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undesi rabl e particle si E-9 using a sieve is
feegy ng the %&hﬁbﬁ'regusfm'é;irap drréoo nﬁc@b?ﬁétddﬂrpéMC%%p@f #ie inventjow arel es
havi'ng an undesirable size. A'suitable classifier is a cyclonic air

cl assi f prduckedr by nsprayl dryingo & tSIltElyeﬁnI)ﬁUgﬁ! Rfcinasganie ewgeosol Ard riBgEgasic and

2 || d. ., Particl
ot o | abMiRRG; WhiRC RiSh Tiodiet Bedal i BEG AdREH, PAle S8y R, C
| nt endeghef Pértléﬁfétéﬂnétéri‘a!“p‘i’éfé?@blgﬁﬂ drdcand camwedtdrmcany,lmbw attgitiort  on

t he paraneters of | ui di zed bed reactor, certain particles sizes

typi cal mpdifieromateriale sire mall ﬂmi@spbﬁfﬂt%@'eﬁ’a'ﬁ'ﬁ@ﬁ that inayecheen prepargdnbys
ticl | t t
Prnid or SaByafving: § SR syl ohipre o trgeie JRde 6% ol ildrGaRE pEGES MO

useabl eaaﬁreq@wgsﬁrocégmr@fpumon i of simellaspraytdmd mtnslea,ntwtmh: haye hieen dal
particles are intended as catal yst orts in a HH ggﬂz ed bea reac‘tjor
their paeparated aftee sRIRYARYINGe '%FRS%Y@%CQ@C e Uy &y aljigdised, 1e Rradice
Pr esencgg%&t §AiBd lrﬁfcr&ﬁfﬁe‘r&ﬁﬁls)nbﬁlcr é‘éj“el% u%rw}%ﬂoHS&dsucfh anfdiler Patsleded

Vi nyl € nonomer 'process Is typically preferred that at | east 50%
of the pitdthé stitmryrmdetemmlcnospbemquuaMIesmthlIly@teapadtamflll@e resistanges t han

b f % are | d
7070 pr of o1 o gostrcpge WIBIhIEPReR R rmikchRslouFTaERs Ao BU° "
attriti SPray i 0¥ SR/ T SdstBrE! SR 8GR ot RakEbASIndTyaNiSes ol it

cat al ysi es sui'tabl e for use in fluidized bed reactors, there may be
| ess thahlehstoné%ttmtlopamdlﬁées more than 105 microns. Further, typi caIIy

I th 50 I ha

252 han SO B b AR S oBh S T E ePTSR R tork e, Gt |
for use bﬂndiésw ¢Kéi%dll§ dpray aedag @t@cemsawmm theformatidh d>foa Sm%yoivhx:hes
partlcles ess t m crons. pical attrition resista

m ce®s pBBI’aMedaOUthf ai smalk ofifice m@rtﬁﬁeﬁ |VtthFEbH\eo§|&fWé§&t8P!Z%%f%{m fiB¥st
50% of t)h ﬁ.ge% 88
m cr gnsd %@! iﬁg ﬁyﬁ%@%ietgﬁ]rg art rﬁ‘q %tbrdg@%gnflaze t hat artl cl esﬁfs}l 2%@ of

44, 38 diﬁtd a1ﬂ5t Medigrnswhicke maﬂli)bteraahyt gwsumts Preferabty, ttlheynedlembastmi ain
standard "sieve sizes. Particle size artic e5|z e
be neas Erre@raglya#\etﬂ%m%ﬁtonm@n'wfme@fgPﬁma)é ¥ngk § '!ﬂf ‘I?lfa%rt%sy
al so be‘éBg@PScﬁ'&’hs 838@&33' 3 9§ sd?l%’eﬁ' (frln e\JSS Z phhtémtC r50§9’h688' qﬁéor?éfétéé' B

obt ai ne ryrng are yplca y [ess attrition resista Al't hough
not 3pnt eefdrevace héime bound by any particular theory, it is believed that
these larger sized m cros roi dal particles haye,l arger int l, v@j

whi ch pronot & a8V i Bfﬁ?efﬁgfyor%t n@‘ﬂ%ok{sheslw&‘t\”bfc@ gngpﬁwafr[%ﬁatﬁo ﬁbﬁﬁ
resist a?ﬁlcgﬂs?h%?cﬂﬁ Flﬁ:'lesoaﬁﬂe'fé‘rhSP}I EOMEIrS RRrganit advleinf Qﬁ afiuhtnat least
fluidize sacrificing attrition resistance. Typically, the
appr opr iaboat 18 wi.% @ased @motheatatal weight 0 $he stuty. rﬁ"’@fo@BWe?bteGﬁt abﬁ%‘t PR es
for use in a fluidized bed reactor is fromabout 10 to 200 um preferably
fromabout 20 to 15D u.m 20 and nore pgeferably fromabout 20 to 120 um
I n one enbodi nent of the invention, the particle size of the attrition
nodifier is at |east partly dependent upon the desired particle size of
attrition resistant mcrospheroidal particles resulting fromthe
incorporation of the attrition nodifier. In this enbodinent, the ratio of
the maxi mum aver age d| amet er of the attr|t|on rmdlfler 25 to the mean
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30 One enbodi ment of the invention a slurry is nade frominorganic $o|

I norgani ¢ non-sol, and water. The slurry is spray dried and the res‘ultl ng
particl ewm(rzandmized and cal ci ned. (Before spray drying) tPEI/Fbaz/ngo2 s
pref erably honogeni zed.) The cal cined particles are then sent to a

separ at | 0
PCT Usot cflvgg“g %}“Fggts@q%ﬁ"ﬁ)ﬁgé %°g£%ﬁ€?§u'ha g%'r' 2 from 6%2&??5%@#%
typi cal baseldinr thel otalrwegight tm sllmny and: pcesfprablplrdrageq)&om upde aboubd tesB@ as
a cat al yst support in a fluidlized bed reactor. Another group represents
particl w8 % t h typ| cal | y undesi rabI e properties for m crospheroidal
particles toy ?éfgrr Fgfé |§U§p§iréa 881 BuichUbsl RERobSIcH sopamiey,
The deS|rabIe gr upo part regnated with a catal ytic
corrp@nenbrmuerbmmaa/adablelfywn Naicelﬁl'wmlcgbComﬂaWs dihespregemed ingsganig nen-
fluidized bed r

smal | 8Pt o PePRIELIAG g, At FEele ARy 2 J00 e sE il B AEKEST, 280 o
as an aEBHrﬁér%IbllgWailéﬁé frSH DEGusBaxEfeilicdl Garapgayii ¢ sol , i norganic

non-sol, and wat to make a next generation of slurry and begl n a:new

process cycl é'yp&adih. thecslutry afdgorganicepelandingawel ig SPfarYe‘%ﬂedTﬂ ag&levatedr s

f bl t I
i ar at o EnaiairsruBheBEtbeben RO FIS TG G Bl o Al 7 o
groyp Oto PRHIC, Gfoﬂéwea iy cifsihinglita lé@ﬁ;iérﬁhﬁé typizalberanging frem betweenmbui dal
particles and ‘cat al yst “sup E ort for a catal g st materjal. ~5 Inorganlg sol s

sui t abl 850drtoud0 |G\ and pretasablyofrom abeut 6307 tor BEA°GrodCaicining Ha| typically
attrltlon oi dal particles nay be any netal oxide sol.
| nor ganPE fgﬁ-ﬁéag&néh% Srfz’hy?%r epared by hydrolysis of a netal al koxide to
form the cor pegiioRdiesistant Aicrosphieroidal. paiticlesvaret aymdeubyi use ghrarc attoition

useful in this invention conprjises particles havi a an dj aneter: eat er
t han 20mpdifierd uphisoatition)nedifig q?m@r'seﬁc@opaﬂ ?Eﬂﬁ Hal toé'f‘l‘?dl H!/gh?l on,

t he no 0 ttgal um
ot do TR JiboribBd SR ot ngling] ngﬁﬁeéfﬁ% eSO P ekrably, the
silica- ahﬂﬂmmanodiﬁér rdoriprises & eortion . ofPthef mlablsphe[dmh mmtlgml that diavesaa

' o Eé?%"iuéiaséfz‘% Bhiciofab Bhen TaripiRa Sy S SrspiiRar ioBbe At ks a
parti cub% Fdl&éibp}é?tlélbﬁ' ca sol for use in this invention is Nalco sili ca
al

sol 106 I’CI y aval l able from Nal co Chem cal Conpany. | no%%wnl C
non-sol s sui Miber theratiitionimodifier isnintendashta berised f@rmamufaﬁtunmf tion

oo ek RSP ARl L SHRRPIY B, S58 4HE S4B Yo hicesae
non- sol gt aegsPPaArthe Yependentivpdnern désiatt parick sty of ahehnmi'oeﬂhermdal

nanoneters. In turn, aggregates conprise indivjdual partic i.call
v ng. ariles 4o baimaralastud.{ Hommalan pAFHci 8128 UATPREReTRIE) RVIGISe RIS

K200 i, i A0 OB SpBESHAAD S Sy 4 gt

al um nun p éﬂtg:ula\/i@ Q&Mﬁtﬁgﬁdﬁ s bSﬁiUlé)g&ﬁZranged&n)orgmrcésglj_mémdabpadms
titani um oxi des, iron oxides I um oxl de rTI
si | 26a, espeeially 3pse ysed @s a eal Sﬁrﬁue&PBdna% fui E&ﬁ bed, srangﬁa?"@ 99@?8%

hosphat,e X I Si

"o gants a8 iy aHé Greftbi tronf BloGt A0 18, 00T, % GIVER tfs Seenhechs,
i s AEROPIarticlé Gize Pasgurfer micrbspheroidal aarticlés, omemt&lmmmﬁarcmmdesmay
Furt her enbodi nents of the invention relate to attritjon tliéant cat al yst

mat er i alhavgiameagrpaticlesiza lesstham 1044 andtypicaly iessiban ARt 22 pM-c| es as
|
L omb e patibE S 47166 AMidibr! R R, 08 Uohwofedahainy]. et

par t3pcl agqowhnih ¢teé alrlyt iSprhy Ydrging a@ndmmmroe@t onﬁxcebmza.psdmagdvelocmtnor(aryon
resi stant m crospheroi dal particles kno net hod whi c

ul t
the i nt @jemizesw e't%%’at%%ﬂ%h‘@ymﬁt? &afg ing;torA é"ﬁé ’f?'ﬁn
resista | .
br ot or ati3 FROTE Sl (dfid Bichins B the 36l Wi MBIgHie sSFand HicrgHRIcOrE, |
resi st anjol wsed dsghake mbibttpmm ndiierbmagrbe karedh aceording tes adesitediparticle
i mpregnation. ~ 5 A preferred nethod of inpregnation is described in U S.
Pat ent Application No. 091455, 753 whichgis incorporated by reference for
U S. patent practice. In a typical procedure) an incipient wetness
technique is used to inpregnate attrition resistant m crospheroi dal
particles with a solution (or solutions) of catalytically active materi al
or precursors thereof, e.g. salts of the catalytically active materi al
Preferably the 20 |npregnated n1crospher0|dal particles are dried slowy
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PCT/ US02/ 01892 Reactants, typically in the gas phase, are introduced into
the reactor and typically contact the attrition resistant catal yst nateri al
in a thowaign7arsd uni form manner. Upon contact wth the ap€FUB2M892%si st ant
catal yst the reactants forma desired product. If a polymer product is

desi red, rﬂz% pﬁ)l ”&gﬁt@'f {@glf@tlé‘hﬁ&e Which 8 é‘é‘néﬁhé'ﬁ@a@és@r’éﬂ%&ﬁbi\eﬁnzé fetive

conmpone n resistant catalyst material. In a specif
enbodi neattritioh rnbdﬁﬁer rmaytbemilled vtonglbtaatéhatdemmopelrtlcle; sfzer mfd ptﬁqferable

contacting attrition. resi tant cat y "?1%41 in a fl | %'e w th
et an SRR toiRling aaR0 she pRitSh iR h ah rbroRiR Gl Sred SEEH
The al p%?ﬁf&téfdda I%Lét@% fraQit of dednabiy p§&|dlé>sﬁésaw eefe}aﬂe RIteFnativéttyr es

o t her eof e nonocar boxylic acid may be chosen from C6 monocar boxylic
aci dsor using asievetisdeeding theattitipnanodifigr o ian¢lragifiercty mmnhonm&cl@agég

The af pRESEPAAF- AP EEq Segsfal [oa enpioble St cianbMRp ietviifeler datiges, ™

vinyl aggbpdte ta‘mtfﬁiofmen@aét&%dl:ﬂa@b@eémledtddwanmtrmcntnm%.at|on ~5
The fluidi"ized bed reactor may be operated in any manner known in the art

but descri bedchprasiuceran I@.ttstlemagme émﬁquﬁ@ewﬁahe@@ﬁb aspilisieat Moy

100 to s8catatop MBglERi WibBRRENIMY the SpRAZUR SBKY, THYSLaN o8 O
mai fbai RSt AtRieh MBdifier A8t leRst 1t %obagedon ghe totat hwaighitl of tﬁé sluu'ryl.SO
psig (5 to 10 bar ? Attrition resistant 20 materials are naj ta| negﬂgﬂow

f 1 ui di zeuoretpretempplysal ieast abputghwt-M.0Ind mQ%l@FPfFFﬁp'Y 20 gpou |V‘§ Ba

o i o anagurts B BtOHGIF fodfinér pfednt Shofe Sy el rdBuge! & dufry Whiefis! ©
Gotr casaoeelraby ‘2?‘%‘?“3?2??’*‘“?"#%? e T e P s
limited TYW&"MethQ)PF&M"ﬁQ Eﬁ&ﬁﬁ!‘ é%og'@%lfﬁﬂ@ tip do ék’f)f‘ﬁ% ‘?#ﬁ’oh???‘irp Lfb@d in
t he %0' 'f@%’b"?? gﬁﬁ%ﬁ ”%‘?@reb}sre?ef A{qudfh NSp 30 ABLROYES Vil 9, 'ahdimds! co

sili mcal) wth 200 S|I|ca(fromDeGussa
Chem calprémnwwr)qmabobtShﬂt%about 80 wt . % of SI I icain a 30 the slurry was

he hd 11 on Welshodhe' Bosferait. st o Wik FRERY BE, SREPRaHERel2,

cal ci ne ! Fddidtant MeidspReroiddiSpartiYi@s029gieady the total
Conpar aﬁ%%ka%ﬂé%rgagOka%Tmt%ZI01892 A stgrt'lror% %terl al vvgg o%tzal ned by

ni xi ng Mehauntsof| saligs i0dbe Slurpnisnabewt 2htarBOwt Yowfithe Alwins| and preferatly A0
DeGussa m such that about 80 wt.% of silica in the
st ardd; nd%@t‘@f%ﬁ?&%ﬁ ?‘H& to the addition of Nalco silica 1060 5 and the
renai nder beijRdanbthef @ribedimdmnt tafotheo fnvaRRE! theZQIQouAt salfmttrmonamammm igy
m xing 20 Ibs (9.07 ka}dof the starting mater_l_ trlt

€

modi f i erbaSEIdeO"smﬁ tataliweiaht of sefdin the sdmindle bWP&W’? %’éj%é? %F%éh%er e
cal ci ”eﬁ)oﬁ-@?ra§ ?Ijlgs %Wﬁeiﬁ%éiaéol u'BQNﬁér e %Ifd%aﬁcﬁtlaﬁ‘?ﬁaﬁ:o

m crosphe par es was neasur I'ngl e point determnatio
speci fi (at&mbhamd#ratamwgaglcnsolr mgm"migampt nmsobodﬂlghuamupts)wf rastrhlod in

d h AS 67-9 h h
par tB5c! dodlier BEASEMm e Byidsahortig of s o ey s HELR 6 oriRdReE
‘M th Asig(h%tﬁé%oﬁ&s JT lifie f%&rfrrTgSﬁla@n@sdﬁin gPRY MféﬂucﬂSsmyedﬁéwmnémsgﬁéﬁﬂdaw ng

+63 nesh screen an screen so that the m crospheroidal
part i c| grartieldsa Accdrdirigly, she eamosnthet atidtior Snadifien isr preferakly upttoi 35 ovt. %est

th rf d wth ASTM D 5757- f
dot er m rhARgek o Mertotalpeigt S eoiek ot Ao Pl pb Wl fo, AEER 4 06T
test i “Vﬁd\zﬁ%st BFeg]fePdmy foni bg t814bioRs RBaNOYd S uffisicint altrtion Micdiflervstisad bei t h
a cycl one ere they were subjected to attrition. Attritted particles were

cr eadoed mgsantlnlthe@ohds ppnmmot:ﬂ\esqju@y sodhat gam&qmteéﬁtamﬁemm&rtqqt@d 20

Phe t op eultib Shey Hhefh Qa5 B Barfiios.cesordfiof 8 afoulfd Ao ¢ ©
these cohbafiepiks prtéiablyeat wast 8iwtidashsed 6rthe tothl wéugheogbondsm the slurry,

m crospheroi dal particles to yield a
P more preferpably at least aboglt 10 wt.%, and most preferably from about 15 wt.%.
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calculated attrition weight percent. Wiile this attrition weight percent
may be effective for neasuring the portion 25 of attrited m crospheroi dal
parti cl eswdww7og2an average di aneter |less than 25 um it PE@NURE01BEASUr €
attrition of mcrospheroidal particles which result in average dianeters

greater than, 25 e k0| ' i r
the separati c&'ﬁ %rﬁ%]egllpé@meﬁgnofgﬁm;gﬂe?\?ip Euqﬁqgﬁ@%'%eg%%d@ﬁ%ﬁﬁ%‘???é@%mﬁt h
aver age nficaysphersidaeparticleanis?at least rirtly elependent npahtits irdended usephdhei dal
particle with 30 average di aneters greater th%n 25 um To account fior

at tri t epapigle isigeof the pttslien Jgeistant micsesheradal pagiclesmay Pgi ¢Rirallgd: ine
Pl . . el oo E , q
by measalY nepEP il v, 880 ait” S diYg cbRAGRE € Bficd e SSpi e
The penweldcity, rotaroatdmizer detieqd speed|, @ndtives like)dmay\Vie 02fiedoadrding to a

PCT/ US02/ 01892 th 63 h t tic). ] t.h 63
i (11 dented A ee tioh: (ticl s2es And At o the “Seen &ied nBTaanNie 3o es
greater iﬂickergap 3 HEH B[ € ah@t 2AtRADAY nidiicsic 668  TOUmakd t HitthitieA Rebistaites

wer e pass rough the screen and renoved fromthe material remaining on
t he scr esiorospheusitiall padicles ghay e varied vaccording etoe antiesitedankiclghsing. t He

gl e Rovhr o gl il
Toasur oaHEPe BslaIniaRSIerDRA Patides Sré Thade wifhidi nohPald & Jsirfe o
repLgs egsfagﬁiclfr?k?ié, dhe 30Bh o ABrasphetbidal bafitie hhlihesn URdesirdble Paticles .

hi gher qu ied attrition weight percents represent higher attrition
resi st asize mayadreptemaverhdn @ elated embatiment cit hasbeendiscavessd thataithought

o make tRdomertaditn mal o Snteyipe R FheRyRf foasth. fBE oinSlad Hebaiice
that 23.pay Be ddvantdydeislyansed-as arbattrition Modifiek Jor piakirg a inekbgeneritionesf

were used to nake the slurry. Exanple 4 The grocess In Exanple 1 was
r epeat e@ftriienefesistant mizraspherodad. particles. anRemayal pef (undgsiragle sizes of

' B amneroPHsLSial BRftcli Toay? B Btoed 0 Plecirs, BRIt o BRRAHAEE"S
kg) of aided bieve todeparite awdl isblbtel tre fractién gf ohdesicibie yatrticlevsizes.usAd to
That 55 proleably SooRNs ocusnga 5oss ool oo Frod G s e i

used to rL s a7 | i eat gd)
except ttw.gg ii'lt\)ésI é%?lgéa%'ﬁ%nﬁgﬁ ﬁsﬁéﬁﬁs%@ ' 5;% (I;Q%QJ 'tgtb 'Eb r :eﬁ%osﬁ%r’;ogl ? I er
wer e usegcloniorak elagsifies| wherein Eratlier pagticles Wigrate e dhe tom ofthenpeactor wnd

repeat ed, ex e&t that 23.5 Ibs (10.66 kg), 3.0 Ibs 1.36 kg) of attrition
modi2Pi edre gAledted. | bs (1.81 kg) of added water were used to make the

slurry. Examp£ti@e-sife typically becomes important when catalytic materials made from
such attrition resistant microspheroidal particles are intended for use in a fluidized
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 reducéd.

30 When used in a fluidized bed vinyl acetate monomer process, it is ty@ically
preferred that at least 50% of the attrition resistant microspheroidal catalyst pai'ticles
are less 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/ US02/ 0189~ The process in Exanple 1 was repeated, }éxcept
that 23.5 Ibs (10.66 kg) and i a 5 3.5 Ibs (1.59 kg) of attrition nodifier
were usewgeoredse the slurry. Results of these Exanpl es ak@r/E8@n892n Tabl e
1. -16 WO 02/ 070132 PCT/ US02/01892 TABLE 1 r Ex.Slurry RecipeAttrition

o) CHESRARETHGRABRLR PRI eyl 0 oxé e o s,
t he sl uthdreray be 18¥s tian Pto Sénofpatticlassnovethan 10& mierensu fugther Aypically
(me/9) I:)(I)erses. than 50% are less than 44 microns and preferably less than 35% are Iess?%than
44 microns. Typical attrition resistant' microspheroidal particles for use in fluidized
5 bed reactors may contain about 25 to 30% of the particles less than 44 microns.
Typical attrition resistant microspheroidal particles for use in fluidized bed reactors
have at least 50% of the microspheroidal particles with mean diameters between 44
and 88 microns. Persons skilled in the art will recognize that particles sizes of 44 88
and 105 microns are arbitrary measures in that they are based on standard sieve
10 sizes. Particle sizes and particle size distributions may be measured by an
automated laser device such as a Microtrac 100.
it has also been observed that larger particle sized microspheroidal particles
_obtained by spray drying are typically less attrition resistant. Although not intending
to be bound by any particular theory, it is believed that these larger sized
15  microspheroidal particles have larger internal voids which promote attrition.
Accordingly, the particle size of attrition resistant microspheroidal particles should be
suitable for use in a fluidized bed without sacrificing attrition resistance. Typically, the
appropriate particle size of attrition resistant microspheroidal particles for use in a
fluidized bed reactor is from about 10 to 200 um, preferably from about 20 to 150 pm,
20 and more preferably from about 20 to 120 um.

In one embodiment of the invention, the particie size of the attrition modifier is
at least partly dependent upon the desired particle size of attrition resistant
microspheroidal particles resulting from the incorporation of the attrition modifier. In
this embodiment, the ratio of the maximum average diameter of the attrition meodifier

25  to the mean diameter of the resulting microspheroidal particles is preferably ébove
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 advantageous.for a

fluidized bed reactor, attrition resistant microspheroidal particles are made’i and

30 microspheroidal particles having mean diameters less than about 25 pm, -_:more

y 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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resi st aMEEORR %rgfctag W'g'%% &'fel glgé\%\etﬁéﬂtggeé@cggt Jﬁpg?i st‘?‘ﬁc?ga@"é‘gr}ﬂﬁkénbe
addi ti on@ésiribléfér idd MNamuidized bed- feactor)\tH2y0R¥ay 168 advahtaigenhsiytused as
clainmed is: PCT/US02/ 01892 1. A nethod of nak{;

_ et : =
ni cr os par adritian medifiercios Mmaking @ rext gesgratione t?rg%a\ éﬂlstﬁtg& %fﬁ%%@ftﬁ@%n

i norganbg g%l , an inorganic non-sol, and anr 5 attrition nodifier to form

spray d %' Sarticl es. 2. The method of claim 1l wherein the inorganic sol

congy i ses si The Pparel voldimeToleatttido desistant anicrasphiesidainparticlesnalsgaypically

non-sol conprises funed silica. 4. The thod of claim.,1, fucrther...

- conpri sheepraes éNpPAaNt ihthe HP"&VSBP?@J{]&%EEIP%@W 5r.‘te’i‘a§gk@'f Heg "b?ef[*ﬁ'%lf?ﬁ' 4
wher ei n ' fni ' [ '

attriti DR festpt PrétpiEln g michRpRBHGHARTamaRh sioBi be L hatuIto

conpr i spermipghsedis ractants tin atfluidized detli reacton $e diffusetiotcathewicgasphgroidal i ds
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the attrition resistant microspheroidal particles. For example, larger particle size sols
pack less efficiently when compared with smaller particle size sols. Thus, Iérger

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

30 One embodiment of the invention a slurry is made from inorganiéf sol,
inorganic non-sol, and water. The slurry is spray dried and the resulting paﬂiclés are
dried and calcined. (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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17. The method of claim 16 wherein the catalyst material is in a flui di zed
state. 18. The method of claim 16 wherein the reactants conprise aﬁfalpha
ol efi n, wo2r/mmsecar boxylic acid, and oxygen. 19. The netGHUSR/088%2i m 16
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Mg () - 9lirwentiongcompnsesypartiging having a mg%b@prppter 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,
BaTiSiOas, SrTiOa, PbTiOs, silica, silica-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 50-7b nm.

25 A particularly desirable silica sol for use in this invention is Nalco silica sol 1060,
commercially available 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 partigulate
material which is not an inorganic sol. Typically, inorganic non-sols are aggré@ates

30 with mean diameters of several hundred nanometers. In turn, aggregates corﬁprise
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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resistant microspheroidal particles by any known method, such as by impregnétion.

15 A preferred method of impregnation 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 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. Preferablyi. the

20 impregnated microspheroidal particles are dried slowly at an elevated temperﬁture,
such as 40 to 80° C, typically for more than about eight hours. If catalytically 5ctive
precursors such as salts of catalytically active metals are used, such metal salts may
be reduced after impregnation to form a catalyst material.

Suitably, the catalytically active component of the attrition resistant catalyst

26 material may be chosen from metals, metal compounds, organometallic compoi@mds,
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 manufactur& of a

30 vinyl polymer. E

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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0, .
/0% () Wpﬁeréﬁééen f}om any C, to Cg alpha olefin or mixtures thereof. = The

10 monocarboxylic acid may be chosen from C;, to C¢ monocarboxylic acid or mixtures

thereof. The oxygen may be introduced with other gases, such as being introduced
as a component of air. When ethylene is chosen as the alpha olefin and acetic acid
is chosen as the monocarboxylic acid, a vinyl acetate monomer is produced in a
method known as acetoxylation.

15 The fluidized bed reactor may be operated in any manner known in the art but
described below are preferable operating parameters, especially for acetoxyliatio'n.
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 (56 to 10 barg). Attrition reéistant

20 materials are maintained in a fluidized state by sufficient gas flow 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 Exampies.
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 si[iba in

30 the slurry was due to the addition of Nalco silica 1060, and the remainder being due
to the addition of AEROSIL 200. The particles formed from spray drying:were
calcined, resulting in an attrition modifier.
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210 % & (?97\?(1%’0/? $|I(¢5a frbE\e startz matenal was due to the addition of Nalco silica 1060

(10%l( d( & () - 2! 2F( 10% Z! | #109% ( & F10% &
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mucrospherondal particles. The surface area of these microspheroidal particles was
- measured by single point determination of specific surface area using nltlfogen
10  adsorption, continuous plow method, in accordance with ASTM D 4567-94. Thé pore
volume of these microspheroidal particles was determined by mercury intrusion
porosimetry in accordance with ASTM D 4284-92.
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 weight of the
microspheroidal particles, the ASTM test involved introducing the microspheroidal
particles into a vessel with a cyclone where they were subjected to attrition. Attritted
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 tl"ie 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 p,m it
can not measure attrition of microspheroidal particles which result in avérage
diameters greater than 25 um. Thus, the remaining microspheroidal particles, after
the separation and collection of attritted microspheroidal particles with average
diameters less than 25 pm, may yet contain attrited microspheroidal particleé; 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
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5 determined by weighing the material remammg on screen and dividing this weight by
the initial weight measured before screening. Because the retained material orn the
screen represents material absent from any attritted particles under 63 microns,
higher qualified attrition weight percents represent higher attrition resistance.

10 Example 2
The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg) and
1.0 Ibs (0.45 kg) of attrition modifier were used to make the slurry.
Example 3
The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg) and
15 1.5 Ibs (0.68 kg) of attrition modifier were used to make the slurry.
Example 4
The process in Example 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 lbs (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 2.5 Ibs (1.13 kg) attrition modifier were used to make the slurry. r
Example 7 |
The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg) énd
3.0 Ibs (1.36 g) of attrition modifier were used to make the slurry.
Exampie 8
30 The process in Example 1 was repeated, except that 23.5 Ibs (10.66 kg), 30
p) Ibs 1.36 kg) of attrition modifier, and 4.0 Ibs (1.81 kg) of added water were used to
make the slurry.
Example 9
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Results of these Examples are shown in Table 1.
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Slurry Recipe Attrition Resistance | Particle
Ex. : Measurements Characteristics
Starting | Attrition | Added | Attrition | Attrition Qualified | Surface|Pore
material | Modifier | Water | Modifier | Weight Weight Area Molume
(kg) (kg) (kg) | (Wt% of | Percent |Percent |(m?g) |(cmg)
the
slurry)
1 9.07 | Nil Nil 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 78 71.7 —
5 10.66 | 0.91 1.18 7.1 4.1 68 66.0 0.48
6 10.66 | 1.13 Nil 9.6 2.2 85 69.9 0.48
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 Nil 13.0 2.5 88 66.7 0,51

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

5 is increased upon addition of an attrition modifier.
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1. A method of making attrition resistant microspheroidal particles comprising

spray drying a slurry comprising an inorganic sol, an inorganic non-sol, and an

5 attrition modifier to form spray dried particles.

2. The method of claim 1 wherein the inorganic sol comprises silica sol.
3. The method of claim 1 wherein the inorganic non-sol comprises fumed silica.
10
4. The method of claim 1, further comprising calcining the spray dried particles.
5. The method of claim 4 wherein at least a portion of the calcined particles is
recycled as an attrition modifier. '
15

6. The method of claim 1 wherein the slurry comprises up to 35 wt.% attrition

modifier based on total weight of solids in the slurry.

7. The method of claim 1 wherein the attrition modifier is obtained by spray

20 drying a slurry comprising an inorganic sol and an inorganic non-sol.

8. The method of claim 1 wherein the attrition modifier is obtained by spray
drying a slurry comprising an inorganic sol and an inorganic non-sol to form particles
which are calcined.

25
9. The method of claim 7 wherein the inorganic sol comprises silica sol.

10. The method of claim 7 wherein the inorganic non-sol comprises fumed silica.
30 11. The method of claim 1 wherein the ratio of the maximum average diameter of

! the attrition modifier to the mean diameter of the microspheroidal particles is
preferably above about 0.01
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formed by impregnation of the microspheroidal particles with the catalytically active

component or precursor thereof.

16. A method of making monomers for manufacture of a vinyl polymer comprising

15  contacting reactants with the attrition resistant catalyst material of claim 13.
17. The method of claim 16 wherein the catalyst material is in a fluidized state.

18. The method of claim 16 wherein the reactants comprise an alpha olefin, a
20 monocarboxylic acid, and oxygen.

19. The method of claim 16 wherein the reactants comprise ethylene, acetic acid,

and oxygen.

25 20. The method of claim 16 wherein the reactor is maintained at a temperature of
from about 100 to 250 °C.
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