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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 5009C 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 gquality 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 2% 48 163 A, EP 163 231 A, DE

45 41 09 387 B, 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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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 m3) 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
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zone. 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 is 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 B80°C lower than the maximum temperature in the first catalyst

45 zone.
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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
10ecC.

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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DE 25 10 2®4xige, 28niimegpy oxphe pceariuggaxigE a1l phogphorus 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
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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 Sh;0;3

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 gauge 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-1,
preferably from 2000 to 5000 h-!. 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
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J I ef er
from 80 to 138 g aTdard Hee UHrdb2RYfentd M3ILLFY httlli'&Feﬂ%.afKStdé‘éﬁr ed,
a downst r eathei FeElWigdr eakpeFitd®ondescri bed, for 10 exanple, in DE 198 07
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pht hal i ¢ anhydr ifdem dhe ®at ahysdightsed bensdivm Reatsxadd y a catal yst which

IS even nore actl t i G E P 1 1 L oul ar.,
this catal yst hgggft£%3§ gg\ll ﬁ?@ﬁ%&s??i%‘gﬁ‘;ﬁ%&f rggén 6 tlggg&?g%ﬁ'g%? of
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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), anthraquinone
(from anthracene), acrylonitrile {(from propene) and
methacrylonitrile (from isobutene).

45



pht hal i ¢ anR¥83R28d can be prepared in high yield and with | ow 25
concentrations of by-products, in particular phthalide, even at high

o- Xyl ene and/ or napht hal ene | oadi ngs and at hi gh space velocities. Under
t'he conditions of the process of the pgesent invention, the phthalide

concentrati Qe Io?ﬂt%n reegg?éh(%o 0ﬁ9¥t Y&l qht. lbaseézlmonwli odfi€ advant ages

of the process i AVeRtion are I"cu arly evi dent when

t he actlV|t§eﬁFr%Qﬁ§ngcéFﬁlﬁ%ﬂp%§ysten1used decreases as a result of aging.
Even after a long running time, there is only an insignificant increase in
the hot spBkamglserature in the second catal yst zone. 35 The tenperature
control ngthod provided according to the present invention can also be

used in preﬁg?rﬂd QbnobPeLndr, %QggkanyI c3fal ytic gas-phase oxidation,
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or butadiene), pyronellitic anhydride (from durene), benzoic acid (from 40
tol uene), i §Bbﬁ3&¥ﬁé4 ilé acid (from mxylene), terephthalic acid (from

p- xyl ene), acrolein (frompropene), nethacrylic acid (from isobutene),
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Catal yot | | SHEPSFIER GPRBTLEATS 28 Aiukhced ARAERE RN ArBET 1ENIGSan
ext er nal dﬁéﬁ%t%fr m8/ Gom 2 -4 9| sagt)ﬁ winaglydnesatate Al 176 kg lafesesdiml. 5 nm
wer e heatlédstdfdiz0@4i.d kg coftwatgrdandn ®rid &gr aff efbmmamida ustspene on

conpri si ng ¥8iéhK®Ofthanapphied1avyag uaasBliT: .54 bACEhe FoRA10%e Zeht1¥F0the. 19
kg of Va”"""?hn%@%ta@y%gt G cg iba §E|1?"d ,44.1 kg of water and

9.14 kg of ftormam de unti e wel g the app Iayer was 10. 5% of
the total weight of the _finished catal yst (after, calcination at 45000).

The catal yt F'E%th’%ﬁaéryttll(?élbbrﬁﬁ%"ﬁ sAmERHGIef PRPHIRS ifafhis Y/ doethe
cat al yst 28hthe  catmfysits shell QRomprieed g . 0¥ byawetghimofc absadied as V205),
0. 4% by wei gbhl@flmﬂi 48 {amcub ad ebyawelght ahdteSIun?%dyloniagbt o Cs)

titani um di gXh0es5.6% 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 III

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

35 suspension comprising 28.6 kg of anatase having a BET surface
area of 20 m2/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
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20 by weight of titanium dioxide.

2) Oxidation of o-xylene

2a) Preparation of PR - 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 regqulate 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
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25 Bed Run- | SBTtop HStop {HS middle HS AT AT |PAvyield
ning SBT bottom top- top-
day bottom middle | bottom
[d] [°C} [°C} {°C] [°C [°C) [°C] (%]
30 [Comparison | 100 | 348/ 348 434 - 366 - 68 113.1
170/130 150 | 348/348 434 375 57 112.9
200 | 348/348 421 390 31 112.0
250 | 348/348 419 394 25 111.3
According | 100 | 348/348 430 400 360 30 70 113.3
35 10 the 150 | 348/348 431 402 359 29 71 113.1
_present 200 | 348/348 425 413 361 12 64 1129
nvention | 559 | 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
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D507 80/ 70488555 by I RACERE o ISKT SRR f& hebatH EaRPEFRVE Fon
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days, a twnpehatusgotlitempeeacerefofithe MRS fehrdyt Manseattédenperature
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bott om

Bed Run- SBT top/ HS HS | Temper- | PA yield
170/130 ning | SBT bottom | top |bottom | ature
20 day differ-
ence
[d] [°C] °q | PC [°C] | [m/m%]
25 Comparison without 250 348/348 419 394 25 111.3
temperature structuring
according to the present 252 349/349 428 387 41 112.3
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
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and bottom tRF5326fal | extent or by reducing the tenperature of the |ower
salt bath while nmaintaining the sane tenperature in the wupper salt bath. 5
10 15 20 25 30 35 40 45 PF53261 13 W claim 1. A process for preparing
pht hal i ¢ anhydri de by gas-phase 5 oxi dagi on of xylene, naphthal ene or

m xtures thereof in a shell-and-tube reactor thernostatted by neans of a
heat transfer diumover three or nore different fixed-bed catalysts
arranged inwfoﬁgg?‘mf/\herei n the process is carried out so that the maxi num
tenperature in the second catalyst 10 zone in the flowdirection is up to
50C | ower tHan ttheroness nion peepar digiphthalideadliyvdstideabynl gest-phane and t he
Maxi mum t egrper atdkifat fok ¥ tdyilefle 7 O HEhAMehB €IS Xt Gk 8 tiferedofOfh38 tO
100C 1 over than daah . Lia Lidel kbabeGAlillotibs€eq by feafls OGRRaES Cl Al MBd
in claiml, wherein %ee néarg&lurrum termge{eature |néj3 seggn S _g)l éSt zone is
from10 to 40C TOREFET HIFF 1N PRE 1} O&t APYB 19 26RESDS. ’ﬂ‘giﬁ €ess_ as
claimed in clai m@tal¥pe? AGFAFEAndX| FANAS20VheridY 4h§r BEPFPYHhd St RpFELed

cat al yst zone i ouftr em Yitat ¢h@0Baximue tempanatyre Ha thesseceendalopsalysie. 4.
A processims cl aofedinntienyflol Ghee@rieeedsngp CH@iSTBC Yresreithant BRe
tenperature diffiahkenes BaipdeaRutbel MMt ¥IrEeRAALYECzbRe Zand Reef i ISt ,
second and i 1 G.GahghYSimfddehrbSif Vi Shifd Phe FeBRScRL ddie Redy | anoth
rati o of the cat xlts Zon@po . ro%;lss s, ¢ alge Ln C g}li' erein
the bed |ength dF°™ A& ¥% A0t atWSFsH2BnERSS o idet A BERAMBY Ehe? Wt al
bed 30 length of the two catalysts. 6. A process as clainmed in claimd4,
wher ei n tie Bed A pugthssfas leimedsin cd@almydt whereins thermasximum 40% of the
total bed |engtdempbraberd it €fbabySdid catalyst zone is from 10 to 40°C

lower than in the first catalyst zone.

3. A process as claimed in claim 1, wherein the maximum
20 temperature in the third catalyst zone is from 40 to 80°C
lower than in the first catalyst zone.

4. A process as claimed in any of the preceding claims, wherein
the temperature difference between the maximum temperature in
25 the first, second and third catalyst zones is controlled by
means of the bed length ratio of the catalyst zones.

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

6. A process as claimed in claim 4, wherein the bed length of
the first catalyst zone is more than 40% of the total bed
length of the two catalysts.

35

7. A process as claimed in any of claims 1 to 3, wherein the
temperature difference between the maximum temperature in the
first catalyst zone and in the second catalyst zone is
controlled via the temperature of the heat transfer medium.

40

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

45
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35 40 45 7. PR5326dess as clained in any of clains 1 to 3, wherein the
tenperature difference between the nmaxi mumtenperature in the first

catal yst zone and in the second catalyst zone is controlled via the
t'enperature of the heat transfer msdi um 8. A process as clainmed in any of

h d wh he f .
catalyst zond i & phecesd e Chaihel ofT o0k |G S-BLEb g FingRenotierainoe:

14 9. A proces?® 935 PhaseeliaVinga lording of Jaom By EPal4h I RbePervlencyas
phase having a BoddenpaphthadengPearn SLAOdgrd)fm%Oiy‘tI@m@ha@Rdﬂerumcbht hal ene
per standard nB of gas phase is used. 5 10. A process as clained in any of

the preced R, ChapfiSeed@CeNaiddit {InCARG 6 Wik gfreaaelﬁlf%tlalhéns‘f;ﬁéréﬁd' um

is s 360C. 11. r I n he wher ei n
t he space vel OC?PQ & srea%ggg n X %r ggf’lg ‘Yr%{ﬁ)% m%ri%‘i'ﬁqﬁ%g g&go 35 40
45

11. A process as claimed in any of the preceding claims, wherein

the space velocity of the gas mixture is > 2000 h-1,
10
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