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M xtures for the Produetion of Phthalic Anhydride Description This
invention relates to a.process of generating a honbgeneous- das m xture
(feed gas) from ortho-xylene (o-xylene) and air, which is the basis for the
production of phthalic anhydride (PA) by gas-phase oxidation in the
so-cal |l ed PA-process. The generation of feed gas for the PA process
operated with o-xylene as feedstock has So far been perforned as foll ows.
The process air is sucked in fromthe surroundi ngs by neans of a bl ower,
filtered, and subsequently conpressed to a pressure |evel which allows the
conveyance of the air streamthrough the process gas strand of the PA
plant. In a heat exchanger di sposed behind the blower, this process air
streamis raised in its tenperature |level. Parallel thereto, |iquid oxylene
froma storage tank is brought to a certain prelimnar y nmeans
of a punp and passed through a preheater. In a so-cal Im% Eml“m“ r, the
preheated o-xylene is injected into the air streamin ormparall el
to the air w by neans of a nozzle system The fine o-xyl 8%&%dropl et s
conpl et el l”Wﬁ{ﬂWﬂWan the air stream and finally a levelling of the
concentr at erature distribution in the gas streamis achi eved by
means of a hoffif¢emi zation stage (e.g a static mxer). This feed gas
subsequently enters the tubular reactor filled with catal yst, where a
partial oxidation of o-xylene and atnospheric oxygen to form phthalic
anhydri de takes pl ace -2 For decades, the above-described process
principle for the gegerati f d %ﬁ 29 .ig; essf.ul been used in the
PA process, but w't Procgss oqrbé}'er;.t%? o-XHend Rir rixi%'%e—g-@-rg!%r oxyl ene | oads in

the.air stream (> 80 g o- x\Hreductionw of\fithali¢ Anhpdridé so shown potenti al
weaknesses with regard to the explosion safety of the feed gas part of the
PA plant, which will be explained below. The |Iower explosion [imt of a
gaseous m xture of o-xylene and air is about 44 g/NnB. It was found out

t hat thepgidihfiywn energy required for igniting the mxture is greatly
decreased wth 1ncreasing o-xylene |oad, and therefore an increased
sensibility with regard to the possibility of an expl osi on does exist. To a
great exThistinventien edateony aofrotése dPReperaties s bepaenkous rpak sixtupadfead gas)xyl ene

per N/8 air. Lt | asiic Kequi [ . it h apaci t f 80 g
o- xyl ene’% Rﬁe"%‘%"r""?%’%lgb’?’gg%e) x@l;de_-é]lg./ n&h té%]?ﬁengés?sn f?z t\(f)%nf)&r?ﬁécglo a(fcfleﬁ’li)/haﬁ h
respect smhydiide Bd9 iylgae phase vsxlation mrthe sorcalled PA-prackss. f eed gas part of a PA
pl ant, especially when using the above-described process of generating feed
gas, the follow ng shoul d be noted: Wien atom zing the liquid o-xylene in
the sprayhhsengrasion of feqd g,asefpggter?% iPFQPEFSSORFERLES Wikh o- lﬁ%a%feﬁfiqt%ﬁ/&&rsgpl et
itself, phosd fifoahel dolows.i nstallations in the evaporator can lead to a
spark which in turn can be the cause of an expl osion.

The process air is sucked in from the surroundings by means of a blower, filtered, and
subsequently compressed to a pressure level which allows the conveyance of the air stream
through the process gas strand of the PA plant. In a heat exchanger disposed behind the
blower, this process air stream is raised in its temperature level. Parallel thereto, liquid o-
xylene from a storage tank is brought to a certain preliminary pressure by means of a pump
and passed through a preheater. In a so-called evaporator, the preheated o-xylene is
injected into the air stream in liquid form parallel to the air flow by means of a nozzle
system The fine o-xylene droplets completely evaporate in the air stream, and finally a
levelling of the concentration and temperature distribution in the gas stream is achieved by
means of a homogenization stage (e.g a static mixer). This feed gas subsequently enters
the tubular reactor filled with catalyst, where a partial oxidation of o-xylene and
atmospheric oxygen to form phthalic anhydride takes place



The deposition of evaporation residues fromthe evaporated o-xyl ene on
internal fittings of the evaporator can tead to the build-up of solid

| ayers, which by chem cal reaction with oxygen fromthe process air can
form pyrophoric substances which in turn represent potential ignition
sources for an expl osion. DE-A-2839831 fescribes a process of producing a
gas m xture for the oxidation of naphthal ene, in which the naphthal ene
evaporates in the absence of oxygen, the evaporated naphthal ene is m xed
wi th oxygen, and the mxing ratio of naphthal ene to oxygen is adjusted by
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ir. A tl ' ' X t h | et
Porogen: SEET AHoer: PrleyorRbit Chak G h thitfol iP %, BIY ST 8e 50PR Hey or a
nat ur al - especiallatwhen usingpibe sabove-despribrel process ofhgenkuating deady gas, dhven fiallomting
repr esentsﬁoutkpge;l gpnically sinpler and thus |ess expensive solution and

therefore'is preferred in general. |If the o-xylene has high contents of
byproducts with styrene or cunol, deposits nmay be forned at the evaporator

surfacess Whi gfhedeRgizng heNRERI bhglehs ansieespraf nbeads; stalit Sldaicileisaxt ded
by using a ci rculg}gi ngﬂeva orat or %%Qt hg. ane has hllgher flow rates I n the
vicinity of tHBLIERTEEN: dopiet J5elh Whose dischpras,va s B%“Se‘\‘)ég%fe‘éﬁp@tﬂatﬁf a
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PA reactor may be damaged in the case of fluctuations of the o-xylene |oad
inthe air streamw thin short operating periods; this is

DE-A-2839831 describes a process of producing a gas mixture for the oxidation of

naphthalene, in which the naphthalene evaporates in the absence of oxygen, the evaporated
naphthalene is mixed with oxygen, and the mixing ratio of naphthalene to oxygen is
adjusted by measuring the flow rate. In this process, which is performed by using
naphthalene, a capacity of 40 g naphthalene/Nm® air is achieved

EP-B-0483645 desribes a process of generating a feed gas mixture from naphthalene, o-
xylene and air. Ortho-xylene is first of all evaporated in the absence of oxygen and is
subsequently passed through liquid naphthalene, so that the o-xylene vapors are saturated



-4 true in particular for high o-xylene | oads. The supply of vapor to the
0- xyl ene evaporator normal'ly fluctuates within certain limts, which

i nvol ves fluctuations of the o-xylene streamto be evaporated. This can at

| east | argely be avoi ded by using a sufficiently dinensioned steam

accunul ator for supplying steamto the o-Xxylene evaporator. Moreover,
fluctuations are decreased with increasPng pressure in the o-xyl ene
evapor at or The enbodi nents of the process will now be explained by way of
exanple with reference to the drawing, in which Fig. 1 shows a flow di agram
of the process with a kettle-type evaporator, Fig. 2 shows the evaporation
of o- xyl ewihaphthalenet This mixfure i dhérosuppliad gpather process di. gA3ccﬁInmnsofdthe
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-6 Exanple. For a PA plant with an annual capacity of 50,000 tons per year,
t he evaporation of o-xylene is perforned according to the aforenenti oned
principle, the plant operating 8000 h per year. The o-xylene has a purity
of 98 % Since the plant operates with' at |load of 100 g oxyl ene per N8
air and the plant achieves a yield of 112 % (kg produced pure PA per kg
oxyl ene used), an o-xylene streamof 50,000 t/a PA x 1.12/8000/0 98 = 7143
kg o-xylene/h is required The air flow which the plant requires for
oxidation is 71430 NnB/h The o-xyl ene punp supplies the o-xylene stream

(20C, atnpspher.i ressuyre) i ch at .the np ,outlet has a pressure of 1.8
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As shown in Fig. 1, o-xylene (15) is supplied by means of the o-xylene pump (4) from a
storage tank through the two o-xylene preheaters (5) and (6), where the o-xylene is heated
to 180°C by means of steam (13c, 13d). On the pressure side, the o-xylene pump (4)
provides an absolute pressure of 2.5 bar. Subsequently, the liquid o-xylene (15) flows into
the kettle-type evaporator (7) In its interior, this kettle-type evaporator has steam-heated
tubular coils, which are not represented here. The o-xylene (15) is evaporated at absolute
pressures of 2.4 bar to 4 bar, which corresponds to an evaporation temi;erature of 180°C to
205°C. As heating medium, saturated steam (14) between 18 and 30 bar is used, which
with a temperature of 210°C at 18 bar or 234°C at 30 bar has enough temperature
difference with respect to the medium to be evaporated For keeping constant the saturated
steam flow to the o-xylene evaporator (7), a steam accumulator (12) is used, which is
positioned between the steam supply from the steam network and the o-xylene evaporator

7).

The o-xylene vapor (18) thus generated is withdrawn from the vapor space of the kettle-
tybe evaporator (7) and passed through a superheater (8), which superheats the o-xylene
vapor (18) by 10°C, in order to avoid a condensation of the vapor. Excess condensate (27)
is withdrawn from the evaporator (7) Avoiding the condensation of o-xylene vapor is of
decisive importance for controlling the flow rate of o-xylene, as the same is effected by
measuring the flow rate of the o-xylene vapor, and the condensation of o-xylene vapor
would lead to fluctuations of the o-xylene load in the process air stream. Finally, the
superheated o-xylene vapor (19) is mixed with the process air (16) in a special mixing
means (10), which process air is supplied by the process air blower (1) through the two-



_7_ The o-xyl ene vapors escaping fromthe vapor drum are heated in the
super heater by 10 K, so that they have a tenperature of |190C at the
superheater outlet. The superheater requires a thermal output of 7143

kg/ h/ 3600 s/h x 1.9 kJ/kg K x (190C180C) = 38 kW which corresponds to an
amount of heating steamof 38 kW 1900 kJ/ kg x 3600 s/h = 72 kg/h ( 18 bar).
At the outlet of the evaporator, the superheated o-xyl ene vapors have a
pressure of 1.3 bar. These vapors are subsequently expanded into the
process air stream whose pressure is about 0.5 bar at this point. _g_
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ring syst

is necessary, because the static mixer (11) can only mix with a fixed efficiency and
therefore already requires a thoroughly homogenized mixture at its inlet, in order to be able
to ensure the required mixing quality for the reactor

Instead of evaporating the o-xylene in a kettle-type evaporator, a natural circulation can be
used as evaporation principle, as is represented in Fig 2:

Upon preheating (5, 6), the o-xylene (15) gets into the o-xylene vapor drum (9). This o-
xylene vapor drum (9) is fed by a natural circulation

Through the downpipe (20), the boiling o-xylene (15) gets into a steam-heated evaporator
(21), which operates as reboiler. Part of the o-xylene flowing through the same is
evaporated at absolute pressures of about 2.4 to 4 bar and is then recirculated to the o-
xylene vapor drum (9) by the natural circulation From the vapor space, the vapors get into
the superheater (8), where the o-xylene vapor (18) is superheated by 10°C, in order to
avoid a condensation of the vapor, as described above. The further process is identical with

the process described in Fig. 1

Fig 3 shows a sparger ring system, by means of which the superheated o-xylene vapor
(19) is mixed with the process air A plurality of rings (22) are concentrically arranged
inside the process air conduit (23). The rings (22) consist of bent and welded tubes. The
distance between the rings (22) is defined by radial retaining sheets (24). Via a conduit
(25), pressurized superheated o-xylene vapor (19) is introduced into all rings. The rings
have a plurality of outlet openings (26) uniformly distributed over the periphery, through
which the o-xylene vapor escapes and mixes with the process air.
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For a PA plant with an annual capacity of 50,000 tons per year, the evaporation of o-xylene
is performed according to the aforementioned principle, the plant operating 8000 h per
year. The o-xylene has a purity of 98 %. Since the plant operates with at load of 100 g o-
xylene per Nm® air and the plant achieves a yield of 112 % (kg produced pure PA per kg o-
xylene used), an o-xylene stream of 50,000 t/a PA x 1.12/8000/0 98 = 7143 kg o-xylene/h

is required
The air flow which the plant requires for oxidation is 71430 Nm?/h

The o-xylene pump supplies the o-xylene stream (20°C, atmospheric pressure), which at
the pump outlet has a pressure of 1.8 bar and a temperature of 40°C. In the first heat
exchanger operated with low-pressure steam of 2.5 bar, the o-xylene reaches a temperature
of 135°C. In the second heat exchanger heated with 18 bar, the o-xylene stream is heated to
175°C. When entering the evaporator, the o-xylene has a pressure of 1.4 bar, if the heat
exchangers and the conduits have a pressure loss of 0 4 bar

The steam consumptions of the two preheaters are as follows.

Ist preheater
Heat flow 7143 kg/h/3600 s/h x 2.1 kI/kg K x (135°C-40°C) = 396 kW

Steam requirement: 396 kW/2153 kJ/kg x 3600 s/h = 662 kg/h (2 5 bar)

2nd preheater.
Heat flow: 7143 kg/h/3600 s/h x 2.1 kJ/kg K x (175°-135°C) = 167 kW
Steam requirement: 167 kW/1900 kJ/kg K x 3600 s/h =316 kg/h (18 bar)

The evaporator must evaporate 7143 kg o-xylene per hour. This requires a heat flow of
7143 kg/h/3600 s/h x [315 kl/kg + (180°C-175°C) x 2 15 kl/kg K] = 1365 kW, which
requires an amount of heating steam (18 bar) of

1365 kW/1900 kJ/kg x 3600 s/h = 2586 kg/h

In the case of the natural-circulation evaporator system,
7143 kg/h/0.15 = 47620 kg/h o-xylene circulate in the evaporator circuit
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The o-xylene vapors escaping from the vapor drum are heated in the superheater by 10 K,
so that they have a temperature of 190°C at the superheater outlet.

The superheater requires a thermal output of 7143 kg/h/3600 s/h x 1.9 kl/kg K x (190°C-
180°C) = 38 kW,

which corresponds to an amount of heating steam of 38 kW/1900 kJ/kg x 3600 s/h = 72
kg/h (18 bar).

At the outlet of the evaporator, the superheated o-xylene vapors have a pressure of 1.3 bar.
These vapors are subsequently expanded into the process air stream, whose pressure is
about 0.5 bar at this point.
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1. A process of producing an o-xylene-air mixture for the production of phthalic
anhydride, characterized in that o-xylene is completely evaporated in the absence of
oxygen, is superheated thereafter and then mixed with the process air, and this
mixture is supplied to the PA reactor.

2 The process as claimed in claim 1, characterized in that the evaporator for the o-
xylene is a natural-circulation evaporator (9) or a kettle-type evaporator (7).

3. The process as claimed in claim 1, characterized in that the plant has a load of 80 g
o-xylene per Nm? air to 120 g o-xylene per Nm? air.

4. The process as claimed in claim 1, characterized in that for supplying heating steam
a steam accumulator (12) is provided before the o-xylene evaporator (7, 9).

5. The process as claimed in claim 1, characterized in that mixing the o-xylene vapor
with the process air is effected by a mixing means which is designed as sparger ring

system.



