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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 reéctor (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
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C11 willi lloodo/sX68¥2 Y I11 0050/51669 2 of differing activity in the
catalyst bed in the preparation of PA The gas-phase oxidation is
controlled industrially via the salt 5 bath tenperature. This is
“determ ned for each individual reactor,under the specific technical

condi tions b means . of anal ses.of _crude_and final oducts. The salt bath
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this publpcadiuntmestacparkmeede peophts tHiref8ESto the rel evant reaction rate
constant. However, 30 such an assunption is not generally applicable, as
has been f opdr thezei Bdusdiis AlDEpRACHS C3B7 It has wropalRjeact i0ftHehe present

invention to 4y a%t%naoprﬂ@e%%lﬁgiatﬁ@tar Qtah.trl%@}heze;nﬁgpﬂ@eurt% 8L set
shel | -and-t ube, f%g%&%f ”t%léeb§5m8 fgﬁ&l%h%%ﬁcf?afélafth oxhdation of

aromatic hydroc ons
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process forstdmlamcapakyténe gancphiset yar tand| a okintatdepandéntarappatrect
hydr ocar bongctiyation energy. The formula used is based on linear ageing of
the catalyst over time and on the assumption that the optimum
25 salt bath temperature is independent of the volume flow rate of
the o-xylene/air mixture. Under these conditions or assumptions,
the mathematical expression [T(hot spot)-T(salt bath)]/o-xylene
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



_form carboxybse/scéeles or carboxylic anhydrides at el evated tenperature, in
which a gas stream|laden with the starting materials is passed through a
shel | -and-tube reactor whose 45 tenperature is controlled by nmeans of one
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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, vol.

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



_nmeans that gbsoysprpgvature is neasured at a point after the thernostatting
bat h ‘has passed through the cooling systemand before it enters the
reactor. However, the tenperature can also be neasured after entry into
‘t'he reactor. This also applies when 45,using two or nore thernostatting
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(underoxi dati on product: isophthal al dehyde); and terephthalic acid

(under oxi dath®rprddeedust : iRl alwehyde) carSllsd bBeugdeparation of PA
from o-xyl epg, Qi LABRLNA! £t HeNBre b SINAIAL HE el i CLARGE: | S GHQREN SO that
1 1s suffiglently Mndbeofol.dide BASRAL I, 00, NaRKLhadyl Bone cantent, not to
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t he sane ti heoplForaliiki scid easonm-khkene npadaet ox satiifohepeodecti:s in practice
sel ect ed soiséprdhalllaeBenyse B akapecehiadnares pbidalunderekidwyilinhoqui none 35

content and,Féyd+el qerg’pﬁ&glsalg@gg,géﬁpl y the case when the tenperature
differen Is selected so that the phthalide or naphthoquinone content is

inth f 0.05% 1t p 0.309 f Ly f 0.1%1t0 0.20% i h
case based gh Pk SHRBUATLOnEIeR L TRe R R B wate T °%¢

specificatiEﬁPQﬁrQH%§e 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 naphthoguinone

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 naphthoquinone contents of the product gas
stream.

The preferred upper limit for the temperature difference to be
45 set can according to the present invention be established by
determining the temperature difference which leads to a phthalide
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many ot her ToxXidi EecSHpotn ich act as pronoters to infl uence t he
activity and selectivity of the catalyst, for exanple by reducing or

i ncr easi ng 9%islig5suppentady cakg g se fref sgu‘e#blm esoretalyats .t Ferathel i net al
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ni ckel oxi dexytehal br GrdfithalBAGANRSE i8Xhsde df BpREEOEal Sidivglshaddier
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oxi de, tant gg %._(I de urrlr{l%ul um O a %I’g%ﬁ]ﬂl\ COXJ.% OX £ ant.| m)nly X-la
ceri um oxi ?lb orus ean ox’| gfeg E exa eI’ “th loﬁlﬁ Sr i~ Wt
oxi des act "’:@mﬁPB ’ef’scatﬁl’?l' ﬁa?‘éﬁ}d’é‘ Stlt'téc%t"r?tl(\?ltf’gté'f‘r%l)ﬂ FAFEQREVR he
select|V|t)FlLWﬁPF€ okjqfrdum silicate or a mixture thereof. 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, cobalt 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.
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prepared bytakamifigmacgasomdriyC retor@ides sdrRB| e€Ly AU1ANIGRNs EtydRypéaid her
conpri se subtalfiskeaali OkenASLAt O£ RNAL6R d\vé;u%tr&agggegsen%kﬁam carbon
di oxi de a”dfﬁ’é a?g%ﬁon%é at ggﬂfrg&gﬂeﬁe ﬁé’d%é}féqf éhg' zgd. The

b ia
50 ol 4 Al s Y5004y, @ FERIR (BRR 1871 o t%gghi%?ﬁopaax gz s

general , th%re?eé?&liyoﬁr 1% o400 cF'th“H £t otn BUI6 EE@SﬁJerPéféF%I%lfrom
60 to 120 goahb parti Em%ﬂ%blﬁr remabidy tor dpd Sorn.0 2118 gpacs VieRecihy omati c
hydr ocar bonot offxen 0%i0dtaetl q@ar hstandard nB of gas. 35 It has been found to
be advantageous to arrange two or nore catalysts of differing activity in
zones in Eh@h&aéeaalc)e%nbsgs Ofea itB LW cdTDEE $ERARLG1L G Seabi the

catal ysts generé al Iﬂyﬁafhe{;?cearran ggessom tlt%%gl%{]eoiﬁ%gﬁ?og 1?3 A xture cones

into 40 contact. % 5s At \rs reactlon zone)
comprise suitable reactlon mo erators an uents, e.g

steam, carbon dioxide and/or nitrogen, with the aromatlc
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 m3 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 to 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



_and only subesausneby Wi th the nore active catalyst (second reaction
zone). The first reaction zone closest to the reaction gas inlet generally
makes up from30 to 80% of the total catalyst volunme and can be
‘thernostatted to a reaction terrperaturg which 45 is from1l to 20C hi gher,

preferably from 1tto ? hi gher an % afrg%\cul ar from2 to 80C hi gher,
than that oFSTHE ¥EEEnd P BT iPFFP2LRREC™ A hat i VB3P "Bot h reacti on zones

can have thEe%%ﬁ’?‘éld@(’fﬂieFSIIB‘Bg dioxddapestalyss. deped e réﬂ)&?h’u“&ﬂ?aéf PA, a
vanadi um penided de/ genanaliy disedi de tha fiyst depetdan zhnal &=d ia net al

oxi des i s geagddldny peaedxide fHidahinstdiedelel oatabna aogded witdnadisoEller
pent oxi dekt hhemtBdia@kbUe Al Y&t dEOREMH /ot Bieh YRIspBbras aBmpdunal abkal i
met al oxi deg;a09/,Pl MW L8P SRREYS, C unds is wused in the second

reaction zone. The reaction is genera y controlled by neans of the

tenperature_ setting so,that the_major ﬁpart of the aromatic hydrocarbon 10
present in The FRREHH8N 1§21 F e cERETH IREx PRI Pd Fhe ttRIPeraste zone.

I n a react obetbhid Gor &hrbnthraviaigrt perorofmshe a2eemratict hgdse¢arbdsat h

t enper at APepoésérte isalthebmedrtclonsgas i neaetedatt ovaxdmbheyidhd dm ahet he
second reackorst zmf.ticularly preferably adjusted w thout changing the
salt bath tenperature of the salt bath closest to the reactor inlet or of

the first “facgo,{eacm% E8hto %gﬂlql%aﬁ@ms LLbUSEALS, LR LIvent Igp wi thout

20 restrictjn
catal ysts IP %%I "'relmple&a Fﬁ% rﬁ? Bnb I5 °5 s?:a*t‘aalt?& reaqtQto N4t ehes of

this cat aPysSt Pf gt SgEBBECERPCLOS01RgPaTicelantly tRrfpagheti adiusitiedcat e)
ri ngs havi ngitmowxtadangling dilersiadt bétl8 tempezatergtdf ¢hebsain aatha wal |
t hi ckness otldsé&stmoo wReEerdesticad ihdel 6AHNGH Rha £Dedd R@adesm and sprayed
with a 30 suspension corrpri si ng 28 6 kg of anatase having a BET surface

f 20 f trioxide,
gr i?QOkgggf ggégf%?f}n& gggntl)yen p ospﬁlaé&t% elég‘s‘i q Wg\gé(%%né/m f;.![ gXI ©

44.1 kg trhﬂ’gQ i o‘? f or mani de unti | the wei ght of the applied
| ayer after cal CI nati on at 450C was 35 10.5% of the total weight of the
fini shed caFatymle ofheatalwstytireduryierti ve conposition applied in this
way, i.e. the catalyst shell, conprised 0.15% by wei ght of phosphorus

(cal cul at edpasaldtioh 2% BytaB}Hat 10hnd anAdiodMth6 aprdfadthedorsoA4®aV205), 3. 2%
by wei ghtygsof antinmony (cal culated as Sb203), 0.4% by weight of cesium

(cal cul at ed cara fSQ a:”gt§8 D080 Wel oot chatarll Lani um, di gxLde: 4t abygy !

50 kg of stea nesi tmsl i cat &) Fi avi ng

of steatlte (magnesium silicate) r ngs 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

30 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, 0.184 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 Sby03), 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



.45 an exteroesodsaeeper of 8 nm a length of 6 mmand a wall thickness of
1.5 mmwere heated to 1600C in a coating drumand sprayed with a
suspensi on conprising 28.6 kg of anatase having a 0050/51669 8 BET surface
“area of 11 nR2/g, 3.84 kg of vanadyl oxg Iate 0 80 kg of anti rmny trioxide,
0.597 kg ofg ni £4m di hydr sphat wat.er an 14 kg of
f or mani de un LS RECRe P 5T %??{ih}é?})% Iél k?a ervaggflgi PR E Rt 0?10 at9 4500C
was 12.5% off t%lﬁ“&f% t"fal‘?/?é’ld&ht o’F%H&Gﬂfnﬁ%@al%tdalbyéfog%éh@apaﬁwca||y
active conpbbilikgnodppeien 4nd Philé kmyof ifosmamidee uwatal ke whightt, o€onipr i sed
0. 50% by weappitiedf lphes phitrers calcahatilcat ed 4509 wad. 026 1y omeitgbt tofal
vanadi um § caéd gHtalbgdtRe Aihi¥AQE) caPabféy wei ght of antinmony (cal cul ated as
Sb203) and 90.05% by wei ght of titanium dioxide. Process exanples and
conmparativ I X descri.he belowvmth reference to
nmp %ﬁ%%a?%ﬁ §J[ c% 9e c?;\%ip051%1on a%peCJTe% tHP d\ﬁ\

the figure hi's 6 a Cross Ya PA°reactor.
Prepar at i ont8t 98A2 ﬁs)ﬁ’n%‘?]éacfﬁf“p’il% 583 ?%dﬁltgé‘lt SECRRUIPIPTHAI ch i s
bounded by tS@®‘culgbedprat®y 3. 0Fnby erek%hltl Afryamdigec( fakculatedr ge nunber
(in the 19prefent ex@dmiye wedOht off aypitiimdny c@dalicudatédibzes sb,bayviang an.o05%

i nternal dimeiedighefl 025t Mfarxneadokiareen the tube plates 3. 1.30 mof the
catalyst Il and subsequently (above the catalyst 25 11) 1.60 mof the
catal yst | N t ft 5 . mlong iron tubes 4. To
regul ate th%ﬁ{ errpe%g%“j‘r‘yﬁ'gad ng ??ﬁ%ﬂlﬁt Vees‘lg'\%%rpeﬁsurrounded by a salt nelt
whi ch was_divided into two separate salt baths 13 and 14. 30 Each of the
salt bat b3 This serelesit 2% sipsreabped dielovevptipre ferengadta XheEfigyrent o t he
salt bat hs TiBisap¢henatbealliya shhes ppraress saatid® thespelkta \RY yeaahdrt he exit
was via the ports 7 and 8, respectively. After |eaving the reactor, the
salt baths mrepara@n¥gysee garough the heat exchangers 9 and 10,

respectively. The 35 neasurenent p0| nts for determ ning the tenperature
differen were T2 at thelnle | ower sal th d T3 at the
out | et fg{r; ?he "SPSa0EL i & %% ﬁ’hca dﬁFfFo?P SZt Pﬁ’i"‘?g }Dé’["‘L’J‘SS Past4 so
det er mi ned Gt°& Iﬁ’éaﬁﬁf‘ nt- aTtn WhechY Wﬂﬁﬁérs%%ﬂmbatahliﬁge EREPLEd (imethe
react or (nedRFeEeRkamRitl 0P)) of 4o Inadrieatt bromdsibsappl hasingi ah t he

starti ng gashtstrn@dndidmetkr) oft abdem cext@endf betwedradén whbd flaaes58.t 0 about
80 g of 98.5%0 &t bENYhd dital®kght1 cantyIs@Bee@PedntSlyandssée nﬁleoﬁ:aehi é(\@re

passed pgg moqr 68Nl Qﬁrtﬁ&laﬁtaig;wlt %rEOPn@'%%%Bdlﬁb% dibes 4.
t al ne %Ea%/

The 45 resuy €, faqllow.n day
of operati on fro Epﬁé %"e g%n %0 regflg?{‘le ca a mg?rat
crude produttPSFa¥ete ‘é‘f%ﬂ 8 Yt%egaéﬁdm‘é € tihdeh whs alVldEd 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 T1l).

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

4.0 standard m3 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



_ 0050/ 51669 &osoescéey (neasurenent point T3); SBT top = tenperature of the
salt nelt at the point at which it enters the salt bath 14 closest to the
reactor inlet (nmeasurenent point T 1); SBT bottom= tenperature of the

salt nelt at the point at which it entgrs the 5 salt bath 13 closest to the
reactor outlet (nmeasurenent point T 2)7 PHDE content ght hal i de content of

the crude prERfRY” é&gasuF%?eéttl falth "b%)'?t'hﬁcht%ch &FF‘B@r Hih&fathifesalt

di fference IPf‘ﬂ’fdlaftf éheneelHetae WhiSBT th ®NEEHF abitP g‘f@étohﬂ@tl‘rl')Cl%@SUntl@r
condi ti ons wieneacheruppert RBEshremdnt $o@n80% nd SBRebottower= PHDE |imt is
0.05% an opdmpBiataperaf it Shatemolt tdte theapadystati shachi gy edirebentide
tenperat uges ghf fiRRBNES &Fodds@Med3thd O-eheCor! bui g tqERSHAIM®R difiference is

bel ow 13C, V\fl‘ ﬁA %%gEugg 45t aﬁég@{aﬂf@ gfo%{}—_éﬂ"%?f Q:%Qt gPlad ‘{ﬁ:o@hgg) gé%,h

bt d,
gat g: ggt i s %]L?g']lé(éat &8 ?16 Eé%‘ﬁ e?:ﬁﬁgé%ntﬁgrfls%éggefweachl evabl e PA

yi el d decr edseerepgerBegeen; SEF HBt agATIZBOPHEE Edadi ng PA Tenp.
Dayoutl et top bottom content (g/standard yield dif- tenmp. (O (C (% nB of
ai r) (m nidf eddnc eon@) € Hns Whk484086 53000 GPATH1limi@16s 0.30% and the

1173483633630}/ Pabkl1 6D 126348591361 Gpl2R0d 1dpe¥b3ing state of the
1323473613604, fRAQLLL. {dds é\%%g%ﬁéﬁoé@(%eﬂggg%egjcﬁfference is from 130C
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 Tepp.
outlet top bottom |content yield dif-
temp. (g/standard ference

(°C) (°C) (°C) (%) m3 of air) | (WM/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 0.15 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




_ 136345360360050980849 .
1383453583580. 1280111
1403433563560. 1480111
© 1443413543540. 2080112.

715
813
713
513

1373453593590. 1180111. 914
1393443573570. 1380111. 713
1433423553550. 1680112. 313
*1503413533§§p 3180112. 812

2013463623600.-1580112 714 2063473623600..1680112.8113
20834736236172¥5401%25 514 5853463888610 BHED1] 2. Baading PA Temp.
2243483613610. 154PM2 413 $9B34/PREE9BFOLE8D 2. 415 yield | dif-
2403523653650. 09710¥89P 113 2413503653650. 09701 Ry Adtandase/[51669 16e5enee
20 25 30 Gds SBT |[SBTP®HIE (%6adijng(9A Tenp#) Dayaudt bétatop |H8Y BEM|cotient
(gl st andas 4 yTALY TETg T[eMBes (O TEAE 79ME Of Al T T { MEHYY T ET[eNEE. d §) ( Gk
24234036535950—1/80412 645 2443423653600 1620143 413
$2473333653250 0148, 9123 # 4334865450 Ho3h174180 113.4 ) 13
*250330365340(245380313. 310365 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
384 346 361 361 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 Fvwq03| 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
*%429 345 362 362 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.
desired value (e.g.
salt bath temperature has to be increased.
content is below the desired value,

If the phthalide content is above the
>0.30%), the catalyst is too inactive and the
If the phthalide

the catalyst is operated at a

higher temperature and the salt bath temperature has to be

reduced.



. *2513293653d090 588644 3. 311 *2553283653400. 3080113. 412
*2613243653350. 6880114. 611 *2623193653300. 6880114. 911
*2663193663300. 7380114. 611 3843463613610. 0680111. 615

©3903403613550. 0980112. 015 **3963513713410. 0050110. 520
**4033503693690. 0060111. 119 **4063513693690. 0160110. 418
**4173473643640. 0270111. 617 *4233463643640. 0270110. 918

**428344362%6 2323880111, 018 **4293453623620. 0380111, 317
**4373453623620. 0380111. 217 **4493443603600. 0480111. 916
4503443593500. 0686:bt2s6150h 6331 4358 BpB: @280bhAsSIghrtial oxidation of

4693423588550. 128Qkk2 c8ABdFodtiDone08b efdrm>@a8B8ky i albali¥ Sbr |c15artbQ)lelc
i nactive, SBT hmui&lﬁésbstIéuverv%%asdtempeﬂ@@%ecom &ich0a Oéa@' & gas

phase => catal yst.te a B 5 Gan o uc The tabl e
shows the depenfenceg'r‘}c?%?Fl %H aﬁ%rl;lge contlgrl\ e 40 F ra ure

difference. If $HepRP aFﬁ“&ee W@ﬁtw?%seamﬁfﬁ‘é“redﬁl F@EI“?/%I]}]&Q .
>0.30%, the cdﬁ%ﬂ%ﬁstofl 8NE RF MPXEt FORALATS ttherm@%ﬂatﬂ@aahbwrmemawsyed has to
be incredged. |intdeanghrbatrreid toohbhenttartibgl gas tdiredesi wieskredal wde t he
catal yst is opediffieateabefiredictht cofgetiatiecassl die thathodaldt ingnBeERat ure
e ot ane! oot AT e Lokl ol o s,

y gas- phas fpr%%{x k ?é)xét‘}%hg deé)Jdlg %E@”?éé&toryq L 43

car boxylic aC|ds 0 FFUre) in
which a gas st r‘é%ﬁﬁrq ad8f ]terFtllFfé tQF 5% IRETRYFSH §x|l§ab %ed through a

shel | -and?t ube reactor whose tenperature is controlled by means of one or
nore separate thamaresat &f ngldiaeds igomaiyred » 18héregobheectenpemattureo t he
starting gas stdeffgrenher £ nedlleetedi 6 ettaitca betpeeiucthehbcapaidistie of t he

thernostatting bad asipnbbe &:8@a@000f cdtrrmeact Hrpuddnet iang the
tenperature of féaeet@m%g&tc&ﬁ&gmsﬁmrl %Ylbgglﬁ hehd %g%ggét'gsase@%'rgmd to

cont rol ge selectivity o as- phase oxi'datton.

3. A process as claimed in claim 1 or 2, wherein the temperature
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 naphthogquinone

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.



. 2. A procesgoss/sieeoed in claiml1l, wherein the tenperature difference is
sel ected so that a by-product characteristic of the gas-phase oxidation
concerned is present in a predeterm ned concentration range in the product
"gas stream 3. A process as clained irl,_claiml or 2, wherein the
tenperature dlgfer ence in tlhaen%%s hanse % |da |on oxf_ Q- )g)él ene to
phthalic an ydrl de A°§°8ef T ed™s a? ¥ §& SHERSTide cor’]ten e A

pht hal i ¢ anhydriReEien hstcl’l%rrrlﬁﬁgeuﬁ%"mf(f%%f’% (:939729°95 based on
phthalic anhydride. 4. A process as clainmed in claim3, wherein the
tenperat ured. diX fraeroeeee as skdieedednsany left clhémphi hal Bdewberdientthef t he
product ges streaBdiSni BstéerFidageut rom D .gh%yk opedfirebagedros® .Qnight hal i c
anhydride. 5. A pyqgess as clained in claim1l or 2, wherein the tenperature
difference in the gas-phase partial oxidation of naphthalene to phthalic
anhydride is selected so that the naphthoqui none 35 content of the product
gas streamis in the range fromO0.05 to 0.3% by weight, based on phthalic
anhydride. 6. A process as claimed in claimb5, wherein the tenperature
differente is selected so 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 clained in any of clains 3 to 6, wherein the
reaction is carried out over supported vanadi um 45 pentoxide/titani um

di oxi de catal ysts. 0050/51669 12 8. A process as clained in any of clains
3 to 7, wherein the reaction is carried out at from 3000C to 4500C. 9. A
process &8 clainmed in any of clains 3 to 8 wherein the 5 reaction is
carried out at a gauge pressure of from0.1 to 2.5 bar. 10 15 20 25 30 35
40 45
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