested in order
to determine the effect of oxygen feed concentration, space
velocity and temperature on performance. The percent
ethylene fed was maintained constant and nitrogen fed was
20 adjﬁsted downward as oxygen or acetic acid levels increased.
The féllowing observations were noted:

TABLE I
Example 4 5 6 7 8
%05 Fed 7.7 15.4 15.4 15.4 15.4
%HOAC Fed 10.4 10.4 15.8 10.4 10.4
T (deg-C) 160 160 160 160 170
GHSV 3080 3850 3850 3080 3080
C2=Conversion 6.0 7.4 7.7 8.5 10.2
(%)
VAM 93.0 90.6 92.5 91.2 86.4
Selectivity :

(%)
25

—-—_‘_———______/————_.
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at* [err] overnight. M croscopic exam nation of the finished catalyst

I ndi cated wel | -fornmed m crospheroi dal particles. Eval uati Gasef 8688 (@t al yst
was carried out in a 40 cc fluid bed reactor under the conditions specified
in 5 Exanple 1 except the catalyst bed was conposed of 7.5 grans catal yst

di | uted w th subChglent ceReibrtll LEa.E Ul BoRrSiDoch Lo produce a total

bed volunme of 30 cc. An ethylene conversion o Véct|V|ty
to vinyl %E@t%?@vﬁﬁ§lﬁﬁtarﬁeﬁalnhalnadlQgerhatWiﬁe pargerafi feed0 net hod
enpl oyed ¥asaef{sesi ve. Exanples 4-8: Effect of Process Variables on Fluid
Bed Catal yst Performance 15 The catalyst prepared in Exanple 3 was tested
in order to determ ne the effect of oxygen feed concentration, space

vel ocbty and tenperature on perfornmance. The percent ethylene fed was

mai nt ai negkampnstant and nitrogen fed was 20 adjusted downward as oxygen
or aceti.c acid levels increased. The foll ow ng observati ons were noted:
TABLE | Exanpl e 4 5 6 7 8

[err] Fed Dissol¥ed 6.80 dSof NaZPdclﬁ énd 1.7315. 6f HAuc1}5id [err]
Fed 1 é? 4f dis %gled H»O % impre % s sofutlon éneg )

160 2% Y 20 343 fmpregnatea b 3080
385010 235y of KA-BeBOsilica spPBer€@=(Smm) si ohllowed Gwét solid 7td

5.172 51%615@ Lwo Cl%@l\:l”f?(tiﬁe/gf%ded a solutionGf%2.0 g 3P Raysiog 9% °
. |
in 240 g of dlStlfied H50, mixed gently and allowed solid to

sit undisturbed for 2 hours. To this mixture was added
21.3 g of 55% hydrazine hydrate. This mixture was allowed
15 to sit overnight. Drained solution from solid and washed
solid with fresh distilled H,O until negative test for
chloride was obtained. The catalyst precursor spheres were
then dried overnight at 60°C. 200 g of this catalyst
pPrecursor were crushed and mixed with 19.05 g crushed KA-160
20 (washed to remove Cl), 202.8 g of Snotex-N-30 silica sol
(36 wt% solids), and sufficient water to provide a millable
consistency to the slurry. This slurry was milled
overnight, then spray dried. The microspheroidal catalyst
particles were oven dried at 110°C. Elemental analysis of
25 this solid found 0.62 wt% Pd and 0.23 wt% Au.

Digsolved 1.66 g of potassium acetate in 13.5 g of
distilled H30 and impregnated this solution of 15.85 g of
the above microspheroidal particles. After drying the solid
contained 9.5 wt% potassium acetate.

30

Examples 10 through 13

A mixture of 14.5 g of the catalyst in Example 9 and
35 sufficient fluidizable silica to provide 30 cc were placed
in the fluid bed test reactor. The conditions and results
are as follow:
Sheet Has Been RT laced
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Tabl e ' set forth above shows that good selectivity and conversion are

mai nt ai ned over a wi de range of feed conditions. 5 Exanpl €éa8eDB§88I(2&d 6. 80
g of [err] and 1.73 g of [err] in 110 g of distilled H20 and i npregnated
this solution on 10 200 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 Na2Si 33 in
240 g of distilled [err], mxed gently and allowed solid to sit undisturbed
for 2 hourBxampléhi s m xture wakQadded 2118 g of 5522 hydrazi nE3 hydrate.
Thi s m xt | lowed 15 tgySit overphght. Dragined solujdon fromsolid
and washe%é%elgf}‘,\?fde@vith fresh dig?f%l ed Hzlgéij%til ne%%iigve tes)tiﬁf%r chlori de
was obt ai¥Rzl. fathe catal yst prec®r3or sphefe€ were theh dried BvRrnight at

[err] 5 20qehof £ddi s catal yst psegursor were crushesl and m xesl with 19.05 ¢
crushed KA-160 20 (washed to_renove C]%3 202. 8 g_of Snotex-hkgo silica
t

-sol (36 wimzs%$@ds), and suffitfedt wate?3td proviﬂ%'% il | abte consi stency
to the slTetal Fhow slurry wassoigl ed oygandght, 4bhenssprayadsied. The

m cr osphefoi dal .catal yst partjcles were en drie t [err] | enent a
analysisetﬁmQSkcfhis SHERIRE 0.62 w8 Pd and £685 Lot RS b seo) ved

1.66 g ofPpassisseéufpatgl ate i08133.5 g ollBistill edl®20 and 1hpregnated this
sol ution of 15.85 g of the above m crospheroidal particles. After drying
the Solid contained 9.5 wt % pot assi um acetate. 30 Exanples 10 through 13 A
m xture of2Ha. sopversier ¢Hlal ¥3t9in ExahPt® 9 and?285°suffi clent

fluidi zabygvsiéieariviyoysye 30.6c weregplaced ingghe fluidghes test
reactor. The conditions and results are as foll ow

15 Example 14

A portion of the catalyst prepared in Example 9 was
calcined at 640°C in air for 2 hours. This sample was
reduced in 21% Hp in Ny stream, starting at room temperature

20 and ramping the temperature gradually to 100°C. This
temperature was held for 3 hours then the catalyst was
cooled under N,. This sample was evaluated for attrition
resistance and found to be sufficiently attrition resistant
for commercial use.

25 |

Example 15

A 16.0 g portion of the catalyst prepared in Example 9
30 was calcined at 640°C in air for 2 hours. To this calcined
gsolid was added 1.6 g of potassium acetate dissolved in
13.5 g Hp0. The catalyst was then dried at 60°C.

This Sheet Has Been Replaced
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12- Exarpl e 10 11 12 13 [err] fed

50. 2 48. 4 45. 6 45.9 [err] fed Case B589(2)
8.6 9.7 8.9 5 [err] f ed 10. 3 9.9
13.5 13.7 [err] fed 34.3 - 33.1 c 81T2 (0
31.4 Tot 0 394. 3 418.5 415.9 Tenp
156 aﬁ"%&‘?fés 16 tli’éguéﬁ 1§ 158 Pressure (psig) 115 115
115 115 10 C2H4 conversion (%9 12.9 17.5 20.5

16.2 VAM sel ect hgi,b% g%bf Qgeocatalyst88f7 ngle8§51wFs 81x§& with
Exanpl e 1%?£kfort|on of the, catal are was cal Ci ned at

[err] in 1eBt hifekt Rifxosn ¥%1@ﬁ ?éHB@%dt¢nQQY@6¥%r¢$ i nThéer ]
streas séataly@tamlxeaﬂétﬁaﬁetééué@ 2R aaftuidNBéAOréNerbLREER HAE

gr adually err terrper ature was held for 3 hours then the
cat al yst V\é/agl%‘ﬁjo?%drﬁ ®N2. This sanpl e was evaluated for attrition

resi stance and found to be sufficiently attrition resistant for comerci al
use. 25 E@ﬁ&ﬂhgu%5 A 16.0 g poytion of t catal yst prepared in Exanple 9
30 was calcined_at [err] in aiT for 2 h s. To this calcined solid was
added 1. 6*%e®4 R assi um acet a#@-2i ssol v&8.2n 13.5 g [err]. The catal yst

was tben €4 egeat [err]. 13 &xanpl es 4@ & hrough 17

%¥HOAc fed 14.0 13.4
$N, fed 32.2 30.9
Total Flow 405 422.5
Temp (C) 154 168

15 Pressure (psig) 115 115
CoHy conversion (%) 11.1 16.9
VAM selectivity (%) 91.8 83.7

20
Example 18

A spray dried catalyst was prepared in the manner

described in Example 9 except that it contained 17 wt%

25 silica from the sol and levels of palladium and gold
reagents were increased to give 0.69 wt% Pd and 0.25 wt% Au
(no potassium acetate). 16 g of this microspheroidal solid
was calcined 0.5 hours at 400°C followed by 2 hours at
640°C. 1.57 g of potassium acetate dissolved in 13.5 g of

30 distilled HpO was impregnated upon 15.0 g of the calcined
solid. This final catalyst was dried at 60°C.

This Sheet Has Been R,
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16: 05 ‘g of the catalyst of Exanple 15 was nixed with sufficient inert
m crospheroidal silica to give 33 cc. This 5 catal yst ni xfape ®a889t(@83ted in

a fluid bed reactor with the followi ng results. Exanple 16

17 [err] fed 47.2 45.2 10 Jerr] fed 6.7
10.5 [errgy 4 13.4 [err] fed 32.2
30. 9 Tot 1:|]: é'ﬁ‘gles 19 throyghta? 422.5 Tenp (O 154

168 15 Pressure (psig) 115 115 C2H4 conversion (9% 11.1

16.9 VAM sel ect i %i. By (%E tﬂé @atal st8%f7E%gm54@”Ebew§§ fii xBE2Y: gh ed

cat al yst magfgé are n_t he manner crib f I n Exanp 9 except that it
cont ai ned®4% 3653% l%?FFcﬁl?¥8ﬁP?ﬁ€°§ flaBtlied ere %&V%a§?aﬂ?un1§hﬁsgold

reagebt s eetalyscrmbgedre owgsveeftéd h% PHland Be@Sraddbde widhpehassi um

acetate). t rospheroidal solid was cal cined 0.5 hours at
[err] foI €£%w§§gzP%%%$%§at [err]. 1.57 g of potassium acetate dissolved
in 13.5 g of 30 distilled [err] was inpregnated upon 15.0 g of the

cal ci ned %g%%?%]éhis final catahyst was ied at | ] 14 Exanpl es 19
through 21 of the catali%t of Exaﬂﬁle 18 mﬁ%inlxed wi th sufficient
i nert n1cf%%%me#%¢dal silica t®7¢gPve 30 £2:6This 5%4e8al yst nixture was

tested i k@, ffedd bed reactor wsth the fohlpwing resuits.

$HOAc fed 14.2 13.6 13.4
%N, fed 32.7 31.0 30.6
Total Flow 399 419 426
Temp (C) " 151 158 167
15 Pressure (psig) 115 115 115
CoHy conversion (%) 11.5 15.5 18.7
VAM selectivity (%) 92.0 89.3 86.0
20
Example 22

Other fixed bed vinyl acetate catalysts which contain
the metals distributed essentially throughout the support

25 particle may also be used as the fixed bed precursor of the

present invention. For example the Pd/Au containing
catalysts described in U.S. 3,743,607 may be advantageously
used. A representative preparation of such a catalyst
follows:

30 1 kg of silica support (3 mm) is impregnated with an
aqueous solution of 10 g of Pd in the form of PdCl,
and 0.4 g Au in the form of HAuCl,. The thoroughly
dried solid is then placed in a solution of
3% hydrazine hydrate at 40°C. After the reduction of

35 the Pd and Au is complete the solid is washed to
remove chloride. After drying the catalyst precursor

i
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Exanpl & 19 20 21 [err] fed 47.9

45. 6 44.8 10 J[err] fed 5.1 9. 7Case 85BB.(R)| err]
fed 14, 2 13.6 13.4 [err] fed 32.7

31.0 . 30.6 Total Flow 399 419 4261Ignp (O 115
151 158 ,psqﬁ%ge (psi Q) .1

C2H4 conver si on c(%r/l()_tl%%l. %% 2 15.'5 “%fél'efl \}Rl\/ljtg'ﬁ é’é:tels\ﬂqcs?'(q’g) 92.0
89. 3 86. 0 FF1lpeanRcad JBPubdficientiaplode wnopidec eRft wtéawdlyiss whi ch

contain the net @rendicsid idoied esmaicHdlY WetedUROWadRE LEHARO 25
particle may al sg be us.edgq_fsa: he fixed bed precursqr of_ the present

i nvention. For &xdfiYe th WRRRTHIS CAEROPIHyY doscaffdeienty, S,
3, 743,507 may beiddviamg.agdies millided; iA rcepitdsRIRGA VR TAGBRI! &hedN tdfe SUCh

I foll : . f Sili su rt (3 mm) is inpregnated
\?vi tcﬁt gny:t;[:]uegus%\ggllﬁtﬁ?gr}ugfryld'sé %&a&d qsr&etdﬁgzof gprl‘?\%UFe[ err| gn_d 0.4 gI A;J_ I n
the form of [erPRcroppherioddadyidafadyistd psottiidlies whéchphaeeduinableol ution
of 3% hydrazi ne soyduake i@ o &1tiq %fefdgrrefa*&%o&e.du&g.hﬁgg%giﬁﬂf of thes! he Pd-

1)
and Au is conplete the solid is washed to renove [ _ ying the
cat al yst precur 83Frosphereifal, prugdcdegsWddh and nilled in the presence of

siliaa sol (sufkrchentyspbragspuaybderatd welistsl 64 Fnamy Bgasol).
paditl onal wat ehak2198L°Undeh' o' BReH Uokive® adl 8T 2RRLRPELS Ent' 90O 1Y
oxidation of ethylene plus acetic acid to vinyl
acetate.

15
Example 23

A catalyst containing palladium acetate, cadmium
acetate, and potassium acetate is prepared according to the

20 teachings of U.S. 3,759,839. The appropriate amounts of
these three reagents are dissolved in acetic acid
(sufficient to fill the pore volume of the support) and
deposited on silica sbheres-(s mm) to give, upon drying, the
following composition: 1.5 wt% palladium acetate,

25 4.5 wt% cadmium acetate, and 4.5 wt% potassium acetate.
This fixed bed catalyst can then be used as a precursor in
the preparation of a fluid bed vinyl acetate catalyst. The
spheres of the fixed bed catalyst are crushed, then ball
milled with the appropriate amount of silica sol (Nisson

30 Snotex-N-30) to result in ~17% silica from sol in the spray
dried catalyst. Sufficient water is also added to the
slurry to provide a fluid consistency. After sufficient
milling (usually overnight is adequate) the slurry can be
spray dried to form microspheroidal, fluidizable catalyst

35 particles. This fluidizable catalyst can then be calcined,
and reduced with either gaseous reducing agents (such as Hy
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5t b mlling. The mlling is continued overnight, then the mlled
slurry is spray dried to produce m crospheroi dal catal ystCpaet BBB842Whi ch
are suitable for use in a fluid bed reactor. Inpregnation of these

m crospheroi dal particles with 10 . ~7.0 wt % pot assi um acet ate

results f cat.a t :Whi i b act nd selective for the
oxi gatl oln&(:)fé glgfé‘%é %]IC ix%‘ée&hkgg‘é: gngo %?ﬂg I!%Ié?]&t%s %u§§%| e 23 A
cat al yst W@@hﬁlﬁb par| sefuaedcénasétucadithem tested ein arlde pblwasdi um
acetate lEe&ffé)éléEQraﬁﬁééQ' PHet Qoh8er 28nst 88801 S Of \L/h:gam?’gé@ 839. The

appropriate rmuni(a ese_three reagents are disso acetic acid
(suffici e%? oy‘"f'? St‘ﬂ@ ﬁbmélvBFﬁF@t%fa¥ﬁe° tdbeed) and deposited on silica
spherss (5 nm to give, upon drying, the follow ng conposition: 1.5 wt %

pal | adi um acetate, 25 4.5 wt % cadm um acetate, and 4.5 wt % pot assi um
acetate. This fixed bed catal yst can then be used as a precursor in the
preparation of Whilei 8heednvenylioachhtat beeat degeribedhénspbrfjascoionhhe

fixed bed, pa t ropriate
anmount of SI aé%é ﬁ%N‘l&?g ﬁgﬁn{:%ho%exl%\l-é%%%& "Qf 'pgnrfp%%py lica from
sol in tr\%l‘é?ﬁ%t‘illfamﬁedfn@‘é%ﬁ%?%tlogﬁfm‘lélWla\mfems|‘$1h1sb)eaa.tem{remtt he

slurny tcprenwése skilued fﬂnﬁhétsfﬁymﬁii@ﬁt%'ffmé %ré@éiﬁ@g (usual 'y
overnight.is adequate dried to form

he s a
m cr ospheT ST FAPE+PR dlé‘éﬁ?’é‘gﬁﬁfﬁil’ys%t 358 g%?%?@?‘%sto emphEage Ak zabl e
cat al yst @ach tdbre heachves netlod fbilca etone dand t Varidthisngase ofl Y educi ng

agents (S«b’f{hﬁ% H%e sp:|1.':|.6it -and broad scope of the appended claims.

ect Has Been Re| laced
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or ethylene) or liquid reducing agents (such as aqueous hydrazine), or
reduced in situ. Wien tested in the fluid bed reactor under the conditions
described in Exanple 3, good yields of vinyl acetate are obtained. 5 Wile
the invention has been described in conjunction with specific enbodi nents,
it is evidenrt—that Tmany alterations, nodifications and variations will be
apparent 10 tmml‘w“ﬁtﬂun the art in light of the foregoing

descri ption. intended to enbrace all such alternatives,
nodi fi cations andevdridtidns as.fall within the spirit andcdweoasBseype of

t he appended cl ai ns. 17 Cdains: 1. A method for the preparation of
fluidi zabl e catal yst having the fornula Pd-M A where M conprises Au, Ba,
Cd, Bi, Cu, M1, Fe, Co, Ce, Uor mxtures thereof, A conprises an alkal
metal or m xture thereof and Mis present in the range of fromO to about 5
w%and Ais 5 present in the range of greater than 0 to about 10% by
wei ght which is useful in the oxacylation of olefins and diolefins in a
fluid bed reactor conprising: a) preparing a fixed bed catal yst
precursor consisting primarily of Pd-M supported on a fixed bed catal yst
support, 10 b) mlling the fixed bed catalyst precursor with a fluid
bed catal yst binder to forma slurry, C drying the slurry to form

m crospheroi dal particles of solid fluid bed catal yst precursor, and
optionally, d) i npregnating the mcrospheroidal particles of fluid bed
15 catal?é?”ﬁ?ecursor with a solution of an alkali metal salt to produce
a fluid bed.cat &l ¥8dhoa2for thé prepiredias o ailuREzileChadalydt iNavidy €Ret he

fixed bed %gﬁéﬂfgs£d—M-A where M comprises Au, Ba, Cd, Bi, Cu, Mn, Fe, Co, Ce,
U or mixtures thereof, A comprises an alkali metal or mixture thereof
and M is present in the range of from 0 to about 5 wt% and A is

B present in the range of greater than O to about 10% by weight which

is useful in the oxacylation of olefins and diolefins in a fluid bed
reactor comprising:
a) preparing a fixed bed catalyst precursor consisting primarily
of Pd-M supported on a fixed bed catalyst support,

10 b) milling the fixed bed catalyst precursor with a fluid bed
catalyst binder to form a slurry,

c) drying the slurry to form microspheroidal particles of solid
fluid bed catalyst precursor, and optionally,
d) impregnating the microsphercidal particles of fluid bed

15 catalyst precursor with a solution of an alkali metal salt to produce
a fluid bed catalyst.

2, A method as claimed in Claim 1 in which the fixed bed catalyst
precursor consists of a support with a surface layer of palladium-
gold alloy.

200 3. A method as claimed in claim 2 in which the fixed bed catalyst
surface layer of Pd-Au alloy extends substantially uniformly to a
depth less than 0.5 mm from the surface of the fixed bed catalyst
support.

4, A method as claimed in any one of the preceding claims in which

25 the fluid bed catalyst binder is an aqueous slurry of an inert

17 Sheet Has Been Replaced
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pEecuysor consi sLs,JJLa support with a surface |ayer of palladium gold

alloy. 20 aimed in claim2 in which the fixed bed
cat al yst surfaCH ‘mﬁm i lal | oy extends substantially uniformy to a
depth less than surface of the fixed bed catal yst support.
4

: A nmethod as cl ai rred |n any one of the preceding clains in which 25
the fluid bed catal yst binder is an aqueous slurry of an inert 18
support selected fromthe group consisting of silica, alumna, zirconia,
titania or sﬂj;pdrureaebhed g@bm the group G@idietlimsof|sdilied, abusing,one of the

precedi ng lch the mlle lurry of fixed bed catal yst precursor
and fluid %e’? g‘i (r:l:zi}tég ﬁ/astorb?iﬁ er-i q’h%trl %6d under conditions that 90% of the

m cr ospher &t dal Acertdbgsas gaained &% agyi enengf tthe prereding cladmss inhdicR00

M crons i nefd YIBIES sl@rry ofpfi%h% satdlyat fBidcﬁfbo@“Xn&@Qum vkde preceding
clalmsén which the m | sl urr% of fixed bed catal yst [ ecursor and fluid

bed 10 bF"f‘l‘b"(—ﬁystbid'FF’édi‘suﬂﬂ’e‘?d BRIRE erHEieath8b A°E1°% H8° i cr ospher oi dal
cat al yst pmi¢dospbercidal idagalsa daytﬁrclef exiensy thamr§e areCramasthan di anet er.
7. d cla| d ip any one of the preceding clains in which the
m crospher%%)“\ %%arﬁ | clr%samg *¥1 ui d bed catal yst precursor are 15

subj ected 6o a hewsthodexr Fdatmadr imranyoonehefther pygretinm cdpinshén which

m cr ospher Qh&'fﬁln@é& ts'lﬁl:;ef ot Ekedl K 'cat'?‘é.lygt recursd® B4 QQgi@%eﬁl aimed in
claim7 wherein the heat” treatnent consists of a calcination of the

m cr ostfher BiRAgT parduief smder cariitionpcthat Bok of the pichpsERercidpbferably at

[err] for tatflyBtZfhrtilius 8xitding théAdppdade Awss| Hadeiba niawvpasone of cl ai ns

71to 8 vvhe{ie‘_!‘n t3he cal cined m crospheroidal particles are treated with a

reduci ng agen

7. A method as claimed in any one of the preceding claims in which
the microspheroidal particles of fluid bed catalyst precursor are

15 subjected to a heat treatment prior to the impregnation of the
microspheroidal particles with alkali salt.
8. A method as claimed in claim 7 wherein the heat treatment
consists of a calcination of the microspheroidal particles in air at
400-900°C for 1 to 24 hours, preferably at 550-700°C for 1 to 6

20 hours. .

- 9. A method as claimed in any one of claims 7 to 8 wherein the
calecined microspheroidal particles are treated with a reducing agent
prior to any additional impregnation with alkali salt. -

10. A method as claimed in any one of the preceding claims wherein
25 the alkali metal salt is selected from the group consisting of sodium
acetate, potassium acetate, and lithium acetate.
11. A method as claimed in any one of the preceding claims wherein
-the fixed bed catalyst precursor is impregnated with the solution of
alkali metal salt prior to milling with the fluid bed catalyst
30 binder.
12. A method as claimed in any one of the preceding claims wherein
M equals Au.
13. A method as claimed in any one of the preceding claims wherein
A equals K.

35 14. A process for the production of vinyl acetate which comprises
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prior-+'tvo any additional inpregnation with alkali salt. 10. A net hod as
clainmed in any one of the-preceding clains wherein 25 the al kali netal
salt is selected fromthe ' gnsi sting ‘'of sodium acetate, potassium
acetate, and |ithium acet 4mm‘ EHI lr& iod as clainmed in any one of the
precedi ng clains wherein t aI yst precursor is inpregnated
with the solution of alkali netal salt prior to mlling with the fluid bed
catal yst 30 bi nder. 12. A method as clainmed in any one of the preceding
cl ai ms wher eedvtihgGital fery. adetic aa&dWEﬁd"Q:dy@th ebQieiBH i eADYa8NGhQE the
preceding cl |ms \/\herel n e A process for the
production 6 VimRIc°8 %ﬁl"é% ﬁ?(‘}n}b‘?“] §§s°atal§[s'°9 PreRaref iy et ¥shbhede,
acetic aci daiarvdameﬁgen atrxygendnexf ¢tInilhel gasiphase in the presence of a
fluidized bed of catalyst prepared by a nmethod as clained in any one of

cl ai ns Jsto 13. 510 15 20 25 30 35
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