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FI ELD OF THE | NVENTI ON This invention relates to the manufacture of
aromati c polyacids and nore particularly to the manufacture of phtha’?;

acids by a liquid phase process in which carbon di oxide is separated ﬁb&

t he gaseous effluent and recycled to the reaction zone.

E E DUCTION OF EP Ll ID

FIELD OF THE INVENTION

This invention relates to the manufacture of aromatic polyacids and more
particularly to the manufacture of phthalic acids by a liquid phase process in
which carbon dioxide is separated from the gaseous effluent and recycled to the

reaction zone.
ACKGROUND OF THE INVENTION

Aromatic polyacids are widely used as intermediates in chemical
manufacture. For example, terephthalic acid {(TPA), a building block in the
production of polyester polymers, is generally commercially produced by the liquid
phase partial oxidation of paraxylene {p-xylene) with an oxygen-containing gas
using an aliphatic acid, such as glacial acetic acid, as the solvent, and a catalyst
which is highly selective for the production of terephthalic acid. The reaction can
be carried out in a stirred single stage or multiple vertical stage reactor at a
temperature in the range of about 170 to 225°C and a pressure of about 100 to
300 psig (pounds per square inch gauge). P-xylene and the acid solvent are

continuously introduced at the top of the reactor and oxygen-containing gas is
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Two principal problems are associated with the above-described process.
The reactions are usually carried out in the presence of a stoichiometric excess of
oxygen. As noted above, carbon monoxide is produced as a byproduct of the
reaction. In addition, gaseous hydrocarbon derivative byproducts, such as methyl
acetate are formed during the reaction, and since the reaction is carried out at
high temperatures, acetic acid is volatilized, in spite of the fact that the reaction is
carried out at relatively high pressures. Accordingly, the vapor phase contains
significant quantities of these compounds. [t can readily be appreciated that
there is a considerable potential for the formation of a flammable gas mixture in
the vapor space of the reactor and in the lines and equipment that are used to
treat the gas phase. The problem is aggravated by the fact that the reaction is
carried out at relatively high temperatures, which widens the range of gas
mixtures that fall within the flammable gas envelope. Furthermore, more efficient
aromatic acid ménufacturing procésses Have been developed which use oxygen-
enriched air or high purity oxygen as the oxidant. These processes are even more
susceptible to formation of flammable gas mixtures in the vapor space, since the
diluent effect provided by nitrogen when air is used in the reaction is not available

when high purity oxygen is used as the oxidant.



TwQ principal problens are associated with the above-descri bed process. The
reactions are usually carried out in the presence of a stoichionetric
excess of oxygen. As noted above, carbon nonoxide is produced as a
byproduct of the reaction. In addition, gaseous hydrocarbon derivative
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Processes which are highly efficient and have a reduced risk of
flammability or explosion hazard are continually sought. The present invention
discloses a carbon dioxide recycle process which achieves this goal and which
also reduces the amount of acetic acid solvent that is lost in the overhead gas

removal step.

MMARY OF THE INVENTION

According to the invention, an aromatic polycarboxylic acid is produced by
reacting a polyalkyl benzene compound with oxygen in the presence of a catalyst
which effects the partial oxidation of the polyalkyl benzene compound to the
aromatic polycarboxylic acid. The reaction is carried out in the liquid phase using
a lower aliphatic acid as sélvent at a temperature in the range of about 150 to

about 250°C and at a pressure sufficiently high to maintain the liquid phase.

A waste gas stream containing carbon dioxide and carbon monoxide is
removed from the vapor space in the uppermost region of the reactor. A carbon

dioxide-enriched gas formed from the waste gas stream is recycled to the reactor.



reactor in which oxygen is used as the oxidant by designing the reactor so
that there is no interface between the gas phase and the liquid phase in
the reactor, and by passing an inert gas, such as nitrogen through the
vapor space during the reaction. Although this patent discloses a technique
for reducing the hazard of flanmmability in a terephthalic acid

manuf acturing process, it is readily apparent that the reactor design
disclosed in this patent is conplex and that nitrogen nust be inported into
t he syst ernThe carbon diPrideessiebedigastcaar ke haaybled tof thecveprr spageht thaliggduced
risk of flammbilit r expl osion hazard are continually sought. The
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paraxylene using acetic acid as the solvent.

According to one embodiment, the carbon dioxide-rich gas stream is at
least partly formed by removing part of the carbon dioxide from the waste gas.
The carbon dioxide is preferably removed from the gas stream by absorption or

adsorption.

According to an alternate embodiment, the carbon dioxide-rich gas stream
is at least partly formed by oxidizing carbon monoxide and hydrocarbon, if

present, in the waste gas to carbon dioxide.

In a preferred embodiment, the reactor in which the partial oxidation of
the polyalky! benzene compound takes place éomprises two or more liquid phase
reaction zones arranged in vertical stages. Oxygén-rich gas is introduced into the _
fowermost stage, and in a preferred embodiment it is also introduced into one or
more of the other vertical stages in the reactor. The carbon dioxide-rich gas can
be introduced into the vapor space above the liquid phase in the reactor and/or

into any one or more than one of the vertical stages. In a preferred embodiment,



4 The carbon di oxi de-enriched gas can be recycled to the vapor space, to

t he liquid phase or to both of these. In a preferred enbodi nent the
carbon di oxide-enriched gas is at |east partly formed by condensing |ower
al i phatic acid fromthe waste gas stream The process of the

invention is ideally suited to the preparation of orthophthalic acid,

i sophthalic acid or terephthalic aciddgy the oxidation of ortho-, neta- and
paraxyl ene, respectively. In the nost preferred enbodi ment of the
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removing part of the carbon dioxide fromthe waste gas. The carbon di oxide
is preferably renmoved fromthe gas stream by absorption or adsorption.

Fig. 1 is a schematic drawing illustrating an embodiment of the invention in
which the partial oxidation reaction of the polyalkyl benzene compound is carried

out in a single stage reactor.

Fig. 2 is a schematic drawing illustrating an alternate embodiment of the
invention in which the partial oxidation reaction is carried out in a multiple stage
reactor.

Where applicable, the same reference numerals are used to represent the

same or similar parts in the various drawings.

DETAILED DESCRIPTION OF THE INVENTION

The invention comprises carrying out the liquid phase partial oxidation of a
polyalkyl-substituted benzene to produce an aromatic polycarboxylic acid in a
manner that provides better control of the temperature in the reaction vessel
during the reaction and reduces losses of the polyalkyl-substituted benzene and
the aliphatic acid occurring during the reaction. The production of aromatic
polycarboxylic acids by the process discussed in this specification forms no part
of the invention, and the reaction conditions, i.e. reaction temperature and
pressure and-ratio of the reactants and the particular reactants, catalyst and

solvent used in the invention forms no part of the invention.



According to an alternate enbodi nent, the carbon dioxide-rich gas streamis
at least partly fornmed by oxidizing carbon nonoxi de and hydrocarbon, if
present, in the waste gas to carbon di oxi de. In a preferred
enbodi nent, the reactor in which the partial oxidation of the polyalkyl
benzene_ conpound takes place conprises two or nore |iquid phase reaction
zones arranged in vertical stages. Oxygen-rich gas is introduced into the

| oner nost stage, and in a preferred engodinment it is also introduced into
one or nore of the other vertical stages in the reactor. The carbon
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BRI EF DESCﬁrlwar-cl;lvgs\l %rJF&io%mW Nﬁg heat generated during the reaction, which is
exothermic. The carbon dioxide also serves as a diluent of the gas in the vapor
space and prevents formation of a flammable mixture in the vapor space and the
downstream equipment and lines. To accomplish these objectives the separated
carbon dioxide can be recycled to either or both of the liquid phase or the vapor
space above the liquid phase. The separation and distribution of the carbon

dioxide is discussed in more detail below.

The polyalkyl benzene compounds that are useable as reactants in the
process of the invention include, in particular, the dimethyl benzenes, i.e.
orthoxyxlene, metaxylene, and paraxylene, and the ftrimethyl benzene
compounds, such as mesitylene, etc. Aromatic polycarboxylic acids that can be
produced by the process of the invention include orthophthalic acid, isophthalic
acid and terephthalic acid, produced from ortho-, meta- and paraxylene,

respectively, and the benzene tricarboxylic acids.

The oxidation of the polyalkyl benzene compounds is accomplished by
reacting these compounds with an oxygen-rich gas. For purposes of this
invention an "oxygen-rich gas” is defined as substantially pure oxygen or an
oxygen-inert ga{s mixture containing- at least 80 volume percent oxygen. In
preferred embodiments of the invention, the oxygen-rich gas contains at least 90
volume percent oxygen, and in the most preferred embodiment, the oxygen-rich
gas is substantially pure oxygen. An "inert gas" is a gas that will not react with

any of the components of the reaction mixture under the conditions at which the



Fig. 1 is a schematic drawing illustrating an enbodinent of the invention
in"which the partial oxidation reaction of the polyalkyl benzene conpound
is carried out in a single stage reactor. Fig. 2 is a schemtic
drawing illustrating an alternate enbodi nent of the invention in which the
partial oxidation reaction is carried out in a nmultiple stage reactor.
Where applicable, the same reference nunerals are used to represent the

sane or sim.lar parts.in.the .variQus.draw. : . ;
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part of thpentaneist iasils and the hexanoic acids. The lower aliphatic acid may be
substantially pure acid or it may be in the form of an aqueous solution. Acetic
acid, particularly glacial acetic acid, is the preferred solvent for use in the

invention.

The catalyst used in the process of the invention comprises one or more
heavy metal compounds, preferably with a bromine compound. Heavy metal
compounds include salts and organic complexes of cobalt, iron, chromium,
manganese, etc. Typical compounds of this group include, cobalt acetate,
manganese naphthenate, manganese bromide, nickel bromide, chromium bromide,
iron acetate, nickel acetate, chromium acetate, etc. In addition to the bromide
compounds mentioned above, other bromides, such as tetrabromoethane, can be
used in the process. The most preferred catalyst is a combination of cobalt

compound, a manganese compound and a bromine-containing compound.

The invention can be better understood from the accompanying drawings.
Auxiliary equipment, including valves, compressors and heat exchangers, that is
unnecessary for an understanding of the invention have béen omitted from the

drawings to simplify discussion of the invention.

lllustrated in Fig. 1 is a system for producing aromatic polycarboxylic acids
by the process of the invention which includes, as major equipment components,

reaction vessel A and carbon monoxide oxidizer B. The apparatus of Fig. 1 is



6. . The invention conprises separating carbon dioxide fromthe gas
phase formed during the oxidation reaction and recycling the carbon dioxide
to the reaction vessel. The recycl ed carbon di oxi de serves as a heat
transfer agent and inproves distribution of the heat generated during the
reaction, which is exotherm c. The carbon di oxide al so serves as a dil uent
of the gas in the vapor space and prevénts formation of a flamuable m xture
in the vapor space and the downstream equi prent and |ines. To acconplish
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line 12. In the embodiment illustrated in Fig. 1, reactor A contains a liquid phase,
14, of any desired volume, and above the liquid phase, a vapor space, 16.

Located at or near the top of reactor A is vapor gas discharge line 18, which is
connected to the inlet end of condenser 20. Condensate line 22 provides for the
return of condensed acid solvent to reactor A. Waste gas vent line 24, fitted
with valve 26 connects the outlet of condenser 20 to a downstream waste gas
treatment facility or to an atmospheric vent. Carbon dioxide gas recycle line 28

connects line 24 at a point upstream of valve 26 with the inlet end of oxidizer B.

Oxidizer B can be any device that serves to oxidize carbon monoxide and
any light hydrocarbons contained in the waste gas to carbon dioxide. Preferably,
oxidizer B is a catalytic reactor which contains one or more catalysts which cause
the oxidation of carbon monoxide, methane, etc to carbon dioxide and water
vapor in the presence or absence of oxygen. Oxidizer B and line 32 can be
eliminated from the system of Fig. 1, if desired, in which case carbon monoxide

and excess carbon dioxide are removed from the system through line 24,

On its outlet end, oxidizer B is provided with carbon dioxide recycle line 30,
which is connected to optional gas vent 32, fitted with valve 34, and to the inlet

of carbon dioxide chiller 36. Carbon dioxide chiller 36 can be any suitable heat



preferred enbodi nents of the invention, the oxygen-rich gas contains at

| east 90 vol unme percent oxygen, and in the nost preferred enbodi nent, the
oxygen-rich gas is substantially pure oxygen. An "inert gas" is a gas that
will not react with any of the conponents of the reaction m xture under the
conditions at which the 7
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controls flow of carbon dioxide-rich gas to the vapor space, and valve 40 controls

flow of carbon dioxide-rich gas to the liquid phase space.

Reactor A is also equipped with liquid phase cooler 42, which, in the
embodiments illustrated in the drawings, removes heat from the reacting mixture
by indirect contact of the reaction mixture with cooling water. The cooling water
passes through coil 44, and as it does so it is heated. Hot water or steam exits
cooler 42 through coil 44 at or near the upper end of cooler 42. Lliquid phase is
drawn from reactor A to cooler 42 through line 46 and is returned to reactor A
through line 48. Other means of cooling the reaction medium in reactor A can be

used instead of, or in combination with cooler 42, if desired.

For ease of discussion, the process of the invention will be described in
detail as it applies to the production of terephthalic acid by the reaction of p-
xylene with oxygen-rich gas in glacial acetic acid using a cobalt-manganese-
bromide catalyst combination, although the invention is equally applicable to the
production of other aromatic polyacids with oxygen-containing gas using other
aliphatic acids as solvents and using other catalysts that are suitable for the

desired reaction.



conpounds nentioned above, other bromides, such as tetrabronoethane, can be
used in the process. The nost preferred catalyst is a conbination of cobalt
conpound, a nanganese conpound and a brom ne-containi ng conpound.

The invention can be better understood fromthe acconpanying draw ngs.
Auxi | i ary equi pnent, including val ves, conpressors and heat exchangers,

that is unnecessary for an understandﬁﬁg of the invention have been omtted
fromthe drawings to sinplify discussion of the invention_ .
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adapted for the continuous flow of reactants into, and the continuous

wi t hdr-awal hydrbberoicaetid, gol Yrecdesimdoléuel; indicatedt ineFigeat thyothe deslaed line.

Reactor A can be constructed of a terial itabl e f [ t th
reaction, Loe3e SMPAPEGIS SeRbe, INTPAisAbeePaeielf ntg EaCtqr AdBIough peRagate

tesse! o RSB0 acHb PGS B IR ToREAEA, KOOI

provi ded wrigh 1t Okiygén-sital §ag.is Vihtreudws imbereattdroAe through line 10.  Partial
oxidation of the p-xylene takes place upon contact of the reactants and catalyst.
The reactor contents are continuously stirred during the reaction by rotation of
agitator blade(s) 4, driven by means of shaft 2 and motor 6. The reaction, which
is exothermic, causes the temperature of the liquid phase to rise. The
temperature of the liquid phase is maintained in the range of about 150 to about
200°C, and preferably in the range of about 150 to about 170°C, by circulation
of the reaction medium through cooler 42, and by introduction of cooled carbon
dioxide into reactor A through valves 38 and 40. To reduce the possibility of
forming a flammable gas mixture in vapor space 16 during the startup period of
the process, which begins upon startup and generally continues until steady state
conditions are attained, it may be desirable to use air as the oxidant until
sufficient carbon dioxide is generated and recycled to maintain the gas in vapor
space 16 nonflammable. Alternatively, it may be preferred to start the process
initially with oxygen-rich gas and import carbon dioxide into the system from an

outside source during the startup period.

As the reaction proceeds, terepﬁthalic acid is produced, and this product,
together with part of the reactants and solvent, is continuously withdrawn from
reactor A through line 12. The terephthalic acid is separated from the reactants
and solvent downstream of line 12, and the reactants and solvent can be

subsequently returned to reactor A via line 8, if desired. Make-up reactants



agirtat-or blades 4. Shaft 2 is driven by any suitable nmeans, such as
electric notor 6. Reactor Ais also provided with solvent and pol yal kyl
benzene feed Iine 8, oxygen-rich gas feed Iine 10 and aromatic

pol ycar boxylic acid product renoval line 12. In the enbodinent illustrated
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or absencevi’)(foroiaﬁﬁérﬂf ’@EFB‘P"Z@F"B’%’Q“W% e ot gRs P S fuehs G Idenpyr
system of Sbdundreid ft St sutrlietlhy o CARRNCALRRLRANY-f%rANE RERESRG

carbon di oXrde are’ renove rom Sys roug
outl et endpe®bistihe Bri 8l PToHedR@taH VapdracdmBbindt oni thee gasy cTie |dondedded

which is connected to optional gas vent 32, fitted with valve 34, and to

the inlet acdticacisomndi wsater veppr laee reeycle@htporeagiaxfddhisnigh| ke 2@. caebe

any sui tablreemgl%%tg gas then passes out of condenser 20 through line 24 and next enters
oxidizer B. |f desired a portion of the gas can be vented through the system
through line 24 by opening valve 26. Carbon monoxide and any hydrocarbons or
other byproducts present in the gas entering oxidizer B are converted therein to
carbon dioxide upon contact with the catalyst contained in oxidizer B. The
carbon dioxide-rich gas stream, now comprised substantially of carbon dioxide
and perhaps nitrogen, if oxygen-enriched air is used as the oxidant, exits oxidizer
B through line 30. At this point a part of the carbon dioxide gas can be
discharged from the system through line 32, if desired, by opening valve 34. The
carbon dioxide-rich gas to be recycled to reactor A is next preferably pressurized
and refrigerated, for example to a temperature of about 25 to abut 100°C by
passage through heat exchanger 36. As noted above, refrigeration for the carbon
dioxide can be provided by passing oxygen obtained from a cryogenic air

separation unit through heat exchanger 36.

The chilled carbon dioxide-rich gas from chiller 36 can be introduced into
either or both of the liquid phase or the vapor space in reactor A. It is generally
desirable to introduce part of the carbon dioxide-rich gas into the liquid phase and

the remainder into the vapor space. This provides multiple advantages. Firstly, it



9 'exchange device that can chill the carbon dioxide to the desired
tenperature. When the oxygen-rich gas used in the process of the invention
i s oxygen product froma cryogenic air separation unit (ASU), the carbon

di oxide-rich gas is typically chilled by first heat exchanging it with
cooling water and then further chillily it by heat exchange with cold
oxygen-rich gas fromthe ASU This serves the dual purpose of chilling the
carbon di dadiliates chaigtehaand dfeatrhog Uhiéoraxygeperatote gasheriqald phasd)earid '
i ntroduction into reactor A The outlet end of chiller 36 is connected to
bot h t he ¢apendigpiicensaies thet piflammabrdsxtygdaesonot o dn the vaapy spae
controls flow.of .carbon di oxi.de-rich s to e vapor space, .and, val ve, 40
control 5 PYoapBy SERRo A REvGS he dpscises WHen PRdes ide &)ubduss:
React or Ajji ' h d b (5l bk I | '

enbodi rrent"gt%i ﬁﬁg%ggtﬁ%%ﬁ Iwﬁibaérfg@m%ggﬁnﬁéﬁuoﬁg iﬁ‘i%ftgf r%ﬁrﬁefﬁgg?@a%??qneg

m Xt ure byiquiddphase!, straret this coblst ihe upgee tpacnofnthet ligwed vpHase c tidrelyg redhickty The
cooling water passes through cail 44, and as it does so it is heated. Hot
water or 3PeAMAUNLY teopesticaacit wlighvaserizesssAatadyaniags of irtredising Bl of

cool er 42. L qui a 1. S..d [ to cooler, 42 th h line
C00L et 42 ot BARTRS LA, KPR FRENRE IR AP T el BB b
reaction meshitdfA it fHRAGheNoWer dBrthst thearuidphesdcah beOmairlainedtitahighBr Wi t h
cooler 42, if desired. For ease of discussion, the process of the
i nvent i on teimiperaigral egbichbenhances the selectivity of the partial oxidation reaction for
the production of terephthalic acid rather than undesirable byproducts, such as
4-carboxybenzaldehyde (4-CBA). In a less preferred alternative, the chilled carbon
dioxide can be combined with the oxygen and the mixture jointly introduced into

reactor A,

Fig. 2 illustrates apparatus for carrying out a more preferred embodiment of
the invention. The principal apparatus components in this embodiment are
multiple stage reactor C and carbon dioxide separator D. Reactor C contains four
liquid phase reaction zones, zones 52, 54, 56 and 58, which are arranged in
vertical array. Agitator blades 4, driven by shaft 2, provide stirring of the liquid
phase in each of the reaction zones. Reactor C is provided with oxidant gas feed
lines 52b, 54b, 56b, and 58b, which introduce oxygen-rich gas into the

respective reaction zones.

in the Fig. 2 embodiment, the outlet end of condenser 20 is connected to
the inlet end of separator D via line 60. Separator D may be any means capable
of separating carbon dioxide from the gas stream exiting condenser 20, but is
preferably a liquid absorption plant containing a solvent which selectively absorbs
carbon dioxide from the reactor C waste gas stream, or an adsorption plant which

contains an adsorbent which selective adsorbs carbon dioxide from the waste



detail- as it applies to the production of terephthalic acid by the reaction
of p- xylene with oxygen-rich gas in glacial acetic acid using a

cobal t - manganese- brom de catal yst conbi nation, although the invention is
equal ly applicable to the production of other aromatic polyacids with
oxygen-contai ni ng gas using other aliplgtic acids as solvents and using
other catalysts that are suitable for the desired reaction.

10 - fas.prabheni sgparacor My dst aonabsorptien aptpat,aituprefdratdy r adwidirisn ahi g.
1, reactor Ais filled vialine 8 with a m xture of p-xylene, acetic acid
and cobal t 3iaRQJAMERD- SHEBnRge ethansiapainenpxtdigthanglashings @shavbemcidt ist @n

manganese aget at.e a ydr obrom,c aci d,. to_the, desi.r | evel,, indicated in
Fro 1 by EneorASneRnin’ BEBRy Sainin o BANTER Rl arieh S aiAtEry
nt o react gordedity, 18N SRR RetiE8ELIE NGTOh 8S t@;@))( eRRypE A 2B tBe TR

I ntroduced into reactor A as shown in Fig. 1. ygen-rich gas Is

i nt r oducedabsdrbentsashdradsoriverdaghvill selecthvikly Barl icatbaxiditatideodrovfi thhewaste

p- xyl ene takes place upon contact of the reactants and catal yst. The

reactor cofReriiieame COMAGbYI §nsadsorkantdthat ripledivel e Rdspeis BYMPeNaERtson
of agitat O%@r%ﬂ%sc}aré?ﬂd&ib%ﬁg @a’(n gg%?ﬂotg & %T'éteZth%nga@bﬁ(@ogfia-lﬁ%e{npwgse

reacti on, Ich” Ts exothermc, CausSes e tenperature o

to rise. ghertempebaéntseoPlthé NRadtedydd stbame ilﬁiﬁ@ir@ﬁe@ém@(ih%f‘ separat@nge of

about 1 50 to about 200[err]C, and preferably in the range of about 1 50 to

about 170[ eempdse ayploralitylofisomptiast uniteethat geniberopardtathouhobplgsec sutke that2,

. . theggonit |
and by ot pedlctian B codoled cabon, diox de L0t g B Lt LERVAD b4 oo

regenerated. If desired, separator D can be eliminated from the system of Fig. 2,
in which case carbon monoxide and excess carbon dioxide are removed from the

system through line 62.

Separator D is provided with vent gas outlet line 62 which is connected to

a downstream waste gas disposal unit, and carbon dioxide recycle line 64. The
waste gas treatment section of Fig. 2 may also be provided with an oxidizer, such
as oxidizer B of Fig. 1, if desired. When an oxidizer is used it can be positioned in
line 60 or in line 64. If the oxidizer is placed in line 60, the waste gas stream in
line 62 will be substantially free of environmentally objectional gas components
and accordingly, can be discharged directly to the atmosphere. On the other
hand, when an oxidizer is placed in line 64, it can be a much smaller unit, since
the volume of oxidizable gases in line 64 is considerably lower than the volume of
" these gases in line 60. With proper absorbent or adsorbent selection, the carbon

dioxide recycle gas in line 64 will contain little or no oxidizable gas.

In the embodiment illustrated in Fig. 2, line 64 passes through heat
exchanger 36 and, on the downstream side of heat exchanger 36, line 64 is

connected to lines 68, 70 and 72, which are, in turn, connected to reaction



formng a flammabl e gas m xture in vapor space 1 6 during the startup
period of the process, which begins upon startup and generally continues
until steady state conditions are attained, it may be desirable to use air
as the oxidant until sufficient carbon dioxide is generated and recycled to
mai ntain the gas in vapor space 16 nonfl ammable. Alternatively, it may be
preferred to start the process initially with oxygen-rich gas and i nport
car bon "di cednge 58 1&nd 8tk ang stapor Spare 88, @spsitilehsobiove o wak nbrdugh ks a8y p
peri od. As the reaction proceeds, tereghthalic.acid i s produced,
and this pf@@nst7/2isgent@iledithvedes 74; 76nend d8cresnestivaly. sOxvaen-rich gas

[ | [ - Ih h i
nord 1 sepely diet BYrasesh oBRUGH boah8h ks, 3ol dnd eh A Prenss and
the react aplationaHipSR/ietHe EaboRalisxBSe @AYIRMWiNg tRIUGRSIthd 84T TRGLAtréhny io?

line 8 if desired. Make-up reactants ) neCessary to nmaintain the
desired | ihpatdextiznmgereG6l line 1B8ads avonAeated Ito kmanideldpB2yi dith fim otwedy iki ne
8 Duri ng i ncl udi ng

o ol AR 35, Bt BB EBED SRR B
gatier, 0 3085 S036Ed ol Lo EATDPNERLN s gty o schargec

fromthe vapor spacée reac gas passes
t hrough condenser

In practicing the invention in the apparatus illustrated in Fig. 2, reactor C is
filled with a mixture of p-xylene, acetic acid and cobalt-manganese-bromide
catalyst mixture, such as cobalt acetate, manganese acetate and hydrobromic
acid, to the desired level, indicated in Fig. 2 by the dashed line. The liquid phase
is then heated to a temperature in the range of about 150 to about 200°C, and
preferably to a temperature in the range of about 150-to about 170°C, and with
continuous stirring in each reaction zone, oxygen-rich gas is introduced into each
of the four reaction zones through lines 52b, 54b, 56b and 58b. In the illustrated
embodiment, the oxygen-rich gas is produced in a cryogenic air separation unit
and supplied to heat exchanger 36 at very low temperatures. Where a cryogenic
air separation unit is not available or not desired, the oxygen-rich gas can be
provided by other means such as, for example, an adsorptive air separation plant.

In such case, the carbon dioxide-rich gas in line 64 will be cooled by other

means, such as by refrigeration.

As the reaction proceeds, gaseous products gather in vapor space 16 and
are continuously discharged from the vapor space of reactor C through line 18.
The hot gas passes through condenser 20 wherein it is cooled sufficiently to
condense substantially all of the acetic acid and perhaps some or all of the water
vapor contained in the gas. The condensed acetic acid and water vapor are

recycled to reactor C through line 22. The remaining gas passes out of



20 wherein it is cooled sufficiently to condense substantially all of the
acetic acid perhaps sone or all of the water vapor contained in the gas.
The condensed acetic acid and water vapor are recycled to reactor A through
line 22. The remmi ning gas then passes out of condenser 20 through |line 24
and next enters oxidizer B. If desired a portion of the gas can be vented

t hrough the systemthrough |ine 24 byigpeni ng val ve 26. Carbon nonoxi de and

any hydrocarbons or other byproducts present in the gas entering oxidizer B
are conversandenper 3PthiaratulinpROANSKhaI antein Sepaeiet 8Wl 'ttH“?Ylge ipbleito

contained .in gxidizer. B. Th ar dioxi de- L r rissed
subst ant i dPF&‘/'(anaqcé\sb'&ﬁeto‘frbciPgéegﬁgt%{e[?%a %S ééyt% F’og%%‘, E%f&%%bgﬁ?%%%ﬁghdgd
arr 1s Usegli@asgénhér QXHiGARY. al@ids desiberketo Ferh V@ ¥Bstdntialip@ll ofAthet Wiater
point a part of the carbon di oxi de gas can be di scharged fromthe system
t hr ough | i vepa3Frorhfthdesastedgashy Thipéniagellyadesialsle. withe seaptEior Biapaitaias @nch

to b |l ed t A | f, b ' .
a1 1 ger at RS, BBt s RS: RIS LRV, BRAC oSV AtE MERPT T081EP PC by

passage thrgugh &gﬁgge%ﬁ;%?@%:jg%&a PABRIRAUCRD AV Ry dlBhobAchaddrBEnd ean ©bae.

car bon di oxi de can Vi y passing oxygen Ined froma cryogenic

air separadgnidinthe ddibon @oXieaiseparationgeihe3farbon dioxide-fich gdsi strezincaolon
di oxide-rich gas fromchiller 36 can be introduced intg either or both of

the |iqui degrhpgeechsubsiantiglhyof geean diexideagriss sapanator B guaeshling &fedndabl e

the. renai nier ST Goc moRRGTES 350 Wi opf Syt ahs SHifrh dfrd i, 822"

Firstly, itarbon dioxide-rich gas is refrigerated, preferably to a temperature in the range of
about 25 to about 100°C by passage through heat exchanger 36. The
refrigerated carbon dioxide is then introduced into vapor space 36 and/or one or
both of reaction zones 56 and 58 and/or into vapor space 16 by means of valves

74, 76 and 78, respectively.

During the course of the reaction, the liquid reactant mixture passes
downwardly through the various reaction zones. In the Fig. 2 embodiment, liquid
phase is withdrawn from reaction zone 54, cooled in cooler 42 and returned to
reaction zone 52, which maintains the reaction temperature in the lower region of
reactor C at the desired level. As the temperature of the reaction mixture rises,
the partial oxidation reaction becomes more selective, with the result that very
little or no 4-CBA is produced as a byproduct. Thus the purity of the terephthalic
acid product exiting reactor C through line 12 is very high.

The process practiced in the system of Fig. 2 is continuous and the make-
up reactants necessary to maintain the desired liquid phase level in reactor A are

provided through line 8.



12: facilitates mai ntenance of a nore uniformtenperature in the liquid
phase, and secondly, it ensures that a flamable m xture does not formin
t he vapor space by both diluting and cooling the gas phase. Wen carbon
dioxide is introduced into the liquid phase, it is preferred to introduce
it into the upper region of the liquid phase, since this cools the upper
part of the |liquid phase, thereby red&éing t he anbunt of the acetic acid
whi ch vapori ze n q*ﬁ” e i t -@@R i.oxl.de | nk he
upper part but Shn‘é@' tb%e oégrg%c?g{rr}altgé{Sﬁﬁgﬁlpﬁgﬁi%%gﬁgée |ngﬂreg§(]: @?’é&t“l?r’s{? hat
the | ower \afizé cdhvehBohal datuipipBAS €o ¢adhifee adi AltannRitally .@Pbliaﬁheﬁe flow of
tenperature, which enhances the selectivity of the partial oxidation
reaction fligridshan@raasest withirofthe exyspdm e thataidi cbr dehéullyt hatoroatddsio alm e
byproduct s, §uch gs.4-ca%20é%genzaldehyde (4-CBA). In a less preferred

“al t er nat'i VEMUPHBULRKIM PELTESIENO AN H16%i de can be conbined with the oxygen and
the mxture jointly introduced into reactor A Fig. 2 illustrates
apparatus for carrying out a nore preferred enbodi nent of the invention.
The principal apeairtensionopdorhérs iliustratddl HyetHeodoi@ringlerampld iiplWhighage
reactor C and carbon_di oxi de separator D. Reactor C contains four liquid
phase readiniens otbaewiseindiestesh pasts, pewentages @ndviatiod ase On velugedoasis.
vertical array. Agitator blades 4, driven by shaft 2, provide stirring of
the liquid phase in each of the reaction zones. Reactor Cis provided with
oxidant gas feed lines 52b, 54b, 56bgxanP|E8P, Which introduce oxygen-rich
gas into the respective reaction zones. In the Fig. 2 enbodi nent,
the outlet end of condenser 20 is connected to the inlet end of separator D

via line 60. Separator D e any, nmeans capapl e of ,separating carbon
di oxi de fromt %E”Eetr?'égar%“é‘% t§ ‘”HBHﬂeﬁ?é’é&‘tbﬂlc AR | Braslugtian apiny was

Cobon o SE Y Rk BRePL P PRl S S0 1 G
whi ch that separator D was eliminated and part of the waste gas stream in line 60 was
recycled to reactor C via line 64 and the remainder was removed from the system
through line 62. The reaction was simulated based on the following assumptions:
All of the oxidant {commercially pure oxygen) is introduced into reactor C
through line 52b; 85% by v.olume of the waste gas stream leaving separator D is
recycled to reactor C and the remainder is removed from the system; 950% by
volume of the recycled carbon dioxide-rich streém is introduced into the vapor
space of reactor C through line 72 and the remainder is introduced into the liquid
phase through line 76; the pressure in reactor C was maintained at 200 psig
during the run; and sufficient cooling was provided by heat exchangers 36 and
42 to maintain the temperature at the top and bottom of reactor C at 160 and
180°C, respectively. The various flow rates in kg/hr and projected results are

tabulated in the TABLE. The numerals in parentheses refer to pipelines in Fig. 2.



cont ai'ns an adsorbent which sel ective adsorbs carbon di oxide fromthe waste
13 gas. \Wen separator Dis an absorption plant, it preferably contains
an al kanol am ne, such as ethanol am ne or diethanol am ne, and when it is an
adsorption plant it preferably contains a natural zeolite, such as
faujasite, nordenite, etc., or a synthetic zeolite, such as type X or type

A zeolite. These absorbents and adsorBénts will selectively sorb carbon
di oxide fromthe waste gas stream Al tively, an adsorbent that
selectlvely adsorbs conponents other t arbon di oxi de can be used to
separ ate ftre ' e —otrer—ConpoTeitS— Dt e S
stream I§ is preferableﬁehdt s ePradattor| CRefiupr i lseOuhgl uf &ecygleof Wenpt|j on
units tha§ can be operjated out| of phase, such that one upit is i
di oxi de sQIYrhesherRr Vilce vy | el t heypt hefr upigy 1 s| bgepy r pogpay at
desired, epargctShor D clan Bég el m ﬁ‘azt)ed fro(r:l1 t)he sygtg?h of gl gIs 2 ch
case carbn monNox1 de an €5 ar.pon [diroxide are renoved Tromie by Lem
t hrough | i Y¥at5 fo é%% atgil 359 5| pPdPOded wi tHQeht gaB5olit| P I&
62 V\h'Ch ic hnnnn{\’t ed t o—a rln\l\ stre d_l_s_p_gs_a_l___u_n_l_t_’_a n
di oxi de r ¢ozitie Acide 6/443 B84 wWasHe, I Ena&mt secti®ni of F3g.| 2 ngy jl so
be provide¢d with an oxj di zer, pBuch as i di zer of Fig.{1, if desired.
When an oXi N IS usjegqi ah be line 60Jor ingljne 4.} If
the oxi di; gdk?lgﬁpl aced 1 %"fﬁe &?Qtéeggas st rea?n nline p2 wi'llf be
subst ant i gy frgeof—Enviromemntatt gas—cojrponments

Catalyst 223 2y

TPA® 31,692

MA* 967 415 53 62

Oxygen 21,612

CO, 1,336 1,136 200

! overhead vapor stream
2 cobalt acetate-manganese acetate-hydrobromic acid combination
3 terephthalic acid

4 methyl acetate

The above example illustrates a general embodiment of the invention. The
selectivity to terephthalic acid is projected to be 97%, and the acetic acid lost

from the system is 3% by volume.

Although the invention has been described with particular reference to
specific equipment arrangements and to specific experiments, these features are

merely exemplary of the invention and variations are contemplated. For example,



and accordingly, can be discharged directly to the atnosphere. On the other
hand, when an oxidizer is placed in line 64, it can be a nuch smaller unit,
since the vol une of oxidizable gases in line 64 is considerably |Iower than

t he vol une of these gases in line 60. Wth proper absorbent or adsorbent

sel ection, the carbon dioxide recycle gas in line 64 will contain little or
no oxi di zabl e gas. In the enb ment illustrated in Fig. 2, line 64

passes thr 1 t, exchanger 36 and, on the, downstyeam si de of heat
exchanger gé%ﬁrﬁ’g "oﬁelo?{ﬁﬁste?se&af‘ob?i‘ffé @8?”"70"%5637??%1*’?7&9{9'(&@, they
turn, conn o] Ckl ; P P T 14
Jones 55 anieBaohD TPRCSLSRe of thp fpvention s, Imitpd only by the breadih of he

| i nes 68, apieraied cl@ims controll ed by valves 74, 76 and 78, respectively.
Oxygen-rich gas supply line 80 passes through heat exchanger 36 in

i ndi rect heat exchange rel ationship with the carbon di oxide gas fl ow ng
through |ine 64. Downstream of heat exchanger 66, |line 80 is connected to
mani fold 82, which in turn is connected to |lines 52b, 54b, 56b and 58b.

Al so, as shown in Fig. 2, lines 46 and 48 are respectively connected to
reacti on zones 54 and 52. In practicing the invention in the
apparatus illustrated in Fig. 2, reactor Cis filled with a m xture of

p- xyl ene, acetic acid and cobal t - nanganese- broni de



catal yst m xture, such as cobalt acetate, manganese acetate and hydrobrom c
acid, to the desired level, indicated in Fig. 2 by the dashg#—4+re~—The ‘
liquid phase is then heated to a tenperature in the range of TM%EET&QSt@EEN
about 200[err]C, and preferably to a tenperature in the rampge of ReagEp 150
to about 170[err]C, and with continuous stirring i N eactr TeactT Ol Z0Ne | —rmmu-.{
oxygen-rich gas is introduced into ea;:lll@; of theﬂlmﬂmjiﬁwmr”ﬂgnes throughh

|l i nes 52b, : 58b. In the illustrate [ {IllE oxygen-ric
gas is pr oﬁ\aﬁ%ds ?ﬁat?@%@g?‘ogeni c air separation uhitc and suppli<ed to heat
exchanger 36 at very |ow tenperatures. Were a cryogenic air separation

unit is not avail able or not desired, the oxygen-rich gas can be provided

by ot her ntans Auywbcess fdrathearangfiaeturanf adswatint polgcaibioxybpacilsi comprising . | n
such case, the carbon dioxide-rich gas in line 64 will be cool ed by other
nmeans, such as (5”3 r eFPMigeting dm the liquid phage tipea regetaropanbipby déled, Withs @ous

products g LN S e N I scharged fraomthe
product s Setiipiel! alBh8e S8sd S, 3 SHROMIRBE e BERARC Sl 98
condenser gRyydiefich Baktinithe ROsREe 4 hEaBNeYal iparfiSNERASHoS CREN PRI WAIchY

all of the acetic acid and perhaps sone or all of the water vapor

cont ai ned $electinelyasoxitizes cotidenpelyatkybsilistiuied abdneeriecr tvapsm aarematic

.Ct h.line 22, The renmainin as, passes out of
;-gcycl ed tSol%S‘r to(;:g/hc acm,ot %rebyI producing a rl]|qmd product %o%prns?ng said aromatic

polycarboxylic acid and a waste gas stream comprising carbon dioxide;
(b)  forming a carbon dioxide-enriched gas from said waste gas stream;
{c) chilling at least part of the separated carbon dioxide-enriched gas;
and

(d) recycling the chilled carbon dioxide-enriched gas to said reactor.

2. The process of claim 1, wherein said poly alkyl-substituted benzene is
introduced into said reactor at or near its upper end and said liquid product is

withdrawn from said reactor at or near its lower end.

3. The process of claim 1, wherein at least part of said carbon dioxide-

enriched gas is recycled to the liquid phase zone of said reactor.

4. The process of claim 1, wherein at least part of said carbon dioxide-

enriched gas is recycled to the vapor phase zone of said reactor.

5. The process of claim 1, wherein said contacting takes place in two or more
vertically-aligned liquid phase reaction zones in said reactor with oxygen-rich gas

being directly introduced into at least the lowermost of said reaction zones.

6. The process of claim 5, wherein said oxygen-rich gas is directly introduced

into each reaction zone. —_—
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condenser 20 through line 60 and next enters separator D. It may be . ...
desirable to include at the inlet end of separator D a gas dﬁfﬁ{ﬁ c8pch Has BEEN |
one or nore heds of silica -gel-or activated al um na desiccant, to {;"g-g‘[?@,,\,ﬁen {
substantially all of the water vapor fromthe waste gas. Thid is.usua Ty -t
desi rabl e when mﬂ ﬁllmlﬂmﬁuml ns an adsorbent, since nost adsorbents
preferentially WEREEYR S r relative to carbon dioxide and ot her

gases. Alternatively, a hydrophobic ads®@®ent can be used for the carbon

di oxi de separation. The carbon di oxide-rich gas stream now conprised

substanti aply £ 0@ X} Xi p L 64, d the

ot her gasatorrpgmaf\?ggg%ﬁﬁg %Agg?eg'gzl\an;s&é‘%ﬁtg{ﬁ%ﬁgﬁi%fﬁggugh&%ﬁné’% .. The

car bon di cstirtbedigds igasticsiuced intpeo@d ed mqye abertidl yotes abdeniies Riwerendsh t he
range of about 25 to,about 100[err] C by passage through heat exchanger 36.

The refri JEFSYUYZRDR HHR2IGiT6RFHE- i s” then introduced into vapor space 36

and/ or one or both of reaction zones 56 and 58 and/or into vapor space 1 6

by neans of valves 74, 76 and 78, respectively. During the course
of the reddtionfhe peoddsgubtl clbmcEadtt claintr @hpasiser ldasmpart dbiy s’ @B t he
various regction zones. In the Fig. 2 enbodinent, |iquid phase is w thdrawn

from r eactq'BHIGERECEAD @835 EtToatIcEdnterthevapnd SPasa rbeye the liquid phase.zone
52, which maintains the reaction tenperature in the |lower region of reactor
C at the desired level. As the tenperature of the reaction mxture rises,

the parti d@. oxiTtat pracessaticldim Deadersn BBHG 3ibre aldxida-eMidHRdl MR iEF84#hL t hat
very little or no 4-CBA is produced as a byproduct. Thus the purity of the
t er epht halffemMa33i¢ WasguEes stiaammPyr asorpliorne edaaspiien. cenrdensation, oxidgtive gh.

The pr ocesr§a&|;@p5'iEgﬂbii%gwa%_&fyﬁggén of Fig. 2 is continuous and the nake-

up reactants necessary maintarn the desired liquid phase level in
reactor A are provided through |ine 8.

10.  The process of claim 1, wherein said carbon dioxide-enriched gas is formed

from said waste gas by adsorption.

11.  The process of claim 1, wherein sald carbon dioxide-enriched gas is partly
formed by converting carbon monoxide in the waste gas stream to carbon

dioxide.

12.  The process of claim 1, wherein said oxygen-rich gas is produced in a

cryogenic air separation unit,

13. The process of claim 12, wherein said carbon dioxide-enriched gas is
chilled by heat exchange with oxygen-rich gas from said cryogenic air separation

unit,
14. The process of claim 1, wherein waporized saturated aliphatic acid is

condensed from said waste gas and returned to said reactor.

———
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16« - " It wll be appreciated that it vmthlnt*h‘“mpe OW 3
I nvention to utilize conventional equi pm””, m nd au1 %E' E g BCEN f
regul ate the flow of Iiquids and gases [r so t hat i tREPAACHD:
fully automated to run continuously in an ef fiki é’nt smaﬂner Thé"
invention is further illustrated by thg follow ng exanple in which, unless
otherw se indicated, parts, percentages and ratios are on a volune basis.
EXAMPLE 1 ¥ @lyins C r

production 1r5un Jggpg%@?itdgdéllawﬁaﬂ wg phase r"té C\?@bﬁ@éi{n@ IA‘?@Hrjnrlegm'

t he syst emmoiktFegfroth theclkeptert mglomeﬁasaﬂoreaatdbaSccﬁiliny nBé e\mtaﬂﬁhvpﬁrﬁqmﬂ
the waste gas streamin |ine 60 was recycled to reactor Cvia |line 64 and
the remai nd@3CtRas MiXwe anc FtnTniR@ thy sosiac Raddgreactine BixtuThdoresid tiowrr was
si mul at ed I I owi ng assunptions: Al of the oxidant

(conmer ci a:?%igg o?%aé}ieggﬁ "is introduced into reactor C through |ine 52b;
85% by vol une of the waste gas stream | eaving separator Dis recycled to
reactor C and the remainder is renoved fromthe system 90% by vol une of
the recycl 46.caiberprdécess afeclainc 1, Stntlesrnadnsprisitg odotiedoiusly Gtitdrey #apkiuid pace
of reactor C through line 72 and the remainder is introduced into the
liquid phaSBT8PB®h |ine 76: the pressure in reactor C was maintained at
200 psig during the run; and sufficient cooling was provided by heat
exchangers 36 and 42 to maintain the tenperature at the top and bottom of

reactor C a7.1 GBedibcess of claim 5, further comprising continuously stirring the liguid in

l

each of said two or more reaction zones.

18. The process of claim 1, wherein said polyalkyl-substituted benzene is a

dimethyl benzene and said saturated aliphatic acid contains 2 to 6 carbon atoms.

19.  The process of claim 18, wherein said dimethyl benzene acid is p-xylene,
said polycarboxylic acid is terephthalic acid and said saturated aliphatic acid is

acetic acid.

20. Apparatus for the manufacture of aromatic polycarboxylic acids
comprising:

{a) a reaction vessel having a plurality of vertically aligned reaction
zones;

(b) means for enriching a waste gas from said reaction vesse! in carbon
dioxide;

(c) means for chilling the carbon dioxide-enriched waste gas stream
from step (b);

(d)  conduit means for conveying the chilled carbon dioxide-enriched
waste gas stream from step (b) to the top of said reaction vessel and to one or
more of said reaction zones; and —— T

Sheet Has Been Replaced
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180] er'r] C, respect—rve%yw?ne varﬁjtrs—f |l ow rates in kg/hr and ‘g‘ oLeCLe.dw iy
SEPH:

results are tabul a The nuneral s in parenthe 4ge'{te“r?7t \‘% BLEN |
pipelines in Fig. ﬂ L ----- &y
TABLE Pr oduct Ref | ux Ovhd[ et.r-- jf?ecyvciew“”’
Vent Conmponent (12) (18) (60) (64)

(62) Wat er 10 839 21, 3682 39,092 100 85

15 Acetic Acifk) dondind mearf’s“&%xtrodﬂa@ﬁgog'%rgen contlaﬂ'ﬁng gas m?cg each of17

p- Xyl ene 21,075

Cat al yst [ efaifl reactlorzze;nes 223  TPAlerr] 31, 692

MA[ err] 967 415 53 62
Oxygen 21,612

21. The apparatus of claim 20, additionally comprising means for withdrawing
liquid from at least one of said reaction zones, cooling said withdrawn liquid and

returning the cooled liquid to the lowermost reaction zone.

———————
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cgerr]- 1, 336 1, 136
[err] overhead vapor stream|[err] cobalt acetate-mnganese IS SH T HAS th\
acet at e-hydrobrom c acid conbination [err] terephthalic acid | rr KA:QED
acetate The above exanple illustrates a general enbodi

invention. The selectivity to terephthalic acid is projected to be 97% and
the acetic acid lost fromthe systemiz3 3% by vol ure. Al t hough the
-invention has beg ot ul refErS,Pce tQ sgemflc

equi pnent arr ange+t d < i ; ures are
merely exenplary of the invenidd . @t s Al eneont enpl at ed. For

AL

exanpl e, - vertical or
hori zontal vessels can be used in any of the enbodi nents of the invention.

The scope of the invention is limted only by the breadth of the appended
cl-ains. Terephthalic acid is produced by reacting paraxylene with oxygen in a

reactor having several vertical stages, the reaction taking place in the liquid phase
using acetic acid as solvent and a cobalt-manganese-bromine complex catalyst.

During the reaction, a carbon dioxide-containing gas phase is withdrawn from the
vapor space of the reactor. The gas phase is cooled to condense vaporized acetic
acid therefrom and carbon dioxide is separated from the gas phase and recycled
to the vapor space or to the liquid phase or to both of these. In an alternate
embodiment, the gas remaining after condensing acetic acid is subjected to
catalytic oxidation to oxidize carbon monoxide and methane, if present, to carbon

dioxide, and some or all of the carbon dioxide is recycled to the reactor.

———
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19, CLAIM 1. A process for the manufacture of aromatic pol ycarboxylic
aci ds conpri si ng (a) contacting, in the liquid phase in a reactor

partially filled with a saturated al i phatic acid as solvent, a
pol yal kyl - substituted benzene and an oxygen-rich gas i'n the presence of
a heavy netal partial oxidation catalyst which selectively oxi di zes the

pol yal kyl - substituted benzene to an aromati c pol ycarboxylic acid,

t hereby producing a liquid product conprising said aronmatic pol ycarboxylic
acid and a condensabl e vapor-contai ni ng waste gas stream conpri si ng
car bon di oxi de; 1/2

/46 T e
A Bl B




(b) separating condensabl e vapors from said waste gas stream (c)
formng a carbon dioxi de-enriched gas fromthe condensabl e vapor - depl et ed

waste gas streamfromstep (b); (d) chilling at |east part of the
separ at ed carbon di oxi de-enriched gas; and (e) recycling the chilled
carbon di oxi de-enriched gas to said reactor. 2. The process of claim
1, wherein said polyal kyl -substituted benzene is I ntroduced into said

reactor at or near its upper end and said |iquid product is
20
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wi tshdrawn from said reactor at or near its | ower end. {Wﬁ The sgrocess o}

claiml, wherein at |east part of said carbon dioxide-enriched

710007 )2

gas is

recycled to said |iquid phase. 4. The process of claim1l, N
| east part of said carbon dioxide-enriched gas is recycled W@QWW SHEET

space above said liquid phase in said reactor. 5. The. proge
1, wherein said contacting takes place ilf two or nore vertifa
| i qui d phase reaction zones in said reactor with oxygen-rich|g

S oI claim
| i-@l. i gné3fo

As __bei ng

directly introduced into &t |east the |owernost of said reaction zones.
6. The prd@edMDf claim5, wherein said oxygen-rich gas is directly

i ntroduced into each reaction zone.

1. A process for the manufacture of aromatic polycarboxylic acids comprising

{a) contacting, in the liquid phase in a reactor partially filled with a saturated

aliphatic acid as solvent, a polyalkyl-substituted benzene and an oxygen-rich gas

in the presence of a heavy metal partial oxidation catalyst which selectively

oxidizes the polyalkyl-substituted benzene to an aromatic polycarboxylic acid,

thereby producing a liquid product comprising said aromatic polycarboxylic acid

and a condensable vapor-containing waste gas stream comprising carbon

dioxide;

(b) separating condensable vapors from said waste gas stream;

T

{c) forming a carbon dioxide-enriched gas from the condensable vapor-depleted

waste gas stream from step (b);

{(d) chilling at least part of the separated carbon dioxide-enriched gas; and

(e) recycling the chilled carbon dioxide-enriched gas to said reactor.

2. The process of claim 1, wherein said polyaikyl-substituted benzene is

introduced into said reactor at or near its upper end and said liquid product is




7. *The' process of claim5, wherein at |east part of said carbon

di'oxi de-enriched gas is introduced into one or nore reacti Qa_zones_above

the | owernost reaction zone in said reactor. 8. The pro,wg_ﬁbg

RERT BHEeT

gas 1

or claim?7, wherein at |east part of said carbon dioxide- enriche

I ntroduced into the vapor space above the |iquid phase.

21 9. The process of claim1l, wherein said carbon dioxi del efirilched’ 'gééfu
formed from said waste gas stream by absorption, adsorptiop, Lcondensati Qn,

oxi dative reaction or conbinations of these. 10. The prpcess of claim
1, wherein said carbon dioxide-enriched gas is formed from-said-waste gas.

by adsor ptwighdrawn from said reactor at or near its lower end.

3. The process of claim 1, wherein at least part of said carbon dioxide-enriched

gas s recyoled to said liuid phase D A

4. The process of claim 1, wherein at least part of said carbon dioxide-enriched gas

is recycled to a vapor space above said liquid phase in said reactor.

5. The process of claim 1, wherein said contacting takes place in two or more

vertically-aligned liquid phase reaction zones in said reactor with oxygen-rich gas

being directly introduced into at least the lowermost of said reaction zones.

6. The process of claim 5, wherein said oxygen-rich gas is directly introduced into

each reaction zone.

7. The process of claim 5, wherein at least part of said carbon dioxide-enriched gas

is introduced into one or more reaction zones above the lowermost reaction zone in

said reactor.

8. The process of claim 5 or claim 7, wherein at least part of said carbon dioxide-

enriched gas is introduced into the vapor space above the liguid phase.




1 1. The process of claim1, wherein said carbon dioxide-enr| @{ppdag Igf SHEET

~

partly formed by converting carbon nonoxide in the waste gap suea

car bon di oxi de. 1 2. The process of claiml1l, wherein saidfo yge,n rich l
gas is produced in a cryogenic air separation unit. 1 3.{ The: ﬁraceséaééf
claim 12, wherein said carbon dioxide-enziched gas is chillgd hy._heat __1
exchange with oxygen-rich gas fromsaid cryogenic air separdgtion unit. 1

4. The process of claim11l, wherein vaporized saturated aliphatic_acid |s

condensed gf fRELPG s WA SIS WPk %EW&‘?Q 9!0§<?dederfrﬁ.‘?1%58j rselsa(‘:f?r:l'éed 4

process of clalm 14, further conpri sing Wlt draw ng on mxture
fromthe |0 ng the vmthdrawn

reaction n?%d}‘%setgl 3 reﬁam hY ﬁéggpéoﬁoﬁﬁ?%gp{'? u‘fQ{‘dﬁéaﬂqur?)ﬁ'H%tV rréa?"(bo%al d

| ower region of sai d reactor.

o cominations fhese TR O O W
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10. The process of claim 1, wherein said carbon dioxide-enriched gas is formed

from said waste gas by adsorption.

11. The process of claim 1, wherein said carbon dioxide-enriched gas is partly

formed by converting carbon monoxide in the waste gas stream to carbon dioxide.

12. The process of claim 1, wherein said oxygen-rich gas is produced in a

cryogenic air separation unit.

13. The process of claim 12, wherein said carbon dioxide-enriched gas is chilled by

heat exchange with oxygen-rich gas from said cryogenic air separation unit.

14. The process of claim 1, wherein vaporized saturated aliphatic acid is condensed

from said waste gas and returned to said reactor.

15. The process of claim 14, further comprising withdrawing liquid reaction mixture
from the lower region of said reactor, cooling the withdrawn liquid reaction mixture

and returning the cooled liquid reaction mixture to said lower region of said reactor.




22 ..1.6. The process of claim31, further conprising conti nuou&EPLACEMENT, GHEET

the'liquid in said reactor. 17. The process of claimb5, fur{ter
conprising continuously stirring the liquid in each of said fw @r§ norefss
reacti on zones. 18. The process of ch%n11, wherein said

pol yal kyl -substituted benzene is a dinmethyl benzene and sai d| saturat ed

aliphatic acid contains 2 to 6 carbon atons. 19. The proceps of claim
18, wherein said dinmethyl benzene acid is p-xylene, said  polycarboxylic
acid is tefBphbaareeessdfrlaimstirthes somriissw eantiswarsly sdiEring the hewdiin

aci d. b

(R

17. The process of claim 5, further comprising continuously stirring the liquid in

each of said two or more reaction zones.

18. The process of claim 1, wherein said polyalkyl-substituted benzene is a

dimethyl benzene and said saturated aliphatic acid contains 2 to 6 carbon atoms.

19. The process of claim 18, wherein said dimethyl benzene acid is p-xylene, said
polycarboxylic acid is terephthalic acid and said saturated aliphatic acid is acetic

acid.
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PROCESS FOR THE PRODUCTION OF TEREPHTHALIC ACID

ABSTRACT OF THE DISCLOSURE

Terephthalic acid is produced by reacting paraxylene with oxygen in a
reactor having several vertical stages, the reaction taking place in the liquid phase
using acetic acid as solvent and a cobalt-manganese-bromine complex catalyst.
During the reaction, a carbon dioxide-containing gas phase is withdrawn from the
vapor space of the reactor. The gas phase is cooled to condense vaporized acetic
acid therefrom and carbon dioxide is separated from the gas phase and recycled
to the vapor space or to the liquid phase or to both of these. In an alternate
embodiment, the gas remaining after condensing acetic acid is subjected to
catalytic oxidation to oxidize carbon monoxide and methane, if present, to carbon

dioxide, and some or all of the carbon dioxide is recycled to the reactor.

Fig. 1



