Process and apparatus for cooling a hot reaction gas, for exanple for

manuf acturi ng phthalic wml i e present invention relates to a process
and an'apparatus for co mmmmmm reaction gas to a predetermnined inlet
tenperature for introductian,sto a separator, especi a(b‘ltzﬁogﬁ/ﬂ(ggﬁal n

manuf acturing phthalic anhydride. The starting point of e present
invention is the preparation of Eht hal il anhydri de (PAA) by oxidation of
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reaction gas and has a tenperature of about 360C. In PAA pl a@mﬂ“m@ﬂm l’mu‘l
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makes the process which is Wapufacgringphthalic aphydride eaction gas and is
downstream of the actual reaction conplicated and expensive. A conbination
of a main reactor Wthh a downstream reactor—wth or—wthout——coot+ng neans
therein has been described already; exanples are the DE-A 197 42 821 and
DE- A 198 07 @h8.prédeni mantiabjrelates 06 o P@ceseaRINtn iappapfub OBr ol g an

optim zed pr cool | .a hot reaction gas which permts a sinpler
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(PAA) by oxidation of o-xylene. Hot o-xylene and hot air are reacted 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 complica\ted 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



O. Z. 0050/51058/Ja -2- in two steps in a main and a downstreamreactor, in
whi ch the hot reaction gas fromthe main reactor conprising o-xyl ene and
ait is'cooled to a predetermined inlet tenperature for introduction into a
separator, wherein a heat exchanger through which a CC@QI U@S(ﬂ? WaHOWS
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effected in one stage in the heat exchanger by the novel process.
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which permts direct introduction of the cooling nediuminto the
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.



reactor. The coolant is chosen so that it sinultaneously constitutes one of
the reactants of the chemcal reaction. O Z 0050/51058/Ja -3- In another
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prior art fosmhi& hHehe@psclciifthedtadtd, the use of the apparatus necessary
for cooling a hot reaction gas is not restricted to this chem cal

reaction. It can be used very generally for cooling hot reaction gases and
can be 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 is not restricted to this chemical
reaction. It 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



enpl oyed for any desired chem cal reaction which is carried out in a
reactor at ‘el evated tenperatures and in which the cooling medium of the
reacti bn gas energing fromthe reactor, in the heat exchanger, is
sinmultaneously required as a reactant or solvent (li qt@? 6’(5509331?)‘§QH§) for
carrying out the chem cal reaction. A further achievenent IS an apparatus
for cooling hot reaction gases to a pr‘éld'eterm ned inlet tenperature for
i ntroduct i onrdaffi¢h an Sepasiat Bacet tAld pfiHaBgoh NBIGWhg BIRLELDDSeddor, 4
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to enbodi melts shEWA"S r??@IﬂF’&\ﬂrﬁﬁcuoﬁl%" shows a flow di agram of the
prior art process for the preparation of PAA Fig. 2 shows a flow diagram
according to e _novel process for the preparation
of PAA and a%r?da%)dﬁléll?% Oglg? %l’edr%?&’ e%Fthg;Jne&nshows a flow diagram according to a
second enbodi nent of the novel process, and an apparatus therefor Fig. 4
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including a surroun heat exchanger rising a
tenperature E%laé iﬁ@g‘fﬁaérﬁ@s a@éyp%hgaﬁ%aggqrpwefﬁr%y 4¥8daccording to a
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i ncl uding byng Savétl 1%n c1jsovtvc')’ls‘tt)er ee‘;i(p ained }norn)lore 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. 6a-c show embodiments of heat exchangers with downstream reactors
(combinations)

Fig. 7 shows an embodiment without a first heat exchanger



Fig. 6a-c show enbodi nents of heat exchangers wi th downstream reactors
(Conblnatlons) Fig. 7 shows an enbodi nent wi thout a first heat exchanger
O.Z. 0050/ 51058/ Ja -5- First, a reactor systemas known in the prior art

for the preparation is shown and explained in Fig. 1. 4t bgﬂﬁ Qe hhat PAA
can be prepared by oxidation of o-xylene in the presence of a catalyst.
Initially, the o-xylene used has a tenpe@ature of about 30C and is fed via
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present, e. géen%rﬂﬁ gﬁﬁ%ﬁﬁq KR @feﬁr%r(ﬁé'lﬂl% P& h%%l’gl le. alf_{b Ig(gleSt catite.

After the en em ca reaction |on
t enper at ur e SHXUEHHHNGE asseg7 fackenype sise heatal WW@mhmer\@@stIPMpa‘rmthal r

| eaves the r e@ﬁturﬂe%f/uee alkﬂon@ylel{é mBRue ORAPRARNURI80 G0 917500t 7Y kg and
mal ei ¢ anhydr es to a two-stage gas cooler 17 which

as
has two steaﬁe[aag‘?f‘ﬁg feiicmi??g?%fﬁbe ?f?eme 4¢3t 0 from about 160 to 175C. Thus,

the reaction gas has the predeterm ned advantageous tenperature in order

to be fed vi gyl iR dO R & SERATANAY: ALunLOMpLIT. SERATALANALr Ghdde PAA

is renmoved via l'rn e gas'Is
i nci ner at i onowidaden tdaplienyisrmrasest, a& Qﬂodnmdlvgoatdlutﬁi'tgam@nsh@desom heapicpcess
and an appar gke'sehtiger efor nodified according to the invention. Here, those
apparatus features which correspond to those shown in Fig. 1 are provided
with the sane reference nunerals, but increnmented by 100.

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 leaves 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



For the novel procedure for the chem cal reaction, a one-stage heat
exchanger, in this case a gas/gas plate-type heat exchanger 127, is used
i nstead of the two-stage gas cooler. Consequently, the reaction procedure
can be nodified in several respects and it is thereforg agyﬁyﬁﬁg@%s to
descri be the novel procedure for the reaction starting 1Zomt e gas/ gas
pl ate-type heat exchanger 127. The reactdon gas flow ng out of the reactor
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the air  cooPéththentbfesepatated inj the meanerdeseribdsbahove 30C ande BAA awisgtef ed vi a
line 139 to phe By %&%h@bfjtﬂe?hem)&liaﬂ%% sewtan et as H:Q?tg{rf ?ﬁsgalgaﬁ%?aw th

reference to torle pri qr ar,t one oOf_ the reactants em cal

as )
reaction. ThF$ the lptets heatehtorabquid 307Ciand ap ewske fefl oighling [3fhtoethet he ai r
cool ant is hmatoed]&bohith kSRsighehay deswiidd dbbee with wferehbéto tht pfianarhesused

again as a rggg&pﬂg{ggﬂan&t}gr &g%ﬁlfﬁ%hblreg‘%?"tni on without the previously

necessary energy-intensive preheatin this reactant by neans of the
preheater 9 which is showmn in Fig. 1. At the sane tinme, however, the

previously negRssain MENRAHRY Rithihe Roctkd RAGWRYo dHRAN ei%gr g%cgéi{t_tigeﬁ

preheater, e g. 3, is . also dispensed with. o-Xylene whic via line
101 passes dbgaé?ffiﬂgf)uit ﬁ?@ highen, wifh tﬁ%@”&’éﬁh%i“rﬁaﬁd’et%éd ABYD A ATCRBENAAL , and
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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



enters the reactor 113 is, however , :sti Il at |east 100C higher than that
possi ble according to the known procedure. Consequently, the catalyst in
the reactor 113 can be better utilized and nore high-pressure steam can be
generated. Since separate o-xylene preheating by nean f er and
e.g. the jacket heating neans 11 of the line 5 | eadi ng)?noﬁswgﬁj%ﬁﬁé t he
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shows a furt fgﬁnbOd nt of the novel process and an apparatus therefor.
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provided with correspondingly identical reference nunerals, but increnented

b : . saj d t |
Chegi nn: ng i T HoRis 2 coindddfl Efresrdifiop o ey 3! 6T el dhepeg g @l
conbi nati on é@i%@mpﬁgﬁﬂ@ Jreging 25buandHzigi hg cambylapasshfﬁesent fom Figli ng a

tenmperature 34e@fridpdtoAeelmiANG iftelnediatd cGQBDIgRation different formFig. 4
referring to the mssing intermedi ate cool er 243. The enbodi ment accordi ng
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I ntermedi at ee)%c%%gegr t%’e3 ’Thls 15 sqmwnslgereg r‘r} r5~ea e(izr;[dogb V\L}herem 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
intermediate 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¢ (as 6b, but
without by-pass 250 but 243 being a gas/gas plate-type heat exchanger) all with
connections between the means.



and the gas/gas plate-type heat exchanger 227 in the enbodi nent accordi ng
to Fig. 3 are arranged in a common housing. However, it has been found
that, for optimzing the reaction requirenents, it nmay al so be expedi ent
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appar at uses can each be arranged in separate housings or in each case two
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intermedi ate cool er 243 fromthe downstreamreactor 241 and the heat
exchanger 227), 6 groegafatmamfafturinpephtiedic aakypdraledBAAI DY oxidativh be

i nternediate cool %r }%EL}I% z“% }%Q&ngé)g\fqéga{t 8 5&?)%%8§ %I‘?t%gg tg&tm%cm in angb but

wi t hout by- pass 250 a _gas exchanger) all
with connecti onsasEMRsEeAn H@C%alﬂ\é"’hl@ the 11905@#5@05&’39111811‘7‘@1&1111 agastorl A

process for manuf aghpfiting oQJ}ﬂléi'@'ah& aanm{&dlécdeoﬁ%%)ete%uﬁahﬂ%f {eBipeftture

esenc cata pti.on two_steps In a nmain
o-xyl ene in the pres ?@}Ctlp?‘l

and a downst r eam¢'da¥ %iaéﬁp%ﬁ@ rer”éé?‘?i‘tcﬁ’fc et thegHghghigh A
reactor conpri si ngolingxylkdine &ods ds ﬂodaﬁ:dclﬁpzheﬂnt(ﬁ“ the Qépﬁ@ﬁ)erdﬁdnﬂﬁ hdil et

tenperature for t whergin a h anger
t hr ough which a %:%% ‘%jg% ls sée’& tﬁf)ovvgﬁ ea& ef(%lbanﬁfj of élétﬁfa(g OI? Wéé’s@ﬁar at or,
and the hot reacp‘iJQimggasdlu@ passed t hr ough t he heat exchanger for

interaction with the cooling nmedium 2. A process as clained in claiml,

wherein the inlet tenperature, of the . reaction gas on introduction into the
heat exchangér i s%f PEIFESseS cimegbm claim bawhgreinthe inletHsmpedswn iy bam
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claine 1 to 3, V\:h%l’ﬁ‘ln a gaseous
om 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 a gaseous cooling

medium is used.

5. A process as claimed in claim 4, wherein the gaseous cooling medium used
is air.

6. A process as claimed in any of claims 1 to 5, 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.

7. A process as claimed in any of claims 1 to 6, wherein the cooling medium
heated by the interaction with the reaction gas is fed into the reactor as one
of the reactants for the chemical reaction.

8. Apparatus for cooling hot reaction gases to a predetermined inlet
temperature for introduction into a separator after a foregoing reaction in a



mediumis used. 5. A process as cl ained in claim 4, wherein the gaseous
cooling nediumused is air. 6. A process as clained in any of clains 1 to
5, wherein the inlet tenperature of the cooling nmediumon introduction
into the heat exchanger is below 100C and its outlet t

energing fromthe heat exchanger is from 300 to 350C, (g?}éggﬁa/t {d;sga out
330C. 7. A process as claimed in any of-&tains 1 to 6, wherein the cooling
nmedi um heated by nidierdabfoea@TéptidnaNy & FolloddEng 8awhdtRBmdascte:s fed into the
reactor as one of the1 reactants for the chem cal reaction. 8. Apparatus
for cooling hot r&XCPI'8R€gases to a predetermined inlet tenperature for

i ntroduction into(@ sepamansforabhductiag flermgoirengtior i3, 2MB)in a O Z
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reactor, conpri 55@3 (g)n?%ﬁ%;ﬁgﬁg&%ggp%fgmItz)ll’n2§7§’he main reaction (113,
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downst ream r eact or ( 24BiGRI9AyiS HRAOFor(AbrAdtate COSIRNAULY haVing a
nmeans for mterma;lé)ate cool i 243 a neans r separating a reaction
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product (121, 221} and "“EhH tsf('%%grtgoaréﬁﬁloﬁé’cr (k{e?#ans (a) and (d).
9. Apparatus as chad cathettioms|tabind Between thbingdans (i anded)s (c) are constructed
as one or nore parts. 10. Apparatus as clained in claim8 or 9, in which
from means (b) a by-pass (250) starts being optionally tenperature steered
(251). 11. ABpar atpparagsels glataed inrclaimy8,ah whiichi the ngans(cl areicansthictdd ashe means
(b) and/or the ighepiRdicaisscool er (243) is a gas/gas plate-type heat
exchanger. 12. Use of the ‘apparatus as clainmed in any of clains 8 to 11, in
a process for manufacturing phthalic anhydride.

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.

12. Use of the apparatus as claimed in any of claims 8 to 11, in a process for
manufacturing phthalic anhydride.



