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
anhydride takes place. 4 August 2004 -2 For decades, the above-described

process principle for tphgcgcirateaieratingal-XflenctAipMitinkes for the
Production of Phthalic Anhvdride

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-
¥ylene from a storage tank is brought to a certain preliminary pressure by means ofa 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 acl__lieved 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.



successfully been used in the PA process, but. with the successive

i ntroduction of higher o- xylene loads in the air stream (#/AQust 2004yl ene
per NnB8 air) has al so shown potential weaknesses with regard to the

expl osi on safety of the feed gas part of the PA plant, which wll be

expl ai ned bel ow. The | ower explosion Iimt of a gaseous m xture of o-xylene
and air is about 44 g/NnB. It was found2eut that the m ni nrum energy
required for igniting the mxture is greatly decreased with increasing
o-xyl ene | oad, and therefore an increased sensibility with regard to the
possibility of an explosion does exist. To a great extent, the econony of
the PA progescafients abovetdescribodprasessopringipianfortbe exprzatigny of feed) gasahdsasi ¢
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shoul d be no‘f;ﬁﬁg: V\Vi:en'dg)tef()}m zing the liquid o-xylene in the spray nozzl es,
static el ectVEOPEFPTELGI®  up in the o-xylene droplet itself, whose

di scharge vi‘a installations in the evaporator can lead to a spark which in
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the m xi ng rae? of napht hal ene to oxygen is adjusted by neasuring the
flow rate. IHthis process, which is performed by using

With respect to the possible causes of an ignition in the feed gas part of a PA plant,

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

should be noted:

When atomizing the liquid o-xylene in the spray nozzles, statiLc electricity is built
up in the o-xylene droplet itse]f, 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



napht hal ene, a capacity of 40 g paphthal ene/Nn8 air is achieved.

EP- B- 0483645 desri bes a process of generating a feed gas ’
napht hal ene, o- xylene and and air. Otho-xylene is first n%?\hgpﬁiorogporat ed

in the absence of oxygen and is subsequently passed through Iiquid
napht hal ene, so that the o-Xxylene vapors are saturated 4 August 2004 -3

wi th naphthal ene- This mixture is then supplied to the. process air. A
contact of the naphthalene to be evaporiat ed with atnospheric oxygen is
avoi ded, which would otherwise |ead to the continuous formation of tarry
by- products i n the napht hal ene evaporator and would result in an increased
necessity for cleaning the sane. . this procesgs, the Capgfkhémﬁ lLimted
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subsequent I’SYBEFBV nmeans énsures the conplete :
honogeni zation of the m xt ure. As evaporator, a kett|e-type evaporator. or
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To obtain a homogeneous premix of the -two components, a gas-gas mixing means

designed as sparger system is provided at the point where the o-xylene vapor is admixed to

the process air. A subsequently provided 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



products with styrene or cunol, deposits may be forned at the evaporator
surfaces, which deposits inpede the transfer of heat; thi g Amush20@voi ded
by using a circul ating evaporator, as the sane has higher flowrates in
the vicinity of the evaporator surfaces. The o-xyl ene nust be evaporated at
a tenperature of at least 175C, which corresponds to a vapor pressure of
2.3 bar absolute. This ensures a sufficient pressure gradient for adm xing
the o-xylene to the process air, which at the point where the vaporous
o-xylene is adm xed has a pressure of about 1.5 bar absolute..For the
practical realization of the plant, a tenperature* of 180C to 205Cis
chosen for t ke avpgticuddr |fanhigl'f oo:ybe;rds ads. Thiisopply obvapes potids-kydeneagyaporator

pressures of %rg}iﬂeﬁ]aﬂucﬁgt 4 Pittin %@.Eah Lﬁlﬁts %éﬂ*ﬂ%ﬁv@é‘tﬂu%%n% e me of r;giéas

evaporation s consists I1n t f . 0-xyle hE
constant, ass{asm Euba|syarorited-t Fis sap raé gFE’S/ bﬁé’v\é'gﬁ‘gg’é 108y of
fluct uati Onsdﬁfeninﬁﬁhd(%te&ml Lasndlaadior mgplymgaat&ansmnhamxwendwmp&iamrl Mopevat i ng

peri ods; thi st ; I I o- xyl ene
| oads. The sﬁ %‘I’%}m%? ecreag%%'tt%ﬁc%% Igerﬁsesegvl%g%%aﬂern £ %a8? }ag{’}l y fluctuates

wthin certain limts, which involves fluctuations of the o-xylene stream

to be evapor @B@meaa'th&t&aﬂhabrdceﬁ&hulmngﬁ sxphined by ivebg bfl2yarnisie Ndthareference

sufficiently tg H%‘?"’?I one‘%g%t eam accunul ator for supplying steamto the
o- Xyl ene evaf?o Sfer, fluctuations are decreased with increasi ng

pressure in the o-xylene evaporator The enbodi nents of the process will
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nat ur al - ci rcEﬂga:i I on ewbcpmaeapéﬂgﬁfmﬂﬁmg. 3 shows a sparger ring system .As
shown in Fig. 1, o-Xylene (15) is supplied by neans of the o-xylene punp
(4) froma 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-
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-



storage tank through the two o-xyl ene preheaters (5) and (6), where the
o-xylene is heated to 180C by neans of steam (13c, 13d). @érAughet 20dssure
side, the o-xylene punp (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

st eam heat ed" " tubul ar coils, which are nat- represented here. The o-xyl ene
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effected by maase\afrommxa‘rmmmp]e; zn;ggrepresented 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.

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.



whi ch distribute the o-xylene vapor over the entire conduit cross-section
of-the process air line. In the preheaters (2, 3), the prdchagpish?004 16) is
heated to about 150C. The conmbi ned feed gas stream (17) passes through a
static m xer (11) for the purpose of honpgenizing concentration and
tenperature, which is of extrene inportance for the safe and. efficient
operation of the oxidation reactor in these high |oad ranges. Prem xing the
super heat ed o- xyl ene vapor (19) as honodgeneously as possible in the mxing
nmeans (10) (see also Fig. 3) is necessary, because the static mxer (11)
can only mx wth a fixed efficiency and therefore already requires a

t horoughl y honogeni zed m xture.-at its inlet, in order to be able to
ensure the rEgampleld mi xing quality for the reactor. Instead of evaporating
the o-xylene in a kettle-type evaporator, a natural circulation can be
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From t he vapgr. e, the vapors get into the superheater (8), where the
o- xyl ene vapor i?g? i s superheated by 10C, in order to avoid a -
condensation of the vapor, as described above. The further process is

i dentical W the ait fiew pihivh elsesplobe sgpirdsdior exadapipyis 7430 Nmh. 3 shows a spar ger
ring system by neans of which the superheated o-xylene vapor (19) is
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o-xylene Vapgf 135°C. In the slecéndcilegtcexchangér%egtecll wEtL qg%ar, :crhe%—xylleng %tream 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.



have a plurality of outlet openings (26) uniformy distributed over the
peri phery, through which the 0-xylene vapor escapes and nidfagusi 2004t he
process air. 4 August 2004 6 .Exanple: For a PA plant with an annual
capacity of 50,000 tons per year, the evaporation of .o-xylene. is perforned
according to the aforenmentioned principle, the plant operating 8000 h per
year. The o-xylene has a purity of 98 % Since the plant operates with at

| oad of 100 g o- xylene per NnB 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 fl ow
which the plant requires for oxidation is 71430 NnB/h. The o-xyl ene punp
supplies the o-xylene stream (20C, atnospheric pressure), which at the
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heated with 18 bar, the o-xylene streamis heated to 175C. Wen entering
t he evapor at i o
exchangers anft %&g%ﬁﬁu. 8 el BHERTRPkhsbg Ry 10 KRG Ronec,
consunptions 13 RS8kNH preheaters are as follows: 1st preheater: Heat
flow 7143 keghieh36REspsads bs ad.aindadt fthelting §td:a5 6F DLW/ B0 GIMk@/x SB0Bagh = 72
requirenent : gﬁ?piq%?153 kJ/ kg x 3600 s/h = 662 kg/h (2.5 bar)

2nd, pr eheat er flow 7143 kg/ h/3600 s/h x 2.1 kJ/kg K x (175-1350C) =
167 kW Steamrequirenent: 167 kW 1900 kJ/ kg K x 3600 s/h = 316 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.



The evaporator nust evaporate 7143 kg o-xylene per hour. This requires a
heat flow of 7143 kg/h/ 3600 s7h x [315 kJ/ kg + (180C- 175CH AugusiBoddl/ kg K]
= 1365 kKW which requires an anount of heating steam (18 bar) of 1365

kW 1900. kJ/ kg x 3600 s/h = 2586 kg/h. In the case of the

natural -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
escaping fromthe vapor drumare heated in the superheater 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. id/kg K x
(190C 1800 (wig8 kKW which corresponds to an anmount 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-xyl ene vapors have a pressure of 1.3 bar.
These vapor s lar e Auproess ofitirgdusing AvdedyEr-dr mHEurs fyahe pipductenr ofrphtivliose

p][ essu;I eis abou&mg(lirﬁicpéfa;‘a@ierim i tmiofﬁylenéis%wtpidtd el?.@%or?a%@l iﬁitlrf]@zlibsélcﬁrogcess
of producing an o-xyl ene-air ture £ or product.i.on o thalic, ..
anhydri de, char act®ef%dd SW?[}{G%? t qt?(%/f{ereﬁrel& ir%@e"c%'grr{ﬁ#e Q glee%g%? Ao d0d fhig e
absence of = oxygemixhireissupmichtestbe BAtreastasaf t er and then nmi xed with the

process air, and this mxture is supplied to the PA reactor. 2. The

process as claimeg in claim L, Chat AClqr et fled Bohat BE SHEROLAR Ml O e

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 N air to 120 g o-xylene per Nn® 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.



xylene is a natural-circul ati on evaporator (9) or a kettle-type evaporator
(7). 3. The process as clainmed in claim1l1, characterized i Alalst 2d®t pl ant
has a | oad of 80 g o-xylene per NOair to 120 g o-xylene per N8 air. The
process as clainmed in claim1, characterized in that for supplying heating
steam -a steam accunul ator (12) is provided before the o-xylene evaporator
(7, 9). 5. The process as clainmed in claiml, characterized in that m xing
the o-xylene vapor wth the process air is effected by a m xi ng neans
which is designed as sparger ring system PROCESS OF GENERATI NG

O XYLENE- AlR M XTURES FOR THE PRODUCTI ON-99F PHTHALI C ANHYDRI DE Abstr act
This invention relates to a process of generating a honbgeneous gas m xture
(feed gas) fromortho-xylene (o-xylene) and air, which is the basis for

the productionpghcR L ) i-de. hy -gas-phase oxidation in the
so-cal |l ed PA prﬁggés@ok%?%%&g{“f I&EM R e e R DUCTION, OF

m xtures for the- production of p';'_ a de, by neans of which a

| oad of 120 g o-xylene per NnB air can be achieved, it is proposed in
accordance wth the invention to conpletely evaporate o-xylene in the
absence of oxygen, superheat the same thereafter and then m x the sane
wth oxygen-co%%&i ng air, and to supply this .mxture to the PA reactor.
Fig 2 =

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 p'r;duction of phthga]jc
aghydride (PA) by gas-phase oxidation in the so-called PA process. To create a pl.'ocesg of
producing o-xylene-air mixtures for the- production of phthalic anhydride, by means of

- which a load of 120 g o-xylene per Nn¥® air can be achieved, it is proposed in accordance

with the invention to completely evaporate o-xylene in the absence of oxygen, superheat
the same thereafter and then mix the same with oXxygen-containin “

" g air, and to supply thi
-mixture to the PA reactor. pply this

Fig 2



