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shel | . BXaMP s of silica 2-3 nmin dianmeter sinter together to sone

extent even under the tenperature conditions encountered in a conventi onal
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[err] as polysilicic aC|d 55 Di screte particles of silica2-3 nmin

di aneter, such as those present in the polysilicic acid described above,
form hard shells on the resul ting porous mcrospheres under conventi onal
spray drying conditions. The "green" attrition resistance, i.e., the
attrition resistance before calcination, of the porous m crospheres of, for



calcining at [err] for 1 .hour. Calcination of these m crospheres of
vanadi um phosphorus oxi de catal yst precursor - 10 ww% [err] (PSA) is
necessary to convert t he precurscﬁa[{]ﬁstdgg@,at al yst. However, since the
'grigen" attrition resistance is so high, calcination can be carried out
V\,he,h conveni ent, for exanple when the 5- microspheres are in the reactor.
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silica smtn&es A Rbuitink YMrm feorliniddB4RER GHilgs Woodk VR0 dafilybtsRdclisoriald tdvh Sidk Nt i on
is a basagHaflm @iym chl ori de aqueous sol ution which consists of high

nol ecul ar wed gty wsisbraydardrib® agEvae | of 4 hDMinavi afoiniz6l £6a REBUHE sdt-abs PENE5ER

di arret’erkpa)/thﬂla cHintetitempalatarabt24aed s-basi ¢ al um num chl ori de yi el ds al um num
oxi de’ The THgrstmudrd sibves wbrie Glacked $i 19¢ erderedt Ub. 40h@D, HaSY 2N9sEnArB25r amp lwidh @ tid @ a
vanadi uneedivingpan andplagsd efea sieve shakert 200rget ghagber product was Piagedon theNe. 4 dirys prst

al um nunthe lslevsy $hakey wag rundier 1§ minutes: tRaghs sleve dractien twag fooitierandweighpd) pppmately pFer us
oxi de cadmfuiis pbigipeddy serepning 7249 ghohgrpker prpdugbae shope it Tableve. However
calci#ation at [err] for 1 hour converts the chloride into anorphous

al um num oxi de, and the peripheral alZabh@-tich shell confers high
attrition resistance to the m sepepheres of abHaA© catal yst. Al um na
degrades the catal §steperf or reOpenind, theceibeeteas not the oxide of
preferred choice f82€8P/ O cat glmmis. 25 fgirition wesistance was _
measufed usi ng an aFﬁargtb éFI 2ure 1) in which the conditions are simlar
to but nore severe ati®Yhos pe'h?:n%‘é@i by th® catal ystlor catal yst

support in actual opgr N.al pp S is nprised of a tube. 1 to
contt ain the catal ys aﬁ%lbeco(r’mgg? ?b % IS tuﬁ% a |larger dianeter upper

se@ign 2 which s.e;[o/@s.,g@g,anoeiygrlaéo& gust ggplector. Aeans (not shown)
var‘y the pressure and flow rate of air ?ed through air supply line 3 to a
disc 4 containing-32%. 0160 inch (0.495049) di apgeter orifjge 8 30 opening
up into a 1/16 inch (1.6 mm hole 7. The principle of operation involves
transfer of energy froma high velocity gas jet passing through a

pr ectse| y - Eachend] thogei 50 @ saripiss ofhthe 198t + 338 fredtiod was suhdad loutj im atthir lyes oh [aifide meght h

ot her pattainiess steel sSien o ipptdf @ avartz(heatr to jalidweair @iflow upidenand eves the sagbie. AR tegsout
16 [ err]Yoasraserupiecsd erdim e e @ belplae gonar &foein@yl abrend bk furmaes. (TpmBiFidrotasas | ow
and exi t Maifginad; at 284 n“\éﬁp‘t""@a‘s“ﬂ’cﬂﬁd@‘e thipdeat 364 - dhe ballesperd) wa= OB\t iG] 'fBles a
35/ 25 sphfeMminuie soj taat r‘h5 “8“’? &GWP%eq for the boay o tgupfdop 'ﬁ‘\’%{h%' “(‘en‘ﬁ‘t"“é hﬂtﬁd)’"'t"ﬁ?"

col | et i YRt pidher g %e %QB‘P Brodvgt wes YP/G, 8 q;‘fﬂ'»" 9 ater
t han about y@? oot Vs,?at % ?%‘Eé%@mbtﬁ“ °ﬁ'§‘a'b°ﬁt“§'P g prden 'f"" 'b“g
section 2°% f 8PRF at e op R e ?t"&"?j ack into the tube 1 due to the
action of an el ectromechanical vibrator (not shown). At elapsed tinmes of 2,
6, 24,,48, 72 and 96 hours, the flask and filter are renoved, dried at

[err] In a vacuum oven, and wei ghed. The hourly rate of solids carry over

s ical cul ated, recorded and plotted. The hole in the perforated plate

shoiul d be drilled to close t ol erances because the attrition depends
mar:kkedly on the dianeter i.e.. on gas velocity. Sone erosion of the holes
occurss during use, and the plate nmust be replacol when the pressure drop

t hrough the plate deviates significantly fromthat obtained with a newy
prepared plate under the sane flow conditions. The apparatus of Figure 1 is
substantially geonetrically equivalent to that described by W L. _
Forsthye,Jr. and W B. Hertwig, Ind. and Eng. Chem 41, 1200 (1949). 45

The foll owi ng exanpl es are intended tg denonstrate, but not limt. various
ernbodi di ments of the invention. Al tenperatures are in degrees Celsius.
EXAVMPLE 1 50 This is an exanple of the preparation and testing of a V/P/O
- 10%[err](PSA) cat aI yst of the |nvent| on The preparat| on corrprl ses the
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4 was then added and the -m xture was heated at reflux for 4 h. 114 g of In
nmetal (corresponding to 2.5 atom8 * EP 0 225 062 Bl % 1In) dissolved in
acetic acid and isobutyl al cohdP 0225 e82d@1 added and heating at rellux was
cofjtinued for 2 h. At this time an additional 3240 g of [err] was added and
the m xture was heated at reflux for 14 h. 5400 g of 85% [err] were added
over a 2-h period at the rate of 41—3 ITa!/ 1:5 m nutes. The m xture was heated
at reflux for 20 h.- The slurry was d and the filtrate was recycl ed
until it was clear. The solid 5 was dried in air at 110 for two days. The
solid was comm nut enhnful at iveVdgmenN t h particles of size between 1 and 3

[errS] 7068 g of V/ HmOMidtal(Hiurgnecur I0ewWahtt Bigsphgdyced. A S w% [err]
polysilicic acid solution was prepar’ed‘W\%T'l_um g of JM grade
sodiumsilicate solutio (300 g [err]) witR.098% g of distilled water in an

8-L stainless steel beagRer. The sol ution wﬁsogﬁﬂrred for a few m nutes and
theraafilteredthrough | ded filter paper gﬁeaclear wat er -1 i ke

filLtrate. This clear filtrate with pH of- was stirred vigorously
whi | e Dowex[err] HCR— gH resin, a strongl | c nucl ear sulfonic acid
cation exchanger supplied by Dow Chem cal y, was added to reduce the
pH. Wen the pH was about 6.8, excess resin was added to reduce the pH
bel esv BreSveighixif the colurin wesidued thel iencjof thedest wes 19110 orasts aithe cuthlgst weigle apte steiched
3.0 [errPBixy, grams Ik the riningda sanfitld twes adtivetpd fern b thhet dé®ain ISkt ndtlanelid% used
Wi t hi nox@enigage nittoop dpapeductien of) mHlaly e dusing SAeds i 3% nfoglanesip el wefr yvi ng.
15 mepsurad at teparateressranging, frogy 440 ° fesES0S dn @ figie) Redvgactas.crd dhegresulis ?H‘%ﬂeﬁg'ebow{
and w plefted fncFigrac pn tin bpsinpf §1HE'@d’°"V2'(§B(D veysus felegtivify dor calpln antudeide. alanaanit dhe

pr ecur SeHits {Rh E'g'ﬁﬁﬂ‘éros“%sag}ﬁ’&fs @ @) of nipg, sampipe:pwith bﬁ"’\""(ﬂ?"ﬁfpe?,ﬁ?"ﬁ’!?) MSARLED  The

res‘trl/t it ”’§ zlﬁ“? e "el? ?a %"Y?é@% It‘i‘sﬂ@?% f@‘@g@?é’ﬂg ﬁ'@ﬁpr sor
and 10 (:T'on l?]s on rsnon nog 'ggltg f ed at

t he ra? elc nh nga 53?3191 3? eéf?eé’"ﬁ?e AP SONRPIOLA 'B8.'Y 20
kPa), an Chanber terrperature of 245 [err] 5 . Tyler standard sieves were
stacieng ghe order of No. 40, 60, 100, 200 and 325 along with a lid and a
recei v1-|°rg—paﬁ and pl aced on a sieve shaker. 200 g of chanber product was

pl aced ofni R&n BlmpQt b %MSarﬁBﬁ’ oftmp/élcamestsbﬁw SR Pk 6t teGvertian.Ni NUt es.
Each si etgy dirgQérspidy W@ng Wad sdnfpiseaRElad0Ry &8 B ¥k SRR 3biddoR birsATiieg 8D LG Soo
obt gd N@G s SerMINANYPIOL datdlysP foreeliad uRbcriBéd0 thuEtample€1. SO VWH was 23Hla8d e 25
Tabl e donésatratimof solids was 51.4%.Anount Screen Qpeni ng
Col | ect e@ormitizssior spray drying were the $aMp as used in Example 1. The(yig)d in the chamber wasl423 o 30 - 40
+60 anﬁ iniBe cyclon®)25B gDfor a total of 679 g (72% t@al yield). 1-60 +100 0. 250 -
O The chamber produdtSvas screened and 150 @ oBfhe -100 +325 fraction werb(QRlicineBPShe b@t 1490 -

454 furnace under the samé,gpditions used in Exampig2. - 325 0. 044

65 g of the t@cimadnodyft wah flddizeg Jorcpne weak| e d. 5%5f""?l¢?éef9QL% aig-algp@° pRaben on was

s pr eadZQm?f this praduchvas tesigdder agirition rgsisigacerksion, theapparatused proeadyre glescrlad aigyet Op of

a quarThe %m' tosh resuitsoql the palqingd rspramip ardibe samele éf%?d i} aytag%{ﬂ'p%""wk 2 e
boat s p"&ﬁ?i’é‘ ”éPc%a'h%‘f? It 6"°é’rf6"t8‘ﬁ °§I°'ER§’I \{/P/81catg{vs33 SiDaAF541 € '?"’sl‘")ﬂi"'ﬁ ong
bel ‘tﬂ°g "‘F‘iar" t;hag frson) gg k}%ﬂ a' ! %m?é&‘ "etI , and
t he t hl r lﬁ: ?S rea 1N 0 tat un ) o 1= )ulanee SO
th Egen ested for act ] sele l m c anky du 6 lher% HHIL

at ct ts"\é?\ Etalﬁgf zﬁ %téfo ch il %Jﬂvs or tuha _
fur na gdé,;, hree ca CI ne sanpl es was 3 0;

the490ro uct was V\P/b ca yst - "10% err] 20 g of the V/IP/ O catal yst - 10%
Si Q2( PSémpips tested for attrition resistance using the attrition mll and
procedure—descri bed above. The results are shown in Table 2. 50 55 9
This is an example of the preparation and testing of a colloidal silica (22 nm particle size) - 10 wi%
SiQ, (PSA) catalyst support of the invention. '
50 1688 g of Ludox® AS-40 (commercially available) containing 675 g of SiOz (a silica sol wilh particie size
of 22 nm and 40 wi% Si0O:), was added to 1500 g of 5 wt% SiO; polysilicic acid solution (75 g Sit);)
prepared as described in Example 1, and this mixture was spray dried under the same condilions user! in
Example 1. The yield was 398 g (chamber) and 248 g (cyclone), for a total yield of 646 ¢ (85.9%).
For comparison, 2000 g of Ludox® AS-40 containing 800 g of SiO (a silica sol with particle size of 22
§6 nm and 40 wt% SiO2) was spray dried under the same conditions used in Examnple 1. The yield was 468 g
{chamber) and 276 g (cyclone), for a total yield of 744 g (93%).
Each of the above spray dried products was screened as described in Example 1 and the -100 +325
fraction of each product was calcined as described in Example 1. 20 g of each calcined product was tesled
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EP- 0 225 062 Bl Table 2 Cunulative Time in MII (Hours) % Wi ght.

Loss/ Hour 2 ° 0.0751 6
0, 752 24 EP 032506381 o ' | 48
0. 0318 72 0. 0385 96

0.0475 15 b i GO 53045, ) ol B ME (050 s
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cal ci ne g )ﬂaé’@&aﬂ@%dré(:@& ti nQéslsilaé th @eru lioxeo2lnmy 20 N- but ane/ 12%
oxygen/ 82 % ni trogen. The production of mal ei ¢ anhydride (using a feed of

. 1.5% p- xnmPeE 4N air) was neasured at tenperatures ranging fromf[err] to
[err] ima T Truid bed reactor, and the results obtained are plotted in
Fi gure 2 omistifien ampie oixhe frejariien 4ha MestrigSdf @BolvidiISlica @ @nquaittich isize) - O wATEIDEI C
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dat.a poi nt390pe pf deionigédchuderae (PM 2.9) containingA00 o ohSiOt (aREice sol with patdicle sizeact wr and
react i oandhwy Sifriovagadded de 2090 tohaf § it iz, polpbilicia asigh dolutiond g it Prergied as
addi t i ofessfibedInExeBledqang t@]ﬁ mpjuEaRS SpRY dided ugder thSape eaAilions gpRddH Eﬁaﬁ'ﬁ'edrfel t he
sel ect i PPy Lydgr® F?Bﬂ"él éo‘éﬁ(h 8? "ﬁé) 25 EXAMPLE 2 This is an exa of
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j; ri

for spré& e
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+325 frﬂﬁstdréh'ﬂy\é\%&ed?ﬁinﬁdnr}é‘sﬁ%tdn&6v9ﬁhé?€ilIud&5(ﬂ%)nace under the sane

condi t i onsTwésRfplbsorNAsErdyedridd L&Rx® (70im)t-RE weR |, Sh) et inedasS atioldudxdépt € d
for e maeml cailBinatioh tmperbiuied Wefe %80 b YndiB00 * Afesdebivelly. Whéh fodiénior BitrigorDilesistitics
product usiagpthe apgartlisfand p@tddidetdesufibgdesbb! hBscsathBles) Badt rBSduaP pegedt wi% adds.75

pr oc edumes cespattiviie dshainy that thé) ettrtibr resistaaa df @edox® €5 uinf S 10 W% S0 BSA)| cae tle
sanpl e &wnaadeh @itis bighst embergtereeelcinatiodsut ane/ air for one week are plotted in
Figure 3. The results show that the calcined V/P/O catalyst - 5% w %

Si OZ(SPSEL@I_hﬁJosition has poor attrition resistance and that It becones
greatly i rrprove q,qﬁ/ | onger thermal treatnent in butane 60 of the cal ci ned
pr oduct édaq“?Puﬁ Ry PhAopmineigd VEAL eaalyst Previrof Wﬁ”@?fhf‘éﬁ"ﬂ? 1 5%
n- put ané’a"‘aﬁ‘a“el@%wﬁ‘ﬂ %%Hm%?f’“’P @F"PZ i Bremalg 11pub yang %@?@EF“‘PB I°' 5@ o \?P't'

sepect i gpacicaly 1180 @ oamy “}‘ E‘Q@P‘i”?ﬂ'tws“@@"“é g ’iﬁ 4;?& vglé
t hét 3Fhéh ‘Wcﬂ aw f‘"“ pif “S°E ?xcjg‘gﬁé‘ﬁta\‘!%l 8 P ¥ he
sel ecti ¢ :&9‘6 % b Hﬁ% . 45 EXAMPLE 3 This is
an exanpl e6F" Fh% ?ﬁ?m 5t RRyeRedng P SMSFa'°%oII0|daI silica (22 nm
particle size) - 10 mﬁ@b[err] (PSA) catalyst support of the invention. 50
16g§~/ of Ludox[err] AS-40 (connerC|ab551gv§|Iable) containing 675 g of

?a silica sol with particl and 40 wt% [err] was added
to 1500 g of 5 wt%Si %g ponS|IE ﬁgeggld seb@f @ é75 g [err] prepared as
described in Exanpke: and this ed. under the sane
conditions wused in Exanple 1. The—yleld (chan%erj and 248 g
(cyclsne), for a totak yBeld of 64679 (85.9%.6H0r conpagison, 2000 g of
Ludox[err] AS-40 containing 800 9 of Si2 (a silica sol with particle size:
of 22 55 nm and- 4©0mt9896rr]0wb§7sprayld9ied fidder thel%adre conditions
used in Exanple 1. é gd was 468 & 8chanber and 276 g (cyclone), for a
total yield of 724} 0(93A§ EAchddf -t heldbove28oray dri2d-Hroducts was
screefled as described in anple 1 angxéﬁg 1096+ 325 frg élon of each
preduct was cal ci ned as descrlbed in le 1°°20 g of ®ach cal ci ned
pr@duct was tested 10

100 g of the -100 + 325 product was calcined in a belt furnace under the conditions qlven in Example 1.

55 The calcined product was tested for attrition resistance using the procedure of Exampie f and the
results obtained are plotted in Figure 6. V/P/O catalyst precursor from the same balch as thal used above
was used to prepare V/P/O catalyst - 10 wit% Si02(PSA) as described in Example | and the calcined
product was tested for atirition resistance using the procedure of Example 1. The resulls obtained are also
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EP. 0 225 062 Bl for attrition resistance. The attrition test results for
Ludox[err] (22 nm and for Ludox[err] (22 nm - 10 W% SI Q2 - (PSA) are
shown in Figure 4. The results gphpywsidaaipst he product of this invention
Lugox[err] (22 nm - 10 wt% [err] (PSA) has greatly inproved attrition
reil stance over that of Ludox[err] (22 nm. 5 EXAMPLE 4 This is an exanple
of 't hepigited raFiguré 61 comparb @sitinalV/RIO catalgn véraisataltingd V/P/Oxaalystn D pit SIG(P8AST ze) -
10 wt %f[terimvpntioRSA) Tat al yst support of the invention. Commercially
avai |l abl e Ludoxe SM (7 nm paricle size) was deionized with cationic resin
in [ erEjampesfndo bef ore it was used. 3000 g of deionized Ludox SM (pH
2.5)5 contai ning 900 of [err] (a silica sol with particle size of 7 nmand
30 w % dhasp %S"pa'dEPé’H ip ghish (78 g, 2B % §iPapvas eddedhin V810 F"éﬂ'yétsdﬁl“lf ‘et 6k i on
""t Ne3ting '\A'/E spray

(100 ¢cyidid "' 3@ &‘r"@& siiea iggiead of Hafyandehey %P"i“ceé’
dried 'a ﬂ‘é si gpfff "n§z ‘1"1"1’ g Shiry g X aﬂf'vqi@ 8] (7
nm ' ce du given m r|n[n§r8 sa/altj e Lu :f( ] 0x®
Lugo&[ ?P g ‘f f' ‘nlg ‘% Nh 'p a’ ze of
7 nm a e un /%%"qfés‘iwn Ty

Exa Ia "%‘O"r 's se't ove spr af ried pr o Ucts was sscr eene as descri bed
I'n deetoag beﬂoqpus'h gﬁn‘ﬁr{a@(\sra &M th@‘"ﬁ&lj?d B{a@ Hhd sINGwal ldd iped i n

t he,Joeth& s/ Jékequrd /R4 inl Bkampie MHPthé casEBCHmYiPsiick Mb GEHasthadd B pelMiglie 1 N
still winkd iRt inlwabr amOindh a@&m@ﬁ@ Bonwhindidaer/e lcgiipse Breflr ol sk0h Sxanipe it est ed for
attriti offhd QirdySdrARC@nditoRS wk lifel dam@ Bs 343 it BRinpleas sHdtthe f1au + B2sassh @adtibns( 7 N
and f owerd U0 xdr @sling a6 i Exaple 1.10 Wt h [err] (PSA) are shown in Figure 5. Al

t he concirhes badmatdn édnditidd® ahd bi@rlidn tebth@nditionaived the santhues tibse7@edvindEampioX| err |

(7 N exasptl foB the \shrdrplé theldexyitarLudiox® Eolloidpl silicd 6F 22infrh faeticte Jsizé. ABK)sampid Bacdressanielys show
t ha‘t/t oer pitvilchuesistarice tather TalcinatiomtTiodry tb iroiove eattrition (esisiange the $dnplat Was[feated at( PSA)
has gr @t lfoy openyeeb inclcdb ¥a v-bytaneiinair and dasted mtescatiglicomilt. hat of Ludox[err] (7 nm).
Two sanphtdionfestrpruitssgse aipttadrin Biglres itdpreaast of G"Ps?l r samples. {(P43 Vls p' PSK)  wer e
cal ci nf&¥p &e S&EB\P@“’%)@ZﬁJﬁ uspd abevqayasyged %S’aFP’?Raf?a‘(’l’G’ncaEaé’ eihtt Pe600

and ¥ efes§ribpd }fé‘é’f‘?"?/é henrlrined Peqdut wegjested for ?‘E"f'%‘rfe?‘%"é'f’%t'sémd ‘ieﬂ ° f’fh
appar aPEEr's 1d e ety pliteined ¢l the IO Spielvab 19 wigs ROERY asPigiteg iy tl%% HEo%f 08.5
Wt % antPmeaisens vvt% respectively, showing that the attrition resistance of
Ludox[err] (7 nm - 10 wt%([err] (PSA) can be increased wth higher
tenperature calcinations. 30 Exanple 5 A 49.12 wei ght % aqueous slurry of,
co nuted V/ P/ O catal yst precursor as described in Exanple 1 was made
foll'owi ng the procedure given in Exanple 1 but using water instead of a PSA
solution. Mre specifically, 1100 g of conm nuted V/ P/ O catal yst precursor
was di spersed in 1140 g of water. 2105 g of 35 the slurry was spray dried
un®tgy the sanme conditions of Exanple 1 and gave a yield of 502 g (48.7% of
chanmber product and 229 g (22.1% of cyclone product, for a total of 731 g.
Screeni ng of the chanber product produced the following fractions:. Table 3

Screen Amount Screen Openi ng Col l ected Sizes
(nn%v; (9) W. %45 + 80
0.1 60 12.5 - 80 + 100 0.177 - 0.149

19.3 - 100 + 325 0.149 - 0.044 282
58.6 50 - 325 0. 044 46 3.6 100 g of the
-100 + 325 product was calcined in a belt furnace under the conditions
given in Exanple 1. 55 The cal ci ned product was tested for attrition

resi*stance using the procedure of Exanple | and the results obtained are
plotted in Figure 6. V/P/O catal yst precursor fromthe sane batch as that
used above was used to prepare V/P/O catalyst - 10 % [err] as described
in Exanple | and the cal cined product was tested for attrition resistance
usigg the procedure of Exanple 1. The results obtained are also 11

et =

55
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EP:0 225 062 Bl plotted in Figure 6 to conpare cal cined WP/ O cat al yst

versus cal ci ned V/ P/ O catal yst

10 wt % Si Q2( PSA) of the invention.

Exarrpl es 6 to 9 These are experi FBOt225i0628i ch 10 to 20 wt% [err] was added

tolVIP/IO catalysts in the formof coll oidal

éllcs and
00SI1 ng

of IPSA and &thg%y

invention In c

di ffegent particle sizes,

silica and funed silica instead
pce of fol t he teachi ngs of the instant

BB s o et 63 P A don T4 1 £ he

B

slurry. V/IP/O catal yst precursor was nade follow ng the procedure given in
Exanpl e 1. Commercially avail abl e Ludox[err] colloidal silica of;40 three
Ludox[err] SM- 7 nm (Exanple 6), Ludo err] AS -
and LudoxO TM - 22 nm (Exanple 8), and Cabosgl 3gr]
ition

14 nm (Exanple 7),
fumed silica S 17 (Exanple 9) were used as sources of [err] The

resi st ances of
10 wt% [err]
dei onlezed be&ore
slhwrry was nadem
of funed srllcan
and then addi ng8
The spray drying
-100 " 325 neshg
cal ci nati on cond
used in Exanpl &
silica of 22hnf
reS|§$ance af t €§
sanpl e was heat+?d
in e attrition
for each of thes
batch as that

as 2Ggdescri bed<
attrition r Jgt
with the VY
conparis

of the VaﬂIOUS
Exanpet e Thi s

hese products were conpared withmthat of the WB/ ®ocat al yst
PSA)e Of~ Ex:arrpl el ofmt hdnS i ventiono Ludox[ erkd ~was

using toelihinate Sodeum f& om The®l i Bui d phdi8K The

by 15 the sane procedure used in Exanple 1. For the case
he slurry was nade by dispersing the fumed sidica~i n water
he conminuted V/ P/ O catal yst precursor as inExggle |.
conditions were the sanme as used in Exanple ER&d the
fractions welee used for testing as in Exanpl e ™17 ~The

ti s NG atd ri tbon test cendi tbong wgre the BAfE%as t hose
1 efteft fr the Sanpl eSmad& wi tA LgdaR[err] EIEdal
barticle size. Thi's sanple mfhd extrenely poor at't?ition
calcination. To try to inprove attrition resistance the

d at 440 for one week in 1.5%n-butane in air ggg _tested
mll. Attrition test results are plotted in EQygs 7-10
e four sanples. V/P/O catal yst precursor fromtfe Sane

pd above was  used to prepare V/I P/ O catal yst o [err]

n g l.and the cglcin prQduct s teste
ancgu?ng t ﬁg pré”;ce@lu?lL &xargl e?gl év'?'he reg"uht‘:jg'gobt ai ned
talyst - 10 W% [err] are ‘rﬂotted 'n The Fi gures | or

45 so 55 12 EP 0 225 062 Bl Characteristics and yields
terlals of Exanples 6 to 9 are shown in Table 4. Jerr] 55
is an Exanple of the preparation and testing ef—a 4

rrultlco nent nol ybdale (MCM - 10% Si O2- (PSA) catal yst of &he“l1%iventi on.
EP022506&: Bl The nul ti conponent nol ybdate was prepared as—foll ows. A
spl ution of 266” g of [err]~and 147.88 g of [err] |n 500 nL Gf~distilled
[a§r] pH—36§, was addee te; a sol utiqan of w467 [err] in375D7nl of
dist®led [asrlajpH # 11. R solutidn bf R46.83 g %f der®] in 3ORASof _
di'stilled H20, ®H =1. 72 was added to the solution prepared above. A thick
yel | ow precipitdte formed. The slurry was stirred fr gbout 30 s minutes.

A solution of 98.7 g ofg [err] in 600.nm of ®lute [Brry (BO nmL [err]

di |

yted to 600 mL with9ey] was addgd Fo the slurr§. Jhee was no change

in appearance and the g uryy§vas stifired f.oi alout B0 i nBt ess AsQl ution

of 52.12 g of [errd ang 20670 § [¢g

rjding P00>m_ of dist?l | et B2O.1was

added to the slurrg and ther& was nachan ggz:jr appearance, 5.8 pl,. of [err]
was added to the sturry. Phegsh§gy 3 o 882 2 & S oo
45 ) > 19 —t o ot L 2 v Q. (1] oy ] L T O
0 et e Q@ ~ B @ AW o - ~
W = +J /1] [} ol o) L 3 E O [ =2 =] © -
= - L+ o : L e [ [N |
o (o4 =4 Wi [ %) w w O, b PR ] o
w T o 2 -~ t o3 Q o o 0 s o -~
v u [H] — T T e/ Kl
@ —=> ©8 9~ 2 u® L L oLy A cu
U o~ [~ B o X = = chg ~ > N v 3
et i vt et L] = 0 3 3 =’ O [ ® g
50 i W o~ |2} oY Q o] (o N = wl W - - O
-t o e %z 3 § § §¢ o o U
w0 o U n oe [+ [} > of 0 )] v A

55 Example 10

This is an Example of the preparation and testing of a a multicomponent malybdate (MCM) - 10% SiO,-
(PSA) catalyst of the invention.
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was stirred and heated to evaporate water until the volune was reduced to
1500 nL. The slurry then 10 contained about 40% solids and the pH was | ess
than 1. The wei ght of the thloég br| ht yellow slurry was 2450 g. The
slurry was centrifuged at 20 P P&ur 250 mL centrifuge bottles for: 1
h. The supenat ant (69 g) was di scarded and the slurry was used to prepare

the mulg G\Qlﬁ& 65t MO 03RS prepéer x\.@f@&,@ louﬁ.EnSé\)zse 253k ¥Sho aldh@zber mul a
[er r& oflu@ o i oo rJ;Leofm .nkuwamne 66 Wods 16 a Sbiloh %t %23 o (MM, RME R 345811 xed
W t hil 308stiflod, 00 piivla ¥a. [ Adolulion 8 2y dd ¢ 64 lfe(NiE)adn 800 hit biQitilled 1@, dHOE N]7d whie
I €S Ukddbd1® tfid $blufidh. |56kl a06Vd. A BN tyelidWfr&cipltitsl Sormdd) @heSSibiy ias WirFod S aBaut 86 | ed
undemintite® ASSITRorCEITBBI7td GIBYNOSHE th 600 nkix&irgalte HNOgNeb ML HRJ, bitdedad ool mL&ith i n a
V aC UHJ0) O£ Bddetl t@ine sium? Mherp @ks ho dHangein lappéRraiideCind Sphsiuig Svas\etired ffidi@bout ad ci ned
i N amimubd. |Acsofutisn@l Ge. 1D g oh MigiNOa)y ahd @106 gD KNOE pta0 astlue! elistilied 200 wab addbd g
hol diheglutrhend berp evas hel cigange in[appealante 15.80mb of HePD% iwag addsd 30Me sluny. Thix siutmp| di ng
t he wasnglioedibng beated t evarorafovatd miil the ablumg was reryoed {on1500 L. fbe disrgtheme
t efpeantained sboyt 4076 eolifip pnd2théy pH weiephithan o Therwelght of tigthigk. gl yelign lurr was ng the
- t e npeA58 guThe shury e centrifyged @t 2000 Ty infeyr £ ML arrifuge hokigs fog|! &% Haipt supsmalgs 23. 5%
(6819) werediscaraed gecthp SEY wes vsed |l P@%Sﬁé?ﬂ"’cﬂ'ﬂP‘iPB’Hé'ﬂ%Vb"a‘io 0% Sip ( PsA)
cat aip§§)t°ata!)(/é's°ff“§§‘i"éﬂfaf or 25 attrition resistance using the apparatus and

proc rip ove. The attrition test results are plotted in Figure
118 ‘%’d&'gg‘i‘gﬁﬁh’gﬁs&& “Yesults for a nulticonmponent nol ybdate catal yst

contal 1, PRl .mﬁoa%@ BB L) QAL b il 854 ) o8 560

t .
sub Sfad’ivg i élé/ sdiithd &5 Mo hng r o ato t6209a£o‘|&sc slm@rvﬁs shown
for &}QER r%rkam hd bidoli ‘imEﬂfaﬁ!%ie&t &HaCdrivd ®r Gbdu? %’ﬂn@ lScule Dhkint £ aﬁtnlg fact
t bt 1doR ETHe oY Hicrd2pRRAWREL B¥n LdiéheBiP% Mdfite Almakd by ndaliNERdnt RBmAsHeRIAS ONl Yy
1/'5 godumhy f, Mbibihg 88 temperahiisat@b € iR @&, Kealirdy t¥ 360 “WA'S h; AdkdkgaiRe feinpértudist h aqua
regi gpoanesr 4 heﬁbawlgtda £0%id @M holdiRy thoStemberaturb b€ 4004 foi PIhe hexigRNES0t ired ybdat e.
The mmGes idmgidmy keGémpiatird at\s5( PHZEN. Tasweight Rgs Sling baldkgatia] veBt28.6%. M Cr o-
scopy and di ke daltinek peaust, adutticdepoadie Imolybage b et woe Bida(P8Acatlys] @ax (pstdher
mad t ateitonpesiedtice n¥kigythel aperatus afd prockdire WedcrifeaBbYvec Becdttjtivh teshoewiid againtied
cat aihyfigue pleThe rtrilioe st nasults v rveviidomperientonalyiwiele chlglystrraktrining st/ $bMi% ri | e
f r on$iPr(cqligitial siicahiep Sindisriersed Sipstantiallyryniformiysthropghdut ther eogwepdile parkiclhs: ¥ppsat ed f or
carr go % fop gemnarieon; Fripeatiion esisianers ash SapRatable darrilp e frdt frabthe satAyR @reByed he
enmbol Hieprocesqpidhia invense spateint enhe1aes @vgheiPy 's used as the oxide precursor.
THE | nab%lc?'?'%ﬁd %?&ﬁﬂsﬁ ?,‘%t’o reatad f"ﬁf‘”"(”h@"ﬁl dythen with A%, HeS0s 110 fissig Be yst s,
cat al ‘é‘l‘; "?ee'S'F'fniﬁd’f ﬁ ?lls?'ﬁ‘fdegs'@f scpriing ﬁ'eﬁ\/‘g‘n'f‘ﬁ% will
be r of carr | vzed
chem cg}‘ el n‘éd% om ro y ean ?ld %°°sﬁé%'ﬂg it “I“%%L?i}’%| udes a
di s cth g ff‘nf’ F§ﬁ§ o goc g e;;'ﬁeﬁm».vs Sl S00B Bl S
rdacy] el &r.d B la.gme%d&f Bkl 1 10N T esl st ant
cat a ysf ﬁﬁgb;hﬁlucﬁﬂﬁg t'\lglm?-ra{'h" tfon Gesistil bdislys®&) caXil %recﬂéors and Eétﬂﬂt surface
| ay eEupp&r%ﬁartheQ GERR iR Wil f30eadifeaki R BY B killsd W the/ arE &TBRAYiSY Sl cAtadfzad Y St .
cat atnémicaltbREHs SThe batkgfeaiPdelivh ob ARRPEJIICRR irchibdSa dlichRRhSEFlblidatidhs MKkt i on of
a Sohrdrdprdsértativebfabiny 6f the¥d watenef the particles and oxi de precursor being
chosen so that the weight of the oxide formed in steps (b) and/or (c) is
aboutiaBadl 5% of the total weight of the particles. and the oxide forned; 50
(b) spray drying the slurry to form porous mcrospheres of attrition
resi 3t anproesas for the tproduciipm pyatititiop resistant eatalyst orccatelybtysyppostipeyieirg hayiy £ ks and
(&) calrtsh mirface iayrs tharepgsitomeusing: cr ospheres at an el evat ed tenperat ure which
i s bel ow(@ frsming @rpiyery SOMRNigPG CRY S IFataly StOIASYRSY iCaiPlYS) SYRPPTE PUIGISUSIEE e
cat al yst 26Puicatoa B gelvte g spiafive ampyntsyf Sip RaEiCISE 819 R4d8 hrecusqr Lpiggehog 3&59} 'ygt or
cat al yst "%y £f é&r"f"f’% If%@e‘hﬁvﬁt‘??@ (E)a?"tﬁ'mb)@d%al?q“bﬂ 1€ fedoflayds °
char act eP '§ (]ﬁ
precur so® PR

wher ei n %}' Ny iieh %%‘L& ke eQXPi  diSaSh Q?npe.@m isOb 90 ool UL | o

aqueous r'E g %i or cBa t‘é@dp Y o mnp.fps.%ﬁeedl ng
alyst 0 éat Yy 3 ar
1] cu

Ym H)lﬁv n.rrri( to f rm (ﬁ%!s mlctr?,?gher? of quPonPreLlstalqrru%r'l*vsle«sata\mslOXI de

0wt bﬁ&m lce Wb ARG YRS, BzERET €d as
f@é'o shus @l dibd @k L s Bt eber 1] 1500 L. of
dlstllled H2 6, vvas addedtoasolutlon of 467 g of [err] in 3250

L oh. dhrédebd Jxeaimli erwhér]am RRbid 4xidelrich/suBisteUdyeis b, atdGhdAsbiuiorDdt shigibfid agueS00 nl
of di Stsikic@éld E&Qion pddivatert .t/ 2 wiigta ofsiOe dotlercobdliy @l 4t | on prepared above. A
thick yellow precipitate formed. The slurry was stirred for about 30

14




S.mnutes. A solution of 98.7 g of [err] in 600 mL of dilute [err] (60 nL
[err] diluted to 600 nL with H20) was added to the slurry. There was no
change in appearance and the sFfr325083 8t irred for about 30 minutes. A
soljution of 52.12 g of [err] and 2.06 9 of [err] in 100 nL of distilled

[etr] Wa?hé‘ﬂﬁ'lﬁ 8oLkl (s 0rebiE FfioniPR siliof REE o 'oPcAREG L ANGas O 8 ML
of [erg] %EE‘M% ﬂfghsd atﬁ iﬁeﬁé Al ataaggg A i» 54 10
evapor £8f e%ruzbnu 11 RSoitfeh istHled HIBGHSL lt”%éxasi hen 10
cont ai Ragy iufhdh e°p9 4 Gové rt@azatﬁ’aae R sidry weBSird8 rdd BkouPlo t he

thi gx, mtambg AL soMsfhdn! ¢7'08.2 gLk m(ndmsn &mt G cilbid HIND; Y60 L YRS, BiRRHNd bosaROwi 2000
rpm i NHfoYWas 2deidd BLheE Qitky! THekORastiBichdngs inf Ppeatanéd and R S Vad) 8 or G @) was

di scar ginctesa Aokt of B2TT ¥ oVRAGNOSLhdt X061y & IMOS it 108 MldridistiIRAPRO @S adied Yhdat e -
10 Wt %né eiudny] arldRfey washaadhdade i Bppekrench 088l af HAC; lwad @&fad @ 6 siihe The slurry

mul t i cesspstine indniidatsl da beaparhte rwater ks tHeh@iuow gk yreduiceded 1508 L1 Bi@O0sigryohens Wt %
Si O20 p@htpined abobtc408C solidssapd diel phhwes Adss ghah dr THe) weldhtof rtiesthick, ibright géliaw sirmceast ai ned
akout 2489@sTieistiyy wihesntifuged gt 20R0spw i fayr 250 imd cbevirifdesr bottlee fos & e TheenrAmalapns used
i N Exafilokwds diseerdett andghef glurryains iysedite prepam the roulticampanent erplyldatenh L28101-00. The
por ous(Piflcetglygietireformida e t hen calcined in a nuffle furnace by heating from
roomterrp'erature toi}err] in 1 h, holding the tenperature at [err] for 2 h,
heatd nffp1V1gCa g5 aResMots Osdaol di ng the tenmperature at 300 for 3 h, heat| ng to
400 in 1 h hoI di n t he terrp ture at 400 for 2 h heat| nig to 6
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cat al 4¥ Seurcomprenant du i%nq)g: ayseur etant un catalyseur 4 I'oxyde de vanadiunvphosphore et le Si0O.
contenu dans le revétement constituant 10 2 15 % en poids du poids total du catalyseur, et étant
préparé par un procédé tel que revendiqué dans la revendication 4.

10. Procédé pour la production d' anhydnde maléique par l'oxydation d'un hydrocanbme en piésence du
50 catalyseur de la revendication 7.

11. Procédé de la revendication 9, dans lequel I'hydrocarbure est le n-butane qui est inélangé avec de Fair.

12. Procédé pour la production d'acrylonitrile & partir de propylene el d'ammoniac en présence du
55 catafyseur de la revendication 8.
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