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The invention relates to a reactor having a contact tube bundl e through
whose 1 o space surroundi ng the contact tubes a heat-exchange medi um
circuit is passed, and to the use of thelreactor for carrying out oxidation
reactions. The conventional design of reactors of the generic type consists
of a generally cylindrical tank in which a bundle, i.e. a nmultiplicity, of
contact tubes is ~ s acconmpdated, usually in a vertical arrangenment. These
contact tubes, which may contain supported catalysts, are attached with
their ends in tube bases in a sealing nanner and | ead into a hood connected
to the tank at the upper end and a hood connected to the tank at the | ower
end. The reaction mxture flow ng through the contact tubes is fed in and
led out via these hoods. ARémctorcwntinggecomticdtuberbmidle2o passes through

t he space surrounding the contact tubes in order to equalize the heat

bal ance, in partievlar—+n—the—ecase—ot—hi-ghlyr—exotherme—+eact+ons—For
econoni ¢ reasons, reactors having the highest possible nunber of contact
tubes are enployed, the nunber of contact tubes accommodated frequently
being 25 in the range from 15000 to 30000 (cf. DE-A-44 31 949). Regarding

t he heat - exché’dlgeinvmﬁbun'e!atcs daia reactor havikganeontast itwhel bureti¢ tirosgibsthast i al |y
honbgeneo t r i f d ach
hori zont al%seg ﬁ&ﬁ%@% Cl)P[%{&a 5% }}eﬁbé‘xcgﬁ?gtet é%ﬁ%g?ever alég)gsélg% e all
3 0 the cont ade theuvé@gft;bamacw teerTEgANt gxifstionieadtienst i on events (for
exanpl e DE-B-16 OL 162) Smoot hi ng of the tenperature distribution is

ef fected by hm olr |srsﬂfoat|on th outer ring lines tj nstall?d at
the reactor end§ QA %‘89? neFSIEnnRfl FeREPrSCRk @ecﬁe“frécc%’? copsists pfed gengally

descri bed, forykidivpl @anki in BEhibh 34 H8dIES.e. &Snﬂlltﬁplrcﬁtperofl oqtary etber 18 N heat
transfer achi eved inst.al.l ati f baffl at es 8, passage
cr oss. sect'Fon arrypiareh yRNTina VeRRe brerBemed, P SamAl B0 BB ufige.
Such an ar r angemteint supporteslr daiatystsa mteyattaohadawitie tlfeu'rerndsllnetub@r’ualsessn|amealmg

* GD00g2* * 166%7: osedl%a?]ﬁ% g)r%d c%ﬂﬂé&&icggt@é?ﬂ%eﬂ‘;@é Phérhenﬁ ddaeenggnt r al

space and is | ar reactors
havi ng a numbé&Pnuseted da g tank @b&@ 1pwelt end. dibe veactipm mineEe ﬁ@mrtsrfhwgs the om

a|boft 15?ﬁ0 th@tQ&Qﬁ)oegnﬂfeﬂhx:} sxltfuh@ﬂﬁuﬁddItﬁels@ﬂ@ddlsyA@a&ttd&@@ﬂlg\éﬂrﬁéauhﬁtfr&ltﬁt
plates, the pressupe 0 e he cha di um, i rative
Perne.ver o1 APGRS BEENR e STondine A LR OB oA D SBuigF R b

pot assi um ni t bakeceaimipastclilarm thet gas¢ ef hiphlg kxotherfnie cpaetidrdsy used to di SSI pat e
the heat liberated during oxidation reactions and has a viscosity simlar

to that of water at a use tenperature of from 1o about 350 to 400C nust be
punped into aFpegeenamisfreasqas, asasiersshayingathe Ahighsst PREFYAIIUGTOERBE RONECt 0 5 m

in order to OVigdeSarPerhPiByd, ¥R HiBbéH FFRontact tubes accommodated frequently being
25  in the range from 15000 to 30000 (cf. DE-A-44 31 949).

Regarding the heat-exchange medium circuit, it is known to implement a
substantially homogeneous temperature distribution of the heat-exchange medium
in each horizontal section through the reactor in order that wherever possible all
30 the contact tubes participate equally in the reaction events (for example DE-B-16
01 162). Smoothing of the temperature distribution is effected by heat supply or
dissipation via outer ring lines installed at the reactor ends and having a

multiplicity of jacket apertures, as described, for example, in DE-B-34 09 159.

35 A further improvement in heat transfer is achieved by installation of baffle plates
which leave a passage cross section alternately in the reactor center and at the

reactor edge. Such an arrangement is particularly suitable for tube bundles in an
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In {arge reactors of this type, the punp systemis advant ageously atr:acaéﬁd
+ between the upper and lower ring line, with the heat-exchange nedi n%ﬁm

fed into the 15 I ower region of the reactor, for exanple via a ring line.
If, in large reactors of this type, the galt nelt were to be punped
directly into the upper part of the reactor or the upper ring line, the
requi site feednhghifangéméhtwithS fMRerRilrsl spaG4hE & dsdl@rbnfoe axdryplelnh @B abl e
and fault-sus E P punp system inter 30 alia due to conpl ex punp-shaft
seal s, Ionger%b Lb afts, and greater heat introduction through the punp
shaft into the | ower notor bearing. Furthernnore, the abovenentioned feed
hei ght woul d re uire a h| h-1 evel sation vess i's
undesired for %F%etﬂ‘?a‘ftgré hoe aé’é‘”@ﬁb?ftcg?ngl?t tHé%?t @F%&H&BC’H&’&F%@FM

upper end of tffoen steae 18000 tb 36000 adoeideit mrentdivibtdilytdyeippededithdraffis pates,e,

ik fed to th t b t t

5 known,  advA Bt SPEPP L PSR les U BT ofRPuRiva i’ §95 38000 50
The cocurr ent Fonhiereasomt thereuteatic aalv areltagpesprisingr patassivoo niftaéy andisedinm
procedure, Su%ﬂrl?cswﬂlcgh‘?rﬁetqhérﬁg'gnﬁﬁtt% dtgsﬁﬁgg{ th%aﬁe'ét Yl%EratEQt dlﬁﬁ&t oxidation

terrper atures a wel cone increa exch ange ne di um ten;ger ature
toward the endeactiorstandrhasd YisresisoHmaar to haieaf wajeroal & WRPEPBEaRE onfPdr ity

of the hegp-exghampe wegjoum rﬁt\létrbetﬁiﬁlﬂeﬁqmboi rééEt@ﬁ%fi’el@eChlbdiﬁé site 8 a ged
hori zont al terrp’thl %fure l‘gyo{/\i" | ear ab# % ates above the height
of the contacti®iah 0 dgof rtorfbver p1 %SBF&: 8B1ing through the

heat - exchange medi um 0 9 Jr~N 203 3 However, cocurrent transport of

reaction m xt and heat an medi u as. descr.i bed 44 31 449

o X G G 0 TR s ARS8

probl ens regatlti wgpet hed tquormgsltrerrwuth tht bedrexthenghmedemrbelngifed sitd éa to the

upper regi;gn g&?zér*}ﬁgléﬁéﬁlﬁqg'ieacf rfo?é&HJgJTlé?vl 'afn‘ﬁ fihy, via 5 an upper ring line,
on

and di scharge ro ower regl actor for exanple directly
viaaring line. It is an object of the present i nvention to provi de a

react or whi chIgegfrfdtcabianftthieIgpitradianieges téeeqmehpeg direel Cigmtmtteystem

The punp system shoul d _not be 1 nodi f.i e npar e
A S R I R R G Y A
regi on of the wm&bteqmraladec:lmmhyarug&dorfablemntltfeulumseeptt‘dlmgump nesteli aherhas

proven sucgges I o) % i I I Rl ty 0 t
t ubes, fo(r:)gex?aé i due {O fgm%ﬁd%%ﬁ &a r% ?%0 a%{’d %rségrgth%%tm act
tubes; nevert hler(eisstlmt ﬂt@uﬁbdte—mmtﬁlﬁﬁentnﬂm 19W¢fsmoi9r tedringwFanthammare; the

contact 15 tUlﬁS@vérrfénﬁQEédr fe@di‘theyght Rydulte rdg8RE tal l‘ﬂ@h-’l%x?él ‘dﬁl@-nfeﬁdcdrﬁkféﬂblafbnt he
contact tubes. &% % %({1 Cﬂ&) aadJ'ns object I's achieved by a reactor
havi ng a cont é(Eise]D Lehy® HRdesirg 106 SYRYWFRSERS space surrounding the cont act
tubes a heat-exchange nmediumcircuit is passed, with ring lines at both
s o ot 2 RERL o R I ARARPE GRS b ERUBP Ik, Alhcllbasfar 0@
t he heat - exchavithethprgesiction enxtareslhllkswnseéerd ofo thneoweat mb&&:ﬁathgelpn@oﬁndmfbm ng
passed througlORge:of, 1478 & B, @atanth%etus%maa%rﬁ\plérﬁemtﬁm&@e.pt he
heat - exchange ne rumi s dto the Tower ring [1ne and fed back to the

punps) via thé4dpdéP)-ring line, and with baffle plates which 25 | eave a
passage cross sectl on alternately in the reactor center and the react or

dge, wh he d I ' h di d
andouter 201 nd "eREIEY HEBreeOREE b R TR COrUR S PR e

heat - exchange su@}dlaw’mgtsr fthnbugmuglbwbheatalystehotl-smertemparrgtutesne welcarrm regi on
out si de the re t i I acket
apertures to fhd-ay el oilee AR i Biowhiotnb oo vEHE oF e
apertures intgontag tubﬁsegoqddmpemtur@umfmeltaﬁﬂtt@dt@gewbmgeyncdlamwvee@teon
outside the reagidrerds Qtﬁ&mregge d"h@r&d?ﬁalct%ﬁérat‘ﬁ%)?ar flhé‘gclt:drn@perétaﬁhas

been found that the space_ bétwe er a lines. c
utilized £ dlstaéerStahorte tbfeéﬁtgh&eﬁé%eomlwﬁ SRACE AWRY t?ﬁéealwaﬁt R§e<-of
cocurrent 35 tpadmRakloug the@eit: e&xﬁﬁ;@gg@dmadl um and reaction m xture to be
conbined with the proven punp arrangenent with feed of the heat-exchange
mediumto the lower ring |line.



0 9 JAN 2003 4 To this end, the invention provides that a cylindri cplgn AN 2003
. partition wall is arranged in the upper ring line and in the |ower ri (J

| ine, separating each of these lines into an inner and outer ring Line. The
heat - exchange nediumis then fed to the duter lower 5 ring line, which is
connected to the inner upper ring line via the region between the upper and

| ower ring |i Hesevdry covuhertetraspbre df irdactok ixreramihbeat-¢kchange keddiapeast ur es

into the space sufroundi nt act tub 1 relike flow

bei ng for ned &??cggqgnl&r/ﬁt%ﬁ%gﬁ L@?aorbsé?\‘vf]én gf%f%%:}i B*ﬁ%g’ﬁggg{e&egfc ognneﬁedprredi um
| eaves t he spagainssuhe abordimegtidice pobleast regatlesw, thenpurhe siystemr ifpthet hest- t he
reactor, in a_kn . W.a.i : t r ower
inner ring i %)gc_hgﬁg%iréeaﬁgﬂﬁgﬁ? ut(r) Xﬂeg‘l(#ﬁ%gl}égﬁga%?g{etrgé&%p%g%x%ﬁbg’r&r%ﬂgVlal ne via
t he regi ons beameppert hieg Umpeandnischanged fronmghd iloweer. refiom ok gheomedstarndem t he
upper and |l o 100G | nt ageously closed by a 15 cylinder

envel ope, fo\rl\%garlﬁéﬂg&ﬁ%klpg\?va %@P?ﬁ%@r which is divided, by radial partition
wal I's perpendicular to the reactor base, into chanbers whose dividing walls
to the ring |{NeanlBR%eoPlHeSrBRhE IvehitRelo FHO¢id0 Wl Rhct6l Whlkthaoek iNBYhSRCT T ONS,

where, in plan view, an open circular ring sectjon is always arranged above
a cl osed ci rcﬁle%ﬁ g‘??dr‘@mé rieg@{,dmgrfge PRER &@F@a&hqﬁmrﬁﬂﬁtﬁ@@"w{i{@m Sway's

experienceo f | modiffed @ambpatetioniti the2desighpwitialfdedrafahe hyatlxchagt eedivange medi um
com ng from tﬁ% $)urrpsr%{é and hrga]]t exchange ni%edi urp co@nqn% from.t he.react or
space. The nuldPWgring isda e loder tseionof deieactor md fischarecd Gombsdppent 1 y a
nunber of frormg2in¢ ovhidh, hasr gbeemblcgessfud foi2 hrgeored@prsclmvirpea prwdtipliety, ofsSo t hat

from 12 10 24,2, EaIba5seLERIL 55 RPASIOROI S GIn forh s QENRTRAD S ohAl

guarter) are ernately a transpor redirection) of the
heat - exchangetubedi newerthelashethie nheat-exohangsemagdivay shawd dlovorround theseneet space

surroundi pg  t iBecANbARTert WiBSh@RAcid hitureWd ioukh A dofifacl QIBEY. T egi on of

same. 30 The cylindrical partition walls which séparate each of the upper
and lower ring lines into an inner and outer ring line may in principle

Ihave an|>i|0 di anWeehz?]vbe%)Wmhdthﬁis?ﬁjﬁt mathgmgédiwlerreaitoxdhm i erclsonaafc_ttrdi& ring

I nNes. weve | anmet.er of the ¢ | Aaarica artitlion S S

preferably | eé%m@%gl?‘fo%& e‘ﬁlhoﬁf: P8°% R AT d’frfﬁ'ré ¢ Oﬁ%gn m(?fest%gﬁg{]?’%c:ha%fﬁd i nner

di anet ers of miedium eitpuliti ingmsse8~with rmgplinek eat beth endsadi themeactaa Voiflp gaskeic hanber
ith jack a : | i

Wi J 64 b5 Sort tfle %ﬁbﬁalf Exﬁp&&rhaﬁggagﬁ h@&‘-jex@\aﬁ[xﬁg et gy g‘{‘%hﬁ’/f §§

arranged 1 n the region of 'the outer rring eiln 03 5
each case in @f MPEaRUMRSe Medesired Mathcthe Apairexchangs waasiwmios @ swbsireask ehHisge

nedi :Jmt fl owsI B{a@-eil()(ﬂl_aﬂéescxh_@di&;ﬁd gj*emg_t ffsastsﬁwrrg{r@\)gh tdne Bgs{nﬁfeorbﬂm?h@x_eat i

regul atl n a el n a Sta e.ln | recLl on ongl 1t uaL na axl s

o ha 1 oo ol oot th, Bl 1o hetherxaries iR P e e P i

cof i gur at i on, arahfed djacis taathle pusnifs)stiz dmmpper tihg libe, hamdt wigh bifflegeatae éhhinln comi ng

f th i ght of
romtne peacfQl. 3 E%Q%?gc?&gﬁﬁ§t§®hkﬁﬁnﬁ{eﬁ¥ APthEH c}'oder%nt%{]ﬁ‘rkcﬁ@@tréfcltor%'gﬂ 0

t he reactor, neani g e rendl ni ng vol um _ heat - exchange
nmedi um f | ows Whersiighe uprer pedvorves sing lings arp sagheividedt inkparcianeiandWtitig t he

contact t ubes)igbymexReIiaditi88rical BhsitieA AUl SRNthe heatQRthdHgs @tkdiirh s fe@spect
t o decreasing, heat evolution i.n

@ e | ower, part .pof the cont%gt. tubes. Inl o

addition, ar iRoter loWer Hipgling via 4esls utsidafhe g fht ARRE RPES

reduced punp nng jind, vartte tdnass jasketapaadecodhospace afrfduadmpale cotvect hdast or i S

not restrictegd. w t. 10 . at - i . ich can

o used cifrar g Jhy HEEREE gl Pl nd1BGe LoD AR R SIARAGME Y i, 2
outside the reactor is discharged via the outer upper ring line.

It has been found that the space between the upper and lower ring lines can be
utilized to divert the heat-exchange medium, allowing the advantage of cocurrent
35  transport of heat-exchange medium and reaction mixture to be combined with the
proven pump arrangement with feed of the heat-exchange medium to the lower

ring line.



15 reactions, and for the supply of heat to the reaction m xture fluogvim 2003
+through the contact tubes, i.e. for the performance of endothermc

reactions. The reactor is particularly suitable for the perfornmance of
oxidation reactions, in particular for the preparation of phthalic

anhydri de, mal efic anhydride, glyoxal, 20 (neth)acrolein and (neth)acrylic
acid. The invention is illustrated in greater detail below with reference

to working ex |es and a draw ng, .in ich:. 25 Figure 1, right-hapd side:
shows a | ongi ?I{ngl"r‘?ai’“ ‘i“B‘FPt‘PHrpgﬁvdﬁesémeaa&l@%”\‘i\ﬁ‘ltﬂgrﬁﬁ@élt‘i’a&l‘? E°ni um
circuit in acchy oggeeeinpilinb ahdién theVevdrirg line] gpaetihg edchfof tHeaatinss idex arshows a

| ongi tudi nal section thrau a.reactor wth heat-excha diym,circuit in
30 accor dance ‘A% ﬂgtef)F‘PgEn%{r’l{h,e%ﬁt@%ngA ?“?%@‘H’E lshtgﬁrbpegﬁglé%je osuﬁeg\,!gwgr cross
secti on t hsougingdineewhichiis connested togh¢ mnethwppenrieglinoviaitie repien betyiesn thf  t he

sect | o ! . . i nd
(soction A ) uPERATYOGRGE il fore T a308 0Py kG Ve ket LRI NER0
section in thenpl mespaccAsuoundiiy ther @atcbituties, aitbor aeaanderdikenflemebeing or

art, Figure 31fﬁzrn'mgﬂh'ah&'89m%ﬂﬁé%ﬁgQMe%lﬁéQTﬁﬁﬁ%kk%n%@ﬁgJﬁ% RBaveS e O S

according to the invention in the region of the centra I ow cyli nder
(Section B-B) spmegiwrourding de cansach tubesian the iameer pagaddhe raetor,dn 3 Favde pl ane

B-B througl amfmet Ofa jabkeRGpQhIeNSR MWt thd @yl iffier g link) ThisOl i@ thm
ri ght-hand side:shows "a cross sect.i o? throth a reactoraccording.to the
gy §latne &

i nvention in ABRGSEY; 9GO HPRe: QUERHRS gl DRbwRen e UpBeang) lower

hol | owcyl i nderingnihes.he | ower ring line (Section GC),15 Figure 4, left-hand
si de: shows a cross section in the plane CChrough a reactor in accordance
with the priorart, Figure 5:shows a detail of a reactor according to

t hei nvent i on iliheaegien btoveeh thestpret end havef eing 1ok chayantegeohsly gdosae dyam t o

the_spacesyr r QUi gntdenc AR 2 hARSS ofilAE SR RO BFLali Bliidor eact or

according to thernventi, in or ustrate the di scharge
heat - exchange Wwatldiparpendiswiar tocthe fraeiop Basgr ing pleAnRgrs wWeose slividing wallsda thep t he

punp(s), Fi gur @ing: IReWeavd aqi@hﬁ{egy fhefaft] BhteF cRELIARQIbdTEMS, Wfhefd, SR Gl
according to the invention, andFi gure_ 8:shows a cd'ag)%s Segﬂtﬁl n_through a

r eact or accor divHy"138 WRB CHAHIAHIESCHOR IS AV IXRATIRB8EL 2h9¥% & 5‘@“&%@‘&
circuits. Fi gsecioh, atovise eersdy Thaclantets theadivays dxpadsticadlos, frent bar®lm wont act

t ube bundleg 2 [ i al space |n t C e | i nder,
wth a l ov%gr rt i ﬁgaq{éﬁﬁge?%?@t %%/ﬁ’l&t(}:’%&%e}gte @lgglc %Aﬁ{glg 12(2 |t§§1tplﬁfsnp?%dén raa}rllﬂga}/'an
upper ring |i s&ctgnge medughconting fro@3he ecattoeseasenge nedi um i s di scharged, the
feed and di scharge of the heat-exchange nmedi um taking place via jacket
apertures 5 a 6, and with baffle plates 7, which produce a neapder-shaped
heat - exchangeqﬁ‘ﬁdl e iO}MGE]?rflgers ‘%‘%grjwq?(f)‘@gm’fteq?ob‘? [FrRedisptl f numper fesign
of the react ofronnl12¢e 06 dprefoeably flont P A8, odanaet providéd, shaha feomid2ab 2Hi gure 1

) is identical,w i fothe.r t | '

i nvention “% ri 5?1%“1‘%1 a%fj(&g?eggé%g&&?og lt;rro & i t)%ag §%mbgrs ap%g %{lgﬁé}? %re"“aﬁ&nﬁt@@
available for the transport (redirection) of the heat-exchange medium to the inlet in
the upper region of the reactor space surrounding the contact tubes and to the outlet

from the lower region of same.

30  The cylindrical partition walls which separate each of the upper and lower ring
lines into an inner and outer ring line may in principle have any diameter between
the external and internal diameters of the ring lines. However, the diameter of the
cylindrical partition walls is preferably less than or equal to the arithmetic mean of
the outer and inner diameters of the ring lines.

35
In a preferred embodiment, a bypass chamber with jacket aperture to the reactor

space and a regulating plate is arranged in the region of the outer upper ring line in



As can be seen on the right-hand side of Figure 1, the reactor accd}ﬂidéNtﬂMB
. the invention has the follow ng nodifications conpared with the prior art:
The upper ring line 3 is divided into an inner upper ring line 11 and an
outer upper 10 ring line 12 by a cylindrigal partition wall 8; anal ogously,
the lower ring line 4 is divided into an inner lower ring line 13 and an
outer lower rinrgcH ¢fReindt loyst sbe of thenchaimbats thavuh twiich Me@tlex&andhmedgi on

bet the ri | i .and 4 i f b l.osed l.i nder 15
onvel ope. 15 1 o 1 i giseBiel b hRRRnBlen ¢ pERRSof He e fbtnd s T on
of the heat - exatangblemdhe diréatiomof hiee uprudihadveis of thg redcie vid ah actuhing nner

upper ring ling 11l or fromthey,inner.lower ri.ng lin to. 1 he_ quter, upper
The 1 ine 12 t grag o a WMo gt Babis Sl L BBk Sbafedt ol whe
regi on of the teatexaharigenisgiune gbmmgeromithef ractbt spatakasbetaker offtas gadp as he

formation of c y f .adi Ltion. , ich
are perpendi culrglgé:?@g@ E{glg?te%@ggg%%sr’e%?fpg%#%k Q@Rf %ﬁékrgglgg@plé@k& (z)fOf}tQﬂ%

heat - exchange fmeatraxehanget mediuppdiowsr throvglr the nlgwer mart oft the reagioonspeee t he
di vidi ng areas t ' a SS
sections shown Sﬁ%“%@g‘&f gﬁf&lﬁégﬁéch\ggﬁy E*%?gcﬁ Tpit%gﬁtﬁg&gwfgﬁgﬁ} ?ﬂg??é(gl
partition 25 wayifhsregbeghtp decsasing heat eyalulipn ya the; lowenparaef @efvnéetrwwnhér and
outer circubar aHHifign @I in A prétowre drép fiadhieeed? whidhgitkmitd reubdDptnsp 4.
right, these are f?%ﬂr{ﬁ% according tao the.l nvention, alternately as open
circular ring QHEVF gpkthigingreased e ECHE™Y ring sections 19. In this

connection, alternately neans that on each inner or outer ring |line an open

circular ring tion is fol by.a cl osed.circul ar ring, 30 sect.ion, and
Chat i n addi ¢ Qe eflen 8 AT refiig, R ielt B ik, p¥ of el bRndiReaBEl L
cross- secti onathich eaw ba-vsedbquaily to dissipatp bmatsi.¢. domthe Ipefennarice ofiksatherimig
section 19 i.n : L I . VA 'E"t'h?c han
nmeans t hat 1t5 hegﬁg%ﬁﬁdfﬁm@@ \e()lrf?l\éé%ggqggzé;hgtglée{,l? )r(eg?n%r Egi”%“ m tél%tﬁ g%g

al ternately by cRBAtdURIs ey O BIPHABIBRTER] cnAetAPIHE I99GH9MS) and heat - exchange
medi um com ng 35 fromthe reactor space, as shown in Figure 3. 0 9 JAN
2003 s In order,to illustrate the heat-.exchan medi um transport,. sections
of a reactor acdSrEAGY l?é’a%ﬁ&laflﬁ\%ﬁ%q%ﬁoratﬁg PS%WWCE Ogoélﬁ%gg seaghignss In

Fi gure 5 shows partchianifer tht6preparatirghofvphthhlih @ahydexiehanipic mebydridef ghoxslhe 5
punps) flo Vi X I i ne 14 through the open circul ar
ring secti \gr%1 1ééﬁeﬁ‘%r%lgﬁﬁéﬁgllrrlr%tg?ac%ﬁ%?@m bottomto top, the heat-exchange
medi um | eaves in the upper region via a further open circular ring section

18, flows intothRen@eRh is"NGSrdidd th lgtddfr | dekaiPBEIOWS whtBOrek@edddCtor GRRLRY
space surroundin via the jacket aperture 5. 10 The

g the c né‘_act tUbeﬁi |
chamber 16 shoRRIPRCER ayIng i WRCPs directly adjacent to the chanber 16
shown in Figure 5, experiences, by contrast, passage by heat-exchange

medi um f | ow,. ng the . .n QI space syrr.qoundi . on via the
j acket apertur g’ %u? %’r%‘éﬁgﬁ%%omr [ nn%go“gi ang lp?%@%i@?aﬁ%% hetthggg% .A
circular ring section 15 18. From t he cleagibewithdiear¢xshingstmedivhaigait iedi um

is discharged through a further open ci§GUHl@hed WH tRSRYd@RB18 i nto the
upper outer ri and fromthere to the pu s), Figure 7 shows a

line p(S)
preferred enbo%iqgﬁé?lg’ 18%‘%‘9H‘é51@§act or acc¥lfisng tléngn‘g’éhf}ahv 1PBn throgeh @ ¢ hi s

enbodi nent, an additional bypass chanbefeaa@rwithmeat-é,@ﬁ&%re m@RihWwikuidin t 0
the reactor, space and a regulating plate 22 are itE each case arranged in at

| east sore 8f the chanbers 16 through wACOMAAESMIB ARG edi um f1 ows and
i s then di schafygde 2mightdland side:punp( s) , showst he croagi seatiaf thivaghi wi chacigr wal |

of the chanber 16 to the upper outer rch%oHngetojtﬁe inwr?tio[%f)i itﬁé?e%io%fof{tﬂee

regul ating plate 22 can be o e
dividing area between the upper ring line and

the central hollow cylinder (Section A-A),
35



25 adjusted in the direction of the longitudinal axis of the reactof viJANa2(03
'sui tabl e actuating drive and a drive spindle 23. Figure 8 shows a preferred
enbodi ment of a reactor according to the invention having two heat-exchange
medium circuits. The reactor is constructed anal ogously 30 to a reactor
havi ng a single heat-exchange nediumcjrcuit corresponding to Figure 1,
ri ght-hand si Prel%}qf%}éa”gé hd heat - eXB®¥h e CHSS T5511Q0 r‘Eu&‘F, p@a%hxa% t he
features corresponding to the first hegbogxsRabeeilRAbMENG WithliHe privr
designated by a corresponding reference nunmeral. 35 Anal ogously, it is
possi ble to add further heat-exchange Aedium circuits to the reactor
accordi ng to Figereivighthad.sidehi s enablskews he dr@acatioh othbsighmt C Readtor
opti mal | yO%o the specific heat profile of .ea?h react j.on., tg be.ca{)ft'hed out .
0 9 JAN 2003 9 Ve claim 5 A reactor (5O fEEinihednvenHpL R the o offiFe (2)
t hrough whose space surroundi ng the ceahteatholloweslimiehrtti@xBHinge medi um
circuit is passed,, Wth ring. lines (3,,4) at both ends .of ;t he, reagtor with
j acket apert uflggre(35¥gf%5lar’flc§}°%t he suppl ﬁh%‘%ﬁj adi°§%°‘ﬁa§e§ Orbfmad}?eg{%n%xgh%nge
medi um by means of one t o or nore punipsyugh § radesi meatcwidaicet Wigh Heairioexchange
medi um or a substream of the heat-exchange nmedi um bei ng passed through one
or nore external heat exchangers, the héat-exchange nedi um being fed to the
| ower rindf | i Rigured) rlahtdha@éisng:fed backhe®s tehCIepsmprstioni Braugh @pfrREEto | ng
line (3), and with baffle plates (7) wWidllink@ANR ifveRa6S AlBe GéSSos@Et i ON
alternately in the 15 reactor center and the reag%or edtge, whergi n the
BveeRt Ge

upper (3) and lower (4) ring |ines ar &CRAUMEGHGH GOfANBRIIOW 11, 13)
and outer ( 12, 14) ring line by neansylirded agy Itheibviet aingpitet (Settwon Gal | (8,

9), and the heat-exchange nmediumis f%q t hrough the outer lower ring line

(14), via a region outside the reactor”to the inner upper ring line ( 11 ),
via the | &t eFigarejdateftebandpadet ur es 20 BYwt @ tohass spatien sar theuptinagCthe

contact tubes (2), via the jacket ape&ﬁﬂdﬁ@fﬁ (B ok p{]&cgljagnd;[erwﬂ thlegx:ﬂ%? ring

line ( 13) and subsequently via a region si de e reactor 1s schar ged
via the outer upper ring line (12). 2artA reactor ( 1 ) as claimed in claim

1, wherein thﬁﬁn@gizon bet ween t he | owghowda (dtiailodra YRR acéordingng thé nes is
cl osed by a cy i i

i nder envel ope (15), formng a hollow cylinder, which is
di vided, by radial partition walls (17‘3"eﬁ8‘?’bé’i’ld¥gﬂl r ﬁi{‘i")t’%}ﬁet?‘? efﬁfédt 8? base,
into chamiers ( 16) whose dividi ng walhka-dxohdnge rmediuin nes (e 43)pakeave

alternately inner and outer circular rsw&n%g%tthggéntac‘f"gﬁ)% , In plan view, an
open circular_ring section ( 18) is always arranged above a cl osed

circular ringfige€tion (19), and vice vkewna detailpof eagacior acagrdiag telthe med in

claim1 or 2, wherein the nunber of charhessid dRkr k& ilfusRie kBe WRRRge

referably from24 to 48.
P y of heat-exchange medium from the space

25 surrounding the contact tubes to the pump(s),

Figure 7: shows a detail of a preferred embodiment of a
reactor according to the invention, and

Figure 8: shows a cross section through a reactor

according to the invention having two heat-

30 exchange medium circuits.

Figure 1 shows a cylindrical reactor 1 having a vertical contact tube bundle 2
which leaves an internal space in the center of the cylinder, with a lower ring line
4, to which heat-exchange medium is fed, and an upper ring line 3, through which
35  heat-exchange medium is discharged, the feed and discharge of the heat-exchange
medium taking place via jacket apertures 5 and 6, and with baffle plates 7, which

produce a meander-shaped heat-exchange medium circuit.



35 4. Areactor (1) as clained in one of the clains 1 to 3, wher ei 8 § hAN 2003
. dianeter of the cylindrical partition walls (8, 9) is less than or equal to
the arithnmetic nean of the outer and inner dianeters of the ring lines (3,
4). 0 9 JAN 2003 10 5. A reactor (1) at clainmed in one of the clains 1 to
4, wherein a bypass chanber (20) with jacket aperture (21 ) to the reactor
space and a reqgqulating plate (22) is arranged in the region of the out er

i I .1 t t f th 16
ChPough whi oh i Extkun e BSian af SR EriR st TREea OB puts” o R o o)
t he regul ati ngdpbaFgule2D)is lmmnngplazd;mb dbdign phthehreadtdr iacictadamfe W1Itrethe

| ongi t udi nal axis. of n actuating drive (24) and a drive
spindle (23). mfantgm(ﬂgﬁ'tghaagﬁgl%te ?e@ claimed in one of the claims 1 to 5,

wherein twb or nore heat- exchange nedr umcircuits are passed through the

space sur roundi g, §3%GOB A4 rEHIBRY dde FRGLEY 1 Ao CLAUSPHLMIS ) el for

use in carrying ou eact’| ons, part |c

preparati on ofnvphtidudias thecfnhgsing drodiffeatiens eomnarsrdwite the rgloy exal ,

(meth)acrol ein or (meth)acrylic acid. .As. A .A5Y.A Y.An . Al. A A A3. ABEY®
o] <?L| wr mhc”?

a] ca] ca] ca] caTb%]‘EP%PB&PB%t? dnfivided inte A énner HpReA Fing]ling) 1d And aR QAR c <a] ca]

ca] ca] ca] g@] cahg &he 2} e$al GHhEMN PPt 'Wall(8; anhlogbusly,ald lv@eGingi 18890is
?@ @ xsni d_Z]

a] ca] ca] ca] ca}i‘é“aqeéaj“eaﬁ“ca‘flﬁraioé”ca]rglg] Ling, ]czaj“&‘af‘%é?]l?‘ Apwen ting line 41 Watt€a) ca ¢
a] ca] ca] ca] catyialdeiedl pattitiah )waH@h Be BCTDFMHNHI ZI gl i 1 sl ul JILgNNI OO+Pr PPQRQSTWUI
}xsnid}xsnid _Z]]c a]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc
a] ca] ca] ca] ca%l'ba]r%qlta]iﬁ‘@]ﬂca}\%a%r@ laed @ avy & BOpRferably closed by a cylinder
: F! 10|%&' 5! FEM (ﬁﬂ (1s- t@:qoc{ﬁn (a)hollow c Imder Thls region is where Lhe d1ver51on of the
10%& () - F5FO100& f 109, 58P SRaee. 0%
& ()-!,31 % 1 b@ﬁ&-e@ nge gl);@um) mt)rlg o|uter ég,\ggrlr@mmh(re) 14 to the 1nner upper ring
rs4Y 100/‘( & () hﬁél-@%)&ﬁ@rr the Jiffner lower ring line 13 to the outer upper ring line 12 takes

place. This diversion of heat-exchange medium in the region of the central hollow
cylinder preferably takes place through the formation of chambers 16 by means of
20  radial partition walls 17, which are perpendicular to the reactor base (Figure 3).

The transport of the heat-exchange medium to the upper or lower ring line in the
region of the dividing areas of the central hollow cylinder can be seen from the
cross sections shown in Figure 2, right, and Figure 4, right: the cylindrical partition
25 walls 8 and 9 and the radial partition walls 17 form inner and outer circular ring
sections. As shown in Figure 2, right, and Figure 4, right, these are formed,
according to the invention, alternately as open circular ring sections 18 and closed
circular ring sections 19. In this connection, alternately means that on each inner or
outer ring line an open circular ring section is followed by a closed circular ring
30  section, and that in addition, in plan view, an open circular ring section 18 in the
cross- sectional view A-A always corresponds to a closed circular ring section 19
in the cross-sectional view C-C, and vice versa. This design means that the
chambers always experience passage, from bottom to top, alternately by heat-
exchange medium coming from the pump(s) and heat-exchange medium coming
35 from the reactor space, as shown in Figure 3.
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leaves in the upper region via a further open circular ring section 18, flows into the

upper inner ring line 11 and is fed to the reactor space surrounding the contact
tubes via the jacket aperture 5.

The chamber 16 shown in Figure 6, which is directly adjacent to the chamber 16
shown in Figure 5, experiences, by contrast, passage by heat-exchange medium
flowing from the reactor space surrounding the contact tubes via the jacket
aperture 6 through the lower inner ring line 13 and the open circular ring section

15 18, From the chamber 16, the heat-exchange medium is discharged through a
further open circular ring section 18 into the upper outer ring line 12 and from
there to the pump(s).

Figure 7 shows a preferred embodiment of the reactor according to the invention.
20 In this embodiment, an additional bypass chamber 20 with a jacket aperture 21 to
the reactor space and a regulating plate 22 are in each case arranged in at least
some of the chambers 16 through which heat-exchange medium flows and is then
discharged through the pump(s), in the region of the dividing wall of the chamber
16 to the upper outer ring line 12. The position of the regulating plate 22 can be
25 adjusted in the direction of the longitudinal axis of the reactor via a suitable

actuating drive and a drive spindle 23.

Figure § shows a preferred embodiment of a reactor according to the invention
having two heat-exchange medium circuits. The reactor is constructed analogously

30  to areactor having a single heat-exchange medium circuit corresponding to Figure
1, right-hand side. In the second heat-exchange medium circuit, each of the
features corresponding to the first heat-exchange medium circuit is designated by a
corresponding reference numeral.

35  Analogously, it is possible to add further heat-exchange medium circuits to the
reactor according to the invention. This enables the reactor to be matched
optimally to the specific heat profile of each reaction to be carried out.
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91 &91 10% u&' ()1.) 9! 18%eadoy Y1 Bhaviag 42 <antagt Mbeobumils (2) throggh ovhesg ppace

9!1'9110% u& () - 9! 10(y§u&'1‘8hﬁaihg the contact tubes a heat-exchange medium circuit is passed,
with ring lines (3, 4) at both ends of the reactor with jacket apertures (5, 6)
for the supply and discharge of a heat-exchange medium by means of one

10 or more pumps, if desired with the heat-exchange medium or a substream
of the heat-exchange medium being passed through one or more external
heat exchangers, the heat-exchange medium being fed to the lower ring line
(4) and being fed back to the pump(s) via the upper ring line (3), and with
baffle plates (7) which leave a passage cross section alternately in the

15 reactor center and the reactor edge, wherein the upper (3) and lower (4)
ring lines are each divided into an inner (11, 13) and outer (12, 14) ring line
by means of a cylindrical partition wall (8, 9), and the heat-exchange
medium is fed through the outer lower ring line (14), via a region outside
the reactor to the inner upper ring line (11), via the latter’s jacket apertures

20 (5) to the space surrounding the contact tubes (2), via the jacket apertures
(6) into the inner lower ring line (13) and subsequently via a region outside

the reactor is discharged via the outer upper ring line (12).

2. A reactor (1) as claimed in claim 1, wherein the region between the lower
25 (4) and upper (3) ring lines is closed by a cylinder envelope (15), forming a
hollow cylinder, which is divided, by radial partition walls (17)
perpendicular to the reactor base, into chambers (16) whose dividing walls
to the ring lines (3, 4) leave altermately inner and outer circular ring
sections, where, in plan view, an open circular ring section (18) is always

30 arranged above a closed circular ring section (19), and vice versa.

3. A reactor (1) as claimed in claim 1 or 2, wherein the number of chambers
(16) is from 12 to 96, preferably from 24 to 48.

35 4. A reactor (1) as claimed in one of the claims 1 to 3, wherein the diameter of
the cylindrical partition walls (8, 9) is less than or equal to the arithmetic
mean of the outer and inner diameters of the ring lines (3, 4).
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43] ¢" "Headi ng 53]?1 Hea |n 63] c" ., " Headi ng ﬁr "Héadi ng 83]c" "Heading
93] c" A "Defaul t Pa d1 circuits are passe through the space surrounding
Font >$, 3=YFNWRVXZ\ fhehm,hta@@\&bG?F?C F'J)-/12E22( 3p33l 4457& @B=FXI JINQTWJB9:
; <=>? @\BCDEFGHI JKLMNOPQRSTUVWKY6Ti mnes New RonanAri al Courier New'h Root
" Ent r yWor dDocunent I"#$9&' ()*+, -./0123456789: ;
<=>? @\BCDEFGHI7J KL VRERIRSEMalied [in claim 1 for use in carrying out oxidation reactions, in

15 particular for the preparation of phthalic anhydride, maleic anhydride,
glyoxal, (meth)acrolein or (meth)acrylic acid.



