1 2 SEP 2003 1 Multitube reactor, especially for catal ytic gas-phase
reactions The present invention relates to a multitube reactor and es LD}
5 of such a reactor for carrying out catal ytic gas-phase reactions, 1n
particular for carrying out exotherm c and endotherm c catal ytic gas-phase
reactions such as the preparation of phthalic anhydride (PA), acrylic acid
(AA), methacrylic acid (MAA), acrolein, maleic anhydride (MA), glyoxal,
phosgene, MiMatieaH@NidactdP, 365 edfaliyN¥bi QLIBTLHSC &A’E hase"rb 06 J)}%m cal

i ndustry, multitube reactors are usual Iy use or yi'ng out catal ytic
gas- phase reactions oqver fixed-bhed catalysts. I5 MJItltube reactors
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packi nd@ an‘ cof Ayl LRETARIdn (WEPEh have been arranged similarly to a 25
static mxer. It is lastly also possible to coat the inner surface of the
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surface of the reaction tubes with catalyst material. The
reaction mixture flowing through the reaction tubes is fed in and
discharged via the caps. A heat transfer medium is circulated
through the space located between the uppermost and bottommost
30 tube plates and surrounding the reaction tubes, which space may
be divided by deflecting plates, in order to introduce or remove
heat of reaction. For this purpose, the outer wall of the
multitube reactor has means for feeding in and discharging the
heat transfer medium, usually suitable annular inlet and outlet
35 channels through which the heat transfer medium is circulated by
means of suitable pumps. After leaving the multitube reactor, the
heat transfer medium is again brought to a prescribed
temperature, for example in an external heat exchanger, before it
re-enters the reactor. In the case of exothermic reactions, the
40 temperature may also be controlled using evaporative cooling.

The multitube reactors used in industrial production processes
have a diameter of several meters. For economic reasons, as large
as possible a number of reaction tubes is used in the reactor. In
45 the case of a reactor having a diameter of several meters, the
number of reaction tubes is usually in the range from 10,000 to
50,000, preferably in the range from 10,000 to 30,000 tubes. In



45 the case of a reactor having a dianeter of several neters, the nunber

of reaction tubes is usually in the range from 10,000 to 50, 000, 1ZSEPZW3
preferably in the range from 10,000 to 30,000 tubes. In 12 S E P 2003

the past, it has been considered inportant to pack the tubes of |ndustr|al
mul titube reactors as tightly as possibRe in order to achieve as small as
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reactors are used for preparing phthalic anhydride which is an inportant
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For this purpose, o-xylene is vaporized, mixed with an excess of

air and passed at 340-440°C over the catalyst present in the

reaction tubes. The catalyst can, for example, comprise a mixture

30 of V.05 and Tio, with promoters on ceramic bodies such as

porcelain or SiC spheres or rings. Typical dimensions of these

ceramic bodies are about 6 mm X 6 mm and 8 mm X 6 mm. In this

process, the o-xylene is oxidized to phtﬁalic anhydride with a

selectivity of 78-80%. With an enthalpy of reaction of about

35 -1110 kJ/mel, the oxidation is strongly exothermic.

Suitable heat transfer media are, in particular, heat transfer
media which are liquid in the preferred reaction temperature
range of 250°C to 500°C, preferably 250°C to 380°C. For example,

40 the use of melts of salts such as a melt of a mixture of
potassium nitrate, potassium nitrite and sodium nitrite,
preferentially used in phthalic anhydride synthesis in
particular, is particularly useful.

45 The reaction conditions, in particular reactor temperature
control, require particular attention for a number of reasons:
the large number of tubes in the reactor makes it necessary for N
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25 undesirably high hot spots.

In the case of previously known reactors, which generally have a
very small ratio of tube spacing to external tube diameter,
effective reactor temperature control was possible to only a

30 limited extent. Particularly in the case of cylindrical reactor
geometries, the heat transfer medium in the cross section is
passed from a region outside the reaction tube bundle to an inner
space of the reactor which is free of reaction tubes or vice
versa. This leads to a large pressure drop and thus to a

35 restricted flow of heat transfer medium. In the past, one was
therefore forced to use high-performance and consequently very
expensive pumping facilities for conveying the heat transfer
medium.

40 It is an object of the present invention to provide a reactor
which makes possible a more uniform temperature distribution over
the radial reactor cross section and also substantially reduces
excessively high heat transfer medium hot spots.

45 We have found that this object is achieved by the multitube
reactor having the features of claim 1. According to the present
invention, it is proposed that in the case of relatively large
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Surprisingly, it is found that it is possible to increase the
entry temperature of the heat transfer medium without exceeding
the maximum permissible exit temperature of the heat transfer

30 medium. This leads to an improved selectivity for the reaction
and an attendant increase in the yield. In this way the capacity
of the reactor can be increased by up to 2%.

The reduction in the heat transfer medium hot spot leads to
35 greater operational safety since the danger of ignition of the
reaction mixture is greatly reduced.

Specifically the use of the tube bundle reactor of the invention
in phthalic anhydride synthesis has revealed that a spacing ratio

40 of more than 1.3 allows a significantly higher loading of the
inflowing gas mixture with o-xylene.

The tube spacing is only slightly greater than that in the prior
art and also leads to only a slight increase in the reactor
45 diameter. Interestingly, it is found that this slight increase in



reaction mxture is greatly reduced. Specifically the use of the tub
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from 10, GA@yt 9n 3h AR aneactéhiont.Ubes. 30 However, the invention is not
restrigged to reactors having cylindrical reaction tube bundles. If, for
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4 mto 12 m and is most preferably in the range from 1.3 to 1.5
25 for reaction tube bundle diameters of from 4 m to 10 m.

Multitube reactors having such diameters generally have from
10,000 to 50,000, preferably from 10,000 to 30,000 reaction
tubes.

30
However, the invention is not restricted to reactors having
cylindrical reaction tube bundles. If, for example, reaction tube
bundles having a rectangular cross section or a circular cross
section with end segments free of reaction tubes are employed,

35 the ratio of tube spacing to external tube diameter is preferably
dependent on the depth dig: of the tube bundle through which the
heat transfer medium flows transversely. At a spacing ratio of
1.3 according to the present invention, the reaction tube bundle
preferably has an essentially rectangular cross section with a

40 tube bundle depth measured parallel to the flow direction of the
heat transfer medium of at least 1.3 m.

The depth dppy ©of the reaction tube bundle is advantageously from
1.3 m to 3 m, in which case the ratio t/d, of tube spacing t to

45 the external diameter d; ¢f a reaction tube is then in the range
from more than 1.3 to 1l.6.




dependent on the depth dxat of the tube bundle through which the heat
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30 react (ﬂi‘aSEEBr‘Elf g FTERRNE NVMRNtAAN, t Htnge sdeoFepkacement PE thaibdi vi ded
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medium fl ows. This measure first creates a further reaction control
possi bjd ith¥ P¥action in the tubes of the reactor is frequently controlled
via the catalyst pack. For example, a structured bed of two
differently active catalysts can be used to create different
reaction conditions in the longitudinal direction of the reaction
tube. In a further advantageous embodiment of the tube bundle
30 reactor according tco the invention, the reactor interior is
subdivided (viewed in the longitudinal direction of the reaction
tubes) into at least two zones through which differently
temperature-controlled heat transfer medium flows. This measure
first creates a further reaction control possibility by
35 thermostating the two catalysts at different temperatures.
Secondly, it ig¢ even poseible with gome prosesses to use only one
catalyst to pack the tubes and to effect reaction control
exclusively via two or more, preferably up to five, differently
temperature-controlled zones. Successive mones preferably realize
40 temperature differences of up to 60°C, advantageously up to 40°C,
for the heat transfer medium. The individual zones are preferably
separated from each other using tube bottom plates which are
disposed substantially horizontally in the reactor and possess
recesses for accommodating the reaction tubes.
45
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35 thernostating the two catalysts at different tenperatures- secondly, it
is even possible with cone processes to use Only one catalyst to pdckSEMA(]
tubes and to effect reaction control exclusively via two or nore,
preferably up to five, differently tenperature-controlled zones.
Successi ve zones preferably realize 40 fenperature differences of up to
_60((1:3 agvaghagpmusém liﬂvbﬁtﬂ&gialsﬁaobréhﬁ%éﬁegbrt Eﬁé‘&i% ﬁqi irl{i'itiTJlt%te 0
i ndi vi dua : : each other usi ube
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bott om pl )\éﬂcg r | SPOS antial Ty hori t he reactor
and possegégg% Ces é"‘g B?Q%ccec? 8Pt ng the reaction tubes. 45 1 2 SE P

2003 7 The present invention also provides for the use of a nultitube

r eact or Saé@ P HFulery hbhe rmrasenti ivestttiion poovidey \forgthetuse atrakyt i C

gas- phasemnbaithibenseabton gaidriding ate t_thl&eppégéle@tiﬂv@yﬁribhpfbﬂor&yrggﬁgf or
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carrying . feacti.qns, . 1,0 particul ar. for °t reépar.ation o

phthalic 2n adlﬁ‘f&'ﬂg%kgﬂlﬁ‘?e' q“é‘i‘%ﬁgér?’g’é’,"orég‘?yl"i‘%r%{'cﬁcd,?cé t FSHE et hacryl i ¢

acid, gl yBXHIACT¥EEgRRE rﬂ%’f’&e arfiesgerg - ohydepomamics aeme. Such

pr ocesggs"wwrﬁﬁ“%ﬁ’? ubghe pEPBRSSes LY L ftiubed rhedtamt al ysts are

known (cfeontfagmisgafipked-bed krbahys:sEacyckopadi @ faf, Fogustdnpale, Chen stry,

Sth EditiulimanvobubRcyliopbdiibheof MHuudeealGhemiislyf UstRaEqighbGar ences). 15

|0 the T oldiitiends, Aol Ve Bllgd SLAESGEER CFlul thellOL £ S A th reference
e

Wi
to the preferred 1llustrated enbodi nents shown I'n At adhed drawi ng.
The prgg atti on oi (gh.t hal i anh‘ydri_de mentioned belowis presented purely
as an exarhl®@CofotiV e et FRV§REdORois sanibegr é3appre Mesadlowith
oxi dat i v&FFREEPRASER ridisc PrefisrEedl iddudbratertbtembogdipenty stestr iottlom of the
i nvent i oratitachhflsdrapipig.c #heopregaratheon dsfivimgal2b higpdiide meheimidacal |y
shows a nedewols asrsdatited paréle 43 afneskamplV Rt LRE hdd eff *hedrdddpa Pl ant
fO][_ pr i()d%%éﬁge ﬁf@-é@#ﬂ Qnﬁahﬁﬂéﬁ digs oE!iH&l%ﬁrezh g%fgggﬁae?lpé@t&tgq;,ng,k%_sect ' Og of
afirs r résent J1nvention; Figure

0 q hg?n{m;ﬂﬁl taﬁx? E %t{]ﬁﬁqgg Q tl'}e ﬁn&eg. Ion ta(? 6—%

shows a cross._sectlo oug e-reactor o 45t he 1ine
IIRE Fraure

gure 4 shows an enlarged view of a section of the reactor of
Fig. 3;

In the drawing:

25 Figure 1 schematically shows a reactor according to the present
invention integrated into a plant for producing
phthalic anhydride;

Figure 2 shows a longitudinal section of a first embodiment of
30 the reactor of the present invention:

Figure 3 shows a cross section through the reactor of Fig. 2
along the line III-III;

35 Figure 4 shows an enlarged view of a section of the reactor of
Fig. 3;

Figure 5 shows a longitudinal section of a second embodiment of
the reactor of the present invention;
40
Figure 6 shows a cross section through the reactor of Fig. 5
along the line VI-VI;

Figure 7 shows a cross section through a third embodiment of the
45 reactor of the present invention; and




Figure 5 shows a | ongitudinal section of a second enbodi nent of the
reactor of the present invention; 40 Figure 6 shows a cross section ith§eulig
the reactor of Fig. 5 along the line VI-VI; Figure 7 shows a cross section
through a third enbodi nrent of the 45 reactor of the present invention; and
12 SEP 20038 Figure 8 shows a Iong?tudinal section through a fourth
embodi mentigird e [ eAGIIa dongheudLRALCRect NN Qg B FboHIP 1 10 IS
possible to see a s 0 t Qr epar |l thalic
anhydride. A detail% %Egﬂﬁﬁfpg?dﬁ&%f%%ﬁgogrggéggaﬁ%?sﬁggf %Hthngr exanpl e,
in Ulmnn's_Encyclopedia of Industrial Chemstry, 5th Edition, Vol. 20A
p. 181 ffINE3@ATENd roit nkhRATELBAR 2 Segpar Pekematic patiapero&er plénand 10
m xed wht fomrPrepagdsgophiialisupphydrlide.a Abteteiledl desdripai®d dfothér om
about 120pteceéd30@Eyi be afdRAY, € Fol 2exaileQ- M| @IMBlAIn" sMEXEYE Fopdii@Sok0 the
reactor 1ZnafiihGarl Bnbfedrg0i 98n ObaidiontiPRGE, CA 19, 16} Ep. Un! formy

distributed over the entiré reactor cross section. € upper cap 14 is
bounded in the direction of the 15 cylindrical reactor wall 15 by an upper
pl ate 16.°THES"EaLTi BRPIEATIEES1¥5 ofaRatd zedbin Hilidvaresispentd mnd the plate
16. Thé0timiredewdshoan tencassaoti air twippd i¢d wie blewededll candichepltatietd6 so as
to be frémnofabbeaks20 Tiwe 30aral ysta mehest al2.( Mot 6beWnd/Ailrosak@gd N the
reaction gadesol¥he Thendtawen sepdsredf ihhens eactican okUbRs J;?pe%ocgéelzy‘ﬁel ded to
a bottom pl qtseuﬁgféﬂﬁéf diQ+Perif&f Vor! @?gserﬁ%%e 9Q§ntclnpt g acbottomcap 20
of the reaeccttc%nm él' 0- X enf alr mé éll‘,e OWS | ﬁro,ug%otﬁe reaction
tubes andiaBst IVE SHRF 253 OREPASD Zihyfiei BéresHPhAE EBection gas
i s past2F¥igdgirahereastorowabk Uin DB ePRAT PApsealr STIED r@iekEon he
product iwbes dépetithsl tnhet endler hBobperrintid mbecpystalls. The pby hal ic
anhydri deerids nél tieel mfdettibe sepsy a7onse 2% Bitd thetRolELA¥0ddCEoi 5 1Pt ai ned
i nhadsyga@qtfﬁaé fﬁjéﬁs&t irRE é’éﬁh@%ﬁ:uﬁ?@@r{al{lor(hia@esﬁé&%? isPALBALAS in
anhydri aggor C; o

de el L s OT{HANG G, %@Aor%ﬁggg FOSHE QPlba: O

{ggr;;% %lrrgq'c}gmti%ser%/deaag ?ngﬂf'tfi)lga%uxgl 7P itQ Sn?’F%?chfdlB? s s of a

heat exclPRFZel®E? AiiROtfAPCRR L4efothe TRAGtar 1By Thee orfepemE numer al
24. For tHpduperpaws threngh the wesftion|itnhessandt istostdydpridided i te and
pot assi urkonphthabiq sanhydside i rithe hbe readtiimor gaal isgeddsed ofiathea impact or
vi a openizigsoZ8esublifatddl|or separators 22 where the product is
25 deposited in the form of very fine crystals. The phthalic
anhydride is melted off the separators 22 and the pure product is
obtained in a subsequent distillation apparatus 23 from the crude
phthalic anhydride melted off (in accordance with Ullmann‘s
Encyclopedia of Industrial Chemistry, 5th Edition, Vol. 20a,
30 p. 181 ff.).

The temperature of the reaction tube bundle 18 is controlled by
means of a heat exchange circuit which is denoted overall by the
reference numeral 24. For this purpose, a salt melt of sodium

35 nitrate, scodium nitrite and potassium nitrite is passed intc the
cylindrical section of the reactor via openings 25 in the wall
and is there conveyed longitudinally, cross-flow transversely, in
cocurrent or countercurrent past the reaction tubes 17 of the
tube bundle 18 in order to remove the heat of reaction generated

40 in the oxidation of o-xylene.

The heat transfer medium leaves the reactor via openings 26 in
the wall and goes to an external heat exchanger 27 which is
brought to the desired reaction temperature, usually in a range
45 from 340 to 440°C, by means of a steam generator (not shown) via
lines 28, 29. The exact choice of reaction temperature depends,



and is there conveyed longitudinally, cross-flow transversely, in

cocurrent or countercurrent past the reaction tubes 17 of the tube1QusgH B3
18 in order to renmove the heat of reaction generated 40 in the oxidation
of o-xylene. The heat transfer nmedium | eaves the reactor via openings 26 in
the wall and goes to an external heat eRchanger 27 which is brought to the

desired reAacHARNicuQERET Gk Ukl catHabby hdtedihdNgSedudd AMLALS B k‘é%@oc by

means of gssé&@gagl@nggaﬁggsmt shown) via lines 28, 29. The exaCt choice
of reaction tenperature depends, 1 2 SEP 2003 9 in particular, on the

cat al yst m,aterl al used and should be kept as constant as possible. Figure
2 shows af 948 Ze/bBHF kit eReoRiment gfethe aatlditybet heact®modshe

i nventi énplfﬁrﬁemtr dngenbion iE qore Getwdidws Fagseetd cthowisr augéctiv react or of
Figure 2 shmnght heel regcddd dfl FigitenerlsngWhe NLihave 18- epfPanahkgef unct i on
Lo el emenicipsabbbedaRiarB GANIRE 8NeYbidhdd QULE %ﬂé‘é apdGaosgd by the
sane ref e‘Jf;Oel_B1 tlg %SF %Q:eﬂi'e Cé/|ci ndgcl ‘aalpf actor 13 Pas ver tical
reaction e%ﬁ avirng & TiTO0 s §BEEi TRt %ﬁf’d‘cﬁn ext er nal

di anet er ef. F| g. 3). The reaction tubes 17 are uniformy
distribdted over an annulus. The central region 18a of the tube bundl e 18
i s free afhe t¥yliedrican teakesr Iheandweat veransilerededioin tubd Buhageicad i nto
or di schafgaagf aomréJRrSEQBQSSéEéﬁ%dEHS érheeﬁt%%%hoé'l&n\&%% bl oygh.

openi ngs 2% 33 b ALl e aNLEL bANESID: afdeibdlaan Hgirsone or

20
ggL?evedpag%iu EnsTy n%gnfntlrgé %‘6 %}g{’&s %3 t&‘ﬁ? e u? ?t'nl(-,8 HsegE?%rc,’f but

radi al 1% Ir&fécﬁFBQaF‘Fl%e% 'n the region of the reaction tubes 17. 25 In the
cross-sectional view of Figures 3 and 4, the tube spacing t, the external
di anet er The beat teacifieenmedben 1 dndrofeceaxiersabr &l sturRirged dRBsin of the

reacti on gnebgpbe@drrbBnaifgi exk %Taedmhttubmouhgo% fBHe%an;Qaist hﬁs di agram

Fi t E
PRt neRs e i
t ube buncﬁ di 3 iCan Iy s ?ra dauppis ogsent i al
par anet e§ 61""’?%3’%‘2?[“% ngipl fit}f'eq Pegéﬁnqe}ﬂ/éﬁ tBR to be seen

nmore cl e&PRFLOR, JBtk irgfial ﬂf@’ Prevapes bimmhe regidm\af itheFrgagticd i s
depi ctedtokea larger scale in

25 In the cross-sectional view of Figures 3 and 4, the tube spacing
t, the external diameter d; of a reaction tube 17 and the external
diameter dgp, of the reaction tube bundle 18 are indicated. It
should be noted that the diagram in Figure 3 (likewise those of
Figures 6 and 7) is not to scale. In reality, the diameter of the

30 reaction tubes 17 compared to the external tube bundle diameter
is significantly smaller.

To enable the essential parameters of the multitube reactor of
the present invention to be seen more clearly, a section of the

35 tube bundle 18 shown in Figure 3 is depicted on a larger scale in
Figure 4. Especially the illustration in Figure 4 reveals that in
each case three adjacent reaction tubes form the corner points of
an equilateral triangle.

40 The embodiment of the reactor of the present invention shown in
Figures 5 and 6, and also the variant of Figure 7, each have a
reaction tube bundle 18 having an essentially rectanqular cross
section. Such a geometry gives advantages in terms of the
transport of heat transfer medium owing to the lower flow

45 resistances, especially in the case of transverse flow cooling.



Figure 4. Especially the illustration in Figure 4 reveals that in each
case three adjacent reaction tubes formthe corner points of an 17 SEP 2003
equi lateral triangle. 40 The enbodi ment of the reactor of the present

i nvention showmn in Figures 5 and 6, and also the variant of Figure 7, each
have a reaction tube bundle 18 havi ngl@n essentially rectangul ar cross

section. fucde ANGANELEY SHe/ G rRRYANAGES L04 5} ek Lbfn%flﬁa'li ort of heat
transfer gﬁ%ﬁ O\QAC r&](_)n q]% Itgg/errf | ow 45 [ &S] Stances. especiarl y in the
case of trarsverse ow c HrP e p 108834 - These advant ages are
further reinforced by t he spaC|ng ratio proposed according to the present
i nvent i onSPEREcEd BhAlgh ate dreefebaasictionctulrs tfvledidorikditstgi but i ng or

5 col | eBtéaideichdnhethe thents fteansbet wnddug proVirirddal ¢ Gxbas d@déaces of
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react or é"—'ir]atge“} agt CzSa?lrlgLi'Sarlt%éf’f%aslsgc%'%‘:?{'! ‘éﬁ ﬁéoe varlant
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of Figure {# |ca react

essenti ali tr‘é’&'a% &rthe yaziant scbfctF|18Hr6f7t'-h°’é’5r éaﬁi’]r’d?iirt’t?éé bundle 18 is
obt ai ned I@sacéoresﬁilttllﬁ lather sedfifontthesasapntcirldyerécemnaflareareson t ubes.
Accor dihgdatiohhef prles eracitior ntuben buhlde Splcisngbtaihéd 145 Tah@eﬁﬁlste off
essenti aldne ceghamgsll B wheekt 4ah ﬁrlé@eobuggg&sldnstgwerh n&ug&t i on of
the dept h:hd_.Rggng;n{ hﬂ.l‘;émgogung{ee CEP% hc}5 %J a?)§ver Se flow
occurs. %# §1§1 Cx;an s]t: aeta% L&h es nen t he tube bundle
r eact or Re 'E resern \?enf1 on, Ib% hoF8Pnaf ecti on.
React or §5‘“F§1? ‘?%*shecé%@ B ‘ii% Q%H'é‘eZG“PBa‘é‘E’Hﬂ%ﬁchhrwmlph t he

| ongi tlRitFansvereetflay otcuhe. reacti on tubes 17, is subdivided into two
differently tenperature-controlled zones 36, 37. The zones 36, 37 are

suppl i ed fiyuseparalist feat 1hsansiear ameditih ErbeHihént |d¥ khg t&¥&MPle, a
first Salbhné?éuféé}ﬂzdxso@aﬁﬁé%fe@te?xtt By dids %%2996 a Herfenati@ Lhe Stubs 38,

d I
29, and pdsgsteila a0 L R0 M ORI gaggﬁzuf:gg.n

sol ution Seés Vvia
h other via a

via stifb §g&ﬁ toy whighy thﬁide‘io’rfé§h§61°’39’1%n§épﬁ+’a?%°ﬁ 8fn
50 mm t hFeRCtiomeuhsat 3y piatsubidvided jnta dwhadifferenddy t hrough which the
30 react temperiesettoateolhsbrdopgs 261 €37. mher tooes &6 ,t Be avdbes, the tubes
are hydr auppTidd \byesppadete SmWiahns 56 trleati ufoedrand s .Swhst gat i al | y tight
seating @kahpfe ! Wasrs? b1t N1L¥Benbos tYsell #héo 4fhd Fi2EhI SURA36WLHIiN a
Zone, i*eLEQCEﬂéNEHHH%t § 4;96Hﬁa passes out again via stubs 40, 41.

Correspondingly, a second salt solution passes via stubs 42, 43
into the second zone and passes out again via stubs 44, 45. The
two zones 36, 37 are separated from each other via a 50 mm thick
tube bottom plate 46. The plate has recesses through which the

30 reaction tubes 17 are inserted. After insertion of the tubes, the
tubes are hydraulically expanded somewhat, so that good and
substantially tight seating of the tubes 17 in the tube bottom
plate 46 is achieved. Within a zone, deflection plates 47 are
disposed to guide the salt melt radially from the outside into a

35 reaction-tube-free center of the reactor, where the melt is
deflected upwardly and led back again radially ¢0 the outside. In
Figure 8, the large arrows 48 symbolize the direction of flow of
the reaction gases and the smaller arrows 49, S0 symbolize the
flow of the first and second salt melts respectively.

40

Examples

The catalysts used in the examples described hereinbelow were
prepared as follows.
45



di sposed to guide the salt nelt radially fromthe outside into a 35
reaction-tube-free center of the reactor, where the nelt is defl ectiedSEP 2003
upwardly and | ed back again radially to the outside. In Figure 8, the

| argo arrows 48 synbolize the direction of flow of the reaction gases and
the smaller arrows 49, 50 synbolize thtl flow of the first and second salt
el ts respachiysel ¥. 40 Exanples The cat alysts used in the exanpl es

d b b 45 1.2 SEP 2903
Catal yot ﬁq{?@"g gl‘?ﬂ’ﬁrqm@ﬁfﬂﬁ%ﬁ%@% Tiltios) Ratifa J oRE8TAT o0 1
di anet er § &Myt R OFNET % afd™ W 12 Rt kﬁaéélkrtﬁsslog A Wer e

heat ed tdﬂe}f@oé}eﬁhe‘& 0 dibi0Ag R mcsdingrdmus andt Reraved wigdnei on of 28.6 kg
of anatassmudpevisign aoBEB.Sukfact araxasef ha®ihg®/ BET2sibfd afredanadyl

oxal ate, b k2fgk® oy kgSbEvsaddyat exaldide,l okqvef k¥ab £lce¥dmIsd e deq Of

f d t t 5% f
tﬁ;”f‘g} aﬁ;m *kh t,b%a@rg'atldoé 1hqg L2Yes tt ‘eetr@ﬁ&%ﬁgygnka 4580)

ng cal
10 The caaleyereafis g&frsap %" o 5 t-l@p% ' Bhtel
cat al yst Sdphed e lyséd (6pllovindora H&%ﬁ’tﬁ’ﬁﬁ G‘Feéﬁ%r@d as V205) 0 4% by
wei ght 1®fTheeshtal friswldyedchivaataniadamibiled wei ghis ofay,t it ani whedi oxi de.
15 Cat al ysitalllyst S$hedg ,0tofs otdd @f( ARgBNasi wanadhucat edckdnedsabawiody, an

external o disapptedidie 8£MBesfum qRabRoMdd GdTPsgndna 9%lds b gkigss A 1.5 mm
wer e heat«;ﬁ@aﬁ? 169GHiRed coating drumand sprayed with a “suspeénsion of

28.6 kg o anatase navi ng a BET surface area of 20 20 n2/g, 4.11 kg of
vanadyl oxal ate, 1.03 kg of antinony trioxide, 0.179 kg of amoni um

di hydrBy&asRbERhatYe, 0. 045 kg of cesium sulfate, 44.1 kg of water and 9. 14
kg of forr@akidet Lﬁttaaltlthe(mm@mlmosllh@‘dedymna@pma‘eidlgcenr expormddd t o

10. 5% of dihmetet aif eweinghd Déndtheofi 6iimhecdcat @hybttHifckneewi 6 ral amnati on
at 450C) we£8 HéwrePital Y60 CAlilny ad6bh¥ingTRir@hi 2ha aitd Wichhds way, i.e.,
the Catfg té; nST] lof 580611 eo(tqtha;é{?ab,xn\aetgs% r&mapap f(feckoned
as P) ,20 2 W%I g t o %gl uiln/cg G/ g__neg t of
ant i nony rec kKbned ™ a gy t ght Vo9 ce5| u

and 89. 089489 t@.og‘-h "P“’c‘tft‘ atﬁherﬂraa phgge, 0.04 FEEKoRee

sulfate, 44.1 kg of water and 9. 14 kg of formamide until the
weight of the layer applied corresponded to 10.5% of the total
weight of the finished catalyst (following calcination at 450°C).
25 The catalytically active material applied in this way, i.e., the
catalyst shell, consisted of 0.15% by weight of phosphorus
(reckoned as P), 7.5% by weight of vanadium (reckoned as V;0s),
3.2% by weight of antimony (reckoned as Sb,03), 0.1% by weight of
cesium (reckoned as Cs) and 8%9.05% by weight of titanium dioxide.
30
Example 1l: Preparation of PA using a reactor accordlng to the
present invention.

35 A tube bundle having an external diameter of digs = 5.435 m was
located in the reactor of the present invention. The tube bundle
consisted of about 14,000 reaction tubes made of steel which each
had a length of 3.5 m and an external diameter d; = 29 mm. The |
tube spacing t was 40 mm; the ratio t/d, was thus 1.3793.

40 4 standard m3/h of air having a lcading of 98.5% purity by weight
o-xylene of 90 g/standard m? were passed through the tube from the
top downward. The reaction tubes had been packed in such a way
that two differently active catalyst zones were formed. To this
end, initially catalyst IT is packed into every tube until a bed

45 height (measured from the bottom) of 1.3 m was attained. A bed of




Exanpl e 1: Preparation of PA using a reactor according to the present

i nvention. 35 A tube bundl e having an external dianeter of dRea = 51‘?3335??[]03
was |located in the reactor of the present invention. The tube bundle

consi sted of about 14,000 reaction tubgi made of steel which each had a

|l ength of 3.5 mand an external dianet = 29 mm The tube spacing t
was 40 nmmeatdigstali batindp avheiyhtusofl. B379a. wé@ thesi apgaied ndi/dp eheai r havi ng
a | oadi ng18fer9%£5%apalydty f3y Wei ght o-xylene of 90 g/standard n8 were
passed thr ough the tube fromthe top downward. The reaction tubes had been
packed i % Wa%n ’{hat t.\WO dlff(grently ctive catal yst zones were
forned. T cat LRSSt Megrry WS MRSt 21 Fats k88 K¥Rx ¥adR: ™upe unti |
a bed 4% W%hvh{%m aseednthneugbothegeasitor. atnd 4?8t e nedlor bed of
1 2 SEP 200% ©Z ta:1%0¢ s’ pehawny Theeegit temperiturevast tthenmabplwasd at op
the |ayeysiafiecatetey Hot! bpotd NEemiRaiatukansf atheedl M dragas. ggal t melt of

KNGBr NaNR,Ad e he mn\mb‘;htgﬁﬁrgqgghgd through the reactor at 348.9C and

a flowrate of 11,000 nB8 per hour. The exit tenperature of the nelt was
351. 1C. _The _hot _ spot terTRlerature of the salt nelt was 3.98C above the salt
i nfl owt? ehpdREalieY ofp tRMBREREING PERFOT & nfttatafranded stadi atd co¥R Y anged
radial ly th\Pe FTOSHcSQAtIOn abCYamiPUSt leel HusTHee Femperature aif e venges

di f f er encessuredsovad theereidioor exober seciism wecki ot iesre rbhan At han
about 2.22@ecl15 The yield of PA was 78.9 nol % Exanple 2: (Conparative
exanpl e) Preparation of PA using a reactor according to the prior art. 20
A tube I n_ext aneter of d'a = 5.021 mwas located in
t he rea%’tigl(rg gf‘ggyﬁ 'Drprplg&o‘r"as fé’ rb?’ﬁ'eql?ube bundl e consisted of about 14, 000
reacti on tubes nmade of steel which each had a length of 3.5 mand an

ext er nal EXpBEbe of: (SOBPIAtAYIC FHAMPI®bEISPAsAhten AfadA3BSHRY & Wearke¥ o t/ da
was thus 1.267. Agarner@bng e phekpmipmfartthe reacti on tubes - as descri bed
in Exanple 1 - created two differently active catalyst zones. 4 standard

M8/ h ofg al 'i:uﬂ@vl:‘nﬂﬂil% hedthd hrPlexP8rrYL R dddeelYo PEEGNt = D004 GNEaof 90
g/ st andang q‘eﬁﬁ t%%akaa@@(&s% LREO xt Q&tt “E’ﬁ Ghigagt Op downwar d.
S
ﬁgee

The heat tran NO3 as

in the efan%f‘séteaccor ? cbr?gar'ﬁ?‘é Je?ﬁ ﬁur?\?énf‘? n.° rature
of the nmtP ekt ndgapsextgynal diameter d,

tube spacxng t was 38 mm, the ratio t/d, was thus 1.267. Agaln,
25 the packing of the reaction tubes - as described in Example 1 -
created two differently active catalyst zones.

4 standard m3/h of air having a loading of 98.5% purity by weight
o-xylene of 90 g/standard m3 were again passed through the tube

30 from the top downward. The heat transfer medium used was a salt
melt of KNO;, NaNQO; and NaNO; as in the example according to the
present invention.

The inflow temperature of the melt was 345.9°C; 6200 m® of melt
35 per hour were passed through the reactor. The exit temperature of

the melt was 349.7°C. The hot spot temperature of the salt melt
was 7.2°C above the salt inflow temperature.

The measured temperature differences over the reactor cross
40 section were not more than about 4.2°C.

The yield of PA was 77.8 mol%.

2202/cs
45




35 per hour were passed through the reactor- The exit tenperature of the
melt was 349.7C. The hot spot tenperature of the salt nelt was 7.2¢7% il
the salt inflow tenperature. The neasured tenperature differences over
reactor cross 40 section were not nong than about 4.2C. The yield of PA
was 77.8 nmol % 2202/cs 45 1 2 SEP 2003 13 W claim 5 1. A nultitube
reactor (13) which has a catal yst tube bundle (18) conprising numerous
paral l el catalyst tubes (17) arranged within an outer wall (15), said
cat al yst t%‘%%n yndl e (18) having from 10,000 to 50,000 catal yst tubes
(17), and avi ng neans for introducing and di scharging a heat transfer
medi um f| owi ng around the catal yst tubes (17), wherein the ratio t/da of
t ube spa?:i ngt to the external dianeter da of a catalyst tube is at |east
1.3 15 2. A mA tmulthieubeardartaas (CBai WRIkH masl ai dathal erca'be blyareati o

i ses v Eﬁb?ns‘m R a8 el T Bty Tl ﬁf”(?jié bundl ¢
(18). 20 3. 25 AR B PLEEEY &0 Burl WRPL VR0 ialy sifedvif s

r eact MBEE t he
cat al ys t ube é“" ‘I@ a@ 88335‘?1t§°al°| E‘P\‘Wsér t§P8§s(1§b:ct41't§1n havi ng

an exte (hal dihaydngr mﬂél% &ir dgtsodnaing amd disghangdinigt abbeakactars fas
clained in cl siedi3m fhewiq aroandexbercwtalyisaneiys dpa)of whéfe Dattdleyst tube

bundl e (18) i satfico®yd, B @ubd Spadthd h;etbafew Sedandl didifecdiag, ngrla O
the external Ccytgrfﬁggrt%q‘ gtc%gg‘gs}} fube (17) is in the range 1From 1.3

to 1.6. 30 5. titube reactor as clained |n claim4, wherein the
externa{n %rameter dRBa of the catal yst, tube bundle (18) is from4 mto 10
m and t at i MUAGItEPe (IARCtOpaRP nglained dReclail dr nuhenebmethe ragiof a
cat al yst tube {§{/H7)of stube specingge td rthe exBermmll d5am86et.d,Aofukt it ube
reactor as cl aiavedysh thls WL1Y)oriles whsireiiRct &ssingatehistetsde bundl e (18)

has an essent idmeyisi6ft AW Wha! catalyst tube bundle (18).

20 3. A multitube reactor as claimed in claim 1 or 2, wherein the
catalyst tube bundle (18) has an essentially circular cross
section having an external diameter dpgy, of more than 4 m.

4. A multitube reactor as claimed in c¢laim 3, wherein the
25 external diameter drgs of the catalyst tube bundle (18) is
from 4 m to 12 m and the ratio t/d, of tube spacing t to the
external diameter d; of a catalyst tube (17) is in the range
from 1.3 to 1.6.

30 5. A multitube reactor as claimed in claim 4, wherein the
external diameter dzss of the catalyst tube bundle (18) is
from 4 m to 10 m and the ratio t/d, of tube spacing t to the
external diameter d; of a catalyst tube (17) is in the range
from 1.3 to 1.5.

35

6. A multitube reactor as claimed in claim 1 or 2, wherein the
catalyst tube bundle (18) has an essentially rectangular
cross section with a tube bundle depth dgz: measured parallel
to the flow direction of the heat transfer medium of at least

40 1.3 m.

7. A multitube reactor as claimed in claim 6, wherein the depth
drge of the catalyst tube bundle (18) is from 1.3 to 4 m and
the ratio t/d; of tube spacing ¢t to the external diameter d;

45 of a catalyst tube (17) is in the range from 1.3 to 1.6.




cross section with a tube bundl e depth dpt neasured parallel to the flow
direction of the heat transfer nediumof at least 40 1.3 in. 45 7. 14 SEP 2003
mul titube reactor as clainmed in claim®6, wherein the depth dpt of the

catal yst tube bundle (18) is from1l.3140 4 mand the ratio t/d8 of tube
spacing t to the external diameter da of a catalyst tube (17) is in the
range frondi. 3Atmultigube ZeSERJQ@GBCldlﬁedArmalnM bfibelaiectloroas, cl ai ned in
any of clains dhémeib theheegttod e veacded, iin daui Ueslyidduihihe hﬂf@éﬁﬂﬂi nal

direction of 6?%1@E§|t¥§?sﬁuﬂﬁ§es( ), M 3 heast b £aaes g7

with a fl ow of q,?t t.rans

ent
provi ded_i n eath 8h£l°§ h‘?[]asel‘éaiﬁIL gf%ﬂq %eg}gﬁﬁreé‘é: EF’&P%‘}% any
of claimd 1 (PG BEro¥: ?%Hg%&h éabat ytic gas phase reactions. 10 10.
The use of a multitube reactor as clainmed in any of clains 1 to 8 for

carrying o Oxielaiseopfr aagiltitubel Pepotdl iy @laimed ihenpr 8PaEBiinm 107
phthal i c anhydgd C@,foga&ﬁkf%ﬁgﬂ"%rt' detaBpe i 'g‘&saﬁhQTe afara@t%g met hacrylic
Yy e.

acid, glyoxal, phosgene, rocyani c acid or vinyl fornmam 15 20 25 30
35 40 4
?0 10. The use of a multitube reactor as claimed in any of claims 1
to 8 for carrying out oxidation reactions, in particular for
the preparation of phthalic anhydride, maleic anhydride,
acrylic acid, acrolein, methacrylic acid, glyoxal, phosgene,
hydrocyanic acid or vinyl formamide.
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