0050/ 51668 Preparation of phthalic anhydride The present inventi.on
-rel ates to 20504848668 or preparing phthalic 5 anhydride by gas-phase

oxi dation of xylene, naphthal ene or m xtures thereof over t ,mm m _
fixed:-bed catalysts arranged in zones in a shell-and-tube r mm ,mmm ,m I'S
‘thernostated by neans of a heat transfer medium 10 It i's knownbhat

pht hali c anhydride is prepared industrially by catalytic gas-phase
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25 Furthermore, the catalyst can be irreversibly damaged above a
particular hot spot temperature.

The hot spot temperatures are usually in a temperature range from
400 to 500°C, in particular from 410 to 460°C. Hot spot

30 temperatures above 500°C lead to a severe decrease in the
achievable PA yield and in the operating life of the catalyst. On
the other hand, hot spot temperatures which are too low lead to
an excessively high content of under-oxidation products in the
phthalic anhydride (in particular phthalide), resulting in a

35 significant deterioration in the product quality. The hot spot
temperature depends on the xylene loading of the air stream, on
the space velocity of the xylene/air mixture over the catalyst,
on the state of aging of the catalyst, on the heat transfer
conditions in the fixed-bed reactor (reactor tube, salt bath) and

40 on the salt bath temperature.
To reduce this hot spot, various measures have been proposed in,
for example, DE 25 46 268 A, EP 286 448 A, DE 29 48 163 A, EP 163
231 A, DE 41 09 387 A, WO 98/37967 and DE 198 23 362 A. In

45 particular, as described in DE 40 13 051 A, a change has been
made to arranging catalysts of differing activity in zones in the
catalyst bed, with the less active catalyst generally being
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45 particul gosozs1¢e8cri bed in DE 40 13 051 A, a change has been nmade to
arrangi ng catalysts of differing activity in zones in the catalyst bed,
with the Iess active catalyst generally being ~ *@G0002* 0050/51668 2
located closer to the gas inlet and the nore active catal yst being |ocated
closer to the gas outlet. The process ?s carried out usi ng a two-stage
salt bath, \dcekefhelesan toatheteampeimdietr and ogthe morki pstiveanttiadmszone in
the flow dihedagi dacated ledoseacts orhes gaisxbut ketheiThg beptess 200Cabkgb@r t han
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nodes of oFERSELeM ZRIEcriShERONMBE He dR&nbY esolume eodstiayr dlnl yheesscdrwmn
500C. DE 28e30t¥65 zZordeser fhes 25 stel70saby-tdllmmer. e@Ré Oferigerélined &t ke
cat al yst i swofar epetitin &hbWE1f§@0ﬁééalléﬁn9§néﬂﬁ¥\Mibﬁgr'§héﬂ“ﬂhaglfn fig, inter

I t a e t|o te erature in
?h'easec*;l?d‘*’%geﬁaa%%&}&%‘é‘ DEE%%L fe WRHEELLE, pllfpol B WL SBREC [ Lhe

first reacti o tureszdn slg’% ﬂpﬁ’é%%*qrb&sﬁgb? éé’st Sre’ﬁﬁ*%ﬁi ng
pht hal i c éﬁh?ﬁ??b‘é‘aﬁi’alﬂglF% thar 808Gt catal ysts arranged in zones, with
the catal yst of the first zone making up from30 to 70% of the total

| engt h of DBe28a3@®l36st Abddsanibdsha saeal yaid-afubkheeseeiindn %aNEn rmkl ng up
from 70 150 c3@% pét tihe prekaht | BNGLD %a&@forpazto%gssna%ﬁ%% idhkgi %a' dto

reduce the fb?npfﬁtaéf”aQ1gf {:I};'@apt}%tpa§ggg.on A_ﬁ Y:%EZLJ.J: éldr é.dlﬁh)ug i f_]hta‘:]e

the yield @ 1 ven at

star%/l ng gasagm{aﬁaI E ra¥ure lré§ g/ STEN %‘%F&%)"OB ‘%/ éd'of“ntP‘Fn%as

publ i cati ot EhvES 1§6‘ tﬁﬁ"i‘l‘b g tpdngeke r@dfs"-Ar§F?rH<§‘r zZ9ngecess i s di scl osed
in DE 30 30 45 624 A DE 198 23 262 describes a process for preparing

pht hal i @0 aRhg@ir4gle6dshndestritemssta phoeess iregrepind s iphtanl anged one

above the ahhgaride 20385, twb tdi Araeenat & ¥sSilysast h¥H Y, %éd"%eééhé‘él 3R th om
zone to zoreﬁefégzegl%% g2sch! AlrstNdoho &{1&[@ BpOrbof30PMe: 703" ,{/*Lrh % o

process, nce | from C

f
cat al yst |s n% JJTrreDnrge tﬁangl}ieb(?aﬁatqyfg %?ld o‘Fa'f"’P'Fé’ 8§eﬁ‘t‘e|5rﬁFé’|‘?fj| on to

provi de a E é@%FHQﬂFUP from 70 to 30% of the total length of the catalyst
25 bed. This is said to reduce the temperature of the hot spot.
However, it has been found that the yield of phthalic anhydride
even at the low o-xylene loadings in the starting gas mixture
(maximum 85 g/standard m3) employed in this publication leaves
something to be desired. A similar process is disclosed in DE 30
30 45 624 A.

DE 198 23 262 describes a process for preparing phthalic
anhydride using at least three coated catalysts arranged one
above the other in zones, with the catalyst activity increasing

35 from zone to zone from the gas inlet end to the gas outlet end.
In this process, the difference in the hot spot temperature from
catalyst to catalyst is not more than 10°C.

It is an object of the present invention to provide a process for

40 preparing phthalic anhydride which gives high yields of phthalic
anhydride even at high o-xylene or naphthalene loadings and at
high space velocities.

We have found that this object is achieved by carrying out the
45 preparation of phthalic anhydride over two catalysts having

differing activities and arranged in zones and controlling the

process in such a way that the hot spot temperature in the
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velocities. W have found that this object is achieved by carrying out the
.45 preparation of phthalic anhydride oyer two catalysts having differing
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that the h&PtEp8ett ERfeiartPesST nfxame the4009 4 rHASF (ARt tengdos! Hécaat 1090057
O Z. 0050/ 3F688 Beaztt@°¢sioweamnehanr thestid e thealps izohet clogedthad | ow
direction) thesgas imkst. 52C [ower than that in the catalyst zone closest to
the gas inlet. 5 The present invention accordhngly pr?V|dFs a proceﬁfhffr
reparin hal.] L y. gas-phase oxi dation of xylene, nap al ene
(F;r ﬁixt u%e?ﬂtghg%%%?@\t})ﬁ?ebg\gopia’f%ec,’rréiﬁflgﬁx%liﬁvbl S BaREIS5s *8F ranged i n
zones in ap§ﬁ8FF%%%cP3}tS‘8é%Fe% Y1961 BF 93s-Resenpiidateeheinsgkenef a heat
transfer nP@PHRP2LRRG SrnMiKEUNe iRk eesmdvat disf¢tmtt Spsedtbaper at ure,
i.e. |ocal ceedlysts arrapfefi gheminesepes adhild -andat 616d Alesstozome)cr nst he
second cat ahgshoswied by hbgsd Jff @Mbhe GndrareheliSufll Whedaln e | over

than theo mBxifM {pREEALYE € Hidt fsBethcér&SexfaacL?leyS% &.Ofl%caﬁzl he, X mum
t enper at ur @i p; S | y.st zone | s preféefaply . "at sag? 55N n
pa?}t)i cul ar %gt Hf%%gstt %%%Bgf%%% %/lﬁ’aﬁ,f?i’éajrﬁﬁ:&apﬁﬁﬁ?)tb‘hp@reatsﬁ%ng 3t Yhitr st
catal yst z8RBS SF TFAB Then@asodniet eddr PRt COATCr dPYed whant ihhe t he
maxi mum t eRPEFBENY teMPerakere  instthec finsy statadyeti somomt nore than 75C, in
particular not nore than 20 70C, higher than that in the second catal yst
zone. The Thenpexiadut €eflpéfSHRARCEN! enhé NI EEE AN 4 73k

: Es rﬁi@ﬁeﬁa&?{}‘ 5%
to 75C. Fygtfeddrseect Ney 06985145 é:@_r]_@a?g QwCHS(iot hatd:rgane télgt SROL 2
tenperature_jn i q]frfel L5t £atAal VSt z?n is 16ss tHan 470 brefeladti ™t ess
t han 450C. ‘T‘lhé gl-f erence.in J’[lry?e is ai’b“tﬁ PBfpef AT EhR PP E&d in
various wa§E e riYeSAREFRL1I6d seakbBE oifhdnaph) MR cRemRA A UEReiBOEhad fiisst on
pressure of2EdkYsh #PREngS Geat moxeuEkaby7596,t bn IPbtdicubyr howerdregthie
amount @0 &P?C,udddheorthdre tdvaitdani tire Becopdt aPOPest HEWEYErhe t he

t enper at ureelﬁtbézfaafueacaifﬁeﬁrﬂj‘eeﬁab’cuu§qﬁfeff‘é&-b§ﬁ¥bJYn tHeaRangd £ @Edt$e”9t h
rati o of thedwo catalysts or by neans of the tenperature  of the heat
transfer medium (hereinafter, 35 reference will always be made to the

preferred pheat transfer nedium nanely a salt bath), in particular when
the two caf&f rmore, the process is carried out so that the hot spot

25 temperature in the first catalyst zone is less than 470°C,
preferably less than 450°C.

The difference in the hot spot temperatures can be adjusted in
various ways. For example, it can be done by increasing the

30 admission pressure of the starting gas mixture by up to 10% or by
lowering the amount of air used for the oxidation by up to 20%.
However, the temperature difference is preferably controlled by
means of the bed length ratio of the two catalysts or by means of
the temperature of the heat transfer medium (hereinafter,

35 reference will always be made to the preferred heat transfer
medium, namely a salt bath), in particular when the two catalyst
zones are thermostated by means of different salt bath circuits.
The bed length of the first catalyst zone preferably makes up
more than 60%, in particular more than 70% and particularly

40 preferably more than 75%, of the total height of the catalyst bed
in the reactor tube. -

If the salt bath temperature is used for control, an increase in
the salt bath temperature leads to an increase in the hot spot
45 temperature in the first catalyst zone and to a decrease in the
second catalyst zone. For this reason, a slight increase or
decrease, e.g. by 1, 2 or 3°C, is generally sufficient to set the
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particular nore than 70% and particularly 40 preferably nore than 75% of
the total height of the catalyst bed |n the reactor tube. If the salt bath
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that of the lower salt bath circuit. Aternatively, the tenperature of the
salt bath whiechpetdwimpatatsot henes eaeatysalal vishezanty | £ diPasased 6 WP 10
20C. TheioReaabi Nthd idce 0 t§ hor Galealysh1) el 11y JAlaRM b0 0 |
Sourse of {rge, heYedlirsklBe B s ARSI hE hGF o frBPERR A dr op
course of tdliglg.rAs acresg L e h(1)__t sm_ e la R o

bel ow t he finf AU vald8 8FCBRReLqw thg mimiw élpesebr¥dCt oIt aaal tdeabove
520C by i nOPeLeFiRFahéOsal Yabir bovenpeiGithyr dnaseaey ithedsaboumthThe
process istpme¢ertiiey asadesedisl abbveo Thmiprikesholis SQifek8BPPI@Hi@d

di fferenSeous saittaa ned hot spt keapbriferd idisterOibe 1R RQ?H&H%(’)&E%E f

| east the jiaitrgéag@%he @@ggtcyd%alr 11 ng{ﬁgﬁqrya@f 1& Qétt&lteh?tig%i@sﬁ' /(Zju(r)i ]
the oper at 'pggticlzdlfa%l?'f pE‘Q?eIC I )é.l%t ]J.ggg? pft I Ifg-g?g{ i%t'a o\éggl?ﬁgopﬁﬁatéﬁet g
essentlalIxi%he%tgr%llge e ogfratl n%n | E'O le aral yst- Menin f
tenperat ur &S Yet@FnPRERYH £0Eh 8GR hehierLy adyantag qusdvafinmiion of a
plurality BFSEMetdddolipresntire Iperabtrorlifsupforhectanalgist. catal ysts are
suitabl @%as catalysts. In the 25 preparation of phthalic anhydride by
gas- phase Uhedait apoof tempasdwne o aepdifidlanes 49mduh MRASO! srnepycal.
ri ng- shapedngtadiathonhapes SupRAGES SO rabolBufLés HC3hE: rShdd 0N car bi de,

porcel ain, al um num oxi de, magnesi um oxi de, tin dioXide, I _rﬁ'ta’?(fteo,r‘ al um num
silicate, nesi si.l.licate (steatite), zirconium30 silicate or cerium
silicat orggﬁ?&stlf%g]?xtlﬂé? U2 LESES 91§ Siitgblaces VRAtEANSER t LBtthear e
gener al By PFeRAVaRHC8i 8% Rltthaddet pehydride by gas-phase oxidation of

o-xylene or naphthalene, use is made of spherical, ring-shaped or
dish-shaped supports comprising a silicate, silicon carbide,
porcelain, aluminum oxide, magnesium oxide, tin dioxide, rutile,
aluminum silicate, magnesium silicate (steatite), zirconium

30 silicate or cerium silicate or mixtures thereof. Catalytically
active constituents are generally titanium dioxide, particularly
in the form of its anatase modification, together with vanadium
pentoxide. In addition, the catalytically active composition may
further comprise small amounts of many other oxidic compounds

35 which act as promoters to influence the activity and selectivity
of the catalyst, for example by reducing or increasing its
activity. Examples of such promoters are alkali metal oxides,
thallium(I) oxide, aluminum oxide, zirconium oxide, iron oxide,
nickel oxide, cobalt oxide, manganese oxide, tin oxide, silver

40 oxide, copper oxide, chromium oxide, molybdenum oxide, tungsten
oxide, iridium oxide, tantalum oxide, niobium oxide, arsenic
oxide, antimony oxide, cerium oxide and phosphorus pentoxide. The
alkali metal oxides act, for example, as promoters which reduce
the activity and increase the selectivity, while oxidic

45 phosphorus compounds, in particular phosphorus pentoxide,
increase the activity of the catalyst but reduce its selectivity.
Catalysts which can be used are described, for example, in
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in the fornpoéoysseapat ase nodification, together with vanadi um pentoxide.

‘I'n addition, the catalytically active conposition may further conprise

smal | amounts of. many ot her oxi dic conmpounds 35 which act as pronoters to

.influence the activity and selectivity. of the catalyst, for exanple by

reduci ng or increasing its activity. %xarrpl es of such pronoters are alkali

netal oxi d®&, 25t h&I994unPE) 29x4 b 24al DFi At ©x68de, DBi 2T olfi WH7oxi de, iron
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for exanple S 0 ers I ch réduace e activi ficr ease the

sel ect | \r/?t ?rgh?&argg’i 4FEEY5 phosphorus compounds, in particul ar phosphor us
pentoxi de, increase the activity of the catal yst but reduce its

sel ecti vit fhe Beasalapdtivewhiicdl yoan ibeausatheay anderer i hed, bear sexaigy @hei N

M 40024 0056ASHEAB das BEm@S it dbnthEx 25 th7 t624, cHE 1R t141688, arldE 023,46
267, DE 140 cAdn Qe @n98/ SI965 204 WO 9B/n405 Lo oL GaLal Vst n thi o

t he catal y{] Y. ti co sitiop Is applied.in the a shell to
t he suppor%g %H,m%%r' égg c%‘ga, YBES1 a‘ﬁlzn%é%f/&far%n?)éclt?%@l@@Bc%%d VO

98/ 37967) H3 %%teaﬁefioﬁﬂdg%)% FEe Larperanune prusefdiffergat] ess active

cat al yst i §eHPeEATFEES nIR hgefaredd Bedatalnstatdopee witdaneilkehi gestaiones i nto
contact wi thidds siscasetlyst fhe $tirandeatdlystl@ohBedl ERS tbNtge 3t act with
the noresaghise 2atf al yataiysd peaceeh 2ema1eFhensd@l B3t S102M F&gt%f fering
act i viti eSofadedand/Be SRSIGHADS! Boh b RAERLIRDANLE BE LG dITTer ent
temper at ur gg.q 14} Q§ACLale, & satelyst, doped W th af Kal I~ mEt 81 60 ds i s
used in the first cata ys? zone ¢rosedt®to the gas 15 inlet and a catal yst
doped with snaller anounts of alkali metal oxides and/ or phosphorus
conpounds B#EF Ul PReferpnitntier 9iven tesedtahyste swdogdtheatililowingne.
Parti cuRflrcpnedsstédeoe i s given to catal ysts having the following 20
conposition: 25 30 35 for the first zone: from3 to 5% by wei ght of

vanadi um pent oxb€ehe first zone:
from 3 to 5% by weight of vanadium pentoxide

from 0.1 to 1% by weight of an alkali metal oxide, e.g.

25
cesium oxide
from 94 to 96.9% by weight of titanium dioxide
_30 - for the second zone:
from 6 to 9% by weight of vanadium pentoxide
from 0 to 0.3% by weight of an alkali metal oxide, e.gq.
cesium oxide
35 from 0.05 to 0.4% by weight of phosphorus pentoxide
(calculated as P)
if desired, from 1 to 5% by weight of a further promoter, in
particular Sb;03
from 85.3 to 93.95% by weight of titanium dioxide
40

In general, the reaction is carried out in such a way that the
major part of the o-xylene and/or naphthalene present in the
reaction gas is reacted in the first reaction zone.

45 For the reaction, the catalysts are introduced into the tubes of
a shell-and-tube reactor so as to form adjacent zones. The
reaction gas is passed over the catalyst bed prepared in this way

at temperatures of generally from 300 to 450°C, preferably from
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fromO.1 toob¥olye1weigght of an al kali netal oxide, e.g. cesiumoxide from
‘94 to 96.9% by wei ght of titanium dioxide for the second zone: from6 to 9%
by wei ght of vanadi um pentoxide fromO to 0.3% by weight of an alkali netal
.oxide, e.g. cesiumoxide fromO0.05 to_0.4% by wei ght of phosphorus

pent oxi de 03%;:S')[al culated as P) if desi re®, from1 to 5% by wei ght of a
further pr &P, 42P°C Fact petit brularlo3preben 88.y3 from93 ®3% MY 0ei ghtd af
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g of o-xyl )gng gn%l/ or %%aphjtc%%c?%ﬁdempe?gs %dard n8 of gas, preferably from

60 to 120 g of o-xylene and/or naphthal ene per standard nB of gas and 15
particul ar My 3?%*’@?%blaydf’¥’6ﬁ%@“t (flMth“‘bfre@C)’@?Fen@? drgcgibedaptathal ene
per standaf¥amBlef igadE 198 d&%idl8d oraDEoWhNT 8M A} ndahibeg adeaci@ral1gs
descri be@®, providekadiny ehei préarbi®8of7oH EhtalDE 200 RE- 169 As Ea¢hBAt
addi ti onal leyr 26n iy @indedi hgrrddia ol epas AlidieeOsPHI NG ito dahygrd de. As
catal yst catalyst which is even more active than the catalyst of the
second zone. In particular, this catalyst has the following
composition:
25
from 6 to 9% by weight of vanadium pentoxide
from 1 to 5% by weight of an activity-increasing promoter, in
particular Sb,03
from 0.1 to 0.5% by weight of phosphorus pentoxide
30 (calculated as P)
from 85.5 to 92.9% by weight of titanium dioxide.

The process of the present invention has the advantage that
phthalic anhydride can be prepared in high yield and with low

35 concentrations of by-products, in particular phthalide, even at
high loadings of o-xylene and/or naphthalene and at high space
velocities. Under the conditions of the process of the present
invention, the phthalide concentration is no higher than 0.1% by
weight, based on PA. The advantages of the process of the present

40 invention are particularly evident when the activity of the
catalyst system used decreases due to aging. Even after a long
period of operation, there is only an insignificant increase in
the hot spot in the second catalyst zone.

45 The temperature control used according to the present invention

can also be employed in the preparation of other products by
catalytic gas-phase oxidation, e.g. acrylic acid (from propene),
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for this fioosbi/sgeegactor, preference is given to using a catalyst which
“i's even nore active than the catalyst of the second zone. In particular,
this catalyst has the following conposition: 25 from6 to 9% by wei ght of
.vanadi um pentoxide from1l to 5% by vveight of an activity-increasing
pronoter, in’@ particular Sb203 fromO0.1 to 0.5% by wei ght of phosphorus
pent oxi de TSGSfEafRY e 45T Benrangs. buten® DroWuydienght of titani um
di oxi de. TRyrpmedissianfanhydrpdesefrton kueahe pn Beaotibeaatly arfrage t hat
phthal i c ardofdendg, cisbdhhal epadceidi | (TrBngh-¥y Bl )ande Wkt HaAWe33ciqg
concent I at If(&&%moig-bm QUEE%E%;{}I&R?&%CHL el ARk g, PN g DhGl,

oadi ngs &f: a an [ spa vel.0Ci LT'es.
Under t he§§(§%§§¥l gfrgsa' g{g th%éog"rqocess. (%?. (cajltmhré‘—’1 r?tehsatelﬁg )y n%ﬁﬁagﬁ,l nPhRR:
pht hal i de cdncent? ati o eed - ndCHY e thGn (B FosgPrepe) td  based on PA. The
advant ages "6EPRREY InidEddeof £¥ R iHobEEARENO i nvention are particul arly
evi dent when the activity of the catalyst system used decreases due to
agi ng. Everrhaf fellavimnegxampléod 1afusepetat i1, inkBRE Coh SvidHotitan

i nsi gni figc3BbtiDEFBRF Gt sl gcodlgg_n.e hot spot in the second catal yst zone. 45
The tenperature control used according to the present invention can also

be enployed in ihe preparation of other products by catalytic gas-phase
oxi dati on, “&2P %% rylic acid (from propene), M 40024 0050/51668 7 mal eic
anhydride (from benzene, butene or butadiene), pyronellitic anhydride
(from dur ede) Productuion afi the feaamlysoebuene);1d sophthalic acid (from
m xyl ene)s, terephthalic acid (from p-xylene), acrolein (from propene),
met hacryl i eaggigky fi.om 5 i sobutene), naphthoqui none (from naphthal ene),
ant hraqui none. (from ant hracene), acrylonitrile (from propene) and
met hacryl o\%lbt%i I & from.jsobutene).. The follow ng exanples illustrate the
i nvention Wrthdl AR r {Ma9NeG RS hififde ) EX aRpS d@vEpgprBdertemalof t he
catal ysts Plametqr ofs8capg| & skengthsof kg s andeat wa bl (thighesssinesil.iscatme)
rings |ug@iwgr@thgua@fmal160°C in a coating drum and sprayed with a

suspension comprising 28.6 kg of anatase having a BET surface

area of 20 m?2/g, 2.19 kg of vanadyl oxalate, 0.176 kg of cesium

sulfate, 44.1 kg of water and 9.14 kg of formamide until the

weight of the applied layer was 10.5% of the total weight of the

25 finished catalyst (after calcination at 4500C).

The catalytically active composition applied in this way, i.e.

the catalyst shell, comprised 4.0% by weight of vanadium

(calculated as V;05), 0.4% by weight of cesium (calculated as Cs)
30 and 95.6% by weight of titanium dioxide.

Catalyst II

50 kg of steatite (magnesium silicate) rings having an external

35 diameter of 8 mm, a length of 6 mm and a wall thickness of 1.5 mm
were heated to 160°C in a coating drum and sprayed with a
suspension comprising 28.6 kg of anatase having a BET surface
area of 20 m?2/g, 4.11 kg of vanadyl oxalate, 1.03 kg of antimony
trioxide, 0.179 kg of ammonium dihydrogen phosphate, 0.045 kg of

40 cesium sulfate, 44.1 kg of water and 9.14 kg of formamide until
the weight of the applied layer was 10.5% of the total weight of
the finished catalyst (after calcination at 450°C).

The catalytically active composition applied in this way, i.e.
45 the catalyst shell, comprised 0.15% by weight of phosphorus

(calculated as P), 7.5% by weight of vanadium (calculated as

V20s5), 3.2% by weight of antimony (calculated as Sb,03), 0.1% by

M/40024



di anet er of p8s@gPs1868€Ngth of 6 nmand a wall thickness of 1.5 mm 20 were
*heated to 160C in a coating drum and sprayed with a suspension conpri sing
28.6 kg of anatase having a BET surface area of 20 nR/g, 2.19 kg of
.vanadyl oxal ate, 0.176 kg of cesium sglfate 44.1 kg of water and 9.14 kg
of formam deuntil the weight of the Qpplied |layer was 10.5% of the total
wei ght of ™Mfd9b5 of fiasisln darbrylatqdapsefstaind @06k by WSQEBE. ofhe

cat al yti caltdijyansunvdicoumessition applied in this way, i.e. the catalyst
shel |, conprised 4.0% by wei ght of vanadium (calcul ated as V205), 0.4% by
wei ght of ceshupr{caicul ated as Cs) 30 and 95.6% by wei ght of titanium

di oxi de. dCat al yst Il 50 kg of steatite (magnesiumsilicate) rings having an
ext er nal 3 ter of,. 8 Mfmm a length of 6 nmand a wall thickness of 1.5
nm were he gt% 1BEE e a (RO HY ™ P i SRe s friggadhaving an susepemsl on

conpri si ng dzsmetwg A Safily adelenatim@faéBRT and faavellatikirkofes200A21 o mh 11
kg of vanadgireokadtedd tol 168°Kgirnfa apnhtimnyiruin adi derayddl%9tkda of ammoni um
g' Qﬁdrkog%[] sgbgéﬂﬁﬁdﬁllie?,co@tp%iElKg d. 6ARgCesi éﬁat%lél f 8hfindh %E.J'i'gsgf: é](}%é g(r)/ a?d
0 1% akennBH i g a S 60

t he tot al ‘Q’FEQM n{t;g% :I”nélf eg\él\%gabgaﬁliésy ?(??ggécgqjcdlon% Bh MEULHE) . The
catal yticalTy"a Trve é5 Ogl PP P et 14759958 RAgSPhate, ﬂS e fat al yst
shel |, conPfreed2s fe%‘lnggmgf gffﬂr“@F‘lBﬁo‘é’bWolr dde( vaiehit fedbgsarylied 5% by
wei ght of vaWediwad (IPaPéuPht e dotal208}ght3.afthy Gkhifitedotanalysony

(cal cul at eda@seSh2(3)inabidfo by 440409024 0050/ 51668 8 wei ght of cesium
(cal cul atsed as Cs) and 89.05% by wei ght of titaniumdioxide. Catalyst I1]

5 50 kg of I t | di t
5 50 ko oaﬁgﬁ@iggt@a saamv% cbﬁaségztiam%gpﬁggqn% qnexternal  di aneter

1600C in a €6 |n drufi's hzc°a Ysﬁ’f?bgh%l% p&’@ﬁﬁ??’é‘i‘%g 28.6 kg
of anat ase ‘Ravf g‘deE"F gbrf?ir,oé% yedghtofofl Yappagum 3 @d ckgabéd \amady|
oxal ate, 0V8®)kg<ep*? by ivadghtt PE oxi tiecdy?2 30k yof Latredo Ak usb ohshy dnd gEon. 33
phosphat2®, b#dvwdidiy of watemiwamddok48gof formam de until the weight of the
applied | ayer wasl2.5%fthe total weight of the finished catalyst (after

cal ci nati onyapx ARAGbn 4P o-xylene

2a) Preparation of PA - according to the present invention and
25 comparison

(setting of the hot spot temperature difference by variation of

bed length)

In a 10 1 tube reactor (99 normal tubes and 2 thermocouple

30 tubes), firstly (at the bottom) catalyst II (comparison: 1.30 m;
according to the present invention: 0.70 m) and subsequently
catalyst I (comparison: 1.70 m; according to the present
invention: 2.30 m) were in each case placed in each of the 3.60 m
long iron tubes having an internal diameter of 25 mm

35 (thermocouple tubes 29 mm with thermocouple sheath of 10 mm
internal diameter and 30 installed thermocouples (every 10 cm)).
By means of pressure balancing, it was ensured that the same
inlet pressure prevailed at each tube inlet. If necessary, a
little catalyst I was added or removed to/from the 99 normal

40 tubes; in the case of the 2 thermocouple tubes, pressure
balancing was achieved by addition of inert material in the form
of steatite spheres or quartz spheres. To regulate the
temperature of the iron tubes, they were surrounded by a salt
melt which was located in two separate salt baths. The lower salt

45 bath surrounded the tubes from the lower tube plate to a height
of 1.30 m, and the upper salt bath surrounded the tubes from the
height of 1.30 m to the upper tube plate. 4.0 standard m3/h per
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The cat al yt iposlol/s 1&&!gi ve conposition applied in this way, i.e. the

~catal yst shell, conprised 0.2% by wei ght of phosphorus (calculated as P),
7.0% by wei ght of vanadium (cal cul ated as V205), 2.5% by wei ght of
.antinony (cal cul ated as Sh203) and 90.3% 20 by wei ght of titanium dioxide.
2) xidation of o-xylene 2a) Preparation of PA - according to the present
i nventi on dritpe 95 Eé’r’rp]aﬁ'qeé’of’flfge G iy off 9Bkm2? haresgsh brrpeiraittupé

di f f er ence DyYd&reaps¢et@ndapddni efgeh)y Verea ph@sgdt theougneher t (98 ol
tubes and Zheheptbooupver80 (hBbes)s dfunhShbyug afireherbabb@mtwertdhyss) | |
(conpari somftbr3fed¥infaer b tdhddes pEﬁéeé‘}udenX:‘igE{JQ{“gaQs 60,030
subsequery |déol‘éét§$>’§éo_|2,96@8n§;ﬂc[' %gr;:editlzpo rqh accordi naqi.t 0 L Qe }t))resen%

i nventi on: r%'a%gom wer e nlg?- gac Cpas'e pl4acedJ n, eaéﬂ Metire 13768 ’rﬁ‘gl ong
iron tubes THAVLAG AR THEE N SE A tiet Or 4of Mosheiates Pt Ao COapPedt s 29
mm wi th t héPPfok8upf califdyeh 5140 nm internal diameter and 30 installed
t hernocoupl es (every 10 cm). By neans of pressure balancing, it was
ensured t hathet Betsanestednliat e esslovingeYablededt 88N A8 ni Phele |f

necessarpo expekihdh®s GAad ¥Ska d&a%p@gggg?rws %@XS%E&A ftrh%mf%pfet 99 nor nal
40 tubes; ijq g§?§a§§ k. EQE? W;t{\;elts%gcggﬁ ghséaq?e'ﬁﬂgr?essur;t a an%)rrég was
achi eved by g Lilon of i ner erral T 0 ofeReFAtPre eh s or
quartz sph&Pél. PF MEgErStetihideacippeinletc SBT PRELER oh sadlsebath hey wer e
sur rounded tBFParaELe ofelthevdrkth hadd hesresw the reectepanatletsalis tuat bs.
The | ower $alt sAst benpegatnve e dhieheatabest meatesbethOWlactubeiplai;e to a
hei ght 16f BE. B6ttom antotthepop pdmpeahtubat & siher eHRLEfL i R atrdBescfd om t he
0050/ 51668 51 bt o ot i A 1eh8 Sondbrl 5L BRCRLEAE b RELeRL i dhe. o
. 0 S

o-xyl ene per né an?ﬁ{%&%‘% ﬁgr}oﬁélrcfé 3555%&%}859 f‘?ltf’é“f‘%béga%/’?%‘_‘rn the
bot t om upwaFESE att &SR3 RN PRYLARF I8 mBA of 1edsh ot PRwWhLedshtims §. by Afeiaht! eavi ng
the mai n r Ba€edron t190%cPuae ¥ trogastha reqdveds &f ddel edutie 28@2900C
and pas&€dgahraftgr ameadinbsiting frieacsbirng reactor (internal dianeter: 0.45

m height: 099 m charged with 100 kg of catalyst II1l. The data listed in
the foll o3Rf t abl e WBRE® obt aPPREART t hitse top0 boitAerntremé daypa day qf
operation ptarting flomthe {$®5Btbofitemt | up of tHemcat al yperaSBTytiepd= dal t
bat h tenpefature of fhe ture
dif- [m/m%]
25 (d] [°C] [°C] fer-
[°C] ence
[°C]
Compari- 100 348/348 434 366 68 113.1
30 |son 150 348/348 434 375 57 112.9
170/130 200 348/348 421 390 31 112.0
250 348/348 419 394 25 111.3
According |100 348/348 430 362 68 113.3
35 to the 150 348/348 431 363 68 113.1
present 200 348/348 425 368 57 112.9
invention (250 348/348 421 371 50 112.7
230/70

2b) Preparation of PA - according to the present invention
40 (Temperature variation and temperature structuring)
For the catalyst combination operated as comparative experiment
in 2a), a temperature difference of > 40°C was set after
operation for 250 days by means of temperature structuring (SBT

45 pottom decreased or SBT top increased) or temperature variation
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salt bath neesegtitbe reactor inlet; SBT bottom = salt bath tenperature of
"the salt bath nearest the reactor outlet; HS top = hot spot tenperature of
the catal yst nearest the reactor inlet; 15 HS bottom = hot spot tenperature
.of the catal yst nearest the reactor tlet; gHDE or xy:cene ;:(r)]ntfent =h

ht hal i de or 'xy]l ene content of the c roduct gas after e finishing
Iroeactor Hé?géb%’h CPFhERS FEP aHMHRESEE,) - Pﬁlij)lQéill’(?r—em\elgm@ﬂfttallnc%@ytmsght
based on 108%piete changed from thaseanal Jeperisfenth@agr ude product 20 gas
after the finishing reactor. 25 30 35 40 BedDaySBT top/HS topHS bot - Tem PA

SBT bot t OMir@EPe&ea Yi i@htdat uflet&@l]f{ﬂlbﬁllﬂ feadid kel 65 E“Qﬁli C]

S U B o D L

Accor di ng1G53487 184336268 tThE‘i%UBLFE?/ 548284 Jemperesuye of the

pr esent 2008238F 3R> NEEF571 1509 Ii%?éﬁru PS03 A3r3berbas 7 501 2bIt 230/ 70 2b)
Prepar at i ofeBPerFtureaeforte ngplto beltd peasertt theveeascwor (chelpes aisirdp =
variation and spopefemiperatste Ui whenghtdDyst heacabal yisd reaebbhaid it ;

oper at ed 0a8sCHIPEAL mteép&zl rawrgaaf el BIPEI LR GLEE epgnee of >

0= was Seke H%'E:?E)ir% ecrexil g %E’I%I rreanﬁg?%]a‘sd%rrpe(r)%tlf%erat ure

structurin

vari ation g%%%ﬂ Bo FS‘?L% Ry© §BT9%tacfd:t?FaﬁBetBH‘%%P§a§@ﬂ9t0rAl | ot her

experlnentSPs%QNRﬂiﬁh6ﬁ§llc anhydride; PA yield = PA yield in % by weight
based on 100%-pure xylene from the analysis of the crude product

15 gas after the finishing reactor.

Bed Day |SBT top/ |HS HS Tem- PA
170/130 SBT bot- [top |bot- |[pera- |yield
tom tom ture
[d] dif- [m/m%]
20 [eC] fer-
[°C] [°C] ence
[°C]
Comparison without 250 |348/348 419 |[394 25 111.3
25 Femperature structur-
ing
According to the pres-|252 [349/349 428 |387 41 112.3
ent invention with 254 |350/350 437 |381 56 112.5
30 temperature increase
. According to the pres- (256 |349/348 429 |385 44 112.5
ent invention with 258 |[350/348 438 1379 58 112.8
temperature structur-
ing 260 |348/343 419 |[381 38 112.0
262 348/338 418 370 48 112.9
35 264 [348/335 419 |365 54 113.1

The results reported under 2a) show that the PA yield correlates
with the hot spot temperature difference, i.e. under operating
conditions relevant to practice, PA is obtained in a higher yield
40 when the temperature difference is above 52°C.
The results reported under 2b) show that when the hot spot
temperature difference is too small, increasing the salt bath
temperature top and bottom simultaneously and slightly or
45 reducing the temperature of the lower salt bath by keeping the
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were not cheogedsises those in Experinent 2a). The data listed in the
“following table were obtained in this 5 experinent (day = day of operation
starting fromthe first start-up of the catalyst; SBT top = salt bath
.tenperature of the salt bath nearest _the reactor inlet; SBT bottom= salt
bath tenperdture of the salt bath nedfest the reactor outlet; HS top =
hot spot teffpBRPRRUIE @f the wRreH yoltnkatkstonstantehet vrffidient 40 HS
bott om = hafcipate ttdfp&est spet dfemperatural distferearesto titere thant zoqut | et ;
PHDE or xylene content = phthalide or xylene content of the crude product
gas after the finishing reactor, based on phthalic anhydride; PA yield =
PA yieldg n % by weight based on 100% pure xylene fromthe analysis of the
crude product 15 gas after the finishing reactor. 20 25 30 35 BedDaySBT
t op/ HSHSTem PA 170/ 130SBT bot -t opbot -pera-yield tontonture [d]dif-[n n4g
[Cl]fer- [C][Clence [C] Conparison wthout250348/34841939425111. 3
tenperature structur- ing According to the pres-252349/34942838741112. 3
ent invention wth254350/35043738156112.5 tenperature increase According to
t he preg0256349/34842938544112.5 ent invention w th258350/ 34843837958112. 8
tenperature structur- ing260348/34341938138112. 0 262348/ 33841837048112. 9
264348/ 33541936554113.1 The results reported under 2a) show that the PA
yield correlates wth the hot spot tenperature difference, i.e. under
operating conditions relevant to practice, PAis obtained in a higher
yield 40 when the tenperature difference is above 52C
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The resul ts o3y nder 2b) show that when the hot spot tenperature
~di fference fg t oo gﬂg#l, increasing the salt bath tenperature top and
bott om si nul t aneously and slightly or 45 reducing the tenperature of the
lower.salt bath by keeping the M 40024 Qg§0/51668 11 tenperature of the

upper salt bdath constant is sufficient t

I ncrease the hot spot

tenperature difference to nore than 52C. 5 10 15 20 25 30 35 40 45 M 40024
0050/ 51668 We2cWaimtaim 1. A process for preparing phthalic anhydride by
gas- phase 5 oxidation of xylene, naphthal ene or m xtures thereof over two

different fiixed- Bedcead aSlhse Efm%éh;élggnﬁilé}%%i%engg)g%lég d-tube

the maxi numte

ra | um wherein

st HASL igr%%']ggtg%&e)sfﬁg&ﬁg (Xég}é‘;aarq1 h%alfeﬁfaygf TSP Eher$9oRVEFr ¥R on

is at | east 52

SF e rt PR P eCHBA YR pERPRISH dheZPReS hin fd r st cat al yst

zone. 2. A pro&é§iladndttaibeedepater ailkch, iaheheimpstia¢ednly mannst efiper at ur e
in the second danal ysangime mediat, |wasteiR5€nd tnd:aivein tbApetdirel Ant bge first
catal yst zone. s8coAd PEDEASS tagoRé aiMadthel &16%%m&ti%eﬁ§'£‘ttl@%s@ébéﬂ‘hm .
tenperatyy e inibherseeand neahak Ylm eracdf lﬁ?‘%:%;e@??rst': Oé’\ecratl%g%n that in
the first cataggg% 0

clainms, wherein . .
in the first and second catal yst zones is controlled via the bed Ilength
rati o of tRe cét@rgeesy@resladBed in claim 1, wherein the maximum
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45

temp

zone. 20 4. A process as clained in any t pr ecedi ng
he tenperature difference between the maxi numtenperature

erature in the second catalyst zone is at least 55°C

lower than that in the first catalyst zone.

A process as claimed in claim 1, wherein the maximum
temperature in the second catalyst zone is at least 60°C
lower than that in the first catalyst zone.

A process as claimed in any of the preceding claims, wherein
the temperature difference between the maximum temperature in

the

first and second catalyst zones is controlled via the bed

length ratio of the catalyst zones.

A process as claimed in claim 4, wherein the bed length of

the

first catalyst zone is more than 60% of the total bed

length of the two catalysts.

A process as claimed in claim 4, wherein the bed length of
the first catalyst zone is more than 75% of the total bed
length of the two catalysts.

A process as claimed in any of claims 1 to 3, wherein the
temperature difference between the maximum temperature in the

first and second catalyst zones is controlled via the
temperature of the heat transfer medium.

A process as claimed in any of the preceding claims, wherein
the maximum temperature in the first catalyst zone is less

than

470°C.

A process as claimed in any of the preceding claims, wherein
a gas phase having a loading of from 80 to 140 g of o-xylene
and/or naphthalene per standard m3 of gas phase is used.



5. A procesporp/&Hi1dgEd in claim4, wherein the bed Iength of the first
“catal yst zone is nore than 60% of the total bed I|ength of the two

catal ysts. 30 6.- A process as clained in claim4, wherein the bed | ength of
.the first catalyst zone is nore than 75% of the total bed Iength of the
two catalysts. 7. A process as cl ai med3in any of clainms 1 to 3, wherein the
35 tenper atlfre AdPFPELBR RS [sdimed ihenyarifnthe t preperdingr elaimd hevhekbist and
second cat al ysttheohespésatnuet o6l tkee hda tthransfenmesdim €sod jdrecheat
transfer medium 8. A process as claimed in any of the preceding cl ai ns,

wher ei n 4q1the GRLOMINdLTRLALY' £ Idhyt B2 %héﬁ;&eregc?egdgé 100 WReERR L

than 470G

a gas phase haV|ng8§g? {%I%Sloy ?rdﬁF@@' o™AERIP JF 8- % P A& '-45 and/ or
napht hal ene per standard nB8 of gas phase is used 0050/51668 13 10. A
process as clainmed in any of the preceding clains, wherein the tenperature
of the heat transfer nmediumis < 3600C. 11. A process as clained in any of
the preceding clainms, wherein 5 the space velocity of the gas m xture is >
2000 h-%q 10 15 20 25 30 35 40 45 M 40024
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