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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
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
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
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
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
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produced by gas-phase oxidation of o-xylene using air as oxidant.
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 phthalic anhydride with a
selectivity of 78-80%. With an enthalpy of reaction of about

35 -1110 kJ/mol, 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
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i nner section of the reactor and to prevent the occurrence of
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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25 section and to a reduction in the heat transfer medium hot spot.

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
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50, 000, pﬁEg éﬁy% Xf rqugéLlon tuge 1s ;thgg tlfg]pregerably in the
range from 1.3 to 1.6 for reaction tube bundle diameters of from
4 m to 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 drg: 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 drgt 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; of a reaction tube is then in the range
from more than 1.3 to 1l.6.
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| ongi tudi nal direction of. the reaction
25 The reaction 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 to 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 is even possible with some processes 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 zones 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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accor di ng%t& th@goﬁg on the reactor interior is subdivided (viewed in
‘the longitudinal direction of the reaction tubes) into at |east tw zones
t hrbugh which differently tenperature-gontrolled heat transfer nedi um
‘fl.ows. This neasure first creates a further reaction control possibility
sby 35 theFhespradeng tthuenhibor @lsbyprevideslifbiretbatusenpferanul estubeSecondl y,
"it is evenepossi klceowttihg sesrether peesses irrenseofNfyr A ryGagabyst to pack

t he tubescaagilﬁplcefgfa@,cbhgg@cltééyhgggtroI exclusively via two or nore,
preferably up to five, differently tenperature-controlled zones.

‘Success‘sv zone r.ef er Iy realize 40 tenperature differences of up to

60C, advar’e'lfl WHagy Msenltofmf%tl}?é‘apr[’f’éﬂ%? eromddeunse e @

i ndi vi duaw%‘bhfésbeanreast@r AHBITPingeparthe Present ebryerdtioar £05| ¢ry tibg

bot t om pl avesoxddathioar eeadl spesednspdrst iantliazl Eyr hotié zoripalrhyiém dfhe react or
and possepsthdkieea90ydf Ode AaA@TRdahh P itdee aeapii@rhdll&ﬂescréﬁefa Z.
0050/4984§e€ha6¥¥11@r§§§@t éfpﬁ%yi'oﬁhéiuk eprﬂyh985¥ 'ﬁ §qusg of a

m'jl ti t'i eVquagé: ram§88 ucq'gsprogei;seg u%slen%ufngitl{' Ieon Or Car ryl ng out

catal ytic % hase rea Si nvention

provi des Fo? atlﬁbmﬁsélﬁ? abedmﬂattlaflﬁﬁ*és rakec KIPYAC EDF v rﬁ?rt 8"?1!1%1% esent

i nvent i onViHrargder $naycleradigk odal hdws tdadt Chamistry parthi Edittorf,or t he
pr epar at i mlwife Bdht lable Ay ghaigdel 0hplwaith anhykker desfeaenybs . aci d,
acrolein, nmethacrylic acid, glyoxal, phosgene, hydrocyanic acid or 10

i xod- bad f%?‘mz“é’ﬁeéfeeg“”éh%m L JeHOPiBER e ubee BRAD I 41 4 o
| ndustri al %1 r%% Eo E% Hg}% i 8% ili)’ FRee &‘l%%]t“be“fsoﬁ By et IEE with
further r%’fteal'cg‘r‘?éiegf WiBgd 4 r?htené’rFBﬂ%WOrPg ofy RhthalAqm@Enby dr ide deanrtiioaad n
nmore det aPPLAN ti§ Presertrt @urelyhes prrefexempdei of udte atsedoénbioelimerctorshown
in the a¢ofadlee@rdsant ninvehtdopr épasatdardvef gaktdtaldec raabytisndengent i oned

bel ow 2o @sesenttedmply edny a%estiekddp|sE @het Devats&i oif tbhenigactor of the
present igmeINtda@RohN Oxidative gas-phase reactions and 20 does not inply
any restriction of the invention to this application. In the drawi ng: 25
Fi gure 1 }L‘?}”a%' cally shows a reactor according to the present invention
i nt egr at ed” 5%BHA%t for producing

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



phthalic abnh droi‘ac%'e' Fia%{ie 2 shows a |l ongitudinal section of a first

enbodi ment” df* d[/ﬁ%c’ ctor of the " present invention; Figure 3 shows a
cross section through the reactor of Fig. 2 along the line Ill-111; 35

Fi gure 4 shows an enlarged view of a segtion of the reactor of Fig. 3;
‘Fi.gure 5 shows a longitudinal section of a second enbodi nent of the
react or offighee p8 esehbws nwvelnginpddfa Figpatdof shoowgla acrfeastsect i on t hr ough

the reactor of Fig. ehboaimdtt td¥etheénfeddtrod ofFLBeIIErebetROMEVEnEiISS section
through a third enbodi nent of the 45 reactor of the present invention; and

O Z. 0050/49845 Figure_8 shows a,longitudinal section.through a fourth
enbodi mentI%o?l lﬁIBe rd gt%orlso??%%le Sr 52eR eian\fé:r?fpgg.lcl%u i ,r8¥1"f‘ E?‘]["‘“"its
possi bl @ £8TsBEeRAE e RRENRL ANty drdfe o B deteileds desGHigsarrngt phenal i ¢
anhydr i de Pracees aidyedredégund ptifaan esamphe, i dddwennhy Breyicdopddid oyt
exanpl e, iIndubtnegin'chemiisycy poradi &datioh ndust.r 2ah, Ghensit rf,. 5th Editi on,

Vol . 20A, p. 181 ff. o-Xylene or naphthal ene is vaporized in the vapori zer

10 and 105Micschddsh (3BneHERSR Al Fhpot 1130 kLA MGl 10308, heat ed Lo
from aq%ut 1 t0,3000C in a at.er 3 . o-xx enelaj r mxhure gc%gs to
the roadt BF*43 VHIT &1 FACTRS TodionBPPHIRH YopeP ossr 14 andy heatemitor n y
di stri but é8oBvaROUthd 2AntPr30¢Cadhor Reajer déet oo o-Pvdengpair deixtige s
bounded i goehetelithecreantof thevher§, cyhi il ireglioneatftidre wabkr18amyldan upper
pl ate 16. ithés nesiciorony 8idesibhiZedf ovée thédenkipdl ceddtdaperosst o the plate
t16. gheftgﬁctf&ficai%fe G Eef%ﬁ:l@nétﬁu@'?@née& a&etiﬁglg%é)ﬁohhifphﬁég 16 SPne®
0 ?15“39 Phar &HS reaPCof AIAY 3 E? %ﬁ' e nP at ) o 8ggtleon 'n €
reaction tupes “Th r en ot2the réactlo es are welded to
B 17 oeT e PU56, STPLE 88  Poeih S hbipqche AR e d - 2Tt cap. 20

a bottom pt
of the reSB#drofiEhermeagtion dibesi 7 arstvalder] basthhmdegs Lhese extcttioon

t ubes andbestresstdfy lerkdi ZBrk aagaphshahdterdmly dnoteshcimg het loesictd dm gas
i s passedthearsadtioa tdhes 0l Tledhlel lowéDrendy ofephe atedcxida whiBse the
productzoi sraSweRiResitbed boridie plakl 0§ I&ras fbNBe CEYE ¥eS10dke phi halic

anhydr | deobsy MEIdL BhLLASCALAY BEOLRe 28,1 19, PHIL DLOIURL /A obtalned

'n-a SUbS%QQ Ege f%%g'Lﬁéééﬁhfﬁﬁ%akgggéion tu%%g]ang {é mostly oxidized

to phthalic anhydride. The hot reaction gas is passed via a line
21 to desublimators 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, sodium nitrite and potassium nitrite is passed into 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,



phthal i ¢ anhydri de )nal ted off (in accordance with Ul mnn's Encycl opedi a of
| ndustriaP- erﬂ%stq 9%}% Edition, Vol. 20A, 30 p. 181 ff.). The
terrperature of the reactl on tube bundle’18 is control | ed by neans of a
heat .exchange circuit which is denoted gverall by the reference nuneral
'24. For this purpose, a salt nelt of sodium 35 nitrate, sodiumnitrite and
pot assi umini paiticilarpassethé aratipet syténidili oabds&ed isdudll bBeke@act or

Vi a openi ggScdlstant e wgglbpend is there conveyed | ongitudinally,
cross-flow transversely, |n cocurrent or countercurrent past the reaction

tubes 17 of th be bundle 18 in order to reno heat of ction
gener at ed(]-:'l Lo r?n tg#’ongiad tiEh BPogiRgien t'f‘ﬁemﬂgﬁ %eaﬁ&agpﬁeﬂgtﬁhel eaves
the readt BFEFPRAL oWiRNtaEN 28R ipre HEtaalt Biftir§odsSherart Gecsinal heat .
exchanger throuhi cthe geaptoughfi Rigurhe2 debinedheedtne oFl k-giiger Blementsusual | y
in a rangehdbhftiare 3eompaddiile faycERanstdfelamehesndgrittbaidoabév@tisshown)

via i ne%oﬁﬁec@%n Tene¥dgir£N0laee Qénd&ALHyORNE CORRS aldHSeflepends, O Z
0050/ 49843 particular, on the catal yst “material used and shoul d be

kept 3@ cons?aﬂs{ as possi bI e. Figure 2 shows a first enbodi nent of the
mul titube reactor of the 5 present invention in nore detail. Figure 3
shows a s&Bei Bnlindhicaghreseraredsdt Basor WEIficaloraaeinion abei hendly 18 | .

El ement s hanioh haviecaleonpershisectiontamsh ano egtenmalt slideeter bag,abofe in
connect i oriwl t h) Fimger eedcaicen dameked7 byrd hmisamml y e RitaitateAUSRSAlS, 10
The cylindph&dhs ! edel @bndBala% Aokl bk Cot trh%a%bgnbﬁﬁ&% %n%eﬁl% Jﬁv' ng a
circul gig ?Egé&%%’lb%g and an éexternal dianmeter dRBa (cf.

reaction are uaniformy distributed over an annul us. The central
region 18a of the tube bundle 18 is free of 15 reaction tubes. The heat
transfer HBEIkRAt SHaRcEoEURRHUMES dRtERdICssr gBto folischargpdcirom

sur roundi net $pageescirronnd e 3 hiehreaghi @pauibegstREou@t openihfe 28] 126vi a
annul ar | inesha8Walldlvhy ak@itaroflliase 30, MAr ®y2le MMERSE dhe OrMearlering flow
of the Zbeﬁﬁmi a@zsf%r m@ﬁﬂ&lé‘fﬁdgs £136hb eVt tﬁéaﬁreepéngéexd‘ﬂieb%ﬁﬁ' plates 33

' f th
fonalon o %Se %&91“5? biaddfeting PURECYS dordbdd 3 EB E”aﬂd 4 the

ut radla o 1
t ube spaC|ng 17 w prevalls in the region of the reaction
es

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 drg, O0f 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
Fiqures 5 and 6, and also the variant of Figure 7, each have a
reaction tube bundle 18 having an essentially rectangular 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.



t, the external dianmeter da of a reaction tube 17 and the external

di anmet er frBx BOXHEIBLRt i on t ube bundl e 18 are indicated. It should be
noted that the diagramin Figure 3 (likew se those of Figures 6 and 7) is
not ‘to scale. Inreality, the dianeter og the 30 reaction tubes 17 conpared
‘ta the external tube bundle diameter (X si gnificantly smaller. To enable
the essentThake paivemages afe thertimelt rélforaeaic bgr tivd spdedngr esetd i nventi on

to be seepropoged|fRAdMing €€GHOProsehbCinvdnttibhe bundl e 18 shown in
Figure 3 is depicted on a larger scale in Figure 4. Especi aIIy t he
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essenti al by Feqimngyl ahecresstorseallons Sisedl fahgeoavtddtagigudsr ackuasd ages i n

ternms of khetis@nspane eﬁeh@ﬁtlawtaasfﬂgmlvumsew agcﬁqnhmchpwer flow 45
resi StanC%éaCEwe%nakhé th{&e c%f’gée g Vc‘iai gﬂhh?gcro%sz
o B&aﬂs%%

0050/ 0
prgpoge 458%511’%:? ngts%(?et ﬁgafﬁ”g’é‘eﬁtu Fn r118r %%28 fcfi ’é‘?%a]fctlrg’

reacti on thBetemsntgi Strvhish fFeofres %Iq%’&tllﬁg FHRe e ACCPFRAIRY et rredl um
are provi 4bd predandadnyenbiorf.adde spacirg reddonin| temtc@deopposit e one
anot her. kaséheialdryi aettanjuldrgueacbion htubeedthalesvald chbsehs&s fa has a

rect angul ann&f Qs ofs%ﬁEiQ tiViL e dfhendathpdtba1El QBT enroddHeFhich

cylindniscal 5 g@%%te e oty Abatter case, the essentially rectangul ar cross
10 section of reactlon tube bundle 18 is obtained as a result of the

segnents 34 which are free of reaction tubes. According to the present

i nvent i onFigwee d@shdyritl i tinateRed cEREF tdf embedinentaldty thectwbryul ar
reacti on bub@leyedicaori of cths@vegenh infvgrdtioon oh Mﬁ;:lxmpltthRBt of the
t ube bundlendBtidimaigbewvbiah. Reattansyerisze ifnl @wisceases.a Ewgueend | astly

i Il ust pat esadcdOWHikhgMpodid®nt Qﬁetnenc_smmemnéifeéﬁ%t gk @fe t he present

ention t 5is in this case
:in;/wo Izonge%%]tliamggaggg ?c i@%%bh!dgi&'@é ?1;2—'% L?f%g. %H%i:effel% égr elctl Ion ofI t he
tpe "dit

reaction NI RY ed zElmento t vo

t enper at uFBERbIRG &) 38936?1%% r??ét syangtfF FEHeEm3eir AR tere It i ed by

separ at e REAFP e arfs £4F S teth MimSOlEE 4PR sis [pmsEgd into the first zone 36
25 via the stubs 38, 39 and 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 platés 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 to the outside. In
Figure 8, the large arrows 48 symbolize the direction of flow of
the reaction gases and the smaller arrows 49, 50 symbolize the
flow of the first and second salt melts respectively.

40

ratlo

Examples

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



exanple, a first salt solution is passed into the first zone 36 25 via the
stubs 38,038-aR8504488450ut 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 nmthick tube bot98n1plate 46. The plate has recesses
t hrough wha€duidte130 reacti on tubes 17 are inserted. After i nsertion of the

tubes, they j4ikes saEgt WA @dgneaibhy £xpandes s kin§Oah hattedagad and
S“bSta”t'é‘W{ tlxggtf §eﬂ%' %gl]%fngrtﬂeoE Uelb?r?n %Kﬂ'& B 498KROLL AR 1Pkag 46 is

achi eved Sposed to guide the
salt nel tw‘?léf’dl%alt? fF‘BnHChg &t & RAG G 5“’35""9‘%5’&’:?% tVbe?! f ee center of
t he reaBtowspafticoa phe2def tkg ©f doptana davipoat BEF SNGTREE HeRk °dgai n

radi al | y 20 nZ7g,o00t $9 deg dfnvaRadyl eox@lathe 0 ar e kar odwsedBirs\suldhtee t he
directi ongofa fHQOWfOfvatéfI&arch@CtlhOHgg@ﬁﬁ%rﬁtaﬁilaélanﬁ:l’im kae weigws o49+hE0

synbol i ze; %%ef eafc&% ggornﬁéda@(g ﬁﬁ%@ngfs%é BRlhS wEESREEd kY. 40

Exanpl es esSCrie here| nbel ow wer e

e
pr epar ed gﬁmfs(ﬂel a;.%s 0168756?%9%3 lff%l?%ta 50 kg of steatite
(rragne%Pu'Fr’i‘%|qqt@éﬂ’é}c?3rl’bgsa%\YFn§aE‘?F’é& éPR& Fedd’r%ﬁé‘r‘ér o 81'rﬁn &hfengt h
of 6 nmm aratalysdl shehl ckemssissdlos fi? wér vaneGiwd (rgckened ias ¥20hi i ng
drum and spraysdwetight aob cussipengsrerkafed8s6Cky afd Avabasky headighg afBET
surface aff@ffum d90RRAE, 2.19 kg of vanadyl oxalate, 0.176 kg of cesium
sulfate, 44.1 kg of water and 9. 14 kg of formam de until the weight of the

| ayer i ed]I %\%Ir sponded to 10.5% of the total weight of the finished
cataly § calcination at 450C). 10 The catalytically act i ve
mat eri al ‘i?)d‘fg &f Fhethite lpIanesdun sHdcats) aF3R9s P9 RBRFETEd of 4. 0%

of vanadi dmnateckefied mm, \R(35pgthoofok R wefghtvalfl Gé‘élcﬁﬂ@%ﬁi ekdnédmas Cs)
and 95. 6%wéye Wriagbti 66 ld0°Cadnhum chadindedrid Lat alprayed| wiB0 &kg of steatite

(magnesi um@édsq@hebfrmgss KAVENgnata X hakAal a BRIMBerabé Srédmora | ength
of 6 mypang @, 'h i S RESSaRhayt DETarder £ (LAt Ondfftiny @raoggaééérng

SL:'J][naggda pi,’i'/agl of ammonJ'.Sulilns e ?/arqggenphospgagg OJ Oall%atkasgf hgé/sl,ln
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 89.05% by weight of titanium dioxide.
30
Example 1: Preparation of PA using a reactor according to the
present invention.

35 A tube bundle having an external diameter of drgy = 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 loading of 98.5% purity by weight
o-xylene of 90 g/standard m3 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 II is packed into every tube until a bed

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



20 20 mZ/g% 4.11 kg of vanadyl oxalate, 1.03 kg of antinony tri oxide,
0.179 kg ZanP950 r‘fﬂ9§i4ﬁydrogenphosphate, 0. 045 kg of cesium sulfate, 44.1
kg of water and 9.14 kg of fornamide until the weight of the |ayer applied
corresponded to 10.5% of the total wei gzht of the finished catal yst

‘(f.ol l owi ng cal cination at 450C). 25 Thd %at al ytically active materi al

appl i ed | satéiwstnvay havieg,a tHesghtadvfll yst mshvakl| themresppdtied efol. thsd% by

wei ght of 19g@§p;prda$;al§ggci<p,ned as P), 7.5% by weight of vanadi um (reckoned
‘as V205), . 2% by wei ght of antinony (reckoned as Sb203), 0.1% by wei ght

o Cest umreckoned ap ol ang, 89,9500 b uehghi ol 14 Ll oxpge. 30

Exanple 1 react or “accor di ng e “present

i nvent i §nNaB®: AhighevwatRASSefatPRgueh &8 EPASHOTI HmelEr °3F MBE £18¥435 m
was | ocareteiof tlie 008ami merohonhe Presxit remepexdtyre Phethereliumdbe
consi st ed3si . HmMUtrhé4h&O Gpgoraekemnperdtires ofadre odaldt @elltwhashl g@el  had a

length of ;8ove PHRNG22R EXERSNAengeaiBiLS, da = 29 Mm The tube spacing t
was 40 mm the ratio t/da was thus 1.3793. 40 4 standard nB/h of air having

a loading of 98.5% purity by weight o-xylene of 90 gf{standard n8 were
passed 1OhROBYH AV fhetTPRARATIEE FORS RIS TIRITh ZRORBRLY (IVE had been
packed i ntBECHEWEPCLipAtat WRTdPREetRRTS, FBEi Vemrenatiurst dibirenpsse
forned. Toeé$imed ewver thetieddtprcarasysiedtionsvweee ker: imore thaw \abowbe unti |

a bed 45 bepght (nmeasured fromthe botton) of 1.3 mwas attained. A bed of
O Z. 0050/49845 12 catalyst | having a height of 1.7 mwas then applied

atop t yer atal ) heat transfer nmedi umused was a salt
mel t o?gKﬁg,fﬁ\%fzogngg %gila%l\#&% &E?%h was passed through the reactor at
348.9C and a flow rate of 11,000 nB per hour. The exit tenperature of the
nmelt was ER&Uplec2:THEOPRATGINE exdpRYed Frersratirn £F PAnesindwds rsagher
above the salt infleaecomshipar &buthe piiok pktral ity of tenperature sensors
were arranged radially over the cross section at various |levels. The

t enper glgUs ey ghhd f&rn%a@eﬁavpﬁw gdrOvEd1 diRneRBEL OF GLOSS SeBMI ANWYET € not
e LI gheul 1§ She fandin Yok ol es. Thhd Wilobusnle 2
prior art?oﬁﬁlsﬁ?%%lﬁ’% B ‘ﬁlél'?:f%é)\f’i%nﬁe%%tle&rf erna dframe fgrStS Edﬁ%(:h:%?.c 21 m
was had a length of 3.5 m and an external diameter d; = 30 mm. The
tube spacing t was 38 mm; the ratio t/d, was thus 1.267. Again,
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 KNO3, NaNO, and NaNO3; as in the example according to the
present invention.

The inflow temperature of the melt was 345.9°C; 6200 m3 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 mols.

2202/cs
45



| ocated in the reactor of the prior art. The tube bundle consisted of

about 14,909-r@8807/888¢Bbes nade of steel which each had a length of 3.5 m
‘and_an external dianeter da = 30 mm The tube spW—t—he
ratio t/da was thus 1.267. Again, 25 the packing of the reaction tubes - as
‘described in Exanple 1 - created two Elifferently active catal yst zones. 4
standard nB/h of air having a |oading of 98. 5% purity by weight o-xylene
of 90 g/ s&]andlar.d .M were again passed through the tube 30 fromthe top
‘downwar d. "THe H&5t transfer nediumused was a salt nelt of KNO3, NaNO2 and
NaNG3 as in the exanple according to the present invention. The inflow
tenper at ute of nmtidiube weact3ns.(38) RO ARsoR hedetidls tybe Revdlerer e
passed 5hroughlg heampadkong nilverexst pAeaiderlatrenetddén Hubesngll?)was 349. 7C.
The hot spot {arﬁfmaje@t Wiehoh dheutekt waEl ]E&ls\oaana.m a:taa\hﬁ tbe salt inflow

t enperature. ] JTRRASULednd SIRES, - e I r Cross

40 section vve%%'efg%% rr:f){?egltléuan ’\?é%tg# Eﬁ?‘rg%l e%ﬁei%?i?%%fmfgéigmgff&ﬁgg arrrlol %
2202/ cs 45 O FOYBEF F9B9- 11O URFS ' ReBPEFELHE 888 BFVEA%) ahi ch
has a reacti ofXtemdehdaaretes da18pdcdigiies SRECHAeoYeeparal ¥R 1addlt i on
tubes #97) atf&ngddtwbe hspacimgott e W lexteshahridiamedenednof aér

i ntroduci ng apsadhisehangenygs aathaatastr ansfer nedium flow ng around the
reaction tubes (17), the reaction tubes having an external diameter da and
a tube Spaci ng fu1MIBEE Pedditorf A B110hdd 43 haihDP, SHREEDY EntOddis
external di am&}&ﬂrE a_of a _reaction tﬁje ) at edalst 3}'3 g mul t1tube
reactor _as cl & fe®ti HURF SFRACE InfieFRi TS REPAPRD TAFE25f % Ube Spacing t to
the ext@rnal Heagh®r tiheof 1) I se8aPttHnincFsasiny) tyansyeI®Pt h i ncreasi ng
transverse ddimersiions of tie mesadctipontubehdupdadl €1§18). 3. A nultitube
reactor as clainmed in claim1l or 2, wherein the reaction tube bundle (18)

has an esgent j ahl i iGubeUk84c €405 c2Rim@etiPR 1AM N exheraah €iamet er

dRB f [ ti,t j i .
wher ei gt he EOR sonTenbe P (i Cpdentl %%sgﬁfﬁgﬁ%ﬂ%‘é"ﬁﬂﬁﬁﬁéﬁ% i s
from 42 to 1957 L RERERP 1t FAFIR2S AT dedang T MO5E (Then 3 M-

4. A multitube reactor as claimed in claim 3, wherein the
external diameter dgg, of the reaction tube bundle (18) is
from 4 m to 12 m and the ratio t/d; of tube spacing t to the

25 external diameter d; of a reaction tube (17) is in the range
from 1.3 to 1.6.

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

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

40 7. A multitube reactor as claimed in claim 6, wherein the depth
drgt Of the reaction tube bundle (18) is from 1.3 to 4 m and
the ratio t/d; of tube spacing t to the external diameter d,
of a reaction tube (17) is in the range from 1.3 to 1.6.
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25 external dianeter,da of a reaction tube (17) 7s imthe range from 1.3
to 1.6. 5. 9AZAA30HP8%4Pactor as clainmed in claim 4, wherein the external

diramret er .dRBa of the reaction tube bundle (18) is 30 from4 mto 10 m and
the ratio t/da of tube spacing t to tt}e external dianeter da of a reaction
‘tube (17) is inthe range froml1l.3 to 1.5. 6. A nultitube reactor as

claimed is.cl ai multDiuby reheter ad RQaidbdr Bacdnyonbrt obeikundke ¢18) has an

essentially reetanoyl@le rebOSSorsAGldeOBullid f‘lst)uhﬁsbf% 8 odeRbh.JRBt

‘measur ed parakhe to t I r ion of the heat transfer nedi um of at
least 1.3 m EQOB(}O %arrél}lqﬂt]tg&ggr e(ggbér as claimed in claim®6, wherein the

‘depth dRBt of the reaction tube bundle (18) is from1.3 to 4 mand the
rati o tPdd-of At UBELEPRS Agacten ashelagmed nlt adivarét ekadee loftoadreacti on
tube (17) is enbdheideahde fhemdng3tudifab.difea®idn 005(ei3@46tidn 8. A

nul titube reaetbesagl Ol dnfBdat et @loCtone® (B6t,a7Y, thadihewiithe reaction
tube bundl e (48}sbasnd1OWedd Pmlrtchorriergi)ﬁcf Qf%(étt' PPad 4GS m(agilzgm 5 9. A

mul titube reagi&gsas cl ai madeln any of clains to 8, subdivided in the

| ongi tudi nal direction of the reaction tubes (17) into at |east two zones
(36, 37)1°t hrough which differently tenperature-controlled heat transfer
medi um f LBwsThe Qusie ofTRemubeltgfben rearter e ledmedrimeanyl @fredaims dny of
claims 1 to fofdrfgacayrpinguiutcababyytic ges—phase remationss. 11. The use
of a multitube reactor as clainmed in any of clains 1 15 to 9 for carrying

out oxidagionTf,eagtd YIS e hi1 LAHL HeabtbP as (1S REEPAS Ady0R Ok RN i C
anhydrllge, mal__glét faonlh%drrlrdgzﬁ agr I g ac d, acrtol erLn,. me h%Cl’éil c acid,
gl yoxal’,” phosgene, hydi ogl}l/a%i CacraCar T nyisorRRr] o BAg 1581230t 40
45 . he preparatiofh of phthalic anhydride, maleic anhydride,

acrylic acid, acrolein, methacrylic acid, glyoxal, phosgene,
hydrocyanic acid or vinylformamide.
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