3 0 JUN 2004 1 Method and Device for Cooling A Hot Reactor Gas, For | e
In The Production of Phthalic Anhydride The present invention relatk&JU£Z@l
process and an apparatus for cooling a hot reaction gas to a predeterm ned
inlet tenperature for introduction into a separator, especially as stage

i n manufacturing phthalic anhydride. The starting point of the present
invention is the preparation of phthali.qg anhydride (PAA) by oxidation of
o-xyl ene. Hot o-xylene and hot air are reacted in the presence of a

catal yst. The PAA thus fornmed | eaves the reactor mxed with air as hot
reaction gas and has a tenperature of about 360C. In PAA plants with
downstreamreactors this tenperature is a bit |ower. The separation into
crude PAA and air is then carried out in a dowstream separator. Before
entry into the separator(s), it is necessary to cool the hot reaction gas
to a predetérm ned desired tenperature, as a rute fromapout 160 to 175C.
Usual ly, a conplicated, at |east two- szhge gas cool er having at |east two

steam druns and dﬂpﬂ@émﬂd?wgcecf@bf?pﬁ@ MR@cm&ﬂsfﬁﬁrEmlspburpose Thi s

nmakes the process which ig ’I‘ﬁ?gr&cﬁlrctl"‘ﬁri‘bﬂﬂl W:)A dnﬁgctl on gas and is
downstream of the actual reactron conpl &d expenswe A conbi nati on

of a main reactor with a downstream react or vmth or without cooling neans
t her ei n has "been described already, exanptes are the DeE-A 197 42 821 and
DE-A 198 07 018. It is an object of the present invention to provide an

optini zed prideegesémrineanidnnglates ok peaessi il ga&pwrhmh foercootisg a kotpl er

Cost s and witdpofides P pieheliehe (iRRE R RUE B o TTepi-plRn o
produced anwapacsally %’ftﬁé&&elmmalméacmmgtnlﬂmlmfauhw&l@ducts W have found that

this object is achieved by a process for manufacturing phthalic anhydride

(PAA) by oxidation of o-Xx Iene in the presence of a catal yst, agﬁ)t{lonally 30
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hot reacti or(Pgas by oxidation of o-xylene. Hot o-xylene and hot air are reactcd in the
presence of a catalyst. The PAA thus formed leaves the reactor mixed with air as
hot reaction gas and has a temperature of about 360°C. In PAA plants with
downstream reactors this temperature is a bit lower. The separation into crude PAA

and air is then carried out in a downstream separator. Before entry into the
separator(s), it is necessary to cool the hot reaction gas to a predetermined desired
temperature, as a rule from about 160 to 175°C.

Usually, a complicated, at least two-stage gas cooler having at least two steam
drums and corresponding cooling means is used for this purpose. This makes the
process which is used for working up the reaction gas and is downstream of the
actual reaction complicated and expensive.

A combination of a main reactor with a downstream reactor with or without
cooling means therein has been described already; examples are the DE-A 197 42
821 and DE-A 198 07 018.

It is an object of the present invention to provide an optimized process for cooling
a hot reaction gas which permits a simpler and more economical design of a
reaction system with lower maintenance costs and which results in a qualitatively
good and - based on the produced amounts - quantitative reaction of the educts.

We have found that this object is achieved by a process for manufacturing phthalic
anhydride (PAA) by oxidation of o-xylene in the presence of a catalyst, optionally



fromthe main reactor conprising o-xylene and air is cooled to a
predetermned inlet tenperature for introduction into a separator, LY
a heat exchanger through which a cooling mediumflows is |ocated upstream
of the separator, and the hot reaction gas is passed through the heat
exchanger for interaction with the cooling nmedium The heat exchanger
replaces the gas cooler, with the resul-2-that the total reaction system
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advant ageou the cooling of the re CtIQ a pr edet erm ned

i nl et terrpersg’te[}?e tFB&‘aP%‘frrrSH@E‘ES tF 25 £eP Frhéf"l %ﬁr’ﬁ% trtﬁ Taﬂ]eﬁ@t feaEte%d in
one stage i nsyttem dvqairesexsiplifed déygrt hiel looxetospy @€ esise expected di ng to a
preferred enbodi nent of the novel process, a gaseous cooling nedium
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It is particularly advantageous that the cooling of the reaction gas to the
predetermined inlet temperature for introduction into the separator can be effected
in one stage in the heat exchanger by the novel process.

According to a preferred embodiment of the novel process, a gaseous cooling
medium, particularly preferably air, is used.

The inlet temperature of the cooling medium, e.g. air, on introduction into the heat
exchanger may be below 100°C and its outlet temperature on emerging from the
heat exchanger may be from 300 to 350°C, preferably about 330°C. This results in
a particular advantage of the novel process, whereby the cooling medium heated by
the interaction with the reaction gas is in turn fed into the reactor as one of the
reactants for the chemical reaction. The temperature of the cooling medium
emerging from the heat exchanger is in fact, according to the novel process, about
150°C higher than is usual in processes known from the prior art. Consequently, it
has a temperature which permits direct introduction of the cooling medium into the
reactor. The coolant is chosen so that it simultaneously constitutes one of the
reactants of the chemical reaction.



30 JUN 20R -3- In another enbodi nent part of the cooling nediumis | ed vi

a by-pass around the heat exchanger and is again mxed with the hedtlkdN [105
cooling nedium leaving the heat exchanger. Based on this a varying
tenperature of the cooling nmedium preferably used again in the reaction is
possi ble. Preferably such a nodification is realized by the tenperature
steering of the anopunts passing the by-pass. If the chemical reaction
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reaction. It can be used very generally cool I ng hot reacti‘on gases and
can be errpISBSPé]Grh‘Ei’rt‘uﬁr??“?iéb FEHPtHeni cal reaction which is carried out in
a reactor at

In contrast, it has been necessary to date in the prior art to preheat the air in an
inconvenient and energy-intensive manner by means of a preheater. The liquid
o-xylene preheated in a separate steam-heated heat exchanger was fed into this
preheated air. However, the mixture of air and o-xylene did not reach the reactor
inlet temperature achieved by the novel process. Moreover, it was found that more

high-pressure steam can be generated in the reactor in the novel procedure.

Although the advantages of the novel process are presented with reference to the
preparation of PAA and its advantages are described in comparison with the
process known from the prior art for the preparation of PAA, the use of the
apparatus necessary for cooling a hot reaction gas 1s not restricted to this chemical
reaction. [t can be used very generally for cooling hot reaction gases and can be
employed for any desired chemical reaction which is carried out in a reactor at
elevated temperatures and in which the cooling medium of the reaction gas
emerging from the reactor, in the heat exchanger, is simultaneously required as a

reactant or solvent (liquid or gaseous) for carrying out the chemical reaction.

A further achievement is an apparatus for cooling hot reaction gases to a
predetermined inlet temperature for introduction into a separator after a foregoing



el evated tenperatures and in which the cooling nediumof the reaction gas
emerging fromthe reactor, in the heat exchanger, is sinmultaneously 30 JUN 2004
required as a reactant or solvent (liquid or gaseous) for carrying out the
chem cal reaction. A further achievenent is an apparatus for cooling hot
reaction gases to a predetermned inlet tenperature for introduction into
a separator after a foregoing 30 JUN 2084 -4- reaction in a main reactor
and opti onal .a_foll ow ng downstream.reactor,. ,conmprisin a) a nmeans for
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pr oduct and(éc)onngﬁ?iélﬁtsf&t%ng{rllé}ﬂ%e?é\g%lnﬂeﬁé%ﬁqéans. The heat exchanger used
can be any @@sir @dnepngtforhesherfanging.or exanpl e a tubul ar heat exchanger. A
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the drawi ng. Fi g.2measdorinermedigiedioadifm of the prior art process for the
preparation(@ RBAfeankifer seadiANg réclibPptodl.@9dr am according to a first
enbodi ment of the novel process for the preparation of PAA and an
apparatus therefor Fig. 3 shows a flow diagram according to a second
enbodi ment afd téenectionseto gad bewesn tien@ean. apparatus therefor Fig. 4 shows a
fl ow di agram according to a third enbodi nent of the invention including a
by- pass surroundi ng the heat exchanger and conprising a tenperature
st eeri ng nedhs heatggxcbangeb usddonem b anly alesidédalgpat ex chenger dion gxdanapla aftobulfh
enbodi nment t i j ). - s including
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by- pass and ownst

The invention is to be explained in more detail below with reference to

embodiments shown in the drawing.

Fig. 1 shows a flow diagram of the prior art process for the preparation of
PAA,
Fig. 2 shows a flow diagram according to a first embodiment of the novel

process for the preparation of PAA and an apparatus therefor

Fig. 3 shows a flow diagram according to a second embodiment of the
novel process, and an apparatus therefor

Fig. 4 shows a flow diagram according to a third embodiment of the
invention including a by-pass surrounding the heat exchanger and
comprising a temperature steering means

Fig. 5a, b shows a flow diagram according to a fourth embodiment of the
invention (two plate-type heat exchangers including by-pass and

downstream reactor)

Fig. ba-c show embodiments of heat exchangers with downstrearn reactors
{combinations)

Fig. 7 shows an embodiment without a first heat exchanger



Fig. 6a-c show embodi nents of heat exchangers with downstream reactors
(combi nations) Fig. 7 shows an enbodi ment without a first heat exchah§etN3004
0 JUN 2004 -5- First, a reactor systemas known in the prior art for the
preparation is shown and explained in Fig. 1. It is known that PAA can be
prepared by oxidation of o-xylene in the presence of a catalyst.

Initially, the o-xylene used has a tenpérature of about 30C and is fed via
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has two steaghdiey e redotod 13 foR itk e miCRURHoh.0 from about 160 to 175C. Thus,
the reaction gas has the predeterm ned advantageous tenperature in order

to be fed via line 19 to a separator 21. Fromthe separator 21, crude PAA
is removed VIlg tdab@r 213 1@I‘H31tdbhﬁir\drﬁai‘1t(ﬁ' ipawhos tbeh m'eacakailm ré’@uetdOfoanhis
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appar at us f détewstetitashi ch correspond to those shown in Fig. 1 are provided
with the sane reference nuneral s, but

After the end of the chemical reaction, the reaction gas which has a temperature of
about 350 - 375°C and essentially comprises PAA and air Jeaves the reactor 13 via
line 15; co-components are e.g. phthalide and maleic anhydride. From there, it
passes to a two-stage gas cooler 17 which has two steam drums 17', 17" and is
cooled to from about 160 to 175°C. Thus, the reaction gas has the predetermined
advantageous temperature in order to be fed via line 19 to a separator 21. From the
separator 21, crude PAA is removed via line 23 and the waste gas is fed via line 25

to an incineration or scrubbing means.

In comparison, Fig. 2 shows the process and an apparatus therefor modified
according to the invention. Here, those apparatus features which correspond to
those shown in Fig. 1 are provided with the same reference numerals, but

incremented by 100.

For the novel procedure for the chemical reaction, a one-stage heat exchanger, in
this case a gas/gas plate-type heat exchanger 127, is used instead of the two-stage
gas cooler. Consequently, the reaction procedure can be modified in several
respects and it is therefore advantageous to describe the novel procedure for the

reaction starting from the gas/gas plate-type heat exchanger 127.

The reaction gas flowing out of the reactor 113 and having a temperature of about



i ncrenmented by 100. For the novel procedure for the chem cal reactiog,
one-stage heat exchanger, in this case a gas/gas plate-type heat ex t@aﬂ@‘ezlum
127, is used instead of the two-stage gas cooler. Consequently, the
reacti on procedure can be nodified in several respects and it is therefore
advant ageous to descri be the novel procedure for the reaction starting
fromthe gas/gas plate-type heat exchan@er 127. The reaction gas flow ng

out of the rgactwenie f 6 -
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line 139 to the_ reactor desi as descri ove with
ref erence tcgaﬁ hBY ppgas %ﬁ"ﬁhe heat exehange b@ﬁ’@eﬂeﬁétf@ﬁtfgaqﬁéﬂ gaseanch thei oinl

reaction. Tf@b@laﬁﬁ&ﬁ@lamms heGRARABELWIDIC LHE cif RSP DS TN OMNirde0l WAoGhe t he air

coolant is her sult that it can be used
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necessary emat gy iheneactsity forphetleaticaigeactdnt hi s reactant by means of the
preheater 9 which is shown in Fig. 1. At the same time, however, the

previ ously necessary 1El)reheati ng of the o-xylene by neans of a further
preheat er, dhig mpans ghai] sempirepevite thanprasessoknopre tre datei ¢l aE domtanviia | i ne
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theoxylen%alr ture required for .the reaction to
e chemical reaction without the prev1ously necessary energy-intensive preheating

of this reactant by means of the preheater 9 which is shown in Fig. 1.

At the same time, however, the previously necessary preheating of the o-xylene by
means of a further preheater, e.g. 3, is also dispensed with.

o-Xylene which is fed via line 101 passes directly into the line 139 containing the
hot air coolant, and the o-xylene/air mixture required for the reaction to give PAA
forms. By feeding the o-xylene having a temperature of about 30°C, the o-
xylene/air coolant mixture cools to about 280°C. This temperature at which it then
enters the reactor 113 is, however, still at least 100°C higher than that possible
according to the known procedure. Consequently, the catalyst in the reactor 113
can be better utilized and more high-pressure steam can be generated. Since
separate o-xylene preheating by means of a preheater and e.g. the jacket heating
means 11 of the line 5 leading in Fig. 1 to the reactor are dispensed with, the plant
design is simpler and more economical, which is also true for the maintenance of
the plant.

Fig. 3 shows a further embodiment of the novel process and an apparatus therefor.
The apparatus features identical to the embodiment according to Fig. 2 are

provided with correspondingly identical reference numerals, but incremented by a



forms. By feeding the o-xylene having a tenperature of about 30C, the_ o-

xyl ene/ air coolant m xture cools to about 280C. This tenperature at gﬂp@HZW&
it then enters the reactor 113 is, however, still at |east 100C hi gher

than that possible according to the known procedure. Consequently, the
catalyst in the reactor 113 can be better utilized and nore high-pressure
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mor e econonitBafollaping fgneesal so true for the maintenance of the plant. Fig.
3 shows a further enbodi nent of the novel process and an appar at us
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including a tenperature steering 251, and Fig. 7 a conbination different
form Fig. e h: 1, S Sd: I Ate | ate cool.er 243  The
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the reactor 213, a Usable catalyst for the downstreamreactor is é.g. a
non doped VERBGIGRIXS feinthe dovasieae secer duegi @nonideaed vanadpn/étanbire.
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'coolant, for example a further gas/gas plate-type heat exchanger or another heat
exchanger type. This is shown in Fig. 3, 5a and 5b, wherein e.g. the air coolant,
leaving the plate-type heat exchanger 243 (intermediate cooler) can be fed to the
second plate-type heat exchanger 227 as air coolant (Fig. 5a), or in an opposite
order (Fig. 5b). There, the intermediate cooler 243, the downstream reactor 241
and the gas/gas plate-type heat exchanger 227 in the embodiment according to Fig.
3 are arranged in a common housing. However, it has been found that, for
optimizing the reaction requirements, it may also be expedient to arrange the
mtermediate cooler 243, the downstream reactor 241 and/or the gas/gas plate-type
heat exchanger 227 in separate housings. All three apparatuses can each be
arranged in separate housings or in each case two of said apparatuses can be
arranged together in one housing. These variants are no longer shown expressly in
Fig. 6a (separation of the intermediate cooler 243 from the downstream reactor 241
and the heat exchanger 227), 6b (separation of the heat exchanger 227 from the
intermediate cooler 243 and the downstream reactor 241) and 6¢c (as 6b, but
without by-pass 250 but 243 being a gas/gas plate-type heat exchanger) all with

connections between the means.



| eaving the plate-type heat exchanger 243 (internedi ate cooler) can fﬁ fﬁ%
to the second plate-type heat exchanger 227 as air coolant (Fig. 5a ,Jg 00
in an opposite order (Fig. 5b). There, the internediate cool er 243, the
downstream reactor 241 and the gas/gas plate-type heat exchanger 227 in

t he enbodi nent according to Fig. 3 arg arranged in a common housi ng.
However, it has been found that, for Optimzing the reaction requirenments,
it may al so be expedient to arrange the internediate cooler 243, the
downstream reactor 241 and/or the gas/gas plate-type heat exchanger 227 in
separate housings. Al three apparatuses can each be arranged in separate
housi ngs or__j n_each case two of said apparatuses can be arranged together
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(separation of the intermedi ate cooler 243 fromthe downstream reactor 241

The i nt o mic at & PROGFLPF hguRUREGTBUR erasir (AR Y OSHASORAG 6 (as o,

but without by-@aglen®bthbpteserd dfai dagalgst.gasiogally inl taloatdpy e a heidd akkchanger)

all with connections . between the .13, 0 JUN 20 8.We claim, 1.
process for manu g%‘ﬂﬁt{eﬁﬁl ﬁﬁ@ﬂ%ﬁ %’@’ﬁﬁ@?ﬁ%@ﬁﬁ“%‘%&%ﬁﬁ%ﬁ%@

o-xyl ene in the goggesTgo-aflene air ystaolaipta o pedetermined indetsempearature a mai n
and a downstre JTTo el ' '%r : [ in
reactor conpri 2@1 | O- x3‘%{1_oednigltdz:l\éilnE _alégﬁgﬁg%g[gg%g%hagg%&g{og@n&&gc I nl et
temperature f orcqohingcaediunofiows s lagated pipstaeasn of \the separater, lnodttheshohanger

through which a reafid & 99HidMthlotdR theShda® cRLBHAPRE LR Rn tieparator,
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reaction gas on introduction into the heat exchanger is from 250 to 400°C,

in PAA plants without downstream reactor preferably from 350 to 380°C
and in PAA plants with a downstream reactor preferably from 280 to
320°C, and its outlet temperature on emerging from the heat exchanger is
from 130 to 180°C, preferably about 160°C.

3. A process as claimed in claim 1 or 2, wherein the cooling of the reaction
gas is effected in one stage.

4, A process as claimed in any of claims 1 to 3, wherein the inlet temperature
of the cooling medium on introduction into the heat exchanger is below
100°C and its outlet temperature on emerging from the heat exchanger is
from 300 to 350°C, preferably about 330°C.

5. A process for manufacturing phthalic anhydride (PAA) by oxidation of
o-xylene in the presence of a catalyst, optionally in two steps in a main and
a downstream reactor in which the hot reaction gas from the main reactor
comprising o-xylene and air is cooled to a predetermined inlet temperature
for introduction into a separator, wherein a heat exchanger through which a
cooling medium flows is located upstream of the separator, and the hot
reaction gas is passed through the heat exchanger for interaction with the

cooling medium, wherein the inlet temperature of the reaction gas on



and in PAA plants with a downstreamreactor preferably from280 to 320C,
and its outlet tenperature on energing fromthe heat exchanger is fyhNH
to 180C, preferably about 160C. 3. A process as clained in claiml or 2,
wherein the cooling of the reaction gas is effected in one stage. 4. A
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of the cooling nmediumon introduction into the heat exchanger is bel ow
100C and its outl et tenperature on emergi_n%fromthe Qeat, exchanger is
from 300 to 350&qduetar ke thedpal exchapger is Trom e iedd0°Coin RadPEEUr i ng

pht hftl I ;: anh%/dr Wﬁoﬁ?&&?ﬁkaﬁ%t&%k %ei@fab_lyoﬁi‘éﬁld%@ th I38OAE aﬂaeiaeﬂmt of a
catal yst, option L steps in a nai a downs reactor in
whi ch the hot r@%@gﬁﬁﬁd‘aﬁgwm’éﬁaﬁ@F Pr?pﬁrégﬂ'oﬁomc%pm éé(ﬁgﬁ&-ﬂ;ypene and
air is cool ed t goudetptefpeiatursi orcemengi frogNpPeriddatieechahger isMrsradiBOt foon into a
separator, wherei heat exchan t,Ar ough .whj ch. cool | L,um f | ows
I's | ocated upst ﬁggorﬁome??{gﬁge%%ﬂ“gﬁ)@, eaﬁ%i%f%’é tp?Stm?eFetﬁngF%ﬁgﬁgcg[dlﬁbe passed

t hr ough t he heatoeltgharedzun barinirodwetian tintorthevibicht éxvhangeoad belgwreel°GCm
wherein the inl : L UL ' . -9

i ntroduction i n{%%d%tggﬂ ﬁéetg mvgrgﬁ'gen%&;fgm%[gﬁg%?n&ég%ﬁ?ag@ﬁ%ﬁ%&:{%%& ants

wi t hout downst r déadd9 ¥ ereferabhetbous B3Y°C andrwBemin the Igddmgmadium Iwated pl ant s
with a dounstr e beaabatidl G RPedds 0 od 1o feacktds o of i | €1

t enperature on g’?er glﬁfl’il ?rom ttﬁ_e eat ex%gﬁangerl |ts ?r oar% 130 to0 180C,
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interaction wit leffebediand stege.gas is fed into the reactor as one of the

reactants for the chem cal reaction. 6. A process as clained in claimb5,
wherein the cooling of the reaction gas is effected in one stage.

7. A process as claimed in claim 5 or 6, wherein a gaseous medium being air
is used.
8. Apparatus for cooling hot reaction gases to a predetermined inlet

temperature for introduction into a separator after a foregoing reaction in a

main reactor and optionally a following downstream reactor, -

comprising

(a) a means for conducting the main reaction (113, 213},

{b)  ameans for heat exchanging (127, 227),

(©) optionally a downstream reactor {241) before the means (b) and
optionally having a means for intermediate cooling (243),

(d) ameans for separating a reaction product (121, 221}

and connections to and between the means (a) and (d).

9. Apparatus as claimed in claim 8, in which the means (c) are constructed as
One or more parts.

10.  Apparatus as claimed in claim 8 or 9, in which from means (b) a by-pass
(250) starts being optionally temperature steered (251).

11.  Apparatus as claimed in any of claims 8 to 10 in which the means (b)
and/or the intermediate cooler (243) is a gas/gas plate-type heat exchanger.



7. A process as claimed in claim5 or 6, wherein a gaseous nediun1b%Hggﬂ?%r
is used. 8. Apparatus for cooling hot reaction gases to a predeterm 004
inlet tenperature for introduction into a separator after a foregoing
reaction in a main reactor and optionally a foll ow ng downstream reactor,
conprising (a) a neans for conductinghe main reaction (113, 213), (b) a
nmeans for heat exchanging (127, 227), kc) optionally a downstream react or

(241) beforg the ne b) and optionally having a neans for internediate
cool i ng (243Y, ?Hie ‘g‘n ‘rs?sglﬁéa@@'ﬁ B & i“hgfvlw? efé@% B0 ph-d@reprogessfor 221)

and connecti ons manufactutieg plthalid dihydedans (a) and (d). 9. Apparatus as
claimed in claim8, in which the neans (c) are constructed as one or nore
parts. 10. Apparatus as clainmed in claim8 or 9, in which fromneans (b) a
by-pass (250) starts being optionally tenperature steered (251). 11.
Apparatus as clained in any of clains 8 to 10 in which the neans (b)
and/or the internedi ate cooler (243) is a gas/gas plate-type heat
exchanger. 3 0 JUN 2004 - 10 12. Use of the apparatus as clained in any of
claims 8 to 11, in a process for manufacturing phthalic anhydride.



