21 FEB 2005 1 Method for the Vapour-Phase Partial Oxidation of Aromatic

Hydr ocar bons The present invention relates to a process for the gas-phegellin
partial oxidation of aromatic hydrocarbons to form carboxylic acids or
carboxylic anhydrides in a shell-and-tube reactor whose tenperature is
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separated from the reaction product only with difficulty, if at
all.

Excessively high hot spot temperatures generally lead to

30 overoxidation and thus to a severe decrease in the achievable
product yield and the operating life of the catalyst. On the
other hand, hot spot temperatures which are too low lead to an
undesirably high content of underoxidation products, which
results in a considerable deterioration in product quality. The

35 hot spot temperature depends on the concentration of starting
material in the air stream, on the space velocity of the starting
material/air mixture over the catalyst, on the state of aging of
the catalyst, on the heat transfer characteristics of the
fixed-bed reactor (reactor tube, salt bath) and on the salt bath

40 temperature.

To reduce.the hot spots, various measures have been proposed, for
example those described in DE 25 46 268 A, EP 286 448 A, DE 29
48 163 A, EP 163 231 A, WO 98/37967, DE 41 09 387 A and

45 DE 198 23 362, for example the zone-wise arrangement of catalysts




of differing activity in the catalyst bed in the preparation of PA The
gas- phase oxidation is controlled industrially via the salt 5 bath21FEB 2005
tenperature. This is determ ned for each individual reactor under the
specific technical conditions by neans pf analyses of crude and final
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concentration developed in this publication is a parameter

proportional to the relevant reaction rate constant. However,

30 such an assumption is not generally applicable, as has been found
in industrial practice.

It is an object of the present invention to provide a process for
controlling the temperature of shell-and-tube reactors in the

35 catalytic gas-phase partial oxidation of aromatic hydrocarbons
which is simple to carry out, is neither time-consuming nor
costly and makes it possible to control the oxidation in a simple
manner.

40 We have found that this object is achieved by a process for the
catalytic gas-phase partial oxidation of aromatic hydrocarbons to
form carboxylic acids or carboxylic anhydrides at elevated
temperature, in which a gas stream laden with the starting
materials is passed through a shell-and-tube reactor whose

45 temperature is controlled by means of one or more separate
thermostatting baths conveyed in countercurrent to the starting
gas stream, wherein the difference between the temperature of the



tenperature of the crude product gas streamleaving the reactor is enployed
to control the selectivity of the gas-phase oxidation.. In the follbWMF§,2005
reference will be nade to the 5 thernostatting bath preferred in these
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30 The thermostatting bath is conveyed in countercurrent to the gas
stream comprising the starting materials and has to be cooled to
remove heat. This can be achieved in a known manner by means of
an internal or external cooling system; cf., for example,
Ullmann’s Encyclopedia of Industrial Chemistry, 5th Edition, wvol.

35 A 20, p. 186. The critical temperature according to the present
invention of the thermostatting bath is in both cases in the
region of the reactor outlet. In the case of a reactor having
external cooling, it is advantageous to employ the temperature of
the thermostatting bath entering the reactor in the region of the

40 reactor outlet. For the purposes of the present invention, this
means that the temperature is measured at a point after the
thermostatting bath has passed through the cooling system and
before it enters the reactor. However, the temperature can also
be measured after entry into the reactor. This also applies when

45 using two or more thermostatting baths which have separate
circuits. The measured value which is decisive for the
temperature difference is obtained from the thermostatting bath




4 |ocated nearest the reactor outlet, i.e. in the region of the reactor
outlet, of. the figure explained below. The tenperature difference i?sl FEB 2008
preferably selected so that a 5 by-product characteristic of the gas-phase
oxi dation concerned, generally an undegoxidation or overoxidation product,

IS present | 1,ned concentration range in the product gas
stream Theig%%%%]?%g%%ﬂ]%aen &3F ?ﬁec’patr}(fgm Lof tHe TY8sTHREE YxitdSt i on
concer ned anHE¥FIhEOUHEet r KF prdgueiTepe @ pileabedrRelo¥e The process of the

present invention is preferably enployed for preparing phthalic anhydride
from o-xyl enehe napehak ene diffefexte b5 grageeably Rukakkdesd Sciat a
characteri gt hg_ AMGRIX LA A AL r iREQHUSE ﬁg‘%::g;ﬁ?- ﬁ'?sé)'c?%)ildgg.?c at\[b,l cerned

napht hoqui noge | S C@%@ act er. ?tl cC u oXi I on produc en usi hg

15
napht hal ene. ITHE Prdc &8s BT RABFARR AT (HTFERFIARE 10 PEPSEChe tfs Sgesen
advant ageousty ¥ dradsteprinnd sonsRNbYatiane rangn hiririhee PEpdust (Basz sheeam.
(under oxi dat Tl qareeatration arangepys odeyidrident amhyidy igde -pRage nslaidaxigat i on
product: 4, Sechdeined phahed i theaabydrédlrodaenzohéci BTt iEhOM t ol uene
(under oxi ggtion product: benzal dehyde),; isophthalic acid from mxyl ene

(under oxi dat pon product: . isophthal al dehyde); and terephthalic acid

(under oxi dat JI“?)‘af'n &pﬁ'c(?&ﬁc?ff e é’ﬁﬁfﬁﬁ?a’r’ﬂ’%ﬁé’)’. 15pheferphly  epRiovedofionf PA
from o- xyl enRreR2idshPREPehs anhadridepfnom grayiend emapbthakerthaen so t hat
it is suffichisyneshithhreddr Rithaphédals de charaapht el nadereadaeibnNot t o
exceed a paptodibdaivheBXising \Rhyeeh&, tand hﬁﬁuah&g\ﬁlrﬁin@ gewn in the 30

ed a_ | . ) dgve |
o Very | o o e AT G B et PRCh ARG L
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In the preparation of PA from o-xylene or naphthalene, the
temperature difference is chosen so that it is sufficiently high
for the phthalide or naphthoquinone content not to exceed a
particular maximum value (e.g. the value laid down in the
30 specification of the PA). Although the phthalide or
naphthoquinone content is very low at a high temperature
difference, the PA yield is reduced at the same time. For this
reason, the temperature difference is in practice selected so
that there is a balance between phthalide or naphthoquinone
35 content and PA yield. This is preferably the case when the
temperature difference is selected so that the phthalide or
naphthoquinone content is in the range from 0.05% to 0.30%,
preferably from 0.1% to 0.20%, in each case based on PA. However,
depending on the phthalic anhydride specification at the
40 particular site, the upper and lower limit values can also be set
at other phthalide or naphthecquinone contents of the product gas
stream.

The preferred upper limit for the temperature difference toc be
45 set can according to the present invention be established by
determining the temperature difference which leads to a phthalide




5 or naphthoqui none content of 0.05% preferably 0.1% during running-up
of the catalyst. The preferred lower limt for the tenperature diffezppgmﬂnp
be 5 set according to the present invention can be obtained by determ ning
the tenperature difference value which $eads to a product gas stream havi ng
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tungsten 20xliwt veildeandebgmienetiant al um oxi de, ni obi um oxi de, "arseni ¢ 40
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or nas

i ncrease the_ sel ecti,vit | .oxLdi c. pho us_.conpo ,. 1N particular
phosphor us p%rn?poaﬁaéel?n ¥%c$vﬁelce{l§§lfh3’q%% &t ;’90?3??@515%?8F§7 LM %Feduce its
sel ecti vi ty. 7Y iepgnPr cRaRthadeapy shee ifi ERIeaRE RPherdgady er ingnehaped of or
exanpl e, Bh OElpshapedodupmirt25 compssiindDE 29114a683 siDEc@s cdriige, DE 40 13
051, WD 98/ 3y&fifeland, WL &8I RO Gkide] fddhed@uin oxide, tin dioxide, rutile,
| aluminum silicate, magnesium silicate (steatite), zirconium
silicate or cerium silicate or a mixture therecf. In general, the
catalytically active constituent employed is titanium dioxide, in
30 particular in the form of its anatase modification, together with
vanadium pentoxide. The catalytically active composition may
further comprise small amounts of many other oxidic compounds
which act as promoters to influence the activity and selectivity
of the catalyst, for example by reducing or increasing its
35 activity. Examples of such promoters are the alkali metal oxides,
thallium(I) oxide, aluminum oxide, zirconium oxide, iron oxide,
nickel oxide, ccbalt oxide, manganese oxide, tin oxide, silver
oxide, copper oxide, chromium oxide, molybdenum oxide, tungsten
oxide, iridium oxide, tantalum oxide, niobium oxide, arsenic
40 oxide, antimony oxide, cerium oxide and phosphorus pentoxide., For
example, the alkali metal oxides act 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.
45 Examples of 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.




I
6 Catal ysts which have been found to be particularly useful are coated
catalysts in which the catalytically active conposition is applied 7hFEBg005
formof a shell to the support (cf., for exanple, DE 16 42 938 A, DE 17 69
998 A and WD 98/37967). 5Cat al ysts for g§he other products nentioned above
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8' neLa ction R gﬁg
g, preferablg FormE c'tl% %Y rﬁﬁﬁrgjéﬁlc?ﬁ 3”%%3) PR\ ST CaBPEStA 15
g, of the brigdus ﬁﬁﬁ?o@%ﬁ e Beh Fdidised verdngageseid-sehaghs. 35 |t
has been fouRler tereparatfonteafddusron erxylege isogenenalily camtidd/ ous of
di fferi ng2acfiatk t300i mozehexC, prefersslylfyen Deol oy 420PCtaMd ParfREcl&EpAr at e
reactors, Wlﬁ:f\efél'%b(lﬁrt al.»aﬁtﬂcg%ea@b*d g 99 AT §ARReHraQsd Aot BEch ERCL | ON

gas m xture Efn?% § %lné f ﬁxhot:{‘ s§ gac;;'l V& gal alé/st f| rs% (first

reaction zone qsi more active ca?eﬁysf: Zecond
reaction zon® et n zone cl osest to the reaction gas inlet
general |y nmakes up from 30 to 80% of the total catalyst volume and can be
t her nost akbethe rematdant gas feahper shereatdliysh 45 gendradiylptepar@ biygher,

preferably fhmofiry ta0 gh@Gvhi@hefonpdses molecular oxygen and may further

comprise suitable reaction moderators and/or diluents, e.q.
steam, carbon dioxide and/or nitrogen, with the aromatic
hydrocarbon to be oxidized. The reaction gas generally contains

30 from 1 to 100 mol%, preferably from 2 to 50 mol% and particularly
preferably from 10 to 30 mol%, of oxygen. In general, the
reaction gas is loaded with from 5 to 120 g, preferably from 60
to 120 g and particularly preferably from 80 to 115 g, of the
aromatic hydrocarbon to be oxidized per standard m?® of gas.

35
It has been found to be advantageous to arrange two or more
catalysts of differing activity in zones in the catalyst bed or
in two or more separate reactors, with the catalysts generally
being arranged so that the reaction gas mixture comes into

40 contact with the less active catalyst first {first reaction zone)
and only subsequently with the more active catalyst (second
reaction zone). The first reaction zone closest to the reaction
gas inlet generally makes up from 30 to 80% of the total catalyst
volume and can be thermostatted to a reaction temperature which

45 is from 1 to 20°C higher, preferably from 1 toc 10°C higher and in
particular from 2 to 8°C higher, than that of the second reaction
zone. Alternatively, both reaction zones can have the same



particular from2 to 8C higher, than that of the second reaction z%r}e
Alternatively, both reaction zones can have the sane 21 FEB 2005 7 FEB 2005
tenperature. In the preparation of PA a vanadium pentoxide/titanium

di oxi de catal yst doped - with alkali metaff oxides is generally used in the
first reacti eemgen@uzed fn MANIUEFPENOWEIBAT i 4 anidam;dioxi de catal yst
doped w th 2psRBldiHle /2 BIRHIN bxdac8ldedISER aOMAdISA AN EhRA Yl RhOSPIOT U
conmpounds is” U edl_l A the second reaction‘zone: é'”T aBLIRh: ine §eneral |y
control | ed b9xﬂietfnslso1gef’ﬁ’éalt]é’rrb‘é”fagt it ethes Sirphgreartiea: 2zeRe g & part of

t he aromati cVaRaitidwnPeahodigitddeniun Midxddeeaataystgseped witdctacdmabler
maxi mum yi 8l emoumtt fef aflkabi meaae. okbdes radrber wLeH fidisbabt @8 dvipondat Wos Or

more zones, t8&4 Sial tthebabbodEBRBLALYL &, de t he salt bath closest to the
reactor outlet 15 or of the second reactor is particularly preferably

adj ust ed wi,hgout changl ng the salt bath tenperature of the salt bath
cl osest to.thee ERGGPY Hf e1ensE adt Yt FRP YAl ed, Ry dienns Phethe| tepmengtexanyl es

il lustrate tAettmeeso Shati thomaioropartstofi the nardna iscc bpdrodawmonl e of

catal yst pPopuedeéran iRr checteatioh gasaly Yeacteanth Inaxieumt fee Ry aparasi on of
PA 25 Catal ystirdt (dome.batches of this catalyst | were produced): 50 kg of
steatite (magnesiumsilicate) rings having an external dianeter of 8 mMm a
| engt h of 6n$'mand awall thickness of 1.5 mm were heated to 160C.in a
coating druntArfl SHEATECCRRT N 25408 AHERS GHOCORPIqLE RGPSB: 6they Sattanat ase
havi ng a BETP3th fisewperaruse gif fhenpplt bpth) ckgsest \kmnalipl reactiart entle®3 kg
of anti npA§ or reoHxihge sefoid Idegtofr asmpmitinudahyylrpegderpblg piipjweted. 184 kg
of cesium sulflie, chéndihg e waler paeyl t2npdrkeund JORMBMLSE: Wakh! the
veight of !heigaid ol bRYCredldd! iGRLETAYLORNA! e AC MR g, 10- 570 of the

total weight of the finished catal yst. e catal ytically active conposition
applied in this y, i,.e. the catalyst shell, conprised 0.15% by wei ght of
phosphor us ?E%I%lﬁ"éﬂgagxﬂp,leﬁ 344 Bt vatieghheof nVaMd@nui thelteul at ed as 40
V205), 3. 2% p§shmiqiingottansdansny (cal cul ated as Sb203), 0.4% by wei ght of
cesium (cal cul ated as Cs) and 89.05% by wei ght of titanium dioxide. '

Catal yst || ehénKe off shealydte frvagpesbam silicate) rings having 45 an
external dianeter of 8 nm a length of 6 mmand a wall thickness of 1.5 mm

heat ed 6Q0C i ' d dwth '
Conpr1 <1 ng 2B S P BRaPACEINRR Aqum S feTEe it dparatTof SPEC! "

Catalyst I (two batches of this catalyst I were produced): 50 kg
of steatite (magnesium silicate) rings having an external
diameter cf 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

30 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, 0.184 kg of
cesium sulfate, 44.1 kg of water and 9.14 kg of formamide until
the weight of the applied layer after calcination at 450°C was

35 10.5% of the total weight of the finished catalyst.

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

40 V,05), 3.2% by weight of antimony (calculated as Sby0;3), 0.4% by
weight of cesium (calculated as Cs) and 89.05% by weight of
titanium dioxide.

Catalyst II: 50 kg of steatite (magnesium silicate) rings having
45 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 suspension comprising 28.6 kg of anatase having a




8 BET surface area of 11 n2/g, 3.84 kg of vanadyl oxal atel, 0.80 kg of

antinony trioxide, 0.597 kg of anmmoni um di hydrogen phosphate, 44.1 k& Feg 1005
wat er and 9.14 kg of formamide until the weight of the applied |ayer after
cal cination at 45000 was 12.5% of the t®tal 5 weight of the finished

catal yst. Trmcahekxaécﬂéayoécnvr@z/gqrrm;tﬁ%orafapg5 | ik BT gcj[ggd s

t he catal yst . A 0. 50% wel.ght of. S rus
P), 7.0% by °fsir3‘§‘rl’%f‘m8§3?\%%§ ﬁgﬁf Q%%ﬁ?“&t 25 %@%“@285?8’2‘?% VOTRRYR of
ant i nony (ca%&l kBeff 22183039 Ankf d9 Gfoforrmidegrntal the aeight deHxihee.
Process examirdsedndayemmditeri oeleirmhionsat 14650PGewas ahdl s ofr ¢helesmralbed
bel ow wi t h5 nefigthenoe tioe tfimikhgdireatallics schenatically shows a cross
section through a PA reactor. Preparation of PA 20 The reactor 1 has a

cylindri cal ctl | I.s, bounded by two tybhe . plates. 3. In the
cylindri cal ﬁ%c%?%%lggyggalﬁ a%ﬁﬁ%%r?oﬂpﬁsgﬁéon pafpé’gé‘ﬁfi aRahhte Y#30) L of -
cylindrical ieofaFabEst £aehl nGomRr isede Pnaf® i medant opf Jhasphextend bet ween
t he tube pl dtG@dcglated 3B Rlof 7t bk hyawelight ¢f wndddubs ccabntllate@above t he
catal yst 1@3/;05), 12 803 myofreidter @t ahyshoty WesaechDht &l UL &h,01 0 28aCho 0fs¢ he

3.85 m | ong iy @RibHEESE 4 ithR iR Mgl he tenperature, the iron tubes were
surrounded by a salt nelt which was divided into two separate salt baths 13

and 14. 30 Each of the salt baths was circul ated by neans of the punps 11
and 12. Ent MFOCREE BRARLAS 2pdt FImPRratiye 1 8XMRlasia the ports 5 and 6,
respectively, and the exit was via the ports 7 and 8, respectively. After
| eavi ng tHe Theaexemplésarsaldesbailisl ded owcwive et erbhod obo thR Beghre.
exchangers 9rnaRdséHems©SRAAY ¥RbYs al G033 g@@@i&r@%‘?’BuﬁQiQtﬁ fQheggtermning
the tenperature difference were T2 at the inlet for the |ower salt bath 13
and T3 at ttl,ere Qut | et fO{ 'H;‘e product gas stream In addition, the '
t enperat ure WRETAFE3R 2t &Mvi ned at the point at which the upper salt bath
14 entered the reactor (nmeasurenment point Ti). 40 The reactor was supplied
with the 29 &iei wgagher st rhesmal6ylindristedndaction 2oWwhdich Ladssundietihbf rewe 50
to about 80 tmbef pR8t&&63 StTnehyehcP)inkiighl SectidH)e aPEhré aifijed B Ofheli T
ver e passed fsenROdkafpie A90 )t YP&y i iaPikae 1%%%@’%%%»%&“% the tubes
4. The 45 regllets §ugmaﬁége%doknzghﬁ“feoltle%\gl g‘?ttae I 3 We%e obtai’ned_(day =
day of operiﬁl3 n Frgmi e i LSt -Turning- u Yol ERPAFYRE PSS datiet T =
crude product” &agl PEnbRT £fiahAdYat TheanshFubregrptiy apoke JHhs catalestt or
(measur enthtIPoilnf0T8)of IBE capatysedpaeseuintydduded dake each of the

3.85 m long iron tubes 4. To regulate the temperature, the iron

tubes were surrounded by a salt melt which was divided into two

separate salt baths 13 and 14.

30 Each of the salt baths was circulated by means of the pumps 11
and 12. Entry into the salt baths 13 and 14 was via the ports 5
and 6, respectively, and the exit was via the ports 7 and 8,
respectively. After leaving the reactor, the salt baths are
conveyed through the heat exchangers 9 and 10, respectively. The

35 measurement points for determining the temperature difference
were T2 at the inlet for the lower salt bath 13 and T3 at the
outlet for the product gas stream. In addition, the temperature
was also determined at the point at which the upper salt bath 14
entered the reactor (measurement point Tl).

40
The reactor was supplied with the starting gas stream 15.

4.0 standard m? of air laden with from 50 to about 80 g of 98.5%
strength by weight o-xylene per standard m3 of air were passed per
hour and per tube, from the top downward through the tubes 4. The

45 results summarized in the following table were obtained (day =
day of operation from the first running-up of the catalyst; gas
outlet T = crude product gas temperature at the end of the



mel t at
react or
nmelt at
react or

the crude pr
di f ference P&;&TDF ?ﬁnas"{

the point at which it enters the salt bath 14 cl osest to

inlet (nmeasurement point T 1); SBT bottom = tenperature of ZthBEE;Z{lﬂi

the point at which it enters the 5 salt bath 13 cl osest to the

outl et (neasur errent point T 2);9PHDE content pht haI i de content of

t|ve nhydrlde
ﬁ°§§r"‘§an%hf ShSeBRETATR of Bheyant

condi ti ons to atpgh ’Elp?%‘r“tPHBE"’M‘Fﬁ tit §nBeB-‘€)%1%?nc§atlﬁeba"F'b chPBEStitA t s

0.05% an opthenneagper atilef dmassuxdmenttepotnt dF \ist; SBTabdtitored when t he

t enper at ur e «brigeeatice o5 theoguiBOke 10 at5€he | foirdte atewResmtiy @ndifé efpnce is

bel ow 13C, sascﬂA %fathuwaélo%fe@et eayuw%arcg?ﬁ P&%&O%@Qéué n'%' %g%n{

obt ai ned, f tenpe rence. .S nore
catal yst is suzaj ec?oé ?%" ueﬁlr?ercne) ﬁ%?z e%’i réﬁ‘&nﬁr‘f% pé@ﬂ?@%a?ﬂ‘%’ PA
yi el d decr ed@tiyg b8 mifheg igpanhy esste@mrqﬂms Ho&EeTRRCRA= Tenp.

Dayout | et t opififereonechettwaen GHTshefttar dnyli ghsl aitflett @pp. (O (C) (% nB of
air)(mnyference (C) (QC) **1143493653650.0470111.016

117348363 7 280441
11724830310 300ke7 Sbh Cichel 203080 CURCL20MA B3 12 0,300 ana ene

136345360360)8 ‘8"’8‘88’%%% ﬁ’%‘t_{ggﬁsggg'\aﬁb °p é’B‘i‘h"%&““g state of the

catalyst is achieved when the temperature difference is from 13°C

to 15°C. If the temperature difference is below 13°C, a PA of

unsatisfactory quality (PHDE content too high) is obtained, while
15 if the temperature difference is more than 15°C, the catalyst is

subjected to unnecessary thermal stress and the achievable PA
yield decreases.

20 Day Gas SBT SBT PHDE Loading PA. Temp.
outlet top bottom [content yield dif-
temp. ' (g/standard ference

(ecy | (°C) (°C) (3) | m3 of air) [(m/m¥) [ (°C)

*%114 349 365 365 0.04 70 111.0 16

25 117 348 363 363 0.07 75 111.6 15
126 348 361 361 0.12 80 111.9 13

132 347 361 361 0.06 80 111.7 14

133 345 360 360 0.09 80 111.9 15

136 345 360 360 0.09 80 111.7 15

30 137 345 359 359 0.11 80 111.9 14
138 | 345 358 358 0.12 80 111.8 13

139 344 357 357 0.13 80 111.7 13

140 343 356 356 0.14 80 111.7 13

35 143 342 355 355 0.16 80 112.3 13
144 341 354 354 0.20 - 80 112.5 13

*150 341 353 353 0.31 80 112.8 12

201 346 362 360 0.15 80 112.7 14

40 206 347 362 360 0.16 80 112.8 13
208 347 362 361 6.15 80 112.5 14

215 346 . 361 361 0.14 80 112.3 15

224 348 361 361 0.15 80 112.4 13

45 228 346 361 361 0.14 80 112.4 15
240 352 365 365 0.09 70 112.1 13

241 350 365 365 0.09 70 112.3 15




13834535B3580. 1280111. 813 1393443573570. 1380111. 713

1403433563560. 1480111. 713 1433423553550. 1680112. 313 21 FEB 2005
1443413543540. 2080112. 513 *1503413533530. 31BOL12. 812
2013463623600. 1580112. 714 206347362360QL01680112. §41§
22322‘;22@2 0. F?ﬁg%%gf*éf fy3pding PA Tei‘“P'
2403523653650. 09701 é 241850 880 °6876%12. 315 21 FEH HHH %frge 15
20 25 30 35 40 Gas SHT PHDE |Loadi nd PA Te (gtmwmalrét t bc
content (g/sftandarl/d §yP@ d di¥) tlenfC)( Q) (CRO$) Pfaan)xni(r‘?’%‘% en&&’(c (O
2423403653550, 24801134619 2448425569855, IPBOITE. 4T3g0 112,6 15
2413333653450 80t T S Re 89359 3 5, 113.4 13
*247 333 365 345 0.31 80 113.5 12
*248 333 365 345 0.35 80 114 12
10 | *250] 330 365 340 0.53 80 114.3 10
*251 329 365 340 0.51 80 113.3 11
*255 328 365 340 0.30 80 113.4 12
*261 324 365 335 0.68 80 114.6 11
15 *262 319 365 330 0.68 80 114.9 11
*266 319 366 330 0.73 80 114.6 11
384 34§ 361 361 0.06 80 111.6 15
390 | 340 | 361 355 | 0.09 80 112.0 15
**396 | 351 371 371 0.00 50 110.5 20
20 [«x203| 350 369 369 0.00 60 - 111.1 19
**406 351 369 369 0.01 60 110.4 18
**417 347 364 364 0.02 70 111.6 17
*423 346 364 364 0.02 70 110.9 18
25 | **428 344 362 362 0.03 80 111.0 18
**x429 345 362 362 0.03 80 111.3 17
**437 345 362 362 0.03 80 111.2 17
**449 344 360 360 0.04 80 111.9 16
30 450 344 359 359 0.06 80 112.0 15
466 344 358 358 0.09 80 112.3 14
469 -342 358 355 0.12 80 112.8 13
* PHDE content >0.30% => catalyst is too inactive, SBT has to

35

40

45

be increased;

* *

is too high, SBT can be reduced.

PHDE content <0.05% in the gas phase => catalyst temperature

The table shows the dependence of the phthalide content on the
temperature difference. If the phthalide content is above the

desired value (e.q.

>0.30%), the catalyst is too inactive and the

salt bath temperature has to be increased. If the phthalide
content is below the desired value, the catalyst is operated at a
higher temperature and the salt bath temperature has toc be

reduced.
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*4233463643 ﬁ&f}8110.918 **4283443623620. 0380111. 018

**4293453623620. 0380111. 317 **4373453623620. 0380111. 217

**4493443603600.0480¢t¢s$s ofor 43@34485D8530 9868045 Qibrtial oxidation of

4663443583580. 090k 13 1Hydhitd B3RS 366 ok 80BN ¢ aBHEE &OMaBbxyid0% =>

catalyst 1s 100 ddigeirliis SELIAALE cdifperAELEESH whicR £ UigRby <0. 09%
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of the product gé"‘tsFB.ﬁ??eQJgﬂ‘?élf’ﬂe?c?’E:fEPSﬁ 8 RS Fed™d control the
sel ectivity of tIEIPISIPhASR IPACEALrahion range in the product gas stream.
20 , .

3. A process as claimed in claim 1 or 2, wherein the temperature A
difference in the gas-phase partial oxidation of o-xylene to
phthalic anhydride is selected so that the phthalide content
of the phthalic anhydride is in the range from 0.05% to 0.3%,

25 based on phthalic anhydride.

4. A process as claimed in claim 3, wherein the temperature
difference is selected so that the phthalide content of the
product gas stream is in the range from 0.1% to 0.2%, based

30 on phthalic anhydride.

5. A process as claimed in claim 1 or 2, wherein the temperature
difference in the gas-phase partial oxidation of naphthalene
to phthalic anhydride is selected so that the naphthoquinone

35 content of the product gas stream is in the range from 0.05
" to 0.3% by weight, based on phthalic anhydride.

6. A process as claimed in claim 5, wherein the temperature
difference is selected so that the naphthoquinone content of
40 the product gas stream is in the range from 0.1 to 0.2% by
weight, based on phthalic anhydride.

7. A process as claimed in any of claims 3 to 6, wherein the
reaction is carried out over supported vanadium
45 pentoxide/titanium dioxide catalysts.




15 2. A process as clainmed in claim1, wherein the tenperature dlffe{jgﬁ:&q
is selected so that a by-product characteristic of the gas-phase oxi 3
concerned is present in a predeterm ned concentration range in the product
gas stream 20 3. A process as clainmedipn claim1 or 2, wherein the

tenperature g diff it r 0 t 0 =X ne to
pht hal i c anhydrl d ?ggggl%ct%}%lﬂga ﬁ@%%?gg? if@s‘ ée %8 l’fgﬁgreqp 4‘13

pht hal i ¢ anhydr ixf&SFEOP Nt e 5aR °‘Ptrcﬂ3h 5‘3 based on phthalic
anhydride. 4. A process as clainmed in claimS3, wherel n the tenperature
difference i% sél gxbedssoas tdlaitmhd jxhtdnyl pdeclaimsedt tof 8§ heherqmiadtbé gas
streamis §n thedaargenf {oredkridt oud. a&%a Wﬁaﬁ@d prélg saite POE N@ldnt 0anhydr i de.

5. A process as f£lajaed in claim1 or erein the tenperature difference
in the gas-phase partial oxidation of napht hal ene to phthalic anhydride is
sel ected so that the naphthoqui none 35 content of the product gas streamis
inthe range from0.05 to 0.3% by wei ght, based on phthalic anhydride. 6. A
process as clainmed in claim5, wherein the tenperature difference is

sel ected g® that the napht hoqui none content of 40 the product gas streamis
in the range fromO0.1 to 0.2% by weight, based on phthalic anhydride. 7. A
process as clainmed in any of clains 3 to 6, wherein the reaction is carried
out over supported vanadi um 45 pentoxide/titani um di oxide catalysts. 21 F E
B 1005 12 8. A process as clained in any of clains 3 to 7, wherein the
reaction is carried out at from 300C to 4500C. 9. A process as clained in
any of clagsns 3 to 8 wherein the 5 reaction is carried out at a gauge
pressure of fromO0.1 to 2.5 bar. 10 15 20 25 30 35 40 45
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