4 August 2004 | Process of Cenerating o-Xvlene-Air Mxtures for the .
Production of Phthalic Anhydride Description This inventiordAwuat24 o0 a
process of generating a honpbgeneous gas 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-called
PA-process. The generation of feed gas for the PA process operated with

o- xyl ene as feedstock has so -far been pekforned as follows: The process
air is sucked in fromthe surroundings by neans of a blower, filtered, and"
subsequent |y conpressed to a pressure |evel which allows the conveyance of
the air stream through the process gas strand of the PA plant. In a heat
exchanger di sposed behi-nd the blower, this process air streamis raised in
its tenperature level. Parallel thereto, liquid o- xylene froma storage
tank is brought to a certain prelimnary pressure by neans of a punp and
passed through a preheater. In a so-called evaporator, the preheated
o-xylene is injected into the air streamin liquid formparallel to the
air flow by neans of a nozzle system The fine o-xylene droplets

conpl etely evaporate in the air stream and finally a Ievelling of the
concentration and tenperature distribution in the gas streamis achi eved by
means of a honogeni zation stage (e.g. a static mxer). This feed gas
subsequently enters the tubular reactor filled with catalyst, where a .
partial oxidation of o-xylene and atnospheric oxygen to form phthalic
anhydri de takes place. 4 August 2004 -2 For decades, the above-descri bed
process principle for tppgegcsfataieratingal-XflenctAirMidtnres fentheessful |y been
used in the PA process, but. ﬂMo Dedlddor PHAGHS Anngaii@ r oduction of higher o-
xyl ene loads in the air streanr%s‘g g o-xylene per NnB air) has al so shown
potential weaknesses with regard to the explosion safety of the feed gas
part of the PA plant, which

Description

This invention relates to a process of ‘generating a homogeneous gas mixture (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-called PA-process.

The generation of feed gas for the PA process operated with o-xylene as feedstock has so

far been performed as follows:

The process air is sucked in from the surroundings by means of a blower, ﬁltez.red, and
subsequently compressed to a pressure level which allows the conveyancj,e of the air.stream
through the process gas strand of the PA plant. In a heat exchzmger disposed behind the
blower, this process air stream is raised in its temperature }evel. 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 m 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 flled with catalyst, where a partial oxidation of o-xylene and

atmospheric oxygen to form phthalic anhydride takes place.



wi |l be explained below. The |lower explosion limt of a gaseous m xture of
o-xylene and air is about 44 g/NnB. It was found out that 4tAugust 200dum
energy required for igniting the mxture is greatly decreased with

i ncreasi ng o-xylene | oad, and therefore an increased sensibility with
regard to the possibility of an expl osion does exist. To a great extent,

t he econonmy of the PA process depends oh-the | oad of o-xylene per NnB air.
It is a basic requirenment that plants wth a capacity of 80 g oxyl ene/ N3
air to 120 g o-xylene/NnB air nust be operated safely. Wth respect to the
possi bl e causes of an ignition in the feed gas part of a,  PA pl ant,
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and is subsequently passed through |iquid naphthal ene, so that the
0- Xyl ene vapors are saturated 4 August 2Q04.-3
With respect to the possible causes of an ignition in the feed gas part of a PA plant,

using the above-described process of generating feed gas, the following

especially when
should be noted:

) When atomizing the liquid o-xylene in the spray nozzles, static electricity is built
up in the o-xylene droplet itself, whose discharge via installations in the evaporator

can lead to a spark which in turn can be the cause of an explosion.

The deposition of evaporation residues from the evaporated o-xylene on internal
fittings of the evaporator can lead to the build-up of solid layers, which by chemical
reaction with oxygen from the process air can form pyrophoric substances which in

turn represent potential ignition sources for an explosion.

DE-A-2830831 describes a process of producing a gas mixture for the oxidation of
naphthalene, in which the naphthalene evaporates in the absence of oxygen, the evaporate.d
naphthalene is mixed with oxygen, and_ the mixing ratio of naphthalene to oxygen. is
adjusted by measuring the flow rate. In ?:his process, which i_s performed by using
naphthalene, 2 cabacity of40 g r_m\p:l_llthalene/Nm3 air 1s achiew_ad'_

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-?(ylene vapors are saturated



wi t h napht hal ene- This mxture is then supplied to the. process air. A P
contact of the naphthal ene to be evaporated with atnnsphe& 8§¥Q®H S
avoi ded, which would otherwise |ead to the continuous orna Pon o tarry
by- products in the naphthal ene evaporator and would result in an increased
necessity for cleaning the sane. In this process, the capacity is |imted
to 100 g hydrocarbons/NnB air. It is the object underlying the invention to
create a process of producing o- xyl ene-&T mixtures for the production of
pht hal i ¢ anhydride, by neans of which a | oad of 80 g o- xylene per NO air
to 120 g o-xylene per NO air can be achieved. In one aspect of the present

I nvention, there is provided a rocess of .. grodyc an o-xyl ene-aitf m xture
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at the poi n,ass 0d PBydRocsorsBiy apor i s adm xed to the process air. A
subsequent |y provided static m xi ng neans ensures the conplete

‘honopgeni zation of the m xture. As evaporator, a kettle-type evaporator. or

a nat ur al - clt ric theatbjeat underfyingathsrinypjion do (feeate 2 PTofesskel PIoduGing o-7gleapaitat or
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evaporator surfaces, which deposits inpede the transfer of heat; this can
be avoi ded Byneasbaip! te erpsest fvetipm Gere i apsusparocess o grofyqine expmaiepsd MEYREF £ 1 ow
rates in t heeyiodichiort of pbthalichehyéndepdirattasizedsin e vdene Firempletly ceReaadidt be

evaporated gf a@e&c@ﬂﬂﬁgﬁl UE ?upé}ﬁeas%& the@a6L and 7 56on MKUAGHhGRIprRsPaMSd the a vapor
pressure of solute. This ensures a sufficient pressure gr adi ent

for adnixi H‘&“F?fés%P F°é?Fe”t’83°{°ﬁe process air, which at the point where the
vaporous o-xylene is  adm xed has. a pressure of about 1 5 bar. absol ute. For

the practicEd obif iz hamegsneops (yiemix, offhe o Componenis, # SH5EAS TREIRE, WS | o
chosen for defignévappagirispstemis prewgid:daﬂéhe mtdkhefft:'tbp reglisontapor & admped to

pressures of, procepsa U Q, 4uthBluchfdP ProViided static mixing means ensures the complete
homogenization of the mixture.

As evaporator, a ké_ttle—type evaporator, or a natural-circulation evaporator may be used.
The kettle-type evaporator represents the technically simpler and thus less expensive
solution and therefore is preferred in’ general. If the o-xylene has high contents of by-
products wkh‘ sfyre_ne or cumol, deposits may be formed at the evaporator surfaces, which
deposits 'impede the transfer of heat; this can be avoided by using a circulating evaporator,
as the same has highcr flow rates in the vicinity of the evaporator surfaces.

The o-xylene must be evaporated at a temperature of at least 175°C, which corresponds to
a vapor pressure of 2.3 bar absolute. This ensures a sufficient pressure gradient for
admixing the o-xylene to the process air, which at the point where the vaporous o-xylene is
admixed has a pressure of about 1.5 bar absolute. For the practical realization of the plant
a temperature of 180°C to 205°C is chosen for the evaporation of o-xylene, which
corresponds to vapor pressures of 2.4 bar to 4 bar absolute.

Aﬂ important requirement of the evaporation system consists in that the fiow of o-xylene
vapor remains constant, as the catalyst in the PA reactor may be damaged in the case of
fluctuationis of the o-xylene load in the air stream within short operating periods; this is



An inportant requirenment of the evaporation systemconsists in that the

fl ow of o-xylene vapor remains constant, as the catal yst 4Auguet Z®4r eact or
may be danmaged in the case of fluctuations of the o-xylene load in the air
streamw thin short operating periods; this is 4 August 2004 -4 true in
particular for high o-xylene | oads. The 'supply of vapor to the o-xylene
evaporator normally fluctuates within cegtain limts, which involves
fluctuations of the o-xylene streamto be evaporated. This can at |east

| argely be avoided by using a sufficiently dinensioned steam accunul at or
for supplying steamto the o-xylene evaporator. Mreover, fluctuations are
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0- xyl ene pu or he "'two o-xylene preheaters
(5) and (6), where the o-xylene is heated to 180C by neans of steam (13c,

13d). On t heTRs 8sbdHierd Sthe phRe-willl lenebepexphained by vy afietanplawithhsterdice
pressure of é,ti g%r, Subse q]uently, t he I|qU|d o-xylene (15) flows into the
kettl e-type “%’ Inits interior, this kettle-type. evaporator
has st eam heat ed tubul ar coils, which are not represented here. The
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tenperature difference with respect to the nediumto be evaporated. For

ot cam accuarig tie bieoiaedTUR Uil by ler o ¥ Bles URRTUE b8
supply from ithegs tahlthmeghmhe kwwandtytehep@hmféh% apd fpowhere theToraylenedy heated
vapor (18) thuss@ensy al&d dfSstdil PACAWd)l ORNhE ifesi@B QideS BRCE-xPlend Bomls &y | €-
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 ev_aporated at absolute
pressures of 2.4 bar to 4 bar, which corresponds to an evaporation temperature 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-
type evaporator (7) and passed through a supetheater (8), which superheats the o-xylene
vapor (18) by 10°C, in order to avoid a condensatlon of the vapor. Excess condensate (27)
is withdrawn from the evaporator (7). Avondmg the condensation of o-xylene vapor is of
decisive nnportance 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-



type evaporator (7) and passed through a superheater (8), which superheats
t he o-xylene vapor (18) by 10C, in order to avoid a condedsawiush?0d¥ t he
vapor. Excess condensate.(27) is withdrawn fromthe evaporator (7).

Avoi di ng the condensation of o-xylene vapor is of decisive inportance for.
controlling the flowrate of o-xylene, as the same is effected by '
measuring the flow rate of the o-xylene aspor, and the condensation of

o- Xyl ene vapor would lead to fluctuations of the o-xylene load in the
process air stream Finally, the superheated o-xylene vapor (19) is m xed
with the process air (16) in a special mxing neans (10), which process
air is suppl it favhéatees (2) ane3 tawardbitowerctdrl Fhe mixaugyimeans €1¥vie ddsigned sath 2004
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kettle-type evaporator, a natural circulation can be used as evaporation

principle, as is represented in Fig. 2: [ . .

Dyl ene ( 1opsigut of Baraeiadbs b Rybidin (oo BRPPER: Sfudifbuaiblfanpe
drum (9) is dsedabyvaporatdnprintiplj asdutepresestied Ao dgh t he downpi pe (20), the
boiling o-xylene (15) gets into a steam heated evaporator (21), which

operates as peboil er . Party of U1 %e 1 Se HloMeWilhe St 05 7Rl &

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.

Fxg 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.



evaporated at absolute pressures of about 2.4 to 4 bar and is then ‘
recirculated to the o- xylene vapor 'drum (9) by the natur & Aggust2004 i on.
From t he vapor space, the vapors get into the superheater (8), where the
o- xyl ene vapor (18) is superheated by 10C, 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 supertfeated o-xylene vapor (19) is

m xed 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 wel ded tubes- The distance between the rings (22) is defined by
radi al retaiBkampleheets (24). Via a conduit (25), pressurized superheated
o- xyl ene vapor (19) is introduced into all rings. The rings have a
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pr oduced purg ?@l‘g@r kg o- xylene used), an o-xylene stream of 50,000 t/a
PA x 1.12/800070.98 = 7143 kg o-xylene/h is required. The air flow which
the plant requires for oxidation is 71430 N8/ h. The o-xyl ene punp supplies
t he o- xyl eneThd sieAsw GRARE thegiland sqghizesi for pradasion isé)i43GNmdbh at  the punp outl et
has a pressure of 1.8 bar and a tenperature of 40C. In the first heat

exchanger operated with | ow pressure steam of ar ., the o-xylene reaches
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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:

1st preheater: . ‘ :
Heat flow: 7143 kg/h/3600 s/h x 2.1 kJ/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/hx 2.1 kI/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/ x [315 kI/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 ke/h/0.15 = 47620 kg/h o-xylene circulate in the evaporator circuit.



The steam consunptions of the two preheaters are as follows: 1st preheater:
Heat flow 7143 kg/h/3600 s/h x 2.1 kJ/kg K x (135C 40C) =398igusV2(Bdeam
requi renent: 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.(175-135C) =
167 kW Steamrequirenent: 167 kW 1900 kJ/ kg K x 3600 s/h = 316 kg/h (18
bar) The evaporator nust evaporate 7143 kg o-xylene per hour. This requires
a heat flow of 7143 kg/h/3600 s/h x [315 kJ/kg + (180C 175C) x 2.15 kJ/ kg
K] = 1365 kW which requires an anount _o?_heati ng steam (18 bar) of 1365
kW 1900. kJ/ kg  x 3600 s/h = 2586 kg/h. In the case of the °

nat ural -circul ati on evaporator system 7143 kg/h/0.15 = 47620 kg/ h o-xyl ene
circulate in the evaporator circuit. 4 August 2004 7 The o-xyl ene vapors
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kW 1900 kJ/ k?‘hé(s Rl Raieck 2 thbfalloedft a1 k@ﬁﬂskb@s/ﬂ%tﬂf@hm%l&‘glgmc_
evapor at or, e super heat'ed o-xyl ene vapors have a pressure of 1.3 bar.
These vapors%‘?"@)?@ﬁéﬁ%uently expanded into the process air stream whose
pressure i s whiehbrBspdndsato antanichhisofieatitg stéanAuf)Bis kW2304 13/kE 03608 s/\=pTDCESS
of produci ngkgﬂ(fg]g% ene-air mxture for the production of phthalic

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.



anhydride, characterized in that o-xylene is conpletely evaporated in the
absence of oxygen, is superheated thereafter and then m xddAwgush2@0de
process air, and this mxture is supplied to the PA reactor. 2. The
process as clainmed in claim1l, 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 clainedgin claim1l, characterized in that
the plant has a load of 80 g o-xylene per NOair to 120 g o-xyl ene per Nn8
air. The process as clainmed in claim1, characterized in that for supplying
heati ng steam a steam accunul ator (12) is provided before the o-xylene
evapor at or (z;laj,gg;. 5. The process as clainmed in claiml, characterized in
that m xing fthe o-xylene vapor with the process air is effected by a
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wi th oxygen-containing air, and to supply this .mxture to the PA reactor.

Fig 2 3. The process as claimed in claim 1, characterized in that the plant has a load of 80 g
| o-xylene per N 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.





