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PF 0000054928 *159159* 5 10 Method for t j
oPFD000034928t for gas- phase oxi dations bqﬂu”mgmmmmmum
of support material in a fluid bed appar

Description Process for producing a catal yst "8y

gf%%i FSFthebr h&péf’ @&ng&lfépgés:}ﬂwa‘éé%xﬁ t|c%rl§eor¥ the coating of

ca kFJast P = phase  oxiI
tﬁ %h%é‘i'.“k‘i’gﬁ?g’% oxyI ic acids and/or
car boxyl i ¢ anhydrides, in parti cular for the
pPepetiption on of pht hal i c anhydride from o-xyl ene,
napht hal ene or m xtures thereof. Many carboxylic acids

ap@Es fRPRAUEING G @AY TordRs-phbse BXGRRNS ard Ul thel Bk oY th
bXathaQ/Ets foﬁﬁte%aYatln % %bggég)ﬁd&?&' do?%?!:%at%igﬂo%% h§ to carboxshc

A R ﬁaweh%arbw e e i Shraou o e s el
| Ankysirige fiagn o-kylene; napktbalsne of Mixtees H1ereoff or exanpl e,
benzoi c acid, mal eic anhydride, phthalic anhydride,

| 828 fcbﬂiokﬁcb@d@@nd/orb@ﬁb@ﬁ}]k%hyd—‘nd@@ lafe prepBEUGRERIstallY By the

2%%% i gSS ﬁébé’(ﬁ(b?i@\ll of ?roma)ﬁE Hé@ro@érb@ﬁk %%Lbenzene the xylenes,
ol el 16158 B el REG-hBR ESEIorS it Ve s Pepsinle o

c8btainy & e|><§m ca%@&'c 2R, malkif aplydride. RhdhRlieaahyride. ispenthalic
t agésteaﬁp@tham peid on dwemisllitia ankygiride r lagenenal, madixtung of ayr oxygen-
erampinmgagasaint timestarting Onalariad toylsé exidibed I3 faaved themgh tubes in

f atire d sedast ausrdiyt i IBEatbd CRreglilatitht @imp&ratird, MMStUBES are

Coat&thded By &l nEt ﬁawergné&nmt Ja??%r@éygaﬁ%él active

corrp05|t|o is applied in the a shell to an
rt support material such as steatite. Conpositions

e
o byt whigl hevi B iokndiia e #eiil 1ordnesscoxgalPh Epcions e coated
ofatatysts i wl@héhe Tatelyticalin pglivieccamppsiion isapphiet st the éermt of a shell to
ofin irieet suppbr mdteriahblich aacsteatite. Cummsitions bf differirgesalytic activity
ceat Bé aﬁéﬂe@' .m@ of MolEBRdra! The ddtdIptiaiThélivetbAstitdent of the

L agg &Illef hIBFPOP Eg)ébggd cgtlé égqévﬁ@ﬁ%al glst[@rklhm dioxide

a
ol P van?cﬁwsw'@é' Erjeurierion, smah Ameurs of m?r\vg oxidic
t ﬁ%mp%rtdél h 3dd §s pEorpetersda influgnes e ackivity ard selegtiviyof the

c aatalyst ¢a1:\abe| presattirvemalbapougits indthe catalyticallyectves carhposition.
coated catalysts, an aqueous suspension of the

CTBprbddud8 BLén %até@@ata@&sa&{ AdifReoG TRdpEnbibARf MBYoRtituents of the

t E@t’i\;e d%'f@%gﬁﬁﬁ’%n&/gp%gh'{ﬂ upsrorﬁ q%&%s o s?ﬂ%@g dsto ere onto the

d S4p ppéﬁ% I?tefee{ﬂ eg ef\v\‘g?f eUf‘t @ Btéﬂntqydﬁ‘ﬁ'&?% of active
t ﬁ@mpeﬁl%en 'eéheam}%patﬁ st eaﬁh@\v% Flyidigediped appssatuses are

- appaicalais swtabledor thisriurpasean thesauaprsrodtesdso thet upport material is

pHUifizee in dmaddeaging appanal Yas sn parieulstgn The afparatusas usisally
f EHl‘nghgeeéj coflcatBr SSHRRA ddgtaiier erh%@ﬂwhﬁm@%@& iCiHtréduced
J]&Y BPP&fu%w?efﬁa léscléﬁ W%]Iytu e5 rgp be%glo% i§ gﬁpa infd the

1zl Ng

S

ﬂwﬁea@?sa O SHAV BT S8 G oM BYINATScRi AP Ees. The use of
t aigeidettie aranaadentiically enmoagenirically arqund the eentigl tube is
advantageoa in tmeogmi g| the gas vélooity i s the
bedvant 5.0 ighin theogoidéntubs; tth &loaity ibdigver Bryd trarspsrts th
obuppptZpticlesitifivais &in die o@eOling] thd \Estitdlis G SIghtly above the
F?&Eéhlﬁ%%%ﬂ TﬁQBSﬁEEE 'af"é'l heYefdte lléﬂgpcgfé‘a \feﬁmafgl)gil d &RGiar motion.

nt ag ous Wthin e gU|
oCi i s, higher and trans orts the 40 sup
pgr%ti'té'i"éé'uiﬁ'ﬁxﬁ& d apRarafys ig 9?%“??’ g} PG 55% §0 0§ 935.
only slightly above t he | oosening velocity. The
paotimptose theer qudlityesf efieocamting dnisgmovdcethevesstablisiadd practivedn industry to

C iali§ Btqahid BMde?s) -preferably copolymers, advantageously in the form of an aqueous
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A suitable fluidized-bed apparatus is described, for

e XXdm09054928DE- A 40 06 935. 45 To inprove the quality

of the coating, it has becone established practice in

i ndustry to add organic bindergs, preferably

copol yners, advantageously in the formof an aqueous

* G05EENBTonPET I A0 4R2A8n 2 atetp el acetatetacyylatg| styrene-acrylate or
aGAiyPAcstatb RYyldrl fcthe sudpemblonaE@irifoRC el fdfion of blnder has the

SLYLENSS @%Y{Q@t i cor?fp&Ytlo %ﬂé%&%%@ﬁiae%ﬁﬁg& osoht §ttransport

sus e tion o
Q ?Z@@ﬂ?%@ﬁh?ﬁa{a ylsL%feéE@qeev%a S nposi ti on adheres
vveII to the support, so that transport and
i nistheel thestmab treatimenh et teapatatges af fromedid oaS0EC,. thé bindett ik @riven off
t ik dpbRat IBPsHbyaherhRINBesaRpUsRIDN @hd/of 66MBuston! The thermal

45{[%%]mérﬂ% @éﬁﬁ?&arhéd gt iM Sy Rfthe o&lﬁﬁ{)ﬂﬁ r@ﬁct@Ppl ' ed | ayer

er ma econposi tion and/ or co st1on.
r mal at ment i usu out in Slt
Pt B SLBReT s cataily Aleaale it s ey e paitpilar Pegoating
caluallty,sde@eaﬁi degisivaleon ﬁp@rﬁtl@,g p@rymeterﬁs plthe fflidized-bed @pparatus, in
C (atticolgr ontte totay made pesuppodenatsiial &l e @ppanatrsathertgnder content of
PanasEpehSioN Epra Qd fn' tHed’loZﬁﬁteb@rdi AR RS Bdrb&ire bthe gas stream blown
Pf’i‘ﬁ %dr‘ﬁHu'd&!an&Parﬁ éer Sthé’éus%‘éﬂgeﬁ s ééfﬁé d?fo {8 fluidized

g@%ﬁ% ét st oﬁ t ind patamdies o e fluidized-
e llptor iy 'Tgo?/v 0% esCiffofiz Peraybd st idier of

d appREtHsdPosRating ther %HPPPF (Raieriaa I8 dhthemiiof A carsied oyt by means
wmf costlyrempiiicabtrials Wich Bavgpip decdrmiagiayt onéhe profistive gcals since
I rseale-upUfppo the. laBdratosyeor pilogplant dchle totts prodydioharéle is virtually
ORpadsitig becHURB®Y eSad oftshsthdtolydhdRéticabeddappar at us
for coating the support materials is in the prior art

eans ical. tria .

g o431 oato R Mhechsn Rkt f)safned Gp@h el foizecbec
s GRPEALS: Wik Aéeasdbt JQuy ayer gl anectyp £AMPRIpTEIngguUeous
t Isuspensthings appliedda ba inest suppet ABYipg aidigiorier ¢f Seurp ecziuve.
of the lack of satisfactory theoretical nodels. 20 WO

98yt /beas? @ééc?i%s ) d%éé%§$<§r p?&fucﬁn"g%ldﬁd)r{é]j rﬂet%H'iE Iﬁ@ﬁé&ﬁtlcles as

i appar at us,
I es?lﬁgm aﬂf&@d'mcﬁ ayer 01{ an active conp05| t| on | n

ueogus_ suspension is applied to an inert support
f‘l@75 14P SResribes afprgcegmfor PPePaiing syBPafedratalptssina fluidized-bed
de&p@ﬁl&tﬁ& irewiichy theseatdlyats pcvmmuﬁeu nlgysngf patalbeicobaitainl axigle supports.
nanoparticles as catalysts in a fluidized-bed

aHRep 24905 HesHibdd 4 pl&%sg ETProRMgdu b&f&ﬁ&télﬁhs in which the

grs%gé’éris@ c%%ﬁ:f?%%gﬁ §%ﬁale§/ Fé\ﬁ d%rrt éprél? S‘Iéel ‘?#anda ensnty of

m:,rﬁ Pl & ot ganins o b ST Lot ametrs of
tr i HE8. a process for produci ng supported catal ysts,

|n mhlch the suspension conprises fine particles

havoweyes théseriicaments dberifiéthaithanchtalysis fs ighy-phse ofidations nor the

t hBtidPdingg/ M8 and contai ns about 30% of coarser

partlc es having dianmeters of 0.4 - 1 nmm 35 However,

ggls Elp]%{g lrjggr? tatipgtcg% gﬁ%lgﬁer{%lﬁéttg Srrov%gtaarla gés% fcf>r producing a catalyst for

gas-phase oxidations in a fluidized-bed apparatus, in which a uniform and reproducible
coating of a support material is obtained without costly preliminary experiments.

It has surprisingly been found that this object can be achieved when the amount of
support material weighed into the apparatus, the throughput and the temperature of the
gas stream introduced, and also the rate of introduction and the binder content of the
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coatin rings. It is therefore an object of the
iﬁﬁ&ﬁ‘@g@ﬁﬂgﬂg provide a process for producing a

catal yst for 40 gas-phase oxidations in a

fluidi zed- bed apparatus, in whi,ch a uniform and

reproduci ble coating of a support material is

obbspiensidn wptayed in are selegtegvathimparticufarexgsribed reanges irt such a way
et &espbafinfdéns dpega siraple @nipially Ji'etérnﬁlhecﬁmbthé&natlbﬂ relatlonshlp.
achi eved when the anmount of support material wei ghed

oﬁ‘hé’w& RARE Bauprbrte o MBI, %é‘%wéﬂ‘% o7 Vg chfions,
FORPrises Weighing @ Rarticyate g)gﬁttsgﬁpo hayinga gtal mass of Msyppon into
oe@lo@img Fedappargiem srayidingoatdgast an aqueeussaispesi %atqa‘taiytlcally

pattivieantarialpr esurced therefanaymisa bindertving anGigdertdoatent bfedig,,
pﬂa.amhtg%é .neh%;%go@ by itr8d dtidh lof ﬁ@lah ¥tr&lah eBled @ a temperature of

gt S@h& teloPLAL aggséy@aqgm egugrogggaégﬂe% 5,.L ShtBthe

oQPglngém?Et SUBPRHYi ch conprises wei ghing a particul ate

i nert support having a total mass of Msupport into a

f Agcatding de thednvaspiana®@qus , QpapoRigi Mapsat arldehstaranelaciad sitbin the
susessi on of a catalytically active material or

sour ces ! b@cgceﬁ I@Jas%%]& bmcmﬂerer havi ng ﬁ)oblmsus,, [§/RiM| 278500,
P. o dg, o%g%gg{f]eellg PP < R f@fﬁf,%‘? < 240,

|ntroduct Zg a]b‘f’ am heated to a
fs e of Qgas, and spraying the
Sl§§ §|R§ﬁafﬁ‘?te%1’(rd§f"ée%¢5 Qsusp onto the 10 flui di zed

i nert sufFod.020 Res er@RIHYQLe + H8OR Bugnt 0.667 Mgast 2.069 Tgas — 7

Qs ditighies Bad detindviini pP06 k rap@doZgas are selected within
the ranges 3000 <_ Qgas [nB/h] s 9000, 11000< susp

% nr}]1e i ara ggé’?g&? s[réf éng quaht ?\her gre
LI MR N ngre to one
7 asgﬂ)eggqrgegamp@ &oy ragpli phiopyffigiert Qy_egg i much blnder is avoided. In
satdiién,esnt lite if ahpbitritiosidup td #3kivg-eff oNay@@chuI@ Weelayers
t eereieatdre Ilsbﬁkﬁ@gﬁhﬁrﬁw sathivien thesGppgclsairé 66wBd Rith one layer

h t
i 'gaf)g2 \Ag:t"i\‘vb 1? sgﬂ%:; g::j:t";% %}gg@r‘sﬁq% gﬁdllfbggﬁl\%hdlr gﬁ#rgbareawee?ers do not

nple as a result of

insufficient drying or too nmuch binder, is avoided. In

addetmeshanigalrsjatiility of the layenary thet suppert imalsrimareved.

flaki ng-off of layers occurs. The | ayers 25 thensel ves

anethel grecd¥B lof theNhVention, the bpplishtsh 6MRe RYBREIdf Sheaddated catalyst is

C%QFr% ol & é3<‘3ﬁ1pllé3)6 Is raﬁl?\g é"éJsPeﬁéﬁ% 6BHO} Snd Vr@nghr&h%ompnses
5@%9*){%&%%8%6?%15‘“ o i 3 ity skctfy 08*2‘?5 Y e flizea

ofSUP?Ré't IThe cptabicallyacdvg pyreositiondn &6 calgines Hate Pagf e'iaf'? comprises,

t thesed e thedotsl ampentiof gatabytieally actie eqsprasitien; fsem dfto #a% by weight

| @f earaijuno bxite,ccatmietiedias Wi@d, wsd from 60cta9Okely weight dfditanium

eXiiles calblaeBa@YNiOg a suspension of Ti G2 and V205,
whi ch conprises, if approprl ate, sources of the

SR arBuu R BUG Bgeefed 'ﬁfwgeﬁ? 8 B EulF anadh® fftoxize (v
cdr él|$ﬁglae%y%nagl%'rp &S VapRYY g Suitable starting compounds for the
element vanadium are, for example vanadlum oxides such as vanadium pentoxide
(V.0s), vanadates such as ammonium metavanadate, vanadium oxysulfate hydrate,
vanadyl acetylacetonate, vanadium halides such as vanadium tetrachloride (VCI,;) and
vanadium oxyhalides such as VOCIs. In addition, it is also possible to make use of
vanadium starting compounds in which the vanadium is present in the oxidation state
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35 based on the total anmobunt of catalytically active
cBMAP90094828 from 1 to 40% by wei ght of vanadi um

oxi de, cal cul ated as V205, and from 60 to 99% by

wei ght of titanium dioxide, c%I cul ated as T102. As

vanadi um source, preference is given to using

paé\oe whiohrmmpaaadamammamm iodidatidrbstate +Haral vatioas cddueitlg agents

Vaag il Mor &s ¢ Iecdg;b%ﬂ pPoSIcBNEl, (WiHich carSteidlied Ve to V4+ Such a
8* ik Rei

S?&Mcln% %9('&91 d® )%ﬂ?t@th AR Rb&lorl rhydrazme
(b, Vglcad @?Oﬁxﬁeﬂteiyvém'ﬁmm e ﬂﬁlasﬁwgérocﬁ'or'de or st

sheserfum oxysul fate hydrate, vanadyl acetylacetonate,
vanad| um hal i des such as vanadiumtetrachl oride (VC 4)

afMtle curhyidallyractvey berhpabitionsian furéiser YeXabdse Wintoat®d bl inaight of a
| tedifmaoRPolRS TakuRtddLadBE s 8 9Pby theighBdrafibiEEbhorus compound,

s n [

>Rl 4RI 058018 D4 SR Sl
conpr | se vanadiumin the oxidation state +5 and

vAPRE (o e @elionpl agétives cesumupand\pippspprup ige catalytically active
decmppsition ¢amin priocipletcontaB) sradll arhowds of rduy ethebexidio compounds
VévhichSite Bis pronticeéhy ¢ MPudithe ativithlaBe sbiecturlof theastalyst, for
Oéﬁérﬁ{)lﬁ rem{ga&'lﬁ@eéjé Yy R4 QGNP ExERwIdH S8 HBmoters are the alkali

Qo?degyl hagic 8U¥ Er?to%)ad glgllh ANgso | ium,
B ST T

u@Xxide. rlci%l lydmogﬁlft O&de dnarwgam@@m@me gilyet oXide, cgpper
aoxi@s, chupmiuo dxdtidyynakgidghtmaixide, pimgsteh @xide, iddinpoaxidk, tantalum
c akiaw) mibisidmaskide, arseficRideOcskih Hyideven ?éﬂier@lﬁ c&dilirh IPIsed as

O)ﬁ}dﬂﬁ@te%rﬁ%@b% as Sb203. 10 Apart fromthe optional
addi ti ves ceS| um and phosphor us, the cat al yticall y

acll ition.can, in ntaln smal

o ATRRBINS BTG SR Gk e B e R e e o Teroiges of
phigbivreprd upgsten inemednts 9kfrem (G A/ toyP. @%l by sieight.i hases oa the
t leetatyditally\estive Eampositicanfpé additibsovhich increase thesesdtivity bt slecrease
amé sdictivitg-parielirp mehtisi sy Be diBetst 9xidicHobEharlik 8drhpdkinds, in

ul ar the abovenenti oned cesi um
fgulgﬁg a gghﬂg p%ﬂfo& ds. pot assi um and rubi di um OXI de,

thal li urrg_yjég oxi de, al um num oxi de, zirconjum oxid
| Bfpre 63iiag Ofith kpalingi Riecechish 419 SUSRPERION raigjarablestired for a

oskieienty ang;ﬁm@ee gsirero @rto@QW@grs Wulardm& to 25 hours, to break
¢ up@gglomesatesi of thasLigirhead soks ahel, to prouyse emomogdreous suspension.
| MheisuspensicAypiéap thak Wioli@XédHient BF REINLLD t8S0UELY REIGRNTRe

°)§b nsfbﬁrrhé’cmlrﬂ)fé eréll@ agqﬁ sale W%&lrldgélf §r éﬁsfcﬂle@ﬁs frikture with

ms‘m kst Ewsawfsﬁ'vs%&% eag%éhasna' Bl BBt Sopropang), fgmpamide
ofand they Bﬁeum henfir S'tQI conshsyspension Fearrses1iGnans \eLsihgrticles as

0 cg@%byamgegmrefemge@ givert ot legst 0% by yalume ofdhe V£Os particles
C baping iatdiameteAsft 2000h for 1688 antl atleastraSe By eoltiine of tHe WO articles

blhbwﬂg(él‘(ﬁg'}ﬁ&egéf dnenoeledstivity, particular mention
be made of oxi di ¢ phosphorus conpounds, in

rt cul ar e. Befaore carr

P TR betel FroP R ST o Smby SobSumers, Aoyan el 3,/ form of an
staiqk‘?% ¢'~‘Eﬂer%l°n QJ]V'PV'@C@H‘%Y'“WCI?H afei M'B}" e te‘PF"UH‘F% stygene-
3@chytate snd vinyletate-athglené rarmatided te the shepensiont Bhebbinddes are
3Rokmerggilycaaiiatie as afuddus dispepsisriathvingld stidideonte of, for example,
PRSP0 BD URBL Uhe HISRAD S Q2h binHBR R HSBBAS LO&Y is, according to

t XIPé ‘f“l@éljlt hf?ém@ t8%b/od® W Bhte Bgse%forf he Wes t'thhg(%d%&é/nsmn
P
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suspensi on mediumis generally aqueous, e.g. water

i PEQ000094928 aqueous mixture with a water-mscible

organi ¢ solvent such as methanol, ethanol,

i sopropanol, formam de and th like. If the first or
second suspensi on conprises Ti and V205 particles as
39Vieat thé gatalyprdupport is, coateell wittethe eatadytigallyeattiteocarhpdsitost coating
9&%;5éfam¢&stmroﬂf 74 feet M@%r@ahbloyécféccob@f«g ftha irflieAtigH, With

'Be‘?rf sie B t?é"&’argéd b@l%ide??trﬁo%%hé’r@ pt u?é of thr;l'ﬁiey?&a@ced

%retl aving a dianeter o m or

ﬁesrsgl organi c binders, preferably copol ymers

advant ageousl y in the formof an 40 aqueous

diTepdayer thickness ofithg catalytically @ctivengampagiiion issgengirally|from 0.02 to
aOed5anhe; preferhbity érons0.95 €ne. 28 eniny ) Eriecprapattion afydctive composition in the
aealafiseishsDAlyahin 536 95%6&@% gm hﬁ@uﬁk&ﬁ?ﬂ@hs% by MA&ight.

blnders are ‘commercially avail abl e as aqueous

[ ol ids caonten for € mom o
£ BB t@af%@ot@%m?gﬂw OrSsriainhat o Rsra s o 5, R AS0°C arives
d.t Ripderatisram ee appliedlayer aF aEpsuls of theemal despmpesitionsansrar

2 cbmbﬂ:ﬁﬂzinb?hmﬁteghal treatment ioprefarablyeangied oof intsite in the gas-phase

S wxjatici @actoA5 PF 0000054928 5 When the catal ysts

support is coated with the catalytically active

are %%h{rh&@r K%O&He zeﬂ;ﬁhét‘gé 8% RL 155%@’}?15 to 120C

nvent i
bei ng abl 8 t under atﬁ{;@ \A@f“f*ﬂég/%‘"% 3bbo,
pressure 6r< @mlé(o brYé’(ﬁEﬁbS ®ressure. @OTS’F]Msdp;ayU_(Q]<200 and

t hi ckness 80 Thd Clat B15ytically active conposition is
generally from0.02 to 0.25 nm preferably from 0. 05

t erp@-pataridter K t‘gs é?fl&@é}fytdré’f@ré?fl i r‘a?'fge5 @@3’@‘?@& ‘i8435‘ ah®

the 'catal om5to
nmost |y frégég as §10 %/8566 ht. 10 Th f“f” a E%]SE%OO
of the re8i Bing? 'ﬁ]‘yg at terrpe ‘tl pofIL< 380
to 450C dPPveekes [t eébﬁwder off fromthe applied |ayer
as a result of thermal deconposition and/or

cqmmﬁnz@éhd Hel¥ tHe wdnalsu ps&atnawm ihshePf@diesrbéd apparatus, it is

C%lglrg t8¥§e bﬂ/ §é§6+ da@ rhi ﬁr@@ﬁlcﬁﬁﬁg rt u ;fér%é bfélating conditions.
b G R
15’6@‘93”%9_0%@53 Y i p'ﬁ”%@'b ‘5 <_ Bs,sp [% by

wei ght] 5 15, 100 <_ MSpp,,, [kg] 5 200, and 805
Tg'are[cﬁ}ammélﬂl aclife Thrappsitiameneaaisdbe sppied in td amhgre layers. The

PN&fels féfabl{l‘ havd diffenidelsctiviied aAd 4ctivits OF Srak@mpleCBRSnner layer

[ ilHe I%ﬁ’,%q haggirggﬁw% Hdé SéibAtlof Sp i—ﬁ?@ by visght and the
9ty

g«{é‘o ﬁ%ﬂ%@an ImAny.qX eaciog n& ﬁi’cﬂ aflower For
ippgraAnd;ayteriRyers @y hawyd! %r&”'a PB?“H% C°"“F”*F's

pﬁ%@ﬂjﬁ catalysishavingwg dayety acgasing teithe mvemtiooha isgcangeaqueous

urstisperisivn ie pespatedigons cawiytically activeHoatevial and iBeprggsd onto the

I fTﬁJisz@dCs%QPd)ﬁ whidY 3k BBEP USAt¥d Mth theirsCuspaieRsn.
part| cularly |nexpen3| ve operatl on of the plant

Sllngllé glé 3% r-égt%p%la{t \aoa/ogﬁfﬁ%otpés? gtrtgggy gl% rt ma(%ena(fs of the prior
art as are used advantageously in the productuon of coated catalysts for the oxidation
of aromatic hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides.
Support materials used are, for example, silica (SiO,), porcelain, magnesium oxide, tin
dioxide, silicon carbide, rutile, alumina (Al,O3), aluminum silicate, steatite (magnesium
silicate), zirconium silicate, cerium silicate or mixtures of these support materials. The
support material is generally nonporous. For the purposes of the present invention, the
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| ayers preferably have different selectivities and
aPFioPpo0928For exanpl e, the inner layer or inner

| ayers can have an antinony oxide content of up to 15%

by wei ght and the outer |ayer .can have an anti nony

oxi de content which is from50%0 100% | ower. For

exgirpssion NoAPOrDNSTMEHHE “AoripBrolstesee st fortechavaly thsidrificant amounts
PBOSRES! Sifcs] ehﬁnhﬁmbzpof%r&* RERDE uRAIHAO] Sre tia{'uﬂser industrial

t @@n&nt@ﬁg r'? a %ﬁé;% rlnggngl%vﬁl sﬁ&!ae?%&&qmnfaﬁﬁﬁgaﬁ Advantageous

- CHRRPE TRalpHAIS 8T, dhBpTHicuITy piEslie g slicph Eard e of the

s BURROTt MalRrialis aereralydiet etticakier thetnieeatalysts aag coated catalysts

s asqedisg tnthe Asventian. tFos axsoplée, catdlestisapporistin tre foos sf fdheres, rings,
t geuew spirals,uabés/ eRinhdate Rt UrlsheB ingdterddl Sa®be LUBEI. AThie@imensions of

e@é tc:atagé 0H§ ﬁgrr?sg%ﬁa tRBLY! g* cfyatélﬂsttsp Spcf?{s%%{btrﬁﬁﬂ/ used for

coat e ar o
gfﬂ"BS’BP i FS%E’FE“JR (e oS pRpts gl DRarngh SLRmare
Y‘HBWPP'&S gﬁ?fﬁ'@PP%l @sc'venée;sﬁ@ets ltedpithg tormobgphgres having an
f extemnasdipmeter of fromd.§ & NM groingelhaving anwytessal diameter of from 3
ord temm.in dioxide, silicon carbide, rutile, alum na
(A1203), alumnumsilicate, steatite (magnesn um

SThé BF’&c@gs ﬁhﬁ%@hm g Ehﬁ%ﬁy Fe?%rhﬂﬂ%ﬁﬂneg ﬁ{ﬁ aOPTUI ized-bed

TAPRP P w‘*&ch R ACPARITET IR ﬁﬁ%‘?meQda gt n%rt's SUBROTjn whose

t Ipwvep FRgihe ism}'bmﬂ%'ﬁss'%@ RopvidrsbRIswjoks coMBnisasasegnyal tube for

" intnoguciogutite gasarhich exdensisrasasntiaky exallyf downvesedh in tbalcbytainer and

I npergninfol thedepressiomtan eseéntially asrivlarsdefieétion shigid Whiah ndfided to the
Otemf GfbeMMihelHpdP AGRINISH Ihe/ cattARE HndU§\8Ee HNGIWRIC istbcated in the
Cﬂﬂ\fé'r} of tHe @orﬁé‘uﬂgpﬁ WFO%H?{heV&hﬁQI tﬁ@@%’és@nh% aéol'né(entncally

odh fro
- Vs ol s Senatns WF?%S@E%P@YW&ﬁ@@aﬁtﬁﬁrﬁi SR|IGaG, 50N
oﬁuqq?@s'sns%wcﬁ fuidiagdsbechpPRasatys icdascriRedh M examplec ) 158 Germn

f patenhappiicatioatRE ¥8 06 98hCCovaedchly availapit fuidizestbediapmpratuses
t whichearé buitable foncarfyiig eutanepdcesyadfahey Blrertion s, tfer éxample, the

t RegéItEBE HIRO 86 BRd HKIC 5 frorﬁﬂulur?ﬁ %telﬁ@r'\ r@érmany ubes,
extrudat es or crushed material can be used

ns ese cat al st supports co res
¢ e B3R AR gyt agﬁ%éwstt% heyjafesiiar pres.iebls in E?nera' for the gas-
p PBRRSHYIdRtion of BMatics cshwdwcatrmsg;agh B Q@@Z%‘&r theaylenes,
oialukate, paphdtialemeoredurenel @ ,2,8+tetcamdtbyisenzenef teraarmaylicsacids and/or
gcadoxylie anhydrigles saet ad Maleic dntydfidy, Phitalic pRgideige evkoig acid
a%nd/%?‘bﬁb%lhtl@bmhﬁé He lﬁ\fé?lﬂ?)f@tr’@réfere]é?sd@og’lﬁeé fd 4% use of the

h@é’t‘a gt &Bf’ tded'ﬂﬁ cgggﬁf%e ve t'io(m})lgpre gnrﬂgie%hg ﬁydrlde from
PSSTai e oS beRE 1S appa?at Us which is

a container for accommodating the particul ate support
i fronthéssurpaesse ther aagglyats arodus&d adckedimtetortes wventionsare placed in
P reactiee tibes Whidhi £6 treembstateSrom Rbutside oUhé rdaRtion temperature, for

| gkaAge rﬂﬁeatn'@%fléﬁm\é'l?é Cghoet’ﬁb%aﬁlﬁaﬁstéﬁﬁéﬂaﬁl ¥ offgen@ldily from 300

d

?“%‘%@ *e?eré 2 get ”ﬁf g0 f’é‘%a ?%rﬁcﬂéaw el et o 400
wAng At ?93?9%(@83%99 %e"eé t d8e-3 bart ws om 0.3 to 1.5 bar,
r €tf eassed at 4 epagsrieinaite of mrdlygmnv@Q {orRPOAI 'c ihe Eeaction gas
| supyilied to thetdaéalyZD id generally @gpduced by tivéng a gasivhizh camgrises
S WidisBuRf Dxyded diRithalin Addisoree sRPderafrhef @dS‘rﬁ@*iHersluﬂaﬂ)lé Yeaction

OYiddePibrs o o'rHﬁJ n‘&n&{) a%%‘i’ea{ﬁ?ft%?ancH.oﬁJH Ad/& R etnn/ﬁth the

first CF‘ suspensi on
f@m"a@tyﬁydwgarb&ﬁﬁgb%&swﬁg P 093 40plising ioles rJ rofygen

t enealnkeing phie é%FO’HB'?ﬁei EQ ! & 18meti orsetpaably from 2'to 50 mol%
Commerically avail able fluidized-bed apparat uses

whi ch are suitable for carrying out the process of the
invention are, for exanple, the 25 Kugel - Coater HKC

150 and HKC 200 fromHuttlin, Steinen, Gernmany.



10

15

20

25

30

35

40

45

The catal ysts produced according to the invention are
Slﬂﬁ%ﬂﬂ°§5¥9?8general for the gas- phase oxidation of

aromati cs C6-C, o- hydrocarbons such as benzene, the

xyl enes, tol uene, napht hal eneo7or dur ene

(1,2,4,5-tetranet hyl benzene) to carboxylic acids

aracht partidQladg plefenably droam hy thr 3@@s| %, Wf bxygenbmidcto 30 mol%,
arphetedbfEron? Dt ab infol BNEMEHtE CRpoP SRERLH 06150 m@kd bfiferably from 0

p){g Q'HSAI% %)f c‘:ar éﬁg)rahéjeb IaH%S n5t%§gﬂt‘fc§) OEU@J ﬁgqgé‘c@&h tﬁﬁs the gas
0 1

reaiptEng ey ofiden '8&9?‘%5?"3’;;'% i
arﬂﬁ%?‘?%df%ﬁt?md%@?loéﬁéze P2p hiPAGAd B ergaPn 'kt‘%ﬁ leaen found to be
t Irartisufarly 38vardagecius 4o pse gatalpsts whishadiffesliny terms pf théwatadytic activity
acmasod thegcHemidah enakBAupryf i sbtice pbrapssitionrin tifeecatalyimed. When

t YRAY tWBIrEdttiBh Sohdie fH@D&ﬁé}}s‘? @m‘pfd?/mj 'irhfhe‘?%t%éi‘%oﬁ Qoﬁé1 fe. the

r ??%hoﬂ r}oﬁg H?Erg?ttth'% g tfqr?ﬁ%@g ol r%as”@@ﬁhﬁlg ?18? %%o?newhat lower
f rCBFﬂ @G@C "('E{t éprgﬁﬁ e§9@d fesc %@n&nbg the reaction

pa&ene eaargs the paépéﬂ%\ﬂn@eﬂer@thtﬁap@pnmg@cmtrqilﬁd by tmegns of the
gdempernptuss setting o6 thept therradjbypdrt ofith€ atonatichy8robanbpn present in the
prreidtion ey id readted aBmagimundyibrin tHECirst RnB aR@adleride i€ given to using
SRRYeE- MSVBZohY cQtfaI)@%ﬁfé‘M ¥h 55r950l5§9re%9ar@%gr-%ne-r&%lyst systems.

reaction gas supplied to'the catal yst I's generally

dyced, b n i ch conprises nolecul ar
ofamanman raluspohydRe alhwhg 358 Fur ther
conprise sui tabl e reaction noderators and/or diluents
sUBdampde $(siagie-layar tnjaiysiiGmMOGeeraimdalmuppbrlt rioggn with the
aromati ¢ hydrocarbon to be oxidized, with the gas

CQﬁptM & &%n%@s@?ﬂé?%g@é%gﬁg @m@ﬁ}‘ %@4'% d?%hé‘t%sé‘gél?r E@ace

[l
R B (o R2498" FErpdlY fetgé'ﬁ %Pe?@mvgxudﬁo?n?’o kg of
1(?95'8”3%%% ajg wefe %5%9@@? "F e f C{e(bo distep and stirred for 18 hours
priepbiaiibd hompgenegus dispersian 3.6k ofan ergapigrindesgangistiog of a

O dopolythenol iyl peetbieramdl wnyl taarat@in the fdrmmafl250% Btremgtivaqueous

didispefifion Waledtieled it thigRPensién.pr oduce the reaction
gas, the gas conprising nolecular oxygen is generally

from 3 1 romat i
n BTttt diplritite Suioh b i 8 o begon e spreves
hZth &ehKg BiuFientie) (Mranesiim sikgatelin {hefarat %[@éd’@g'”ﬂ&"ﬁ%'@'ons of
catt mimys ¥ snmtxi € mntl(eifeanal |dmrmeé¢rrrshejghtt>hlete¢ml diayndter) and dried. The
acdpevating pacamiétors wdre chemi cal nake-up of their active
conposition in the catal yst bed. Wen using two

reﬂapﬁdvpn zones, the Caéo@bm enpl oyed in the first

zone, ) ?@2 8r(;asctl on zone nearest the gas

|ﬁpté?é‘+°ﬁ?n fae react| 0 ﬁ has a somewhat
dRiBfer coneantrghioni ¢ act1ic\/?P WFWQHOftt @ tla)sypRRNsIR usednt
| Welght gstiopets: eact i o 59dﬁ§le!3f steatite rings (¥ aue ti’7onm 6 /nun)
nergngsdratutecofgmSedin: | et109P@ general, the reaction is
controlled by neans of the tenperature setting so

t hite é%ﬂﬁytmgg éctf\)/é”cbm?z)s&l&?a@lgm thfs @ﬂﬁ 8GhE @Qﬁl st coating,

pr esen

PRt 712% by WEiOBt o SanSum L RaIGSH B8 yE0 A T8 L %Y"ﬁ'ght of
trﬁré@onv&caw%e%ﬁéb&waq % byyweightef cesinp salquiatedas Cs) and
t HeE% by aveight of tztalmemcrm)ede_/afters:gbinahm at145071G dor one hour. The

| nveéigiitioPhd Spplibd beatingtwes 819%tdfehef total waighbofanafmibiesy catalyst.
Exarrpl e 1 (single-layer catalyst on conventional

) 47 t rface
ar ea: 6325&'511’5;&9?“35%’%% V% tl#%%qﬁﬂ%{@@@ ‘?%E'T{ EE;B nge ar ea:
20 n2/g), 5.32 kg of vanadl um pent oxi de, 1.33 kg of
anti nmony oxide, 0.30 kg of cesium carbonate were

suspended in 195 | of deionized water and stirred for
18 hours
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to obtain a honogeneous dispersion. 30.6 kg of an
oPF#090843der consisting of a copol yner of vinyl
acetate and vinyl laurate in the formof a 50%

strengt h aqueous 25 di spersion ghere added to this
suspension. In a fluidized-bed apparatus (H ttlin HKC
1590 antdlink of abfraddu raaterislfzsies b tipleverop tesimaseab% bytveighb@fter
k%aféfnaﬁ&r?é“ﬂoec(féﬁgﬁ%uhbmrﬁthé u&fﬁteét éHSth %@ f SicEaRst (calcined

r 'aﬂ?rsth ﬁ'f{élg %Fﬁ?@f'o?lﬁ%og 2450%1\%5& throu a 3 mlong

1avFgAan |§ r diameter et al'gllptofq %W standing under
GGUR)tUﬁB/'ﬁ separated dipet therfusbioemedom mpachard isjaggisyallowed to drop
c dmough thettulom The0stabpassebssin theé tripleedrpp tesit basesamthe amount of
usetive3Convidisgioh applictl ppRAtcdredfthdk & 000% i€ atméasurd 6fdRe abrasion
( fed@thrice/ofTHa Xatdlysf) Tenperature of air fed in: 109C
The cat aI yticall y active conposition applied in this
, t he catal yst coating, conprised 7.12% by
' raive (cal cul ated as V205), 1.8% by
wei ght of 40 antinony (cal cul ated as Sb2G3), 0.33% by
wdihgtatabfst was prepaesisdscin leagmdieats wdh theaopbratdiy. coblitiblys of the
Welyired Medtdphamitus BenPsdt @6 falolver cal ci nation at 450C
for one hour. The \NEI ght of the applied coating was
8..0% of the total ?ap he finished catal yst. The
f?’ra ‘er K cal cul ate ? he equation in claiml is
18‘8‘“5’”‘3‘?@ Bi:0000054928°89MHB amount of abr aded
médirder gpnegntrationy t ri pl18@%dpyoweigblef thaatotal Sosnepsianiughd
( AWeight of sepmartsat i on at15@%Q©f Seatitemiagh (UMM x Fmrhes dmgp
t empetdionetof af} fed f capatyst (calcined after thermal
treat ment for one hour at 450C) were allowed to drop
Qu t.ube havi ng an |nt n I amet er
ort8eefaterdr R catEsdtory b Aot oS 3zl ng
under 5 the tube, is separated fromthe dust formed on
i et thatemperatugeiphthalair degbis was kfieyp thetrangrigerordieg tothe invention,
Theartydtvinl rimgs sehidhostsviduslytresulted iffoeinsufiigietesying agsefoand. The
t hgncumPeidbraded matetidftePRRARMIE dRSh BB dest'M3iis Bxample 1) was
cQigeesponds to 100% is a neasure of the abrasion
resi stance of the catalyst. 10 Conparative exanple 2:
The catal yst was prepared as in exanple 1, with the
orﬁw@@&i&ﬂ@@—gns of the fluidized-bed appar at us
being set as follows: 15 Air flow 6000 nB/h
| Mhedtatyst aas peipared?aSin egaimple Biwittelie 6psratinif corditions of the
1Q%dpz\édyb%|d a%ftust%g{ &tk felsfgensi on used Wi ght of
supports: kg of eatlte rlngs(7 mMmmx 7 nmx 4
n‘rR fTerrper ature of ai {) 70C 20 The paranmeter K
'rfﬂ Wited fromthe ef3 ﬁ‘ln claim1 is 107.8. Wen
®%re of th 2599 Miad in was bel ow the range
acﬁmxjemcngcemratlm i nverR0Poby weight of the total suspension used

Weight of supports: 150 kg of steatite rings (7 mm x 7 mm x 4 mm)
Temperature of air fed in: 109°C

The parameter K calculated from the equation in claim 1 is 263.5.
At a binder concentration above the range specified according to the invention, many
twin rings were also found. The amount of abraded material after the triple drop test

(drop test as in example 1) was 40%.

Example 4 (single-layer catalyst on larger support rings):
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twin rings which obviously resulted from
|||?§E/RQOP 094828 dryi ng were found. The 25 anpunt of
abraded material after the trlple drop test (drop test
as in exanple 1) was 40% nﬁar ative exanple 3: 30
The catal yst was prepared as i exanple 1, with the
operating conditions of the fluidized-bed apparatus
bGBOS}lg etteastefimibedddn ofingsthaong dFREHEIdH/dN 8 mm x 6 mm x 5 mm

%%t HF&uérﬁ ef *heig ?—Zﬁﬁerﬂ Mdidm %&Q%Eat‘égwgéhfdﬁzkb%gd
2 ? u\é\F(H% &1 ﬁléC 1%8% ?Rr?%edf\ﬁlﬁb gompprising

gpépnatasehafinga |B flesyrfage argg ‘rlﬁfé/ dﬂ iﬂéﬂ‘@Pf kanadium
c@eowuew $0kg ofinxabiiacid.i 163 kg of antimony lrwxmso 868 49 of
Atarandriiurd éydrogesos piedte (0123809 vEcdshuen salfats 23637 filg@fiwater and

aQQ‘BrO@'k g)f fd?mbhﬁjé @tﬂél‘ \Ql'ih 33“?@)(9 of éM Brg %hf&%dé? E6ns3dtipg of a

m HBE 81 ra@ %ﬁuba 7565 &} w h%fethe layer
d wqﬁt (? yvetgg g| g I |6rhec|1 %ﬁ%g?t (g Pi treatments at
r |4|59§ for ppe bew w@k Igicalhpagtiye gpmpesitian @r@phe% int ﬂ’ié" Ways he- the
ofcataiystsodtingi cognptised ns iaperage . 18 %y weighhoh phoSphamus (calculated as
( @y 5Ny WhiIGHTRS eanadiume (@idulated 88 Y50 3.2 yBIEENt oMaAEMOoNY

g%alﬁﬁatw a8 sblay jfb %G1 kedumaBRatiaky 8s CdPhhd 6. 058Gyt of
DB BEREe e pbtat ona o AR Y B0e B8 il Jipre:

I\/[Z/% 11.776 kg of vanadi um pentoxide, 31.505 kg of
low: aci d, 5.153 kg68080 BN mony trioxi de, 0.868 kg
ofintragiuntion rate: hydr ogen 2@bdgfmiat e, 0.238 g of cesium
Slﬂinfcﬁt eoncehlrafioh! kg 0f7.588bg velfhtlof thé t&QIGUSBerion used
SBRIASuBRHRL her W B0 Rg of Steklle Ahod(B AROABINmIN D)
c%mé)%tdtﬂ}g 09 |r?ed7|é°p°|9¥ acry c acl d-mal ei ¢ aci d

(wel rati 25) t|| the weight of the |ayer

10 applied was 10.5% of the total weight of the

f |Tﬁ?s§)ﬁéﬂﬂm%!a't K cglsylaiedifroat theeguationda claim ids 464.94Bu @ampwit of
orabrdued materih afterdhalripie dapltgst ddrbp test as imesiniplen) was 5% by weight
ajparter edicinatidrhats4508@ forion@-holf)e  cat al yst coati ng,
conprised on average 0. 15% by wei ght of phosphorus
(cal.c I 8%, R., 7.5% by weight of vanadium

( ), 3.2% by weight of antinony

(cal cul ated as Sb20A 0.1 % of cesium (cal cul ated as
CIhegatplysbwos prappregedsgn examplest, with 48ikaref theoisgensiarnleeing
ojsprayed agd thensperatiog onditidiscofftheufluldizedtb b dpapptaes deing set as
weslewsAI I flow. 6500 MB /h Introduction rate: 2250

g/ mn Binder concentration: 7.5% by weight of the

t%rzﬂo suspensi on used O i ght of supports: 150 kg

0 évatlterlngs (8 mnmx 5 mm) Tenperature of
ailftradygtianyatey70C The 835%%‘3'& K cal cul ated fromthe
e@inder eengentratioti m 1 | J.506hy weighhef thetelal suspensidsy urgdd
miVeightadf sapgeets: t he t riSplkg ofl steptiteaimys (&mopx Baain >as rinn)
exaiiplefatdrs ofaf f&Pby eer@ht

The parameter K calculated from the equation in claim 1 is 221.6.

In this comparative example in which the weight of support material was below the
range specified according to the invention, many twin rings were once again found. The
amount of abraded material after the triple drop test (drop test as in example 1) was
34%.
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25 (after calcination at 4500C for one hour).

4828cxanpl e 5: The catal yst was prepared as in
exanple 4, with 19 kg of the suspension being 30
sprayed and the operating condiél ons of the
flui di zed- bed apparatus being t as follows: Air
f IGompaéie ®Bampleltt r oducti on rate: 2250 g/mn 35
Bi nder concentration: 7.5% by wei ght of t he total

SHHRRER w&sé M Ahh &9 BRRPQ/th the ofbr HondliBAL bR
?_ew pa &gem@r e %go?@é e

gyg@lsz\? %"Bﬂ@%ﬁ K E M‘Pé’a fro:nu{ ﬁeoequatl on in

claiml1l is 221.6. 40 In thls conparative exanple in
wiirdlewt he wei ght of s@ﬁp@m/hmaterl al was bel ow t he
r amgeiusteciatd: ed accor dea@ginint he invention, nany twn

 igdfer WBR@n@atch: agai n 7fkRd welheof tﬁ@"t’é’cﬁltsu@fer%‘iﬁrﬁ%@

:‘%‘9 s @?“FWS a0 gbgg%é%%aﬁ}éiba% B BB 23 ol

Waly S prepared as in exanple 4,
W th the operating conditions of the fluidized-bed
afpamatansetbreK oglcslateddont thiel egwatiorbin Alaimfll io®29.6500 nB/ h
Introduction rate: 900 g/ m n Bi nder concentration:

7A5°4’r9ﬁé wt@ehaﬂs‘n afffweé Péﬁs:&%ﬁ%ﬂ eraoair%aﬂ%» ﬁ%:é Qated

%Wftfs“f% Aﬁ?aﬁé %‘Pﬁﬁﬁ ftaﬁe%i'eggﬁat %&g%?(th gpé ro te% (drop

L EP 4t ‘f"ﬂ% Quation inclaimlis 229.9. At a
rate of |ntroduct| on of the suspension which was too
| Exampteny TwWoalkyet cateyséd 15 catal ysts were found. The
anmount of abraded nmaterial after the triple drop test

(@u@?ens‘i &st: as in exanple 1) was 51 % Exanple 7:

T { i
“*‘%9h Y CioBEA Yl ﬁfiﬁg%%'éémﬁ@ Bensled 8 08 gk inm
» (extgisial Qiapeler 1 eIt A ieroRT diomeleghters heptegima fluidized-bed
d|aﬁméﬁ)(HuéhreHKGa%@bandwsmavemwm 24l bbalsuspspsipacomprising
( HI55194B ikp oFataShavinga BET ayefdcendreh 0?21 kf/gofl 3493 kg of vanadium
RRARIE 086.088TRY bdxatc adi§ 5. PABkdK6F é?ftmfbﬂf,‘lttrﬂ)iﬁjeh@‘%@q af

B radHid ?19%%? s I%Jt?r@ %?ce"s%fn Eglfa%%l@nl%@' ter and

?tg% qf for §§W kggﬁ%mqﬂwc K8 consisting of a
th?P?Jé’@ b‘i’f@&ﬁf‘u‘&@é’d 'Ba‘Q@PC lypiats @#Yate, 240. 160

kg of water and
Suspension 2:
150 kg of the coated catalyst obtained were heated in a fluidized-bed apparatus and

sprayed with 24 kg of a suspension comprising 168.35 kg of anatase having a BET
surface area of 21 m?g, 7.043 kg of vanadium pentoxide, 19.080 kg of oxalic acid,
0.990 g of cesium sulfate, 238.920 kg of water and 66.386 kg of formamide together
with 37.5 kg of an organic binder consisting of a copolymer of acrylic acid-maleic acid
(weight ratio = 75:25).

Operating conditions of the fluidized-bed apparatus during spraying-on of both layers:

Air flow: 6500 m%h

Introduction rates: in each case 2250 g/min

Binder concentration: 7.5% by weight of the total suspension used
Weight of supports: 150 kg of steatite rings (8 mm x 6 mm x 5 mm)

Temperature of air fed in: 97°C
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49.903 kg of formam de together with 37.5 kg of an
oPFaM1090p49%r consisting of a copol yner of acrylic
acid-nmaleic acid (weight ratio = 75:25). 30 Suspension
2: 150 kg of the coated cat al yi obt ai ned were heated
in a fluidized-bed apparatus a sprayed with 24 kg
ofThe pewspetasKoalcolatgarfraen tig ep@ti@dinkgpimf1 ian&d@se havi ng
a BET surface area of 21 nR/g, 7.043 kg of vanadi um

T e B L

bﬁea ip g Mai iy rW6$ oR AygrA 9% .08% by weight of
a®hdsphwires @a@uiated a(alﬁé)l gﬁﬁ"/crtmwaghﬂt d&aa&)lum(cmiuwem gs V20s), 1.6%
C biyaveighn os astfmaéryg calbulbed ze S0, &ﬂﬁf@ﬂi)aWélghﬁcbffcleﬁle (calculated as

SIsI%hA 923790y WOGR: dfdRhidm adQigd I Tl ow 6500 n8/h
Introductl on rateS: 1n each case 2250 g/m n Bi nder

o e SRt Stsadect gt el B ‘@3 e SfoR b8 rqut%?t."q%Sé eggmple 1)
myyas 1§ %hy weigh erq% joatal #80&} foappe hewr).i n: 97C 45

PF 0000054928 11 The paraneter K cal cul ated fromthe

e@onipapativieexamdies:1 i s 154.9. The wei ght of the layers
applied was 9.3% of the total weight of the finished

cat t.ren 450 for one hour

%emé%l éjr c%?af 035 P«aggﬁeﬂabééoea% A émpf rb%?;?eéahrrgnco(nﬂrtlgns of the
Widizeds edtqp@a WS%@ég‘? ¥s: was on average 0.08%

by \NEI ght of phosphorus (cal culated as P), 5.75% by

wdiflow: of vanadi um ( c&2900hdthed as V205), 1.6% by

wentedtiuctidn @afs:i mony (cabeolgahind as Sb203), 0. 4% by

W Sy cgrﬁce;ﬁﬁﬁhé}m (cal “7“3 'b QV topﬂe t&%ﬁ%ﬁé?ﬂs?%ﬁ A d
Wgs%ﬂal af t1Ee‘:’r6 %gggﬁﬁ " op te rr)gr op test as |n
n?&fﬁﬂeéa tyie 0 \ﬂgge 9% b i ght (after cal ci nati on at

450C for one hour). Conparative exanple 8: 15 A
t ithe| payaametenk @hizslhtedason thepsyuatiorain daimetxiagploe 7, with
the operating conditions of the fluidized-bed

aW%F\ %ﬁrqﬁm&%ﬁ@éqﬁg a% lt\9|W§ hd %t%\%ts%ﬁ%of{a@é Qoatmgs were

niroduction ra
L e R g e
E%arll‘ﬁeo eﬁét?te rings (8 x 6 x 5 nm) Tenperature of
air fed in: 97C The paraneter K cal cul ated fromthe
e @ompapativerexampled:1 is 82.9. 25 At an air flow which
is too low, many twin rings and catal ysts with fl aked

%?M{%ggdgéve%ﬁygr;%ii A%E ?sai %Q’tnpgé;é?mggﬁeegp&gﬁﬁmﬁldltlons of the

59 app se% as fol
Air flow: 6500 m*h
Introduction rate: 2250 g/min
Binder concentration: 7.5% by weight of the total suspension used
Weight of supports: 150 kg of steatite rings (8 mm x 6 mm x 5 mm)

Temperature of air fed in: 125°C
The parameter K calculated from the equation in claim 1 is 212.8.
At a temperature of the air fed in which was too high, many catalysts with flaked

coatings were found. The amount of abraded material after the triple drop test (drop
test as in example 1) was 65%.
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30 Conparative exanple 9: A two-layer catalyst was
prRpaPe1P54828 n exanple 7, with the operating

conditions of the fluidi zed-bﬁg appar at us bei ng set

as follows: 35 Air flow 6500 / I ntroduction rate:
22({E1§n%jm n Bi nder concentration: 7.5% by weight of the

t ot af suspension used Weight of supports 150 kg of
steatite rings (8 Mmx 6 mmx 5 nm  Tenperature of

ai ¥ f ddlpiogessifepprodocing e cptatyshior gas-khasd @idatipasl whigineomprises
the equation i n wdighimg 4 padic@at2.iBert Slipparitravipgraatotal Mmaes of M,y
t he aijftofLAlidinedibedpptpsiué,00 hi gh, many catal ysts with
flaked coati ngﬁahéﬁﬁt?u? ERHE%&OUP}%S of%fca @Q@ﬂactlve material
mat eri al afte

ot Bl gk i el S%*E Soren G By,

process for pr ocﬂH@ﬂZﬂf@ the ingriguppert by intepdyctisnpf @ gas stream heated
oxi dattp ertemperatwe of Gypati ssfay rateof@j.ngnd parti cul ate

inert support haptayihgahé etistensBa St 8ratbBeRRY dnto thel fllidized inert
a fluigbzed- bed apparatus, providing an aqueous

suspeng| at yt| aI ive
sour ces etﬂer of “arfe é”s’bll\{ifﬂ’ %ﬁgﬁgaﬁare sr%?cﬁ%dewtrg ﬂ{e 'fpges

of Bsusp, fluidizing the inert support by introduction

of a gas si0PBaRnem &d<9080.a t enper at 1P sR:Tgasnial < 3500,
flow rate 2f Bgd%, byaweightD<4pr ayi ng t heo suspsnigda 240. a

rate of QssspTnro)thegofluidized inert support,

wherei n Qgas, susp, Bsusp, Msupport and Tgas are

sel ectg ggyatg ; [g;f(%rﬁg%ga 000<_ Qgas [nB/h] <_ 9000,

1000 s usp 15 2<_ Bsusp [ % by

wei ght] < 18, 60 < ort s 240.

75<Tg aS[ (’j—< Oﬁgg %ﬁk -t ®Q65 Qsl@.{:ﬂ a@gafsusd(— 6-@67%0’:@0&3‘ &m%-rgas -
0.020 as - 0.055 susp + 7.500 Bsusp - 0.667

I\/Buercyatisﬁbszhé)Fe@atﬂagamﬁﬂz?.s SREIZp! es the rel ationship
127.5<_ K'5 202. 2. The process according to claim 1,

r r . Kis in r 2 0s K<
19 AR Sl Bl e
[ g/ mi NP0 < Kgotf Bsusp[%by wei ght] <_ 15, 100
< I\/Buppon’r5PQ@Qg§s ["ﬁ(b‘(]k 7580<Tgas[ C] < 188 < BDus,S[g/rﬂ‘ hle< 3000,
pr ocess acoBgL % howsibal m118, wher ei n10he MaLARE] 2208
is in a ragoger, J¥8r fr5. 184.5 and 5500<_ Qgas [nB/h]
<_ 6500, 2000< qusp [g/mn] <_ 2500,
3. The process according to claim 2, wherein the parameter K is in a range
143 <K< 184.5 and
5500 < Qgas [M*/h] < 6500, 2000 < Qqusp [9/min] < 2500,
6 < Bsusp [% by weight] < 11 120 < Mgypport [kg] < 180,
90 < Tgas [°C] < 115.

4.  The process according to any of claims 1 to 3, wherein the gas which is
introduced is air.

5.  The process according to any of claims 1 to 4, wherein a second aqueous
suspension of catalytically active material and binder is provided and is sprayed

onto the fluidized support which has been coated with the first suspension.

6. The process according to claim 5, wherein the support which has been coated
with the first suspension is dried before the second suspension is sprayed onto it.

7.  The process according to any of claims 1 to 6, wherein the particulate inert
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15

20

6 Bsus % by weight] < 11 120 <_ Msppo,t [kg] <_

1%0009 s[C]:5 115. 35 4. The process according to

any of clainms 1 to 3, wherein the gas which is

introduced is air. 5. The proc_géas according to any of

claims 1 to 4, wherein a second” aqueous 40 suspension

of casappdri |sardv;deddm thecformbsphatesabylindiersdfngs & columns, preferably

provi daH danshsidhs P fraesito Brhm. t he flui di zed support
whi ch has been coated with the f| rst suspension. 6.

The prpcess_according, t o cl.aj erein the s t

o chTRE a8 SReRgo el Yl s 19 2 wasrSpaRe NGHERE bec

dr i ed3pRATBIUE I¥ A EORIABNIgr aErFITIRIalAY the ReTteljata SuPRt intwhose
45 7. |ontes regigcadishdibe deprieagjon & moyided and whiol cdmpdses, a central
wher etubetibeinpeducingith@bes Wﬂl@htex@ﬁdgggw}'ﬁé@zﬁ(la*@ downward in the

sunpoe@mﬂaﬁep&%&% int tﬁéﬂﬁaregs'ﬁrp Eéb‘fr{tuﬁﬁy arﬁmh Iy ﬁé&.on shield

r ”QSI@T ch§h ’the%e%tr% t@g URPRE r'egg)ﬂzo:g& oq,on ulﬁrﬁgd a guide

 to g W@Péﬁ ocriRa ™ e d0IBRE! BRGoBIANY 54 SYTaUnds the
cont aFeriral fube esserdiaty senaentsicalcovsapeait otitzleagts ang anaans ior
whos e spriagingsin thedirstrand, iflasplicablk csedopd esspiension s

provided. and which conprises a central tube for

| Bt r oGty b%e&@gc&?tﬁnq‘w &Qnﬁ(ﬁ{éﬁén ﬂ%sfﬁ'&tdr%le%ynoagﬁsﬁyméfon

Gopr o8bghibs 6, afPYIc fiitodt anBRotieds bbbl owme pijhe

depress

o v piri e F5v8 oI oo s o AN FFBLPS By vaIvme of
of t h¥-Qopartiglehaverridiamgtdr 983 omrérdessahi ch is | ocated

in the | ower region of the container and surrounds the

caot r Ihe btﬂ@;@s@é@@?dmg’i{d AhyCPRRAAS f ke Wb/er@%%op éh.c!éé or
its |g %f@%aﬁﬁﬁ?% 588 forthd a4t 5}‘5’s§c['}c]_c?1 pg)r Ghiis

i f app second suspensi on ocess
aai %b g Ia|n18 wherein the first or second

¢ Hse ofibe Catalyst meparprEscarno o 8ny phelzims| letg, 10 for preparing
wher e Pathalicaniydode/ e orsylemss nephthalens/R0ixberes theresf.
have a dianmeter of 20 mor |ess and at | east 95% by
vol unme of V205 particles have a dianeter of 30 mor
| ess. 10. The process according to any of clains |I to
7, wherein V205 particles or 20 dissolved vanadiumis
used for the first or second suspension. 11. The use
of the catal yst prepared according to any of clains 1
to 10 for preparing phthalic anhydride from o-xyl ene,
napht hal ene or m xtures thereof.



