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O 57 Ahstl:act: Microspheroidal particles, suitable as fIuidized bed catalyst supports, are prepared by incorporaling a portion of
small, preferably recycled, particles into a slurry of inorganic oxide sol and inorganic particles which is spray dried to form micro-
spheroidal particles.
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Recently, a fluidized bed catalyst system has been described that is
especi.al |y useful for fluidized bed vinyl acetate production. U S. Patent
57591, 688, incorporated, by reference herein, describes a nmidy odipriathoi dal
fluidized bed catalyst support systemformed by spray drying a slurry
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preferabl e i-norgani c oxide used in these catal yst supports is silica. In

the typical prodyghig PR %{@ rticle fisnes) of _the

suppo?lf material ar eﬁ?%‘rabe%@% Tare rgsrr%'\‘/n_é FAJ'W@@(B‘##SpFOdUCUOH

process as waste. A use for these waste fines woul d be beneficial to reduce

or -11 5 JUN 2005 WO Q2/070132 PCTI US02/01892 el im nate a process waste

stream A use of these fyxHESHARIGIRNGCE glatey PRIIGasoNs | d,.be. especi.al ly

resi stance o it KL S P ak . .be.

benefi ci al . gisgfgg@t'éﬁr}agt}gﬁaqaﬁssa{t% [ Erjl%ﬁ%nhﬁc%gpﬁeﬁé déﬁ"ﬁgﬁ%?a@?"ag’%e&% yst

suppor t 80/25 2¢ 66y éwecbRebguarp 282008, echich istingerdcratedtly Rfiér@neahef@Act i ons to

manuf acture various useful products. Being particulate, such catalyst

material is especially suitabl 'eM-%ELL&'_d_MMT o i €qn : zed bed rregﬁt(r)]{.tln t he

operation of fihwe i e, S . _

floui di zed sty?% I%%@ﬁgﬁ%@%gﬁaﬁyﬁqhﬁ@g?l @3‘9%@ 3%3{@’9%_{‘3}4‘39&?% sed

t hr ough@itiitiarhaesistartoer, and hparticulairlgli slatgsmésli Tmeats;em t@alritwrc;j areﬁ?ﬁandég g.lt, 2 ] It 2

this fluidized 10 state, the catalyst material is contacte with re ,

anhsupo'ﬁlcggéﬁ%aeéf",da? OrapaicsupRed H%fqt\?%”%quéh‘fcﬁi%beﬂ catalystsli zed bea:li o
; t - . e P s Qr S..-

reaetors ar engfdsiic Rh&fr@&;ﬂ%r@sd&?’ﬁfe.arﬂé?ég] ésﬁé@?ﬁ@rr gfhtc%gﬁa%reﬁl @lg@%’;ﬁ@%ﬁ@a

bed reactors, because fluidized bed reactors I"cal
faci | i tRartielgsaareuselodhior anvarietyaef pwposesiinclatingecatalysesippdris §@h as in

A ' Lt |. fluidized bed tors typically enable
o0t NGB ABNASILL LPLL Yor Lt ized Red resctir s yot cally enabl
mat er i attritionf ersisiante of, tHere iﬂibﬁgﬁh‘?@ﬂ’iié&ﬁpgémﬁdill géﬁib%%disbs&é gt OFg}? the

stress placed upon the catalyst material during reactor operation. \ ile
inaf Ietl%?m@%d 'Qg@taé?dt idtritient sesistanesmt isr ilaportant nipadhed usgoaof i ihemjdnicand

: . ' L.t r re . and, br.ea i,n a,prqcess known as
LS afiRsglthdital BAHRIAD b1 chly I ARILE ool R pel i 02 S5k "
cat al ydypicait 8uididedc besleseddior prowbsstintpar® hift shiebe i chedis paibiel
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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because of their smaller size, are susceptible to being renoved fromthe
reactor along with a desired product. Renoval of these attri tted particles
represents a | oss of cat al, yst material fromthe reactor, § %py Eiqui ri ng
its replenishment. Such loss is particul arly undesi rabl e viherSth&% at al yst
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catalyst material is :mpacted 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

along 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.
i 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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fluidized bed reactor. Attrition resistant m crospheroidal particles may be
obt ai ned by spray dryi.ng a slurry conprising an inorganic sol, an

i'norgani c non-so[, and an attrition nodifier. The term"jgoyganis sol "
refers t%& rre_} al oxide sol. Metal oxide sols are typically 20 prepared by
hydr ol ysisV 81814t al al koxi de to formthe correspondi ng HERBS02838%e sol .
The term "inorganic non-sol" refers to an inorganic particulate materi al
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m crospheroi dal particles. I'n another enbodi nent of the inventron,
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Attrition resistant microspheroidal particles may be obtained by spray drying a
- slurry comprising an inorganic sol, 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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slurry conprising this recyclable material, an inorganic sol and an

I norgani ¢ non-sol. In accordance with the invention, .an attrition resistant.
catalyst material conprises attrition resistant m crosph rii ﬂgl articles
as a catalyst support. Attrition 15 resistant catal yst 2Py 2 y be
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i or | £3OMG BOMIPRS, 0 i HFHPSERPREhARIAIES M bR WRslasaBinPI REPeaEll st

mat er i al, ; | r L | | from
The  r ean;a NIRIZGREEATEScto! OGS ASEGHIE " ST batRlealel et ftly Pifhed
mati®r i saway cliom ttbe crematar. at Suipristhgbar teoykies, rhaterial Hramambivitioni gesistant

ALt nougeapeRiarpEtR Baricies Bevles bypisci 45 A8 0n maaiper PyrsnrAK andie for
¢ houd , e fio YRR SR Rr
par 1 e R focy SRl ity Bndete S A TR Aof Bl i g

of this filtler accoutdnaat witboths yinventione dahyatigtiorofreaistantt icatalyste shatbasalt
catal yst erial...Sunmary of .the |l nvention. Mcrospherpidal partigcles,

i + ab g Attt R rpSeneR iRl pRLick &S Hoalist Gupbottn iR  ng
a pertiresisintsc@blyst PistbRAIRRIdY bER(MLBE. el b¢ | dpplyiRg G TatBl el Sbtive

i norgani ¢ oxide sol and inorganic particles which'i's Spray dried'to form

at t ri t icOMperRenttarattrtoprigsistRMtdnicsrsnhereidal particles. Typically, the catalytically

- active component is applied by any method of impregnation known in the art.

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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In a first aspect, the present invention provides a nethod to make

attrition resistant m crospheroidal particles forlmed by spray dryi ?gl an

aqueous slurry in the absence of a catalytic netal conprising a neta
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In a third aspect, the present invention provides a fluidized be-d,
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.



In accordance with this invention, m crospheroidal particles are forned by
spray drying a slurry of at |east one inorganic sol, at |east one inorganic
non-sol and at |east one attrition nodifier. Known spray drying processes
may be enployed to formthe mcrospheroidal particles. Typscan o5 spray
drying processes involve the formation of a slurry which is sprayed out of
a small orifice or orifices wherein the slurry is atomzed to formtiny

dropl ets. The tlldﬂ&cdﬁﬁdﬂﬂb@t‘vﬁh d\rs}&n@mdorf Qflilﬂ?' mé‘uhlwn?dl@s araf@mkdlbyas they are
sprayed into a hot as or_oil Preferabl , the
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dryi ng. A patiéastuoh@siiitios uidd@ibl.e spray drying process is described in U S
Pat ent 5,591, 68 i ncor orat ed ref erence herei A sl ur referably.
an aqueous sl ur r'YO¥RiSER déy'%gp’?rgf/ys&?? Bgy b ‘?’B‘?'PrYedrﬁogPﬁgﬂT?e'F'l‘}f%thﬁgﬁh cI es,
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breferred 1R BouR uare 45 £ BoCG aldh deraehbdhemetun sdrtboo, 5
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non- so[ is a particulate si ra nmed silica,such as
AEROSI L 20578 AT PAftEs® b I Faiel It ShEDddIeLad R AbRa ncompiing oY

Typi cal l vy, rbﬁ@ﬁerﬁ:lelmereyn of |norgan| c sol and non-sol is spray dried at an
elevated inlet,te erat ch as from betwegn about 115 to 280C,

N |
preferably abouf* ® ?r@ [;48@: AU WSy WRISH ¢ {5 i SRERYa drigd +tomi¥at ur e
typically rma@sptgzrbuﬂanpdmﬂmwefa@wtccﬁ&ﬁné tofdHiic sainth & %hﬁ)hablav léa%pm about
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attrition nodifier. This attrition nodifier conprises a particulate
material fornmed in the
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|atﬁnt|ba3nr?ﬁiﬂﬁr dfﬁrﬁp@é‘d@ﬁf Qbﬂgin BRkfhé ﬁﬁﬁ:ros?)h'ie‘r'&f:lhp bﬁﬁfc!e%”ﬁti‘;mhavg
:sgpnﬂ Pga}tlcllee glzles thr!\gho ng rba;een rérplgeecg b?/ ssiger,- % ass:r caaaorl1J rfrrc?rln a gort:on of
microspheroidal particles.

When the attrition modifier is intended to be used for manufacture of attrition
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, |
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

known in the art. 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

6-
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~soluble in water. This soli

10 anmount of attrition nodifier is at least 1 w.% based on the total
wei ght of the slurry, nore preferably at | east about 2 w.% and nost.
preferably fromabout-3 w.% H gh anounts of attrition m%difier pr esent
in the slurry may produte a slurry which is wundesirably Vios i 2006 o spray

dryi ng asyéh opohdizpot act to increase attrition resistance CT/E%E!&?JZ' y, the
anount of attrition nodifier ranges up to about 15 wt.%gase on the 15,

t ot al i_aht, . of the sl \ [ ly f to about 10 wt. % d
st prePorBn Ao Hodler ¥ aack viharoesnqt TavE RS RAPAUER ARS. dani ch

to sl ur amrifidre modiieipiy Hee Hhilled 46 SBtaR thel Qebiédpalidd L@ Weptstkiftle

m crospheroidal particles. Typically, the total nount
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aviri o PR HhEfsqas BXERY, T RE e baripe pies, A Bfitebie Allefatur o 7y
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) . s ds portion may conprise attri modi fier,
i nor gandiesiegsl sizend\ suitabjergiassitier-is @ cyatbjh aimelassifier ofheseinrsnalter pabtickesdi f i er

' l,i t] f th | be difficult, h [
o ohtidale B8 PRI fedlolhod Py e GoledB ot Angtiitiof Mo, opray
dried m crosphgredeed anpattrtioh %ist%ﬂéib@ﬂ#éfoidhﬂﬁaﬁi@lé? Bt sficidht ér}nfo'hﬁ

nodifier is preferably up to 35 wt.% based on the total weight of solids

i n t he & aliftipn madifigs; ist mcamaratad inde 4be pra dot skgry. afpicaliyt ap%lﬁfﬁeieabl y

f : 0% fi.cient Lt i fi houl 30

or &8 nerhBufit gt st dmolinetts dsgedil s 8ok boseDolite tardl wPRRl R s Eiunce i s
| npar t adoteopteferabiyat/ldastabsnt Awtde] aAd Thestgreleedty flan 66Ut TWES. High

Accordiaagglz, the ampunt of attrition nodifier is preferably at |least 5
wt . % ba¥RAuURs ofattiiien) medifien:preserdoin the isturpnmay| piodyce a shirey pihigheisabl y

o058 ot o001 IAP Y SRR Mot stage”, .
parti clkypically, tife atourtiairattritonghadifier mengessop ¢ abdad 1Ht% Gacedich e | east
P bt 4R SRRt ARG Sfrpdrorec PEoTAE)Y DEVE IR 1013000t 10 . AGAEPSKnown
i n the péferalsipim dbvub g wondi tions (e.g. orifice size, spray
- Water is the preferred medium in which to slurry 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 pireferably 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 élurry 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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5 velocity, rotary atom zer wheel speed, and the like) may be varied
according to a desired particle size. Particle sizes and anounts of the
spray dried inorganic so[,. inorganic non-sol and attrition nodifier used .
to make attrition resistant mcrospheroidal particles naytlBbeJuNagiied
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20 are dolaresphedoidBapartidies siae bey parial bycdreirm®s & noRstitean paitics giad al ytic
mat eri al sr$ m, such rﬁfe}é:'g%l on resistant mcrospheroidal particles are

de f
i nt ended? r@?anﬁrggurs‘?qptanyqr% padiclesagreomadse whiie) dg aet have@ desiedt on

t he 1par Etice Sisd, thd QrédtiHiBfﬂg%ﬁ%gciﬁ‘ger&&’é}%ﬁi?lﬁﬁﬁ{éé@é‘ aﬂ%ﬁqt%i;%?)ﬁ k)‘églﬁ%% S

typical l'y becone undesira ar anet'er a ypi Ca
parti cl $izg mayihe eshod yn afrelated Embiodimentyithedi bwen dlscbivgledrthat altcadh es,

¥ i ticl i ed f th t d
useabl ¢ tﬁ@?ﬂ‘t@?@i{&@ﬁﬁéﬁ b dindesitaRle Tar whalevst reasea. e PRIQYSLREN®N dal
parti cl efaypbe advaheR@etsgsuseat A %8 tauﬁH&PﬁLdo‘?r|éﬁo? ‘nﬂélﬁhg '¥ﬁ&t§;%3‘né Sr[?&ﬁ gf}

ySt ue 1o the

their particle size should be chosen such that cata I oS &
pr esenc @lHfior nEgsigtant dnicrespberaidak paricles. 3Ramevalusédundesirdblei sizeedobed

i it is typically . d that at .least 50%
of "F9e " SbRPHERITICOaRERE By B8 deliohe B Magifd the Bncpd Sriperiiehs
t han absigedl§ievei tor sesaraty @hdr igblate ahe lfRA%bn 76PUREBSHESIE padRIel ARdd Crpns

" and nore fref«?ra |y at | east 85%are | ess than 105 microns. In typica
attrit i"Bﬁg er emaijvedoising a sieve is feeding the attrition modifier into a ciassifier

to separate the particles having an undesirable size. A suitable classifier is a

ey

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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WO 02/ 070132 PCT/ 11S02/ 01892 resistant m crospheroidal catalyst particles
suitable for use in fluidized bed reactors, there may be less than 1 to 5%
of particles nore than 105 microns. Further, typically Iless than 50% are

| ess than 44 microns and preferably | ess than 35% are | es$ 5t ditth 20084

m crons. WO PI32at triti on resistant nmicrospheroidal partect/esezfigszuse in
fluidized 5 bed reactors may contain about 25 to 30% of the particles |ess

t han 44 rg&isfapi $ni ' &4l : | S Wels r-ai-dal | cles for
use in fluiai zed‘cﬁoﬁgﬁ?g%at}?ragéwﬁa‘%e}"g't%‘s‘lsz}e'm%tmesgé}f‘é%sFﬂ@“’?r!%?’o%%ﬁér%ﬁqﬁér
par ti cl &Rergimay hedassithanct to §%oeft partidles mMmornthaBB1 06 micwas. Ferhenstypisally ed
in the L cognlze,.t ha articles,sizes of 44, 88 d 105 m crons
are ar b?%%sa%hn%%%ﬁrggéf%t%?a_4 Esmér@q)ggé‘gr‘?ﬂyﬁ%ﬁ‘éﬂégﬂeﬁg legs dhares .
- Par ti cl d4sinienandrypiddl Iaﬂhﬁoﬁ'ré@isfhrﬁhﬁic?é'édﬁé?ﬁidﬁ%baﬁ?cié@?&% i uilized
automat ed | aser device such as a Mcrotrac 100. | as al so been observed -
t hat 51 aPgdrregstars dnay septain mboub 25nhter 80Ualof thet particles lebs dhardidynispnay

droi _ . . Lritlon. . Al t houdh . o
e boundEicah Btfifen Yoqifiaht Ritiokbh$iod!F4ES, forine Philideecbid SPadpii od
15 m cr hapa et (eadal509abf e RicrogMeerorfAl Partidle§ Wit meahdfiaMiait&d BERRRh %4

attrition. Accordi ngl y, the particle size of attrition resistant
ni cr ospARE S8dnicrens.t Peisess skilerdn e aguvillastegmise thatparticiesfsizgsiofz4) 88ed

i t hout A=l LGl riti resj nce... Typi cal | th appropriate
par t 1 o) 218102 ficrdfls Tne il iSAUr8NIR that Dt pasad ot Placcled S 1 n a
f I uidli zsidebed Raticibosizes addpaticet sk WitA00tios nﬁafieﬁébhﬁéa%%a houh 20
to 150 ?ﬂr;sd nore preferably fromabout 20 to 120 m In one

m 20 [ /
enbodi rdiomsited faser dpuice syan asraMipiRe @0 ze of the attrition nodifier is

t | t I t | t]. . f attriti,.
Fesi crant i RascaRFBEER cbubilkd Mo daRlel farbRl ited PRESFRest ! betteRsor
the at tobtained pdpfayedryingraret tgpicatiyrtszgi attrition, téwistant. | Aithbugh fotrERYRY
aver age dlba_mgjfoer o& the attrition nodifier 25 to the nmean di anmeter of "the
resul ti SEEnbY oRRY| PRrliFlag | theony iy ds eheligvpdathate thess Jargerosizednd

- may1s- angRréspheraiant pshifles” Haveh n er VRicRP 5 likiorfbout
0.5 and 'rmreF_mpérrefera%l / ?g_ngeyggf ?%ﬁegbgﬁtgfﬁllvte? %b‘gﬁltc ﬁo%ﬁm?’ﬁgoﬁgﬁt'om
enbodi rgrordinglynithe partislet size of ladititios resistant whiardsphadoidal patioles shouldbe

e agtebRof 88 pinuRltds e RithBEt SeSieintgHAEER araiperer JYpisslyahan
about . Zipppopridter garticle 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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preferably I ess than 20 m are renoved. Renoval of these undesirable

smal l er mcrospheroidal particles is preferably done by use of a cyclonic
air classifier. In a related enbodinent, it has been-discovered that °

al though these smaller =9 U5 JUN 2005 WO 02/070132 PCT/ USg24iiN3®8

m cr osphepaiz@adisparticles (i.e. less than about 25 mor ag@m : may be
undesirable for use in a fluidized bed reactor, they may be a%(\%gﬁét%geousl y
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por ous aqﬁ?@er mt gaseous reactants in a fluidized bed reactor to diffuse
into t F"ospheroi dal particles and contact catalytic sites

i ncgr por at edrié bk vbREn &I AFRIMH fedidtaRt n{i&%spﬁéc%idzﬂ ugﬁ#gpgés 58 ;ﬂ,ﬂcally

preferably be sufficiently high so as to permt gaseo usi o
Howev erbegesies impaertantiifstheypicraspiyetaidal pedtidies ates mtended $ohesoindafuiiaed cl es

Nt bed EERS, MitelerBbf iR e aphaaidh martigiSt SAeui T sulicienty pereisons
for catpriit gaseoUb\eadtantyii £ alldized 5§ rr@zﬁcﬁbﬁfooéliﬁ‘g}:ﬁ mbtthg',ﬁ@d%h%%iééle

sufficient for use as a catalyst support in a 15 I ze ave a pore
vol une Partigles andontad) catalytio sites rapamted adthinethebmicrospherey(i pothesparet 1 y .

0 30 crgPlame SHBAF RIECLA0D' o XSHaRy JAT 5083 Repark gpssagusion). ~
M cr os pluaveves UpbRC folaRAR fyRaaN IRFitdy b@%ﬁﬁs% ﬂﬁcr%%?b?di@?@p%ﬁ&%%yﬁiw an

activity are typically fromabout 50-200 n2/g, prefera rom about
60- 125 enpeedingly high pase evolignenwillolypigally inot dvave satifficiant attrition sesistanicel air

tic i g. i | 2 t t i cl [
e | nonih, eicallp! fdk haveSSUATIER, Murfalg B bl SefbiE L Refill. DTl e °°
sl ur r ymibfasphemidalr partidfcse vhieh iare sGEciADYHAGSE s 04 cétBstﬁtsthBhoiﬂ a

resistgnt,.mcrogpheroi dal particles. For exanple, largey particle size sols
padk | @E@"&drc f’%ﬁi Veya UR YWme ef figm gberh0iZto af tqnc{/@ ag measored byhus,

| ar ger mefchBdrenetly: CPAgbPabtl SHrilcrBEphdiBidi BafticleS h88 IhSreRIAIE rdR" ©
- 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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catal yst support ow ng toits relativel y greater nesopore volune and

smal l er mcropore volune. Mesopores are voids in a m cro;ghere whi ch are
t.ypically greater than 4500 angstrons. Mrcopores are voids in a

m crosphere which are typically less than 4500 angstrons.} BUHDREN
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m crospheroi dal  parti Cij S a]nd catalyst support for a catalyst material. 15

| nor garﬂ“gr%tﬁij@ @&iatl"&bq’ et%leoF a§§'§ef ﬁ”gﬁ'@a):’ ﬁ@e’ﬁm%ﬁdt@? ﬁﬁ@@ﬁﬁabbig‘mummlﬂi fier
d/ i I @Sdj t 5 AT QS r p A y

oxi do. SoIUELL Thel GSEAG! pAEIaoRIAT] B (Eedt B e SorRiaRl oA MR o

al koxi cratalystisypportior accatalysporatena). net al  oxi de sol . An advant ageous
I nvention.conprises particles having a nean

h?ﬁ%g?g'r ¢ gfgé?rg%%ﬁ%u%qg%éﬁt%ﬁea% 5§ |{13ﬁe invention to make attrition modifier and/or

~ attrition resistant microspheroidal particles may be any metal oxide sol. Inorganic

sols are typically prepared by hydrolysis of a metal alkoxide to form the

R 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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20 100 nmor nore. According to the present invention, the inorganic sol
may conprise al um num oxi des, zirconium oxides, titanium oxides, iron

oxi des, cerium oxides, BaTiSi 03, SrTiO3, PbTi 3, sitica, silica-alunmna,
and m xtures thereof. Preferably, the inorganic sol i's a1s§ lJusaggepl

conpri si Rgoskhiegs particles with a nean dianeter of fro ; nor e
preferably from40-80 nm and nost preferably from 50- 70%?1‘(#5%2@@

parti cul a.é desirable sili c?. sol for. use . in this invention is. Nalco
silica S8 ‘%%66‘{“"&6%8?"9?54 ANYR; PYERS PBNOXEED oCeieni exdesoRadiSios,

| nor ganigy TR0 PO, Ssii i | ' LN K rig.on
nodi fier zling/ or ia’? tr ii%g%ﬁ:i ggt?lgttﬂz'ﬁ%é’%aﬁ:&r?gryp ergﬁ'é}gl b%lgl#rﬁfsg e@%‘ﬁéﬁ%@"&ny
i nor ganiphosehatecandiraixturas dheedof wiPreferablynéimed silivar gansed aslthe ingigaid .,

i i c_nan- sol Q with di anef ers of I”_hundr ed
nanonet SALIERS 3 e BrsERORSIRIOR (Ao Pampleal oi Mad Blisa i ABROS( 2801y -
havi 89 aonavercdly AiaABBlefoRDEGCARChdmitEl @dfhganySur face area of from

100-300 n2/g. Preferably, the inorganic particles are sodium free.
Accor di ng t o fiui@eprersbadimentencl dhe inewttion irelategdoi attritiom- sedistant dataigst

e 11 1. 05 WD.02/ 070132 PCT/ US02/ 01892 oxi des, zi i
ot des, TAPHRL B HRdP s, AU JESSIERH | TiTaSR RO ahpArizien, 55 satpignl
PbTi CB, sapporta, Intaeberddtre! with -tﬁés@aemsaaiﬁiéﬁﬁ,%bafaiﬁkﬁ% %g{é&ésﬁ)@@gﬂ@ﬁ{ R

cal cium phosphate and m xtures thereof. Preferably, I's used
as the PRBIGANCC attplioni tsistant roiswsphemidal partisfes. onThancatetytickily cdctivel uned

oy | ) j,al. il able f De ) |
ComSany COEHEREH me e ApRREHTS) o, Bbte B bbbl r ieies Py @st ant
cat al ysknowntaeihal whicthresa®'in 38s irdbgratibh Gt thé?éa?iéi?ﬁkﬁeaglg" 4diive PRt

particles ag catalyst support. In accordance wt enbodi nents, a
cat al yt VHA| [Re Aion resislgnt rmicresphemidale particles, t therelyn fomsingt antatalyst

R T A e S e e L e
met hod meisistant miarbsphémida) artidley bptaryrkrfwit heethsd 20tH 88 bl YinRFbiStion.
¢ nePobyhr BrafeiG dnetios o impseaatian. spagaiaesl 1 U e Ratoal foplieation A ve
oy THASE TG Seon ety SRyl oS FEPBRRC! e A o
‘procedure, an incipient wetness technique is used to impregnate attrition resistant
microspheroidal particles with a solution (or solutions) of catalytically active 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.
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15 A preferred nmethod of inpregnation is described in U S. Patent

Application No. 09/455,753 which is incorporated by reference for U S

patent practice. In a“typical procedure, an inci-pient wetness technique is

used to inpregnate attrition resistant mcrospherm dal pfflét\ljlﬁ& %V\Ath a
a

sol uti onw®oy@Eeiagti ons) of catalytically active materi al 9? E sors
thereof, e.g. salts of the catalytically active materi al refer t he

20 i npr roid rticles. drledsovvl at an eIevated

t enper a%‘?%étgﬁts éﬁfg gélw]gl ﬁ‘ @%5 %%a%ﬁ'p?@alq B?d rfB‘oe 1dBbandelygically
hours. Idontadtathyt atatidry résidtade catailydt Uhateris ﬁluﬁhth%?o BhdOhnitGR i | Y
active tals are used, such netal salts na be reduced after |rrpregnat|on

to formPemeaniast withdbe afntiorsiesistant catalyst atrepgtantafanm adaswedqno@mte nt

 motal conmBoiEer AERE R UesFBAN bBhmetialoh Satalist R shaer e b salahicae o

knows t @chiee catrgloyient ef the attﬂtlbmees@f&ieé@l%y mdt8Aal. cat al yst conponent
conpri ses goI d, pal |€Cdl um other precious netals, or mxtures thereof.

These preci od8 hehegidc ambodisnentiofithis ipyvention; evinyiacetate manamesis fartved al

manuf actir o peind SBBbAIERERD calafy TRARIRN ih ot AEiacd Slatd Sieh rodntcon

rel ate tcompsisingf aataiphalo}eﬁn ezsmsdmﬁarl@@iyﬁd:)@id aved @kygen. Mie fdipth#liofsrh bed
reactor. |In accaordance with these enbodi nents, attrition reS|stant

cat al ysfMPaths | d10se8 Jiom eany Lo 1o dedidiehad glefine ey pnixturey thereof | uiTdiezed
- L / 'l
P (e oriocartlOAYIc d6it mey oFF ehdok ol s o MEHOGRORc Btker miBiese.”

the att thereoh Theioygen may bé strodudedvith otiteraydses] SUCH agrsbing iiktesdlicaanner .

Upon coptact with thef attrition resistant catal éSt the reactants forma
desi r ed fs@o%?}EPO"e"thaa'boP‘{hﬁé} Eﬂ\‘fdﬁ cheser asthe alpha glefiweand acetimacid

catal ysfs & S |1 trition
oSt oy hosp 3‘??"%&"@?‘?3&‘?’@4‘6 i, o yryPabtEs FROTRARERjs BloddiBii B
vi nyl -afethedknewomsradetodyiationd by contacting attrition resistant catal yst

t I I t at t h t | ph | ef
montar boxy! The [idikaERed [Edalina e Ghormbinat b manas” Raownaa ne erdmtany

C2 to Clesdritled bblol Breopreterdilé Operdtiigehranléi@rs, especially for acetoxylation.

. The reaction temperature is preferably maintained at about 100 to 250° C, preferably
- 130 to 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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10 nonocar boxylic acid may be chosen from C2 to C6 nonocarboxylic acid or
m xtures thereof. The oxygen nmay be introduced with other gases, such as
bei ng i ntroduced as a conponent of air. Wien ethylene is chosen as the

al pha ol efin and acetic acid is chosen as the nonocarboxy} Pl a vi nyI

acet at e npo@®eH132S produced in a nethod know as acet 0Xyi)éﬁ“)[%ﬁ2/01§§z The
fluidized bed reactor may be operat ed I n any manner known In e art

descri bed bel ow are preferable r ters, especially for
acetoxyl ation. The reaction t& r‘i’g@? hY%E%"ng%fTer abl'y mai ntained at about
100 to 2500 QA spdrfihg'ABlefial W8S tobtdiRd g{) g mé@rsuw %@Bbesfie?n Nalco

- preferably naintained fromabout 50 to psi g barg preterably

75 to 1%¥eisicyl) (Witft SERDSIL 200 (fsony DeGmssa@nemmﬂ Cmnmmy)r sath tateabout

This: gadtswhih PLOlGRILFESs SR miledalvar 05810388 addilie’ OERWID #ich 1386 ot e -
r equir edindt the Tainairtie? By Hhé it@ it ddahtidheor ;FERUS@Q% X ﬁ&ﬂ{ gvﬁs%‘é‘déu?' mim

rate may cause channeling of the gas through the reactor
undesi r &bKiNgdeE FsaR07 &gt ©b the startiog anateriab withhing attnitientrodifies mhbwslmmat ed,

b h Th tt t

modi 1 et cliEfh Bt Bl Ben R RG pABE by apr SACHRYT o dield
aqueous naitrospiie@iddidocies.| i Te $0A8cé farr@mdﬂéthége Ghiefsphkloidhl PartiERRU4s 200
silica (from DeGussa Chem cal Conpany), such that about 80 wt. % of silica

in 30 tMeagued Pynagiidaint determtivationrofospeciic suwfacec ara® agsingumitrogen

Frort o gasORns, EbifindsBs bty AREblR Hlod iR i KT IS BRTIA TRepSreTS.
| JUN 206lime? of the€e OdidspReroRial/ ;HﬁﬁaVe@l&%a deRfimmiedt Ib{e nerelRf thtfuston

starting materjal was obtai nedd’hé/ m Xxi n Nal co silica 1060 (from Nal co
Chemi cagyf%mﬁtmmqrdm Mith ¢%eni cal Conpany), such that about

The microspheroidal particles were then screened using a +63 mesh screen

and a -90 mesh screen so that the microspheroidal particles had a particle size

15 between 63-90 microns. An attrition test was then performed in accordance with

ASTM D 5757-95. After measuring and determining the initial wéight 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 fnicrospheroidal particles. The remaining microspheroidal particles were
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80 wt.%of silicain the starting material was due to the addition of Nalco
silica 1060 5 and the remai nder being due to the addition of AEROSIL 200. A
slurry was made by nixing 20 Ibs (9.07 kg) of the starting material with
no attrition nodifier. The slurry was then spray dried anhg Junesg®sul ting

particl emowedmieal cined to yield mcrospheroidal particlggushhgssur face
area of these m crospheroidal particles was neasured by single point

area of these m crospheroi dal as m |
cont i nuBER SretbertBich 43, PkatC o5 Aol Dl EeRedes BIERs. G (B BU ool ure
ont | nubS _ _ HiERd M

por ost o) PRSI Mo R bhERR NS SR 06T R PGt el fetengd

parti clhysthesceearhehhus attittat! paitictesowefSpassad Swoegn thescrean a8d rem@iedcr een
so that, the, m crosPhﬁroi dal .\ﬂgarti gllhes had a parti ch,e&;i ze . 15 between 63-90
mi cr onsOMnte: (MRAEMFY, emaniggs o, dhe pseresPnedAi AUE JupigRt \RefeenhswRE D
575%- 9%jetdyi . e L .

i crosn i oNed B Weilh P MerERL R Toalting ¢ {Tekh And Gl s ot by

m cr osghentialaweightimeasiuged ibefareasereeniny. wBebhause thig ostainsdemateriabyn \tee e

bj t t ttriti . JAttritted ticl . .eat ed triti f
the m PRSI ESRIPEERS D HiatPlsle abS o, £BRL AR FRENSY RAINCES| Satrad st
aver agighet iRiaRfiechttHifss weilfht itebhtsFepRiSeht a@heg%ﬁfriﬂohhssi&tﬂﬁce.of the

vessel ere they were coll'ected and wei ghed. wei ght of these collected
particles was divided by the initial weight the mcrospheroidal particles
to,yield a calculated attrition WE ht % rcent. Waile this attrition

wei ght percent nay be effective fo X%EEE ing the portion 25 of attrited

mi cr ospher oT#alproesds vl Eﬁarﬁ?w v repeaiad] xebpBiat 23l 2hs (1088 kdPaRd) it
can not neasure attrition of m crospheroidal particles which result in
aver agd -0 RS of attition madifiep wepenused e maketheeslanii ng ni cr ospher oi dal
particles, after the separation aFg ﬁ%l‘%%mi on of attritted

m crospheroi dal particles with ave 8 irfameters | ess than 25 pm may yet

contai n att Thegocassr indprenpledbiwapatpealert; extept Bat 284 1B8¢10168'K) ahs

greater a m To account for attrited particles with average
di det éréméggég % of AtictirpAnedifier were used famakeythe Yue¥%pher oi dal parti cl es,

a qualified neasurenent was perfoFggﬁglpé(dfrreasuri ng the initial weight of
the remaining mcrospheroidal particlées. The remai ni ng m crospheroi dal
particl es wehe prodess 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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1 15 JUN 2005 WD 02/070132 PCT/US02/01892 then screened by a +63 nesh so
that particles less 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 were passed through the screen ah@~M‘nﬂméd fron1

t he mat ewicpdz/g781%i ni ng on the screen. A qualified weight

det erm ned by wei ghi ng the naterial remai ni ng on screen ng thls

ot ai ned mat L BTt indXblech Weg srialnt <YLt S@ni&s&%@@ﬁﬁﬁm&”se g
attritt3g [pa(1i50!1QH df MEitioR BUIfEPRER uéuc%%aﬂélﬂ#é %lx’a attrition weight

percents represent higher attrition resistance. |l e 2 The process in
Exanple 1 was repeated, except that 23.5 | bs (10 66 kg) and 1.0 I bs (0.45

kg) of attrigi Lfier.were used, he slurry. Exanple 3 The
process in &%T%@Fsggﬁb\ﬁﬁg ﬁx&g@ﬁlpg&reé%\%tm kr%Q{e 123 5 | bs (10.66 kg) and 15
1.55l bs (0:68 kg) of attrition nodifier were used to nmake the slurry.
Exanpl e 4 The process in Exanple 1 was repeated, except that 23.5 | bs
(10.66 kg) and 2.0 Ibs (0.91 kg) of attrition nodifier were used to nake
the slurry. Exanple 5 20 The process in Exanple 1 was repeated, except that
23.5 I bs (10.66 kg), 2.0 Ibs (0-91 kg) of attrition nodifier, and 2.6 |bs
(1.18 g) of added water were used to nake the slurry. Exanple 6 The
process in Exanple 1 was repeated, except that 23.5 I bs (10.66 kg) and 25
2.5 1bs (1.13 kg) attrition nodifier were used to make the slurry. Exanple
7 The process in Exanple 1 was repeated, except that 23.5 | bs (10.66 kQ)
and 3.0 Ibs (1.36 g) of attrition nodifier were used to nake the slurry.
Exanple 8 30 The process in Exanple 1 was repeated, except that 23.5 | bs
(10.66 kg), 3.0

¥

-16-



| bs 1.36 kg) of attrition nodifier, and 4.0 Ibs (1.81 kg) of added water
were used to make the slurry. Exanple 9 -15 1 5 JUN 2005 WO 02/070132
PCT/ US02/ 01892 The process in Exanple 1 was repeated, except that 23.5 | bs
(10.66 kg) and 3.5 Ibs (1.59 kg) of attrition nodifier werg Jugeghj o make
t he sl urwyo ofReewzt s of these Exanples are shown in Tabl eP%Tfusﬁz/sz@z 15 JUN
215 WD 02/070132 PCT/US02/ 01892 TABLE 1 Slurry Recipe Attrition

Resi stance Particle Ex. Measurenents Characteristics Starting Attrition
Added Attrition Attrition Qualified Surface Pore naterial Mdifier Water
Modi fier Wi ght Wi ght Area Vol une T&Egtw\lf kg) (kg) (W% of Percent Percent
(nm2/g) (cnB/g) the slurry) 1 9.07 . 0 4.1 37 74.1 0.44 2.10.66
0.45 Nil 4.1 3.558 73.7 0.46 3 10.66 0.68 Nil 6.0 4.5:49 73.6 - 4 10.66

0.90 NLL_7 8 32 78 71.7 --- 5.10.66.0.91 1.18 7.1 4.1 68 66.0 0.48 6
10. 66 {1. 13| SiurryRecipe2 85 69.9 0.48 7 {LAttdhori Resisknceal 1.{Paatidle 62 66.8
0.49 PBE%0.66 1.36 1.81 9.8 5.0 61 67. 9| Me4Surédndits66 1. JTHYractedstic®. 5 88
66.7 0L 51 |Astasieyvh Atttritioabll Rdded piAtkibh OhAEREHt JrQeaRAS UIRfdde [rBral 1 1 ed
wei ght| perc@aterial | Modifier | Water | Modifier Weight Weight Area Nolume
(kg) (kg) (kg) | (Wt% of | Percent |Percent |(m%g) |(cm®g)
the
shurry)
1 9.07 [ Nil Nit 0 41 37 741 0.44
2 10.66 |0.45 Nii 4.1 3.5 58 73.7 0.46
3 10.66 |0.68 Nil 6.0 45 49 73.6 —-
4 10.66 |0.91 Nil 7.8 3.2 . 78 71.7 —
5 10.66 [0.91 -[1.18 7.1 4.1 68 66.0 0.48
6 10.66 | 1.13 Nif 9.6 2.2 85 69.9 0.48
7 1066 | 1.36 Nil 11.3 2.5 62 66.8 0.49
8 1066 | 1.36 1.81 98 | 50 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.

A7-



5 is increased upon addition of an attrition nodifier. P -17 1 5 JUN 2005
CLAIMS 1. A nethod to nake attrition resistant m crospheroi dal particles
formed by spray drying an aqueous slurry in the absence of 13 ?@ﬁS% tic
metal conprising a netal oxide sol and an inorganic partlcula

separating the resulting m crospheroidal particles, and drying the

m crospheroi dal particles, the inprovenent conprising adding a m nor
portion of added m crospheroidal fines to the aqueous slurry. 2. The net hod
of claiml in which the netal oxide sol and inorganic particulate solid
are formed from al um num oxi des, zirconium oxides, titanium oxides, iron
oxi des, cerium oxides, BaTi SiO3, SrTiO3, PbTi3, silica, talc, kaolin,

m ca, cal cicggrmgar bonate, barium sul phate, cal ci um phosphate, or m xtures
thereof. 3. The method of claim11 in which the netal oxide sol and
inorganic particulate solid are formed fromsilica. 4. The method of claim

1 in which the ticrosphasmbdel mﬁf?er éﬂrﬁbr‘??esf%’ia%t T-ng%g%%erm gﬁ'&f%:f‘%ﬁlsh b5 e %

and up to 35 w.% based on tot sol I ds
particle fif&y ?'M‘"@r?é' aqugpysyslumy inTthe abeeﬂmdafcafcatdﬂwcrmétai aombnsilhg hheetal

% “based an 1 ol sol e el sHEl 8adend R syl BRBHREl n e
sI urry. 6. p‘?H@ &fedihervig the miWSPherﬂldﬂh|pemclehethmlmpmsahaﬁtmdminsp@réddmbes are
formed usianginat pdr@Addr atid¥l rﬁk‘?&%b&% daPhiRd tﬁhw%%ﬁﬁgﬁgp total solids, of

recycled m crogpheroi dal 1 & &S Y-7. The net hod of
claim1l in which thdhai @ﬁ@g@rﬁr@amn pamthiotl #& aremf@mm%o; teﬁmng,o@taniceast

%5c¥%?pﬁ2?8?@§?'9‘8§9?¥'. 8 1RE droff ol il BRi6S. oS Rbfase dtasiure osides1 i n
whi ch t he Ieh pydes, C@H@“mﬁ&mﬁ&h‘ﬁn%aﬁgﬂ' iO4 PamiEd e silied, tAID Skt efica, calcium
m or ospher SlalatO Yl Bk S R T e aior e T SU (NG

m crospheroi dal partrcl os
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 wit% and up to 30 wi%, based on total solids, of recyciéd
microspheroidal particle fines in the slurry.

7. The method of claim 1 in which the microspheroidal particles are formed
using at least 15 wi% and up to 25 wt%, 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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-18 1.5 JUN 2005 9. The nethod of claim1l in which the nmetal oxide sol and

inorganic particulate solid are fornmed fromsilica and using at |east 5
wt.%and up to 25 wt% based on total solids, of added mc\r,\ﬁggﬂeroi dal
particle fines in the slurry. 10. The nethod of claim9 in Ne P85 r ati o
of the maxi mum average dianeter of the added m crospheroidal particle
fines to the nean dianeter of the resulting mcrospheroidal particles is
about 0.01 to about 0.4. 11. Attrition resistant m crospheroidal particles
formed by spray drying an aqueous slurry in the absence of a catalytic
metal and conprising a netal oxide so] and an inorganic particul ate solid,
in which a mnof po?fheoﬁ"eﬂmdnpfcﬁbbphbﬁmivdﬁdh thenemtdl soddeladl dn@ inbRjafigueous

slurry. 12.paHieildR GHRS i ek f claimadl |n ich the t al
oxi de_ Sol and. inorqanﬁgqgg*#%é%rﬁgswgbggﬁiﬁﬁ% ra(ei I?%ﬁﬂéﬁ‘(“r%‘?’%@i’ﬂ?c& Wt%. The
m cr ospher dia§af Opateliselidssoigtddet! microgpheraidahpartitie fibes imhabiuayi de so] is
silica sol. 14. 1ghe HeC erj particles of .claim12 in which the

i norgani ¢ particul ate @gfﬁ?,g gf(r)gg@ K g‘aw[})]g tﬁ?'(e,l ‘gko Q%S{HGTH@"\W‘E? RAFHIFoi dal
particles Sfaresiar ff 1 addedt micresphewiiday partidecfisds B he/omeunddiametsr 35thet %
hurry and T RS s  CHRRO B Ae P 2ge. i ametor of ¢ he- added
mi cr ospher oi dal Thar tttglian fesistanttictdsphereilal ghtioes dbmedd bgesﬁrﬁﬁ Wrihd'Gn

m cr ospher gj ] LS. ahout Q.01 to about 0.6. 16. The

o D e A A e o
cnB/g. 17. @salid, inpatith & Inisor@ortivhar i 6iB4 fheS W area
of 50 to g0§ %ﬁﬁ&)usjsﬁrr The m crospheroi dal parti (!I eg of IcI ai r% 12 (ﬁggi ng a
pore vol une o “410 g 55 cnB/g and a m crosphere surface area of 60 to

125 ne/g. 19. Tie nibe odpboepheiottill ppdities of BainPT1 Blvaioh fe el BHaé sBizhli ¢l e
si ze of 10m5%an%%%ﬂ%mate solid are formed from silica.

13.  The microspheroidal particles of claim 12 in which the metal oxide sol is
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 diameter 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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-19 15 JUN 2005 20. The m crospheroidal particles of claim 18 having a

particle size of 20 to 150m 21. A fluidized bed, acetoxyl ation catal yst
conponent conprising attrition resistant m crospheroidal part_f'__glajl% ?f
claim 11l on which has been placed catalytic netals. 22. The ca 33 005
conponent of claim21 in which the catalytic netals conprise gold,

pal | adium or mxtures thereof. 23. A nethod of using the catal yst
conponent of claim 21 in which ethylene, acetic acid, oxygen, and the
catal yst conmponent are contacted in a fluidized bed under acetoxylation
conditions to pro??gce W‘él acetate. 24. A nethod of claim1l in which the
ratio of the maxi fitm a Ge@sehezidal gartioles of lainadd eving &f ABAE SRR 20 10
particle finethoymn.t he mean di aneter of the resulting mcrospheroi (fal
particles is abou&1 0.(}{\5 to about 0.5. -20

fluidized bed, acetoxylation catalyst component comprising attrition

resistant microspheroidat particles of claim 11 on which has been placed catalytic
metals.

22.  The catalyst component of claim 21 in which the catalytic metals comprise
gold, palladium, or mixtures thereof. |

23. A method of 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 resuiting

- microspheroidal particles is about 0.05 to about 0.5.
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