WO 03/ 061829 PCT/ GB02/ 05761 Process for the Preparation of a

M crospheroi dal Catal yst The present invention relates to a process for
prepari ngwe catmkyst active for the fluid bed acetoxyl at ipam/GHo2esteyl ene 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 acetate are known for exanple from European
pat ent publication EP-A- 0672453 which relates to a process for the
preparation of a fluid bed catalyst conprising inpregnating a support
conprising a mxture of substantially inert mcrospheroidal particles with
a solution conprising salts of palladiumand a netal Mselected fromthe
group consisting of barium gold, |anthanum niobium cerium zirconium

| ead, 10 calcium strontium antinony and m xtures thereof. EP-A-0672453
describes preparation processes in which netal salt conpounds are reduced
usi ng hydrazine. Several processes are described for the treatnent of

hydr azi ne cont ai ni ng aqueous streans. These invol ve deconposition of
hydrazine with an oxidising agent in the presence of a noble nmetal or base
netal catalyst (e.g. JP 2000107774, JP 63205194, 15 JP 63036894). This

oxi dati ve deconposition may al so be perforned in the presence of alkal

(e.g. JP 63049295). In the absence of an oxidant hydrazine is readily
deconposed ei t hprodebeforthé Préparation ba MiesspheroddalaCatalyad yst to nitrogen
and/ or ammoni a. Processes for the preparation of catalysts for the fixed
bed product i dRe Bresgtagyentian elaiewioArE0Rss forgsenpng &ttt whactiysdestheed in the

pat ent i LEd G i i . i i mproved
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fluid bageagelf exot aprooessof et hyl ene to produce vinyl acetate. This

i nvention provides an_integrated process _for the productign of a fluid bed
cat al yst forT@eV@%@fG’GRl@E@lWa(%@ﬁ%?gf tﬁ? ﬂ?eéo’g'tl?ﬂf’é‘s(gj.eaﬂ:%rtﬁi ng to one

asp e? t giodhbéeviﬂgﬁéc%%e LBXRONh 95 &BRDR fhéin BhufdHcdR BaRnitubliesfonl FHF-A-Pr epari ng
a catalyst active for the fluid bed acetoxylation of ethylene to produce
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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 describes
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 metal 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
acetate 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



techni que with an aqueous sol ution of palladiumand gold conpounds, whil st
agitating, preferably continuously agitating, the support particles; (b)
dryi ng t hwoioajpésgnat ed support particles produced in stepPCI)GRRISBL
agitating the inpregnated support particles; 10 (c) reducing the palladium
and golgiscquegynds of the inpregnated support particles produced in step
(b) to resppectl've netal s by adding the dried, inpregnated support

particl es Aeccoadingtenuisspselafthegneseht inyelrtamnithere isgviovgled agtréaesdi fog, to form a

slurry; (d).filtration of _the slurr roduced i.n_step.(c) .to renove the
excess PEBRIEIS %Wtﬁig agiyqdor gW;f?T‘gg’e‘%/\%gFﬂxﬁ “PHQfthVtCQE t%ﬁ‘%?& Ces‘flmr‘?y pr oduced
In step,dte Wkﬁ&%&%ﬁ BRI RTRY ik ofexcess water to forma cake; (f)

¥ .

i mpregnati ng the cake produced in’'step (e) with one or nore salts of G oup
|, 5 oup (&) impreghétany derespberpidahslica suppeont paitislespythemdiptant vgtnesnk e

produced in step. 20 .(e) with one. .or re solid salts of oup.l., Goup I,
| ant hani de arsﬁ?f%gquéﬁﬁé"flﬁﬁ %%“quﬁ% S&P&tl?ﬁﬁggilgﬁduﬁ? 9?%6‘3%8%?8%%@;?{@{‘%% cake
produced in stRRide profihbl ffcoﬁ*tﬁhdoﬁ@lzﬁgitétﬁ@, tHeSRpRENpdradegake to form
free-flow ng catalyst parficles. The present invention provides a process

whi ch is i(h elgyiag i impegrated sepmorepardespiodntedde step kRt Wik agitingcul ar | y
suited to th ‘?E)nr odgct ite%nsuOfor? a'i&[gg),spheroi dal catalyst. Thus, inpregnation
of the m crog}b EREE paPPl cPEs y the incipient wetness technique whil st
agi {@t i ng (bheedi¢ripoht phidslieand Eeldrempou’ odnheiipeedratd sopyorof  provi di ng
nation. By use of a _vessel capabl e of being heated

relatively uniforminpregr ) I |
and agitat ed %ﬁrﬁﬁstmg&?@g i sterch) dniespebiie metalhiay §‘§B§%Hﬁé¥ﬂedzdryi ng stage can

be 30 perfor i @@ﬁ Ysus Shu + of reducing
t he handl i ng’[%ﬂré@hﬂég%é@“ a %{%ﬂg%%r ol Fgﬁﬁga?ﬁgﬁ?%ggﬁ%ﬁ%glﬁd di stribution
of the inpreghaigdtpfeawsaty; metal salts. 2 WO 03/061829 PCT/ GB02/ 05761

Thus, according to a further epbodj nent of the present inyention there is
provi ded e(dbrfﬂgé%@ "Pdee Flﬁﬁb’é’éﬁ[@\‘?i"ﬂ’@ SFﬁPc(FbE’pVﬁE’;OKF%CXG%SéP HO% yppor t
parficles w ts@hﬁitonf east one

(e) washing the filter cake/ slurry produced in step (d) with water and removing
excess water to form a cake;
(f) impregnating the cake produced in step (€) with one or more salts of Group I,
Group II, lanthanide and transition metals by blending the cake produced in step
20 (e) with one or more solid salts of Group I, Group II, 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.



conpound of a catalytically active netal, which process conprises the steps
of : (a') inpregnating the m crospheroidal support particles by the
i nci pi entwoeBnes29 5 t echni que with an aqueous sol uti on of PCh&GRIR/SBASt One
catalytically active netal, whilst agitating the support particles; and
(b) dryi }%&shscc'of@ﬁ%&%gﬂeééiﬂnp&ﬁﬁqem;f&wr@genpﬁﬁ@ﬂ&@pthbfe iShRRidA' ) whi | st
agitating e’ I npregnated support particles. In the processes of the
pr esent a proeesstiboimpredrating ariasgiteradd ahtalspppport particles|veish atleashere sui t abl y
selected from :??e gr ﬁllt,l,p ionsj sti n% OE' ' norgani c_oxi des iUCh as silica,
al uni naCoBRYURG.Ai & CARYIGHIRY RS et BBich PRIEPRTORITCS % kRS Ofhe
m cr osphes oj dabo SHRP Al micRAbhirsl BB sih6rt Prlfchls 39l iNe [RjisHt dinds® attrition
during ggpt gﬁ?o% I th ﬁemlgr ocli:)esses %]%E)t hg pre?gnt i n'\;ﬁienti on. Suitable
suppfort par tecligee Wil en aquiioss sélbien oftheft least gee catalyipally astivpaietdlcl e si zes.
15 Typically, .at | east.80% and preferably at |east 90% of the support
particles hg%}hl“ﬁﬁﬁ?\tmgcfp%W&pé’%éjagtfﬁ?seg%CPt han about 300 microns. A typical
cat al yst,ysghile thdithhe g6 aippoit Huatds Prodimyd astep (ahewhitdtlagidtihg tharticl e
size di ts(tir;i bt#%gon: Oﬁ?(% 20 rgn@%ro%s 0-30 wt% 20 20 to 44 mcrons 0-60 wm %
44 to 88 mi tnpAgABL PP PeIti8Bst o 106 microns 0-80 wt% >106 microns 0-40
wt% >300 mcrons 0-5 9 Ski i r 1 : gni ze that
support part ﬁb‘i%g $ r%%SESeeéwog?ll%%ﬁ;%@gg%ﬁ%ﬁ %{3 gﬂ?#o%}%e%gd%rsep %@%F%¢I%§ nmeasur es
in {dat afeh@italily gelbas® toainths bangandsisimpwe isdrgasic oxidas suchlas sficzes and
particle size distributions may be rreasggﬂ by _an automatg(g | aser device
1

such asaliming zieenie and maxtugs dresinEefsiap £ pbig MEAPIPETER! SRR i n the
present i n ' LG - ROLOHSioh On BRI cs8RSRQUS react ant s
to di ffBé@ﬁé%ﬁ%ﬂf;{}ﬁfg&%&?{é{s{g}a@ g)n ]&(gl(())lrln::éi grcn?é)c%t aloy?ﬂ1 C SI?‘%) eesS i ncor por at ed
Wi t hi n preemantentbe. Thus, the pore vol ume shoul d be high enough to permt
gaseous diffusj However,  a sug[ao%gs%i arti Ile wi.th ap exce di.ngsl y high

pore 3 Sultgbqé support particles hav ution of larger to smaller patticle siz
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 wt%
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



WO 03/061829 PCT/ GB02/ 05761 volune typically will not have sufficient
attrition resistance or will not have sufficient surface area for

cat al yti cwedBiogisty. A typically suitable m crospheroi dal ®oppeBwR/opmiticle
has a pore volunme (measured by nitrogen sorption) between about 0.2 and 0.7

cc/ 9. Aoiphefgtiahl BwIURRAhe RRALILR BrifiBR résiRRIcE of RAIVAB Gt Wesiieabout 0.3
and 0.65 cc/gand'nore 5 preferably between about 0.4 and 0.55 cc/g.

Sur f aceswafasasropfenstalpdt dyivityt AdypicalBENitablrmismgspbervidebsuppettesrtisle h nean

di aneters and pore volunes,useful in the .present.inventi typically are
above a%ﬂpq%ﬁeoﬁr‘@?eg&%?ﬁﬂ“%gy piigen ﬁcﬁp{}%n)gngg\ﬁ?enfsautnﬁg?apgﬁﬂtc\é& | measur ed
sur f acepRF@able SupHdRitart@fe hisa H810 ¥blubbbdiRéd abbt 03 BhE alelsyeclsaiduhorsuppor t
particles, especially silica support particles are described in U S

Pat ént Brefgablgdstwdcnebeypdrhinsk)-by c¢/ef er ence herein. In these supports

m cr ospher oi dal rfi . I: m re of a
silica sol ws Fﬁac%ga%r%a}sglg%%sg?{dfbef éﬁgggeggﬁg&%&#ﬁ é#glcggsn ltg]gf%#ni ng. In the
pr epar afiiagfter@hnd &8 volitheduséful inphepesanlinveation gpihllplrebove alofut80si | i ca
sol is mxed with particulate silica. A useful 15 particulate silicais a
fumed sM2Eandmaraee neioaiqut 290 1By ud S¥pieH arragird BFieanysa 1s Aout ofli cal

silica {ﬁa%btoiug%gaﬁﬁ/grmteri al has a high surface area (about 200 n2/g) with
essentially no mcropores, and, typically, are aggregates (w th nean

di an®et er s of Typieuky adefili ynppseetpantijlegfespacdillyisdicalsupzort partiedss miet h aver age

di aneters o bout, 10 n apbogve 7 nm. Preferably, .th ilica is sodium
free. SG?%CFIE?Cg}ﬂQH&a}?tFEﬁ’gIeg > [ICOEPOT e%lg}ﬁé?ferfﬁcet%er‘?lﬂe PUTEPPYS obtai n a
desired AliSattiidshe poatitdd [ alAdiig o@a siTRE soldp@unt - of

parti ch‘gtplg%éh;él ilcg%r?ay rangﬁe up toH}%g Wt . A)ntagnd thpi.galals}/ rg%ges up to 10 to
50 wt . 8diod partieles fdlicveedity driieg ming calcimingTylpithapieparatiore aslepstdQ wt.%,
sol/particulate silica njxture.is .spray.dried at.an el evated.tenperature
such asp’if’gr é(r"i‘tiefg ft%onzé‘O ,a?5}1%%%Oééﬁpy%géﬁ{hl?aﬁ?i%&,s{%?%l o%g%ﬁ by cal ci ni ng
at {enpgaiclihe diNd S altiMed N6 fighfak A heR\ERIZusR Chehfical LonifA8yRnal,
preferably 600 to 660C. An advantageous silica _sol for })r eparing a catal yst

suppor t tpsed eilicp partivelajsrraefemal hap plieah Sushce e bRt 20 M) Paticles in the
o PSSt 502 IGTRE 53 B TERD o B B, D, P L0
about 4Qeviegal $Anied o tof @slivitiedl partiidsiveith selagbQidngenstof abdwrlym s 30
advant ageous 7?.’1%’(1:){.3‘556%61‘2}];1 ttf}]lg Sirli%il Eiist sio\(/lﬁllrr){ frlagr g&fﬁg}%%? pasriti!nillgt% sﬁ?c%%sl e(x:cid%dSi zes of
60 nmp ve Ys
20 to the mixture to obtain a desired pore volume in the resulting support particle. The
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



| ess efficiently than smaller sol particles such as Nalco 2327 at about 20
rim The l|arger particle size sol yields a final support w th higher
nmesopor e woloaneisand | ess m cropore 4 WO 03/ 061829 PCT/ GBOPCOETED2/05%60! une.
In the processes of the present invention the particul ate support particles
are inpsegpRated with at |east one conpound of a catalytically active
netal. Preferably, the catalytically active netal conprises at |east one
G oup VI nbbthe pneteates oT He pncsbhteinﬁemmahspmici[hwwwpdrt parti¢les &re Peri odi c
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acetoxyl ation of ethylene to produce vinyl acetate conprises palladium

Such’ a owtadd 9fs<ﬁr011p kefi thy Pagadia T size af theelﬂsme@béMP@)lare@alﬂﬁd@ﬂ@; ably at

| east 0.2.w % pal.l adi um.t o 5.1 O/a fra
pal | adi Blrz?{umll ﬁ]r? rocegélu §$m]§"ﬁl arb(fl Sen ﬁlﬁ?/ |’gl}1 Ke 1!rf:l’lgtc":l{r]gssegiher0| dal

support a ﬁ?d’cteksﬁdcﬁﬁrdn@g ® thépreshn atvesltidy for g)@epaﬂﬁg Ricefatysyeiineser thechni que. In
this technique the support is contacted with_a solution of the corrpounds

to be i Apteghdiarichaenedppinducorinyhageiate eoraprisss pallpdion. Syelta eafdygor e
vol ume UIap bﬁﬂﬁﬂ%fa‘t 1e%§tf dobfi (? %, %?Jr%l?gw I:tfd;;‘r’f}v%% gtca dﬂsx% t&gbo@t%f the pore

vol une. € sol ven car such as acetic
aci @ b@m%@lmdpréf@fabgn@tomwma@hﬂa(hmh as nethanol or ethanol, nitriles such

as acetonitril %8 or benz itrile,. tetrahydrqofuran aqr .chlori nateld sol vent s
such as di chift r%?‘ﬁ’é?f‘é rFE?S@P‘é‘BVVmW © ERFroERTierqidal FARRA RASH9IEY aceti c

acid. S r t ed for the
pr epar alg #eolﬁﬂ%%l ng%gg)tygﬁf;g{a}gécr{t ?V\?‘g&g%treatﬁ%guﬁc%tst gg}}?dz@ #@Etﬂ%f gg&ét&b}iyl ene to

pr oduce centagted mthtaastoh;tlotnmét}mqmpmounqhanothech@se@aedumw egoaitechioh tsh pal | adi um

acet at e, nitrate hl ori con al ni Lum
conpoun&gnb%@g?a@% It-%ecﬁoié V&HWng% ﬁ‘gﬁcpeﬁi @8 grggﬁfde@algg

[ Pd@2] %@bhe%@f% B18MP. Buibl G deHRits thhy 5@%&%@5@%‘; wa@s@ﬁ ablagdtgCl4 and
K2P . A preferred water soluble conpound is Na2PdC 4. A preferred

ac et | C a@ddb@@mﬁa tadugnegl ala@lhqlmu@b@p@mﬂwnphorp%thar@éunylﬁﬂ%s@écla@%acemlmﬂﬁe
al l adi um.co und b e ents. The
P nié zigggr Eotrsetrtgﬁ%droﬁlﬁap are ?ur i aJce s3] \;eH S Sg@g% a(#&ﬁlgr%metlf &g

catalysP viny e nay al so conprise, as
pr onot ePssfei@blie the@hv@hsis Sttt add/of @éeﬁhc aciap ;&ﬁmbl@eaﬂdmpeai@llmxémms t her eof ,

preferably
present invention is used for the preparation of a catalyst active for the acetoxylation of
20  ethylene to produce vinyl acetate, the support particles are impregnated with palladium
acetate, sulphate, nitrate, chloride or halogen-containing palladium compounds such as

HPdCly, which is sometimes also represented as [PdCI;]2HCI, and Group I or Group
11 salts thereof such as NapPdCl4 and K2PdCl4. A preferred water soluble compound is
NagPdCl4. 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 as 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 composition. Typically, the weight

30 percent of gold is at least about 0.1 wt%, preferably, at least 0.2 wt% gold to about 3
wt% and preferably up to 2 wt% gold. Typically, the weight percent of cerium is at
least about 0.1 wt%, preferably at least 0.2 wt% to about 10 wt% or more, preferably up



gol d. These pronoters may be used in an anount of 0.1 to 10 % by wei ght of
each pronoter netal present in the finished catal yst conposition.

Typi cal | ywotobmemsed ght 30 percent of gold is at | east aboutrCE/GBoNI61
preferably, at least 0.2 w%gold to about 3 w% and preferably up to 2

wt % gol [ bout 0.1
0/((; prgfse‘rJ ;f:/é‘éét %ﬁta tﬁ@@v gﬁgg(%)nl}?)ffl vw%rléarsfg(?'}a,t& g@?é?ably up 5

WO 03/ %%@eﬂéﬁb&@ﬁ)ﬂi@@%boppm 5 wt % of cerium Typi caI ly, the weight

per cent of | east 0.1 to about 1 % r apl to 5 W%
copper. Sui té‘ﬁfag eg%?ﬁ@l H‘ﬁB’@ﬁ&’g‘ ﬁhfW%%deB’écﬁ e%glflﬁfé g%adg‘B%/tBughl ori de,

di met hy, old 9&4th aAneldl Retddfatdl BHRGREIARUIAREhI0ARLAC aGi8(BRACI4 et rachl oroauric
acid ( 5 someti mes represented as AuCl3.HCl) and Gréup | and Group

Il sal téi)nfbftlmets@éﬁrmh’cedra@aﬂﬂdm}mm ghdsGiolnp d andlEAoGL A saldofKAAUCL4. Preferably,
the gold conmpound is HAuCl4. The gold conpounds nmay be prepared in situ
from sutetradhleroneragend suchﬂaé\laégﬂza@mmﬁht ﬁeefgtﬁbbbmegﬁéqlwrép@@ddﬁm ng the

i nci pi ent wet ness inpregnatjon ste durin ubseguent drying step
may be Béﬁlp&n@&e%‘d&ﬂmﬁﬁ‘ﬁdé% Bg{pE é lf(f’tgdv@%n ?arbfanrﬁ%g? *pl oughshar e,

V-type. This t ﬁg[ﬁg ﬂﬁgﬂ d for both
steps. Pref e?%ebg%}%ﬁf) ﬁg‘){g{é s Or{oé]a %Clgsh&r d tic eréesl S %Igg?ag?ﬁed by
agl t ati §igp ddiedurgignpe Eﬁbsﬁ@fetnt elyag SMp IhS)Tz bap@{f()imeg iexh egiteatd bleaderat a

erature in the rang to 150. C. This achlﬁr’%@‘erald dryi ng w t hout

r ed &t r sushep gibhop, Elﬁ\éghﬁbﬁfﬁl Vé&ﬁal@%%gascﬂn @a‘i&fﬁ%% P RPHHIER has an

advant a V al mgration to give uniformy inpregnated
mat er i a ?{y% Qed’%ﬁig@t}ﬂgi%é to a further aspect of the present invention,

there i s proRietiaably, thpldqa&gsf iinpreghateid g rti gy ie geidoreek diiycagdisipdsethei dal

cat al yst suppor rt.jcles,. which rocess conpris a |tat| n he

i mpr egn&PEATt %ﬁ&é& IBL?F fFRIYiag e{%ﬁm%{? Hgf,b? %’l“f?ﬁn%&r[e ﬁ?l i Q

t enper aéurg;d LLHidRs fﬁm@%ﬁ% \;fﬁm%@%d%trﬂﬂft@cn%ﬁm xYletJa@Qorhﬂe)l&(brC Dry gas such

as air, nitrogen, nperature to C may be passed over and/or
t hr biig hplteumscmas y&m@ ldren ragvamtasgemé aVAfdm m@tayrmgatwrh@ Fuppofamiarti cl es
|rrpregnat ed W%{] ast one conpound of a catalytically active netal may
contUBRIEERH rt“ﬁtega educi ng agent to convert the conmpound to its

r es pect i VeTH®S, @keording to a further aspect of the present invention, there is provided a
process for drying impregnated microspheroidal catalyst support particles, which
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 °C may be passed over
and/or through the catalysts during drying. After drying, 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



25 Thus, according to yet a further aspect of the present invention there
is provided a process for reducing at | east one conpound of a

cat al yti cablog/oexsed ve netal inpregnated w thin nmcrospher@cdaiBosopport
particles, to its respective netal, which process conprises adding the

! oy eon il - ki It on of a  reducin
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agent a eduction’o e at st “one ‘netal conpound to its
r espect acewxyBfiomef athylehe ksprogudervinylgeethte ihaghubdber prooesd. Trhpartiadali, t i on of

hddi ¢ oDt B et uriBa vty Hgenes fuhie e ftedfEret Reuo "
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preparing catal yst active for the acetoxylation of ethylene to produce

vi ny] arcettime Thas bastiegn foupddo prodoess layerstivgrure.cvhtiel is espesidlyaspect of the
present. i nyention_provides rocess 4 n i i I a is at a
R o coRtBHEmLiT arebante el e R s b b e B s P oo

t hr oughpyéred bRucthreltB@sippoft partities hansatiesn ohotnsytialradue menl bayer
structure, which is esj%gci ally beneficial for preparing a catal yst active

for thepiewEsedhemef Gnrigptedithgrpingiathielbthe metplfrprequasps thegeadtis uct ure t he

support . 1 Gl 4 |yt | hlve: -

or ecur s SPEBHIAIE I Borf peitERTh a3Er BALA (L Rk b B AT LR o

t het@of beisg betiwetin b ittnetandart hieersagipoof sgidstppoltepaiticle andyech dfeknolv t he
surface of said particle, said |ayer 10 bei r}% between an i nner and an outer
regi on BREEHIAPWTIESPRS baying & jower sopgenizatipnt saidi igetal oppupcursoy theggddr r egi ons

havi ng %ﬁh erl%fe?nff"ﬁﬂ%@\;ih&rbn%fdvéﬁééé iTRA AL O5ut 18T Me dabBYRalts 2§ han sai d

| ayer. I'S provides advantage ih that the outer |ayer of the catalyst
act s asa peotgrtiot éayter v $eayesrto anlics thevess of mataslupen athgidnod'shegfaride al s upon
attrition_of the particle whil still pntajning the activity of the

cat al ysi"’_ﬂﬂsltﬁghéﬁ‘i“&amﬂ%%hsﬁc%‘fllfyt%Iéh%%ﬁt%W?gﬁlhigut%ﬁ?%%rf ?ﬁ}ﬁ ‘HAYStal so provi de
SONMgs I eghab AiEsh hy RIRb PRIVidkofe rbfiRakRt@byisbeiak by tRWatatRicallphélve Preferably
t he reducing agent” active for the reduction of at |east one netal conpound

to its metybecti ve netal conprises hydrazine. Preferably the solution of
e RPN L %ISR P PRI e BG5BT 201
an al kabbmp&indlto g despytitie. médvisdomppis@fgidediine. Pheerablyliht sulutidn faidl r educi ng
ek C(r)erghsl:;i?ltgzggr];t i? gl? gcﬁlzelmrllse ssllgltio%qol%%(})féljrsazi%g,l rlrjlto;eopr}eferably an aqueous solution
20  of hydrazine that has not been rendered alkaline by an alkali metal 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 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 from 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 well as gaseous products, of the reduction, in particular hydrogen and



in the absence of any other added conponents. It has surprisingly been
found that aqueous hydrazine is active for the reduction of at |east one
metal corpouwndese? its respective netal even when not beeRCTARBRIRNED1

al kaline by an al kali metal hydroxide 25 Suitably, at |east one conpound
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Thus, according to_a further aspect. of the present.ipvention there is
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dilute ﬁﬁh@cé}x\{ i34 hﬁﬁemurﬁ%nvx@ug{sbrer@E@eﬁﬁoﬁgwmtﬁ@ﬁuﬁwtﬁsm@gﬂ he waste
streamw th a catalyst active for the deconposition of the hydrazine.
Pr ef er ablpyefetably indhatapge fraut 1 tel & Broyt wieiglte Brefgrobliyt thesuporhiy delagtede
conprises rutheniuman.a support.. The ampunt..of rutheni.umon the support

al g H '][ (ﬁr g Iica, alyipind zirconia PP
i s pref &PRUPY STHPERES? Hﬁd)zl EM'L TG T 9 By i é‘llﬁl P%g‘i‘o_eraatrjlfly, t he
Suppor t jisse et s Welloat it AWbnCAASrailited PeéfeiBDr BaMdetiGkisdes such as
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car bon aerdorgpedphtemperaduss iy thprange Hiont @000k Py cirpdating the 8ol4oR enper at ur es
in the ran from.0 .t [ ' iaon. .t h a fixed
bed of UapanyepRiing PRIt piidshtt Bk 09 e Bl thygblind A P01

Wi thin th@icht ahaiBit heldhshidprefebbfer@htrylloksiwhnhatohd ethpstatire bhdle t he

tenperature of the . . ) .
solution 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, in 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 II, Janthanide and transition metals promoters, preferably of

25  cadmium, barium, potassium, sodium, manganese, antimony, lanthanum or mixtures
thereof, which are present in the finished catalyst composition as salts, typically
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
of 0.1 to 15 %, preferably 3 to 9 %, by weight of each promoter salt present in the

30 finished catalyst composition. It has been found that these promoter salts may be
impregnated by blending support particles with solid salts of the promoter metal in the

presence of limited amount of solvent.



solution does not exceed its boiling point, nost preferably the solution
tenperature 20 should be maintained in the tenperature range of 70 to 95 C.
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particle. Preferably the solvént is water. It has been found that by using
a sol i dadaintagatitht tet samesipppatus ntdyds usehfaithd sipsequent dryingdbfdlount of sol vent
within the re volunme, the salt is inpregnated within the support with a
unifornpﬁf%ﬁﬁi bution and may be performed using the wet filtered 10

mat e5i al  Wptdagublyt ihe sBgRet @iprelutedsyitd é:@f ortrflore BRRLGNGioup, Gidup 1B sol uti on
of the salt. Additionally, inpregnation of the salt may be performed by

bl endi népntheidsend sapyter mejgls iy drise abalcmperyre ip ﬂlearameeﬁﬁ@@ﬁo("g.tg. ri bbon,
V-type, g(bpcgghshar e) which has an advantage that the sanme apparatus may be
used for1 hé subsequent drying of the material. 15 Preferably, the support
i npr egnat ed Whe hmveAgoOwillmewe be dkdesibed brederpnde to@®fploiting Examples.

Example 1 — Preparation of WD-1,

20 Silica support (231.75kg) was impregnated with an aqueous solution of
Na,PdCl, (containing 4.10 kg palladium) and HAuCl, (containing 1.65 kg gold) by the
incipient 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 material 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



| ant hani de and transition netals is dried at a tenperature in the range
from60 Cto 150 C. The invention will now be described by reference to

t he fol | ombngoesanpl es. Exanple 1 - Preparation of WD 1. PR@/GRORIoE®m1 support
(231. 75kg) was inpregnated with an aqueous solution of Na2PdCl4

(contai pi i ,.M?Hg;, b1 L. 65 kg gol d) by the
i nci pi ege}tsﬂg%r#;s]}éagrﬂgc ir?ikx%gé&g@i%ggﬁet I sgﬁl%g&\?\lg?gmgiﬁg%%l ved in

demi ner al i se@Thwatier, the majeried vaw decapt wgstrdidomeowith Rbout 800 likds | i tres (about

per for mét AR BBh LA AR NORES Bane 250 ATbEPPECT AT 855.C276 ol | oy.
Thereafter, tigweRhRtdral (AR wHsitRshded witheolill BRDRIrOseffiREiubyadefits @dUci ng
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stirred aqueous solution of hydrazine (946 litres,

. . .5 % by _wej ght
hydr azi ne). Tike reulingosedit gaba fier/floping exrsst matedalspiahle rividbstas al | oned
to stan k i i fklng. Thereafter, the material was
decant %&%ﬁ&&ﬁ%fﬁéﬂﬁé}mmﬁﬁ%g@gggg@ggéﬁelfa?éfes dem neral i sed water in each
was o angxdewkt 2+ Ecbpasition ofil 38140 ng bow centrifuge. The wet materi al
(cake) was bl ended with solid anhydrous . potassi um acetate kg) in a
ri bbon bl end§Fllcé‘r§élplf"?¥éﬁlégglf@rw%frlmgﬁegﬂﬂtﬁ@g"l Dt AP S8 lioﬁtol(fkgéprﬁ%r{‘g st eam
into t AR i 1, (cOn@int§s /56 lbly theSmBBIeAtE ur e of
145 C. eﬁ%@%g]vlé%@ |as%%1§ﬂe?§\%g(gﬁ?\gﬁjoileecdnwntlgga dr)g/%g}@? gur gl_e hr ough t he
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10 Examrereneien ahtena i IR, Sherome oty R EoRe s
| PR 69N & §eMnhil fAGuRAYRRY Slagalldl COT6 AlfoyNa2PdCl4  (containing 11.40 kg

pal I adi um and HAuCl4 (containing 4.56 kg gold) by the incipient
Thereafter, the material was dried in the ribbon blender by introducing steam

into the steam jacket of the blender to give a mean wall temperature of 120 °C. During
the drying, a dry air purge was passed through the blender over the agitated material to
remove the evolved moisture.

20 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 % by weight

25  hydrazine).

Thereafter, the material was then pumped to a Nutsche pressure filter and
filtered under nitrogen. The filter 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



wet ness techni que. The netal salts were dissolved in dem neralised water to
give an inpregnation solution of 600 litres. The inpregnation was

per f or mredworezaséxsebbon 15 bl ender manufactured from Hast al IPey/GIVZ@O5mlL| Oy .
Thereafter, the material was dried in the ribbon bl ender by introducing
steam \!vgst %}Srﬁ&a vﬁfeﬁ@ﬁe ﬂn@ﬁlﬂﬁé c&{teﬁt%%ﬂl;é BRERA] WA ifYEradgdBRD ¥Ryt enperat ure
of 120 dry air purge was pasSed through the

bl enderwclghtr Thwaagalhairwd nmcrmlmastmmfem@ifmﬂeﬂmlﬁé?eédubmrﬁ@i gitagr e. 20 The
dried mate an 35 .C initially by natural cooling
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wat er into tige restifafpicAGKSEYas alh@R1bWRgicaRIRINAtEE] Salabk foefigidteduced to
netallic state by addition of the solid material to a stirred aqueous

sol Ut i owemxymlénafbtﬂwle(lQmOﬂilqer\é%yl aSet%eby wei ght 25 hydr azi ne) .

Ther eaf er . I ) /& nggsure filter and
filteredtmd rTte W ps with about 1000
litres of dﬁﬁlan@éo@ls hy@dzm/a&@lnuom(mo ﬂhtx‘e@szlfth [NIZEMS[\etl sghataal (filter cake)
was bl ended with solid anhydrous potassi.um 30 in a ribbon

bl enderteéﬁ’@faﬁﬁéP@ﬁ@?%?’vaﬂf‘?"é’&u@ﬁéé@mé@h ?Qf(?‘%)hedo‘}fc ?’r%&ﬁg%ﬁa gléﬁ teaminto the
steam J geKal, %au%gﬂk@@@ rcgh&lﬂhg@o%%y aflgzsmhé oS MRS Rfdieg arf 120 C. The

evol ved ol Sture r purge through~the bl ender.
Drying calﬂy%ﬂ)eﬁ@/a@@ﬂ&@ﬁnﬂﬁﬁ'do@@ﬁﬂu@ﬁbﬁﬂhe hydszsteoppedcompmitdley noi st ur e

part | al PR s Pl e nere RRES apt o Fergiba Rr S 55l at ed at

an air {h'alsefutlBﬁW%@ ‘Fh@s&ﬁt1&5@a§e€ﬂcﬂl§c€@ﬁﬁoﬁé]ﬁhé RHRIyI M 3P4 ?éﬂftfcp The
resulting product was a free-flowing catalyst” material suitable for fluid

bed 5 atkllows. dtratysisoff the figdlspltivn iplicdsldbatdompleta deccanpositionaaffiice 3 -
Hydra2| e.reno n Ru/Silica An aqueous
hydra2| §%}P%¥?Jo‘?1c%§ﬁ‘gaﬁzgﬁ esgﬁf%(?ﬂﬁﬁﬁ%w fﬁg@g/ 1) at a tenperature of
660( WapxafsledcUiiatasdinb Mepstibositidd sre a Rede©bf SufitirBURei ddtalgstcat al yst

(Johnson Matthey Type 660) containing 20Kg catalyst. The flow rate through
t he An aqueous hydrazme solution (2.5 Titres, [N2H4] = 3.8% w/v) was recirculated

through a flooded bed of Ru 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 ml) 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 3.80 2.03 055 0.15 0.00
25  2.5%Ru/SiO2 200 50 3.80 194 032 0.05 0.00
2.5%Rw/C 30 3.80 1.72 036 0.00 0.00

11



10 catal yst bed was 2.21/ m n. Deconposition of the hydrazine was
acconpani ed by evolution of gaseous products (N2, H2 and NH3) and an

i ncrease W0 oBheiseenperature of the solution to 70C. The POGBRNSERS
recircul ated through the catal yst bed for a period of 12 hours. Analysis
of the final solution indicated that conplete deconposition of the

hydr azi ne had occurred ([ N2H4] = <0.1g/l, [NH4AOH = 2.5g/1). 15 Exanple 4 -
Hydr azi ne Deconposition over a Range of Supported Ru Catal ysts An aqueous
hydrazi ne solution (2.5 litres, [N2H4] = 3.8% w v) was recircul ated

t hrough a fl ooded bed of Ru catalyst (catalyst bed volune typically 500nt)
at a flow rate through the catalyst bed of 130 m/mn. Sanples of the
solution (1 to 5 mM) were renoved at regular tinme intervals and the
concentration of hydrazine was determ ned. 20 The results are sumari sed
bel ow Catal yst Mass Solution % N2H4] after Recirculation Tines (mn) /g
Tenp/ C 0 10 30 50 70

------------------------------ 2. 5%Ru/ Si 02- A1203 230 50 3.80 2.03 0.55 0.15
0.00 25 2.5%u/Si Q2 200 50 3.80 1.94 0.32 0.05 0.00 2.5%u/C 30 3.80 1.72
0.36 0.00 0.00

------- €laims------------------- 11 WO 03/061829 PCT/ GB02/ 05761 C ainms: 1.
A process for preparing a catalyst active for the fluid bed agetoxylation
of et h{i eneARIORSH I PECRATIRGR Cé%i)fséﬁ@,ve\fﬂ’ﬁ ‘g‘ﬁ ﬂff}%‘ﬂlé?é‘s@e@ﬁf W%@g t he steps of
(a) i Gl of LS BrSpRRO e Pafstdrc! es by the
incipie%@&ggggélggu%tgﬁﬂﬁggg&ﬂrﬂﬁkgﬁb%ﬁﬁeous soluf?%ﬁ of pall adi um and gol d
conpounds, (ayirhpispnatimgagicteaphargidehelicugupport ppéckes by dss intipjentwgingss t he

i npregnat ed support rticles produced in.ste a), .whil st agitating the

i mpr egnat ed ?198%8]’1? Wﬁﬁ@f‘@@?@f S((’](':lgo? 8&&%&9@1@ E%d(%(gfllcgﬁlpﬂ?ﬁ hghg%l d
conmpgunds of , ilgt@inigr{pg B@Itt%grtﬂggport particles produced in step (b) to
respective netal s by adding the dried, 10 inpregnated support particles to

an aqueous(bl dtyang the impregpated sunpert partilesproduced in step (a) whilst agitating the
impregnated support particles;
(¢) 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;
(e) washing the filter cake/ slurry produced in step (d) with water and removing
15 excess water to form a cake;
(f) impregnating the cake produced in step (¢) with one or more salts of Group ],
Group II, lanthanide and transition metals by blending the cake produced in step
(e) with one or more solid salts of Group I, Group II, 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.

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

12



stirring, to forma slurry; (d) filtration of the slurry produced in step
(c) to renove the excess reduction solution; (e) washing the filter cake/
slurry prwowsedisen step (d) with water and renoving 15 ePcegaBoaasmi to
forma cake; (f) inpregnating the cake produced in step (e) wth one or

nor e salstysyoRf pdati@Park ,imp@gﬁ@t@db the ifGbRatweReandcHi@Rsiiiien metals by

bl endi ng the cake produced in step (&) with one or nore solid salts of

G oup | corowpslylagitatzngthe minpertapadidlesansi tion metals; and 20 (g) drying the
i npregnat ed cake produced in step (f) .whjlst .agjtating the i egnat ed
cake to%f or mt p@g?sfslagwr lﬁgé%f%}rg}gto(rﬁh%@c@é@lag{.heﬁab?cgk}%@ng’é’gg‘ﬁ Ying to

cl ai m 1 sclebred Giokh ih8 gidu@oheibtingd 6f palladiasPitersed, Gabha) igte, ddoryi, 03/ 061829
PCT/ GB02/ 05761 support particles are inpre%nat ed by the incipient wetness
t echdi qdalogpp-rentaigsignaadiusl somnpunds #Crave [oud potelts phhtlpg¢res. 3. A process

accordi gglgttaﬂlir?%ﬁzilﬂﬂijun%ox%ﬁnﬁé.z in which the pall adi um conpound is

sel ecte romthe group nsisting of palladium acetate, sul phate, nitrate,
chlori dd, 5 Hapmgess-acantimignéd agy ped dfadaith IcloBpoksieis tha doldcotipotndRd 11 salts
of hal ogen- nt ai ni ng pal | adi um conmpaounds._ 4. A process according to any
one of _PIAFRS TP e STQURGOBFAITE! ehlerp imefhyseold apdatehfriiiom t he group
consi st i,pg,Qfa@80bHa G QL T 1@6a il i cet ; l,gm acetoaurate,

gol d acet a?e,rat’e%racﬂél or’oaur | gdrg%%rg%ghcgﬂép%ﬁ)pﬁll%gﬁél %%?tgggl ts of 10

t et AQchltorachloroanriaecid. 5. A process according to any one of claims 1 to 4

Whi 15t dppl yPhERRT R Rda e Lot amsdr a IRV Hhe DARBerSe to 2000 6.
ek | & TR g o T50C. 7 A
pr ocess tampwaitinig thoraapy 50 e2@°Ct he preceding claimin which the
rsni ﬂ 8:?%?r of %{)roscg s%gcr(;[rdf%%rtg Iar(l:}lf gr?e gfr c?airsnesllet%tSew grgi%rpntstgg (g)rt%g %algeoirs]SI sting of
15  dried at a temperature in the range from 60 to 150°C.
7. A process according to any one of the preceding claim in which the
microspheroidal support particles are selected from the group consisting of silica,
alumina, zirconia and mixtures thereof.
8. A process as according to any one of the preceding claims in which step (a) and
20  step (b) are performed in the same apparatus, said apparatus comprising a vessel being
capable of being heated and agitated simultaneously.
9. A process according to claim 8 wherein step (a) and step (b) are performed in an
agitated blender.
10. A process according to any one of the preceding claims in which step (f) and
25  step (g) are performed in the same apparatus, said apparatus comprising a blender.

11. A process according to any one of the preceding claims wherein the

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

12. A process according to claim 11 wherein the concentration of hydrazine is 3 to
20 wt%.
30 13. A process according to any one of the preceding claims wherein the aqueous

solution of hydrazine has not been rendered alkaline by an alkali metal hydroxide.

14. A process according to any one of the preceding claims comprising preparing a
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alum na, zirconia and m xtures thereof. 8. A process as according to any
one of the preceding clains in which step (a) and 20 step (b) are

per f or redwpDr3bs2sane appar at us, sai d apparat us conpri si n@Ca/GR®&161bei ng
capabl e of being heated and agitated sinultaneously. 9. A process according

to clai @hﬁ%hwwr@éiﬂingtaﬂéaét@bo@_ﬂﬁlﬁt@/@% A0t 8F8% ?ﬁﬂid&’lﬁlﬁ%ﬂdia&lﬁr@.l f0i tat ed
bl ender. 1 A process according to any one of the preceding clains in

whi ch sebent3mt%agdld. 25 step (g) are performed in the same apparatus, said

appar at co Y . bl r.o. .11, A Br cording. to any .one of the
pr ecedi lr% cl glP h@%%%g?épﬁrfﬁgﬁn%g%rgs hre é(ﬁ?%%gtglﬁ'sﬁy&)lpgz it gﬂcltler? vi”ﬁ{ataqueous
sol uti onedsSorke domnpRindvoPa catlytiéal Br 6@ gromd CAlIhoble imetat lvaiith grbcwdder ei n t he

concentration of hydrazine is 3 to 20 wt% 30 13. A process according to
any ®ne COMPFS tBe 88R-WINg cl ai ms wherein the aqueous sol ution of hydrazine

has not er L @ﬁl(iﬁp i: i 4. A process
accor di ng%t gm gﬁ%ﬂ%‘;}@qg?h{fﬁlééﬂ&r%ggg%l g{(ﬁr{rlr%l g%lr)o}?r{}:l)l re ?%{(g%fg%ﬁ%‘gg%g%i ng a 13 WO
03/ 061829 PGIhGBOEMTHAMhqueatsablnsibn of tieait tdapigpretcataarchilahdite godpvt % t 0

about 5wt % adi um and .about 0.1 to about 3wt % gqld. 15. A process for
i npr egnat i ngﬁh{‘@g F\%Eéﬁ@éﬁa ’&Tlﬁg%tsuwl%% cles with at |east one

conpound,of d@iﬁgwmp&é‘gﬁbﬂgﬁwrga Ro¥hdel iﬂ%&é%awﬁﬁétagl\eﬁ{@hh@r ocess 5

conprises the steps of ~ -eghati ng the m crospherordal “support
par ifcl es bymptegnatad sygpiperitpavteigsess t echni que with an aqueous sol ution of

a0i tati gt e BapRaree e pben T S p R il tymeRes fPEERREed support
particl e@pw%ﬁgku@ 8ébpoRt pattRPes(Whilstabp1ing@aichadl hod at Beempdathraihennahgsd support
particles. 16. A process according to claim15 in which step (b') conprises
agi t at i i¥§ to BBO°G.npr egnat ed support particles whilst applying external heat
oL 3 T AL 0 o 2005 2050, 200Gy i RERSERS,RESRL 70 0 el m
15  support particles are selected from the group consisting of silica, alumina, zirconia and
mixtures thereof.
18. A process according to any one of claims 15 to 17 in which step (a’) and step
(b) are performed in the same apparatus, said apparatus comprising an agitated blender.
19. A process according to any one of claims 15 to 18 in which the at least one
20  catalytically active group VIII noble metal comprises palladium.
20. A process according to any one of claims 15 to 19, further comprising a step
(c’), which comprises, contacting the impregnated support particles with a reducing
agent to convert the at least one compound to its respective metal.
21. A process according to claim 20 wherein the impregnated support particles are
25  added to a solution of a reducing agent active for reduction of the at least one metal
compound to its respective metal whilst stirring.
22. A process according to claim 20 or claim 21 wherein the reducing agent
comprises an aqueous solution of hydrazine.
23. A process according to claim 22 wherein the concentration of hydrazine in the
30  aqueous solution is 1 to 20 wt%.
24. A process according to claim 23 wherein the concentration of hydrazine is 3 to

20 wit%.

14



15 support particles are selected fromthe group consisting of silica,

alum na, zirconia and m xtures thereof. 18. A process according to any one
of cl ai mew0I3W6e182¥ in which step (a') and step (b') are pemfaBmdsicin the
sane apparatus, said apparatus conprising an agitated blender. 19. A

process HccorAlipdghebPacatidindte a@f ost af fBindsRX 19 248n iwhioMihe At hg oat | east one
20 catal ytically active rou%), VI1I noble nmetal conprises palladium 20. A
19

process @aywMad ﬁ&afﬁalém?ﬂb’r?é ¢ mefahippregeatedinithe synportOMPESHpri si ng a st ep
(c"), | E i ting the inpregnated support particles with-a
. V‘gﬂa‘f’lgdlﬁﬁ{m{d gt co fﬁﬁltaﬁ

reducin agent to convert e at | east one conpound to its respective
metal . 2. A pmpooessacacciorgdbngy boe of diims2Dionlderdi 12 th26 ih megnat ed support

particles are . 25 added to solution of a reduci ng agent  active_for

P educ | GG S e Reniae ot isbs S 6o s s JeeePRAs iy ol
wni 1St Shé BBl o oMt 6FE93uBSERIG AR, G iQoef LA Mnnbytiher i n
t he reduci ng agent conprises an aqueous solution o )g razine. 23, A

process 2Ziccordlipnegesaccdming t2 anyhoee ef elainise (ctor2éefitrthat campridindwy stepzd’he i n t he
30 aqueq s.olﬁti on I.S ,Eo 20 \ﬁﬁ‘%' 24. A progess accordiﬁg cl ai m 23
wher ei n 1 RaC e SPP R PATIT S AT H RS RLCsnates With onsor fhgke 53 ®¥P361829
PCT/ GBOZ5£508 61l 1ardBanidh AHARBSiS oA &feed18 b)Y D1l e PR&IcRE wiltAdd o 2ot © 24 i N
which the at | east one corrgound of a catalytically active netal

p

i mprl@gnaiolid salis eferogp haiorp &b tepihienids and tiaasitiommetads gahd prsensowfids. 26. A
i . . f,. cl.ai 1t d 12 tpo 25 in which 5
O oct co bR LR ATRGEe Sn i d Alvdpd QB R b Rutirfen st ep i s

deconposathlysh suppeet mbsedaice of an oxi dant over a supported rutheni um
catalyst _to nitrogen and ammonia. 27. A process_according to any one of
clai ns 28t 0 2HTOR tRingdrstagi 2{gvherein dhe godvent isgaeei n t he support

particl are i . 1 . . . ~l, G oup
1, lanthani d%fpgél%&teé{rcgar)lﬂsap{tgﬁ grr%ﬁatrlrlgt% gwgfc%@r%‘glﬁ%rﬁ}eﬁg%g?%%(ezllgeeg}t\%)t h one or
nor €510 sledréid thaingregfatddrpauiclds ar&daedat d terdpanatdia i tie rand fignagsid ton netal s

in the presence of a solvent for the salt in which the solvent is
cont ai neldOWt hi n the pore vol ume of the

30. A process for the purification of a waste stream comprising dilute aqueous
hydrazine, which process comprises contacting the waste stream with a catalyst active
for the decomposition of the hydrazine to nitrogen and ammonia, said catalyst

20 comprising ruthenium on a support.
31. A process according to claim 30 in which the amount of ruthenium on the
support is in the range from 1 to 10 % by weight.
32. A process according to claim 30 or claim 31, wherein the support is an inorganic
oxide, activated carbon or graphite.

25 33. A process according to claim 32 wherein the inorganic oxide is selected from the
group consisting of silica, alumina, zirconia and mixtures thereof.
34, A process for impregnating porous microspheroidal particles with one or more
salts of Group I, Group II, lanthanide and transition metals which process comprises
blending the particles with one or more solid salts of Group I, Group II, lanthanide and

30 transition metals in the presence of a solvent for the salt in which the solvent is
contained within the pore volume of the support particle.

35. A process according to claim 34 wherein the solvent is water.
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catal yst support particle. 28. A process according to claim27 wherein the
solvent is water. 29. A process according to claim27 or claim 28 which
further cwopsioesgy a step (e') 15 wherein the inpregnat edPeardBocioss1ar e
dried at a tenperature in the range from60C to 150C. 30. A process for
the puri36.cat Aqumoasks accomtiigtosidimn el 39, Midh fubther AAEREStheRIYIAZI Ne,
whi ch process. conprises contacting the waste streamwith a catal yst active
for the %@%ﬁﬁ%@?‘i%‘?@?ﬁP%rﬁ‘ée%%ﬁd‘rt@flpﬁém@@lmﬁh@ Fasge aroah 60 %ieoi$i08C. sai d
cat al yst220 ¢ 1.Sd : i t . A process according to
claim 3037iz'n mﬁ:ﬂgﬁéeﬁé&gﬁ)ﬁ t %:51? %gtg Egﬁﬁﬁsfnﬁg{? %%‘g&erglﬂﬁﬁ%ﬁt%nggg th the range
from1 tperfbdmedryyablenddrt. 32. A process according to claim30 or claim31

wherein e support is an inorganic_ oxide, activated carbon or graphite.
25 3?. Aéé;r ocRFLOEELHEaIdRE o o8F ff doimyiid 03T inFedichbe gaistosplmtpidel | s

sel ecte IS tH Ik - . zirconia and
i xt ur o5 Phar bup g YRR edod ol or B Ahin g AR Ref o1
parti cl exixfirehithsreofor nore salts of Goup |, Goup Il, |anthanide and
transition netals which process conprises blending the particles with one
or nore solid salts of Goup I, Goup Il, lanthanide and 30 transition
netals in the presence of a solvent for the salt in which the solvent is
contained within the pore volune of the support particle. 35. A process
according to claim 34 wherein the solvent is water. 15 WD 03/061829

PCT/ GB02/ 05761 36. A process according to claim 34 or claim 35, which
further conprises the step of drying the inpregnated particles at a
tenperature in the range from60C to 150C. 37. A process according to any
one of clains 34 to 36 wherein the blending is perforned in a blender. 5
38. A process according to any one of clainms 34 to 37 in which the

m cr ospheroi dal support particles are selected fromthe group consisting
of silica, alumna, zirconia and m xtures thereof. 16
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