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intensity starting material or lead to the formation of undesirable

by-products which can be separated from the reaction product only

25 with great difficulty, if at all. In addition, the catalyst can
be irreversibly damaged above a certain hot spot temperature.

The hot spot temperatures are usually in the temperature range
from 400 to 500°C, in particular in the temperature range from 410

30 to 460°C. Hot spot temperatures above 500°C lead to a substantial
decrease in the achievable PA yield and in the catalyst operating
life. In contrast, hot spot temperatures which are too low lead
to a high content of underoxidation products in the phthalic
anhydride (in particular phthalide), as a result of which the

35 product quality is significantly impaired. 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 aging state of the catalyst, on the heat transfer
characteristics of the fixed-bed reactor (reactor tube, salt

40 bath) and on the salt bath temperature.

Various measures have been employed for decreasing the intensity
of these hot spots, and these are described, inter alia, in DE
25 46 268 A, EP 286 448 A, DE 29 48 163 A, EP 163 231 A, DE

45 41 09 387 A, WO 98/37967 and DE 198 23 362 A. In particular, as
described in DE 40 13 051 A, use is now made of catalysts of
differing activity arranged in zones in the catalyst bed, with
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anhydrlde using two dlfferent catalysts arranged in zones, with
the catalyst of the first zone making up from 30 to 70% of the
total length of the catalyst bed and the catalyst of the second
25 zone making up from 70 to 30% of the total length of the catalyst
bed. This is intended to reduce the temperature of the hot spots.
However, it has been found that the yield of phthalic anhydride
even at the low o-xylene loadings in the starting gas mixture
used in this publication (not more than 85 g/standard m?) leaves
30 something to be desired. A similar disclosure is made in DE
30 45 624 A.

DE 198 23 262 describes a process for preparing phthalic
anhydride using at least three coated catalysts arranged in

35 superposed zones, with the catalyst activity increasing 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 does not exceed 10°C.

40 EP-A 1 063 222 describes a process for preparing phthalic
anhydride which is carried out in one or more fixed-bed reactors.
The catalyst beds in the reactors comprise three or more
individual catalyst zones arranged in series in the reactor.
After passage through the first catalyst zone under the reaction

45 conditions, from 30 to 70% by weight of the o-xylene, naphthalene



35 superposed zones, with the catal yst activity increasing fromzone to
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difference in the hot spot tenperature fromcatalyst to catalyst does not
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the flow direction) is from 0 to 50°C lower than that in the first
25 catalyst zone and the hot spot temperature in the third catalyst
zone from the gas inlet (in the flow direction) is from 30 to

100°C lower than that in the first catalyst zone.

The present invention accordingly provides a process for

30 preparing phthalic anhydride by gas-phase oxidation of xylene,
naphthalene or mixtures thereof in a shell-and-tube reactor
thermostatted by means of a heat transfer medium over three or
more different fixed-bed catalysts arranged in zones, wherein the
process 1s carried out so that the maximum temperature in the

35 second catalyst zone in the flow direction is up to 50°C lower
than the maximum temperature in the first catalyst zone and the
maximum temperature in the third zone from the gas inlet is from
30 to 100°C lower than that in the first catalyst zone.

40 The maximum temperature in the second catalyst zone is preferably
at least 10 - 40°C lower than the maximum temperature in the first
catalyst zone. The maximum temperature in the third catalyst zone
from the gas inlet (in the flow direction) is preferably from 40
to 80°C lower than the maximum temperature in the first catalyst

45 zone.
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second and each subsequent catalyst zone. In general, a slight
increase or decrease, e.g. by 1, 2 or 3°C, is sufficient to set

25 the desired hot spot temperature difference. If the three or more
catalyst zones are thermostatted by means of different salt bath
circuits, the upper salt bath circuit, i.e. the salt bath circuit
which thermostats the first catalyst zone, is preferably operated
at a temperature which is from 0.5 to 5°C higher than that of the

30 lower salt bath circuit. Alternatively, the temperature of the
salt bath which thermostats the second catalyst zone is reduced
by up to 10°C and the temperature of the salt bath which
thermostats the third catalyst zone is decreased by a further
100ocC.

35
The operating life of the catalyst is generally from about 4 to 5
years. The activity of the catalyst generally decreases a little
over time. This can result in the hot spot temperature difference
between the first and third catalyst zones dropping below the

40 minimum value of 30°C. It can then be brought back to a value of
30°C or above by means of the above-described increase in the salt
bath temperature. The process is preferably carried out so that
the hot spot temperature differences are maintained for at least
the first 50%, in particular at least the first 70%, particularly

45 preferably at least the first 90%, of the catalyst operating time
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exanpl e, aIk&PFkﬁ%t%ﬁquX|88§a t ox1de, manganese ox1de, tin ox1de, 311ver
oxide, copper oxide, chromium oxide, molybdenum oxide, tungsten

oxide, iridium oxide, tantalum oxide, niobium oxide, arsenic

25 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
phosphorus compounds, in particular phosphorus pentoxide,
increase the activity of the catalyst but reduce its selectivity.

30 Catalysts which can be used are described, for example, in
DE 25 10 994, DE 25 47 624, DE 29 14 683, DE 25 46 267,
DE 40 13 051, WO 98/37965 and WO 98/37967. Coated catalysts in
which the catalytically active composition is applied in the form
of a shell or coating to the support (cf., for example, DE

35 16 42 938 A, DE 17 69 998 A and WO 98/37967) have been found to
be particularly useful.

The less active catalyst is arranged in the fixed bed so that the
reaction gas comes into contact firstly with this catalyst and

40 only then with the more active catalyst in the second zone. The
reaction gas subsequently comes into contact with the even more
active catalyst zones. The catalysts of differing activity can be
thermostatted to the same temperature or to different
temperatures. In general, a catalyst doped with alkaline metal

45 oxides is used in the first catalyst zone nearest the gas inlet
and a catalyst doped with a smaller amount of alkali metal oxides
and/or phosphorus compounds and/or further promoters is used in
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- for the third zone:
from 6 to 9% by weight of vanadium pentoxide
from 0 to 0.3% by weight of an alkali metal oxide, e.g.
25 cesium oxide
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
30 from 85.3 to 93.95% by weight of titanium dioxide

The reaction is generally carried out so that the major part of
the o-xylene and/or naphthalene present in the reaction gas is
reacted in the first reaction zone.

35
For the reaction, the catalysts are introduced in layers (zones)
into the tubes of a shell-and-tube reactor. The reaction gas is
passed over the catalyst bed prepared in this way at temperatures
of generally from 300 to 450°C, preferably from 320 to 420°C and

40 particularly preferably from 340 to 400°C, and a gauye pressure of
generally from 0.1 to 2.5 bar, preferably from 0.3 to 1.5 bar,
and at a space velocity of generally from 750 to 5000 h-i,
preferably from 2000 to 5000 h-l, The reaction gas fed into the
catalyst bed (starting gas mixture) is generally produced by

45 mixing a gas which comprises molecular oxygen and may further
comprise, in addition to oxygen, appropriate reaction moderators
and/or diluents such as steam, carbon dioxide and/or nitrogen



15 from4 to 7% by wei ght of vanadi um pentoxide fromO to 0.5% by wei ght of
an alkali netal oxide, e.g. cesiumoxide fromO0.05 to 0.4% by wei ght! oAUG 2005
phosphorus pentoxide (calculated as P) 20 bal ance to 100% by wei ght:
ti-taniumdioxide - for the third zone: ,from6 to 9% by wei ght of vanadi um
pentoxide fromO to 0.3% by wei ght of aﬁ alkali metal oxide, e.g. 25 cesium
oxi de from O¥HEh ttdep c4%y bRy REPBERPIISHASr be peiligeddeThe cegaqiiianedass P)
i f desired, @emswalltyocbotdinsvdirght 1ofto alFlumpher prefetably Erom Partbi cul ar
Sbh203 30 frosw 81 tadd9BaPoLoulnragi ghéreafatliyt apbmm oitexisdendhe, reFaction is
general |y capy&dh oul, gentfd, the PBAOidALhsOls 1dRiclr WIkENE-AY @b
naphthal eng PGS dlaklond CHEON GA%d:ln1 L AL ol gy T f8h hgagtion
zone. 35 For e reactLon, the catfal'ysis are’introduced in ldyers onnés)
into the tub®Rd HALEICHERF IR MRFSIGRAPIBTW 80The 1 b @/S5Angasd %'/ Bissed over
t he cat al yst obevlgneepadédr i rpaitiheleng- at tenperatures of generally from 300
to 4500C, preferably from 320 to 4200C and 40 particularly preferably from

340fto 3?00]915 mi%ea@uge%&sm%@raﬁ gin:%g%%r @lewtéllrtay Gedct ok ,0 fg?lr, f
prefera 3t r e . gener. rom
50 to 5088 KAk 4R Be oFior, oT80e8 0 §8§8 %fz“%f%@?%%é%%%%ﬁgs%?ed
into the cabPa? C{ogr(E %rﬁﬁ%ﬁ&ﬁéo?d?&‘to EPaLLe UHWALELAG - p?%’dl?@g&lﬁﬁt45

m xi ng a gasUuSed APrCoikpr PEREeTRRl¥cal artdbHpdeHhaRl Fhevedr pes acddNgrthan in
addition to thgygmtalyppropribe ehicdctomn Modeaatdbrslamndhos chtalgstshassich as

st eam car bosnéli fxid&iagdésfipdyitciogen 4 AUG 2006 7 with the o-xylene or
napht hal eqg to be oxidized. The reaction gas generally contains from1l to

100 nol % preferabl r.o 0 50 nol %and rticularly. preferably from 10
to 30 nol % of glf(m%{eefrl.tor]ﬁ%gge)ﬁe‘?eaﬁgfﬂ%t ﬁ% ‘Fae%ag%%“npﬁrégo’f%dqpqaded Wi %/h from5s
to 5 140 g/standﬁ?%‘gnlett?f S§akY e 861 37 fASHVEEY r BRARRSG St BRPRAT T8 ihand
particul arly prepayisiulafr §m®0 to 120 g/ standard n8, O
from 0.1 to 0.5% by weight of phosphorus pentoxide
20 {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

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

30 invention are particularly evident when the activity of the
catalyst system used decreases as a result of aging. Even after a
long running time, there is only an insignificant increase in the
hot spot temperature in the second catalyst zone.

35 The temperature control method provided according to the present
invention can also be used in preparation of other products by
catalytic gas-phase oxidation, e.g. acrylic acid (from propene),
maleic anhydride (from benzene, butene or butadiene),
pyromellitic anhydride (from durene), benzoic acid (from

40 toluene), isophthalic acid (from m-xylene), terephthalic acid
(from p-xylene), acrolein (from propene), methacrylic acid (from
isobutene), naphthoquinone (from naphthalene), anthraguinone
(from anthracene), acrylonitrile (from propene) and
methacrylonitrile (from isobutene).

45 -



o- xyl ene and/ or naphthal ene. if desired, a downstreamfinishing reactor as
described, for 10 exanple, in DE 198 07 018 or DE 20 05 969 A may 14 AUG 2005
addi ti onal | y be provided for the preparation of phthalic anhydride. The
catal yst used here is preferably a catglyst which is even nore active than
the catalyst of the third zone. In particular, this catalyst has the

fol | owi ng cAsodPLioning SXpPBLES %H@Wﬂ‘yevﬁmhﬂweﬂti/%a@mhﬁuﬁent oxi de from
| to 5% by weisghficoin@nit&csropéy-increasing pronoter, in particular Sb203
fromO0.1 to 0.5% by weight of phosphorus pentoxide 20 (calculated as P)
from85.5 t%x%% 9% by wei ght of titanium dioxide. The process of the present
i nvention has e advant age that phthalic anhydride can be prepared in high
yield and th | ow 25 concentrations of by-products, in particular

phthal i de, NeRTARUFEAN QfxEherratalgrs? Raphtthal ene | oadi ngs and at high
space velocities. Under the conditions of the process of the present

i nvention, tdaeaphtbati de concentration is no nore than 0.1% by weight,
based on PA. The advant ages of the process of the present 30 invention are

parti cul elde th act|V|t cataly. t sstemu ed

decr easegfdagjoa\‘é?eg I?te léce ﬁmagqf’vs i F%%méﬁ:e)l 5&8‘5%% fnex ?]‘?{éarle i's
only an ms@dﬁf"faF‘éﬁrﬂ |8n€'F“ea§e1?r|‘9tt1'h€ Adt™ Pt &t Eﬁbér%ﬁ eff Phel SedBnd
cat al yst zorrere3Bedtrd ttenp€P 2R ue aconetbhg rbuodngremiaed a#détbraling to the
present i nwsazbeasicarcalpsdsheg sed ka pfepadtaisconatinpt@ETPEadigdes by

catal ytic gaa&—eahaﬁezmazdgt;l oMo e'kggofa%ﬂéaycl Fchfatd s qmlpzrson@nsi ,cedf@el C
anhydr | d%b i &%Pgn@mf ]% g'\ﬁa&{ 'ﬁ agi £16) cﬁy BPiﬁArLl& anhydrl de (from
enz acid uen ﬁ ﬁ %'

d !
e har« HeSBEA ok o B Ay athe) LN hobbGy kel e BBk L o

acid (from fisdshedreatalyash AbeRH rﬁ?ﬁélpﬁ’%ﬁﬁ r?éEpHﬁﬁ%fF)ene) ant hr aqui none
(fromanthracene), acrylonitrile (from propene) and nethacrylonitrile (from

i sobutene) . T :4tdAl$ 2006y Scihee fombeui floapplies i lwsty ahg, tha,

' nvent'orbd“éﬂéougtalyst shell, comprised 4.0% by weight of vanadium
(calculated as V;05), 0.4% by weight of cesium (calculated as Cs)
and 95.6% by weight of titanium dioxide.

Catalyst II:

25
The procedure for the preparation of catalyst I was repeated
using 0.155 kg of cesium sulfate, which led to a cesium content
of 0.35% by weight (calculated as Cs).

30 Catalyst IIT

50 kg of steatite (magnesium silicate) rings having an external
diameter of 8 mm, a length of 6 mn and a wall thickness of 1.5 mm
were heated to 160°C in a coating drum and sprayed with a

35 suspension comprising 28.6 kg of anatase having a BET surface
area of 20 m?/g, 4.11 kg of vanadyl oxalate, 1.03 kg of antimony
trioxide, 0.179 kg of ammonium dihydrogen phosphate, 0.045 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

40 the finished catalyst (after calcination at 450°C).

The catalytically active composition applied in this way, i.e.
the catalyst shell, comprised 0.15% by weight of phosphorus
(calculated as P), 7.5% by weight of vanadium (calculated as

45 V,05), 3.2% by weight of antimony (calculated as Sb;03), 0.1% by



restricting its scope. Exanples 1) Production of the catalysts | - |V
Catalyst I: 10 50 kg of steatite (nmagnesiumsilicate) rings having ahi AlG 7006
external dianmeter of 8 mMm a length of 6 mMmand a wall thickness of 1.5 mm
were heated to 1600C in a coating drum End sprayed with a suspension
conprising 28.6 kg of anatase having a BET surface area of 20 M2/g, 2.19 kg
of vanadyl oX@i@lte of0ce7EURy aglcudatemnass Csul tad 39 31 bRgvakghtardr and 9. 14
kg of formantiteanuintm kdibkede wei ght of the applied |ayer was 10.5% of the
total weight of the finished catalyst (after calcination at 4500C). The
catal yti cal Iaa@é:ﬂsvcelqorrpom tion applied in this way, i.e. 20 the catalyst
shel |, conprised™4.0% by wei ght of vanadium (calculated as V205), 0.4% by
wei ght of Tesium (calculated as Cs), and _95. 6% by, wei ht of titanium

di oxi de. Catafy%d 9ff steakiygdmagpeaith efldratae ﬁ% vine ot cdeargst |
was repeat eddiapgtey 0£185mikg oflepgth ued Fulmnapad aiwadll khdckeess edsilub mm
content of WGeddhdatedetghiedocalinua aictiag &sym a3l Eprayystwidhl a50 kg of

steatite (MagRESiENoH bhkdtA)ing agsmégylafgaaatsgéth di BPRLSIr fake8 MM a

| ength of ,§ ngnodf allv‘ﬁ? t ty I&ngg va%aéime & hﬁaﬁﬁ’%«;} %flgog%monry
coating diuma uspen Offp qe at ase
havi ng a BET® Eﬁ’f]af’%e 2d ]Eﬁ %am? m, dihyRgoge \P&’f?éﬂgf"t%xaﬂ‘}a't k91993 kg

of antinmony wetemdnde? . b4 1k dfg f@f-"mafmﬁﬁnl@mléh h?@r@@ﬁtpﬁﬁsﬁkﬁata@Pl@e@45 kg
of cesium sbhfert evas44215kphHftheatetahntkiGhtdokgtiod fiowishad deatallyisk t he

wei ght of theagpdt icRdchayeionas 190@%.of the total weight of 40 the
finished gat aI yst (after calcination at 4500C) The catal ytically active

co 05|t|ona lied.in.thi . .cat al hel | lsed015%
bynRel ght of E %Bdi*?&ﬁﬁécaj(i‘é %%113&8015%0%) ion %)}/Jz’gﬁqiéflgﬁ?l%fw AnddPam
(cal cul at ed &Be ZRbFFSY, shelly prapised R %ahYi veahY o4l BhesRharvgs Sh203)
0.1% by 14 AUalf(Gted aeiht 70f0%ichygiwsmdhtabdulatati s (€s)calke80 a85% by
wei ght of tii@ni,un st @gt @@ight of antimony (calculated as Sb;03) and 90.3%

20 by weight of titanium dioxide.

'D

2) Oxidation of o-xylene

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

(setting of the hot spot temperature difference by varying the

bed lengths)

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

30 thermocouple-containing tubes), each of the 3.60 m long iron
tubes having an internal diameter of 25 mm
(thermocouple-containing tubes 29 mm with thermoccuple sheath
10 mm internal diameter and 30 installed thermocouples (every
10 cm)) was charged from the bottom upward with catalyst III

35 (comparison: 1.30 m; according to the present invention: 0.70 m),
catalyst II (according to the present invention: 0.80 m) and
subsequently catalyst I (1.70 m (comparison); according to the
present invention: 1.50 m). It was ensured by means of pressure
matching that the pressure at the inlet of each tube was the

40 same. If necessary, a little catalyst I was added or sucked out
from the 99 normal tubes; in the case of the two
thermocouple-containing tubes, pressure matching was achieved by
addition of inert material in the form of steatite spheres or
quartz spheres. The iron tubes were surrounded by a salt melt

45 which was located in two separate salt baths to regulate the
temperature. The lower salt bath surrounded the tubes from the
bottom tube plate to a height of 1.30 m, and the upper salt bath



Catalyst I1V-5 50 kg of steatite (magnesiumsilicate) rings having an
external dianmeter of 8 nm a length of 6 mMmmand a wall thickness of} {LABG Rt
were heated to 1600C in a coating drum and sprayed with a suspension
conprising 28.6 kg of anatase having a_BET surface 10 area of 11 nR/g, 3.84
kg of vanadyl oxalate, 0.80 kg of antimony trioxide, 0.239 kg of amonium
di hydr ogen pHogighaded die tubgsofromather hgaghd. df4 %gOom torrhaniugeetntibe t he
wei ght of t helagepl Aéd lddyrewinhsld®.HWfoP st be duwntialy wei ghiglof o-lkelénai shed
catal yst (afdrelsteabgrdais o air 4oBACr albudiigLabatyhé Cod laboaet twe

conmposi i on Als§dyhd ddUstdMirolaf-ciet BEER! Alore kndebh agamRLLSEd 9. 2% by
wei ght of ghéédp 0 gs é(z:‘fi cul atag 53%, i {?rﬂ??; %ght f .vang Lum,

(cal cul ate v 72 %%? S P ART G Y/ B Paht § y\gg T ctfarEd 53¢ 3p5d3) and
90.3% 20 byrSwstgRr bhe tGRUKS BRPENOXITRE. SPYeTR vt ICORLBE R 4Alenme23RC

Pr epar ati on a&xfd RAssedctioratighg ahoadiebgiries énbishmrgntrieentand( ird®rosipari son
(setting of diwndiel:spois mgnpelghtf a0 diof her engydyy wiahying Kef badalwngt hs)
ina 10 1 tugge reactor (99 normal tubes and 2 30 thernocoupl e-containing

t ubes), eg‘gh of the 3.60 mlong iron tubes having an internal dianmeter of
25 mm (thernocoupl e-contai ning tubes 29 mMmwith thernocouple sheath 10 nm
internal di afth® SRtandiseed & égPeEOJc]ffé‘fﬁﬁ‘ﬁcBﬁB]r%é”e(r@\/éP?a“l@ dM Fhfas char ged
from the botexpenipeat d(minningatayystday lof3spécanisar ifxom: tHe 30nst accordi ng
to the presesdartdiuends othie @at@lgdt; SHI abpst sdly aeear demgedarurbeopr eisent
Inveng I on: OSatiOc Bht 8Nflea MRS QHHEREL S AL R ¥EL élm( botQof £ CMAaLREAN) ; f
according,to e M\ oL u y. peaps._ of
pressure 1%&%%'%%’% a@P ﬁ%t&% htehr(l'pf%gyéagaet%tn 19 ﬁg&l—' ntfﬁee"t ‘%%?a cgg?: h&ﬁ&beg_' 'vvagg Pfélpe 40
same. |f necRsHPPE LETRYTATMIELPE HR] PRAESLRRATSE SHRKERPTRE 1PM6Hi t he 99
nor mal tubesHS jhpttRBE Taket EPothterbRraturer Abcthp|catedushi pRaxpstulbhs,
pressure nmatocdadigprivasthety enpdcbytemddind aglefie idwertientatephtdlaliidet he f orm of
steatite sphesfi®en® andUaflcheSRBRESSE, HRRpeEOivd UPEDIWRRE StUdOWrdadchy a

salt nel t265gg§41id%@n%§eérf?c@_‘t %ﬂei Eiﬁ%i%%péégagoxs,alﬁasgat Qﬁ ;Sr&r{aﬂ%' ate the
anhydride; PA yield = yield of PA in % by weight based on
100%-pure xylene derived from the analysis of the crude product
gas downstream of the finishing reactor).

25 Bed Run- SBT top HS top 1HS middle HS AT AT [PAyield
ning SBT bottom | top- top-
day bottom middle | bottom
[d] [°C] [°C] [°Cl ¢l | Fa | FCl | )
30 [Comparison | 100 | 348348 434 - 366 - 68 1131
170/130 150 | 348/348 434 375 57 112.9
200 | 348/348 421 390 31 112.0
250 | 348/348 419 394 25 1113
According | 100 | 3487348 430 400 360 30 70 113.3
35 to the 150 | 348/348 431 402 359 29 71 113.1
_present 200 | 348/348 425 413 361 i2 64 112.9
mnvention 250 | 348/348 421 411 362 10 59 112.7
150/80/70

40 2b) Preparation of PA - according to the present invention
(temperature variation and temperature structuring)

After the catalyst combination operated in 2a) as comparative

experiment had been run for 250 days, a temperature difference of
45 > 40°C was set by means of temperature structuring (SBT bottom

reduced or SBT top increased) or temperature variation (SBT



tenperature. The |ower salt bath surrounded the tubes fromthe bottom tube
plate to a height of 1.30 m and the upper salt bath 14 AUG 2006 10 & AU5 2006
surrounded the tubes fromthe height of 1.30 mto the upper tube plate. Ar
I'aden with oo g of 98.5% purity by \/\/ellagt o-xyl ene per standard M3 of air
(after a running-up tinme of about two nths) was passed through the tubes
from t he t opPRUtIwaRe BeP am&’r?%@\ﬂ}atpélof’thel-) HARGTdEPHTAR/¢PSEE100Be. After
| eavi ng t he remainedeantmangedhéromuchers® daduekpepasnesitr éain was cool ed to 280 -
2900C and passed through an adi abatic finishing reactor (internal

diameter: O..4n 'Hatﬁewé‘*&ed QLng%hED £ STRLASY %M‘e Jv%(}ekgheﬁ &@Eaﬁn%%t TV. 10
The dat a I% ed I.n t
y

g t abl.e were t.al n
(running d = J'ngo "eraatyl 8 Pom e fff?lgtthes@ﬁ:fs!t E%ft t%e%(galfgeyst
SBT top = saq’attqgéﬂsl’i t%‘?r'ge*r‘%i’c ar éaE;’F IfarTé‘ @&P?r%‘%ﬁ’ﬁ? ﬁéaFB%tsiﬂﬁ% Daghictor inlet;
SBT bot t om =nesiesthahé 1gaatewpandetr SR boheor af tsad4t hahkaremperahore eafct or
outlet; HS tene shiot Bapbh Henrpetaths eredictbiteottled;y s nepreHod Bpokeact or

inlet; HS b@rﬁ&@atubetofsm{e berRerat Werebtt Bite q@a@mt iR eHs bBerom
react or o!ﬂ{’l et gogér\%ﬁtra%gg?x%{ etq_le %gtlégnét ne{)rfég hqleqrocontent and

xyl ene con ent re E E g wnstream of the
finishing redtisit ﬁge?P’Efr?nﬁhf“Hal ﬁ‘iﬁle%ﬁ’{j’a £k~ PRLPRLLEE CQRtENG BRAPA in %
by wei ght ba&ﬁ@r@n Comwpmpﬁytevmlmeﬂfvébewmq poodnet yasss dofnesheeaw ude
product gasofiamesttiehshixg treacton) Sbeseg baapmﬂta)licZEandrfam PEBYiéDD HS

top HS m ddleidid AF Al B ¥yl deifhiIBba2Bh BAtiCMINRe kPPekiBidalbganifaddl e

366 63 115° ( '7181%3 1524t s Sihea Byt 9§%f&° ‘%Bﬁ 96/ IR 51
112.0 250 32%9 £81419 394 25 111.3 According too 348/ 348 430 400 360 30 70
113.3 35 to the 150 348/348 431 402 359 29 71 113.1 present 200 348/ 348

425 413 361 {12 64 112p84 | nventi ohrdw0] 3481848 42HSANL ROZ [Hdmpé- 1 PR yfeld
170/130 ning | SBT bottom | top |bottom | ature
20 day differ-
ence
[d] [°C] [°Cl | [°C] [°C] | (m/m%]
25 Comparison without 250 348/348 419 394 25 1113
temperature structuring
according to the present 252 349/349 428 387 41 1123
invention with temperature 254 350/350 437 381 56 112.5
30 increase
according to the present 256 349/348 429 385 44 112.5
invention with temperature 258 350/348 438 379 58 112.8
structuring
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. PA is obtained in
high yield under industrially relevant operating conditions when

40 the temperature difference between the first and second catalyst
zones is in the range from 0 to 50°C and that between the first
and third catalyst zones is in the range from 30 to 100°C.

The results reported under 2b) show that when the hot spot

45 temperature difference is too low, the hot spot temperature
difference in the dual-structure bed can be increased again
either by simultaneously increasing the salt bath temperature top



150/80/70 1 1 1 1 40 2b) Preparation of PA according to the present
invention (tenperature variation and tenperature structuring) After]éMQEZWE
catal yst conbination operated in 2a) as conparative experinment had been run
f'or 250 days, a tenperature difference.,qf 45 > 400C was set by neans of
tenperature structuring (SBT botton1re&3ced or SBT top increased) or

t enper at ur e ¥R IPAEEBR FSET SR LAUBKBRI6 OThBY t B HHE'E Gpei FRIRSIEEYTS Af I ot her
experi ment al thsoddiver opalt dreditnwdils cdngedningihehcomei hempgy@tiugentn 2the The
data |isted uppdrheafiel basi.ng table were then obtained 5 (running day = day
of operation fromthe first start-up of the <catalyst; SBT top = salt bath
tenperaturg of the salt bath nearest the reactor inlet; SBT bottom= salt
bath tenperature of the salt bath nearest the reactor outlet; HS top = hot
spot tenperature of the catalyst nearest the reactor inlet; HS bottom 10 =
hot spot tenperature of the catal yst nearest the reactor outlet; PHD
content and xylene content = phthalide content and xylene content,
respectively, of the crude product gas downstream of the finishing reactor,
based on pgthalic anhydride; PA yield - yield of PAin % by weight based on
100% pure xyl ene derived from 15 the anal ysis of the crude product gas
downstream of the finishing reactor). Bed Run- SBT top/ HS HS Tenper- PA
yield 170/130 ning SBT bottomtop bottomature 20 day differ- ence [d] [oq
[og tog 11C] fm ntq4 25 Conparison wthout 250 348/348 419 394 25 111.3
tenperature structuring according to the present 252 349/349 428 387 41
112.3 inygntion with tenperature 254 350/350 437 381 56 112.5 increase 30
according to the present 256 349/348 429 395 44 112.5 invention with
tenperature 258 350/348 438 379 58 112.8 structuring 260 348/ 343 419 381 38
112.0 262 348/338 418 370 48 112.9 |IrA
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35 The results reported under 2a) show that the PA yield correlates wth
the hot spot tenperature difference, i.e. PAis obtained in high yilel AUG 2006
under industrially relevant operating conditions when 40 the tenperature

di fference between the first and second catalyst zones is in the range from
0 to 50'C and that between the first &A&d third catalyst zones is in the
range from 30 to 1000C. The results reported under 2b) show that when the
hot spot AdRetempiiature difference is too |low, the hot spot tenperature
difference in the dual -structure bed can be increased again either by

si mul t aneousl y %‘nglr:eaessi ngfotrhﬁrga‘_:ll}. bat tbe er at ure.éopb4 AUG 2006 12 and
bottomto a $mafl PeXtent “or PEIUS B oG SHEEEEOF B935S RE%PBwer sal t
bath whi | & mai nPEEARHPT 9 SEHENR e FRNERALENG (PL FXtHPDRItheIEPIpAR R 5 10
15 20 25 30 =38ll4and4mbe AeaxtioRAdermistagtes] dymmedns Afprobess for
preparing pht hakiranafdry dieiddembyven:hileeser tmerd ddtirapeof pide@ndednapht hal ene
heat transfer cadt i artiReed SRE-dcdd8, ARt CHE, BB A 39 SippRans o @
arranged _in zonggg %etﬁie% nt%Eeﬁg}&%ué[ggeﬁgeﬁ%?%ee&n %h‘? ol n(r%iaf: a?ﬁg"%xi nmum

tenperat % in ERBESHEOME LAPYI JRHCCtGORomd F1PR HE tPodP & HEWEF ohPa™s theom 10
to 40C | ower thapxifen te@peratvrengerdeufersh aatelypt stonsataakdyshezone and
the nmaxi mum t empeiatinrienperabecd hinr dheodpifd Gonkehérgascthalgails islef rizm 30 to
100C | ower thanttbatss ned N@obe I EdwedakBhY SthAONS: the Rirfd RRCEEHSt dHbre.ai med
in claiml, wherein the nmaxi mum
15 2. A process as claimed in claim 1, wherein the maximum
temperature in the third catalyst zone is from 40 to 80°C
lower than in the first catalyst zone.

3. A process as claimed in either of the preceding claims,

20 wherein the temperature difference between the maximum
temperature in the first, second and third catalyst zones is
controlled by means of the bed length ratio of the catalyst
zones.

25 4. A process as claimed in claim 3, wherein the bed length of
the first catalyst zone is more than 30% of the length of the
total catalyst bed.

5. A process as claimed in claim 3, wherein the bed length of
30 the first catalyst zone is more than 40% of the length of the
total catalyst bed.

6. A process as claimed in claim 1, wherein the temperature
difference between the maximum temperature in the first
35 catalyst zone and in the second catalyst zone is controlled
via the temperature of the heat transfer medium.

7. A process as claimed in any of the preceding claims, wherein
the maximum temperature in the first catalyst zone is less
40 than 470°C.

8. 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 m?® of gas phase is used.
45



tenperature in the third catalyst zone is from40 to 80C I|ower than in the
first catalyst zone. 3. A process as clained in either of the precedfh@UGZMﬁ
clainms, 20 wherein the tenperature difference between the maxi mum
tenperature in the first, second and third catalyst zones is controlled by
means of the bed length ratio of the cé#alyst zones. 25 4. A process as
clainmed in @l.ai m Broedss gisn cllhémdddin emyt hfothe threckidisy chtialsyswheosion i s
fror e t han 30% of:hkheehpngitnref of hehe thelaal teahafaiStmeaedm Bs A 3poocess as
claimed in claim3, wherein the bed | ength of 30 the first catalyst zone is
nore than 4Q% of the | engt h t | capal yst rog
clained in g|6 V\%ss ga 11]'11(?3 in %tns % 'E fgfrecgggng ]talr[{?s ﬁSEen;al%(l mum
temperat ur® in Fﬁé FPRCH Yﬁ%oEéFﬁl?gtt@ﬁmﬁgsaﬂﬂx??F%lﬁ? §eE%W%1batalyst zone is
controlled via the tenperature of the heat transfer nmedium 7. A process as
clainmed in any of the preceding clains, wherein the maxi mumtenperature in
the first catalyst zone is less 40 than 470C. 8. A process as clainmed in
any of the preceding clains, wherein a gas phase having a | oading of from
80 to 140 g of o-xylene and/or naphthal ene per standard nB8 of gas phase is
used. 45 ¥} AUG 2906 14 9. A process as clainmed in any of the precedlng
clains, wherein the tenperature of the heat transfer nmediumis :5 3600C

10. A process as clainmed in any of the preceding clains, wherein 5 the
space velocity of the gas mxture is > 2000 h-1. 10 15 20 25 30 35 40
45
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