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Plants for carrying out such a PA production process consist
essentially of the functional units for producing the o-xylene

20 vapor/air mixture, the reactor for reacting the o-xylene
vapor/air mixture and a facility for separating off and working
up the PA.

The catalytic gas-phase oxidation reaction is usually carried out

25 Gyer V20s5-containing catalysts. For this purpose, o-xylene is
vaporized, mixed with an excess of air and passed at from 340°C to
440°C over the catalyst in the tubes of a shell-and-tube reactor.
The catalyst comprises, for example, a mixture of V205 and TiO,
with promoters on ceramic bodies, e.gq. porcelain or SiC spheres

30 or rings having dimensions of, for example, 6 x 6 mm. Large
reactors have from 10 000 to 40 000 tubes arranged within the
shell. The o-xylene is usually oxidized to PA with a selectivity
of from 78% to 80%. This oxidation itself is strongly exothermic,
with an enthalpy change of -1110 kJ/mol.

35

In carrying out the process, attention has to be paid, inter
alia, to the following critical points: firstly, the mixture of
o-xylene with air (oxygen excess) is in the explosive range
(Ullmann’s Encyclopedia of Industrial Chemistry, 5th edition,
volume A 20, page 85), and, secondly, the flow of the gas mixture
into each of the large number of 10 000 - 40 000 tubes has to be
uniform over the entire cross section and constant over time so
that the reaction proceeds equally quickly in all tubes and not,
for instance, particularly quickly or particularly slowly in some
45 of them. In addition, the high negative enthalpy of reaction can
lead to the catalyst sintering, melting or becoming inactive in
individual tubes if deviations from the set conditions occur.
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operation. Furthermore, the o-xylene can also contain m- and

35 pP-xylene, toluene, ethylbenzene, isopropylbenzene, nonane and

small amounts of styrene. Such compounds can influence the

surface tension of the o-xylene. It is possible for droplets

which fly further than the abovementioned droplets having a size

of, for example, predominantly below 0.3 mm to be formed. These

40 can wet the wall of the reaction tube and form a liquid film

there. An additional difficulty is that it is not possible in

practice to install the nozzles serving for atomization of the

o-xylene stream in such a way that no droplets of the atomized

o-xylene stream come into contact with the wall of the guide

a5 tube.
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producing a homogeneous mixture of a gaseous aromatic

hydrocarbon, e.g. o-xylene and/or naphthalene, and an

oxygen-containing gas, e.g. air, for catalytic gas-phase

30 reactions, by atomizing the liquid aromatic hydrocarbon to form

droplets having a diameter of less than 1 mm and injecting it

into an oxygen-containing gas stream preheated to above the

boiling point of the aromatic hydrocarbon, wherein the liquid

aromatic hydrocarbon is atomized by means of nozzles which form a

35 hollow cone, preferably by means of swirl nozzles.

The process of the present invention makes it possible to produce
a very homogeneous, streaming-free mixture of gaseous oxygen,
preferably in air or another oxygen-containing gas, and a

40 hydrocarbon vapor.

The process of the present invention is preferably used in the
preparation of carboxylic acids or carboxylic anhydrides by
catalytic gas-phase oxidation of aromatic hydrocarbons, for

45 example, xylenes, in particular o-xylene and/or naphthalene, in
fixed-bed reactors. An example which may be mentioned is the



In the follow ng, reference is nmade, purely by way of exanple, to the
particul ar 10059 /5104%d use of the process of the present 5 invention in the
preparati on of PA by catal ytic gas-phase oxidation. Here, the aromatic
hydrocarbon is o-xylene and the oxygen-containing gas is air. 10 In the
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According to the present invention, preference is given to using
swirl nozzles for atomizing the liquid hydrocarbon. These swirl
nozzles, also referred to as hollow cone nozzles, preferably

30 have, upstream of the outlet orifice, a guide body having oblique
impingement surfaces which impart a swirl or rotation about the
flow axis to the liquid to be atomized. Such swirl nozzles are
known for other applications, for example rapid impulse
transmission in water jet pumps, spray condensers, etc. (cf.

35 Grassmann "Physikalische Grundlagen der Verfahrenstechnik”,
Verlag Sauerlédnder (1970), pages 355 and 805). Although the use
of hollow cone nozzles is particularly preferred in the process
of the present invention, solid cone nozzles or slit nozzles can
also be used in other embodiments of the invention. The use of

40 two-fluid nozzles which can be supplied, for example, with the
o-xylene to be sprayed and the propellent air is also possible.

If a swirl or hollow cone nozzle is used for generating the

hollow atomization cone according to the present invention, this
45 is preferably operated at an admission pressure of from 2 to

20 bar so as to ensure that a hollow atomization cone having the

opening angle of from 30° to 70° preferred according to the



10 15 20 25 30 35 40 45 present invention is forned. 5 In the process of

the present0050£504%, the |iquid hydrocarbon streamis atom zed to form

droplets having a dianeter of less than 1 mm preferably less than 0.8 mm

The liquid’'streamis particularly preferably atom zed to form dropl ets of

from0.02 to 0.2 mMm The swrl nozzleg used to formthe holl ow atom zati on
0
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boundedby csicdler M@l iheat ed to above the boiling point of the hydrocarbon.
The side walls of the chanber are preferably fornmed by a heated tube, for
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doubl e- walFlogdthet mirmsisest pft tihe ficels"” dhefimipreshntt basntdion, "ReUf act ur ed
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droplets having a diameter of less than 1 mm, preferably less

30 than 0.8 mm, particularly preferably from 0.02 to 0.2 mm, are
formed. The latter vaporize very quickly and are completely
vaporized at a distance of only 200 - 500 mm from the outlet
orifice of the nozzle. However, droplets having a size of from
0.8 to 1 mm can fly 50 - 100 cm before they are completely

35 vaporized and can thus touch and wet the wall.

Because of this possibility of wetting, a particularly preferred
embodiment of the process of the present invention provides for
the mixture, for example the o-xylene/air mixture, to be produced

40 in a chamber which is bounded by side walls heated to above the
boiling point of the hydrocarbon. The side walls of the chamber
are preferably formed by a heated tube, for instance a
double-walled tube, in particular a “Thermoblech” (= commercial
double-walled metal sheet) tube (such “Thermoblech” tubes are

45 manufactured in Germany by, for example, the companies BUCO,
Geesthacht, or DEG, Gelsenkirchen). Hydrocarbon droplets which
impinge on the heated tube cannot deposit as a liquid film but
instead are immediately vaporized. This finally produces the



5 20 bar and a tenperature of 214C. The abovenenti oned "Thernobl ech" tubes
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rel atively si'nple construction and are therefore relatively inexpensive.

I ntensive heating enables cold spots to be ruled out in "Thernobl ech"
tubes. 10 To achieve conplete honpgenization, the vapor/air mxture is, in
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in the l§as channel s downstream of the swirl nozzles. 40 45 The t enperature
at the hoPre@beend lisi giget o usHay Btovid nixe?8: Pyesiaght gafiqéhe 1iquid
hydr ocar bplatés wiairdh arbaindfaled t8 s tibeRheBhgh RAIHC h 8! Yod.af erably
from5 toagd@-wkich\Riightie Eﬁﬁlﬂé%BthﬁeophérE%féége ﬁﬁﬂé 0 a0 ergggfrjzed
there, with &&kﬁ’% ECHSRRLAPALLIAN SERENAING 0N, ENE. T BT L g2 n e raw
nat er i aI s neshe shape i [l oW Cong: r?d (’)ﬁ ’é%aa:%eg'af‘ﬁ ?‘Fl"emf?dizzl
(erosi @ ffo Ze'(505 FBRBGONUT TISYLEBRT L Rs |56ﬁ§élcf’t]h¥ft1isonal

uni t can B’é f%?%)\f%& % bed it &her GREPD Batemsi ApPiigatiioss exanpl e,

prepari ngPPAZS 23 20hdly REtIH6 88 ebhvAl tandgDEhEI®-23/|1@BeAllnt o PA and the
apparatus for separating off PA and isolating pure PA, as are known from

t he - ; -
The present invention also provides an apparatus for producing a

25 homogeneous mixture of a gaseous aromatic hydrocarbon and an
oxygen-containing gas having gas channels for a preheated,
oxygen-containing gas stream and an atomization device for a
stream of a liquid aromatic hydrocarbon opening into the gas
channels, wherein the atomization device has swirl nozzles and

30 the gas channels have, at least downstream of the swirl nozzles,
walls which can be heated to at least the boiling point of the
hydrocarbon.

The gas channels preferably comprise a heatable tube, in
35 particular a double-walled tube or a tube of “Thermoblech”.

Particularly preferably, there is a static mixer installed in the
gas channels downstream of the swirl nozzles.

The temperature at the hot tube wall is set so that from 5 to 50%
by weight of the liquid hydrocarbon, in particular from 5 to 40%
by weight, particularly preferably from 5 to 30% by weight, can
impinge on the tube wall and be vaporized there, with the precise
proportion depending on the impurities in the raw materials, on
the shape of the hollow cone and on changes in the nozzle
(erosion) during operation.

40

45



5 prior art. The invention is illustrated belowwith the aid of an

enbodi nent opis@s10dematically in the attached drawi ng and by a use

exanpl €. 10 The figure shows an apparatus 10 for produci ng a honbgeneous

.m xture of "gaseous o-xyl ene and/or naphthalene and air. The apparatus has
gas channels 11 which conduct a preheated streamof air (synbolized by the
arrow 12 in the figure). In the exanpfe 15 shown, the gas channels 11 are
confi gur ed&s aPBB%‘gentH?@e@uﬁénqillq@lpPﬁde@@ e odhowed by furshedevi ce 13
whi ch conpfiunssdohekdiniiitisedord for dxaqpild, oprepaariegaRll, ssuql thez rkestdd

| ocat ed atforheoewelrting hiel bagglenthdnteedal ambanb4 apperd€ih Bsra supply tube

(not showmkepakheing Wrenh hhadl | %o HinoUpEse tHE WebErd Lindilif W kngozzl es
15 prodyceraopohtew cone 16 of [iquid o-xylene which 20 breaks up |nto very

fine droplets having a nean dianeter of fromO0.02 to 0.2 nm The fine
droplets vaporize very quickly in the preheated air stream so that a
honpgeneowheninventeicf iai blaasktated Geeovwapih ithel ALAESE akD dmBBHOVMENE he

honogenei tgholHr Medmatd callayi €n Minelattiched i dish@lhlgednd rb%orhe JeePExd é) t hat

the vapor/air 25 mixture is passed through this m Xxer wnst r eam ’the
swrl mqgzles 15, the tube 11 is configured as a heatabl e doubl e-walled
tube 18, The Eidpere Showst ad iypareens ob soegmddacanyeanesnideneoalove t he
boi i ng paiiRtubé &Ff XgHsedas &Pl apti/at OdpRMaexy! £NE A, C&hé”p' nge on
the tube wabhrates tﬂw guapeﬁagﬁéhéqll cm?&a %&Jcﬂlc@ng 80 R-]%ee%
liquid film. AL dnLy ol 1 ope r}_sgl nt 2 aI:ﬁ gglp %be
react or IghV\/(’IICt]_Pet allgan rJd e IS 8’1? ar e ﬁ ats ase
oxi dat izsn 0f " Ehe 0- | 8ft tPRFS prdsartrRg Pa, the
appar at us foPT ‘é\iﬁﬁq 7 an‘i‘/‘F‘é‘HezarFf}ﬁﬁrﬁi%‘é’cFea 1\3eWFiL%1aIC°'mH¥érSﬁﬁbfe%¢l t ube
havi ng a diafpetdt o 1igoidne-wenexpudt $wirlainozzhks ctb Hagaltednapriteeat ed
to 200C i end of ettentliingsaphize aflaes] liaes cDh\eayedethbpUgsupbly tabé hgnot
react or. Ehewpy easishe conserbOidallyd shafodhsdlthkbe cudder @l rTh%%wLPf‘ded with
100 g of qo¥¥i&ne Peroahaddarthiyw Igﬁeaié oS i E'E‘%imo )5'& E
surrours@ Bgé tlmlj_litntga(r Jéiufé}'[ %‘fr égﬁtl{a}%lélg & m b%ﬁn?ttOUQ fTE%O jeansan
air fllter flne dro ets vaporlzefvery quickly in the
O- xyI ene vvas |n ecte
preheated air stream, so that a homogeneous mixture of air and
o-xylene vapor is formed. To improve the homogeneity further, a
static mixer 17 is installed in the tube 11 so that the vapor/air
mixture is passed through this mixer. Downstream of the swirl
nozzles 15, the tube 11 is confiqured as a heatable double-walled
tube 18. The tube is heated by means of steam to a temperature
above the boiling point of o-xylene. Droplets of atomized
o-xylene which impinge on the tube wall are thus vaporized
30 immediately and do not deposit as a liquid film. At the point 19,
the tube 11 opens into a shell-and-tube reactor in which phthalic
anhydride is prepared by catalytic gas-phase oxidation of the
o-xylene.

25

35 Example

In a plant for preparing PA, the apparatus for vaporizing
o-xylene comprised a vertical “Thermoblech” tube having a
40 diameter of 1200 mm. The oxidation air, which had been preheated
to 200°C in a preheating apparatus, was conveyed through this to
the reactor. The pressure was about 1.5 bar absolute. The air was
loaded with 100 g of o-xylene per standard m3. The air was drawn
in from the surroundings without particular purification, merely
through an air filter. The “Thermoblech” tube was heated to 214°C
by means of 20 bar steam. The o-xylene was injected via six swirl
nozzles which were arranged in a circle having a diameter of
600 mm and whose axis pointed vertically upward. These were axial

45



Si x214C swirl nozzl eswhich were arranged in a circle having a dianeter of
600 mMm and OGIEOAS B04% poi nted vertically upward. These were axi al
0050/ 51049 8 'hol | ow cone nozzles (KS 1 of the type 216. 324 made of steel,
fromLechler). The adm ssion pressure was 8 bar. Static m xers were
installed at a distance of 4.5 m downgtream of the nozzles in a horizontal
section of tltibe. 5 This %i\g ri_nozzle/hot wall_ m xer system produced a
homogeneod©X 1&Fr E8RT TPITEE 6%yt Sfe WhEpEYPR 31 GridRAuRBdeuRSs StREADgEFRA t y
was not ugSSRlgy) i T pdisgieparrasswgepupandthars. STALic wisesst wbte shed by
means of timstRAledtputa whisthnemsofdnst antowverreaml 8| the qedziled oh 4ine. In
addi ti on, heriizgntal osesctdionhbp tidiee production pl ant caused by
i nhonogeneities in the m xture and adversely affecting plant safety were
observed. Damage or energency shutdowns due to high tenperatures in
i ndi vi dualThigagrdrl raqpzdrdhet vall adeesr sysibus predecedta dimmegesdouBet ween
15 t he anmialeamdng+freeenwi-aytere camryhdovmnistutee whbaat havajenabil i dys was
above 99~no20up5eB8PB¥14@tuating operating parameters. This was

established by means of the PA output which was constant over a

10 1ong period of time. In addition, no ignitions within the

production plant caused by inhomogeneities in the mixture and

adversely affecting plant safety were observed. Damage or

emergency shutdowns due to high temperatures in individual

reactor regions or in reactor tubes were not observed. Between

15 the annual routine maintenance shutdowns, the plant availability
was above 99%.

20

25

30

35

40

45



45 0050/51049 9 W claim 1. A process for produci ng a honogeneous m xture
of a gaseowpsomxows i ¢ hydrocarbon and an oxygen-containing gas for

catal ytic gas-phase reactions, by atom zing the |iquid aromatic hydrocarbon
to formdrdplets having a dianmeter of Iess than 1 mmand injecting it into
an oxygen-containing gas stream prehegted to above the boiling 10 point of
the aromati c hydrocarbon, wherein the |iquid aromatic hydrocarbon is

atom zed b rreans of nozzles which forma hollow cone, preferably swrl
nozzl es. glajmprocess as claimed in claim1, wherein the holl ow

atom zation cone has an opening angle of from 30 to 70. 3. A process as

clained in.cla prdcéss ZZopebaubiider tRMbGahesud MiGktukBeohd] I ‘@!e@hﬁm zation
cone is @t an2aghe;ofy Jx‘y@aggonsgné %n"'%g?rgerat%t%&%&;x?l %%%Ifg of 1

reheat ed gas rocess S In any o s 1 to 3,
\a,herel n the mcz?itt ‘Z as' 088A THRE'ONEnb&¥ which is bounded by side walls

heated to abo%thé“b%lqhen&lﬁBilﬂta’fﬂmattﬁé RY&F @eaarioen to2komn dxopletess as
claimed in cl &ing atdiagieterhef sleks whkhslofimtarel dhgebeinqria fintnednby a
heat ed tube, ioxypentcantlaimiag” Jhersirtlancprehedtad 30 Ebove PEHC @RS 188¢C| ai med
in claizo 4 or ppinvhef eine eRkbit hyp¥schYbYR) ght, preferably from 5 to 40~

by weight, paghiedigrdne gﬁ%&a&%%@éé!%”h§d£855¥ﬁqnp¥ “EL%HE@EJ“: the atonlzed
S oea e %ova%)??%l zeg&g %ﬁnﬁlaaa}‘r?quh‘é‘?’é?'n ptrﬁéeﬁ?%%rsé“éfter >

ciaimed in any S
vapori zati on @PZEh@Saromatic hydrocarbon i s passed through a static m xer.

15 2. A process as claimed in claim 1, wherein the hollow
atomization cone has an opening angle of from 30° to 70°.

3. A process as claimed in claim 1 or 2, wherein the central
axis of the hollow atomization cone is at an angle of from
20 -30° to +30° to the central axis of the preheated gas stream.

4. A process as claimed in any of claims 1 to 3, wherein the
mixture is produced in a chamber which is bounded by side
walls heated to above the boiling point of the hydrocarbon.

25

5. A process as claimed in claim 4, wherein the side walls of
the chamber are formed by a heated tube, in particular a
“Thermoblech” tube.

30 6. A process as claimed in claim 4 or 5, wherein from 5 to 50%
by weight, preferably from 5 to 40% by weight, particularly
preferably from 5 to 30% by weight, of the atomized
hydrocarbon are vaporized on the heated side walls.

35 7. A process as claimed in any of the preceding claims, wherein
the mixture after vaporization of the aromatic hydrocarbon is
passed through a static mixer.

8. A process as claimed in any of the preceding claims for use
40 in the synthesis of phthalic anhydride, where the aromatic
hydrocarbon is o-xylene and/or naphthalene and the
oxygen-containing gas is air.

9. An apparatus for producing a homogeneous mixture of a gaseous
45 aromatic hydrocarbon and an oxygen-containing gas having
gas channels (11) for a preheated, oxygen-containing gas
stream (12) and



8. A process as clainmed in any of the preceding clains for use 40 in the
synt hesi s cdopdyHnbag anhydri de, where the aromatic hydrocarbon is o-xyl ene
and/ or napht hal ene and the oxygen-containing gas is air. 9. An apparatus
for produci‘ng a honbgeneous m xture of a gaseous 45 aromati c hydrocar bon

and an oxygen-contai ning gas having ggs channels (11) for a preheated,
ng{g)
(o

oxygen-cont ai nj a 12 050/ 51049 10 an_atom zati on device
(1)?/3J for a st :Hem%t%ﬁggﬁ&u@&(%f% dPoBEFh PpénihguihiaFomeigas

[
channel s (11) ,hY\?ﬁ’f?stf'ﬂ"‘E H%’eé‘rlaﬁi 33%¢ drhedS@scehanmlsddlgwi r1 nozzl es (15)
and the gas chheFeis the )atemisatien |dewsiceddhdsthammwil-1t hezfleni(nb)nozzl es
(15), walls (B8d whechazarhapecheat BL) thavat, heasdadth@olfibtidwn REF Rheof the
throc?r&)(()Q.l) HazirAnpdﬁpﬁs%t(lIS)aiw&:iPA ag)i Qh%ﬁiéar?’bev‘hs £ léoh%tlgf‘s 4 10
channel s 1GQERr ; a in | ar a double-walle
tube or a tube m@getﬁf k%%hgr?‘%oglg%%wﬂe Kg%%%agliﬁé)tnus as claimed in claim
9 or 10, erein a static mxer is installed in the gas channel s downstream

of the swirl" AGzZPRRTaYH 7§ syaipedsinygladm 9, wherein the gas channels

(11) comprise a heatable tube, in particular a double-walled
10 tube or a tube made of “Thermoblech”.

11. An apparatus as claimed in claim 9 or 10, wherein a static
mixer is installed in the gas channels downstream of the
swirl nozzles.
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