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present invention relates to a process and an apparatus for producing a
honbgeneous m xture of a gaseous aromatic hydrocarbon and an

oxygen-contai ni ng gas for catal ytic gas-phase reactions, in particular a
honmogeneous m xture of gaseous o-xyl ene and/or naphthal ene and air for the
preparation of phthalic anhydride. 10 !Phthalic anhydride (PA) is an

i nportant _internedi ate for. producing synthetic resins, phthal ate
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The catalytic gas-phase oxidation reaction is usually carried out
over V;0s-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 V,05 and Ti0,
with promoters on ceramic bodies, €.g. 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

25

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 censtant over time so
that the reaction proceeds equally quickly in all tubes and not,
for instance, particularly guickly or particularly slowly in some
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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Despite this improvement provided by the process of

DE-A 1 793 453, changes in the droplet size and problems in
vaporization can take place, particularly if the operating

a5 conditions fluctuate. This could be due to a number of possible
causes:

The raw materials can have a varying level of contamination. The
air can contain, inter alia, NOy, HzS, sulfur oxides such as $0,,

30 NH3 and its salts, e.g. with CO,, which can lead to constriction
of one or more nozzles. Corrosion particles can also change the
droplet size and shape of the atomized o-xylene jet. Similar
effects are caused by erosion of the nozzles in long-term
operation. Furthermore, the O-Xylene can also contain m- and

35 p-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 quide

45 tube.
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droplets having a diameter of less than 1 mm.

25
The present invention accordingly provides a process for

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 I 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

15 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

a0 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
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process e, in particular, to maintain a certain distance, for instance
one third of the tube radius, from the wall. Preference is given

to using a plurality of nozzles, for instance from 2 to 6,

a5 preferably from 4 to 6, with approximately equal spacing.

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 Sauerldnder (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

a0 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



of the present invention, solid cone nozzles or slit nozzles can also be
used in ot h@ésgy@f)gjlgents of the invention. The use of 40 two-fluid hdzEN&8
whi ch can be supplied, for exanple, 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 atom zation cone according to the present
invention, this 45 is preferably operated at an adm ssion pressure of from
2 to 20 bapreenas ihveetisat dst atméd hol | ow at om zati on cone having the
opening angle of from30 to 70 preferred according to the 0050/51049
present invention is formed. 5 2 2 JUN 2004 In the process of the present
i nvent i on, Ik Hdel phaceshyaf dbar boeserst desemt ot ehkz2iqiiad hydrods et S
havi ng a5 tha:mtnelisoétd@;&;cﬁt?hﬁmﬂfdﬁméﬁtgfﬁﬁbﬂgygl@ﬁé?léﬂ&na@. ﬁggn T]tlef
iqui d_s® renin iSmnpasid Bl by 84 £1910b Vg AhPITTARO LG, { P ALAPL £T s of from
0.02 to 5 5 The sw.r| 77 use o formthe
hol | ow at g""“?‘z"gﬁ’%%’plc’é}e‘%(r]}&%?ﬁgp %nomf)i%géi %%ht:or{é'\ 81”8?{1?‘}50&%261'?15 YParte
advant ageot{}?l Mrocated within a tube through which the oxygen gas flows in
a circular arrangenent on a tube having an inlet for the liquid to be
atom zed. n e u flor..the Jiquid.can als he
ar r angetp ;ﬁ%\aﬁﬁgﬁkeﬁ%ﬂgn%&i q[et%én ag}geot (198, 3t aiZa 08900%%3§gdn9r0m
the outsi & PREB RIHETRY8A ?’é%& ubE® 14 eRpsadueantagepysly grmagedut | et
orifices aP&hdpractuhe threngh dihicdy the @fyagasgas| HlewsHineweriraslaal r eady
st at ed abewygangémerdxion ef tube heolingwan corletc ordewe dtiequbid tp Bed 30 from t he
f1 ow di r ecitiombzed. tmﬁzeg{a]s, hg%ﬂymaarrmi]a:@ubaefwrm@%mguﬂa Qer?taise; tﬂe
hol | ow cone whiskyed Quelink hg gefiCfedd @ uBH! RRS GhelhokDed 3R Of the
present 3 pygoLh Oﬂ:’?ﬂ(%hl- oftd Ale NALLOYHE YIS SARZELES tﬂfbf&”&n%bﬁg"fchse,
tZIngenthgéﬁgggE/ o%@?et orifices are directed in the direction of gas
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cone can deviate by up to 30° from the flow direction of the gas.

This can reduce the number of droplets of the hollow cone which

20 touch the wall.

For the purposes of the process of the present invention, KS 1
axial hollow cone nozzles (from Lechler, Metzingen, Germany) are
particularly suitable. Such nozzles make it possible to generate
a hollow cone having the preferred cone angle of 60°. The hollow
cone diameter is then about 200 mm at a distance of 250 mm from
the outlet orifice. According to the present invention, small
droplets having a diameter of less than 1 mm, preferably less
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.

25

a0

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
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

45
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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.

40 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 thexre, 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

45 (erosion) during operation.



pl ates which are installed in the tube through which flow occurs and which
di vi de and 4 /%l the streamto be mixed, resulting in conplete 22 JUN 200
honogeni zat'1 6n.” "Such static m xers are manufactured 20 by, for exanple,
Sul zer, Wnterthur, Switzerland. Static mxers are also described in the
German Patent Applications DE 25 250 20 Al, DE 196 223 051 Al and DE 196 23
105 Al. The present invention also prbvides an apparatus for producing a
25 honDgengRUSbHvhettE cRbdar GRHEQHS 1a0RIBLd B)édwf?&lé;a“b?“ﬁuﬁ{her
oxygen-co : hav S . eat ed,

%ﬁb@igﬂaﬂ%ﬂg 88 g@o} %Q%?% }Jal-:% a§1§éeﬁh € ghe sxferaé%ﬁf-of a

oxygen-cont ai nin as _stream an.af oni on vi Ce Tor

liquid ar or%tr?ﬁt F%niﬁ?’%‘rl&@aﬁ:é%nob’ﬁarﬁnﬁ 1pHR PR RR9ghRe RBRATAEPE therein the

at oni zat | GFPAEIF LRI 14 &R #nd ﬂ(??ilagén‘érﬂu@o Phpheagare kanwel Eromvdie at | east
downst r Gapraprtdet swirl nozzles, walls which can be heated to at |east the
boiling point of the hydrocarbon. The gas channels preferably conprise a
heat abl e tube, in 35 particular a double-walled tube or a tube of

"Ther nobl &BR" 10VERLONC 45 of 1 Ingirated e lovw Wishethe aidsoft pr embastimenst al | ed
in the g&boensgnhematdoahby risamhef athechmd dirawbag |arsl b#0a Tinee tecvapplat ur e at
the hot tube wall is set so that from5 to 50% by weight of the liquid
hydroca&@bon, in particular from5 to 40% by weight, particularly

pr ef er abl ry”_"f”rjEJ’rﬁ"%et §hS6% ¥y ARBRGAEYS ch forBrAC Yy ehbomegrnanasi and be
vapor i zedhiKetxe ofj gasepes rayilene andisar nephthisienediang air t Ithei npuriti es
in the rasppatanisahes gas dHaanshapkl ofhiiche chndihdiv & pRrehaste dstehanges in
the nozzl gid5(<yeb@3tiesd kirine] a0pew ald Gh. tﬁ@ﬂ%z@ﬂfé Zn2e N 2084 7 The
aboverent iphad, feachhen@adtehl ¢anahe Jo%lfhgwf‘éh }HB&Q?%J gL ga' units
for, 105 cxamlea B SPAY 110 Ay, £ ol e L E2CT PLy LRT COOELLTTY Lhe

o- xyl ene gnto %nd f e‘_bﬁopar aius or sé‘é%\r i CBt FORX 285§ £88%at i ng
pure PA a5R%t & ABN I 1FHH CrEYESRE 1Y SMLTL MRealRgohdi LrFated pEUEHS at ed
bel ow wi t 8nq IRE &hg dines dhsodpadntineshddnase Hedabycal $ypply thbeatnached

drawi ng aglkiown) ahich ecngmentericallyemrfriognds tHeowsbanl hpetreatswsr10 f or
pr oduci ngn@zzlesp g6 npooduceTiax hol Bowfcapes @0 UsE ariguliane-2yrkmy whaght hal ene and
air. TR preaks up into very fine droplets having a mean diameter of from
0.02 to 0.2 mm. The fine droplets vaporize very quickly in the
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
25 pixture is passed through this mixer. Downstream of the swirl
nozzles 15, the tube 11 is configured 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.

35 Example

In a plant for preparing PA, the apparatus for vaporizing
o-xylene comprised a vertical “Thermoblech” tube having a
a0 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 absclute. 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
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apparatus has gas channels 11 which conduct a preheated stream of air

(symbol i zedgdwg jd\fogfér oW 12 in the figure}. In the exanple 15 shovvn,22t~HJ(=5I 2004
gas channels 11 are configured as tubes. The tube 11 is provided with an
atom zation device 13 which conprises feed Ilines 14 for liquid o-xylene

and swrl nozzles 15 located at the end of the |lines. The feed |lines 14
are fed by a supply tube (not shown)8which concentrically surrounds the
tube 11. Tiwdlewi rbne nuezdles {BSpr aduceeatfisd |20w.gonanade of Lidat d opy! ene

whi ch 20 hreedkisryp thS Qua@EYibh NSredsabk Shss MAYLRY S fBaN ndkapBtalof from
0.02 to 0.7 dfa{ IaidEapLELsE ABOL! 4§, & K UL EKIY L tne, preheat ed

t
air strea so that a hanogepeoys m xture of arr and o-xyF% %sv’é‘p(?r IS
f or ned. Tgﬂqrﬁﬁf)ggae' t%eecr{ﬁgﬁoﬁ nel9% further, a static mixer 17 is installed
in the tube 11 so that the vapor/air 25 mixture is passed through this
m xer. Dowggtkr f e 0 h be 11 {s confiqured as a
heat abl e doubl g?rg}af%néj(jeﬁqf ?t‘)\?' 1w8a.ﬂTﬁ%;;§€b%%t§;"h§5{‘%uac ebcIl arrle"czsi?l%gt_aoqe éamto a
tenperature. —apove the.BoltTHY p8PRE/ 31T FLKFRERVIFSPPRPEERR Lt ¥AP2ed
o- xyl ene RRFCRPFHhHiMgd LBRtEHEINd BRFAl NG ParaReteRmpdhizedas80 | medi at el y
and do noesgapbishedidyampapgiaf thenPA Autiue pbich WS, cohdeantukeretlaopens
into a¥haébhgapekiadefr eiwe orin addahttdn phibhabhcticshydehde 4 prepared by
catal yti ¢ pgaanpbase pQ&héaééﬁ'éd)i)iyt BnomgenkBfes 3% EXEMRLLAQ Liga plant
for prepaphpgr&ifyy ta%e@@?ﬁ%aél%%t. 0L r AP RUL-E! ?Qsex%_ X! ggﬁa conprised a
verti cal ";l;ggﬁc | eehia Lube, réa bngb% Lamet er o 12 it “fhe oxi dati on
air, which ha en.preneat 6d t 6°2 iREPAERRER iRy 1APPE A, was
conveyed TRPBURFh HEHFFEE 0O 1 TPAGEPHrEUbPRewRF @ it OPRAEVethoBetyesn bar
absol utle. thrp canfiya lyggutngs dad nhppana® Ghytdpwes xHhenplpet atedddbidivg. The
air was dwaswebave 52&m t he surroundi ngs w thout particular purification,
nmerely throughan air filter. The "Thernobl ech"” tube was heat edt 0214C 45by
meansof 20 bar steam The o-xylene was injected viasixswirl nozzl eswhich
were arranged in a circle having a dianeter of 600 mm and whose axi s
poi ntedgvertically upward. These were axial 0050/51049 2 2 JUN 2004 8
hol | ow Cone nozzles (KS 1 of the type 216. 324 nade of steel, from
Lechler). The adm ssion pressure was 8 bar. Static mxers were
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installed at a distance of 4.5 m downstream of the nozzles in a horziif?nt ?I
section of tube. 5 This swirl nozzle/hpt wall m xer system produced UN 2004
honmogeneous,imstream ng-free o-xylene vapor/air m xture whose honogeneity
was not upset by fluctuating operating paranet ers This was established by
means of the PA output which S .constant over eriod of tine.
TRt G, ROPPERPEF o HHOF i PYBRARTECHR BLARI S Sy Bgeois

i nhonbgenei t i esomatihehyisaaprdom@ndadn pxsedap-ghneet Rty pagntosafety were
observed. Danggealdkti€ngdgasicisesrebdonnss dugy to hi gh tenperatures in

Hgdit‘éi dual lr%%hg&lasg{}?@tsn%ﬂdﬁ HBAGE 08 ﬁy&&%&ha%alsﬁ ot s arygter Bet veen
e annual routine painte V; i s
above 90%  20™28138 SsTAE S FS TN DhbS " At e s %g ﬁi 2t
produci ng a h@tﬁ@@ﬁe'é%ti'ﬁ%rtﬂ Sa5¢ Sérﬁarée%‘i%‘eaéf""énﬁ?l%b%‘ifﬁrtg‘ﬁa Bb l‘é‘ﬁd an
oxygen- cont ai Hoigtgas fbe amamaiiyt hydgasapirse reactions, by atonizing the
l'iquid aromat iy ehudhoeas bpikdiurd dsmpdbanted sin havhagbér ditaret @6 bbuhdss

than 1 mm and J)iQebi gy i AddRo BKYGEMEIROBLNRG%pGAR e €AE Pr cheat ed
to above the bBboili ol nt he .aro

mxture is prJB'uS‘Gé’&gF BB'C ‘?‘rb]e]r Ry 8ﬁ°m%tjb n%%éacaﬁgon e WS a%o #&? ated to
above the boi InesgspeifnnodtlehhifhdfeERr Pl ]toﬁ’ecPPﬁw d aromatlc
hydrocarbon is atom zed by neans of nozzles which forma hollow cone. 2. A
process as cl ai cdeRsChai M dimadhdmeicnathel halbe@winatheilzstlioon cone has an
openi ng angl e gf, frami30 {Gnd thas3 arABEASES SurdteChil BBGh I 7p-ckai mod, Of 2
wherein the cén J'I axis of the hollow atom Zati on cone is at an angle of
from -30 to +300 to the central axis_of the preheated,. stream _ 4.
process as?cl @ REPIEFSany HF2ETel NP FlRdm3l UhéreFASERY %]eql'fleﬂtﬁ?%)rrat ic
hydr ocar bon i sastsomifz etiebjohbeinsatemigatipn cone is at an angle of from

-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
liguid aromatic hydrocarbon is atomized by means of swirl
nozzles.

5. A process as claimed in any of claims 1 to 4, wherein the

side walls of the chamber are formed by a heated tube.

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

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
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
aromatic hydrocarbon and an oxygen-containing gas having
a channel (11) for a preheated, oxygen- -containing gas stream
(12) and
an atomization device (13) for a stream of a liquid aromatic
hydrocarbon opening into the channel (11),
wherein the atomization device (13) has swirl nozzles (15)
and the channel (11) has, at least downstream of the swirl
nozzles (15), walls (18) which can be heated to at least the
boiling point of the hydrocarbon.



nozzles. 5. A process as clainmed in any of clains 1 to 4, wherein tﬁg Hﬁ&?e
wal | s of the chanber are formed by a heated tube. 6. A process as cl 2 004
inclaim4 or 5 wherein from5 to 50% by weight of the atom zed

hydr ocarbon are vaporized on the heat®d side walls. 7. A process as
claimed in any of the preceding clains, wherein the mxture after

vapori zation of the aromatic hydrocarbon is passed through a static m xer.
8. A process. asn dmiaradubsnasanylaimdachdnpreeiai Ny whlezies fiof die@neln(lbe

synthesis of pitRaliisesaghygnbie.wathigethbe &F Amhive mbydrocarbon is

o- xyl ene a”d/OLmﬂﬁnEEH%Eﬁﬂe and the oxygen-containing gas is air. 9. An
apparatus for producing a honbgeneous nixture of a gaseous aromatic

hydr ocar bon and an oxygen-contai ni ng gas having a channel (11) for a

pr eheat ed, 1 bxylerappareaiuni ag gesimad danclgeiR)? and 18n wherd rats enadévi ce
(13) for a strgrameofisaihsqaledr0iraibeC chhyigk DaidvWbieRrepené NG Henkaikhe
channel (11), ®in the atom zation device (13) has swirl nozzles (15)
and the channe 11) has, at |east downstream of the swirl nozzles (15),
wal s (18) which can be heated to at |least the boiling point of the
hydrocarbon. 2 2 JUN 2004 10 10. An apparatus as clained in claim),
wherein the channel (11) conprises a double-walled tube or a tube made of
"Therznobl ech”. 11. An apparatus as clainmed in claim9 or 10, wherein a
static mxer is installed in the channel downstream of the swirl nozzles.



