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t hal | Wem  witivedn 186@ 22 rrlis paitkéd vith {he Etilsetb & Rdighif thb RBigetRtwaér/iSeind 8, Sréférably between 1.5
I nventi on andB maib this cawse ttiecheklat rdtib of e forsiersstagé catalyst i 1 iatepsthte cadlyatiniatiesange between 15 -
I epr esene ecl8iand 8% £15f weferatiyeetwe@d (25,: 80Nm@ 86, 20P206, Sh2(03, KO, Cs20, Rb20O, and

1102 but may Thereselion ubeiskeptbpatasiwitila Heptwanstenmbrium sbaterprorbue inthe MNgRAIVERN 300! land#00°C,
nitrates, Seferablybeiweeng3op end§so°e apdihg raw metprigl of the mituregipitherpipnesid gepkithgipnechibe passed
rel evant né?cawea"nﬂbﬂr %%s coa ipieg ?'éa”b?)’ vplurng gf mglequhfqayqeﬁg amﬂ&@%t"f'@&"%wm

or oxides Fé%m"i' ncase case of the molecular
cat al ytlsﬁaf’z%ﬁ F'F'O' %aﬁ'ﬁ'g?% "‘Ff‘u rﬂﬁ' Bt’o e‘ﬁzp
restricted nap le résvg\ﬁsna %.a'ég 9& re eferably
i nactive cg 1nex er ero ar r eern

carrier rOt atmawgm.t mvénﬁtﬁ\ vﬂ(&%&&be&m&ﬁ@&%ﬁ.&ﬁﬁeﬁwwﬁw rEQ.%nJe 200 and

30000 whil e spraying a slurry containing the catalytica Iy actlve substance
onto the catdphrtionbfiCaiki on t hereby supporting the sprayed substance on the

carrier is nost convenient. In this case, though the anmount of the

cat al yti calCatalyapieparsiosubst ance to be supported on the 50 inactive carrier
is variable with the size and shape of the inactive carrier particles to be
used, it4is pineiaeqondiitaniumiseliateispiutios whspbiained byaniing ibenitowndi30° comentrated syifuric acid, causing
pr ef ey abl y tsaxtowsa thgrogghly witineagh othesrand then dting the pleduct of rraetio withowater. fIren Rigees wareedded
i nact Mk c&FHeé‘r'c'"P agentio 'thﬁéﬂuﬁ%'ﬁ Fﬁ"ﬁtf’“‘g plcp @gucgqan; FF‘?‘?G@F@‘ '“IQFt"B‘?“t"W@ fe"'°“s ions. The

catal ytical "F [CTRYe wes 9 utl i TQE@ foated bm"
' n?Ct ' \ée ¢ %Ps wgggg‘if Br%ﬁ:ae was qn nacr ﬂ'l' d ¢ Cl ? entalr
cal i ned fin ;a;ﬁ, E AL b .nfu;g 2%

and 7000C, vﬂ& tr 5larﬁetel?8frab 05

bet ween 2 tsg,fa §§mz, re era et ween 4 an ours, to produce

catal yst req UArraQﬁboaaoxma&dbuanoh amrbta b,cutbsomt,esdgaafsﬁrcaaa LI ﬁombﬁlhrh{rﬁiedhﬂerhﬁﬂmt 87
used i N & higof i hetavhrfadaté] 9121 b eBdmnicRiu ARydrdaEMBHospRkta, 06.4C g bidbRin cARRIS[H0.38 g of
t hat the coesdiuarsuliatg 0.2d g df pasbium Suffate, @I BTI30 0 bf astioaitisdide ere Bddediiheretd andithoroughly stirred.
consi st i ng 1@00 gdftttmabove mentoas titanium diakikded N0 we@addett iethd resultantsalutioneng tis@uspansion was
pr opor t i on stirred bjhan emulsifying Ine¢hive doprebAreagatal@Bortyy wei ght, preferably between 20
and 60% by welhghexterrglydeiakin otady durngce of stgifless si9g negspangSs cm myskiametersnd Bhem ip lengsh, 2,000
conponerfé &R splfeintered $i6 papier indh otspheips,fypm inpigmetgiang having apfppameet porosity of 35% and
| att er- st ag@“%ﬁégjéﬁwﬁé@ﬁ??@g% FIeRtatye fAthe; rnge Retweep 30(1° appt 250°C. Toefg%carrﬁar?taﬁ%a
by wei ght A&t Ty prioned Foavest ﬁ%?ye%‘f’éwféﬁ‘? &?‘?}’Q‘F" et yhstagpe.on the
dom nant if tyje, cont t han ei ther case, the
X0 g rat i o N S R0 Salelpdie ol 6 o PREREHLY S0 EReperd) 2107 0 g,
a Further, the relationship between a | ayer he| ght ratio (% of

| at t er - st age cat al yst and weight ratio (%9 of an al kali conponent of K, Cs,
Rb and/or 1l as oxide in the |atter-stage grit alyst to the al kali conponent
of K, Cs, Ro and/or Tl as oxide in the forrer-stage catalyst is as

menti oned above and it can be illustrated in a graph in Fig. 1, by the
range which satisfies the follow ng formulas: 10

20 gy 560 and 20 5 x 5 80 wth 0.5x s y sx + 20



15 wherein x is a layer height ratio (Yo) of latter-stage catalyst and y is
a weight_ratio (% of the conmponent Ef0#28&8B1Ry and/or TI as oxide in the

| atter-stage catalyst t e comqponent of K ., Rb and/or. TI as . an.oxi de
0 he T b AR e el e
shaded p z,%iﬁjlhep Ré& ibra% Ih FIg. 9. W, § RERHTRS conferrp ate f)ay E
invention for the production of phthalic anhydride will be shown bel ow. 20
The cata I -phase oxidation of the m xture of ortho-xylene and
napht %tal g%@%&%l ecul ar oxygen-con- taining gas by the use of the
catal yst deg&ialybigs) wab Bductdty ididhingieQrtdeduleQaeddbr i prddddibriof b Bit&lst AR ekafl thafihe
carri e@/,ghl,aunua aunt stk bransed ® 13286t i on conditions. A tube having an

i nside dianmeter in the range between 15 and 40 mm preferably between 15

and 270 mCatalyst pepeaatiotisa Wi t h t he catal yst to a height in the range between 1
and 5.m preferably between 1.5 and 3 m In this case, the height ratio of
t he f or mer -Acatalyet (G)anas prpdiced hy fllpyeng| et prasedusst ugeddordhetpeddyation df the catalyshid), excer] that the
bet ween amounkof cesim sylifatp v@s changpd tsi8@f @r abl y bet ween 20 : 80 and 80 :20. The
reaction tube is kept heated with a heat transfer nmediumat a tenperature

i n the®r SRS PEPARIEY* 3000 and 4000C, preferably between 3300 and 3800C, and

s e S P e S B P B,

oxygen at a conce € ias ciithoed 171080 e between 5 and 70 g of raw

loninthe ra
mat erigl / bepdiatio@se of air, and between 5 and 120 g of raw material /NnB
in case of the nolecular so oxygen-containing gas, through the reaction
tube at a spaffsiE)vRS broduckdbylidiGwirgafrockRite &I Tor the Rductibithr the G&Alysh(n), ducest it the
st andsd aineunpel cesiursBlfap vas Shangel to TB4esad hitlopobedimesaintdip 089g.and 4, 000 hr- 1
(STP). The weight ratio of ortho-xylene to naphthalene in the raw materi al
gas i s5i Gatelysl preparajien et ween 1: 99 and 99: 1 , preferably 5:95 and 95: 5,
nost preferably 10 :90 and 90: 10. Now, this invention will be described
nore speci A eAYPYFIVEs ererugrd by foflewing thepraseduie ugest ftithegpraductipn s the catalgst (B). axeamtdhat tam
of Cat al Popuntefceguprspifainveas shanged .38 940 An aqueous titaniumsul fate

sol uti on was obt ai ,ne;i by mxing ilnmenite and 80% concentrated sulfuric

aci d, RafCRNYPERRHPY S react thoroughly with each other, and then diluting

t he product | | : i e .. i
agent. 10 a%%&ﬁ%ﬁﬁgﬁ&?ﬁiﬁm e SR ARG el B e
the ilnmenite 1nto ferrous 1ons. The resultant m xture was cool ed and
ferrous PulakldbRpat@disn®reci pitated and separated. Steam heated to 1500C was
blown into the resultant aqueous titaniumsulfate solution to bring about
preci pit at i Deataybt (A pioduded bytialowing hebrarsdueteusddver ti peaiugtion ¢ He catilpt (), aseptitai hel
was was hashownt ¢f besivat selate waa shaegbdid 830 gan aci d, washed again with water, and
cal cined under a current air streamat a tenperature of 800CC for 4 hours.
The sopi Gaalysigtepdratign®rom t he cal ci nation was pulverized with a jet air
streagmto obtain porous anatase type titanium di oxi de havi ng an _aver age
par {1 o di AgAEYEH(D Wes pesee by Dlbwing e aroaedir st e Toshctonh np SEHYSL(EL gpt hapthe
n2l g. An 309 Gesugesgiewas a9l il 4% %n obt ai ned by di ssol ving 250 g of
oxalic,ac)d [.n { of deionized waterand 121.87 50 g of anmoni um

met avaﬁa?ggé%m@sﬁ'gg"{;‘ ammoni um di hydr ogen phosphate, 15.41 g of niobium
chi ori de, 20cRReGnQhs &mw&w@%pf&e&% Gecbr 1R PhoRHb oTtrs hibigek €4, g%?g@g

g of ant ighBhYofcbdimufiite Wi EiRingeadesloa o Rl MR soREsidnsirasi@Bly gst 1 rred. 1,
of the above nentioned titanium di oxide (Ti Q2) were added to the resultant

sol ut i ®n CaaystphpHatdrispensi on was stirred by an enul sifying nachine to
prepare a catalyst slurry. In an externally heatable rotary furnace of

st ai nl ess sAnsgleonstilepivm spifte3Bluiipmwagobhinedhisytnebringdlmehit® @nd@0Yeiconcenimigd $ulfure afid) Causing
m of a d$hemflo repgttherpushily BitrGaghativer, end diling thepredychief this reaqiibroithavalgr. from piegesoNereradded ps
and havi iigedssincagen fadhr aqyenus sqtign ta fndapg agdudien of thedrp goptertfin igilngnity inip ferrpysdane dhe d
Lot ot MBS AR e o e e Py Lo oo
rotated i . ) : .
Lo e (e L ey oy el ok sl s o e
meter at PACDEITPET Ature-or coUCMIhE gL/ B P A oRE o '
conditions) 5 EP 0 539 878 Bl1 V b carrier at arate of 8.0 g/11 00
m of carrier. Then, the catal yst conmposite consequently obtained was
calcined with air in

A



an electric furnace at a tenperature of 5600C for 6 hours. The catal yst
thus produceq i s designat ed as catal yBPQ9P8BBA nafter. 5 Catal yst

prevaration %gg@cfvgr%r ?iﬁ%@%o LI I

sul fate wa tl I\X a]r at& at a 925727
\(I:gts alp;g? uced rdzr? mum ela an “ fgrgmongom (% rﬁ%ﬁf@?a@ Eéé gmro rurife%/:rre,

c Ium
g. 15 t
procedure sib Pﬁa%g% ifﬁ@nﬁghr fmo Bnally Réttedly yfurnace
amount, of eRAHiINER Seb ﬁrads@f.nu@@cnc.haa@ed ah@soldaq n@@n@r 23@?) mléﬁés’%lf HﬁtEre@SrGl&&ﬁ&‘id 1R Yorm

A cat aT’y St of spheras®Innpin aidi&t@ taling ah &iphreitipbrgsity HiesP amzardmy 6 98.5 by Iveight wbre preheated to a
pr oduct iten tetiperatane ircthd ramgg HétwéeR 200° @NC2SPIC. THe@hrridr vas lepiootiting i thed@msicelsndIne ciialys slurry
was changeehas sprayed3dergpn aosipiortdie catlyirally astive sulrstansk fict rete o08.0g/B® ng of @fsier. Tmtenitey,dte
pr epar at i oresdtamt catalysh kgneppsite Was qaleinethwithchirdeeh diaetrit frmacanit @denmderatuper of 6800 for 6 haswsd The
for the pre’ialyst sopseausntinorreuceds dgsigngted peGatalysi(Kiisteingfieht t he anount of cesium
sul fate was changed to 6.33 g. 30 Catalyst preparation 7 A catalyst (Q
was prodﬁcgatallﬁ’p 'ﬁ"ﬁ'i/\]zng the procecure used for the productlon of the

catal yst (E), A : fo s umﬁ? e on to Jga'
PR e A i
procedure e pro on of the c

amount qf cesr um sulfate was changed to 5.30 g. 40 Catal yst preparation 9
A cat al yst cﬁ%ﬁ@&,ﬁ{,@ﬁuced by followi ng the procedure used for the
production of t atal yst (E), except that the anmbunt of cesiumsulfate
was changed tAcatlybt§Movas Soduckstyaliyvidg ey pRisedusus@iTor 12 phdadtibradt e tatdlyd) (K)\@&ept that the
produced bwméuntdf caaium gultath @agshangetias. t5 g tba of pbtassiutniagiate to®@0 g, tlandthat afrubidiuen saifateid Oy12 1.
(A), exceept that the anount of cesium sulfate was changed to 2.04 g and
that of poCasiystpiepasaipitte to 0.20 g. 50 Catalyst preparation 11 An aqueous
titaniumsul fate solution was obtained by mxing ilnmenite and 80%

concent r at ed AEe(Neasprpepcedby ﬁwrg)@@w%e upeeldex the pioghictirnphihg cafiivet M gxcppt that the
ot her, anda'd?‘inlﬁff"??b'mtsl'\'@ted‘fa&ﬁn?ﬁqed i s reaction with water. Iron pieces
were add®d red CI agent. to the aqueous solution to induce reduction
of the HOHaI%'&%Prgpatra he ilnmenite into ferrous ions. The 55 resultant

m xture was %‘?&hﬁuﬁ%ﬂm&%&rfa WSt wdsBbain nfking ficérit®Ark 8698 ConBdhat ?Fs%fn@&%ﬂcausmg
St eam heat gfmidie rymae OB néPinéh diitHRg FRERHSHRESS this featBbrHith SMbr 113k Slecaerd ddasl
consequent bya RBidHg G fothel2hiddG RRfmto RIBE RIS BB oommr.ﬁthednémé 3 ifdnds ions.
di oxi de. Thge resaRedE ikierd wi caiedind Birdds SuliGte W PREISta hridl sifataf, StebEhBR 6l tov S0FT v blown
aci d, and whstiadueogsttaniuivsiitite vaition consaguehiy@btaiheaastainh 4bo.@ priegiithtivh 6f hydfRedaitahior tidte.
under a cufThexeparaiéd Becipitadd was washebeithadater, erashed wih @O &2id, and wished againh. witl watersiod thelcleaned
product of ptekipiateonab caloined junder & currentBPaiat 83@npeABIeRN 8904Q fopd heues: iTeewicined precipitpte was
ai r st r efnpulverized withiajeteair gtr ?W@medumearwp@mermdnh diric¢ihavinoda averag mgﬂcmﬁameter
aver ge paptqbetrteswmd HIFETenlic siacprgaiof@24W@- a BET specific surface area

. %S%Q'arqdéd%’ﬂ d’*%‘l?f’@tq'sa%""l%’ﬁ%ﬁ qf@‘a"cs 'aﬁ é%%'l" ofideieniasg Ua*ya 121 87
oxal ic aC|H 'ﬁg“ﬁ@z 6 8.15 g of

o f;r.azzﬂagg ..ﬂr °"ﬂt jﬁﬁéﬁﬁﬁg G P o

A

rubi di u |éé§§:'aé1 géuﬁ?b@&n%faﬁua@%&ﬂo bR leRt 2,000

and vere thp Meréas.crﬁrrer in KSR ¥R erBBRiin@ At gpaker® Bifostly @ B5% 8l5%% by

the resalt a;e*gmsla& pidhe Q&Y 8 EmbditiSie i the RAGEHeMNeN1O° ahd zsorcﬁﬁwelwma WaeHEpHrStatihy'ih e rotary

machi ne, st Qurfatddhd @ catalgshélatywat spidyét thereon tosusport v tadiyiodily yetivesabstelcd aba @tio/of 8.0 g/100

furnace ml of carrier. Thereatter, the resultant catalyst composite was calcined with air in an electric furnace at a temperature
of 560°C for 6 hours. The catalyst thus obtained is designated as Catalyst (O) hereinafter.

L

Catalyst preparation 16

A catalyst (P) was produced by following the procedure used for the production of the catalyst (O), except that the
amount of cesium sulfate was changed to 4.08 g and that of thalfium nifrate to 3.00 g.



Yy, of stainless steel

2,000 mM,of a self-sintered SiC car rFR9 53

di anet er hai.hie

measuring 35 cmin diameter and 80 cmin |ength,
788 f or m of spheres 6 mmin

o A TS g 5 4 e it e
pt

2500C. The carrier was

rotating in the furnace and the catalyst slurry

was sprayed thereon to support the catalytically active substance at a rate

of 8.G g/100 m of carri¢r. Thereafter, #thejresul fant clatdl yst conposite
was calcined with air injan elegctrgc furnace al ajteppefratjure of 560C for 6
hours. .The catal yst conse¢quentlly froduceli s|desi ghated jas |Catal yst (K)
hereinagfter. is Catalys pr epdr atid @1:%2 Atat aky bty (&) ] ds produced by
following the procedure Usegd fﬁwr ithes gogllﬁ’:t ibn b1 ¥ h® [cBtlal yst (K), except
that tMPe anount of cesium sElf3tegwas changg¢d {o 6.B0 lg, jthat of potassium
sul fatte to 0.39 g, and t 1at.§of rufgdiumsgul fate tp O} 36{ g.| 20 Catal yst
preparation 13 A catalyst (™ was producgd by {ol|ow ngl t e procedure used
for the production of the cgtal yst (K), éxcept|that [hel anqount of cesium
sulfat; was changed to 8}154gg, the of pat agsi ym $ul fatle tjo 0.20 g, and
that of rubidium sul fate|toS0.12 & ;§5 Cqt allyst prephrafidn 14 A catal yst
(N) was produced by foll ¢wiflg tthe & dyre jysed, e droduction of the
catalyst (M, except thatf the émm%btﬁg desi| | = gﬁtes Way changed to 4.08
g. 30 Catalyst preparati¢n 15 An dahjeeous jtitanifum sul faf e |sol uti on was
obtai red by m xing il nenite ang 8% concdnt fat ¢d sul furfc [acid, causi ng
themto react thoroughlyiw th gach*other,) and thep d{luting the product of
this {reaction with water | Tronjpi eces werle gdded Bo [as| g, |reducing agent to
t he a&qﬂeous solution to induce {reddstion|of |the i o-nL_c-onNents in the
ilmenite into ferrous ioms. The re&Ultant] m{xt{re|wap cpBlled and ferrous
sul fat?® was precipitated{and sgpargfed. $tedm leafed 0 1900C was bl own
into the aqueous titaniumsulfate sfl uti qn'con$eq1e«n @/ obtained to bring
about precipitation of hydrated_titani umjdi axi de. | The “separated precipitate
was washed with water, shed Wi than aci|dg a,giilowaghag, Pgéli n with water and
the clgganed preci pitateghas: callci n%ﬁ undergag rgerg gf air at a
tenperature of 8000C fqf 4§nours. he caljctned|preci pithte was 40

pul verized with a jet ai regm t g prodycg [a. Py puUs| appldse type titani um
di oxi de having an averag¢ martilcl e #li ametje} |of ® | 0 Bg]’m and a BET
specific surface area of 2Z MRilg. aqu QUJ oXal i c L d slol uti on obtai ned
bydi ssol ving 250 g of oxalig adid i 6,4C0mrr1.°,jofm e DQJ 4 %terand 121.87 ¢
of armmoni um net avanadate,| % 21 |g of~ammoridmdil k¥ dicohen émsphate, 15.41 ¢
of ni obi um chl oride, &15 g'éof esi O sul flat 00 gloflthalliumnitrate,
and 37.89 g of antinony frigoxi de waye added |t hereto andj were thoroughly 45
stirred. The above nenti ¢n&d 1,800% of t|iE [tFdahl & & bFde (T102) were
addedt o the resultant so¢lgion an& this|sug- pensi oh whas stirred by an
emul i fyi ng machine to pf O%JCE a cakal yst] sliurdy. I nfanjexternally heatable
rotary’furnace of stainlé¢sg steel mpasurilig |31 S| @ pEter and 80 cmin
l ength, 2,000 mM of a selif<sintlere® Si C darrdien ih the forjm of spheres

havi ngs an apparent porosiity of [35% and a |purfity of 9B.5| % by wei ght was
preheated to a tenperatufe in the Fange HeByeB 523(3 h&1| 8506C. The carrier
was kept rotating in thelrotary 50 furndceland the Cathlyist slurry was
sprayed thereon to suppoft the catg’yticelly agti e Luth nce at a ratio of
8.0 g/100 m of carrier. (Theregfte(s the reguPtani ‘*’c;ﬁ’a ¥t conposite was
calcimed with air in an électrilc flrnacelat |a tlenperature of 560C for 6
hours. The catal yst thusiobtained+s desijgnated a$ Catalyst (O)

herei nafter. Catal yst preéparati 6 55 A <g.stpgtl ¥st d Dld (RS produced by

foll owi ng the procedure uysed foé—- e productiion of the catplyst (0), except
t hat the anpunt of cesi urn s chdngdd t1o 4. 08 gl and that of

thall PJumnitrate to 3.00 g. 7

EP 0 539 878 BI



The corrp05|t|ons of the catalysts (A) to éP) are collectively shown in

Table 1 ,and Table 2, as divided |nt0158 PB78Bhge catal ysts and
Iatter-stage catalysts. 5 0 10~~~~~~ I s~I Q
, 00 E-4 La 20> O
1f5 0" 2 10 U 1I-~b
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Oxidatio ation Exanple 1 5 In a reaction tube of iron, 25 mm

I nsi de d?’?ﬁlg gr and 3 min length immersed in a nolten salt bath, first the

| ' i
fﬁtear g\?v t( llr)a:gg!ﬁon%ﬁ K6idn, 35 m idsil &iGhet 5 n ift %hﬁh Mibrsidin Sbatk FirsPhe

adRndrbth, eSehtalp@fola hh in h Fawniktental Y&l oufiet Bart ¥R th y&tpA)
former-s s%féfﬁu&r—sia@eé’atd]@tt&&'ﬁa@ﬂfof o hifihe Rw éﬂﬂf&@m& b | al gas inlet
part. \A M AlmiihPe BGMPARING 6rthd Jyléhe bitiRaphinbitin AWdghtRmB brY MRedwith SeyWiRétit GHs contbining O f

1 1 WaSofizi% egvolkinic bf dygaly aridTetki bgvalam ofr@tivhen ima agh @70 P (Byrthei! gesyes prdducde)ig
an d 796/ §mp. The imixatbgas wasinttatiange at ai spaca vélathy (SV)adf 3,00 he(l KSTB) ifte yhe réaetioh eesgeh Bymetsed in
produce te mbliea ealtbath mgintained#t e temprietiremh3s Wa tirought theuboer ditkt thireat taxypdare oviddtiorrat the
(SB) of ®Bx0EEMho-tylghea)naphtialene. he reacti on vessel - imersed in the nolten

salt bath ﬁh@fﬁ%"&?"ﬁ@@?e@tufeat'a% ypled stapiokeep the gpeunts of ttqwxswﬁtspma" paphthgquinone
t her eof Predugled %%toﬂgﬂ’y W'g't‘ ﬁ’éd QA %y yreightand e Yigidot R fidp was determined.
napht ffal Bﬁ&“‘ 18 SO B ° f ek L 19 fh synthetic

& fe§ r | !ﬁ? phthalide
?gts)lsgztsl %ﬁo U e%res;;B Evﬂ%? W%y gzlj?gﬁjﬁga\ge%t aa hﬁéeq%%f grPddxoeq:phthallc

phthallc a dr| e was determ ned i1l Then, the mxing ratio of

or t 02X YERRE ebo napht hal ene was set at 1:9 or 9: 1 and the ratio of the
mxture to the synthetic gas was set at 70 g/ NnB. The reaction tenperature
was adj ust &fkhe sanmJedeon lbe Bs Lisa@ inEREMPY § firefthd daRilySYH)Wa Patkddas altBresidgs Catdyatho a
nap ht R0 Oheightot €.0 privitlel e thatets pesauilovistandRénaie dtal&(H) wasyicie bs aiotheDstaficitylyst to a
wei ght amiphtdfiS piirethekae Mmateriabghs intetipaathiirider thecamenagation cdaditingesn itie sagneproneidre af@sed in
Exanplee Bxample i, theveacticnwas cagiedoitdqdetaryne the yieks e grofiucedphthalisl aphytridefwith the mixing ratio of
cat al yst orfhpixylens & nephiheiere fixed & 1|: 41t 8rand 5y Shenatheriegatien was centinuggfor Hyeagyith thefmixing0
min thefa?'%ﬁf\P'#Fatxlﬂ?’leéH naghiialene; freg et 1 & forconget thejserme F?ém"@?ét‘?’aﬁtV?f"a'E phthregraonthsc k ed
as a forper- stage catalyst to a height of 1.5 min the raw materi al gas

I nl et sﬁaF’tamp?J der the sane reaction conditions in the same procedure as

|

used e,IreeaI 1 he reac SreGa Lol was L QN ok B l,d
of pr odugg% f%%ﬁ\ﬁ (%[t)tb Mtiﬁ %»ié%ﬁdg E,é) eQEEJ%:n%é gédga%:iéhg
he ter

(g

napht hal ml U er e sal ctlo Qcﬁtdnﬁcﬁ@ﬁ He @ind/|ice:
for 1 yegexipiel ?ea&bﬁ(hél‘g:alrn&; duPro BbterRink e yibid ﬁft‘&iu o phaRehihg n@é“\ﬁih the'th g@&tlol

lto Qpngtlémo,{y@&tsagmmgmm;emanatﬂprg ao:ntervals of three nonths. Exanple 3
sO In the sane reaction tube as used in Exanple 1, first the catalyst (Q

was packeampe4a | atter-stage catalyst to a height of 1.25 min the raw
material gas outlet part and then the catal yst (C) was packed as a
f or mer - st adrethe samelrgastiontiulbe as bredl ipHixangdie 1L fizgBhasalalyst(Revas aagkeders @rlgtigi-staga catalys) ot
par t Whdesight ¢ 2.0 seimibe raw aetefiad gascoytietipartiapdhiben the qalalyst{R) wes pacied asiuounepgagesatalyst 9 a
Exanpl e heightqf @5 mdnise raw matppal oas et pasicungerthe sgmejiepcienoprliions g the asjegrogeduls as iree i8d
pht haw c EXRR dr‘ﬁ“b‘é "ﬁ‘sff)‘g?dr?t’%? ik ﬂ"‘%y'%d popiuced phiNglicanpidride with the 513400 FRdip efn e
fixed at°foxyenefanagh 2% In the same reaction tube as used
in Engpb?e first the catalyst (F) was packed as a | atter-stage catal yst
to a el ght of 220 min the raw material gas outlet part and then the

catal yst ([Qmd\@mhe RAGKAHAS ud h@diile 1%&&&&3%&)) Varlpadid & afatbriibe QtalyStto HEght
the raw pRiogiifthe @ atoftl §s oRRf dart atd kR khelc fé A WaspEdkéed ds @ & 3bd daRiYst td d helghte
same progedyntinde ravd Meterla gdé nlet bR UdeR thé sarhd r@adii@PdohditiRRs W@ s6Aé pro&tur® HE use@in
det er Bd NExaimpie 1)theresttion wap cartlidoeido @didriniad the yielnbFyabtiicee phitialid anhyldSdel With the ghixing Fdtie ofO f
or t ho- Xy brihaayléne tavapitidiené thadatfli: xadoaindg:1.1, 1: 9, and 9: 1.

Control 2

&5 in the same reaction tube as used in Example 1, first the catalyst (J) was packed as a latter-stage catalyst to a
height of 0.5 m in the raw material gas outlet part and then the catalyst (A) was packed as a former-stage catalystto a
height of 2.0 min the raw material gas inlet part. Under the same reaction conditions in the same procedure as used in
Example 1, the reaction was carried out to determine the yield of produced phthalic anhydride with the mixing ratio of
ortho-xylene to naphthalene fixedat1:1,1:9,and8: 1.
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45 Control 1 Inthesane reaction tube as us&? n Exanple 1, first the

catal ysg (1) was packed asa | atter-st Fsttoa hei ght of 0.25 min the
raw rraterlcg s outlet part and then the catal yst (A) was packed as a

f ormer - stage catalyst to a height of 2.25 mrn the raw rraterlal gas inlet

e
50 Exanpl, G5 i 8 fol o rfatla fh ta § a Yok

pr oducgg aﬁi mf'o@sﬁnﬁ Ky rmgi@ nrnn%r T aﬁ.aémfggﬂ’:;z
napht hal epfexhhpi€f ttreabiion vas dearried outdd 6k ﬁ&!"&frp alié anhydride withithe MiRingbradidibt ortho-

reaction Mt&ﬁpmelmgdﬁ){am| ga;l;dgﬂ rst t catal yst (J) was packed as a
| att ey ,stage catalyst to a hei.ght of 0.5 min the-raw naterial gas outl et

part and Commi4 he catal yst (A) was packed as a fornmer-stage catalyst to a
hei ght of 2.0 min the raw material gas inlet part. Under the sane reaction
condi:t i ons iinthelsemesrasntiondnleece deaddn Exemple ddirst the Edtalysh(ERwas paciadas alaiter-stage opfalystto a
carried odheiohtef 2dan b theiranematesial ops @fig) P@ﬁ thepithe esipl HPWP@k%?EH’mQ!é‘aW Gflygtina
m xi ng rat"F'@J“@f"sd‘P'f‘H'G rapmateral gﬁj“'?f F'E‘P@"Fl’%i‘é‘t? ifjons if thp-sarge progedireas ugedin
10 :EP %m vg atipd ;hfaredrfé%s@r? Rl o i o o
Exanpl €°1 °"tf°i"?"§'t°t? FRIPEE 1ph \3&1%" 'ked as a latter-stage catalyst to
a hei ght min the raw material gas outlet part and then the

cat al yst s packed as a forner-stage catalyst to 5 a height of 0.25 m

in the raw ”ﬁih%rsb:ﬁé reBkSn 1LY &8 lusdd ExambiB 4 Girst inb BatSATTP) Wi Hablo@Bs SRR b RBIyiLT a
the sarg REigH 8IS iRthe Wvakhterill ghoGaildd b&t ahd theiRe E-e:Ret (OP/hs Padked e afidrAél-sags catayst to
det er m ne ghbight i 126 ¢h idthe @R inawfidl §as drtpsetr Under theishrhe dedvion onditiod inf tAé safe Pilocedlre BSused
xyl ene t o inexahplé 8 ltteneaclidnasicared dut toldetedminelthe yialthbf Broduted ghthalicraphydritie #ah tha mixing ratio
sane\r/eactofmhokylduetoampmtatenbﬂxeuatExa‘rrpIeadqsﬁrrst the catal yst (E) was packed
as a latter-stage catalyst to a height of 2.0 min the raw materi al gas
out | et Ppakxarepiecd t hen the catal yst (D) was packed as a forner- stage cat al yst
to a height of 0.5 min the raw nateri al as |nI et art Under t e

reacti on confBheisynrepdion ee a§éﬂﬁ@ F’@E‘B‘Gﬁ P cangsttoa
reaction gh*ef 5r'1‘l§ eé?ﬂmﬁt%f'ag ml ar T °ﬁ§ﬁsg: ﬁedioatalyste?l:
anhydrlde “&@ ﬁ“ﬂgﬁ | d | |

1° 13 1 " Ig,ne c:;h care g 0 e;Frmne e %ﬁ

Exanpl e 1, st ( ) was packed as a latter- stage cat aI yst to
a 20 hei grg(anqg,eﬂ 25 m|n the raw material gas outlet part and then the
catal yst (0) 'was packed as a forner-stage catalyst to a height of 1.25 min
the rawsmat efindbangsaciionhubb agidédin ExalnpleT, fifsiiee carma (yvaepickedas Siatmelsthdeantalyst 10 a héight
same pr oc e @ intthe raw MekeliaNgdsisatidipad add thénhte cataipst (A) @ds pacied asee formecstage tatdlyst to a height
det er mi ne ot d¥m ipitrelrak nazkerigigaxdinia palt. Pivkeitiod same @adtigrcbondifiensin thésami progedure agpsedin Exemplé
ort ho- xy| drthe reastioraab terried evi to dbfienming thrtyield of ploduced ghthalinadhygride with themiringatislotoriho-xyiene
t he sanme nesphthalane foppat 144, USerddPpl-Exanpl e 1, first the catalyst (P) was
packed s a |l atter-stage catalyst to a height of 0.5 min the raw materi al
gas putlet part and then the catal yst (0) was packed as a former-stage
cataPMyst to a height of 2.0 min the raw material gas inlet part. Under the
sanme reaction conditions in the sane procedure as used in 30 Exanple 1,

t he reaﬁtl on was carried out to determne the yield of produced phthalic
anhydride with the mxing ratio of ortho-xylene to naphthal ene fixed at 1:
1, 1. 9, and 9: 1. Exanple 7 35 In the sane reaction tube as used in
Exanple 1, first the catalyst (I) was packed as a |atter-stage catalystto a
hei ght of 2.0 min the raw material gas outlet part and then the catal yst
(A) wassopacked as a forner-stage catalyst to a height of 0.5 min the raw
material gas irnlet part. Underthe sane reaction conditions in the sane
procedure as used in Exanple 1, the reaction was carried out to determ ne
the yield of produced phthalic anhydride with the m xing ratio of

ortho-xs\gl ene to naphthalene fixed at 1: 1, 1: 9, and 9: 1. 40
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In a reaction tube of iron, 25 nminside dianeter and 3 min | ength
i mersed in a mol ter salt bath, first EPRS38E&BYst (M was packed as a

| atter- sta ahalyst toaheight of 0.5 min the raw material gas outl et
part and t PieRe cat aI yst a (K) was packed as a for ner stage cat al yst to
a hei ght of % materl aI as, | art

ort ho- xyl e aar%* sta e ca |y toa ?tﬁ |nt aJenaE aso

gas congai anr 1&% tal ot h % .n

vei ght vo' oShd ik 57 o i behdring toﬂmer n
a V-, G me df te'ém”an&@ bgﬁﬁe@h@v%luhﬁ r@t oéf&%l&%ﬁ(é{cﬂ éilEb cea

of 2, hﬁ'ﬂx H’Dns InfboQyad 1R irfirBdEdd P sphdtide odnmmra@dodhm ig1e) .mathbeacus

kept a a inEHEmenér sdi Batiept 3OS ombdidtart g 355 Benroligh Bk uppal iflbt trtetbefteaérfotm(ﬂetroh meaonof
oxi dati an the mixiure@Norihb-xylehe aiidnaptifialchdl With thé readtibdiempeydtesiajaed soa id Kebpotheamsounty bfte
t he react i kypradectyphthalide arel ngriithagineak pedlucad respctivagyelotv i 4% hymeight abd ©8% byweight, the reaction
by- pr oduct wasghrieddut tqeletemthe treepyieldlotreduced mbthalic arihyrridel Thensthewidng waiioof brtHocaylehe9saph-
bywei ght antfalenedag il efter 9 : kandthe wlieaf the mixtieedo thegynthedieloas wes fixed i & ofim With theyeaction
yi el d *of plepeRidgea %ﬂs@kaerﬁ’WGF‘P‘d‘@d bYHPéH“ce? phénalide apdygeitheayinpneyespectively below 0.1%
ort ho- x¥i e‘i’Yé”’etgﬁ" 3 Pyt by weight e répetion yps qargfedqut tp determysye thg yielg of proguged phthalic grydide.
the m xturgxa he synthetic gas was fixed at 85 gfNnB8. Wth the reaction

t enper at ur 5'8] sted so as to keep the amounts of by-produced phthalide and

napht hoqui ”O%hémﬁgd@é%bxapﬁéeﬁ’w&a&p@ﬁm d ca %{)ﬁ lé .iﬁ@ lysttoa
the reag) i QEhnk@s 26 Alid théidw Rieferidi Gas SleEatiahifind ﬁeééta@ YeE bt hﬁlystto
anhydr| de. g £99 .85 R in'tH® rdvh\Rat&raN PBs ihIBPErk. AL tht! Sn Béhditidhs A¥RIERMEPrébedurd dstibed
the catal ymiExdnple 8Vhs rddatoh w8k Afiedoult ﬁ»tdeefm;@ttﬁmenmbmtawénhmdamﬂ Ghe nhﬁtggsﬁo

1. 25 Wi n keae basuphakesdfixed at ga15 1 09)hhdd : 10Thed thereaktibines cortitues oF 'ai'éﬁﬁﬁlthﬂié)‘mmsahoof
packed as erthbaylenetorapraigaenehedidtyt St totcondact khe isapte de@fmidatiGitat intervals off8ananthsy nat er i al
gas inlet part. Under the sane reaction conditions in the sanme procedure as
used in ExGonyblé 8, the reaction was carried out to deternine the yield of
phthalic anhydride with the mxing ratio of ortho- xyl ene to na hthal ene
fixed at 1 1"““158"9 reagling tupe ag used jpdpanppipS, firgtipe a@HSt\KM

with the 025 % e Bpib e i e e e g T ﬁmwsm

inl mo r
fﬁgdggﬁ ?E&Flm F\ oa’c%? ':%i zﬁr:’ggatlo?f:‘rsth% yfe fllene T?t and
packed as a er S to a elght of 0.25 mlntherawmaterlal
gas outl et ohakls and then t he cat aI yst (K) was packed as a forner-stage
catal ystgst0 so a height of 2.25 min the raw material gas inlet part.

Under the samens Salrbibna®eds Lided MExhibld §) BrsSBeRaIAEIqNPAkS heckabasiIffdr-Stape Tatayeptod
8, the r eandighbdl 0506 irCths taw aelteull bas\wiilehpaktaad thbrthd @ialysti(K) va®packed tab @ foryer-stage chtalyst to
napht hal enahdighke d.0 atin the radr maferial as et garD Under thesache teaction conditidneinyheshroe wécedure as used
produced pintEkaniples, the tepciion whas.car@esirut with 6 nBing ratio plrecthasviene to sanbihilene fixediab1 dis 1 1S el
i n Exan e9 81 tofigtermine the gield gt neddyeed plftiific aphelriddacked as a | atter-stage catal yst
to a, he| ght Jhe resulnof iheitest Qbeined in eappngd 9 é§°’6’9’§5€1d e shovyip) Taple @ he penditions of
cat al'yst ( Yap repglion pesienned] witfuine,opgen rententiixed Al 10 buaolyae a’P@dﬁa‘?Pés@??“m Copditipng, 2 jnthe
the raw material gas inlet part. Under the sane reaction conditions in the
sanme procedure as used in Exanple 8, the reaction was carried out with the
m xing ratio of ortho-xylene to naphthalene fixed at 1: 1, 1: 9, and 40 9:1
to determne the yield of produced phthalic anhydride. The results of the
test obtained in Exanples 8 and 9 and Controls 5 and 6 are shown in Table
4. The conditions of the reaction performed with the oxygen content fixed
at 10% By volunme are indicated as Reaction Condltlons 2 in the 45 50 55 13
EP 0 539 878 B1 | table. 20 = Q

_ _ 0 08 '~~~~~- 0

S o] HO o ) . .0s, * o] o] 0-
o

13



40 4; -- 0 1 10~~~~~~~~ S
@ i EP 0539878 BT | b S ON
~~~~~~ ~~~~~~~h S 15 ~ - - ) 0 0 5
ed j @able. D ' UR Lv 20 ~-
) -0 *| | 65~ ~ ~ ~ ~~~~~~~~~~~~L 14 14
m (@ oo B e 7 - Cs *3
co* CDO co *B R 8§15 B ‘cgf ®Bo 0 O 00
0 ~~&, 0 -~ 1945 | i® | P4 . 1) 2B
A 22182 | o w0 ¢ A4 so
to Cd~~'. = 08 8Ul #aX|og & o 20 O co
40 “-00 0~~~~ 40 |~3-3 193 -3 ~ ~
0 0>0, W) 40 32| 818 2 o| £
0> C4"4) $4 &> | WBpqoac g - - e Ee -~ -
4) ~~~" ~~ 4U EP 0 339 843 B: ~ = "'s.%‘llll||||||||
[yl1 17111 dains o s | o AEREEIEE:
c' L,M S1. AnethoéEfon tie pr'é‘)c i p JoE BhiEhElli 8 anhydride by the
catal ytic vapor-phase o5& dat]i o df “a LFe &fa et Bg- &yBene and
napht hal ene with a nol edl ar 0Xy/ gETT- TNy gas by £he use of a
shel | -and-tube type fijxeil*bdd r# ct@r| 25 | 2| uhih reigh8d conpri ses
packing in said reactof "@% qr n% t@ﬂ @ 1 a bédfc;hel ght of 15 to
85% by vol ume of the tptw@l>dat akypt ai g om tihg waw material gas
inlet &ide and a | attef-%tade c%t a eight‘”i85to 15% by
vol unme of the total ca}afyst| beg h%g (ﬁi’r = "'t@rlal gas outl et
side\n the formof supegposied Rayets| lsail® 1=E geﬁcat al yst being
obt ai ned by supportingla catfal ystisub e i tdwe carrier at a
ratiogn the range betyeen 54and 20 ¢ m ijd Caltglﬁlc subst ance
comprising 1 to 20 par{s by Vetght of | &anddd irdle 1(§ B as V206 and 99
to B0 parts by wei ght«¢f.a pdk@us ana ty itt2ni uid & oxi de as Ti @
havi ng particle di aneérs sutdtanti al T grige p& Vkeen .0.4 and 0.7 pm
and a.specific surfac T s = } t+he ?rgge E,etvveen 10 and
60 n2/gg and further in(orporgtﬁ ng the (o1a] 13m|:!art-§ by wei ght of
the total amount of saijd two® d“o;rponen 1 paf {5 by $ei ght  of
ni obi um as Nb2NM6, 0.2 tlo 1.2%FpFts by ﬁf@smé‘jtﬁ; ag P205, 0.5 to
5 parts by weight of antinony.#s Sb2( o 1. Zg)étSoby wei ght of
at | east one menber sellected fromts cons@tj‘:ngwf pot assi um
cesi unf® rubidi um and thal i gmag,; 0Xi ( ,atter.asgagé cat al yst
bei ng obtai ned by using oﬁm@u on i o4t het srérer —:stage cat al yst
except that the content| of afl Tahst or ect(deZ'orm;;t he group
consi sting of potassium—cesium rubidiy - ‘_‘c_gouﬁ;Is for a
proporid on in the range betvve ml? and ght A’leﬂfg' based on the
amount of said one ne in % d forr g g
' U o 3 >l
<8 LI
E5el
4 g § 22928
*3,% o o~ ™ s §G 9
8 g sedp
m g § ",;‘,ﬁ ]
g 2B
w (o200 I ) 0 F @ & Q@ o
&0 2 Ele |m |SHER
5 1812 |4
i |88 18 |,: 3




catal yst and subsequently feeding said reaction vessel with said m xture of
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