PROCESS FOR THE PRODUCTI ON OF TEREPHTHALI C ACI D

FI ELD OF THE | NVENTI ON This invention relates to the manufacture of
aromatic polyacids and nore particularly to the manufacture of phthalic
acids by a liquid phase process in which carbon dioxide is separated from
t he gaseous effluent and recycled to the reaction zone.

BACKGROUND OF THE | NVENTI ON: Aromatic pol yacids are widely used as
i ntermedi ates in chem cal manufacture. .For exanple, terephthalic acid
(TPA), a building block in the production of polyester polyners, is
generally commercially produced by the liquid phase partial oxidation of
par axyl ene (p-xylene) with an oxygen-contai ning gas using an aliphatic
acid, such as glacial acetic acid, as the solvent, and a catal yst
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EIELD 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.
BACKGROUND 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 én 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



whi ch 1s highly selective for the production of terephthalic acid. The
reaction can be carried out in a stirred single stage or nultiple vertical
stage reactor at a tenperature in the range of about 170 to 225[err]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 2
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out at hi goggnpetatures, acetic acid is volatilized, in spite of the fact
that the reaction is carried out at relatively high pressures. Accordingly,
t he vapor phase contains significant quantities of these conpounds. It can
readily be appreciated.that thereis a co.nsi(ﬂer, bl e %gtentcl al for the
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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. It 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 manufacturing processes 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.



enriched air or high purity oxygen as the oxidant. These processes are even
nore susceptible to formation of flanmable gas m xtures in the vapor space,
since the diluent effect provided by nitrogen when air is used in the
reaction is not avail able when high purity oxygen is used as the oxidant.

3 U S. Patent No. 5,371, 283 di gcl oses a nethod of reducing- the
flammability of gas in the vapor space of a terephthalic acid manufacturing
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wi t h oxygedre impaerted imtesteceystéma cat al yst which effects the parti al
oxi dati on of the polyal kyl benzene conpound to the
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 recyclé process which achieves this goal and which_
also reduces the amount of acetic acid solvent that is lost in the overhead gas

removal step.

NVENT

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 solvent 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.



aromati c pol ycarboxylic acid. The reaction is carried out in the liquid
phase using a lower aliphatic acid as solvent at a tenperature in the range
of about 150 to about 250[err]C and at a pressure sufficiently high to

mai ntain the |iquid phase. A waste gas stream containing carbon

di oxi de and carbon nonoxide is renoved fromthe vapor space in the

upper nost region of the reactor. A carBon dioxide-enriched gas forned from
t he waste r eact,or.
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par axyl ene using acetic acid as the solvent. According to one
enbodi nent, the_ carbon dioxide-rich gas streamis at |east partly fornmed by
removi ng part ofhe Hroeaseoaf dihsxiirnentionmis nideqlly t suiteds  toribec Rrapaiatipbxeide
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meta- and paraxylene, respectively. In the most preferred embodiment of the
invention, terephthalic acid is produced by the liquid phase oxidation of

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 polyalkyl benzene compound takes place comprises two or more liquid phase
reaction zones arrangéd in vertical stages. Oxygeh-rich gas is introduced into the
lowermost 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,



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 polyal kyl
benzene conpound takes place conprises two or nore |iquid phase reaction
zones arranged in vertical stages. Ckyaen rich gas is introduced into the
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di oxi de- r vehtig Steges Petheniiperysetiof ﬂiepretdaeorvapor space above the liquid
phase in the reactor and/or into any one or nore than one of the vertical

stages. In a preferred enmbodinent,

5 the carbon dioxide is introduced into the vapor space and into one or
nmore vertical stages in the upper part of the reactor.

BRI EF DESCRI PTI ON OF THE BR DRAVY h&-enatlc drawi ng
illustrating an enbodi nen IC e partial oxidation
reaction of the ponaIkyI benzene conpound is carried out in a single stage

reactor. Fi g. a schemati¢ drawing illustrating_an alterpate
enbodi ment of th@ ?ﬂ%@rﬁqwm draveng dinstrating an emhosiiienh of dae dnvantiop in

carried oyfhicR e BlrtiaPbRidatiBAGeLERSH BF 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.

ETAILED DESCRIP F THE INV

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.



Wiere applicable, the same reference numerals are used to represent the
sane or simlar parts in the various draw ngs.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention conprises
carrying out the liquid phase partial oxidation of a polyal kyl -substituted
benzene to produce an aromatic pol ycarboxylic acid in a manner that

provi des better control of the tenperature in the reaction vessel during
the reaction and reduces | osses of theépolyal kyl -substituted benzene and
the aliphatic acid occurring during the reaction. The production of
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of the liquid phase or the vapor space above the liquid phase
separ at i orfP58 a9 ithat igHdoPhasee cHi&eparation 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 trimethyl 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 gés 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 pref'erred 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



dioxi de is discussed in nore detail bel ow The pol yal kyl benzene
conpounds that are useable as reactants in the process of the invention
include, in particular, the dinmethyl benzenes, i.e. orthoxyxlene,

nmet axyl ene, and paraxyl ene, and the trinmethyl benzene conpounds, such as
mesitylene, etc. Aromatic pol ycarboxyli7Zc acids that can be produced by the
process of the invention include orthophthalic acid, isophthalic acid and
.1 er epht haloxidatiord regotinthuisedarried noutt t Mgpicahireat gases palads Inénegen, argon. and.
respectively, and the benzene tricarboxylic acids. The oxi dation of
t he pol yalgejpomeidde compounds is acconplished 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 gas m xture
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using an |lower aliphatic acid as solvent., Preferred | ower aliphatic acids
are those amidi pgriiguledy aglagtal saseticaasish is dhe, profieriedsselvent Jopcise in the
pr opi oni ¢ .aci the butyric acids, the pentanoic acids and the hexanoic
acids. THE'¥Y 2" al i phatic acid may be substantially pure acid or it may
be in the formof an aqueous solution. Acetic acid, particularly glacial

acetic acid, is the preferred solvent for use in the
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, inc-lddi-ng valves, compressors and heat exchangers, that is
- unnecessary for an understanding of the invention have been ‘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



i hvent i on. The catal yst used in the process of the invention
conpri ses one or nore heavy netal conpounds, preferably with a brom ne
conpound. Heavy netal conpounds include salts and organi ¢ conpl exes of
cobalt, iron, chrom um nmanganese, etc. Typical conpounds of this group
i ncl ude, cobalt acetate, nmanganese naplyg henate, manganese brom de, ni ckel
brom de, chrom um brom de, iron acetate, nickel acetate, chrom um acetate,
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.such as tetrabronoethane, can be used In the process. The nobst preferre
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br om ne- cont ai ni ng conpou The i nvention can be better understood

fromthe ateRFpetorRf m\amﬁggal suitable Enrwaéaunwyﬁtt ejrgaftienneHsinpg aarbon
CO”PVGSSOVEte%Pdn&n ks € K0ANIRES ggagéuéostmw %%F §8rgées ng rStiléstbﬁon

of the |nvent|o ave been’ omtt omthe

of the i nvasHctioR.vessels are Wil kpbhvat &5t tHihuFdQslgri alnﬂ @or%tﬁlcﬁmrf ﬂirnphgcbéﬁ't Bg
aromati c pol ycarboxylic acids by the process of the invention which

i ncl udes, this inyentiosquRpaetor /&mpm\ednctwlﬂeamreroshaﬁés&ewhmmhds oaebemmore

I d f Fi
5 adapt SRS et X, CBREHTLLE, G Sy dny Suate mpEneuE A Alssde
A can be clatoRBoTREsGEPIL KPal bRl lwith Blvent e Bl aY! KERGNe fodtF it O
reaction, Suohygen-clahtgm; fdeckline $0aind aomaticepdlycatboxylit abid predudthiemoval

vessel can_be qglass lined. Suitable reaction vessels are well known and
their desitfed 'ébﬂ@twépﬁtmemdﬂwmeganflgaﬂ.twagtqrrﬁeqmtaws Rhiadidphase; s

provi ded W'lgh oft !aﬁ ecfes?r}tlﬁf {/o ’m%’m rﬁi ab3ve &%hﬁé%ﬂobﬁg?g %aLngOfblSsgge %e.

Shaft 2 is dri%ed' b y any ans, suc
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



notor 6. Reactor A is also provided with solvent and pol yal kyl benzene feed
line 8, oxygen-rich gas feed line 10 and aromati c pol ycarboxylic acid
product renoval line 12. In the enbodinent illustrated in Fig. 1, reactor A
contains a liquid phase, 14, of any desired volune, 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 connect®d to the inlet end of condenser 20.
Condensat egkdHipg2deVied i thas dfif chifletHe bHfbbrotiostdyleo s aedicbds edrvigaratlire,
reactor A. Waste gas vent line 24, fitted with valve 26 connects the outl et
of condensWhenOtheooxygerwrish rgasnuseskinethgaprocessaiofidhe invenitian is oxygen product

at nospheri ¢ vent. Carhon _di oxide gas.recycle |line 28 connects |ine 24 a
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of carbon ioxipe %hi I I.er.d36.. Car bon ﬁi xi%e chiller 36 can be any suitable
heat ow of carbon dioxide-rich gas to the liquid phase $P3€change device that can
chill the carbon dioxide to the desired tenperature. Wen the oxygen-rich

gas used in the process of the invention is oxygen product froma cryogenic
ai r separation ReattofABUjs dldre eqaipgped avitixiligeid ipblasgasooler t42)i eddich; ihithe ed
by first heat exchanging it with cooling water and then further chilling it
by heat exemBrgimantsnillustrateskinythe frawingss rameves heah§om the seagtingmixtyee

oxygen-r | oY JdrdiiceBle bfEnd PoattoniirBAE Wik o Bifien°Thi B8RS warer

of chill er pgésdssthrotte @ofdd4, 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, Liquid 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 reaétion of p-
xylene with oxygen-rich gas in glacial acetic acid using a cobalt-manganese-
bromide catalyst combination, althou.gh the invention is équally 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.



to both the vapor space and the |iquid phase space of reactor A. Valve 38
controls flow of carbon dioxide-rich gas to the vapor space, and val ve 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
enbodi nents illustrated in the drawi ngsg renoves heat fromthe reacting

m xture by indirect contact of the reaction m xture with cooling water. The

cool i ng wat er nasp%sétuéuhg%ahnoehﬂnor% tithabptratds ilaseated it FigS heahedr Al
water or steamexits cooler 42 through coil 44 at or near the upper end of
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reaction. exidation of the p-xylene takes place upon contact of théQeactants ah@ catalyst.

practicing the invention in the apparatus illustrated in Fig. 1, reactor A
is fill ed Thereactor &onitemtsaare gontiruamfsly stigred ndyring dhe oreactidn ey rotation of

bal t - - b ' t t m xt , h I
ﬁSnSaneSE”%a?&etéf bladelEl e biarb by EneR1S 0f FORTE Rearh EROGR §-e VIR, 1oBREP el
Fig. 1 by %\gﬁﬁi‘ﬁﬁcl | Mfersed NBTE & Qﬁﬁéso’f;afhe?ehdd?&r &HQé’d'fﬁjeﬁé’é at efpe
into reactor r ough separate fe Ines, or they can be conbined an

I nt r oducedtemperatigaaifatheAiquid phiasens immaiftainedlin they pavge of labgas 1|5f§) to about
i ntroduced_into reactor A through line 10. Partial oxidation o

p- xyl ene t%Q@§,pa%@refﬁ@bl&dntt@@traasetcrfeabq;acl%Qnte mtcamg:spv c"culat'on

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, terephthalic 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



The reactor contents are continuously stirred during the reaction by
rotation of agitator blade(s) 4, driven by neans of shaft 2 and notor 6.
The reaction, which is exotherm c, causes the tenperature of the |liquid
phase to rise. The tenperature of the liquid phase is naintained in the
range of about 150 to about 200[err]C,1§nd preferably in the range of about
150 to about 170[err]C, by circulation™of the reaction nmedi umthrough

cool er 42 nedadsdry tatraiain oie desired! IRfli¢ apHaee Kivekinereadbtar Aeard likewise

t hrough val ves 38 and 40. To reduce the possibility of formng a flammabl e
gas m xt urpgovideddbopugiplioe 816 during the startup period of the process,

whi ch begi ns upon startup and generally continues until steady state
conditions are attained, it may be desirable to use air as the oxidant
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into the system from an outside source during the_ startup _period.
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can be subsequently returned to reactor Avia line 8, if desired. WMake-up

react ant s perhaps some &t calk af ytheowatémvapor coetairexd iredhei gas.d Teasentenssd i n
reactor A ar% i kew sa @Ir vided throu
u

h |.ine 8. During, the,.course
of the redRiE5nacaaaB0 aleT, ARPE 316 TERUGIEgtos SR AEEPURD T Ban  The
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The gas conponent's are continuously discharged fromThe vapor space o
react or A dxidieagiB.!| ilhaekfredha pgurtiogast tiss gas d¢dn begentzddtrsagh 2Bevdygstemn
it is cooled sufficiently to ,condense substantially all of the acetic acid

- 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 o_f the carbon dioxide-rich gas into the liquid phase and

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



perhaps some 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
remai ni ng 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 through
the systemthrough |line 24 by opening ¥al ve 26. Carbon nonoxi de and any
hydr ocar bons or ot her byproducts present in the gas entering oxidizer B are
convert ed fahilitates maintansoce of cx intiereupniforom rtemperaturd inhehechquitysiase, and
contained in oxjdi,zer B. The carbon dioxide-rich gas stream now conprised
subst ant i aqqcynélrv. dhepsHres a')éto% ﬂéﬁH“SUPHQB‘é“’rﬁ é?%%é"ﬁ,’f Tormoipy thenvapen sprae
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gas to be recycled to reactor A is next preferablﬁ pressurized and
ref ri ger atlsyid pbesexsinpe ¢hisocepls dhp ampenmpartoef theliquibphaseatherebyofesiucing by

passage through heat changer_36. As noted_ above, refrigergtion for the
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to introduce J)art of the carbon dioxide-rich gas into the |iquid phase and
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mai nt enancﬁe’]eoﬁ?ro(flj urcr:tt)'?g %fnit?rgp mqaehr?pae?'gtrg}heeri tr? a{n hlén??sq'{ﬂb e éﬁ’géée&ﬁg%ﬁts%ﬁ as

secondly, 4-camisybenzilishyde (4-TBMb! Ia ariosk refefieealternatios MHechiled varsdn
space by both diluting and cooling the gas phase. \Wen carbon dioxide is

i nt r oduceddipxide qanebe jcpmbingdayish the deygenefnst thaimisturatjoindiycietioducad dntohe
upper regian tof he |iquid phase, since this cools the upper part of the
liquid pha{gg?c‘f reby reducing the amount of the acetic acid which

vapori zes. An advantage of introducing the carbon dioxide into the upper
part but not the lower part of the liquid phase in reactor Ais that the

| ower part of tHig. Riillustdatek appacatus fer caniryingiowtch atore prefgmed 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



t enperature, which enhances the selectivity of the partial oxidation
reaction for the production of terephthalic acid rather than undesirable
byproducts, such as 4-carboxybenzal dehyde (4-CBA). In a less preferred
alternative, the chilled carbon di oxi de can be conmbined with the oxygen and
the mxture jointly introduced into reb®tor A Fig. 2 illustrates
apparatus for carrying out a nore preferred enbodi ment of the invention.
The pri nmg@ﬂ ap¥heat aspafehtp’orﬂenllss ahn abaorptionh plantenit @f@femhlw pertainsman
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gas into the respectlve reaction zone In the Fig, 2 enbodi nment ,
the out | et akspbentscand asdserbentsi wllbéﬁlﬁé'ev@u sasbt ﬁ%fbioﬁl dioxidey feom dhgawasts D
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preferably contalns a natural zeo as faujasite, nordenite, etc

or a synt hedgenerated) tie desined, sepdratoe Dican beygliniAateD fiohe thé tssrstemhﬁd?ngem s
and adsorbents will selectively sorb carbon dioxide fromthe waste gas
stream Al tnewhigh oase cacheramanonide ant grcess @a;rbptzeqhyxai@s@ﬁeb@na@msbﬁem the
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Separator D is provided with vent gas outlet line 62 which is connected to
a downstream waste gés 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



ot her tonponents of the waste gas stream It is preferable that separator C
conprise a plurality of sorption units that can be operated out of phase,
such that one unit is in carbon dioxide sorption service while the other
unit is being regenerated. |If desired, separator D can be elimnated from
the systemof Fig. 2, in which case ca_rLQon nonoxi de and excess carbon

di oxi de are renoved fromthe systemthiough |ine 62. Separator Dis
provi ded vidnes\&8handd6 antdl\etpdrispacéd B)hespedtivebonhilest efl gas thralghnlitescBin

wast e gas di sposal .unit, and carbon djoxide recycle line 64. The wasfie gas
treat ment £e@doh2df qongrolied by "éﬁ’@&% Z)g(ﬂﬂddgé' respecavelyxi @xygen-righgasas

o rE I ma e B
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environnental 'y objectional gas conponents.and accor di n%zy can be )
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is placed in lipe,64,.it a Jpich | er, unit i nce .t vgl une_ qf
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gases in |diraB0ire PesPedtivile 'coRREAIEROR reBELBHISORESBY &Rl 82Li On, the carbon
dioxide recycle gas inline 64 wwll contain little or no oxidizabl e gas.
In the enbodinent illustrated in Fig. 2, line 64 passes through heat

exchanger 36 and, on the downstream,side of heat exchanger 36, line 64 |s
connected to | ilRgFagtcingothe,tpveptionsin the gppargtys f'l&%sﬁﬁa"%‘gﬂhgt&-e% regctog£cts on
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heat exchange rel ationship with the carbon dioxide gas flow ng through Iine
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whi ch 1 I eh hHRBH 6! § dohiperktlfS i 2R r8Bs of UpotRh 6% Aot 206 B’
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 separatioﬁ 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



and 48 are respectively connected to reaction zones 54 and 52. In
practicing the invention in the apparatus illustrated in Fig. 2, reactor C
is filled with a m xture of p-xylene, acetic acid and

cobal t - manganese- brom de catal yst m xture, such as cobalt acetate,
manganese acetate and hydrobromc aciq: to the desired level, indicated in
Fig. 2 by the dashed line. The liquid ﬁ%ase Is then heated to a tenperature

in the rangmdehséb20tthiodsh fie 800atid RERA éritetCsepitetd Bf et ahky beQedirable to -
tenperature in the range of about 1 50 to about 1 70[err]C, and with
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into each qf theI four .reaction.zones, thl’OL{gh | i nes 52b, 5.4&, 6h %nfd 58b.
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During the course of the reaction, the liquid reactant mixture passes
downwardly through thé 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 temperat.ure 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.



carbon di oxi de and other gases. Alternatively, a hydrophobic adsorbent can
be used for the carbon di oxi de separation. The carbon di oxide-rich gas
stream now conprised substantially of carbon dioxide, exits separator D
through |ine 64, and the other gas conponents of the waste gas exit the
system through l'ine 62. The carbon diqgyg de-rich gas is refrigerated,
preferably to a tenperature in the range of about 25 to about 100[err] C by
passage t hrougit Wilhbeeapphrecigtsd Btat it withid thg scopedf ahepresehitanivestions té hen
i ntroduced jnto vapor space 36 and/or oné or both of reaction zones 56 and
58 and/ or Utiize COEHQN'@'E)%[C@L!!BWW ﬁeamgmé@r gag \asgomatically eguigts the flow of

respectiv yrse of e, reactio t he I|

react ant ﬁgéltda r.%n%a%assggh \9’&%&% f/yst ﬁrlnoﬁa hthtaﬂe!t VAR, éﬁsﬂplé{aéﬁo&a ?8 E’s run
the Fig. 20BflRASULSIR M anl dffidicht Phasserl S W thdrawn from reacti on zone 54,
cool ed in cool er ﬂg and returned to reaction zone 52, which maintains the

reaction tenperature in the Iovver regl on of reactor C at the desired |evel.
As the tenperature, of the ree} xtur rif}ﬁs, tg)te parti al OX|dat|on
reaction becongenientionels ivg! eW' LI‘F“E“H@ Ry dhe follawing, examplg in gwhies,
4-CBA is T r acid
pr oduct egﬁﬁé %;ﬁﬁgﬁgg{sgrln%ﬁ%ﬁ%aﬁ%nﬁ rblé%éfgg?gélég‘? Yatﬁésgh@oﬂ% \?&D%ﬂ%sgsr ocess
practiced in the systemof, Fig. 2 is continuous and the nake- up reactants
necessary to nmaintain the desired liquid phase level in reactor A are
provi ded through |ine 8. %XAMELE_l - 16

It will be appreciated that it is within the scope of the present invention
to utilize conventional equipnment to nonitor and automatically regulate the

flow of |iquidp aguhmereesl Véddn ”cér’i’:ﬁmﬁ:\b%t &repAtHaNR! acld Cﬁ:@dbeuw Hh was
automated to run continuously in an efficient manner he 1 nvention

i s furthesimilated iraadidjuiy phiase freadtonisysteax simila uonthahsmem of Flg 2, except

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; 90% by

volume of the recycled carbon dioxide-rich stream is introduced into the vapor

space of reactor C through line 72 and the refnainder 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.
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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,



p: Xyl ene 21,075 205 26, 058 7 6 1

Catal yst[err] 223 223 TPA3 31,692 MM
967 415 53 62 Oxygen 21,612 CQCO[err]

1, 336 1,136 200 1 overhead vapor stream 2 cobalt

acet at e- manganese acet at e- hydrobrom c agi d conbination 3 terephthalic acid
4 methyl acetate The above exanple illustrates a general enbodi nent

of the i nvegrticah or Therigitelc Vessdly dam ber agdd Hal ary asfi the sembog'izmﬁrﬁsl oo the
97% and the acetic_acid lost fromthe systemis 3% by vo

Al t hough tinwentioRnt iThe BeaP® e thrdayentian |§ dimited tqr&w By 'ﬁ’f@f brassth b the
speci fic equi %tlarrangenents and to specific experiments, these features
are nerely%@%gﬁgﬁ 9?"?& t he invention and varlatlons are contenpl ated. For

exanpl e, _ 18



vertical or horizontal vessels can be used in any of the enbodiments of the
i nvention. The scope of the invention is limted only by the breadth of the

appended cl ai ns. 19 What is
clained is: 1. A process for the manufacture of aromatic pol ycarboxylic
aci ds conpri sing (a) contacting, in the liquid phase in a reactor
partially filled with a saturated aliphatic acid as solvent, a

pol yal kyl - $ Gid Hélq,ﬁgdt;@nzene and an oxygen-rich gas in the presence of a
heavy metal partial oxidation catalyst which selectively oxidizes the

pol yal kyl -substituted benzene to an aronmatic polycarboxylic acid,
t hereby producing a |iquid produci conprdsing.said aronmatj.c | ycar boxylic
aci d and alwast® Rjgsesy f@aﬁhec'@ﬁﬁl"f%clt‘l’@ HBERUGIRAY goxyirc aB@B)comWﬁJﬁg ng

a carbon dioxid enré&%gﬁgaz iérfﬂ@ﬁ iig i girg ré4&®RBartially fill®) with a

chilling at |eaSt part epar ate n di oxi de-enriched gas; and
(d) r ecygaturatetihalisthatid escigaabosoldent;i de pelyalkyhisdbgtituted benzeneearidoran
2. The process of claim 1, wherein said poly alkyl-substituted benzene
i s i nt r oducxybemtich gaisdnrtbecpresenge of arhaavyimetal pasialepedation satalyst which

product is wthdrawn fr.om said reagt at . or. rj wer,_en . The
process ofs%v?‘é'i“fﬁlyl,omgreéi n 1§ |%°§%?%{)'asﬁbgﬁ¥d}§§| dbéizrébn%n ?oxg%e-a%m?t(':%ed
gas is recyghesrdoxyliBedid MthdlePY 3¥6ddGRE OfiquidigloA8E€ tbmprisiry saidT@®matic
process ofgclk'al m Y wherei n atwlﬁast- I‘g%rt %f sﬁgi d car bor? dirf)bx_i de- enriched
gas is recpolyedrioxylib@acichand sowaste gamstredmminprising t earbon 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 gés 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 dioxXide-

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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5: The process of claim1l, wherein said contacting takes place in two or
nore vertically-aligned |iquid phase reaction zones in said reactor with
oxygen-rich gas being directly introduced into at |east the |owernost of
said reaction zones. 6. The process of claim5, wherein said
oxygen-rich gas is directly introduced20nto each reacti on zone.

20 15. The process of claim 14, further conprising withdrawing liquid
reaction miBt ur¥hérprocese dfogkeim g turtiodr saimprisiar weithdraedhg niguidiereaction
withdrawn |iquid reaction m xture and returning the cooled Iiguid reaction
mi xt ure t omixiuge | foomy thegiowveroregion ot said geactor,; goolingethy d‘é‘gﬁgrwn I"é%“&

17" "The presebbe BvAgr ek retpio ahe Ehoip It rbRbtichn iR a0 A Jover

liquid in 4h of safl /dakyst. Or nore reaction zones.  18. The process of
claim1l, erein said pol yal kyl -substituted benzene is a dinethyl benzene
and said saturated aliphatic acid contains 2 to 6 carbon atons. 19. The
process of claim 18, wherejn said benzene acid is

9
di et hyl - Xyl . i d
pol ycar box}Pi c ABPPrPEess? el further gompasE contuRuRe sbiing: ik Tedid i g
I's acetic Q&quactor.

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 polycérbbxylic 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 vessel 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



20. Apparatus for the manufacture of aromatic polycarboxylic acids
conpri si ng: (a) a reaction vessel having a plurality of vertically
al i gned reaction zones; (b) nmeans for enriching a waste gas from
sai d reaction vessel in carbon dioxide; (c) means for chilling the
‘carbon di oxi de-enriched waste gas st resm fromstep (b); (d) condui t
nmeans for conveying the chilled carbon di oxi de-enriched waste gas stream
fromstep (b) t{e)thecdrmjuibimearisdforemttoducing exgfemcontaininge ges intor @aoh ofai d
reaction zones; and 21
(e) condfiaid FRAEVOTY #INGSAt r oduci ng oxygen- cont ai ning gas into each of said
reaction zones.: 21. The apparatus of claim 20, additionally conprising
means for withdrawing liquid fromat |east one of said reaction zones,
cool ing sa¢ WThe appardtisdfkigns 200 tadditionally onepreding resnd fort withdeawing
| ower nost reaction zone.

- liquid from at least one of said reaction zones, cooling said withdrawn liquid and

returning the cooled liquid to the lowermost reaction zone.

T



