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Typically, during fluidized bed -operation, catalyst particles are suspended and

circulate in a gaseous fluid and impact upon each other and the sides of the reactor,
causing attrition. Attrition results in the formation of smaller particles which typically
20 are removed by filtration as waste in the gas recycle system. This waste of catalytic
material may be reduced through using improved attrition resistant inorganic
microspheroidal particles. Reduction in the formation of these small particles is
| desirable especially if the catalyst incorporates costly compoenents such as precious
metals. Additionally, these small particles are difficult to remove and may cause

25  plugging of reactor gas recycle lines.

Recently, a fluidized bed catalyst system has been described that is especially
useful for fluidized bed vinyl acetate production. U.S. Patent 5,591,688, incorporated
by reference herein, describes a microspheroidal fluidized bed catalyst support
system formed by spray drying a slurry mixture of an ‘inorganic oxide sol with

/30 inorganic oxide particles. The preferable morganic oxide used in these catalyst'
supports is silica. In the typical production of these supparts, small particles (fines) of
the support material are fon'néd and are removed from the support production
process as waste. A use for these waste fines would be beneficial to reduce or
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useful for fluidized bed vinyl acetate production. U S. Patent 5,591, 688,
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catalyst material is impacted upon itself and the reactor walls, causing it to fracture
and break, in a process known as attrition. During operation of a fluidized bed
20 reactor, attrition of catalyst material causes the production of attritted particles, which,
becahse of their smaller size, are susceptible to being removed from the reactor
aiong with a desired product. Removal of these attritted particles represents a loss of
catalyst material from_ the reactor, thereby requiring its replenishment. Such loss is
particularly undesirable when the catalyst materials contain catalytically active
25  components which are very costly, e.g. gold, palladium, or other precious metals.
Furthermore, because attritted particles are removed from the reactor along with the
product, a filter is typically required to separate these particles from the product. In
some cases, the filter may become clogged  with attritted, particles thereby
‘necessitating shutdown of the reactor so that the filter may be cleaned or replaced.
30 it would therefore be desirable to reduce the problems associated with the
- attrition of catalyst material, especially during its use in a fiuidized bed reactor. Ih
particular, it would be desirable to discover a way to impart Idurability to a catalyst

material so that attrition is reduced. This desired quality of durability is herein termed
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catalyst material fromthe reactor, thereby requiring its replenishnent.
Such loss is particularly undesi rabl e when the catal yst materials contai n
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by spray drying a slurry conprising C SO
‘non- so[siurandoanpriging isri owrganicfsady an inorganic non-sol, and an attrition modifier.
" The term “inorganic sol” refers to a metal oxide sol. Metal oxide sols are typically
20  prepared by hydrolysis of a metal alkoxide to form the corresponding metal oxide sol.
The term “inorganic non-sol” refers to an inorganic particulate material that is not a

metal oxide sol.

In one preferable embodiment of the invention, recyclable material is used as
the attrition modifier. This recyclable material may be generated during the
25 manufacture of microspheroidal particles. Microspheroidal particles are
conventionally made by spray drying a slurry- comprising an inorganic sol and an
inorganic non-sol. Typically, a portion of microspherocidal particles made in this
manner is not suitable for use as a catalyst support and such a portion is referred to
as “recyclable material’. For example, some portion of the microspheroidal particles
30 .may be undesirably small, especially in a fluidized bed reactor where they are
undesirably carried away from the reactor. It has now been surprisingly discovered

that recycled material may be used as an attrition modifier by spray drying a siurry
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Suitably, the catalytically active component of the attrition resistant catalyst material
may be chosen from metals, metal compounds, organometallic compounds, or
20 mixtures thereof which are known to be catalytically active. Specifically, the
catalytically active component is suitably gold, palladium, any other precious metal,

or mixtures thereof.

_in another embodiment of the invention, attrition resistant catélyst material is
used in a fluidized bed reactor. In this embodiment, the catalysi- materials are
25  suitably placed in a fluidized state by introduction of a fluidizing medium, usually gas,
into the reactor. Reactants, typically in the gas phase, may then be introduced to the
reactor where they typically contact the attrition resistant catalyst material in a
thorough and uniform manner. Upon contact with the catalyst material, the reactants
form a desired product which is carried away from the reactor. During reactor

30 operation, some attrition of catalyst material occurs to create attrited particles, but .
this amount is advantageously reduced by using attrition resistant catalyst material.
Although atiritted particles are typically carried away from the reactor along with the
product, thereby requiring the separation of these attrited particles from the product
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conponent to attrition resistant mcrospheroidal particles. Typically, the
catalytically active conmponent is applied by any method of inpregnation
known in the art. Suitably, the catalytically active conponent of the
attrition resistant catalyst material may be chosen from rigt dUR, 200%et al
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acetoxylation catalyst component comprising attrition resistant microspheroidal
particles of the second aspect on which has been placed catalytic metals.

In a fourth aspect, the present invention provides a method of using the
catalyst component of the third aspect in which ethylene, acetic acid, oxygen, and
the catalyst component are contacted in a fluidized bed under acetoxylation
conditions to produce vinyl acetate.

Description of the Preferred Embodiment(s)

Attrition resistant spray dried microspheroidal particles of this invention are
produced by spray drying a slurry mixture of inorganic oxide sol and inorganic

_f particles to which an attrition modifier material has been added. After spray drying,
the particulate material preferably is dried and calcined. Typically, suitable attrition
modifier materials are small microspheroidal particles that have been prepared by
spray drying a simitar slurry mixture ofl inorganic oxide sol and inorganic particles. In
- a preferable process, a portion of small spray dried particles, which have been
separated after spray drying, is recycled to the slurry mixture that is used to produce
spray dried microspheroidal particles. The incorporation of such smaller particles

| .into the slurry produces microspheroidal particles with increased attrition resistance.



added m crospheroidal fines to the aqueous slurry. In a second aspect, the
present invention provides attrition resistant m crospheroidal particles
formed by spray drying an aqueous slurry in the absence of a catalytic
nmetal and conprising a netal oxide sol and an inorganic pargijim 2% solid,
in which a mnor portion of mcrospheroidal fines is added to the aqueous
slurry. In a third aspect, the present invention provides a fluidized bed,
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droplets. The tiny droplets dry and forma particulate material as they are
sprayed into a hot nedium which may be a hot gas or oil. Preferably, the
mediumis hot air. Preferably, the slurry is honogeni zed ngﬁ'ﬁ @Qray y
drying. A particularly suitable spray drying process is desc inus
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AERCSI L 200 cor‘r;ir]er lal Ly avail abl e from DeGussa Chemi cal Conpany.

Typi cal $9/, 'St ReP&] 'GPl%gf;e stlican Jpgeshirsefasablyna fugieds silica suspr ay AlERES1t208n

el evat | . out 115 to 280C,
prefer:ﬁ?h{gggﬁglg%%%%ﬁoﬁ g%g%'saﬁ%o{:ﬁg'\[ﬁé‘%q%g?@)m ng at a tenperature
typical |y rafigpinglly, tbenshatrywetinarganic $AQrdondRYG! isasstap ideiearain efela@yabout
630 to .6 t prefornmed for about 1-5 hours.

Attrit @'B%??%Q%%H?é gBE'IF %§ %gﬁa%)éeﬂaﬁﬁqlﬁl'@?ép@%@e Prsfetably abotin!30°
ot o o ead e B gicRinG t BBl SO T 4T Bl bbout
m cr os fHéF ot AI0056: tand peeferatdy drarml abouth836t ttoi 667C. MCHItINGTy ROMPIEAMYS 2
portion ; he crospheroi dal particles that have a snall particle Size,
whi ch Hﬁg %@ﬁg g@ﬁ&?g&%h%ﬁ'@e classification froma portion of
o oSSRt bR perdaes Enhe o] sk Yol Syl
t he parfedifier.si Tbisofattritien amodiftsronompdisés ea partionlate naateriah$ormpat in \the
dengndeini@Oesdb et Shogs fgrarrﬁe{k?rllge the Zn(fnaic(r)c;csp %?oigqélcégéi%%esr Oblge%rably, the
attrition modifier comprises a portion of the microspheroidai particies that have a
- small particle size, which has been removed by size classification from a portion of
microspheroidal particles.
When the attrition modifier is intended to be used for manufacture of attrition
20 resistant microspheroidal particies, the particle size of the attrition modifier becomes
at least partly dependent upon the desired particle size of the microspheroidal
particles to be manufactured. If smaller particle size microspheroidal particles are
desired, then an attrition modifier with an appropriate small particle size is preferable.
A particufarly advantageous mean particle size range for microspherdidal particles, |
25  especiaily those used as a catalyst support in a fluidized bed, ranges from about 20
to 120 pm, and preferably from about 40 to 100 ym. Given this advantageous
particle size range for microspheroidal particies, the attrition modifier particles may
have a mean particle size less than 10 pm and typically less than about 25 pm.
The particle size of the attrition modifier may be controlled in any manner
30 known in the at. Spray drying conditions (e.g. orifice size, spray velocity, rotary
atomizer wheel speed, and the like) may be varied according to a desired particle
size. Particle sizes and amounts of the spray dried inorganic sol and inorganic non-
sol used to make the attrition modifier may be varied according to a desired particle
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particles to be manufactured. If smaller particle size m crospheroidal
particles are desired, then an attrition nodifier wth an appropri ate

smal | "particle size ispreferable. A particularly advant zgeguhs mea

particle size range for’' nmcrospheroidal particles, ‘25 esp Y hose used
as a catwoyplpreigpport in a fluidized bed, ranges from abgpfpéfheds 120 | am
and preferably from about 40 to 100 m Gven this advantageous particle

[ f he dal th ttrit dif ticl
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manner 30 known in the art. Spray drying conditi | CE& Sl
spray valteseiatiye to milling is planing the avitidn sydifier oarah appropiidiely sired bieve &6 | ed
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obt ai n esi rticle size. refer alternative mlllngls
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and isol ate 'Eofrfm@lhd;e)@noéttr@iﬁﬁ fe%iﬁt&?mérbﬁb!%rﬁidéﬁﬁamelep%e§tﬁféi€h€amount
alternative to using a sieve is feeding the attrition nodifier into a

cl assi f9 e@ﬁrﬂtwrbqulﬁaroﬁ ipgerparpied into dhe dpsay dty shury. Typicallyalal suffitiessi fi er

of Bhe dhEMhCoPafidiRdifel s 564 80T b8bed Bhichs gk il Bt s Shimiuce an
attritimore psfetabiy atﬂe@fs@%bbat QivitRl, aAd hedtprefrabN frofi Qﬂi‘éutmﬁ% Hgh

attrition nodifjer s incorporated into the spray dry slurr pically, a
Suff i ciamPUNtB0Oh AFlien NORHTIET AIEsANtB NG Slusmay Pioduse 2 urog mmdssOn t he

t ot al

oLl ApicRhlragly VRS Hi¢doraR IS WAPhY B b3AgkaR0 ity ol

]E)r esentTMpncallyettm amquntmf attriiidnamodifiet mamgesmp th absut 15 aSh IbakEY oA BROUS
not act to increase attrition resistance.

Ty Poaltpi! ¥eiaRE A8 Re Sk TP BFPREARIY | dndeahayt 1S MBS0 218 Testyo

based ?’ﬂefeh@b/ﬂgffrorﬁ%b%htwg%t of the slurry, nore preferably fromup to

about nost preferably fromabout 5 w.% Water is the
preferred néﬂiatﬁﬁ i thiei ¢irefesred umediutheinamidndat slanmyd the - aforementioned

ingredients to form attrition resistant microspheroidal particles. Typically, the total

. amount of sclids in the slurry is about 20 to 80 wt.% of the slurry, and preferably 40
20 to 60 wt.% of the slurry. |

In another embodiment of the invention the amount of attrition modifier is

based on the total weight of solids in the slurry. Total weight of solids refers to that

portion of the slurry which is not soluble in water. This solids portion may comprise

- attrition modifier, inorganic sol, and inorganic non-sol. High amounts of attrition

25  modifier present in the solids portion of the elurry may be difficult to homogenize with

the other solids in the slurry, thus resulting in inferior spray dried microspheroidal

particles. Accordingly, the amount of attrition modifier is preferably up to 35 wt.%

based on the total weight of solids in the slurry, more preferably up to about 30 wt.%,

and most preferably from up to about 25 wt.%. Sufficient attrition modifier should be

30 present in the solids portion of the slurry so that attrition resistance is imparted to the

resulting spray dried microspheroidal particies. Accordingly, the amount of attrition

medifier is preferably at least 5 wt.% based on the total weight of solids in the slurry,

more preferably at least about 10 wt.%, and most preferably from about 15 wt.%.
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ingredients to formattrition resistant m crospheroi dal particles.
Typically, the total anobunt of solids in the slurry is about 20 to 80 w. %
of the slurry, and preferably 40 20 to 60 wt.%of the slurry. In another -
enbodi nent of the invention the anount of attrition nodifi®s JUW 2Based on

t he tot al WdRGMI3Df solids in the slurry. Total weight of peplukégisef ers to
that portion of the slurry whi ch is not sol ubIe In water. This solids

portion may c s or i,c. sol ngd .j.nor gani c
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attriti GRorg®Aft T heh-dof Rinf %ﬁhﬂoh oliﬁ"%ﬁt u%eW[ i b?rgag%u 2% igh t ooyteg‘lgf?\ﬁ' ght

of solids I'n the sPurr prefera | east nost

pr ef erab’hycrd)sptmrtalkialmaﬂiﬁzlw n%y bé tarked lalbb&@ﬂﬁ; t\Ch O el gartiee i) 2/ 1892
I n one eqp i ment of the fhe particle size of attrition

resi starft™ ’H{’crreé?ﬁﬂgr@ Cdﬁ?p ot ?EP@§'°’9§ gie mage whigh Id§3 aelpbave s depisedi t s
i nt qpdehaifide SRS th@érfédneh?f%éﬁos?hew?@aagﬁérﬁabb%\ﬁ i esrpgg,eog,agtfc;g dal

particles may be control nown
condi t'i Gige mayde wridvesk Ig lazre[aterpeayboﬂlmmtpmhass beer drsy:oaéi@m that awheagh

d, b t d d ticl
ot 1 o1 S BEOEHITRR S o IR ot aeerdPaan cnedEmOYasbFasien
non- sol rﬁé@bétddi/hhtayéoﬁﬁlf}' Jée@ras}lﬁﬁ%ﬁlﬁoﬂﬁ{%ﬁh cffbﬁ' ThAng %Shé&?gnera ion pf

m crospheroi dal particle$S may be varied according to a“desir ar
si ze. | fattrifien r fasigant éBleQ&mBFQW@lr papiolasoi dﬁemavall olfeandeﬁrameiesmbscbf do

t 1 t he,f h dal
par 17 iY?'"ehﬁﬁﬁ%’é&g%' OaBles, b 5 Berobmed F plocig YheM Bhost PATRPRRIEY at ed
enbodi meiged sievbae besmath &QGV;S()Fa‘ﬂe ttﬁ@tfraﬂtlbhoﬁghndeirébléeBQr’f%% fsfz%%t @ may

"~ be undesir bI for whatever reason, the renoved fraction may
advant a§ gmnativedn using: a sieye isderding the ettritierimedifieniate ag@laeslﬁel on
of to separate the particles having an undesirable size. A suitable classifier is a

cyclonic air classifier wherein smalier particl'es migrate to the top of the reactor and
20 are collected.

Particle size typically becomes important when catalytic materials made from
such attrition resistant microspheroidal particles are intended for use in a fiuidized
- bed reactor. Depending at least in part on the parameters of the fluidized bed
reactor, certain particles sizes typically become undesirable. One parameter that
25  typically influences particle size is velocity of the fluidizing medium. At higher
velocities, smaller sized particles are carried away from the reactor and are no longer
useable as catalyst. Therefore, if the attrition resistant microspheroidal particles are
“intended as catalyst supports in a fluidized bed reactor, their particle size should be

chosen such that catalyst loss due to the presence of smaller particles is reduced.
30 When used in a fluidized bed vinyl acetate monomer process, it is typically
preferred that at least 50% of the attrition resistant microspheroida! cétaiyst particles
: arerle_ss than about 105 microns, preferably at least 75% are less than 105 microns
and more preferably at least 85% are less than 105 microns. In typical attrition
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attrition resistant m crospheroidal particles. Renpval of undesirable sizes
of 15 m crospheroidal particles may be perfornmed by placing themon an
appropriately sized sigve to separate and isolaté the fraction of
undesirabl e particle sizes. A preferable alternative to t§i N 206 eve is

f eedi ng MR04eMt32t i on nodifier into a classifier " to separet/esédgsparticl es
havi ng an undesirable size. A suitable classifier is a cyclonic air
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20 are collected. Particle size typic econes |1 nporta en ca Isytic
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par ¢ 1 or J4PBEaRGH rediBhE hBkBspheroid il 7 o8 i liizedoes readow
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presence of smaller particles is reduced. 30 en used In I zed bed
vinyl afed 88dniaserielesons skillediin the artywillgetognize tedtapartides sidesaof 44688 50%
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and10vor sizes.ef @aticly  sizes easd Shticldr @iz'eeﬁﬁst?ibﬁibﬁé)ﬁnﬁiicﬁé’ "heablirdd/ S 3h
attrition -8 5 JUN 2005 WO 02/070132 PCT/ 11S02/ 01892 resi stant

mi cr ospREPBIaIaE lassy deyiee sysh@sa Microtree 10 for use in fluidized bed

reactors, t I % .0f. particl nore t.han 105
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pr ef er atfitpinedslsy speay digitgaare typieally lews atidtion esstant. TAR-h6abh #Hot intbh@Rg
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cont ai H°aB5uPOHBa; BY388Y Jparticulaptheory.ed ieskeliaved Anatnithesmdargery pized
cattygti | ' phek.Qi ardh 'S : i.n .di zed .bed

oot or D paHSTLRE PARUES b, [ocPaieRid® ubbls afich! sratofy ¢ R
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- .appropriate particle size of attrition resistant microspheroidal particles for use in a
fluidized bed reactor is from about 10 to 200 pm, preferably from about 20 to 150 pm,
20 and more preferably from about 20 to 120 pum.

in one embodiment of the invention, the particle size of the attrition modifier is
at least partly dependent upon the desired particle size of atirition resistant
~ microspheroidal particles resultirig from the incorporation of the attrition modifier. In
- this embodiment, the ratio of the maximum average diameter of the attrition modifier
25 to the mean diameter of the resulting microspheroidal particles is preferably above
about 0.01, and may range from about 0.6 or higher, and preferably is about 0.05 to

about 0.5 and more preferably ranges from about 0.1 to about 0.4.
In one embodiment of this invention that is particularly advantageocus for a
fluidized bed reactor, attrition resistant microsphercidal particles are made and
30  microspheroidal particles having mean diameters less than about 25 pm, more
preferably less than 20 pm, are removed. Removal of these undesirable smaller
microspheroidal particles is preferably done by use of a cyclonic air classifier. In a
related embodiment, it has been discovered that although these smaller
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10 sizes. Particle sizes and particle size distributions nmay be neasured by
an automated | aser device such as a Mcrotrac 100. It has al so been
observed that |arger particle sized mcrospheroidal particles obtained by,
spray drying are typically less attrition, resistant. ‘At hpgalunobss

i nt endi Myo z@7dis2 bound b any by particular theory, it is feljgksafsdhhat
these larger sized 15 m crospheroidal particles have |arger 1nternal voids

whi ch prommte attritiopn. Aécordingtly, tge rticle size of attrition
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for usean attation madifierddr beaking amext genefatiom ofattritichOresist2M0misrosptRfreiab! y

from ﬁﬁﬁaﬂﬁiﬁéo to 150 gm 20 and nore preferably fromabout 20 to 120 m In
one e Rt of the invention, the particle size of the attrition ’

modisf i er is Tr Fg’ﬁ?%’m tdfyatlRRED taHPﬁﬂ?FoQEhQﬁﬁciI{ixl?ﬂar‘ﬁgfetsi &%ﬁ etﬁ'saé&:yof

attrition resis m crospheroidal particles resulting rrom
i ncor pdiegones inpartantaf thei microspibeicidad particies are mtenthed formse int 2 @uidateddo of

h i dj f th it ifier 25 h
i amet HSbPAPHE FAE B, I eresABeRidalipastives shoudite suEnilppraisiee
about (et RRECUBYcAGBEE i P AURRLSH bld 6eﬁtohi£&%se%%tﬂg%§ﬁ[§s®g§6 @al""bout

o bi
0.05 to about 0.5 and nore preferably ranges from about ul 0. 4.
| n one PafliRles pad coptaat fdatalytic sites drcarparated within theumicrbgpheneaiieatieopesref or a
flygdi t rition.resistant mcrospherojdal particles are
e @ HOER sBbter e HAFCBBINE Soha Ao g HeaRouM A eRssaus| SEuSERRn
about HowmerNpore POIBARY ROlypidAySichiled bdBalRe AibrosPRBIGEa ﬁsrﬁgréa'wrg{ ahhese
undesirabl e small er mcrospheroidal particles is preferably done by use of
a cycl &xreedinglydrigs pare aolume will typicailyhod Mawei sufficient attritisn besistadice csver ed

t hat al.: he I = N 2005 MO 02/ 070132..PCT/ US02/ 01892
nicr osgﬁlgrolgﬁ@gpy plzgtt ?]cgpésg["lfﬁcéémrggﬁgfﬁa%p%ofﬂ[ ‘?ﬁa&z‘& a&B‘H&- 233’9’}:3 y be
undesi nabiospheroideiepaictest Which zfrd beficiepadbpiuset ASYa Eataliat agppoitapequs! y
used ag ildz;‘tn{ﬁf)trltlon nodi fi er for nuki r;% a next generafion of attrition
redd st BHEIZRA-Ped f1aveon Pare yplpmies pEdroms abput Bt &0 ¥ \ve /g fasamedsuresh by

resi st pHrclilyPoroBmétR). PrefBRIBIY Chiicro8hRolddt paRldids have a pore volume from

- about 0.2 to 0.7 ¢m’/g, more preferably from about 0.4-0.55 cm®g. Appropriate

microsphere surface areas (measured by BET) for sufficient catalytic activity are
typically from about 50-200 m?/g, preferably from about 60-125 m?/g.

20 The pore volume of attrition resistant microspheroidal particles is typically
affected by the relative amounts and partic]e sizes of inorganic sol, inorganic non-sol,
and attrition modifier used in the slurry which is spray dried during the manufacture of
the attrition resistant microspheroidal particles. For example, larger particle size sols
‘pack less efficiently when compared with smaller particle size sols. Thus, larger

25 particle size sols yield an inorganic microsphere product more desirable for use as a
catalyst support owing to its relatively greater mesopore volume and smaller
micropore volume. Mesopores are voids in a microsphere which are typically greater
than 4500 angstroms. Mircopores are voids in a microsphere which are typically less
than 4500 angstroms.

30 One embodiment of the invention a slurry is made from inorganic sol,
inorganic non-sol,-and water. The slurry is spray dried and the resulting particles are
dried and caicined. (Before spray drying, the slurry is preferably homogenized.) The

- calcined particles are then sent to a separator wherein the particles are divided into
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becomes inportant if the m crospheroidal particles are intended for use in
a fluidized bed reactor. Preferably, the m crospheroidal particles should
be sufficiently porous-to pernmt gaseous reactants in a fluidized bed
reactor to diffuse into' the mcrospheroidal particles and TdHb a5

cat al ytiwgsizioasishncor porated within the m crosphere (i. e.pd RRI5 1o

vol ume shoul d preferably be sufficiently high so as to permt gaséous
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part | claemtlaﬁ&ebhﬁht&ﬁ”&ro‘sﬁhéro‘i@él%ﬁ:@l@ e Eﬂenahg Hee§olarﬁ|og$éﬂlged
into -10 1.5 JUN 2005 WO 02/070132 PCT/ 02/ 01892 a east two

One "gr 89fF r¥Br dwrisally parenareds byi thydralysis abf yadewtabdlkoxide to form the
- corresponding metal oxide sol. An advantageous inorganic sol useful in this

- invention comprises particles having a mean diameter greater than 20 nm and up to

20 100 nm or more. According to the present invention, the inorganic sol may comprise

aluminum_ oxides, zirconium oxides, titanium oxides.'iron oxides, cerium oxides,

BaTiSiO3, SrTiOs, PbTiO;, silica, sifica-alumina, and mixtures thereof. Preferably,

the inorganic sol is a silica sol comprising silica particles with a mean diameter of

from 5-100 nm, more preferably from 40-80 nm, and most preferably from 50-70 nm.

25 A particularly desirable sifica sol for use in this invention is Nalco silica sol 1060,
commercially avaitable from Nalco Chemical Company.

Inorganic non-sols suitable for use in the invention to make attrition modifier
and/or attrition resistant microspheroidal particles may be any inorganic particulate
material which is not an inorganic sol. Typically, inorganic non-sols are aggregates

30  with mean diameters of several hundred nanometers. In turn, aggregates comprise
individual particles typically having an average diameter of from 7-11 nm and a
. surface area of from 100-300 m%/g. Preferably, the inorganic particles are sodium

free. According to the present invention, useful inorganic non-sols include aluminum
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properties for mcrospheroidal particles to be used as a catal yst support
in a fluidized bed reactor. Another group represents particles with
typically undesirable proeperties for mcrospheroidal-particles to be-used
as a catal yst support in-a’fluidized bed 5 reactor. ‘The des§ ygRl ggpr oup of

particl esygeyohgsd npregnated with a catalytic conponent cat al yst
material typically suitable for use in a fluidized bed rﬁé‘ﬁ%é@@ﬁe

undesi r ab). roup of particles, .typically. .the small particle fraction, may
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The desicopitherdiilytdveilableRomiPeGa8sh CRefMicd g%ﬂlr;l }:f'éorrglédal particles and

catal yst support for a catalyst material. 1 nic sols suitable for
use in the | fusther cpmbedineerisact the iioventiodi félate do dattritionatésistanoreatalysst ant

Cyo oot REHER W ot puflodesRRu amipRahsTaual Parinias e catalyst
cor r espeagpog. Metaatoridnde with thede af¥aGhRIRQUS cbﬁﬂh%g}ip SR c)g\ﬁ.‘g%H%B{ R this

invention conprises particles having a nean di aneter eater nm and
up to 28PRUgA nt® sitritien eresigtant dnistpspbetdidalppedistes. i nFhat tatalytichlly | activeani c

51 729 c6ABBHERE ). Y B Sl R S he i T B3 o S
and ni xknowa rhbthodoihichr efsaltelm Yhe iﬁté@raliaﬁrcﬁ?tﬁé%a%é!&ti?a?lgaac?i'vé'&ﬁnﬁ&[aent
conprising silica particles with a nean dianeter of rom 5-100 nm nore
pref er aWit) the AtUGoB 0 efstanh dnisreapheraidalr gBriclds, othebeby dormimg 25 catalyst

ST oo MRfegoPreRE e FRANoalY AR odimidt S cietoio Bispagion

| nor ganfesistant satrespherpidal @ditidles g dny Krittviv MEEAbA Oéudfpa%&?nﬁirééﬁéﬁd?ﬂ

nodj fie and/or atrrifiogn resistant m crospheroi dal particles may be any
i noJrsga ‘P gngdpgﬁpdt ﬁ’gt'@rﬁf—%g”%ﬁ’ﬂcﬁ flesqdredain ther é:gaﬁe@t Apblicatign &.| y,

| nor gan) /4881 7530WRich! i€ iASSH ] [ sgyeral .hyndred
nanonmeters. In turl_r(l;ﬁlg_g;gr eé’g’?%%&c%fn‘%ﬁ%@& ?ﬁ@pvg‘ﬁafﬁhgéﬁcﬁé?'egxtayg'lpé(éﬁqI y
havi ng Riecgduieaadgn iicipient webheds techiiqlié isnosend ta impraghate attfigen Gesibzpm

100- 300mf@6§ph£5%%? E%P(%éfés EJ&% ail gg{uﬂgﬁ] i(t():r anlﬁiéﬁé)eosf gartglytsiga(ijﬂiyuanc]:tive material
' or precursors thereof, e.g. salts of the catalytically active material. Preferably, the
20 impregnated microspheroidal particles are dried slowly at an elevated temperature,
such as 40 to 80° C, typically for more than about eight hours. If ‘catalytically active
precursors such as salts of catalytically active metals are used, such metal saits may

be reduced after impregnation to form a catalyst material.
Suitably, the catalytically active component of the attrition resistant catalyst
25  material may be chosen from metals, metal compounds, organometallic compounds,
or mixtures thereof which are known. to be catalytically active. Preferably, the
catalyst component comprises gold, palladium, other precious metals, or mixtures
thereof. These precious metals are especially preferred when the catalyst material is
intended for the production of a monomer intended for use in the manufacture of a

30  vinyl polymer.

Further embodiments of the invention relate to use of attrition resistant catalyst
material in a fluidized bed reactor. In accordance with these embodiments, attrition
resistant catalyst material is placed in a fluidized state typically by a fluidized gas.

-12-



free. According to the present invention, useful inorganic non-sots include

alumnum -11 1 5 JUN 2105 WD 02/070132 PCT/ US02/01892 oxides, zirconium
oxi des, titanium oxides, iron oxides, cerium oxides, BaTiSi O3, SrTiG3,
PbTi 8, silica, talc, kaolin, mica, calciumcarbonate, ba .i5U RS ]ghat e,
cal ci um wahes@bphe and mixtures thereof. Preferably, fumg T;[}GSIO boh S Used
as the inorganic particles of the present invention. An exanple of a funed

il [ | A L all il abl e f. DeCu Cheni cal
Conpany. REATRTE: twieal: MefBCOR: Britse) alt Mirodhepe ialoing readior ang vpesihe: ant
cat al ystcontadtethieahtttidiore Fegistant cardysttrhatelibPh befhord gl aMdCUR "R,

parti cl e@%‘?s cat al yst sugpc_)rt. In accordance w-th t'hese enbodi nents, a
cat al yt i ¢R01 Goriact with dbergtriton resistaniatalyst the reactants fom asiesiredtproduct,

* appl i oo Peliher AL Wepircd " BB Rkkelih sl Tarsa B M Galanioaly

et h6éd \dutied cormdnient ohtheletritiohegsistan® Bafyst hrateaaial ytical ly active
component - with the attrition resistant m crospheroidal particles,
t hereby fornilA@ sPediaembodiment ofdhis ipventionasl yinyliasetatetmbpoinealis foraed ve

conpone ' | .0t rikl resjstant -mecro r oi dal rtjcles
by any. INosetaBA rith rGsRl 'CaliPl mafEial 1% AUASRE R St sehdants

i npr egnaomprising desaiphbedefim dntondakisoiylidRiid, caid eRyden. Ofie TP 31t ch
is incorporgted by reference for U S patent practice, In a typical

pr ocedufT Y 3?19 iﬁﬁsﬁneﬁﬁo%@% 2 t18c s RDA Plefiegor anixtyres gthareokit t kel on
resigta ) | ' 1 gh 0 ' . tions) of
ot of vt rondEaRSORRCECR] fly, BFchbse ot bd 18 CinghbBHooRYS 8ull pEMBus
cat al yt thetedly Abeioggenmeay bé intRodicedabitly otidraya3@s| sucleasadiny introduced

m crospher oi dal Rartifcl-es re drifzd slowmy at an el evated-tenperature,
such asagé" tYMEs @?t?ﬁfcm%"‘ elhwlens s chraen asdbe alphmelatisiang acetic acid
cat al yt jsCahbdserngl h as; [ |V

ot al o S ooserek e RNBCHOBRIR LB P RiniPaliel midtidthd! I Blodudil G,
form a B¥thod kpowatasracstoxyltionabl y, the catal ytical 'y active conponent of

th ttriti | t al { 5 t [ b h f tal s,
ot B conpoutie Tt bed P nay e Ghersted i, AT s@aneE koRando dhaArdtar e
known t deduribealt el ard Ipyefafdbly peratiice pakinieteld) SesperiaihyY fr M?ﬁgﬁ%r}. |

conprises gold, palladium other precious netals, or m Xtures

These pf Beilerefandemperatuse isspraierablyympintdioed afl abbah 100 éo 50210, refaraslyi al

'S 130 t0 190° C. The reactor pressure is preferably maintained from about 50 to 200
psig (3 to 14 barg), preferably 75 to 150 psig (5 to 10 barg). Attrition resistant
20 - materials are maintained in a fluidized state by sufficient gas fiow through the reactor.
This gas flow is preferably maintained at a level close to the minimum rate reduired
to maintain the fluidized state. Flow rates exceeding the minimum rate may cause
channeling of the gas through the reactor which may undesirably decrease reactor
efficiency.
25 This invention is illustrated, but not limited, by the following Examples.
Examples _
The attrition modifier used in the following examples was made by spray
~ drying an aqueous slurry of Nalco silica 1060 (from Nalco Chemical) with AEROSIL
200 silica (from DeGussa Chemical Company), such that about 80 wt.% of silica in
30  the slurry was due to the addition of Nalco silica 1060, and the remainder being due
to the addition of AEROSILZOO. The particles formed from spray drying were
calcined, resulting in an attrition modifier.
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- desired product. I oly roduct 1's desiT

I ntended for the production of a nononer intended for use in the

manuf acture of a 30 vinyl polynmer. Further embodinents of the invention
relate to use of attrition resistant catalyst material in a fluidized bed.
reactor. In accordance with these enbodi ments, attritiion %&siUt e

cat al yst wabgodpd2 is placed in a fluidized state typicall yeh)sgissy di zed
gas. -12 1 5 JUN 2005 WO 02/070132 PCT/ U802/01892 React ants typically

in the gas phase, 'are mtroducg% i nt o th& rea r and typically contact
the attrition resistant catal ySCWRATEHYEXEM e horough and uni f orm manner .

Upon cont act anistdHih emaférrair tvbé’é‘ JRsineHapy R gﬁrcé aeal%eng?onﬁ N6

| . ymerr zation
cat al ystChemicab ydth AE Lc&@%tl( Oﬂbabﬁussadéinemmad:é}qmpmy) Sf.lCﬂ] lieatedlonit t | on

Uiy ad PRl e farinimAghaives Bus g e Aot of Bafoa Sike 00l yo: -
mat esi alandntha rédﬂairwerr%ﬁg aue tMﬁ@aﬂ@%h%ﬂ@ERgsmrzoe' wsﬂn Osen%?éﬂeeﬁ n, a

nonocar boxyl i c_acid, and oxygen. The al pha olefin rom
C2 to Cm'alnﬁhw thsef9. 917 &g) @f ih%rﬁé@ilnge‘netﬁnal With 110 amnonanbdrﬂeh d hecslnrryray

be chos n yl id or..m xtures

oxygen @gbﬁt?srpg%ﬁcgﬁg% (ﬁé r&ggg@g SRHCIES MRy (f"ﬂ?'F'Sgué%d yield
cormonem.cm‘spaeroudér\vwmaé@yIﬁreesUﬁaéee?e@ o ghbse nﬁb%ﬁh@#ﬁ&hﬂp%@le@%é c
acid is chosen as the nonocarboxylic acid, a vinyl acetate nonomer is

pr oduceﬂ‘@aﬁuéed it BRgI& Roipt deterpunation «fi speciic sthiack! aren singaitrogarct or

1B BRECRAEH, Rl PSP BT A R RId s S BB o

react i ouomime:fathase mnfcrossiieroaidll Yparticlsavageddatermiid  blOhédreurp Hirdsion
preferab 130 to 1900 C. The reactor pressure I's preférably rmaintained

frort;1 abBH%/OS!me%'"Z@QPWﬁ%"% wEhAS T BA2§1-9%r ef erably 75 to 150 psig (5dto
10 A
state by suf §1erERLEFRIGHaLba Al Ee then ScedMidiahg ¥ 163, Pesh oRedi®

pref er abhg arei90t meshdsatem deevedt tHeoasiciosphbmidalnpantiolesahad I partic sized
mai nt ai the f{ﬁﬁ&%‘ zed st at Fl ow rates exceeding the mninmumrate nmay

cau MIERBS g nt%ﬁf&@ht%ﬁ%éﬂf@%é@%rpqrﬁw@ﬁdnﬁyaﬁwéen%w
deCfeaSASWCIDOSHﬁ@B! Ci Q&Y measuring and determining the initial weight of the

microspheroidal particles, the ASTM test involved introducihg the microspheroidal

- particles into a vessel with a cyclone where they were subjected to attrition. Aﬁriﬂed

particles were created by attrition of the microspheroidal particles. Those attrited

20  particles that had an average diameter of less than about 25 pm migrated to the top

of the vessel where they were collected and weighed. The weight of these collected

particles was divided by the initial weight the microspheroidal particles to yield a
calculated attrition weight percent.

While this attrition weight percent may be effective for measuring the portion

25  of attrited microspheroidal particles having an average diameter less than 25 um, it

can not measure attrition of microspheroidal particles which result in average

“diameters greater than 25 pm. Thus, the remaining microspheroidal particles, after

the separation and collection of attritted microspheroidal particles with average

diameters less than 25 um, may yet contain attrited microspheroidal particles with

30 average diameters greater than 25 pm. To account for attrited particles with average

diameters above 25 um contained in the remaining microspheroidal particles, a

qualified measurement was performed by measuring the initial weight of the

remaining microspheroidal particles. The remaining microspheroidal particles were

-14-



25 This invention is illustrated, but not Iimted, by the foll ow ng

Exanpl es. Exanples The attrition nodifier used in the follow ng, exanples
was nade by spray drying an aqueous slurry of Natco silica 1060 (from

Nal co Chemcal) with AEROSIL 200 silica (from DeGissa Chegigml 2@®npany),

such t hawoabomwisB0 wt. % of silica in 30 the slurry was qugibfae; addition
of Nalco silica 1060, and the remai nder bei ng due to the addition of

AERCSI 0, Th t I f d I d,

resul ER e Bl ¢ (5 msh B, that PaTfiey ke ieh 65 e (R B oous of
PCT/ US SRS b
m Xi ng%Ngﬁ%ﬁpgﬁl ca 10%%“‘?% %@@ glohhe@]ag{rha%gd)? Eﬁ%ﬁ%ﬁﬁfﬁg%Fﬁllﬂg% Y
DeGus s dydherscosen. CBhps,rqtlrjttexUpaﬂiclm wa_tmpassaﬂthmugh tite scriebn antdnetoeed
starti rra&‘erl al due .to the addition of Ico.%&l ica 1060 5 and the
" enai ndBPR bEnGIGEAL JeAngaoR dfe ctereEros & abeliied seight ety
i Xisng dflediified %er?elbﬁhgoﬁetr'ﬂﬁteﬁ’ieﬂrréhﬁﬂ?’gg d&bﬁegwéﬁa AifidfHd this b

nodi fier. The slurry™ was then spray resul ting par c bg wer e
cal ci ndte tinitighi weight. meam@hd&dm@a‘scrpanmgcl Beca%fetm:rétamdanamnaf otlikse

h dal d de f
Chect b PireBants Mlgral Bbsah E Gt aBrflen o Belis, s &3 ARstomtet hod.
in accay W%aﬁféd"at‘ﬁf&ﬁ We@ﬁbe‘?&enfgf‘rép%ye%t higHed Htrifibn rB&Sance.

m crospheroi dal particles was ‘deternined by nmercury intrusion porosinetry

I n accordance with ASTM D 4284-92. The m crospheroidal particles were then

scrﬁened using a +63 nmesh screen %[r)]( a,-90 nmesh screen so that the
ospheroi dal particles had a pa F‘BTpée i ze 15 between 63-90 m crons. An

attrition t&sk p«ageésmrEmEmﬂ%g ﬂépeaféa @’k@é?t thiat D3ASHY () 88 § fj After

measur i 2@ and deternmining the initial g the mcrospher
parti clslbs{R454gafatistiontuedifies wese |U§§d o mgkenthenslorys pher oi dal
particles into a vessel with a cychg&}pig?re they were subjected to
attrition. Attritted particles we ed by attrition of the

m cr ospher oiftalprpasdsi inl Etampleos vaatfepehtsl, except that 23.5 Ibs (10.66 kg) and
15 1.5 lbs (0.68 kg) of attrition modifier were used to make the slurry.
Example 4
The process in Exampie 1 was repeated, except that 23.5 Ibs (10.66 kg) and
2.0 Ibs (0.91 kg) of attrition modifier were used to make the slurry.
Example 5
20 The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg), 2.0
ibs (0.91 kg) of attrition modiﬁer, and 2.6 Ibs (1.18 g) of added water were used to
make the slurry.
Example 6
The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg) and
25  2.51lbs (1.13 kg) attrition modifier were used to make the slurry.
Example 7
The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg) and
3.0 Ibs (1.36 g) of attrition modifier were used to make the slurry.
Example 8
30 The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg), 3.0
- Ibs 1.36 kg) of attrition modifier, and 4.0 lbs (1.81 kg) of added water were used to
make the slurry. |

Example 9
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20 particles that had an average di aneter of |ess than about 25 pm m grated
to the top of the vessel where they were coll ected and wei ghed. The wei ght
of these collected particles was divided by the initial weight the - -
m crospheroidal particles to yield a calcul ated atfrFtioh’ﬁewahﬂm%ercent.
Whi | e t hing @d7biski on wei ght percent may be effective for Jpmasdbhi@,t he

portion 25 of attrited m crospheroidal particles having an average

di anmeter |esg than 25 . it . can _not asure attrition of m crospheroidal
particl es whiBh Preess MErarelef s frnsieds cxosphiiat e ohies (38 ooV ms ¢ he
r emai ni NG |6k ¢1 SO ST iFtioR MbddifibERercdlide to tiBRe %f‘é)émﬂy on and col | ection

of attritted m crospheroidal particles wth average: aneters | ess than 25
pm may yet contain attrited m crospheroidal particles with 30 average

average b et arSBRsE BHRRER AR &N it A2pRly i ning m or ospher of dal

parsicles, a qualified nmeasurenent was perforned by neasuring the initial
wei ght of the renmining mcrospheroidal particles. The remaining

m crospheroi dal particles were -14 1 1 5 JUN 2005 WD 02/070132

PCT/ US02/ 01892 then screened by a +63 nesh so that particles | ess than 63 m
(all the result of attrition) passed through the screen, while particles
greater than 63 mwere retained by the screen. Thus, attritted particles
wer e passed through the screen and renoved fromthe material remaining on
the screen. A qualified weight percent was 5 determ ned by wei ghing the
mat eri al remaining on screen and dividing this weight by the initial

wei ght neasured before screening. Because the retained material on the
screen represents material absent fromany attritted particles under 63

m crons, higher qualified attrition weight percents represent higher
attrition resistance. 10 Exanple 2 The process in Exanple 1 was repeated,
except that 23.5 I bs (10.66 kg) and 1.0 Ibs (0.45 kg) of attrition

nodi fier were used, to make the slurry. Exanple 3 The process in Exanple 1
was repeated, except that 23.5 I bs (10.66 kg) and 15 1.5 Ibs (0:68 kg) of
attrition nodifier were used to nake the slurry. Exanple 4

¥
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The process in Exanple 1 was repeated, except that 23.5 | bs (10.66 kg) and
2.0 I bs (0.91 kg) of attrition nodifier were used to make the slurry.

Exanpl e 5 20 The process in Exanple 1 was repeated; except that 23.5 | bs
(10.66 kg), 2.0 Ibs (0-91 kg) of attrition nodifier, and 125611}me1 18 g)
of addedwabpsroy®re used to neke the slurry. Exanple 6 } gngg@g%g%

Exanpl e 1 was repeated, except that 23.5 I bs (10.66 kg) an | bs
(1.13 kg) attrition nodifier were used to nmake the slurry. Exanple 7 The
process in Exanple 1 was repeated, except that 23.5 I bs (10.66 kg) and 3.0
| bs (1.36 g) of attrition nodifier xggpgguFed to make the slurry. Exanple 8
30 The process in Exanple 1 was rep , ' except that 23.5 | bs (10.66 kg),
3.0 Ibs 1.36 kg) of attrition nodifier, and 4.0 Ibs (1.81 kg) of added
water were used to nmke the slurry., Exanple 9 -15 1 5 JUN 2005 WO

02/ 070{132 PeimmydRecipe892 The process i ni Altetign Besistarnca epdiariicle except |t hat
- 23.5 | pBx.(}10.66 kg) and 3.5 Ibs (1.59 kifleasfiremiéntsti on n@hidraeterisice Used

to make theSeiring Y Atideen! tAdddd | reastioRXpARlRSn arjeQaimidd 1| SuteRe®Pdre |- 16
égsfl;l\aﬁég mﬁ%rlfég QiR R@E&%ﬂ?%ﬁé&%‘ﬁ %E gtﬁeﬁg’ﬂtyt Ff@ﬁbge dsﬁ :2
Added At trii @E)n Al ?(rgﬁl onq&qgl i f rTF")‘%‘?;.)Sur ?gce Bore F’&‘E?glf‘l a (%gl 11 [ﬁZt er
Modi filer Vi ght -Wei ght Arlea Vol U, :
ry)

1 9.07 | Nil Nit 0 4.1 37 74 1 0.44

2 10.66 | 0.45 Nil 4.1 3.5 58 73.7 0.46

3 10.66 | 0.68 Nil 6.0 4.5 49 73.6 -—-

4 10.66 | 0.91 Nil 7.8 3.2 . 18 71.7 —

5 1066 [091 .|1.18 7.1 4.1 68 66.0 0.48

6 1066 | 1.13 Nil 8.6 2.2 85 69.9 0.48

7 10.66 | 1.36 Nil 11.3 2.5 62 66.8 0.49

8 1066 | 1.36 1.81 9.8 5.0 61 67.9 0.49

9 10.66 | 1.59 Nil 13.0 2.5 88 |66.7 0.51

As shown in Table 1, attrition resistance measured by qualified weight percent

5 isincreased upon addition of an attrition modifier.
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the slurry) 1 9.07

(kg) (kg) (kog) (V\L%of Per cent Percent (mZ/g) (an/g)
Nil Nil. 04.137 74.1 0.44 2 10.66 0.45 Nil 4.1 3.5 58 73.7 0.46 3 10.66
0.68 Nil 6.0 4.5 49 73.6 - 4 10.66 0.91 Nil 7.8 3.2 7

8 71.7 - . 66
0.91 1.18 7.1 4.1 68 66.0 0.48 6 10.66 1.13 Nil 9.6 2.2 85159'.15’@&&@8 7
10.66 1.36 Nil 11.3 2.5, 62 66.8 0.49 8 10.66 1.36 1.81 9.8 5.0 61 67.9
0.49 9 10.66 1.59 Nl 13.0 2.5 88 66.7 0.51 As shown in Table 1, attrition

resi stance neasured by qualified weight percent 5 is increased upon
addition of an attrition nodifier. P -17 1 5 JUN 2005 CLAIMS 1. A nethod
to make attrition resistant m crospheroidal particles forned by spray
drying an aqueous slurry in the absence of a catalytic nmetal conprising a
netal oxi ¢g.agms and an inorganic particulate solid, separating the
resulting mcrospheroidal particles, and drying the m crospheroidal
particles, the inprovenent conprising adding a mnor portion of added

m cr ospher oi dal 1fi nesAt;ﬁetth}ptoafﬁé@qﬂﬁlh&l, WsfeYant ﬁncr%%lﬁe%e rtféleg%'? ai ﬁ:'éf o

whi ch the net aldOXI de sol and i norganl C particu
al um num oXiPEESYYPH FEAAUGRYON IR i, t E|abaenmmf@x¢ailm§t;c metabmmpnslﬁga needgli um

oxi des, Ba'EixﬁzleCBol anll ArCRorgahit! 2 i S8 el
carbonat e, gr um sul phat edD ﬁcﬁﬁiﬁé g@pﬁ%@r&'ﬁﬁ}% QPEI fing T'ﬁ@?@?ﬁro‘gg The
met hod of  GPAIIRS anchdbjmadhe W@O&P@Beﬂldabpadelesdheanpkovmemadunﬁpnsp@réddmgl ate
solid are faq*ﬁmaﬂpdrr@mfsddhé@@m g of claim.1 in which the
m crospher oi dal partlc es aréréghg% a?ﬁﬁe@% 16 2qUEAKS S8 ™Yt 06 and up to 35
.% based on %ot alThgomeiied aff claichd dd iniwdiiohs thiee it abxided a6l ighdeinbfgagie 1 N
t he sl urryparticulate solid are formed from aluminum oxides, zirconium oxides, titanium oxides,
iron oxides, cerium oxides, BaTiSiOs, SrTiO;, PbTiO;, silica, talc, kaolin, mica, calcium
carbonate, barium sulphate, calcium phosphate, or mixtures thereof.

3. The method of claim 1 in which the metal oxide sol and inorganic
particulate solid are formed from silica.

4. The method of claim 1 in which the microspheroidal particles are formed
using at least 5 wt% and up to 35 wt.%, based on total solids, of added microspheroidal
particle fines in the slurry.

5. The method of claim 1 in which the microspheroidal particles are formed
using at least 5 wit% and up to 25 wt%, based on total solids, of added microspheroidal
particle fines in the slurry.

6. The method of claim 1 in which the microspheroidal particles are formed
using at least 5 wt% and up to 30 wi%, based on total solids, of recyciéd
mmmmmanmmpamdeWWSMHWSMWy

7. The method of claim 1 in which the microspheroidal particles are formed
using at least 15 wit% and up to 25 wi%, based on total solids, of recycled
microspheroidal particle fines in the slurry.

8. The method of claim 1 in which the ratio of the maximum average
diameter of the added microspheroidal particle fines to the mean diameter of the
resulting microspheroidal particles is about 0.01 to about 0.6.
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5. The method of claim1l in which the m crospheroidal particles are forned
using at least 5 wt% and up to 25 w% based on total solids, of added
m crospheroidal particle fines in the slurry. 6. The method, of claiml in
whi ch the m crospheroidal particles are formed using at Iea g‘%’“\/\iﬂ% and up
to 30 wt% based on total solids, of recycled mcrospheroidal particle
fines in the slurry. 7. The nmethod of claim1l in which the m crospheroi dal
particles are formed using at least 15 wt% and up to 25 w % based on
total solids, of recycled mcrospheroidal particle fines in the slurry. 8.
The net hod of claiml in which the ratio of the maxi num average dianeter
of the added ni & ospHer Biethad plarkine| e if iwhich the tietal nedde doh Rt enoafaniche

| | 01 0. .5 JUN
2005 9. T hethoq. of ol S, i Sich nRlto et i S Vada %51 Gyan ¢

parti cul at 356 r tefalsolidss pleatidpd mmspheuadsﬂpamc!e fings iatthé elagy. 5 Wt . % and up

to 25 wt% baseqqg. on]-h'reo m cr spe0|dal article fines
inthe slurry. 10. The ﬁ%t Ogdé)flogg a| il g}fjucﬁ b\ﬁll@ﬁ ‘}t} hreaf‘]aé tHESFE X num

aver age diciAraeter Of)ffhec ﬁ@d@dmommmmtmmiadﬁheqow thet Infednl BRmetér shBemean
di ameter ofedifhg rﬁi@@%ﬁér&&’al H{C%ggé%h Q%&ﬁ%}@l es is about 0.01 to about

0.4. 11. Attrltlonre5|stan m cr f*cl es formed by spray

drying an aquebls ﬁﬁfmt}ﬂ/ résistartiemiahsphereidaf p@dl@léﬁ abirdd byedpby @gﬂng an
articulate solid, 1n which

conpri sing an |nor
a ninor pora ta?%ar?kgé urﬁi)fcr 0sp 132?% %ﬁ CQF?'HEPsm dgﬂ‘pr sigoranwetahogdasolandr ry.
12. The ni @ @mmmparmmmsmndcimmai a GhisorPoltibnioR mmb%éaéalffﬁbéhs fxdede SOl

and inorg te solid are formed fromsilica. 13.
mcrosphergﬁl ag%&rdtsl%k:q@s of claim12 in which the netal oxi de so] IS

silica sol. 14.12TheThe oicsypheroidall phripiak bf 8hias1Ph vﬂhéﬁ fﬁe]%efaf‘o%é ¢ dnBie
he m cr ospher oi dal

part ol es BproenfitetbGete i Grelofingd g MBS cact 5 wio and up to 25 vt %
based on total 1Sol i tss midrospmeribdarparRRRNARIAAL iRWHiGFHR HERFSxidE &he
silica sol.

14. The microspheroidal particles of claim 12 in which the inorganic particulate
solid are silica particles.

15. The microspheroidal particles of claim 12 are formed using at least 5 wi%
and up to 25 wi%, based on total solids, of added microspheroidal particle fines in the
slurry and in which the ratio of the maximum average diafneter of the added
microspheroidal particle fines to the mean diameter of the resulting microspheroidal
particles is about 0.01 to about 0.6.

16.  The microspheroidal particles of claim 11 having a pore volume of 0.2 to
0.7 cm®g.

17. The microspheroidal particies of claim 11 having a surface area of 50 to
200 m%g.

18.  The microspheroidal particles of claim 12 having a pore volume of 0.4 to
0.55 cm®/g and a microsphere surface area of 60 to 125 m%/g.

19.  The microspheroidal particles of claim 12 having a particle size of 10 to
200 pm.
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slurry and in which the ratio of the maxi num average di aneter of the added
m crospheroi dal particle fines to the nean dianeter of the resulting

m crospheroi dal particles is about 0.01 to about 0.6. 16. Theb5 U

m crospheroi dal particles of claim1ll having a pore volune of 0 U205 7
cnB/g. 17. The m crospheroidal particles of claim1l having a surface area
of 50 to 200 nR/g. 18. The mcrospheroidal particles of claim12 having a
pore volune of 0.4 to 0.55 cnB/g and a mi crosphere surface area of 60 to
125 nR/g. 19. The m crospheroidal particles of claim112 having a particle
size of 10 to 20 09Mm -19 15 JUN 2005 20. The mi crospheroidal particles
of claim 18 havin§ a pHPtMictogphsroidal phrtizies tob clalh A8 hadig afpdrtidle dizeest Bad.
acet oxyl at i om&gginal yst conponent conprising attrition resistant

m crospheroi dal p {ti cles of claim11l on which has been placed catalytic
netal s. 22. The cétal ﬁtﬂwdgﬁ(bghedmac@léxﬁnah Batalysk rbomp,bﬁé}%t &ﬁwﬁﬁgr@l Yagfi@

met al s CO”pr'féﬁSIaﬂohﬂxosgﬂérbﬂngﬂg orﬂfng%turcis t hereof. 23. merno f

usi ng the catal yst conmponent Gies M A Lypn whichthas been plasedtdatalyici d,
oxygen, and f'f‘?ég'%at al yst conponent are contacted in a fluidized bed under
acetoxyl ation congiti roduce vinyl acetate. 24. A nethod of claiml
in which the rat;]z(? of Q?ﬁé*%‘é%‘?%ﬂ?wﬁp%m@um tag catalytic atisicomprise

m cr ospher oi 8Qlf RRHREie, o rhikines thevedthe nean di ameter of the resulting

m cr ospher oi dal rtigl .S about 0.05 to about 0.5. -20
23! & nfethddof using the catalyst component of claim 21 in which ethylene,

acetic acid, oxygen, and the catalyst component are contacted in a fluidized bed under
acetoxylation conditions to produce vinyl acetate.

24. A method of claim 1 in which the ratio of the maximum average diameter of

the added microspheroidal particle fines to the mean diameter of the resulting

- microspheroidal particles is about 0.05 to about 0.5.

-20-





