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t he ‘Preparation of a Mcros heroidal Catalyst The present invlgﬂt/bﬁ&/(gi%pt es
to a process for preparing a catalyst active for the fluid bed )
acetoxyl ation of ethylene to produce vinyl acetate and to generally
applicable aspects of such a process. The process for preparing catalysts
active for the acetoxylation of ethylene to 5 produce vinyl a
known for exanple from European patent publication EP-A- 0672mmmmwmwmun
relates to a process for the preparation of a fluid bed catal yst conprising
i npregnating a support conprising a mixture of substantially inert®!
m crospheroidal particles with a solution conprising salts of palladium
and a netal Mselected fromthe group consisting of barium
| ant hanum ni obi um cerium zirconium |ead, 10 calcium st rommlmml " "m”mm
antinony and m xtures thereof. EP-A-0672453 describes preparati o«
processes in which netal salt conpounds are reduced using hydrazine.
Several processes are described for the treatnment of hydrazi ne containing
aqueous streans. These invol ve deconposition of hydrazine with an oxidising
agent in the presence of a noble netal or base netal catalyst (e.g. JP
2000107774, JP 632 P 63036894). Thi s oxidative deconposition nmay
al so be perfor ﬁd ?‘E&&Sfor%ge raso icr erqiPaloBaApRP5) . I n the
absence of an d%kEpementliydhaah Rtk StolL5di osed either thermally or
in the prcﬂﬁfm%% aOft a cat al%;;t to ni tf‘%g%éﬁxgﬁg’ﬁg?@%w ystpettedesthe for the
preparati on ol “¢5r AFYat ¢igthylene ipraticheihybnestate bh@ b %Jn Yélf}ya%, H&gft ate are
vel | est abdpesthedsanch 16 §_i bed in the patent and scientific’l P&y re.
There 20 rerrajrges a ne; or an inproved process for the commercial scale
preparati on of ‘8° P@ressyertpremiringeafabiststegvd kg acet oxyl ati on of
et hyl epe Ergdﬁ’({?QQH}?]ea gtia{wl cet a}e. qj)fl'hi s | Ed\}lécﬁ% ?‘%ﬁoxaffagw(%gt leng 4o egr at ed
process f(())drﬂér e produeti’ ?11%61‘“’% oF APl dkpre Buaipyat pdtenit phibMQHRA/EP6A829 2 8
JUL 2006 33380 .

®hQel&fd to a process for the preparation of a fluid bed catalyst comprising

impf'egnating a Support comprising a mixture of substantially inert microspheroidal
particles with a solution comprising salts of palladium and a metal M selected from the
group consisting of barium, gold, lanthanum, niobium, cerium, zirconium. lead
10 calcium, strontium, antimony and mixtures thereof. EP-A-0672453 descr;bes ,
preparation processes in which metal salt compounds are reduced using hydrazine.
Several processes are described for the treatment of hydrazine containing
aqueous streams. These involve decomposition of hydrazine with an oxidising agent in
the presence of a noble meta] or base metal catalyst (e.g. JP 2000107774, JP 63205194
15 JP 63036894). This oxidative decomposition may also be performed in the presence of |
alkali (e.g. JP 63049295). In the absence of an oxidant hydrazine is readily decomposed
either thermally or in the presence of a catalyst to nitrogen and/or ammonia.
Processes for the preparation of catalysts for the fixed bed production of vinyl
aceta.te are well established and described in the patent and scientific literature. There
20  remains a need for an improved process for the commercial scale preparation of a
catalyst active for the fluid bed acetoxylation of ethylene to produce vinyl acetate. This

invention provides an integrated process for the production of a fluid bed catalyst for



this proces ing to one aspect of the present invention there R
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acetoxyl ation of ethylene to produce vinyl acetate, which process

conpr i sesthisprostseps of 5 (a) inpregnating m crospheroidal silica support
particles by,the . incipient wetness technique with an aqueous sol ution of

pal | adi um an@°HBAeLe AB®aTRSS! ofithe present ayiention tipre prebedabh yroeentiopuousl y

agitatin Fcl.ess . dryi nqg the | npregnated support
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parti cl esacetete, ("dich pduessegmiphieesnaé kigghi ogm and gol d conmpounds of the
i npr egnat ed uglﬁort particles produced in step (b) to respective netals by
addi ng t he &%) Pregpatgegiratsehersidapetiea panportaiagticlesbyathe aniigientsy &qbddt i on of

hydr azi ne, whi k&hniaSk i fid f ) lupry: (d), filtration of the slurry
produced in stephl(uc E%{lfr%mlé&{sﬁgfuggggggap%%B’E‘ﬁngrgoul‘B)I%Rﬂuﬂfhi,dfhﬂS( e)

washing the fi Iag@tirxgaj&mfersblyrchixﬁlroQﬂy@gﬂaﬁﬁg, ﬂ;eeﬁpgg,)t \‘/i\f'ntcikﬁwater and
renovi ng e{%et%s .water. to forma cake; (f) Tnpreg atip & cake produced
in step (e) Y onEediPHgnated srRRerigrarigyleuprodncedinateap () whilanghapige and

transition netges | i . e produced in step 20 (e) with one or
Yo ROt f1 6Bk

more solid salts o oup , lanthanide and transition netals;
and (¢ dry{tigradneingrthe prhdhedanbicd poagoaar dfﬂh@in%ﬁe%{a}ed/%éggt agi tating
the inpregnated .clake c}ﬁg f%(grmfree-f | om ng cat al gst partic . The present
i nvention provPd85e8 PRdieed sign (Ohto iespestizg metals buadding thestricdr al 25

advant ages t hafm Red & i h roductjon of a

m cr ospher oi dal .%‘g al ys%d.p%#%éb,él%%?r%%rgg%%e&u%ﬁgl&ao? ﬂgﬁﬁrﬁlﬁgﬂﬁw& dal
particles by tsanpgcogbent siuetyness techni que whil st agitating the support
has been fo dgftx%t’be g& eflfecti ve way of providing relatively uniform

i npregnati oh’ By U8B obfresurpEraducedan siep (e tonemeye Feaecssaadiction t at ed

si mullsaneousl ysol@gbnt ageousl y the subsequent drying stage can be 30
performed using the sanme apparatus. This has advantages of reducing the
hand! i ng of (¢)t Weshig teiftiter aat/ slony podducedirt ftep (d)omth RateaRh fhlvidut i on of

the inpregnat egd RLAGHESR forlTE L2 e;sal ts.
(f) impregnating the cake produced in step (e) with one or more salts of Group I,
Group 11, lanthanide and transition metals by blending the cake produced in step
20 (e) with one or more solid salts of Group I, Group 11, lanthanide and transition
metals; and ‘
(g) drying the impregnated cake produced in step (f) whilst agitating the
impregnated cake to form free-flowing catalyst particles.
The present invention provides a process which is integrated and has several
25  advantages that are particularly suited to the production of a microspheroidal catalyst.
Thus, impregnation of the microspheroidal particles by the incipient wetness
technique whilst agitating the support has been found to be an effective way of
providing relatively uniform impregnation. By use of a vessel capable of being heated
and agitated simultaneously, advantageously the subsequent drying stage can be
30  performed using the same apparatus. This has advantages of reducing the handling of

the material and controlling the location and distribution of the impregnated precursor
metal salts.



J . I ding to a further
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sup(E)ort particles sizes of 44, %eg a%‘% %6 i Eriplesmé?@ nhemidal sngpareas

in that tR&ICKS arepieistblnresisantiarattrition\deriay a%igatg)ﬁ%a}%éﬁg%esg&foﬁ%@“d devi ce

i i i .l buti ons may be neasured _ _
gﬁgthl ggeaﬁﬁ\ﬁ%@t%&v}g{%blﬁ 100. M crospheroidal support particles useful in the

present i nvent Suitabde sippbftipaicRRthaYe a distribution of larger to smaller particle sizes.
15 Typically, at least 80% and preferably at least 90% of the support particles have mean

diameters of less than about 300 microns.

A typical catalyst useful in the present invention may have the following particle
-size distribution:-

0 to 20 microns 0-30 wt%
20 20 to 44 microns 0-60 wt%
44 to 88 microns 10-80 wt%
88 to 106 microns 0-80 wt%
>106 microns 0-40 wt%
>300 microns 0-5 wit%

25 Persons skilled in the art will recognize that support particles sizes of 44, 88, and

300 microns are arbitrary measures in that they are based on standard sieve sizes.
Particle sizes and particle size distributions may be measured by an automated laser
device such as a Microtrac X100.
Microspheroidal support particles useful in the present invention are sufficiently
30  porous to permit gaseous reactants to diffuse into the particle and contact catalytic sites
incorporated within the particle, Thus, the pore volume should be high enough to

permit gaseous diffusion. However, a support particle with an exceedingly high pore
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20  to the mixture to obtain a desired pore volume in the resulting support particle. The

uL 2Mo

amount of particulate silica may range up to 90 wt.% and typically ranges up to 10 to 50

wt.% of the silica in the mixture. Typically, the silica sol/particulate silica mixture is

spray dried at an elevated témperature such as between 115° to 280°C, preferably 130°

to 240°C, followed by calcining at temperature typically ranging from between 550° to
25 700° and, preferably 600° to 660°C.

An advantageous siliéa sol for preparing a catalyst support useful in the present
invention contains silica particles in the sol typically more than 20 nanometres in mean
diameter and may be up to about 100 nanometres or more. Preferable sols contain silica
particles of about 40 to 80 nanometres. Nalco silica sol 1060 particularly is

30  advantageous because of the relatively large mean silica particle sizes of 60 nm pack
less efficiently than smaller sol particles such as Nalco 2327 at about 20 nm. The larger

particle size sol yields a final support with higher mesopore volume and less micropore



invention contains silica particles in the sol typically nore than 23
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MPRH ethylene to produce vinyl acetate, the Support particles are impregnated with palladium

acetate, sulphate, nitrate, chloride or halogen-containin

g palladium com
HoPdCly, pounds such as

which is sometimes also represented as [PACL]2HCI, and Group I or Group
II salts thereof such ag NapPdCly and KoPdCly. A preferred water soluble compound is

Na2PdCl4. A preferred acetic acid-soluble palladium compound is palladium acetate

25  The palladium compounds may be prepared in situ from suitable reagents.

The catalyst active for the manufacture of vinyl acetate may also comprise, as
promoters, other metals such ag gold, copper, cerium and mixtures thereof, preferably
gold. These promoters may be used in an amount of 0.1 to 10 % by weight of each
promoter metal present in the finished catalyst iti i i

N yst composition. Typically, the weight

percent of gold is at least about 0.1 wt%, preferably,
wt% and preferably up to 2 wt% gold. Typically,
least about 0.1 wt%, preferably at least 0.2 wt%,

at least 0.2 wi% gold to about 3
the weight percent of cerfum is at

to about 10 wt% or more, preferably up
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process for drying impregnated microspheroidal catalyst support particles, which

2

process comprises agitating the impregnated support particles whilst applying external
20  heat at a temperature in the range 50 to 200 °C, preferably 100 to 150 °C.
Dry gas such as air, nitrogen, at room temperature to 200

and/or through the catalysts durin g drying. After drying,

°C may be passed over

the support particles
impregnated with at least one compound of a catalytically active metal may be

contacted with a reducing agent to convert the compound to its respective metal.
25 Thus, according to yet a further aspect of the present invention there is provided a
process for reducing at least one compound of a catalytically active metal impregnated
within microspheroidal support particles, to its respective metal, which process
comprises adding the impregnated microspheroidal support particles to a solution of a
reducing agent active for reduction of the at least one metal compound to its respective
30  metal whilst stirring.

It has been found that addition of the impregnated particles to a solution of a

reducing agent rather than addition of the solution of reducing agent to the impregnated

. . , UL
Padi um conpounds nmay be prepared in situ fﬂ%éoukptaa?oael 2006
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sol ution of “&* SYRERERRN andesreesacelatie thaiie CRASINd YRR re k84 %P{lgtﬁzlith%ne
een

met al Gonmpeavtidn! Thi hye 30 nmetal whilst stirring.
found t hat add?tionsqufs rbt%ﬁ’gl%ﬁbr%}["e%rﬁg‘f“&? lpgrstwrase, mdich sekpeclatip of a

reduci ng é@é@ﬁm@la”ohmeparﬁrga exlalizdtiagmy .on of. reducing agent to
the i npregpated, 6, W0.03/ 061825 2 0o R el P et Eireete; dpoet
particles é}gs SHSFIT the suppRrt pagtiplps haye ap teeienriengtadically §$tiv%ﬁ-%é%leo for the

acet oxyl atpranrsef tietdnrldgmen e vinyl acetate in a flui ed process.
I n pal‘tiCLél ar, this aspect&oﬁegﬂgganéfBﬁemﬁ BT PrepIperdherdess isa process in

whi ch t he (PEHIThG thgsumportpartcle m dlagdt beRRE BRLLALLON and excess rel ative to
t he cqopogagglgmnraﬁgﬁged cihroughou_twtt he gﬁﬁgg&‘%ﬁ %ﬁ?l%écqﬁégxdt}é%- f ound
to produce a°layer struttare?t QHFCIssion of spideippdrypdrasief ind eakh bosiPr epari ng
a cat al ystnnacandeutéraegioR€hAGES 9 ' .vinyl _.acetate. In this |ayered
structur ey t he .at@por t gpart i_cfées%e\?tgblg%nﬁét 4t ° ’BaﬁathrP@aNryhac@f ve

metal or UBPSUGIOEF Thismeeidesiastadyisgdntinane syte Ry Gl 08, 5L
precur sorapmcﬁe@ﬁaajéamp;eﬁersit(l)outé]]ed {'n the support particle 14 ta7er bel ow
t he surfacgﬂﬁct)fﬂslai 1 particle, ¥ i hﬁ}%ﬁ“f@%ﬁh@fb@tﬂ&mmf&]ﬁbﬁmae and an
outer regWerstshll saintamingthe betpafytdrehes f _said . inner and outer
regi ons Wﬁgm%nl ower, concentration oa%aqgégi gﬂ%\gfl{a%f re(ﬁo%?fétﬁﬁ%iﬂb’sﬁ her eof

yer.

t han sai TDsalsn providesome rmbagpoiisdmih@afth%f&@tag)ﬁ%ﬁﬁ +cqp(,gr of the
catal yst meths as a protective |layer and serves to reducé t ¢ 159§ of
nmetal s upon attrition of the particle whilst still maintaining the

activity of tHaekesmbly (hetredubivg apehetctive @ireRe Rt st 15 conposition
y uth t(ﬁgaﬂgéé‘l’%(tacfr?t"i’?f%ll ly active .

may al so BrB%LAE:S; resi stance to poisoning o

metal . Pr e&‘ gr axgcff l?%sf?e@gﬁec‘inﬁﬁf%\‘ﬁ%ﬁ’ﬂse&bﬂh@@nedﬁefemly guchition oPbaigt | east
re i : .

one net alreducing agent is an aqueous solution of hydrazine, more preferably an aqueous solution

20 ofhydrazine that has not been rendered alkaline by an alkali meta] hydroxide. Most

preferably the solution of said reducing agent consists of hydrazine in aqueous solution
in the absence of any other added components. It has surprisingly been found that
aqueous hydrazine is active for the reduction of at least one metal compound to its

respective metal even when not been rendered alkaline by an alkali metal hydroxide

25 ' i
Suitably, at least one compound impregnated in the support comprises palladium

and gold compounds and the reducing agent comprises hydrazine in aqueous solution.

Preferably, the concentration of hydrazine in the aqueous solution is 1 to 20 wt %

such as 3 to 20 wt%, for example 5 to 20 wt%.

When hydrazine is used as reducing agent, excess hydrazine may be washed

30 : . . .
#Om the support material. During reduction with hydrazine it is beneficial to pass an
inert gas such as nitrogen over or through the support particles to remove oxygen (air)

from the vessel as wel] ag gaseous products, of the reduction, in particular hydrogen and



conpound to | spective nmetal conprises hydrazine. Preferably the <
sol ution of "59?’&’0&#* duci ng agent is an aqueous sol ution of hydrazi ne,2 8ol 2006
pref erably an agueous solution 20 of hydrazine that has not bEEHCP&1eas1ed

al kal i ne ®nmgnialAdald ndratsaitam&/?ﬁr%gggfes.a%%&%ergr ef er aRI,y t he sol ution of

sai d redu?ﬁe englmt gonsi sts o azi ne A8 6y 4 Aegomeppsition ofhe
absence o W %W%ﬂh’@n&@h@m’h}mmﬁcrehbtidilﬁ@arﬁwpdtblﬁiaﬂgluyl %een found t hat
reduction of at |east OHE met al

aqueous hydr azifged ' for.t :
conpound to its ?dgiegg@{d#é\%gner?@?sgfaggr\?@hthwmemitafheﬂm reﬁmﬁ@ﬁ@fép%%é ne by

an al kal i difpesed dfndeadingao REovay] : st _one, compound | npregnated in
t he sug)po;,{?tc%(rgri s.?.s pgl,l adi umh’teg%lgx-gg?%slggﬁbgqugghaéﬁ@aﬁmlmm@mg agent
conprises Jlé’ iPHELYIAS Hutikysliezisntantiining aqRe@ison @l Yireq gt{fQE%C@Pt nation of
hydr azi nedéd@ngiage%qg,\gl\hgiﬁ% tei nis . to 20 w such as GBS, for
example 5 to 20 wt % "~When hydra |Sﬂ§ei°§aﬂ§ééfiaa§07’@dlw©itdgeagter}tsttoexcess

hydr azi netggehendmsimmerdia. 30 from t he support material. During reduction

W th hydraziﬁﬁlsig i s..beneficial to pass an inert gas such as nitrogen over
or through t ha stiHRTRs ffa? firdeeaspeet ofdhopmsan ygasmtibakice isdr 8Pt vessel as
ydr

wel | as €38 $o1th @ Af cthe reduction, in particular og%n and 7
WO 03 006%?9@2 8 J hﬁ%&ﬁl%éé‘?f{ﬁs%&mmlsmg dijute aquennd hydrazihd, abl e pur ge
gases ‘as Oughyprocasscongsisks contaciae MPRSL | ..t he hydrazine, which being
an exot hecfe%% reﬁ% Igf?t,rl]ﬁ can be pogentiiélt%y%r?ggvf@.aqu?n%éé&?%foﬁﬂm azi ne
washed from the" g 1y dpziae. Predenablyuititei camlydt apriveRtyr DE d@%é@g@?d of

accor di n@yﬂﬂzmmﬁ?ﬁém%ndrﬁ OH%S beg_g i,,OUﬂd that a particu rﬁ gllo%?ﬁ‘ tabl e
5 method ,of purifying this hydrazis'ﬁ%po nt 36 ¥PAntad oebersumest e si amis to
catal yti d%lPlle%falﬂM@Hmsmgdmnytdnez,%@9v@,é}ggth%&g,gﬁnct@ of an oxi cﬁ;nt over a
sui t abl etfﬁ)?l?]ﬂlley Ll Q. nitrogen and anionia. Thus, At OO P ERRAYt s§elgctedr t her
aspect of the pﬁi SELTSISHO At ingreanifegxsddssuph aw sities] a%mfﬂﬁ,oﬁﬁc%giafa% t he

y

pur i 5 camirtaresfthérebst9elp ising di| ute aqueous razine, 10
whi ch process conpri ses. c%ﬂaﬁgg%ﬁgggy@ﬂ%aﬂggfa@hﬁﬁ Béﬂ%?mblwhamaaﬁcai ¥st active

for the P %??Sd%ﬂqmmamfesﬁmﬂlehyﬁgeaflérﬂ@to?@@sértﬂpéiycul?ﬁ#]g ,51?%5@' yst active

for the ,ti0n drazi ne conprises rutheni Y¥ort. The
anount ogﬁ r Eg Eeﬁ%{%dmgegno %E’%%Jﬁ’@rff:mdqf@e@H@f@frthbbmdons hPdrabABYSuficpm | to 10

% by wei githin tRe eftelyabbed shbhig elected fromthe group consisting
of inorgapic oxides such as s@ﬁg{%w%&% (?Jorﬁ r?él,egf}l? {bat the sevaperature of the

U . s ;
ution does not exceed its boiling point, most preferably the solution temperature

20 should be maintained in the temperature range of 70 to 95 °C

In catalyst compositions suitable for the production of vinyl acetate, 1n addition
to Group VIII noble metals such as palladium and optional promoter selected from gold
copper and cerium the support particles may also be impregnated with one or more salts

of Group I, Group I, lanthanide and transition metals promoters, preferably of

25  cadmi i i i
mium, barium, potassium, sodium, manganese, antimony, lanthanum or mixtures

thereof, which are present in the finished catalyst composition as salts typically
2

acetates. Generally, potassium will be present. Suitable salts of these compounds are

acetates but any soluble salt may be used. These promoters may be used in an amount

0
of 0.1 to 15 %, preferably 3 to 9 %, by weight of each promoter salt present in the

finished catalyst composition. Tt hag been found that these promoter salts may be

Impregnated by blending Support particles with solid salts of the promoter meta) in the
presence of limited amount of solvent.

30



15 m xtures thereof as well as activated carbon and graphite. Preferably

the reacti onwbs{,mgﬁgg ormed at tenperatures in the range fromO tol.OD8*§ybyys

circulating the solution through a fixed bed of catalyst. T%Jgéﬁ‘glqﬁg&e

time of the ueous hydrazine solution wthin the catal yst bed shou

preferably bel ‘®Bnfsesr l%t%@hthcmpemmmmp@hﬂd%ﬁﬁ&{ theflSs pRRliddyi on does

not exceedprobes Miijﬂpp%nggl%ﬂéﬁ . nost gr?lfer_abl y the so npfovrlfgegraature 50
i ntal it HeP R R BIoE WPEoidph gartistes ittt aneQf mze shlfs grat al yst

conposi ti UB & vroiubdl, larnthdride Qa6 hnyl acetate, in addition to

Group VI Ifh@gmiagﬁztﬁl s such as pal ?lygﬁgnrﬁgﬁﬁ}hb%ﬁ?r%eéﬁ CPRpREfsdlendiigect ed

fromgold,  ctopp PTE&F Mess e selippbHEtoupdr Gred : i npr egnat ed
with ofe onetmﬁ;eﬂﬁ@résgncé)%faqowf.ég {Q’f €} dsr%ﬁp 11, |aﬁ’§%§‘gﬁg§§n‘?r§%’ﬁﬁ% on
metal s propoters, preferably o HHT e R RGY tha nplvputtiasentained $o@idim
manganes e, ""SPRTF blwne afahe beaaiymsﬂppdﬁﬁirHEIQSPre?eli’Qﬂg?k}} sop gh are present in
the fini Shedl%%%é@fou% noosition as salts, typi ald 3 VR sHEs. Gener al | Y,
pot assi umdjvvi_l lti e present 2 i“f‘&gIaéokféﬁﬂl“salmifcata‘igﬂ@aﬁ&ﬂﬂ@%ﬂﬁﬁliﬁéE acet at es
but any sohutiemsaht offselyvchewis onpters may be used Tn an anmount
of 0. 1tg 15 %‘%@Pr eferably 3 l?gh%gé}?%%wﬁm%%ﬁaﬁtdﬁ gpremyedwithirthe al t
present i A RAE ? PRiferediseibutioy sad mayrb@gbﬁfbl%bd dsin §upe?ﬁl faund t hat

t hesel@r offateplal withbis HBY, elaeof i ngéegﬁat ed by bl endi ng@uppo elig rticles with
solid sal ggd&gépeﬁgr onpier! §piag p fF toH@Prignatiemwith afsolutivhtog theapunt  of

sol vent . Y eiBRgn2ich oFlfle & 761 Thus, according to a
further aSRE Gle SOE} th]empresent i nvgﬁ??}ggé%%{elggygjm%@eavetp}pR‘P@éss for

i npregnat i ng por0 ﬂ§ait %P’Gé%é@-éi ldldionpé{mype,llﬂ@gﬂgﬁg}ep@gicﬁrhag%e salts of

Lon nmetals which process conprises

Group 1, daventpgd that theRhHe4] tpansi

bl ending the particles w iﬁ"ﬂ"?%tﬁgg‘é?/rbﬁﬁ‘ﬁé‘tffngheoﬁ@wmlsntairyﬁgmmd , Group 11,
| ant hani dB2%8R#- transition 5 netals in the presence of a solvent for the
sal t 1ign whi @?efe?a%l (ﬁ{xevent is contained within the pore volune of the
catal yst suppor r}gr i THPROT BrRfegnated yithiose soimoenitalisHf\GbEp 1 dx{)}x#ﬁs been
found t hdenthanidesamdgrasBRhiketsiakd al yst _particles containing a
linited ﬂgaugt of solvent W thin tﬁgdt%gér%p%ﬁﬁ“fﬁg’é‘,&l?@g§ﬁwn @ °C tpr egnat ed
Wi thint upport with a uniformdistribution and may be performed using
the wet filtermad;ihQ o i t.hou e need of drying prior to

i mpregnation with -angglf' 8{1]:] glﬁwg‘: dF?Félﬁ’g‘;EWefemm td thadbllowing BRe@gRAL i on of
the saltB tied obWikliendi ng t he wet support

20

utio e
shoul d be mai ntai ned i'n

Silica support (231 -15kg) was impregnated with an aqueous solution of

Na;PdCl, (containing 4.10 kg palladium) and HAuCl, (containing 1.65 kg gold) by the

Inciptent wetness technique. The metal salts were dissolved in demineralised water to

give an impregnation solution of 124 litres (about 82 % of the pore volume of the

support particles). The impregnation was performed in a ribbon blender manufactured
25  from Hastalloy C276 alloy.

Thereafter, the material was dried in the ribbon blender by introducing steam

into the steam jacket of the blender at a mean wall temperature of 145 °C During the

drying, a dry air purge was passed through the blender over the agitated material to
remove the evolved moisture.

30 Thereafter the dried materia] was cooled to room temperature and the

Impregnated salts were reduced to metallic state by addition of the solid material to a

stirred aqueous solution of hydrazine (946 litres, 5 % by weight hydrazine). The



with the SO"’,‘{% salt in a blender (e.g. ribbon, V-type, ploughshare) irﬁh .
has an adva z?é’@“lt*ﬁ‘)at the sane apparatus may be used for the subsequ JUL 2006
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be described bylh@eaftenrtbe ntatertahevaf abdagiviyp ; ; ample | -
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aqueous sol ution o Zlﬁcf@ff}hwéﬂbﬂldaiemamgedusiﬂ@alfgtaﬁaé b dm@apg HAuC14
(containing 1. GHJngetgﬁkitgl)jaltwakte?g,as bf%ﬁhé)d \?g& SV\ﬁé ness techni que. ie net al

salts re dissolved in_dem nefallsed Wa apfiXgsousrpotaspiuaTaTatate(] 0
sol uti Bn gﬂ?i“zﬁnlﬁbmwgnq@mudthm%aﬁedmepagﬁat}&'% gt the support
i bR R EPaRdHaf act ur ed

particl es)khe dtbey k tipn.was perforned in a ri
25 from Hast ﬁ%}%@%“ﬁ? F%?@effﬁé’rvéé}‘rm@an, walhtermerstuteadf M8SCAripgdyip.4 he

ri bbon bl @dgnrebyasi remooedl GiiiG j t st eam j acket of the bf ender
at a nean wal | (ﬁerré)erature of %%ﬁrﬁgée&ﬁﬁuﬁg%ﬁéen@ﬁwi ng, a dry air purge
was passed thr Ju§RCHHBEITednt was udreetihaviag ch@lyad RG] LA fg {le_rmve the
evol ved ”Eée%ﬁ}’laﬁion?&e?%ée fter the dried material was dopledar widbsdm

tenperature arid the 1 r’éegﬂé’{‘éﬂdw%w%a%@te reduced to netallic state by

addi t1®n EEmDMSﬂPiedam&bﬁb'f@BRmea stirred aqueous sol ution of hydrazine
(946 litres, 5 by wei hydrazine). The 9 WD 03/061829 2 8 JUL 2

% ght

PCT/ GB02/ 0, 176§‘{Fé§HRH05h&11§11kg)rw;asm reghhtodved it r ni Wi t h

occasi onafcofifairingd PH40k-gr§§fle ft r,%éﬁeeghmteria?@lv\,a g%g%‘h%&é’gﬁg@?délm mes

with about 800 [itres erﬁuﬁ@?‘g?l? Al (pntpiming 6 kg o] Wtﬁ@m@\fﬂ% gd using

a rotat i nyelpewiteamitei MigeneTNgI RS cake) vas bl ended th solid

anhydr ou§rr&)('r)éas?i um.acetate (10 5 kgr%?gi n a T BHYHHIsed Hater amgiveer eaf t er

dri ed undé RO PRt of 60 litthsc iThg impr@nationivs érﬁﬁm%%?;rn&liggcket of the
FTheredd on

bl endér tWeigiey agufIBRAR: e r re of 145" noi sture
was renoved with a dry dé\?éﬁlgjarsgéil%yﬂﬁgﬁéﬂol’-he bl ender. The resulting product

was a free-fl oWliermpfientths ymteriapivas iidd i8¥hd ADLG, §,QL L L ui.d_bed

el ' ender by mntroducing steam
Into the steam jacket of the blender to give a mean wall temperature of 120 °C. Duri
the drying, ed ol

a dry air purge was passed through the blender over the agitated
remove the evolved moisture.

material to

5 : :
0 The dried material was cooled to less than 35 °C, initially by natural cooling

after isolation of the steam supply and thereafter by introducing cooling water into the
steam jacket.

Then the impregnated salts were reduced to metallic state by addition of the

solid material to a stirred aqueous solution of hydrazine (2200 litres 5

%Db i
25  hydrazine). o by weight

Thereafter, the material wag then pumped to a Nutsche pressure fi

It
filtered under nitrogen. The fi o

. lter cake was washed 3 times with about 1000 litres of
demineralised water in each wash.

The wet material (filter cake) was blended with solid anhydrous potassium

30 acetate (60 kg) in a ribbon blender and thereafter dried under agitation by introducing

steam into the steam jacket of the blender to give a mean wall temperature of 120 °C

The evolved moisture was removed with a dry air purge through the blender Drying

10



5 | inyl acetate. 10 Exanple 2
acét oxyl ation of ethyl eng tgi F{ggugﬁp\élop%/ (1 124kg) was i npregnat ed V\%tlaj,dan 2006
- Pr'epar ati On“RjOJJ‘OG 541 . i nin 11. 40 kg pal | ad| umP |6|Au_7
| Ra2PdC] 4 (contai ning BO20575]
agueous solutlon 0 ol d) by the incipient wet ness techplque. tion
( glotn tsa:/vglr 29,8?4%,(5%? e {heiseisthere abnterich fwkd ﬁxhtehgle \??% x‘r?l rrtgn rﬁgggf)ﬁg Eg Seby 5
S . : i ti on was :
ol ender Owelf@ﬁﬂtTﬁete%??arlg’lﬂﬂﬁglé‘i@ﬁ%gvaaelzmesfama@;qaﬂhﬁrh@afd_rri%{ opc{rﬁtgds i al
der manuf ac i i, team into ,
Caedr ed Hninde empdpirore da11{eegegoﬁag¢]d%&gﬁ’e%%ag%g@1ﬂp@ of 120 'C During
j ac kgt yicn;] gt h: ﬁ@e”rgfex{]tiéﬁcj?rggu%é’gaspzfs@eﬁb\ﬁlﬂg(@_ﬂﬁ{ysﬁ Hﬁteg%l?gﬂ_ﬂg[ﬂ %Ef}uﬁ&ién al
the dr AR d noi sture. _
e RS,
oot on e e bssneiy gl g oo 0
; I npr egna ;
state by addittan RPN Bipaaf lire Graginer TRUAER P e
L a i ne). ,
ﬁ;gr gzi %e tqupp@ute dfieesC V&S%chﬁng?ésqgtﬁ}eouﬁﬁg f%ﬁ@gé =0lf9e5r% Rlud;ilidaiclafagfsed under
materi al sth%{)jf:%:ﬂenpw ‘oaan ihing 28K picaRSysWiITHL ARYL. 1000 1 jtTes of
ni trogen. ¥ .ych/lPé G\ﬁ,a);cq;sﬁes %gfe IvfletgtC ng}{se'ri al (e ?WE?. was
I o Wt
| ended wi S , i i by i ntroduci ,
o cndr sl Rrmidoo D endqoeias sAINE) AT e Yacreise e fatpmraune ofl20 ' C
the steamylagkel of,fhe bl ender to gi : r t he b| ender.
The evol \ng rrlmlg?g’r% @?Wmdemhmﬂz;i%gg\?x&%ggaa Sli?e L#P t he
e -
Drying 1¢f \MBod. 464839 of 1R ﬁ]nlglrfc%y\g%nr 1cated thefrgmphae tecodpoitidy of WRi ght - g
L L S UL <bngnsietds) Lo & 4l uid bed drier operate
The part i .aflft?rhaé@cme@{(nrigHg?ﬂSg@Pm reove ¥ Be remmi ni ng moi st ure.
at ans aifxahiphe] GRmpgEAtyre of L DRORER] B

it able for

arateal f\BS S

fluid bed sgaPoeaqnmmhﬁiyde&i&fso%{&l,l(ggqit}eg’ ﬁ\fﬁ%ie Vi ny

3.8% w/v) was recirculated
through a flooded bed of Ry catalyst (catalyst bed volume typically 500ml) at a flow

rate through the catalyst bed of 130 ml/min, Samples of the solution (1 to 5 mi) were

removed at regular time intervals and the concentration of hydrazine was determined.
20 The results are summarised below

Catalyst Mass Solution %[N2H4] after Recirculation

Times (min) /g Temp/°C 0 10 30 50

70

2.5%Ru/Si02-A1203 230 50
25 2.5%Ru/Si02 200
2.5%Ruw/C

380 203 055 0.15 0.00
50 3.80 194 032 005 0.00
30 3.80 1.72 036 0.00 0.00

11



ExanDl e 3 - drazi ne renoval by anaerobilj~!~o~sit n over Ru/Effica _An :
aqueous hydr¥9i0%B6183 uti on (2400 litres with [N2H4] = 1.8g/1) at a 28 JUL 2006
tenperature of 660C was recircul ated through a fixed bed of PEYGRIETéI ca
catal yst (Johnson Matthey Type 660) contai ning 20Kg catal yst. The fl ow

rate through the 10 catal yst bed was 2.21/m n. Deconposition of the

hydr azi ne was acconpani ed by evolution of gaseous products (N2, H2 and

NH3) and an increase in the tenperature of the solution to 70'C. The
solution was recircul ated through the catalyst bed for a period of 12

hours. Analysis of the final solution indicated that conplete deconposition
of the hydrazine had occurred ([N2H4] = <0. | g/l, [NH4OH = 2.5¢g/1). 15
Examl e 4 - Deconposition over a Rau orted An aqueous hydrazi ne sol ution
(2.5 litres, [N2H4] = 3.8% W v) was recirculated through a flooded bed of

Ru catal yst (catalyst bed volunme typically 500m) at a flow rate through
the catal yst bed of 130 M/ mn. Sanples of the solution (I to 5 mM) were
renoved at regular tinme intervals and the concentration of hydrazi ne was
determ ned. 20 The results are sumari sed bel ow Catal yst Mass Sol ution

% N2H4] after Recirculation Times (mn) /g Tenp/"C 0 10 30 50 70

_________ SthylRn¢ fo prodiice viny] acetatpsvhigh passsocanissithe 2GREf - PCT/ GB02/ ' 5761

Cains: 1. Ae)pnoeesntih®migosnakd; - t actiye for the fluid bed
acet oxyl ation of _ethy] ene t%gép(?lg us?é&\%%%%légﬁfgﬁé}’ Bhineipient seetness

conpri ses t he €tlquesyith gmyqueops sejnton ofpaitadiugs ML L8 6illllcisc‘%h§%}pport
parti gl es by tdé@( %xg%ghgisﬁ};o&y\etraﬁss_ techni que with™ an aqgeous’ Sol'titi on of
pal | adi um and g_o_la onpoundsb#Whi*Pst 5 agitating the support particles;
(b) drying (HeiryimpriegngieshasaRepr g%‘ii‘éleg}pgcgd;u%&)ﬂys(‘tgg(a{)r\]vhsﬂtss P it il | st

agitating the. i npregnated support partli agitating the
J J lmpg?gnatged support papl)'tpi)cles;

(c) reducing the palladium and gold compounds of the impregnated support
particles produced in step (b) to respective metals by adding the dried

10 impregnated support particles to an aqueous solution of hydrazine, whilst

stirring, to form a slurry;

(d) filtration of the slurry produced in step (c) to remove the excess reduction
solution;

(¢) washing the filter cake/ shurry produced in step (d) with water and removing. -
15 excess water to form a cake;
(f) impregnating the cake produced in step (e) with one or more salts of Group I
Group I, lanthanide and transition metals by blending the cake produlced in step

(e) with one or more solid salts of Group I, Group I, lanthanide and transition
metals; and

20 (g) drying the impregnated cake produced in step (f) whilst agitating the

impregnated cake to form free-flowing catalyst particles.

A process according to claim 1, wherein in step (a) the microspheroidal silica

12
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7.

alumina, Zirconia and mixtures thereof.

8. A process ag according to any one of the

preceding claims in which step (a) and
20 step (b) are performed in the same

S, said apparatug Comprising a vesge] being
capable of being heated and agitated simu]taneously.

9. A process according to claim § wherein step (a) and step (b) are performed in an
agitated blender.

10.

apparatu

25 step (g) are performed in the same apparatus
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15-dried at a tenperature in the range from60 to 1500C. 7. A process

according to any one of the preceding claimin which the microspheroi2i@l JuL 2006
support particles are selected fromthe group consisting of silica,

al um na, 2|Q%Bﬂ§ d nlxtTres thereof 8. A process as according to any one

of the preceding ¢ %1? RE'Si % 58t dtous0dprt%a) 180G 5‘,%0/0 ﬁ%'%g) re performed in

t he sane app&nmtuawagﬂﬂd apparatus conprising a se aﬁga %&Qdﬁbe of

bei ng heated and agitated sinmultaneously. 9. A process according to claim38
wherein step (a) and step (b) are perfornmed in an agitated blender. 10. A
process according to any one of the preceding clains in which step (f) and

25 step (9) are perforned in the sane apparatus, said apparatus COMpri sing

a blender. 11. A process according to any one of the preceding clains
wherein the concentration of hydrazine in the aqueous solutionis | to 20
W% 12. A process according to claiml | wherein the concentration of

hydrazine is 3 to 20 wt% 30 13. A process according to any one of the
precedi ng clai ns wherein the aqueous solution of hYdrazine has not been
rendered al kaline by an al kali netal hydroxide. 14. A process according to
any one of the preceding clains conprising preparing a 13 2 8 JUL 20
catal yst containing at |east about o. | WM%to about 5w % pal | adi um and
about 0.1 to about 3w %gold. 5 14
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