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IMPROVED PROCESS AND APPARATUS FOR MANUFACTURING AROMATIC
CARBOXYLIC ACIDS

Cross-Reference o Belated Applicaiions

{0001} This application claims benefii of U.S. provisional patent application Serial
No. 61/917,465 filed December 18, 2013, and entitled "Improved Process and Apparatus for
Manufacturing Aromatic Carboxylic Acids” which i hereby incorporated herein by reference
i its entivety for all purposss.

Field of the Invention

{0002} This invention relates to an improved process for preparing aromatic
carboxylic acids by the exothermic Hguid-phase oxidation reaction of an aromatic feedstock
compound wherein waler is efficiently recovered from the exothermic liquid-phase oxidation
reaction and treated to reduce corrosive agents residing therein.

Backercund of the Invention

{8031 Terephthalic acid and other sromatic carboxylic acids are widely wsed in
manufacture of polyesters, comumonly by reaction with ethylene glycol, higher alkylene
glycols or combinations thereof, for conversion to fiber, film, containers, boitles and other
packaging materials, and molded articles.

{8004] In comunercial practice, aromatic carboxylic acids are commondy made by
fiquid phase oxidation in an agueous acetic acid solvent of methyl-substituted benzene and
naphthalene feedstocks, in which the positions of the methyl substituents correspond {o the
positions of carboxyl groups in the desired aromatic carboxvlic acid produci, with air or
another source of oxygen, which is normally gaseous, in the presence of a bromine-promoted
catalyst comprising cobalt and manganese. The oxidation is exothermic and yields aromatic
carboxyle acid together with by-products, including partial or intermediate oxidation
products of the aromatic feedstock, and acetic acid reaction producis, such as methanol,
methyl acetate, and methyl bromide. Waler is also generated as a by-product. Aropuatic
carboxyle acid, typically accompanded by oxidation by-products of the feedstock are
commonly formed dissolved or as suspended solids in the liguid phase reaction mixture and
are commonly recovered by crystallization and solid-liquid separation technigues. The
exothermic oxidation reaction is commonly conducted in a suitable reaction vessel at elevated
femperature and pressure. A liquid phase reaction mixture s mainiained in the vessel and a

vapor phase formed as a reaull of the exothermic oxidation is evaporated from the liguid
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phase and removed from the reactor fo control reaction temperature. The vapor phase
comprises water vapor, vaporized acetic acid reaction solvent and small amounts of by-
products of the oxidation, including both solvent and feedstock by-products. It usually also
coniaing oxygen gas not consumed in oxidation, gaseous methyl bromide, minor amounts of
unreacted feedstock, carbon oxides and, when the oxygen sowrce for the process is air or
another oxygen-containing gaseous mixture, nitrogen, carbon oxides and other inert gaseous
components of the source gas,

[B00%] Pure forms of aromatic carboxylic acids are ofien favored for manufactare of
polvesters for important applications, such as fibers and bottles, because impurities, such as
by-products generaled from aromatic feedsiocks i such oxidation processes and, more
generally, various carbonyl-substituted aromatic species are known fo cause or correlate with
color formation in polyesters made from the acids and, in tum, off~color in polyester
comverted products, Aromatic carboxyviie acids with redoced levels of impurities can be made
by further oxidizing crude products from lguid phase exidation as described above at one or
more, progressively lower temperatures and oxygen levels, and during orystallization to
recover producis of the oxidation, for conversion of feedstock partial oxidation produets to
the desired acid product, as known from U.8. Pat. Nos, 4,877,800, 4,772,74% and 4,286,101,
Preferred pure forms of terephthalic acld and other aromatic carboxylic acids with lower
impurities contents, such as purified terephthalic acid or "PTA", are made by catalytically
hydrogenating less pure forms of the acids, such as crude product comprising aromatic
carboxylic acid and by-products generated by lquid phase oxidation of aromatic feedstock or
so-called medhun pority producis, in solution at elevated temperature and pressure using a
noble metal catalyst, In comunereial practice, lignid phase oxidation of alkyl aromatic feed
malerials to crude aromatic carboxylic acid and purification of the crude product are ofien
conducted in continuous integrated processes in which crude product from liguid phase
oxidation is used as starting material for purification.

{08606] The high temperature and pressure vapor phase generated by liguid phase
oxidation in such processes is a potentially valuable source of recoverable acetic acid reaction
soivent, unrcacied feed material and resction by-products, as well as energy. Its aubstantial
water content, high temperature and pressure and corrosive nature due to components such as
gaseous methyl bromide, acetic acid solvent and water, however, pose technical and
coonomic challenges to separating or recovering components for recyele and recovering Us
energy condent. Further, impurities that remain unseparated in recovered process streams can
prevent re-use of sireams if impuritics adversely affect other process aspects, equipment or
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product guality. As deseribed in ULS. Pat. No. 5,200,587, for example, monocarboxylic acids
adversely affect hydrogenation catalysts used in purification processes, with even low loevels
of acetic acid residues such as present in crude aromatic carboxylic acid products recovered
from oxidation reaction liguids being considered detrimental.

{86671 British Patent Specification 1,373,230, US, Pai. Nos, 8,304,676, 5,723,656,
6,143,925, 6,504,051, Furopesn FPatent Specification §§ 498 391 Bl and Indernational
Application WO 97/27168 describe processes for manufacture of aromatic carboxylic acids
by higuid phase oxidation of aromatic feed materials i which a high pressure off-gas is
removed from oxidation and treated for recovery and recyele of portions or components
thergof and, in some cases, recovery of energy. Condensation of off-gas, as in U.S. Pat. No.
5,304,676, is offective for recovery of water, scetic acid and other condensable components
of the off-gas bt separating water, acelic scid and other components in the resulting
condensate is technically complex and cconomically impractical. High pressure off-gas
separations, as in processes of U8, Pat Nos. §,723,656, 6,143,925, 6,504,031 and WO
97/27168, can be effective for separating off-gases to recover acetic acid-rich liguids and
gases comprising water vapor suttable for further processing. However, certain by-produocts
of the oxidation tend to apportion into both liguid and gas phases in such separations,
complicating their recovery and potentially adversely impacting other process sireams and
steps. These difficuliics are compounded by build-up of such by-products in processes in
which by-product-containing streams, such as mother Hauor remaining afler recovery of pure
forms of gromatic carboxylic acid from a purification liguid reaction mixbure or lguids
condensed effluent gases from high pressure separations are used in separations. None of the
processes according to the cited patents uses lugquid condensed from a high pressure off-gas
from a liquid phase oxidation as solvent or other liguid comprising water in the purification
of impure aromatic carboxylc acids and recoveries of materials and energy in such processes
often are accomplished at the expense of cach other, for example due to loss of energy
content on cooling or depressurizing to recover materials, burning of materials to control
atmospheric emissions and other losses of oxidation solvent, feedstock and by-products that
vesult if & high tewperature and pressue vapor phase from oxidation is not cooled or
depressurized for removal of sach materials,

{8008} Impurities remaining i recycle streams can upset process operation, corrode
equipment, and impalr product quality. Added cquipment and process steps for recovering
materials, energy or both can add further process complexities and himit or prechude thewr

practical utility if they add costs that outweigh materials and energy savings. Iupact of such
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faciors, lost energy and lost materials are magnified by scale of process operations. In world-
scale commercial manufacturing plants with anoual capacities of S00,000 1o 1,000,000 or
more tons of product, even fractional percentages or bundreds of parts per million of
feedstock and solvent lost or converted to undesired or unusable by-products, minor
inefficiencies in energy recovery and incremental additions to effluent waler treatment
translate to significant practical losses of malerials, increases in consumption of fuel oy
electricity and added processing, as well as unpredictable process efficiencies and economics
due o differences and variations in costs for energy, materials and requirements for freatment

of gaseous and liguid omissions and effluents.

{0069]  The present invention provide a continuous process for preparing aromatic
carboxylic acids by the exothermic liquid-phase oxidation reaction of an aromatic feedstock
compound wherein water is efficiently recoverad from the exothermic liquid-phase oxidation
reaction, which process comprises:

R {a) oxidizing an aromatic feedstock compound {o an aromatic
carboxylic acid in a liquid-phase reaction misture comprising water, a low-molecular weight
monocarboxylic acid solvent, a heavy metal oxidation catalyst and a8 source of muolecular
oxygen, under reaction conditions which produce a gaseous high pressure overhead stream
comprising water, gaseous by-products, and gaseous low-molecular weight monocarboxylic
acid solvent;

[Ba01E] {b} separating in a high efficiency separation apparatus a solvent
monocarboxylic acid-rich first liguid phase and & water-rich second liquid phase comprising
dissolved oxygen and methyl bromide; and

{68012} {¢} reducing the amount of at least one of dissolved oxygen and
methyl bromide present in the second liguid phase providing a treated second lipud phase.

{60813 In one cmbodiment the step of treating the second liguid phase
comprises flashing the second lgud phase,

{00814} In one embodiment fiashing the second liguuid phase resulis in a drop in
pressure from about 3 kg/om” to about 40 ke/em® to about atmospherie or ambient pressure.

[B0GEE] in one embodiment flashing the second laguid phase resulis in a drop in
pressure from about 10 kgfer® to about 2 kg/em® to about atmospheric or ambient pressure.

[B80818] In one embodiment the amount of dissolved oxygen in the second
Heuid phase is reduced from an amount of about 2.2 ppmw 1o an amount of kess than about

1.0 ppmow after flashing.
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[Ba017] In one embodiment the amound of dissolved oxygen in the seoond
tiquid phase is reduced frome an amount of about 2.2 ppmw to an amount of Jess than about
{1.5 ppmw after flashing.

{86018 In one embodiment the amount of dissolved oxygen in the second
Hguid phase s reduced from an amount of about 2.2 ppmw to an amount of less than about
0.05 ppmw after flashing.

608191 In one embodiment the amount of dissolved oxygen in the second
Hauid phase is reduced from an amount of about 2.2 ppmw to an amount of less than about
£.006 ppmw after flashing,

{00624 In one embodiment the amount of dissolved methyl bronmude in the
second liguid phase is reduced from an arsount of about .03 ppmw (o an amount of less than
about .02 ppmw afler flashing.

{0021 In one embodiment the smound of dissolved methyl bromide in the
second liguid phase is reduced from an amount of about Q.03 ppmw to an amount of less than
about 0.01 ppomw afler flashing.

(L e In one embodiment the amount of dissoived methyl brondde in the
second leuid phase is reduced from an amounnt of about (.03 ppmw to an amount of less than
about 0,009 pprow after flashing.

[86023] In one enbodiment the amount of dissolved methyl bromide I the
second liquid phase is reduced from an amount of about 8.03 ppmw to an amount of less than
about 3,006 ppoow after flashing,

80824} In one embodiment the step of treating the second lguid phase further
comprises a step of steam stripping the second hguid phase after flashing.

[B0825] in one embodiment the step of treating the second lguid phase further
comprises a step of siripping the second Hauid phase with nitrogen afler flashing,

[a02s] In one embodiment, the treated second liguid phase is suitable for use
as Hguid comprising water in one or more steps of a process for purifving fwpure forms of
aromatic carboxylic acid.

{aagan I another embodiment, the treated second lguid phase is suitable for
use as 3 seal flush.

Brief Bescription of the Brawings

I00628] The fnvention is described with reference to the drawings, in whick:
{80029 FiGG. 1 is a flow diagram illusirating an apparatus and process

according to preferred embodiments of the invention, inchuding integration of the apparatus
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with other equipment used for manufacture and purification of sromatic carboxylic acids
according to embodiments of the invention; and

{80030) FIG. 2 is an expanded view of a preferred form of apparatus according
to preferred embodiments of the invention and useful for carrying out the process according
to embodiments thereof

Detailed Deseription of the Invention

Aromatic carboxyviic aoids

{0831} Aromatic carboxylic acids for which the invention is suiled include
mono- and polvcarboxviated specics having one or more gromatic rings and which can be
manufactured by reaction of gaseous and lguid reactanis in a lquid phase sysiem, Examples
of such agromatic carboxylic acids include terephtbalic acid, irimesic acid, trimellitic acid,
phthalic acid, isophthalic acid, bepzoic acid and naphthalene dicarboxylic acids. The
invention is particularly suited for manufacture of pure forms of terephibalic acid including
purified terephthalic acid and so-called medium purity terephthalic acids,

Cxidation Step

8321 An oxidation step of the invented process is a liquid phase oxidation
that comprises condacting oxygen gas and a feed material comprising an aromatic
hvdrocarbon having substituents oxidizable to carboxylic acid groups in a liquid phase
reaction mixtuze comprising 2 monocarboxylic acid solvent and water in the presence of a
catalysi composition comprising at least one heavy metal component, The oxidation step is
conducted at elevated temperatore and pressure effective to mamntain a hguid phase reaction
mixture and form a high temperature, high pressure vapor phase. Oxidation of the aromatic
feed material in the Hauid phase oxidation siep produces aromatic carboxylic acid as well as
reaction by-producis such as partial or infermediate oxidation products of the aromatic feed
material and solvent by-products. The liguid-phase oxidation step and associaled process
steps can be conducted as 2 batch process, a confimuous process, or a semi-continuous
process. The oxidation step can be conducied in one or more reactors.

Feed Materials

{80033] Suitable aromatic feed materials for the oxidation generally comprise
an aromatic hydrocarbon substituied at one or more positions, normally corresponding to the
positions of the carboxylic acid groups of the aromatic carboxylic acid being prepared, with
at least one group that is oxidizable (o 3 carboxylic acld group. The oxidizable substituent or
substituenis can be alkyl groups, such as a2 methyl, ethyl or isopropyl groups, or groups

already confaining oxygen, such as a hydroxyaliyl, formyl or keto group. The substituents
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can be the same or different. The aromatic portion of feedstock compounds can be g benzene
mucleus or it can be bi- or polyeyclic, such as a naphthalene nucleus. The number of
sxidizable substituents on the aromatic portion of the feedsiock compound can be equal o the
mimber of sites available on the sromatic portion, but Is generally fewer than all such sites,
preferably 1 to about 4 and most preferably 2. Examples of useful feed compounds, which
can be used alone or in combinations, include toluene, cthylbenzene and other alkyl-
substituled benzenes, o-xvlene, p-xylene, m-xylene, tolualdehydes, tohuic acids, alkyl benzyl
alcobols, I-formyl-4-methyibenzene, L-hydroxymethyl-4-methylben-zene,
methyvlacetophenone,  1,2,4-trimethyibenzene,  I-formyh24-dimethyl-benzene, 1,245~
tetramsthyl-benzens, alkyl., formyl-, acyl-, and hydroxylmethyl-subsiituted naphthalenes,
such as 2,6-dimethyinaphthalene, 2,6-dicthylnaphthalene, 2,7-dimethylnaphthalene, 2,7-
dicthyinaphthalene, 2-formyl-G-methylnaphthalene, 2-acyl-6-methylnaphtbalene, 2-methyl-6-
ethyinaphthalene and partially oxidized derivatives of the foregoing.

[60034] For manufacture of aromatic carboxylic acids by oxidation of their
correspondingly substituted aromatic hydrocarbon pre-cursors, e.g., manufacture of benzoic
acid from mone-substituted benzenes, terephthalic acid from para-disubstituted benzenes,
phthalic acid from ortho-disubstitted benzencs, and 2,6 or 2,7 naphthalene dicarboxylic
acids from, respectively, 2,6- and 2,7-disubstituted napbthalenes, it is preferred fo use
relatively pure feed materials, and roore preferably, feed materials in which content of the
pre-cursor corresponding to the desired acid is at least about 85 wi. %, and more preferably at
icast 98 wi. % or even higher. A preferred aromatic hydrocarbon foed for use to manufacture
terephthalic acid comprises para-xylene. A preferred feed material for making benzoic acid
comprises toluens,

Solvent

[86035) Solvent for the liguid phase reaction of aromatic feed malerial to
aromatic carboxylic acid product in the liguid phsse oxidation step comprises a low
molecular  weight monocarboxylic  acid, which s preferably a Cosub.l-Csublg
monocarboxylic acid, for example acetic acid, propionie acid, bulyric acid, valeric acid and
benzoic acid. Lower aliphatic monocarboxylic acids and benzoic acid are preferred because
they are less reactive to undesirable reaction products than higher molecular weight
monocarboxylic acids under reaction conditions used in for Hauid phase oxidations fo
aromatic carboxylic acids and can enhance catalytic effects in the oxidation. Acetic acid is
most preferred. Solvents in the form of agueous solutions thereof, for example about 33 1o

about 95 wi. % solutions of the acid are most commonly used in commercial operations.
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Bihano! and other co-solvent materials that oxidize to monocarboxylic acids under the Hauid
phase oxidation reaction conditions also can be used 3s is or in combination with
monccarboxylic acids with good resulis. When using a solvent comprising a mixbwe of 8
monocarboxylic acid and such a co-solvent, co-solvenis oxidizable to the same
monocarboxylic are preferably used so that solvent separation steps are not further
comphicated.

HELIRGY] In regard o solvenis for the Hoauid phase oxdation according to the
mvention, the expression "solvent monocarboxylic acid” as used herein in reference t© &
component of various gaseous or Hauid streams refers to a monocarboxylic acid baving the
same chemical composition as the monocarboxyiic acid used as solvent for the liguid phase
oxidation. Such wusage also distinguishes those chemical compositions from  other
monocarboxylic acids that may be present as oxidation by-producis. By way of example,
when the liguid phase reaction mixtwre for oxidation includes acetic acid solvent, the
expression "solvent monocarboxylic acid” refers o acetic acid but not other monocarboxyhic
acid species such as benzoic and toluic acids which are common partial or intermediate
oxidation by-products of aromatie feed materials used according to the invention, Also, as
will be clear from context, the word "solvent” as used in the expression "solvent
monocarboxyic acid” may, bul does not necessarily, refer 1o the function of the
monocarboxylic acid to which # refers. Thus, again by way of example, "solvent
monocarboxylic acid” deseribed as a component of a Hquid phase oxidation reaction mixture
is present as solvent for the mixture; however, "solvent monocarboxylic acid” described as a
component present in a high pressure vapor phase generated in the oxidation or as a
component of a liquid phase separated from such a vapor phase is not ntended to denote that
the monocarboxylic acid is functioning as a solvent.

Catndysts

LIRS Catalysts used for the liguid oxidation comprise materials that are
effective {o catalyze oxidation of the aromatic feed material to aromatic carboxylic acid.
Preferred catalysts are soluble in the higuid phase reaction mixture used for oxidation because
soluble cafalysts promote contact among calalyst, oxygen gas and liguid feed materials;
however, heterogencous catalyst or calalyst components may also be used. Typically, the
calalyst comprises at least one heavy metal component such as 3 metal with atomic weight in
the range of abouwt 23 to about 178, Examples of suifable heavy metals include cobali,
manganese, vanadium, molybdenum, chromium, rowm, nickel, zirconium, cerium o a

lanthanide metal such as hafnium. Suitable forms of these metals include, for example,
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acetates, hydroxides, and carbonates. Preferred catalysis comprise cobalt, manganese,
combinations thereof and combinations with one or more other metals and particularly
hafnium, cerium and zirconium.
Promaoters

{HG038) In preferred embodiments, catalyst composifions for liguid phase
oxidation alse comprise a promoter, which promotes oxidation activity of the catalyst metal,
preferably without generation of undesirable types or levels of by-products. Promoters that
are soluble in the lguid reaction mixture used i oxidstion are preferred for promoting
contact among catalyst, promoter and reactants. Halogen compounds are commonly used as a
promoter, for example byvdrogen halides, sodiwm halides, potassiume halides, apusonium
halides, halogen-substituied hydrocarbons, halogen-substituted carboxylic acids and other
halogenated compounds. Preferred promoters comprise at least one bromine source. Suitable
bromine sources include bromo-authracenss, Bry, HBr, NaBr, KBr, NHBr, benzyl-bromide,
brome acetic acid, dibrome acetic acid, tetrabromecthang, ethylene dibromide, bromoacetyl
bromide and combinations therenf, Other suitable promoters include aldehvdes and ketonss
such as acetaldehyde and methy! ethyl ketone.
Oxypen source

186639} Reacianis for the liguid phase reaction of the oxidation step also
include a gas comprising roolecular oxygen. Alr is conveniently used as a source of oxygen
gas. Oxygen-enviched air, pure oxygen and other gaseous mixtures comprising molecolar
oxygen, typically at levels of at feast about 10 vol. %, also are useful. As will be appreciated,
as molecular oxygen content of the source increases, compressor requirerents and bandling
of inert gases in reacior off-gases are reduced. When air or other oxvgen-containing gaseous
mixtures are used as an oxygen scurce for the process, the high pressure vapor phase
generated by the Hguid phase reaction in the oxidation step comprises nitrogen or other inert
gas componenis of the oxygen source.
Gixidation

H0040] Proportions of aromatic feed material, eatalyst, oxygen and solvent
are not critical to the invention and vary with factors that include choice of reactants, solvent
and catalyst composttions and intended aromatic carboxylic acid product, details of process
design and operating factors. Solvent to aromatic feedstock weight ratios ranging from about
1:1 to about 31 are preferred, with about 2:1 1o about 511 being more preferred although
higher and lower ratios, even in the range of hundreds to one also can be used. Oxygen gas

typically is used in at least 3 stoichiometric amount based on aromatic feed material bul not
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so great, taking into account reaction conditions, rates and organic compouents of the high
pressure vapor phase resulting from the lguid phase reaction that a flarensble mixthure exists
in the vapor phase. In commaercial operations using preferred aromatic feed materials, solvent
monocarboxylic acid, catalyst compositions amd operating conditions, oxygen gas, most
commaonly supplied in the form of aix, is preferably supphied to the liquid phase oxidation at a
rate effective to provide at least sboul 3 to about 5.6 moles molecular oxygen per mole of
aromatic hvdrocarbon feed material. A high pressure vapor phase resuiting from lguid phase
oxidation is preferably removed from the reaction at a rate such that oxygen content of the
vapor phase in a reaction zone contains from about 4.5 to abowt 8 vol. 6 oxygen measured on
g solveni-free basis, Gther things being cqual, variations in vapor phase oxygen contents,
such as by increasing or decreasing reaction rates by use of greater or lesser amounts of
catalyst in the liquid phase oxidation, can nfluence by-product generation in the oxidation,
with fower vapor phase oxygen contents, for example up to about 3 vol. %, or from about 1.5
10 about 2.5 vol. %, tending to favor more complete conversion of aromatic hydrocarbon feed
to the aromatic carboxylic acid and, in fum, reduced oxidation by-products of the aromatic
feedstock but with increased generation of solvent by-products. By way of example, in liquid
phase oxidations using para-xylene feed materials and acetic acid as solvent for oxidation,
vapor phase oxygen contents of abowt (1.3 to about 3 vol, % are preferred for making aromatic
carboxylic acid products in which levels of para-xylene by-products are reduced but acstic
acid by-products are increased as compared to operation at higher vapor phase oxygen
contents, Catalyst suitably is used in concentrations of calalyst metal, based on weight of
aromatic hydrocarbon feed and solvent, greater than about 100 ppmw, preferably greater than
about SO0 ppmow, and less than about 18,000 ppmw, preferably less than about 6,000 ppmw,
more preferably less than about 3,000 ppmw. Preferably a balogen promoter and more
preferably a promoter comprising bromine, is present. Such a promoter iy present in an
amount such that the stom ralio of halogen to catalvst metal suitably is greater than about
0.1:1, preferably greater than abowt §.2:1 and suitably is less than about 411, preferably less
than about 3:1. The atom ratio of halogen to catalyst meial most preferably ranges from about
0.25:1 to about 2:1. Other things being equal, reaction rates and consumption of oxygen gas
in liquid phase oxidation increase and levels of unreacted oxyvgen in the vapor phase from
oxidation decrease, with increased catalyst concentrations in the oxidation resction mixture.
160841} The liguid phase reaction for oxidation of aromatic feed maierial o
product comprising aromatic carboxylic acid is conducted in a suitable oxidation reaction

zone, which normally comprises one or more oxidation reaction vessels. Suitable oxidation
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reaction vessels are configured and constructed to withstand the high temperature and
pressure conditions and corrosive liguid and vapor phase contents used and present in the
reaction zone and to provide for addition and mixing of catalyst, liguid and gascous reactanis
and solvent, removal of aromatic carboxylic acid product or a lguid comprising such product
for recovery thereof, and removal of a high pressure vapor phase generated by the Hguid
phase reaction for conirolling hest of reaction. Reactor {ypes which can be used inchude
continuous stivred tank reactors and plug-flow reactors. Commonly, oxidation reactors
comprise a columnar vessel, normally with a contral axis which extends vertically when the
vessel is positioned for process use, having one or more mixing features for mixing Hquid
reactants and distributing oxygen gas within the liguid phase boiling reaction mixture.
Typically, the mixing feature comprises one or more impeliers mounted on a rotatable or
otherwise movable shafl. For example, impellers may extend from a rotatable central vertical
shaft Reactors may be constructed of materials designed to withstand the particular
temperatures, pressures and resction compounds used. Generally, suitable oxidation reactors
are construeted using inert, corrosion-resisiant materials such as titandam or with at least their
surfaces that define interior space or volume I which Hguid reaction mixture and reaction
off-gas are contained lined with materials such as ifanium or glass.

{0842} A reaction mixture for the liguid phase oxidation is formed by
combining componenis comprising aromatic feed material, solvent and catalyst and adding
gaseous oxygen (o the mixture. In coptinucus or semu-Contimious processes, CoOmMponents
preferably are combined in one or more mixing vessels before being introduced to the
oxidation zone; however, the reaction mixture can also be formed in the oxidation zone. The
source of oxvgen gas can be introduced into the reactor in one or mwore localions and 18
typically mtroduced in such & manner as to promie contact between the molecular oxygen
and the other reaction compounds, for exanple, by introduction of compressed air or other
gaseous oxygen source inio the Hquid body within a lower or intermediate portion of the
interior volume of the reaction vessel.

800431 Oxidation of aromatic feed material to product comprising aromatic
carboxyhc acid is conducted under oxidation reaction conditions effective to maintain a
liquid phase reaction mixture and form aromatie carboxylic acid and impurities comprising
ty-products of the aromatic hydrocarbon precursor dissolved or suspended in the Hquid phase
reaction mixture and generate a high tomperature and pressure vapor phase, gaseous
components of which are primarily solvent monocarboxylic acid (for example, acetic acid

when the oxidation reaction solvent includes acetic acid) and waler and, in minor amounts,
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oxidation by-products of the solvent monsearboxyvlic acid, such as lower alcohols and solvent
monocarboxylic acid esters thereof {for example, methano! and methyl acetate when the
solvent includes gcefic acid) and oxidation by-products of the aromatic hydrocarbon feed
material such as partial and intermediate oxidation products {for example, benzoic acid and p-
soluic acid when the aromatic feed material inchudes para-xyvlene). Solvent by-product
contents of the vapor phase typically range from about 0.5 to about 2 wi. %. Aromatic
hydrocarbon precursor by-product levels are typically about .01 to about 0.05 wt. %. The
high pressare vapor phase commonly also comprises unreacted sromatic feed material and
oxygen gas that enier the vapor phase. When using air, as commonly practiced in commercial
scalc operations, or other oxygen gas sources gomprising bitrogen or other ingrt gas
components, the vapor phase will also comprise those inert components. Heat generated by
oxidation is dissipated by boiling the liguid phase reaction mixture and removing an overhead
vapor phase from ihe reaction zone.

{86044 Generally temperatures of the lguid phase reaction are maintained at
about 120°C or grester, and preferably at about 140°C or greater, but less than about 250°C
and preferably less than about 230°C. Reaclion temperatures in the range of about 145°C io
about 230°C are preferred in the mamufacture of aromatic carboxylic acid products such as
terephthalic acid, benzoic acid and naphthalene dicarboxylic acid. At temperatures lower than
about 120°C, the higuid phase oxidation can procsed at rates or with conversions that are
gconomically anatiractive or may adversely affect produci quality. For example, manufactore
of terephthalic acid from para-xyiene feedstock at a temperatore less than about 120°C can
take more than 24 hours {0 proceed to substantisl completion and the resulting terephihalic
acid product can require additions] processing due to ifs impuritics content. Temperatures
above 280°C are not preferved due {o potential for undesirable burning and loss of solvent,
Pressure of the Hauid phase reaction mixture can be used (o control the temperature at which
the ligoid phase reaction mixture boils and is sciecied o maintain a substantial liguid phase
reaction mixture. Pressures of about 3 to about 40 kg/cn12 gauge are preferred, with preferred
pressures for particular processes varving with feed and solvent compositions, temperatures
and other faciors and more preferably ranging between about 10 to about 30 keferm®. At a
reaction pressure of about 7 {o about 21 kgz’cmz, temperature of 8 reaction mixture comprising
acetic acid as solveni, and of the vapor phase resuliing from the Yquid phase reaction, is
about 170 to about 210°C. Residence times in the reaction vessel can be varied as appropriate
for given throughputs and conditions, with about 20 to abowt 150 minutes being generally

suited to a range of processes, For manufacture of some aromatic carboxylic acids, such as
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manufacture of terephthalic acid from para-xylene feed materials using acetic acid solvent for
the reaction mixture, solids contents in the boiling louid phase reaction mixture can be as
high as about 30 wi % of the lguid reaction mixture, with levels of about 10 to about 35 wi.
% being more common, In processes in which the aromatic acid product is substantially
soluble in the reaction solvent, sodid concentrations in the liguid body are negligible. As will
he appreciated by persons skilled in the manufacture of aromatic carboxylic acids, preferred
conditions and operating parameters vary with different products and processes and can vary
within or sven bevond the ranges specified above,

600451 Products of the liguid phase oxidation reaction include aromatic
carboxvlic acid oxidized from the aromatic foed material, impuritics comprising by-products
generated as a resull of the lguid phase reaction and, as noted sbove, a high pressure vapor
phase that results from the liguid phase reaction, including boiling of the liguid phase
reaction mizture to allow removal of the vapor phase for condrol of reaction temperature.
Specific examples of by-products of the aromatic feed material include partial or intermediate
oxidation products soch as toloie acids, iolualdehydes, carboxvbenzaldehvdes and
hydroxymethyl benzoic acids. By-products of the liguid phase reaction also include solvent
reaction products such as methano! and other lower aliphatic alechols oxidized from the
reaction solvent and esters generated by reaction of such aleohols with the solvent, examples
of which include methyl acetate, methyl propionate, methyl butvrale and the like. By-
products commonty are present in ovne or both the liguid phase oxidation reaction mixture and
the vapor phass resuliing therefrom. Carbon oxide by-products can resull from oxidation of
solvent, feed materials or their by-products. In embodiments of the invention in which the
hiquid phase reaction is conducted using a source of broming as promoter, by-products also
typically include lower atkyl bromides, e.g., methyl bromide when using acetic acid as the
reaction solvent, which commaonly forms by reaction of romide ions with acetic acid. As
above, these bromine-containing by-products and impurities may be present in one or both of
the liquid phase reaction mixture and the high pressure vapor phase generated therefrom. In
some embodiments of the invented process, for example those in which solid product from
Hyguid phase oxidation is purified and s mother liguor or other recvele sireams corprising
purification step lguids or components thereof are transforred directly or indirectly to a liguid
phase oxidation or to off-gas separation as reflox lquid, additions! by-products such as
benzote acid and toluie acids carvied over into purificstion Hauids as well as hydrogenated

derivatives of varions by-product compounds resulting from purification steps and upreacied
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aromatic hydrocarbon feed o oxidation carried into purification also may be introduced to
the liguid phase oxidation reaction mixtore and off-gases.

[B0845] Water also is produced as a by-product of the Hguid phase reaction in
the oxidation step. However, because water may also be presest in the liquid phase reaction
maixture as a result of addition thercio, for cxample when using aqueous monocarboxylic acid
solvenis or in recyele sireams from other process steps, and aleo due to the significant
amounts of water present in the oxidation step, whether as by-product or deliberate addition,
and inability or lack of need to distinguish between water of reaction and water added
deliberately, the expression "by-products of the liguid phase reaction” and hike expressions
used herein do not refer to water uniess stated otherwise, Similarly, when water or waler
vapor is described herein 88 8 component of various process Hquids, gases or streams, it is
withowt regard to whether the water is by-product water from lhiguid phase oxidation,
deliberately added in the process or both unless otherwise stated or clear from context.

{88041 Aromatic carboxyvie acid reaction product slurried or disselved in a
portion of the Bguoid reaction mixture from the lquid phase oxidation can be treated using any
suitable techniques for recovering sromstic carboxylic acid reaction product contained
therein, Typically, aromatic carboxylic acid product and by-producis of the aromatic feed
material to oxidation shuried, dssolved or shuried and dissolved in Uguid reaction mixiure
are remnoved from the reaction zone used for the Hguid phase reaction and recovered by
suitable technigues. Thus, Hquid phase oxidation according to invenied process can comprise,
in addition to the oxidation rcaction, a2 siep comywising recovering from a liguid phass
oxidation reaction mixture a product comprising aromatic carboxylic acid and impurities
comprising resction by-products. The product preferably s recovered as a solid product.

048] Soluble product dissolved in the liguid can be recovered hy
crystallization, which usually is accomplished by cooling and releasing pressure on a liquid
shurry or solution removed from the oxidation reaction zone. Sohid product shuried in the
hiquid and solids crystallized from reaction Hguid or from crystallization solvents are
convendently separated from the liguids by centrifuging, filiration or combinations thereof.
Solid products recovered from the reaction liguid by such techniques comprise aromatic
carboxylic acid and impurities comprising by-products of the aromatic feed material. Liguid
remaining after recovery of solid product from the Hquid reaction mixture, also referred to as
oxidation mother Hguor, comprises solvent monocarboxylic acid, waler, catalyst and
promoter, sobuble by-products of the liquid phase oxidation and umpurities that may be

present such as from recyele streams. The mother liguor normally also contains munor
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amounts of aromatic carboxylc acid and partial or intermediale oxidation products of the
aromatic feed material remaining unrecovered from the lguid, The mother Hoguor s
preferably returned at least in part to the reaction zone of at least oue liquid phase oxidation
so that components thereof that are useful in the liguid phase reaction, such as catalyst,
promoier, solvent and by-products convertible to the desired aromatic carboxylic acid, can be
re-used.

{80049 In preferred embodiments of the invention, a liguid phase reaction
mixtwre from oxidation comprising aromatic carboxylic acid and by-products of a hguid
phase oxidation resction is recovered from the Hguid by crystaliization in one or more stages,
such as in a single crystallization vessel or a series of crystailization vessels, with sequential
reductions in temperature and pressure from earlier fo later stages fo increase product
recovery. Crystallization in two to four stages, for example from an oxidation reaction
temperature in the range of about 148 to abowt 250°C and pressure in the range of abowt § to
gbout 40 kg/cm2 gauge to a final crystallization teraperature in the range of aboul 110 to
gbowt 150°C and pressure of ambient to about 3 kg/cmz, provides substantial crystallization
of solid aromatic acid product. Mother Hguor separated from the solid product by
crystallization can be returned to the lguid phase reaction as described above., Heat is
remaved from the vessels used for orystallization by removal of a gas phase formed as a
resubt of flashing or other pressure letdown of the reaction Hguid, with s vapor phase removed
from one or more stages preferably condensed and, directly or indivectly through one or more
adiditional recovery stages, as discussed below, returned at least in part to the reaction zone
for use in hguid phase oxidation.

{0054} Solid product recovered from the lguid phase oxidation, typically
comprising aromatic carboxylic acid and impurities comprising oxidation by-products such as
intermediate oxidation products of the aromatic feed material, can be separated from lquid
oxidation mother Hguor resulting from recovery of the solid product by any suitable
technigue. Examples include centrifuging, vacwum filtration, pressure filtration and filtration
using belt filters. The resulting solid product is preferably washed after separation with liquid
comprising water such as pure water or a wash lquid comprising minor amounts of solvent
monocarboxylic acid, catalyst, aromatic feedsiock, oxidation by-produsts or combinations
thereof that can be beneficially recycled io oxidation, either directly or combined with other
Hquids such as oxidation mother liguor recycle or other Hauids returned to the reaction zone,
Separation of solid impure aromatic carboxylic acid recovered from an oxidation mother

Hguor and washing of solid product can be conveniently accomplished by solvent exchange
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filivation under pressure using prossure fillers such gs are disclosed fm U.S. Pat. Nos.
3,679,846, and 5,200,557, A preferred filiration device for such separations is a BHS Fest
filter as described more fully in 118 Pat. No. 5,200,557, Mother liguor and wash lguids
removed from the filtered cake can be transferred directly or indirectly to liguid phase
oxidation. Filtration and washing of the solid product in multiple sitages and with increasingly
pure wash lquids, for example hiquids removed from filier cake in downstream siages as
wash liquid in prior stages, can provide additional benefit by concentrating solvent
monocarboxyiic acid displaced from filiered solids for return to oxidation. In a more specific
embodiment, the filtered cake wet with wash Hguid resulting from such positive displacement
filtration is directed from a final wash siage o 8 drving stage wherein # is optionally
contacted with inert gas, typically under light to moderate pressure, for substantial remaoval of
residual lquid from the cake. After washing and substantial removal of wash ligqud from
solid product comprising aromatic acid and by-products, the resulting solid can be dried and
direcied to storage or other steps, which may include preparation of a reaction solution for
purification of the solid product. Preferably, levels of residual solvent monocarboxylic acid in
solid product directed to purification are about 5,000 paris per million by weight (ppmw™} or
iess. Solid product can be dried with a flowing stream of nitrogen or other inert gas to reduce
residual sobvent levels.

HEUERT Y] In addition to the aromatic carboxylic acid reaction product formed in
the liguid phase reaction of an oxidation step according to the invented process, a high
pressure vapor phase is generated, comprising solvent monocarboxylic acid, water and by-
products of the liguid phase oxidation, as described above. The vapor pbase commonly also
contains minor smounis of enreacted aromatic feed material, unconsumed oxygen gas and, if
present, inert components of the oxygen source. Temperature and pressure of the vapor phase
present in the reaction zone corresponds to conditions of the Hoauid phase reaction. An off-gas
separation according o the invention provides for recoveries of materials and in some
embodiments, energy and combinations thereof from the high ternperature and pressure off-

gas removed from a liguid phase oxidation reaction.

second Hauld phase
188052] An off-gas separation according to the invented process comprises

transferring the vapor phase removed from the reaction zone of a liquid phase oxidation o a
separation zone capable of substantially separating solvent monocarboxyhic acid, water and

oxidation by-products into at least one solvent monocarboxylie scid-rich first liguid phase
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and at least one water-rich second liquid phase that is subsiantially free of solvent
monocarboxyhic acid and at least one solvent monoccarboxylic acid-depleted second high
pressure vapor phase comprising water vapor such that oxidation by-products of the aromatic
hydrocarbon precursor are preferentially apportioned to the first liguid phase and oxidation
by-products of the solvent monocarboxyvlic acid are preferentially apportioned to the second

~ high pressure vapor phase. A solvent monocarboxylic acid-rich first liquid phase and a water-
rich second lquid phase that is subsiantially free of solvent moncearboxylic acid and
oxidation by-products thereof and a sccond high pressure vapor phase that is substantially
free of oxidation by-producis of the aromatic hydrocarbon precursor are removed from the
separation zone. Separation is conducted with the high pressure vapor phase at a temperature
and under pressure not substantially less than temperature and pressure of the vapor phase in
the lguid phase oxidation step frome which the vapor phase is removed.

HEEIGT In greater detatl, separation comprises directing g high pressure and
temperature vapor phase removed from the reaction vessel used for Hguid phase oxidation fo
& separation zone that is capable of operating with the vapor phase at bigh teroperature and
pressure o substantially separate water and solvent monocarboxylic acid in the vapor phase
and apportion by-products from the oxidation among Hyguid and gas phases resulling from the
separation such that solvent by-product content of the lguid phases and aromatic
hydrocarbon oxidation by-product content of a gas phase removed frorg separation are
minimized. The high pressure vapor phase can be transferred from the reaction zone of &
liguid phase oxidation fo the separation zoune directly, as where a separation device is
mounted directly or in close association with an oxidation reaction vessel or other reaction
zome, or indirectly, for example by means suitable conduits, valves, pumps and the like for
effecting transfer. A minor portion of the high pressure and high temperature vapor phase
from the liguid phase oxidation may be directed to other uses, such as generation of high
pressure steam or beat exchange fhud, Preferably, the vapor phase transferred to separation
remains af high enough temperaiore and pressure 30 that energy content of the vapor phase
entering the separation zong is at least substantially retained and the vapor phase provides
sufficieni heat for separation in contact with refhux liguid supplied to the separation zone.
Most preferably, transfer of the vapor phase to the separation zone is achisved by passage
direclly from the reaction zone or through suilable pressure rated piping such that
temperature of the vapor phase enlering the separation zone is no more than about 19°C
cooler than the reaction temperature in the liguid phase oxidation and pressure of the vapor

. o N p . 2 .
phase eniering the separation zong is no more than about 3 kg/om” less than the pressure n
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the liguid phase oxidation. The separation zone also is designed for operation at high
temperature and pressure, and preferably af temperatures and pressures not substantially less
than the temperature and pressure of the high pressure vapor phase present in the reaction
zone io avoid loss of energy content of the vapor phase from the reaction zons. More
preferably, the separstion zone is designed for treating a vapor pbase under pressure of at
least about 80%, more preferably at least about $0%, and still more preferably at least abowd
95%, of the pressure of the vapor phase in the oxidation step. Pressure rating of equipinent of
the separation zone preferably is at least about 80%, more preferably about 90 to about 110%,
of the rating of the oxidation reaction vessel or zone of the oxidation step of the nvented
process from which the vapor phase is directed to separation. Temperatures of the vapor
phase in the separation 2one preferably range from about 140 to about 200°C and more
preferably from about 160 to about 185°C, Pressures frome about 5 to about 40 kgfom® are
preferred, with about 10 to about 20 kg/om® being more preferred.

[B0054] The scparation zone is capable of substantially separating solvemt
monocarboxyHe acid and water vapors i the high pressure vapor phase introduced to
separation. Preferably the scparation zone is capable of separating water and solvent in the
high pressure vapor phase such that a high pressure gas resulting from the separation contains
no more than about 10%, and more preferably no more than sbout 5% of the solvent
monocarboxylic acld content of the vapor phase iniroduced o the separstion zone. More
preferably, solvent monocarboxylic acid content of a second high pressure gaseous effluent
from separation is no more than about 2%, and still more preferably no more than about 19,
of the soivent monocarboxviic acid content of the vapor phase introduced o the separation
zone. The separation zone 18 also adapted for preferentially apportioning to at least one Hauid
phase by-products of the aromatic feed material to oxidation and to the second high pressure
vapor phase by-products of the solvent monocarboxylic acid that otherwise apporlion
normally to both vapor and liquid phases at the temperatures and pressures at which the
separation s conducted. For example, in the cass of Hyuid phase oxidation of para-xylene
feed materials in a liguid phase reaction mixture comprising acetic acid solvent, benzoic acid
and p-tohiic acid by-producis of the pars-xylene and methanol and methyl acetate by-
products of the acetic acid can apportion at practically significant levels between vapor and
fiquid phases. The separation zone is capable of apportioning by-products such that the
second high pressure vapor phase i3 substantially free of by-products of the aromatic
hydrocarbon precarsor and preferably contains no more than about 10 wi %, and more

preferably about 1 io about 5 wi % thereof. By-products of the aromatic hydrocarbon
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precursor removed to the first, sobvent monocarboxylic acid-enriched Hguid phase and the
second, water-enriched liquid phase are preferably apportioned preferentially to the first
phase, and more preferably such that about 75 wt %, still more preferably at least about §3
wi. Y%, {0 abowt 100 wt. %% thereof, are present in the first Hauid phase and no more than about
25 wi. %, still more preferably no more than about 2 to abowt 10 wi. %, thereof are present in
the second lquid phase. By-products of the solvent monocarboxylic acid comprising alochols
and solvent acid esters thereof are preferably apportioned to the second high pressure vapor
phase resulting from separation of water and solvent monocarboxyvlic scid in the mlet lagh
pressure vapor phase, preferably sach that such that the second, water enriched, hquid phase
coniaing no more than about 10 wi. %, and more preferably no more than about 1 io about 4
wt. % of such by-products,

HHO058) The separation zone for off-gas separation according to the invention
can comprise any device or means suitable for substantislly separating solvent
monocarboxylic acid and waler in the high temperature and pressure vapor phase removed
from the liguid phase oxidation and apportioning oxidation by-products present in the device
at high teroperature and pressure to obtain a Hauid phase rich in solvent monocarboxylic acid,
3 second Hauid phase enviched in water and a second high pressure vapor phase comprising
water, as described above,

(BG056] In one embodiment, a preforred separation zone is adapted for contact
between vapor and refluxing lguid phases flowing countercurrently therethrough such that
solvent monocarboxylic acid in the high pressure vapor phase introduced o the separation
zone from a Hguid phase reaction zowe is substantially removed from the vapor phase {o the
Hguid phase to form a first iguid phase which is enriched in the solvent monocarboxylic acid,
and such that water from a resulting solvent monocarboxylic acid-depleted high pressure
vapor phase is removed into the refluxing Hauid phase for withdrawal from the separation
zone of a second Hoguid phase which is enriched in water. Oxidation by-producis of the
aromatic feed o liguid phase oxidation that tend {0 apportion between both the vapor and
iquid phases under conditions in the separation are present in the high pressure vapor phase
introduced to the separation zone from a Hguid phase oxidation and may also be introduced
mto the separation zone in reflux Hauids supplied thereto. Such by-products apportioned {o
the Hoguid phase to which solvent monocarboxylic acid from the high pressure vapor phase
from oxidation is removed can be removed in the fivst liguid phase. Such by-products present
in the solvent monocarboxvlic acid-depleted vapor phase are further apportioned to that

liquid phase and also enter the Hquid phase to which water from the solvent-depleted vapor
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phase is removed due (o contact with the refluxing liquid phase. By-products of the solvent
monocarboxylic acid that tend to apporiion between vapor and liquid phases can be present in
the high pressure vapor phase from oxidation introduced io the separation zone. They also
can be present in reflux Hguids supplied to the separation zone. Such by-products present in
the refluxing liquid phase in the separation device are stripped from the vapor phase by the
refluxing liguid.

HEULH The flow of refluxing lguid I such a separation device comprises
Hyuid components removed or apportioned from the vapor phase io the Hauid phase as well
as components of reflux Hoguids supplied fo the separation zone that are or romain i the
tiguid phase.

{B0058] A preferred separation 2one according to a more specific embodiment
of the invention is configured for stagewisc contact between ligquid and vapor phases i
countercurrent flow through portions or regions of the separation zone. The vapor phase flow
is preferably an ascending flow through the portions of the separation zone and the Hquid
phase flow preforably is a descending flow therethrough. Separation of water, solvent
monocarboxyhic acid and by-products is accomplished by directing the high pressure vapor
phase removed from the reaction zone to a first portion of the separation zone and a reflux
fiquid to a third portion of the separation zone such that a vapor phase flow through the first
portion {0 a second portion to a thivd portion of the separation zone is in contact with a
countercurrent flow of refluxing liguid phase through the third to the second to the first
portion of the separation zone. Reflux liquid supplied to the third portion comyprises water
and preferably is substantially free of oxidation by-produets of the aromatic feed materials for
tiguid phase oxidation. Water and solvent monccarboxylic acid in the countercurrently
flowing vapor phase and refluxing liquid phase are substantially separated in the first portion
such that a solvent monocarboxylic acid-rich first Hauid phase and a high pressure, solvent
monocarboxylic scid-depleied intermediate vapor phase are formed. The solvent-rich first
Hauid phase from the first portion is collected for removal from the separation 2one. The
vapor phase flow from the first {0 the second portion of the separation device includes the
intermediate vapor phase from the first portion. Water and by-products in the
countercurrenily flowing vapor phase and refluxing liquid phase in the second portion are
separated such that by-products of the aromatic hydrocarbon precarsor are removed to the
refluxing Houid phase and g high pressure second intermediate vapor phase comprising waler
vapor substantially free of solvent monocarboxylic acid and by-products of the aromatic

hydrocarbon precursor is formed. The How of vapor phase from the second to the third
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portions of the separation zone inchudes the second intermediate vapor phase. Water and by-
products of the solvent monocarboxylic acid in the countercurrently flowing vapor phase and
refluxing Houid phase in the third portion are separated such that a water-enriched second
liquid phase substantially free of solvent monocarboxylic acid and by-products thereof and a
second high pressure vapor phase comprising water vapor and by-products of the solvent
monocarboxylic acid and substantially free of by-products of the aromatic bydrocarbon
precutsor are formed. The water-coriched second lgwid phase from the third portion is
collected for withdrawal from the separation device in 2 Hguid stream separate from that
which the firsi Hquid phase is withdrawn. The second high pressure vapor phase is removed
from the separation device as an exit gas, The flow of refluxing liguid phase through the
separation zone can be supplemented by supplyving additional reflux liquid comprising water
to one or moTe portions of the separation zone. In preferred embodiments, liguid comprising
waler is supplied as additional reflux between the second and third portions of such 3
separation zone.

HH0685%] In such a staged separation, the first portion of the separation zone
preferably is capable of separating solvent monocarboxylic acid and water such that at least
95 wi. %, and more preferably at least about 98 wi. %, of the solvent is removed to the first
Hguid phase. The second portion is preferably capable of apportioning by-producis of the
aromatic precursor for the liguid phase oxidation io the first and second Hguid phases such
that the second high pressure vapor phase contains no more than about 10%, and more
preferably about 1 to about 5%, of the amount of such by-products present in the first and
second Hauid phases and the second high pressure vapor phase. The thind poriion of the
separation zone preferably is capable of apportioning liguid phase oxidation by-products of
the solvent monocarboxylic acid to the second high pressure vapor phase such that the second
Hgquid phase confains no move than about 10%, and more preferably about 1 to about 4%, of
the amount of such by-products present in the first and second Hguid phases and the second
high pressure vapor phase.

RS In preferred embodiments, a first portion of the separation zone is
defined gs a region of the separation zone located between an inlet for receiving bigh pressure
vapor phase removed from s Hauid phase oxidation into the separation zone and an inlet for
introducing a liguid comprising water to the separation zone as reflux. A second portion of
the separation zone is defined by a region of the zone posilioned between an inlet for
introducing liguid comprising water as reflux to the first portion and an outlet for removing

the water-rich second liguid phase collected from the third portion. The third portion i
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defined as a region between an outlet for removing waler-enriched second Hgud phase
collected from the third portion and an inlet for mtrodocing liguid comprising water
subsianiially free of oxidation by-products of the sromatic feed material fir liguid phase
oxidation {o the separation device,

{60061} According to embodiments of the invention, & scparation zone for the
separation and preferential spportionment of water, solvent monocarboxylic acid and by-
products comprises g fractionating zone having at least about 20 theoretical squilibrium
stages for substantially separating water and sofvent monocarboxylic acid in the high pressure
vapor from liguid phase oxidation. More preferably, such & fractionating zone has abouwt 20 to
about 60 theoretical equilibrium stages. A fractionating zone with al least about 2 theoretical
equilibrium stages i3 preferred for separating water and oxidation by-products of the aromatic
feed material. More preferably, such a fractionating zone provides about 2 to sbouwt 10
theoretical equilibrium stages. A fractionaling zone for separating water and oxidation by-
products of the solvent monocarboxylic acid preforably has at least one, and more preferably
about 1 to sbout 11 theoretical equilibrium stages.

[68062] Preferred separation devices are various columns or towers, oflen
referred to as distillation columms and towers, dehydration towers, rectifying cohumns, water
removal cohumns and high efficiency separation devices, that are designed for contact
between gas and liguid phases flowing therethrough for mass transfer between the phases ing
plurality of theoretical equilibrium stages, also sometimes referred 1o as "theoretical plates,”
configured for separating and preferentially apportioning components of the flowing gas and
Haguid phases. Contact between flowing gas and lguid phases is promoted by intemnal
struciure, such as irave or packing providing surfaces for gas-liguid contact and theoretical
equilibrium stages for separations. Teroperature of the high pressure vapor phase removed
from oxidation normally is high enough that there is no need for reboiling capability beyond
that provided by the liquid phase oxidation resction. Countercurrent flow of gas and higuid
phases, such as by introducing the high pressure vapor phase from oxidation at & lower
portion of the device and reflux liquid at least one, and preferably two or mere upper
portions, is preferred for promoting contact between gas and liquad phases in the separation
device,

[Ba863] The separation zone according to the invention can comprise a single
device or multiple devices, such as towers, columns or other structure, in series, When using
two or more devices in series, they are configured, and their respective inlets and outlete
comumunicate such that high pressure vapor phase removed from an oxidation reaction vessel

o l)
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flows mio the series with separation and apportionment of solvent monocarboxylic acid,
water and by-products in flowing vapor and reverse flows of refluxing Hquid in and through
the series.

{0064} Reflux liquid supphed to the separation zone comprises water. Any
suitable source of higquid comprising water and substantially free of impurities detrimental to
separation can be utilized. Demineralived water or other purified sources can be used but
preferred sources of reflux lguid inchude liguids condensed from high pressure gases
removed from separation and/or condensing zones according to the invented process. In
another preferred embodiment, purification mother Hguor obtained in recovery of 2 purified
aromatic carboxylic acid product from at least one purification Houid reaction mixture is
directed to separation such that reflux to the separation comprises the purification mother
figuor. Most preferably, reflux lguid for separation comprises such a purification mother
Haguor and liguid comprising water condensed from high pressure gases removed from a
separation zone, which may be supplied o separation individually or combined in one or
more individual streams.

HEEHRY In a staged separation according to preferred embeodimemts of the
mvention as described above, reflux lguid comprising purification mother liguor is
infroduced io the separation zone for flow of Houid phase components thereof through the
second portion of the zone and condensate higuid recovered from a second high pressure
vapor phase removed from the separation zone is introduced for flow through the third
portion. The purification mother lguor typically contains by-products of the aromstic
hydrocarbon feed material to liquid phase oxidation, including hydrogenated derivatives
thereof resubting from purification, but such by-products are preferentially apporiioned io the
fiquid phases recovered in separation, and predominantly to a solvent monocarboxylic acid-
rich first liquid phase, which s suitable for refurn to oxidation to provide make-up solvent.
Liguid comprising waier condensed from the second high pressure vapor phase removed
from the separation zone is substantially free of by-products of the aromatic feed material but
can contain by-products of the solvent mosocarboxylic acid stripped into the second high
pressure vapor phase in separation which, in turn, may be present in Hquid comprising water
condensed from the second high pressure gas. Such by-products returned to separafion in
reflux liguid supplied to a third portion of the separation zone are siripped back into the
second high pressure vapor phase in separstion. Undesirable accumulation of such by-

products is prevented in preferred embodiments of the invention in which a portion of the
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condensate liguid recovered from the second high pressure vapor phase from separation is
purged or directed to treatment for recovery of such by-products.

[86066] Reflux lquid preferably is supplied at a rate and temperature offective
to guench heat of the lHguid phase oxidation reaction transferred to the separation zone in the
vapor phase from the oxidation. When the separation zone is coupled to a reaction vessel
from Hauid phase oxidation for substantially direct transfer of vapor phase from oxidation to
separation, the reaction vessel functions as a rebotler. To such embodiments, the rate at which
Hauid reflux is supplied {o the separation zone is conveniently expressed as weight of liguid
provided o the zone relative {0 weight of aromatic feed material introduced to the lguid
phase oxidation. Preferably, reflux liguid provided fo the separation zone according fo the
invented process is at a tomoperature i the range of about 120 to about 170°C and more
preferably at about 130 to sbout 168°C. At such temperatures, liquid preferably is supplied to
separation at a rate of about 4 to sbout 5§ weights of the liguid per weight of aromatic
precursor intreduced to the lguid phase oxidation. When reflux Hguid is supplied separately
to different stages of a separation zone it preferably is apportioned between the different
stages such that reflux supplied to a first stage of the separation zone makes up at least 40%,
and more preferably about 60 to about 90%, of the volumetric flow of reflux liguid

(L Water and solvent monocarboxyvlic acid vapors contsined in the high
pressure vapor stream removed from a liguid phase oxidation step and infroduced into the
separstion zong are separated such that 8 solvent monocarboxylic acid-rich first liquid phase
which is lean in water i8 recovered. The separated first liguid phase preferably comprises at
ieast about 60 wi. %% solvent monocarboxylic acid and no more than about 35 wt % water,
More preferably, water countent of the separsted lquid phase is about 15 o about 30 wi %,
The lquid stream from separation also contains minor amounts of heavier impurities, such as
partial or intermediaie oxidation by-producis of the aromatic feed material and bydrogenated
derivatives thereof, such as benzoic acid and, depending on aromatic precursor used in the
oxidation, m-toluic acid and/er p-toluic acid, washed or transferred into the first Hquid phase
in the separaiion 2one. The first hguid phese may alse include other components, such as
aromatic carboxylic acid product and catalyst metals. Content of such beavier components
can be as high as about 2 wi. % but preferably is ne more than about 0.5 wi, %o,

{BG068] The solvent monocarboxylic acid-rich liguid phase condensed from the
vapor phase in the separation zone is a valuable sowrce of solvent for liguid phase oxidation,
As described gbove, it also may inchide oxidation by-products of the aromatic feed material

and other componenis sutfable for being returned to oxidation and converted fo the desired
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aromatic carboxylic acid, Other suitable uses for the liquid condensate imchude wash liquids
for rotary vacuum filters or other devices used for solid-liquid separations of recovered solid
products of a Hquid phase oxidation from oxidation mother liguors or crystallization solvents
and make up to scrubbers, such as oxidation dryer scrubbers if used in the process. In g
preferred embodiment of the invented process, at jeast a portion, and, more preferably, all or
substantially all of the separated first Hquid phase removed from the separation zone is
returned to Hguid phase oxidation, either direcily to a reaction vessel or {o holding vessels
used for supply of makeup solveni to a reaction zone. In such embodiments, water and
solvent monocarboxylic acid in the high pressure vapor phase introdoced o the separation
zone are preferably separated such that a liguid phase resulting from the separation contains
about 15 to aboul 30 wi % water and, more preferably, such that water conlent of the
separated liguid together with water returned to oxidation in other Hguid sireams from the
process are substantially balanced with water vapor removed from oxidation in the high
pressure overhead vapor phase and Hould watler removed from oxidation for recovery and
separation of aromatic carboxylic acid product of the oxidation.

The Second Liguid Phase

{00669 The second Haquid phase recovered from separation is enriched n water
and substantially free of solvent monocarboxviic acid by-products thereot from liquid phase
oxidation. B may contain minor amounis of by-products of the aromatic feed material o the
liguid phase oxidation as a result of preferential apportionment of such by-products to hiquid
phases in separations according to the invention. Solvent monocarboxylic acid content of the
second liguid phase typically is less than about § wt. % and preferably about 1/2 to about 3
wi. %. Solvent by-product levels typically are no greater than sbout 1 wt, % and preferably
about 6.05 to about 0.2 wt. %. By-producis of sromatic feed materials present in the second
Hguid phase typically range from sbout 0.003 to about 0.1 wi. % and preferably about 0,003
to about 0.05 wi. %. The second ligquid phase further comprises dissolved O and gaseous
methyl bromide wherein (3 is present in an amount of about 2.2 ppmw and methyl bromide
is present in an amount of about 80.03 ppmw.

{800745] It has been discovered however that use of the recovered second liguid
phase in other parts of the process prior to further treatment to remove the dissolved O; and
methy! bromide can cause corrosion. Therefore the second liguid phase must undergo further
treatment fo reduce the amount of corrosive compounds residing or dissolved therein to
reduce its corrosive effects,  Surprisingly, it has been found that flashing the second hguid

phase as it exits the separation zone significantly reduces the amount of dissolved O and
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methvl bromide dissolved in the treated second liguid phase to wherein the amount of O s
less than about 1.0 ppmw, and more preferably the amount of O is less than about 8.3 ppmw,
and even rmore preferably the amount of O; is less than about 0.05 ppmw, and most
preferably the amount of (3 is less than sbout $.006 ppmw, and the amount of methyl
bromide is less than sbout 0.02ppmw, and more preferably the amount of methyl bromide is
fess than about (.01, and even more preferably the amount of methyl bromide is less than
about 0.009, and most preferably the arsount of methy! bromide is fess than about §.006
ppmw after flashing. As used herein the torm “flashing” or “flashed” refers to the immediate
drop in pressure ranging from about 5 kgfs:m?' to about 40 kg/em’ in the separation zone o
atmospheric or ambient pressure in the flash tank, or more preferably from about 10 kg/cmz
o about 20 kgfcmz in the separation zone 1o atmospheric or ambient pressure in the flash tank
that the second higuid phase experiences as it exits the separation zone into a fash tank.

186071} Another method of treating the second Hguid phase o reduce or
eliminate the dissolved O2 and methy! bromide is sieam stripping the second liquid phase
after it has exited the separstion zone and i3 in a flash tank at stmospberic or ambient
pressure.  Yet another method of ireating the second liquid phase to reduce or eliminate the
dissolved 02 and methyl bromide is to use gaseous nitrogen to strip the second liquid phase
after it has exited the separation zone and is in a flash tank at atrmospheric or ambient
pressure,  In vet another embodiment, the second Hguid phase is stripped with steam or
nifrogen while under a pressure of from about § to about 40 kg/’cmz and more preferably
under a pressure of from about 10 to about 20 kgi’cmz,

[OBG72] The treated second Hauid phase i3 sultable for use as liguid comprising
waler in one or more steps of a process for purifving impure forms of aromatic carboxylic
acid as described more fully herein. Other uses for the freated sccond Haguid phase include
seal flush Houids to solid-liquid separation devices used for separating oxidalion mother
liguor and wash liquids from impure solid aromatic carboxylic acid product recovered from a
liguid phase oxidation reaction mixture.

The second hiph pressure gas

{80073 The second high pressure gas resulting from separation comprises a
substantial volume of water and is relatively free of solvent monosarboxviic acid, Preferably
the gas compuises at least about 55 vol. %, and more preferably at least about 83 vol. ¥,
water, Solvent monocarboxyhe acid content of the gas is generally less than about 3 and
preferably less than about 3 wt %. The gas also may contain nreacied aromatic feed material

and by-products of the liguid phase oxidation although they typically are present in minor or
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trace armounts no greater than about 2 wt %. Oxygen gas content of the pressurized gas from
separation typically ranges up to about 4 vol. %, prefevably from about 1o about 4 vol. %
Inert gas components of the oxygen source, which typically include nilrogen and carbon
oxides, can constitute up to about 45 vol. % of the pressurized gas; when using air as a
gaseous OXygen source, nitrogen content of the pressurized gas typically ranges from about
30 to sbout 40 vol. %.

{0874} Preferably, pressure of the second high pressure vapor phase from the
separation is up to about | kpfens® gauge less than the pressure in the liguid phase oxidation
reaction. Temperature of the high pressure gas from separation is preferably up to about 20°C
legs than the temperature of the liguid phase oxidation reaction, and more prefersbly about
5°C to about 15°C less than the oxidation reaction temperature. Preferably, the high pressure
gas from the separation is at a temperature greater than sbout 100°C, more preferably greater
than about 120°C, and less than abowt 230°C, more preferably less than about 230°C.
Pressure of the pressurized gas remaining after the separation is about 4 to about 40 ke/em®
gauge.

{BOO7S] The second high pressure vapor phase removed from separation can be
divected o a condensing zone for condensing from the vapor phase a liquid condensale
comprising water substantially free of organic impurities such as solvent monocarboxylic
acid and by-products of the aromatic feed material and solvent from oxidation. The
condensing zone can comprise any means effective for condensing water substantially free of
organic impurities from the high pressure gas introduced to the condensing zone. Preferably,
it includes one or more condenser or heat exchange means effective for providing indirect
heat transfer between a high pressure gas phase and a heat sink material, and preferably a
heat exchange fludd. A single device or a plurality of devices in series can be employed. Shell
and tube heai exchangers and kettle type condensers are examples of preferred devices.
Preferably, all or substantially all of the high pressare vapor from separation is directed to the
condensing zone {o enable substantial recovery of both heat energy and materials therefrom.
Cooling preferably is conducted under conditions such that a condensing zone exhaust gas
under pressure not substantially reduced from that of the gas introduced io the condensing
zone remains after condensing the liquid condensate and is withdrawn from the condensing
means. That pressurized condensing zone exhaust gas comprises incondensable components
of the high pressurize gas from the separation zope, gaseous reaction by-products and may
also contain minor amounts of aromatic feed material from the liguid phase oxidation off-gas

or reflux Houids direcied to separation and remaining unseparated in the second high pressure
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vapor phase. The exhaust gas from the condensing zone most preferably is at a temperature of
aboui 50 to about 130°C and under pressure that is no more than aboul 3 kg/cm’ less than the
pressure of the injet gas to the condensing zone. More preferably, the pressure differential
between a gas removed from the separation device and the condensing zone exbaust gas after
condensation of Lguid condensate is about 2 kg/'cmz or less and most preferably sbouwt 0.5 to
about § kg/em®.

[B0078] Cooling of high pressure gas by bheat exchange with a heat sink
material in the condensing zone also serves to heat the heat sink material. The heat sink
material preferably is a heat sink fluid, and most preferably water. When using water as the
heat exchange fluid, heat exchange with the high pressure gas from separation converts the
water to stearn which can Be directed to other parts of the invented process for beating o to
uses outside the process. Similarly, heat exchange between the pressurized gas and Hquids
from other process steps can be used for heating such Hguida, Thus the invention includes
embodiments in which heat exchange between the high pressure gas from the separation zone
introduced to the condensing rone and heat exchange fluid comprising water is conducted in
a series of heal exchangers operated at successively cooler temperatures such that sieam at
different pressures is generated from the heat exchange water. Steam at different pressures is
preferably directed to one or more process steps in which steam under corresponding pressure
or pressures is useful for heaiing, while Hquid condensate comprising water at successively
lower temperatures is generated from the pressurized gas,

{BeRTT] Fnergy can be recovered from exhaust gas from the condensing zone
in the form of heat, in the form of work or as both. Recovering energy as heat for the process
can reduce consumption of fuel that would otherwise be needed io generate heat for the
process. Bnergy recoversd as work can be converted to electricity for use in the process,
thereby reducing consumption of clectricity from extemal sowrees if used in the process.

10878} While preforred embodiments of the invention comprise condensing all
or substantially all of the high pressure gas transferred to the condensing zone, in some
embodiments of the inveniion, condensation of high pressure gas rewsoved from the
separation zone is conducted by extracting hegt energy from the gas such that only a portion
of the water content of the gas is condensed or by directing s portion of the second high
pressure vapor phase from separation to condensing means and directing snother portion fo
means for recovery of energy by conversion to mechanical gnergy. Partial condensation of
the second high pressure vapor phase removed from separation or splilting the siream for

condensation of only 2 portion thereof allows recovery of 3 Hauid condensate comprising
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substantially pure water with low organic impurities content and useful as reflux liquid for
separation as described above and recovery of heat epergy transferred 1o a heat exchange
fluid on cooling of the high pressure gas to condense the liguid condensate, while also
leaving uncondensed water in a high pressure condensing zone exhaust gas for further energy
recovery in the form of work,

IG0G79] According to other embodiments of the invention, all or substantially
all of the second high pressure vapor phase from separation of monocarboxylic acid and
water in the high pressure vapor phase from oxidation and oxidation by-products is
condensed by heat exchange with a heat sink fhuid. Condensation of all or substantially all of
the condensable componenis of the high pressure gas from separation reduces the volumetric
flow of gas remaining after condensation to subsequent processing steps and permits use of
metals with only low or moderate corrosion resistance, such as stainless steels, mild steels or
duplex steels, as aliernatives to more expensive, highly corrosion resistant metals or alloys in
equipment for subsequent off-gas treatment steps that may be included in the process.
Substantially complete condensation of condensable components of a high pressure gas
removed froun separation also increases the volume of Hauid condensate comprising watler
substantially free of organic impurities generated according to the invented process and can
facilitate enhanced recovery of aromatic feed material and solvent monocarboxylic acid or
Hguid phase oxidation by-products thereof repaining in uncondensed gases remaining after
condensation.

{86080] Condensation can be conducted in a3 single step. @t also can be
conducted in muliiple sleps in which 8 gas siream comprising high pressure gas removed
from a separalion zone is cooled to a first temperature in 3 first stage to yield a first stage
condensate hguid and an uncondensed portion of the gas which is subsequently condensed at
a lower temperature in a second stage o provide a second stage condensate liguid and an
uncondensed portion of the gas introduced to the second stage, and oplionally one or more
additional stages in which an uncondensed portion of gas {rom a prior stage is condensed at a
fower temperature than in the previcus stage to form a Hauid condensate and @ remaining
uncondensed gaseous portion. Heat exchange between the pressurized gas and uncondensed
portions thereof in the staged condensers provides heat exchange fluid at different
temperatures or pressures, for example moderate and low pressure steam, which can be used
for heating in other process steps or outside the process. In preferred embodiments of the
invention, two or more levels of steam are produced for energy recovery, which is

conveniently accomplished using a condensing or other low pressure sieam furbine. In such
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embodiments, condensate Hauid removed at different lemperatures can be directed o other
process uses with corresponding temperatures, thereby avoiding additional heating or cooling
of the condensate poriions and, in some cases, limiting buildup of impurities such as solvent
monocarboxylic acid oxidation by-products in steps to which condensate liquids are recycled.
For example, condensale liguids recovered at higher lemperatares, for example in the range
of about 130 o sbout 160°C, are well suited, with Hitle or no additional heat input, as reflux
to separation as such or in combination with agqueous liquids from other process steps such as
mother Hiquor remaining afler recovery and/or separation of purified aromatic carboxylic acid
in a purification step. Such high temperature condensate liquids can provide additional
benefit when used as reflux (o separation due to their lower content of light components, such
as lower alcohols and solvemt monoccarboxvlic acid esters thereof that are generated as
saivent by-products in hguid phase oxidation and tend to condense in grealer concentrations
in lower temperature condensate Hguids, Lower terperature condensates, for exsmple those
in the range of about 60 to about 90°C, are also well suited for hot condensaie uses such as
wash Hguids for produci separations and seal flush liquids in liquid phase oxidation,
purification or both, and still cooler condensate, for example in the range of about 40 1o sbout
S0°C, for cold condensaie uses such as scrubber washes. While condensation at different
ternperatures such that condensate liguid can be directed to other process uses with
compatible temperatures provides options for favorable epergy management in the invented
process, it will be appreciated that higuid condensate portions or sireams condensed at higher
or lower temperatures than may be needed or preferred for use in sther steps can be cooled or
heated as may be desired, for example by heat exchange, for use in such other steps.

6081} Exhaust gas from the condensing zone preferably is under pressure
and, while substantially free of water vapor according o preferred embodimenis of the
invention, can refain a portion of the water from the second high pressure vapor phase from
separation depending on the extent of condensation in the condensation step. In addition to
such waler vapor as may be present in the exhaust gas, the gag can comprise incondensable
components from the liguid phase oxidstion off-gas, such as umreacted oxygen from
oxidation, nitrogen, carbon oxides and other inert gas components if present in the oxygen
source for oxidation, and carbon oxides, and may condain miner amounts of solvent
mmonocarboxylic acid by-products from oxidation and traces of solvent monocarboxylie acid,
other oxidation by-products and unreacted aromatic hydrocarbon feed material not removed
in other steps. Even when water in the exhaust gas is substantially completely condensed info

the liquid condensate, such that the uncondensed exhaust gas remaining after condensation is

30



WO 2015/094911 PCT/US2014/069779

substantially free of water, pressure of the exhaust gas is also sufficiently high and, especially
when the gaseous oxygen source for liguid phase oxidation is air or another gaseous mixiure
with significant inert gas content such that the vapor phase removed from oxidation and,
turn, pressurized gases from the separation snd condensing zones contain substantial inert gas
content, volume of the condensing zone sxhaust gas is such that it can be a useful source for
recovery of energy.

[66082] According o embodiments of the lnvention, energy can be recovered
from the pressurized exhaust gas from condensation: Preferably, energy is recovered in the
form of work. In these embodiments, & pressurized gas siream comprising exhaust gas from
the condensing zone is transferred, directly or indirectly, to 2 device for recovering energy as
work, A preferred energy recovery device is an expander or similar apparatus adapted fo
receive a flow of gas under pressure and equipped with blades capable of being rotated by the
flowing gas, thereby generating work useful in other process steps or outside the process and
a cooled gas under reduced pressure. Work extracted from the pressurized gas can be used,
for example, to generate electricity using a generator or for operating a compressor used {o
compress air or sources of gaseous oxygen used in liquid phase oxidation or other equipment
requiring mechanical work. Such extracted energy can be used elsewhere in the process or in
other processes. Alternatively, i can be stored or delivered to an electrical grid for
transmission to other locations. Exhaust gas remaining afler recovery of energy as work can
be vented, preferably after being subjected to additional treatments, for example condensation
{0 remove water if present in appreciable amounts in the condensing zone exhaust gas, and
caustic scrobbing to remove bromine or other compounds which may be undesirable for
atmospheric release. I desived, encrgy recovery osn be conducted afler sorubbing or
otherwise treating the gas for removal of corrosive components. Removal of corrosive
components before recovery of energy can be beneficial in allowing internal components of
an expander or other power recovery device to be constructed of less corrosion-resistant
materials than might otherwise be preferred; however, treatment for removal of such
components also can reduce power recoverable from the gas.

[Q0HR3] As an alternative o recovering energy from a condensing zone high
pressure exhaust gas or, more preferably, as an additional step preceding recovery of energy
as in the form of work as described above, exhaust gas from condensation can be treated for
removal of organic and other combustible compounds and corrosive componenis. Such
{reatments, in some embodiments, are particufarly useful for recovering minor amounts of

reaction producis of soivent monocarboxylic acid from oxidation as well as traces of
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unreacted aromatic hydrocarbon feed material that may romain in the exhaust gas. In
embodiments of the invention in which condensation of high pressure gas from separalion
includes one or more condensations al a temperature low enough that water in the gas is
substantially, and preferably at least about 80%, condensed and volatile impurities such as
tower sicohol and ester reaction products of the solvent monocarboxylic acid are substantially
retained in an uncondensed exhaust gas phase that is cooled sufficiently, preferably o a
temperature in the range of about 40 to about 90°C, treatment for recovery of such impurities
is facilitated because the uncondensed exhaust gas from condensation is cool enough for use
of Haguid scrubbing agents for recovery. In other smbodiments, treatment is beneficial to
reduce or eliminate organic species such as such unreacted feed material and solvent by-
products if not removed otherwise, as well as corrosive alkyl bromide reaction by-products
from liguid phase oxidations in which 3 source of bromine is used as promoter for the liquad
phase oxidation catalyst and carried over into the high pressure vapor phase generated in the
liguid phase oxidation and, in turn, into the high pressure gas removed from separation and
exhaust gas removed from condensation. 1t will be appreciated that such treatinents can affget
the amount of energy recoverable from the exhaust gas after condensation. Accordingly, in
embodiments of the invention in which condensing zone exhaust gas is ireated before
recovery of energy in the form of work, preferred ireatmenis are conducted without
substantial loss of pressure or volume of the gas, When condensing zone exhaust gas has
appreciable water content it alse is preferred that any such treatment be conducted without
appreciable condensation of water from the gas or cooling to such an extent that recovery of
energy in the form of work resulis in significant condensation of water. In such embodiments,
pre-heating of the treated gas before recovery of energy may be beneficial,

{80084] In embodiments of the invention comprising treating a pressurized
exhaust gas from condensation for removal of unreacted feed material and solvent by-
products generated in the Hguid phase oxidation, such as lower alkyl esters of the solvent
monocarboxylic acid, treatment is beneficial in allowing for return of such components o
oxidation. Treatment also can reduce presence of such impurities in process recyele sireams
and steady state equilibrium levels thergof in overall process operstion. Uncondensed gas
under pressure removed from condensation can be contacted, preferably at a temperature of
about 35 to about 60°C, with Hguid serubbing agent to provide 3 scrubbed gaserus phase
with reduced levels of aromatic feed material and/or solvent by-products and a liquid product
comprising the scrubbing agent and enriched in at least one of unreacted aromatic feed

material and solvent monocarboxylic acid reaction products from liquid phase oxidation. The
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Hauid product is preforably retumed to the reaction zone in a lguid phase oxidation step.
Scrubbing can be accomplished using any suitable scrubbing device and scrubbing agents for
contacting a gas strearmn comprising the high presswre condensation exhaust gas to remove
velatile components such as unreacted feed material and solvent monocarboxylic acid by-
products from oxidation from the gas into a liguid phase. High pressure absorption columns
with infernal structure, such as trays or packed beds, for promoting contact betwesn gases to
be scrubbed and hquid serubbing agent are commonly wtilized, Suitable scrubbing agents are
materials that are Hguid at the temperature of the gas o be scrubbed and i which the
materials to be recovered have substantial solubility. Exaroples include lower alechols and
{.sub.1-8& carboxylic acids such as acetic acid, propionic acid, butyric acid and the like. A
preferred Bquid serubbing agent is the monocarboxylic acid used as solvent for liquid phase
oxidation and mixtures thercof with water. Suitsble scrubbing agenis, equipment and use
thereof for recovery of off-gas components from lguid phase oxidation of aromstic feed
materials to aromatic carboxylic acids are described in further detail in LLS. Pat. Ne.
£,143,825, which is incorporated herein by reference.

[GO085] Pressurized condenser exhaust gas, with or without prior ireatment as
for scrubbing of unreacted feed material or solvent by-products as described above, can also
be treated o remove corrosive or other combustible materials. While any means for such
removal without substantial logs of pressure and volume of the gas can be employed, the gas
preferably s subjected fo an oxidation process, and most preferably a catalytic oxidation
process for removal of organic, combusiible and corrosive components. Such trealments
generally comprise heating an uncondensed gas vnder pressure, and comprising exhaust gas
under pressure removed from condensation or after scrubbing or other treatment, and gaseous
oxygen i a combustion zone under pressure not substantially loss than that of the pressurized
gas and at elevated temperature effective to oxidize organic, combustible and cosrosive
components to a less corrosive or more environmentally compatible gas comprising carbon
dioxide and water. Heating under pressure with oxygen gas preferably is conducted in the
presence of 2 suitable oxidation catalyst disposed within the combustion zone 80 as uot {0
interrupt flow of the pressurized gas therethrough, The pressurized gas can oplionally be
subjected to preheating before oxidation. Prehesting can be accomplished by any suitable
means such as by heat exchange, direct steam injection or other suitable means. Optionally,
combustion freatment can also include scrubbing a pressurized gas removed from combustion

to remove acidic, inorganic materials such as bromine and hydrogen bromide which are
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generated by oxidation of alkyl bromides presemt in the condenser exhaust gas when a
bromine source is used for Liquid phase oxidation as noted above,

[BG086] Catalysts for catalytic oxidation generally comprise at least one
transition group element of the Periodic Table {(TUPAC). Group VIHI metals are preferred,
with platime, palladivm and combinations thereof and with one or more additional or
adjuvant metals being especially preferred. Such catalyst metals may be used in composite
forms such ss oxides. Typically, the catalvst metals are disposed on a support or carrier
material of lower or no catalytic activity but with sufficient strength and stability to withstand
the high termnperaiure and pressure oxidizing environment of the combustion zone. Suitable
catalvst support materials include metal oxides comprising one or more metals, examples of
which include mullite, spinels, sand, silica, alomina silica slumine, titania and zirconia.
Yarious crystalline forms of such materisls can be wtilized, such as alpha, garoma, delta and
giz aluminas, and rutile and anatase titanias, Catalyst metal loadings on support compositions
are suifably fractions to several percents by weight, with higher loadings being preferred for
use when treating gases with significant water vapor content, such as about 20 vol. % or
more. Catalysts can be used in any convenient configuration, shape or size. For example, the
catalyst can be in the form of pellets, granules, rings, spheres, and the like and preferably may
be formed info or disposed on a rigid cellular, boneycomb, perforated or porous structural
configuration to promede contact with gases present in the combustion zone without impeding
gas flow through the zone. Specific examples of catalytic oxidation catalysts for combustion
treatment of exhaust gas removed from condensation in off-gas treatment according to the
imvention comprise about one-half fo about one wi 9% palladivm supported on an aluming
monolith support.

{0087 In embodiments of the invention in which energy i the form of work
is recovered from gas comprising exbaust gas removed from a condensing zone, and
especially when such a gas comprises appreciable water, e.g., af least about § vol. %, the gas
can optionally be heated to guard against presence of liquid waler in the gas directed to
energy recovery. Such heating can take place before, afier or in combination with other
ireatments or freatment sieps such as thermal or catalytic oxidations. In such embodiments,
heating can be accomplished by any suitable technigue, such as by heat exchange or direct
injection of steam or other heated gas. Heating to about 200°C. or greater is effective for
gvoiding condensation of water, with temperatures of about 250 1o about 3530°C preferred.

{80088] In addition to the condensing zonc cxhaust gas romaining after

condensation of high pressure gas removed from the separation zone, condensation according
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to an off-gas treatment step of the invented process resalts in condensation of a liquid from
the pressurized gas. The condensate Hguid comprises water of substantial purity as described
above and, according to preferred embodiments of the invention, is directed at least in part to
the separation zone such that reflux liguid supplied to the separation zone comprises such
condensate liquid. The condensate liguid slso is suilable for other uses such as wash liquid
for solid-liguid separations of impure aromatic carboxylic acid products from liguid phase
oxidation. As between the condensate liquid and the water-cnriched second liguid phase
removed from off-gas separation according to the invented process, the second liquid phase is
preferred for use in integrated process that include purification of impure aromatic carboxylic
acids, such as are recoversd from liguid phase oxidation, due to lower solvent
monocarboxylic acid oxidation by-product content than in the condensate lguid recovered
from the second high pressure vapor phase from separation.
Parification

(e In embodimenis of the invention comprising purification or
manufacture of purified aromatic carboxylic acids, purification coniprises at least one siep
that comprises coniacting with hydrogen at elevaied temperature and pressure i the presence
of a catalyst comprising a hydrogenation catalyst metal a purification reaction sclution
comprising a ligquid that comprises water and has dissolved therein aromatic carboxylic acid
and impurities to form a purification liquid reaction mixture comprising the aromatic
carboxvlic acid and hydrogenated impurities dissolved in 8 liguid comprising water. Tn
preferred embodimenis, a purification reaction solution is formed by dissolving in a liquid
comprising water a crude solid product recovered from liguid phase oxidation comprising
aromatic carboxylic acid and impurities comprising oxidation by-products of the aromatic
feed material for the oxidation. Pure forms of aromatic carboxyvlic acid product containing
reduced levels of impurities can be recovered from the purification Hguid reaction mixture,
preferably by crystallization, and the resulting pure form of product can be separated from a
liguid purification mother liquor remaining after recovery of the pure form of product and/or
from one or more liguids comprising water, such as erystallization solvents and wash higuids.
The invention includes embodiments in which at least one lquid compeising water that is
used in the purification comprises a water-enriched second liguid phase removed from the
separation zone of an off-gas separation according to the invention. As indicated above, in
ather embodiments purification mother liquor from at least one purification is divected fo off-

gas separation for introduction to the separation zone as reflux lquid comprising water.
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As described above, aromatic carboxylic acid produets obiained by Hauid phase oxidation of
feed materials comprising aromatic compounds with oxidizable substituents, alse stmetimes
referred o as a orude gromatic carboxyiic acid product or orude product from liquid phase
oxidation, comprise aromatic carboxylic scid and one or more oxidation intermediates or by-
products. Abthough speeific chemical compositions of intermediates and by-products vary
depending composition of the oxidation feed material, oxidation reaction conditions and other
factors, and even for given feed materials may not be fully koown, they are known to
comprise one or more aromatic  carbony!  compounds, such  as  benzaldehydes,
carboxybenzaldehydes, fluorenones and anthraquinones, that cause or correlale with
wndesirable color of desired aromatic carboxylic acid products or of polyesters made
therefrom and can be hydrogenated 1o species more soluble in aqueous solution than the
arornatic carbonyl compounds and aromatic carboxylic acid or o species with less color or
color-forming tendencies. Preferred impure aromatic carboxylic acid products to be purified
according to embodiments of the tnvention are crude product comprising aromatic carboxylic
acid and by-products produced by liquid phase oxidation of aromatic feed material in 2 liquad
phase oxidation, and most preferably continucus processes in which liguid phase oxidstion
and purification steps are fntegrated such that a crude solid product of liquid phase oxidation
is a starting material for the purification. However, it also will be appreciated that the starting
material for purification can be or inchude an impure product comywising an aromatic
carboxylic acid and aromatic carbonyl impurities as described above, whether present or
genevated as by-products from an infegrated or non-integrated liguid phase oxidation of
sromatic feed material or from other processes or sources. Thus, the mvention inchides
embodimenis in which an impure aromatic carboxylic ascid product starting material for
purification comprises aromatic carboxylic acid and atf least one aromatic carbonyl impurity
that forms g hydrogenated, carbonyl-substitated sromatic product with greater sohuhility in
agueosus solution or less color or color-forming tendencies than the unhydrogenated aromatic
carbony! impurity. Impure forms of aromatic carboxylic acid product suitable as starting
materials for purification, including crude products recovered from g liquid phase oxidation
according to embodiments of the invention, also may contain minor amounts of solvent
monocarboxyie acid residues that remain in the impure product. Amounts ranging from
several hundred to thousands ppmw as commonly present in products from commersial scale
tquid phase oxidations do not adversely affect purification according to the invented process.
Most preferably, solvent monocarboxylic acid content of an aromatic carhoxylic acid product

1o he purified does not excecd about 10 wi %,

36



WO 2015/094911 PCT/US2014/069779

[B0094G] In greater detail, a preferred purification step according io the
invention comprises dissolving in a liquid comprising water, at least a portion of which most
preferably comprises a second liguid phase comprising water removed from off-gas
separation according to the invention, a solid product comprising aromatic carboxylic acid
and impurities to form a purification reaction solution, contacting the purification sohution at
elevated temperature and pressure with hydrogen in the presence of a hydrogenation catalyst
to form a purification Hauid reaction mixture, recovering from the purification liquid reaction
mixture a solid purified product comprising aromatic carboxyhe acid with reduced levels of
impurities and separating an aqueocus Hauid purification mother liguor comprising oxidation
by-products, hydrogenation products thereof and combinations thereof from the recovered
solid purified product.

{00091 Hydrogenation of impure aromatic carboxylic acids to reduce
impurities levels is conducted with the impure acid in agueous solution. A preferred solvent
for the purification solution in some embodiments of the invention comprises a second liguid
phase removed from the separation zone of an off-gas separation according to the nvention.
Supply of second Hauid phase directly from separation and without added or intermediate
fregtments for revnoval of by-products or impuritics is preferred in continuous and integrated
process operations to avoid costs, complexities and additional equipment for added handling,
storage or treatment of the condensate lquid, although it will be appreciated that such added
reatments, while unnecessary to render the second liguid phase suitable as a solvent for
purification, are not precluded. Similerly, while unnecessary for obtaining a Hguid of
sufficient purity for use as purification solvent sceording the invention, it will be appreciated
that the invention conterplates use of other suitable water sources such as fresh
demineralized water or other purified sources of water in addition to or as alternatives o the
second liquid phase from off-gas separation. Preferably the water-enriched second liguid
phase from separation according to the invention makes up at least about 50% of the solvent
for the purificalion reaction solution and more preferably about 80 to about 1309

[OB092; Concentrations in the purification solvent of impure aromatic
carboxylic acid to be treated in 2 purification step generally are low enough that the impure
acid ie substantially dissolved and bigh encugh for practical process operations and efficient
use and handling of liguid used as solvent and remaining as purification mother liquor afler
recovery of a pure form of aromatic carboxylic acid with reduced impurities from purification
reaction mixtures. Suitably, solutions comprising about 3 to about 50 parts by weight impure

aromatic carboxylic acid per hundred parts by weight solution at process temperatures
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provide adeguate solubility for practical operations. Preferred purification reaction solutions
contain about 1 to abowt 40 wit %, and more preferably about 20 to about 35 wt %, impure

aromatic carboxylic acid at the temperatures used for purification by catalytic hydrogenation,

Catalysts suitable for use in purification bydrogenation reactions comprise one or more
metals having catalyiic activity for hydrogenation of impurities in impure aromalic
carboxvlic acid products, such as oxidation intermediates and by-products and/or aromatic
carhonyl species. The catalyst metal preferably is supported or carried on a support material
that is insoluble in water and unreactive with aromatic carbosylic acids under purification
process conditions. Suitable catalyst metals are the Group VIIT metals of the Periodic Table
of Elements {fUPAC version), incloding palladinm, platinurn, rhodivm, osmium, ruthenium,
ridium, and combinations thereof, Palladium or combinations of such metals that include
palladium are most preferred. Carbons and charcoals with surface aveas of several handreds
ot thousands m.%/g swrface avea and sufficlent strength and attrition resistance for prolonged
use under operating conditions are preferred supporis. Metal loadings are not critical but
practically preferred loadings are about 0.1 wt % to about 5 wt % based on total weight of the
support and catalyst metal or metals. Freferred catalysts for conversion of impurities present
in impure aromatic carboxylc acid products comprising crude terephthalic acid obtained by
liquid phase oxidation of a feed material comprising para-xylene contain about 4.1 to about 3
wit % and more preferably about 0.2 to about 1 wi % hydrogenation metal. For such uses, the
metal most preferably comprises palladium.

{D0093) For practical applications, catalyst is most preferably used iIn
particulaie form, for sxample as pellets, extrudate, spheres or granules, although other solid
formas also are suitable. Particle size of the catalyst is selected such that 8 bed of catalyst
particles is easily maintained in a suitable purification reactor but permits flow of the
purification reaction mixiure through the bed withowi undesivable pressure drop. Preferred
average particle sizes are such that catalyst particles pass through & 2-mesh screen bul are
refained on a 24-mesh screen (U.8. Sieve Series) and, more preferably, through a 4-mesh
screen but with retention on a 12-mesh and, most preferably 8-maesh, screen.

(86094} Contacting aqueous purification reaction solution with hydrogen in the
presence of catalvet for purification is conducted at elevated temperatures and pressures.
Temperatures range Fom abowt 200 to about 370°C, with about 225 to about 323°C. being
preferred and aboui 240 to about 300°C. being most preforred. Pressure is af g level sufficient

to mainiain a Haquid phase comprising the agueous reaction solution. Total pressure is at least
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equal to, and preferably exceeds, the sum of the partial pressures of the hydrogen gas
miroduced to the process and water vapor that boils off from the aqueocus reaction sohtion at
the temperature of operation. Preferred pressures are abowt 33, and more preferably about 70,
toe about 105 kgjcme:,

{BO09S] The aqueous purification reaction solution is contacted with hydrogen
gas under hydrogenation conditions as described above in a suitable reaction vessel capable
of withstanding reaction temperatures and pressures and also the acidic natwre of its liguid
contents. A preferred reactor configuration is a cylindrical reactor with a substantially central
axis which, when the reactor is positioned for process use, is vertically disposed. Both upflow
and downflow reactors can be used. Catalyst typically is present in the reacior in one or more
fixed beds of particles maintained with 2 mechanical support for holding the catalyst particles
in the bed while allowing relatively free passage of reaction solution therethrough. A single
catalyst hed is often preferred although wultiple beds of the same or different catalyst or a
single bed layered with different catalysis, for example, with respeci fo particle size,
hyidrogenation catalyst metals or metal loadings, or with catalyst and other materials such as
abragives {0 protect the catalyst, also can be used and may provide benefits. Mechanical
supports in the form of flat mesh scroens or a grid formed from appropriately spaced parallel
wires are commonly employed. Other suitable catalyst relaining means include, for example,
a tubular Johnson screen or a perforaied plate. Internal components and surfuces of the
reactor and the mechanical support for the catalyst bed are constructed of materials that are
suitably resistant to corrosion from contact with the acidic reaction solution and reaction
product mixture. Meost suitably, supports for catalyst beds have openings of about 1 mm or
less and are constructed of metals such as stainless steel, titaniuwm or Hastelloy C.

{800%6) in preferred embodiments of the invention, aqueous solution of mmpure
aromatic carboxylic acid (o be purified is added to the reactor vessel at elevated temperature
and pressure at a position at or near the top portion of the reactor veasel and the solation
flows downwardly through the catalyst bed contained in the reactor vessel in the presence of
hydrogen gas, wherein impurities are reduced with hydrogen, in many cases to hydrogenated
products with greater sclubility in the reaction mixture than the desired aromatic carboxylic
acid or with less color or color-forming tendencies. In such a preferred mode, a Hguid
purification reaction mixiure comprising aromstic carboxylic acid and hydrogenated
impurities is removed from the reactor vessel at a position at or near a lower portion of

bottom of the reactor.
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[B00w7) Reactors used for purification may be operated in several modes. In
one mode, g predetermined Houid level is maintained in the reactor and, for a given reacior
pressure, hyvdrogen is fed at a rate sufficient to maintain the predetermined liguid Jevel. The
difference between the actual reactor pressure and the vapor pressure of the vaporieed
purification solution present in the reactor head space s the hydrogen partial pressore in the
head space. Alternatively, hydrogen can be fed mixed with inert gas such as nilrogen or water
vapor, in which case the difference between the actual reactor pressure and the vapor pressure
of the vaporized reaction solution present is the combined partial pressure of hydrogen and
the inert gas mixed therewith. In sach cases hydrogen partial pressure may be calculated from
the known relative amounds of hydrogen and inert gas present in the mixture.

IB00%8] In another operating mode, the reactor can be filled with the agueous
fiquid reaction solution so that there iz essentially no reactor vapor space bot a hydrogen
bubble at the top or in the head of the reactor that expands or contracts in size {o provide
volume in the reactor head so that hydrogen added to the reactor is dissolved into the
incoming purification reaction solution. In such an embodiment, the reactor is operated as a
hydraulically full system with dissolved hydrogen being fed o the reactor by flow control.
The conceniration of hydrogen in sohition may be modulated by adjusting the hydrogen flow
rate to the reactor. If desired, a pscudo-hydrogen partial pressure value may be caleulated
from the solution hydrogen concentration which, in tumn, may be comelated with the
hydrogen flow rate to the reactor.

{00894 When operating such that process control is effected by adjusting the
hydrogen partial pressure, the hydrogen partial pressure in the reactor s prefersbly in the
vange of aboul one-half fo about 18 kgfcmﬁ gauge or higher, depending on pressure rating of
the reactor, impurities levels of the opure aromatic carboxylhic acid, activity and age of the
catalyst and other considerations known o persons skilled in the art. In operating modes
involving directly adjusting hydrogen concentration in the feed solution, the solution usually
is less than saturated with respect o hydrogen and the reactor uself is hydraubically full
Thus, an sdjustroent of the hydrogen flow rate 1o the reactor will resull in the desired controd
of hydrogen concentration in the solution

EEEREE Space velocity, expressed as weight of the iropure aromatic acid in the
purification reaction solution per weight of catalyst per bour, during hydrogenation is
typicaily about 1 hour” o about 25 hour”, and preferably about 2 hours™ to about 15 hours™,
Residence time of the purification Hauid streamn in the catalyst bed varies depending on the

space velocity,
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060103 ] Pure forms of aromatic carboxylic acid product with reduced levels of
imprities relative to the orude or other impure aromatic carboxylic acid product used for
preparing the purification solution is recovered from the liguid purification reaction mixture.
The purification reaction mixture, comprising aqueous reaction solvent having dissolved
therein aromatic carboxvlic acid and hydrogenated aromatic impurities having greater
solubility in the asgueous reaction Hguid than thelr unhydrogenated precursors, is cooled to
separate a pure form of solid aromatic carboxylic acid with reduced impurities from the
reaction mixture, leaving 2 liguid purification mother lgoor having hydrogenated impurities
dissolved therein. Separation i3 commonly achieved by cooling to 3 corystallization
temperature, which is sufficiently low for crystallization of the aromatic carboxylic acid to
oceur, thereby producing crystals within the liguid phase. The crystallization femperature is
sufficiently bigh so that dissolved impurities and thelr reduction products resulting from
hydrogenation remain dissolved in the ligeid phase. Crystallization temperatures generally
range up to 160°C. and preferably up o about 150°C. In continuocus operations, sepavation
normally comprises removing liquid purification reaclion mixture from the purification
reactor and crystallization of aromatic carboxylic acid in one or more crystallization vessels.
When conducted in a series of stages or separate crysiallization vessels, temperatures in the
different stages or vessels can be the same or different and preferably decrease from each
stage or vessel to the next. Crystallization typically also results in flashing of liquid from the
purification lguid reaction mixture, which can be recovered by condensation and recycled to
one or more of purification, one or more upstream orystallization stages or, in preferred
embodiments of the invention, to separation of solvent menocarboxylic acid and water vapor
in a high pressure vapor phase from liquid phase oxidation. Liquid comprising water, which
preferably comprises the water-enriched lguid recovered 83 a second liguid phase in an off-
gas separation according to the invented process, is preferably added to the crystallized
product recovered from purification liguid reaction mixture recovered In stagewise
erystallizations either directly or, more preferably, indirectly in one or more wash liquds for
the crystallized product,

[B00182 Thereafter, crystallized, puwrified aromatic carboxylic acid product is
separated from the purification mother Hquor, including bydrogenated impurities dissolved
therein. Separation of the crystallized product is commonly conducted by centrifuging or by
filiration. A preferred separation comprises pressure filiration of an agueous slurry of pure
forms of aromatic carboxylic acid and washing of filter cake resulting from filtration with a

liquid comprising water as described in ULS. Pat. No. §,175,358, which is incorporated herein
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by reference. The water-enriched second liguid phase from an off-gas separation as described
herein is a preferred Ngeid comprising water for use as wash lguid for the pure form of
aromatic carboxylic acid,

[00H163] Purification mother Hguor remaining afier recovery of solid purified
aromatic carboxylic acid from the purification reaction mixture comprises water and
hydrogenated derivatives of by-products or impurities present in the impure aromatic
carboxylic acid starting material, The mother lguor commonly also includes minor amounds
of aromatic carboxylic acid that remain in solution. Such hydrogenated derivatives include
compounds suitable for conversion to aromatic carboxylic acid by liguid phase oxidation and,
accordingly, in preferred embodimenis of the invention, al lkeast a portion of such
hydrogenated derivatives are transferred divectly or indirecily to a ligpud phase oxidation
Residual sromatic carboxylic acid present in the mother Hguor also can be transferred divectly
or indivectly io lHguid phase oxidation after separation from, or more preferably, together
with, such hvdrogenated derivatives. Transfer of such derivatives and sromatic carboxylic
acid to oxidation is conveniently accomplished by directing at least a portion of a purification
mother Hguor remaining after separation of a solid pure form of aromatic carboxylic acidto a
Hguid phase oxidation step. Water content of purification mother liguor can upset water
balance in oxidation unless water from purification mother lguor directed to oxidation is
accounted for in other streams that may be retumed to oxidation. Transfer of hydrogenated
mpurities in a purification mwother Hguor, slone or preferably in combination with aromatic
carboxyle acid present in the mother Hguor, to Hguid phase oxidation is preferably
accomplished without upseiting water balance in the oxidation. Move preferably, at least a
portion, and most preferably substantially all, of a liquid mother liquor remaining after
separation of the solid purified aromatic carboxylic acid from the higuid purification reaction
mixture is trunsferred divectly or indivectly {0 & separation zone of off-gas separation
according to the invention where 1t is used as reflux liguid zs previcusly described.
Purification reactor and catalyst bed configurstions and operating details and crystallization
and product recovery techniques and egquipment usefid in the process according to this
inveniion are described in further detail in ULS. Pat. Nos. 3,584,039, 4,626,588, 4,629,715,
4,782,181, 4,892,972, 5,175,355, 5,354,898, 5,362,908 and 5,616,792 which arc incorporated
herein by reference.

[B0G104] FIG. 1 ilustrates in further detail embodiments of g process for
manufacture of aromatic carboxylic acids and apparatus for off-gas separation according to

the invention. While the figure ilhustrates, and is described with specific reference {o,
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mamifacture of a selecied aromatic carboxylic acid, terephthalic acid, by liquid phase
oxidation of para-xylene as a prefemed feedsiock in a liguid phase reaction mixiure
comprising water and acetic acid as solvent monocarboxylic acid for the oxidation and off-
gas separation of acetic acid, water and by-products of the oxidation, and additional preferred
emmbodiments and features of the invention according to which oxidation and off-gas
separation are integrated with additional steps fncluding recovery and separation of a crude
product from the lguid phase oxidation, purification of lguid phase oxidation product and
various additional by-product and energy recoveries, it will be understood that speeific
embodiments, features, delails and preferences are described to aid in understanding the
invention but not to limit the mvention or its features in any aspect or embodiment.

HEER Y The process iHlustrated in FEG. 1 also reflects preferred embodiments
of the invenied process in which liquid phase oxidation, off-gas separation and punification
are integrated such that crude aromalic carboxylic acid product from the liquid phase
oxidation is directed o purification for use o form a purification solution, & high pressure
off-gas from the oxidation is directed to the off-gas separation, liguid phase from the off-gas
separation is used as a pwrification liguid, and reflux hiquid to the separation comprises
mother liguor from the purification; however, it will be understood that the investion is not fo
be considered limited to the particular infegration scherne represented in the figure and that
various multiple train, shared train and other integrated and non-integrated configurations are
contemnplated sccording fo the invention. By way of illustrative examples, product
comprising aromatic carboxylic acid and reaction by-products from multiple lHquid phase
oxidations can be directed to & single purification siep in which a Hguid phase recovered in
off-gas separation of a high pressure vapor phase from one or more of those or other lquad
phase osidations is directed for vse as a process Hguid, As additional such examples, crnude
product from a single liquid phase oxidation can be purified in separate purification rains
operated in parallel, with high pressure vapor phase from the lguid oxidation subjected to
off-gas separation for recovery of a water-enriched Hyuid phase substantially free of solvent
by-products and transfer thereof to either or both such purification trains, or as an alternative
or in addition, to a process in which tmpure aromatic carboxylic acid from a separate
oxidation or process is purified in a purification process or process steps as described herein.

[B00186] The figere also represents a separation apparatus according to the
invention and also according o further embodiments of the invention in which the apparatus

is integrated with other equipment such as a reaction vessel for liguid phase oxidation.
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{8107 Liguid and gaseous sireams and materials used and present in the
process represented in FIG. 1 are typically direcied and transferred through suitable transfer
Hnes, conduits and piping constructed of appropriate materials for process use and safety. I
will be undersicod that particular elements may be physically juxtaposed and can, where
appropriate, have flexible regions, rigid regions or both. In directing sireams or compounds,
mtervening apparatus or optional weatments can be included. For example, appropriate
pomps, valves, manifolds, gas and liquid flow meters and distributors, sampling and sensing
devices and other equipment for monitoring, controlling, adjusting and diverting pressures,
flows and other operating parameters may be present,

{60008} Referring to the figure, separation apparatus 330 s a colummar
structure that defines an enclosed merior space and is adapted for receipt of a high pressure
vapor phase removed from oxidation reactor 110 in stream 111 and for removal of a second
high pressure vapor phase through gas outlet 334, It also includes inlets as at 336 and 344 for
introduction of reflux liquids supplied from external sources such as in sireams from other
process steps or from holding vessels. An outlet as at 345 is positioned intermediately relative
to refhux nfets 336 and 344 for removal of a second liguid phase coliected in the column.
Struciure in the interior space of the colunm and positioned intermediately between an indet
for receipt of the high pressure vapor phase from oxidation resctor 110 and reflux nlet 336
provides 3 fractionating zoune in the interior.

806109 The separation device is designed so that in operation it is capable of
substantially separating Cis monocarboxylic acid and waler in the high pressure and
temperature oxidation reacior overhead gas mtroduced to the device and preferentially
apportioning by-products of the Houid phase oxidation such that a first Houid phase rich in
the monocarboxylic acid, a second Hguid phase rich in water but substantially free of the
solvent and by-products thersef generated in the liquid phase oxidation snd a2 second high
pressure vapor phase comprising water and substantially free of solvent and by-products of
the aromatic feed to liquid phase oxidation are formed. In preforred embodiments, direct
association or close coupling of the oxidation reacior and separation device are effectuated by
connection directly or by suitable pressure rated piping or other conduils between one or
more vents in the oxidation reaction vessel and one or more gas inkets to 3 separation device,
such that a vapor phase under liquid phase reaction conditions is removed from the reaction
vessel and introduced into the separation device at the same or substantially the same

femperature and pressure as in the reaction zone,
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{B08118] A fractionating zoune of the separafion apparatus is configured with a
plurality of theoretical equilibrium stages such as can be provided by internal trays, structured
packing, combinations of trays snd packing, or other structure or combinations thereof
providing surfaces within the interior of the device for mass transfer between gaseous and
Hguid phases present in the device. At least abouwt 20 theorstical equilibrbum stages are
provided. Separation efficiency increases with increasing theoretical equilibrium stages, other
things being equal, so there is no theoretical upper limit to the sumber of equilibrium stages
that mav be mcluded in the separation apparatus used according to the invention. However,
for practical purposes, separation such that solvent monocarboxylic acid in the high pressure
vapor phase nfroduced to the separation device is substantially removed into 3 liguid phase
can be accomplished with at least about 20, and prefersbly at least about 25 theoretical
equilibrivm stages, while separation beyond that provided by about 100 such slages make
additional stages fmpractical or sconomically inefficient.

{90811 A preferved separation device with structured packing has at least
about 3 beds or zones of packing, and more preferably about 4 to sbout § such beds, o
provide adequate surface and theoretical equilibriom stages for separation. An example of a
suitable packing material is Flexipac structured packing, which is availsble from KGGP LLC
in the form of thin sheels of corrugated metal arranged in a crisscrossing relationship to
create flow channels and such that their infersections create mixing points for liquid and
vapor phases. A preferred separation device with trays includes 30 to sbout 90 trays, at least
ahout 70% of which are positioned between an inlet for the high pressure gas ntroduced to
the separation device from the reaction vessel, as best seen in FEG. 2 at 338, and at least one
reflux liquid fnlet. Trays in the form or sieve or bubble cap trays are preforred gnd preferably
have separation efficiencies of about 30 to sbout 60%. The number of frays for a given
number of theoretical equilibrium stages can be calculated by dividing the mumber of stages
by efficiency of the trays.

HETI R ICY In process use, gas and lquid phases introduced into the separation
device and present therein arc at eclevated temperatwres and include waler, solvent
monocarboxvlic acid and other corrosive components, for example, bromine compounds and
their disassociation products such as hydrogen bromide that are present in an oxidation
reaction overhead gas when the catalyst used for the oxidation inchudes a source of bromine,
Therefore, in preferred embodiments of the invention, internal structure and other features of
the separation apparatus that contact gases and Hauids during process operalion are

constructed of suitable metals to resist corrosion and other damage due to such confact.
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Titanium metal is 3 preferred material of constroction for such surfaces, including trays,
packings or other structure of the fractionating zone. Titanium surfaces of such structure may
be subject to undesirable accumulation of solid deposits comprising iron oxides from
impurities present in liquids circulated through the equipment. Processes for controlling
accumulations of iron oxide deposits or content of soluble iron impurities in process lguids
are deseribed in commonly assigned ULS. Pat. No. 6,852,879 and US 2002/374719 which are
imcorporated herein by reference.

06113} in the embodiment of the invention represented in the drawing,
separation device 330 is g high pressure distillation column having a plurality of trays,
individual examples of which are best seen at 333 and 337 i FIG, 2, Also as seen in FIG. 2,
the column comprises at least one lower outlet, as at 332, for removal of higuid from the
column, for example to oxidation. Gas inlet 338 is positioned at a lower portion of the
column for receipt of oxidation reacior off-gas and vent 334 is located at an upper portion for
removal of the second high pressure vapor phase as an exit gas. For stagewise separations
according to the invention, the region between gas miet 338 and reflux ligoid inlet 344
includes trays providing theovetical equilibrium stages for substantial separation of solvent
monocarboxylic acid and water in the high pressure vapor phase removed from liguid phase
oxidation in a first stage or portion of column 330, Trays positioned between reflux mlet 344
and second liquid outlet 345 and providing theoretical equilibriom stages for separation of
by-products of an aromatic feed material to oxidation and water to apportion such by-
products to a refluxing Hguid phase provide a second portion of 8 separation zone in the
colurnn. Trays positioned between Hguid outlet 345 and reflux miet 336, such as are
ihustrated at 333 and 337, provide theoretical stages for separation of solveni
monocarboxylic acid oxidation by-products and water in 3 third portion of separation zone.
Liguid outlet 332 is positioned for removal as a botloms Hguid of a first iquid phase that is
enriched in solvent monearboxyHe acid separated from the oxidation off-gas in a first portion
of the separation zone. A tray configured with g boot, trough, accumulation channel or other
collection means at a circumferential boundary thereof as at 339 is in flow communication
with liquid outlet 345 and adapted for collection of a second Hauid phase of refluxing Hquid
flowing through separation for removal through outlet 345, Gutlet 345 in combination with
associated internal structure of the separation appsaraius for collecting a refluxing Hguid phase
at or from hetween trays or packing beds or other structure of a fractionating zone, such as
collection means 339, provide a side draw from the colomn for collecting and removing s

water-enriched, second liguid phase recovered in the apparatus.
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00114} Referring again (o FIG. 1, the separation apparatus is adapted to
receive a high pressure vapor phase from liquid phase oxidation reaction zone 110, In some
embodiments, apparafus according to the invention comprises & separalion apparatus in
combination with at least one liguid phase oxidation reactor in flow communication with the
separation apparatus such that a high pressure overhead gas removed from the vessel through
at least one overhead gas vent, as at 116, is received into the separation device. o such
embodiments, reaction vessel 110 preferably comprises a substantially oylindrical shell that
defines a substantially enclosed interior volwme. In use, a lower portion of the interior volume
containg g liguid reaction body while an overhead reaction off-gas is contained in a portion of
the interior volume above the liguid level. The interior volume s i communication with the
gxterior of the reaction vessel through a plorality of inlets, an example of which is seen as
112 in FIG. 1, through which Hquid aromatic feed material, solvent and soluble forms of
catatyst are introduced from liguid charge vessels {not shown} and compressed air or another
source of oxygen gas is introduced from a compressor or other suilable device {not shown})
via suitable transfer lines {(not shown). The inlets preferably are disposed such that liguid and
gaseous components are introduced below the Hauid level in the interior of the vessel The
reaction vessel also inchides at least one outlet, as at 114, for removing from the interior 2
liguid phase reaction mixture which includes a erude product comprising aromatic carboxylic
acid and oxidation by-products. Reaction vessel 110 also comprises at least one vent or outlet

. as at 116 for removal from the vessel interior of @ high pressure vapor phase evaporated from
the Hauid resction body. Vent 116 preferably is positioned o correspond to an upper portion
of the vessel when i is in position for process use.

[BO0115] A preferred reaction vessel design is a substantially cylindrical vessel
having a cenfral axis extending substantially vertically when the vessel is positioned for
process use. The vessel is adapted for use with 2 stirring mechanism 120 comprising a shaft
having one or more impellers mounted thercon and capable of being rotaied within the
interior of the reaction vessel o stir the hiquid reaction mixture present in the vessel during
process use, In preferred embodiments of the invention, at least two impellers or mixing
features are mounted on the shaft for mixing of gascous and liguid components within the
Hgoid reaction body without adverse settling of solids in lower portions of the vessel. Axial
flow impellers, generally configured as propeliers, radial flow mixers, such as flat blade disc
turbines and disperser discs, helical ribbon mixing elemenis, pitched blade turbines with
blades pitches for upward or downward flow, anchor-type mixers providing predominantly

tangential flow and other configurations are suited for mixing the lguid phase oxidation
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reaction system and preferably are used in various combinations o account for greater sohids
content in lower regions of the lquid reaction mixture, greater gas content in upper regions
and other characteristics of the lguid phase reaction mixture that can vary throughout the
Hauid body, Other designs are disclosed in U8, Pat. No. 3,198,156, describing mixing
elements with radially extending, rotating blades mwounted on a flat rolor and having a hollow
blade configuration with a discontinuous leading edge, continuous irailing edge, absence of
external concave surfaces and an open ocuter end and preferably used in conjunction with a
vertical pipe or perforated gas sparger for gas distribution, and U8, Pat. No. 3,904,423,
which describes a mixer in which stirring elements are mounted at a downward angle on a
ceniral, rotating shaft and are wedge-shaped in the direction of movement through the lquid,
with radial inner ends of the trailing edges of the blades angled ovtwardly in the direction of
motion of the blades, and used with features for introducing 3 gas from below the stirring
clements into a central cavity formed by a conical disk at an end of the shafi.

{0118) At least those portions of the reaction vessel, agitator shaft and mixing
slements that contact the Hguid reaction mixfure and overbead gas in process use are
construcied of substantially corrosion resisiant materials. Examples include titanium metal,
which is preforred, alloys and duplex stainless stegls.

HEL U According to the preferred process embodiment represented in FIG. 1
Hguid para~xylene feed material comprising at Ieast about 99 wi % para-xyiene, agueous
acatic acid solution, preferably containing about 70 to about 95 wi % acetic acid, soluble
compounds of cobalt and manganese, such as their respective acetates, as sources oxidation
catalyst metals and of bromine, such as hydrogen bromide as protacter for the catalyst and air
are contimuously charged o oxidation reaction vessel 110, which is a pressuwre rated,
conlinuous stirred tank reactor, through inlets, one of which is depicted for purposes of
iltustration as at 112, Sclvent and para-sylene feed are charged at rates providing a solvent to
feed weight ratio of about 2:1 to about 5:1. Cobalt and manganese sources preferably are used
in amounts providing aboul 100 to about 300 ppmw each based on weight of para-xylene
feed material. Bromine preferably is used in an amount such that the atom ratio of bromine io
catalyst metals is about 0. 111 o about 1.5:1,

(860118} Stirring is provided by rotation of agitator 120, the shaft of which is
driven by an external power source {not shown) causing impeliers mounted on the shaft and
located within the Heuid body in the reactor to provide forces for mixing of liguids and
dispersion of gases within the liguid body and avoiding settiing of solids in its lower regions,

Catalyst and promoter, each preferably as a solution in acetic acid solvent, are infroduced into
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the liquid body in the reaction vessel. Alr is supplied from below and within the sweep path
of a lower impeller at a rate effective to provide at least about 3 moles molecular oxygen per
mole of aromatic feed material.

[eB0118] Para-xylene oxidizes i the stirved Hguoid reaction mixiure in reactor
110, predominantly to terephthalic acid, but also reacts to forma by-products including partial
and intermediate oxidation products, such as 4-carboxybenzaliehyde, 1 4-hydroxymstiyl
benzoie acid and p-tohwic acid, and others such as beneoic acid. Solid reaction producis
comprising terephthalic acid and para-xylene oxidation by-products precipitate from the
Hguid reaction mixiure, with lesser amounts thereof remaining dissolved in the liquid. Solids
content of the liguid sturry typically ranges up to about 50 wi. % and preferably from about
33 to about 40 wt. %. Water is also generated as a product of the oxidation. The oxidation
reaction is exathermic and heat generated by the reaction causes boiling of the liquid phase
reaction mixture and formation of an overhead vapor phase comprising vaporized acetic acid,
water vapor and gaseous by-products from the oxidation reaction, carbon oxides, nitrogen
from the air charged to the reaction and unreacied oxygen. The vapor phase may also include
minor amounts of unreacted para-xviene feed The imterior volume of reactor 110 is
maintained under pressure sufficient fo maintain the liquid phase nature of the reaction
mixture, preferably at about § to about 21 Ec:g/cm.2 gauge. Overhead vapor is removed from
the reacior through vent 116, The reactor contents are maintained 4t an operating temperature
in the range of about 180 to about 225°C. based on the rate of removal of the vapor phase
also taking into account temperatures and flow rates of streams removed from and returned to
the reactor as deacribed below.

[8601244 A Houid effluent comprising solid para-xyviene oxidation products,
inchuding terephthalic acid, shumried in the Hquid phase reaction mixture, which also containg
dissolved para-xviene, oxidation by-products and catalyst metals, is removed from reaction
vessel 110 through shury outlet 114 and directed in stream 115 to 2 crystailization zone for
recovary of a solid product of the oxidation comprising terephthalic acid and oxidation by-
products of the para-xylene feadstock.

[BOGE23] In the embodiment of the invention illustrated in FIG. 1, crystallization
is conducied in multiple stirred crystailization vessels, 152 and 186 in series and in flow
communication for transfer of product slurry from vessel 152 to vessel 156, Cooling in the
crystallization vessels is accomplished by pressure release, with the shurry cooled in vessel
152 to a temperature in the range of abot 150-190°C. and then further to about 110-150°C in

vessel 156. One or more of the crystallization vessels is vented, as at 154 and 138,
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respectively, for removal to heat exchange means {(not shown} of vapor resulting from
pressure ot down and generation of steam from the flashed vapor. Vapor removed from one
or more upsiream crystallization vessels, such as vessel 182, to heat exchange mesns is
preferably condensed and Hguid condensate comprising water, acetic acid solvent and soluble
products and by-prodocts of the oxidation can directed to one or more downsircam
crystallization vessels, as at 136, to allow for recovery of crystallizable components such as
terephthalic acid and oxidstion by-products entering and condensed from the fashed vapors
from one or more upstream vessel

{B08122] Crystaliization vessel 156 is in fluid communication with a solid-liguid
separation device 190, which is adapted to receive from the crystallization vessel a slorry of
soiid product comprising terephthalic acid and oxidation by-products in a mother hiquor from
the oxidation comprising acetic acid and water, and {o separate a crude solid product
comprising terephthalic acid and by-products from the hguid. Separation device 190 is a
centrifuge, rotary vacuum filter or pressure filter. In preferred embodiments of the invention,
the separation device 18 a pressure filter adapted for solvent exchange by positive
displacement under pressure of mother Houor in a filter cake with wash liguid comprising
water. The oxidation muther Hguor that resubts from the separation exits separation device
190 in stream 191 for transfer to mother lguor dram 192, A major portion of the mother
figuor is transferred from drom 192 to oxidation reactor 110 for return to the liguid phase
oxidation reaction of acetic acid, waler, catalyst and oxidation reaction by-producis dissolved
or present as fine solid particles in the mother liguor. Crude solid product comprising
terephthalic acid and impurities comprising oxidation by-products of the para-xylene
feedstock is conveyed, with or without intermediate drying and siorage, from separation
device 190 to purification solution make up vessel 202 in siream 197. The crude solid product
is slurried in make up vessel 202 in purification reaction solvent, all or at least a portion, and
preferably about 60 o about 100 wt. %, of which, comprises a second liquid phase from an
off-gas separation of water and acetic acid in a vapor phase removed from reactor 1180 to
columm 330 and by-products of the oxidation, If used, make up solvent, such as fresh
deminerglized water or suitable recycle streams such as liguid condensed from vapors
resulting from pressure letdown in crysiallization of purified terephtbalic scid product as
discussed below, can be directed to make up tank 202 from vessel 204, Shury temperature in
the make up tank preferably is about 80 to about 100°C.

80012y Crude produet is dissolved to form 2 purification reaction solution by

heating, for example to about 260 to about 290°C in makeup tank 202 or by passage through
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heat exchangers {not shown) as il is transforred to purification reactor 210, In reactor 210, the
purification reaction sohution is contacted with hydrogen under pressure preferably ranging
from about 85 to about 95 kg/om.

{BO01241 A portion of the purification Houwid reaction mixfure is continuously
removed from hydrogenation reactor 210 in stream 211 to crystallization vessel 220 where
ierephthalic acid and reduced levels of impurities are crystallized from the reaction mixture
by reducing preseure on the lquid The resulting sturry of purified terephthalic acid and
liguid formed in vessel 220 is directed to solid-liquid separation apparatus 230 in stream line
221, Vapors resulting from pressure letdown in the erystallization reactor can be condensed
by passage to heat exchangers (not shown} for cooling and the resulting condensate Hauid
redirected 1o the process, for example as recyele to purification feed makeup tank 202,
through suitable transfer lines (not shown). Purified ierephthalic acid exits solid-liquid
separation device 23¢ in stream 231, The solid-Hauid separation device can be a centrifuge,
rotary vacuum filter, a pressure filter or combinations of one or more thereofl A second
lguid phase removed from column 330 can be directed to the separation device as wash
tiguid for separation to replace or reduce demineralized water requirements for final washing
of the purified product.

[B60125) Purification mother Howor from which the solid pwrified terephthalic
acid product is separated in solid-liguid separator 230 comprises water, minor amounts of
dissolved and suspended terephthalic acid and impurities including bydrogenated oxidation
by-products dissolved or suspended in the mother Hguor. According to the preferred process
embodiment illustraied fn FIG. 1, at least a portion, and preferably all or substantially sll, of
the purification mother liguor is directed in streamn 233 to oxidalion reaction ofi-gas
separation in high pressure distiligtion colunen 330 and introduced thereto. The purification
mother liguor directed to column 330 is introduced o the column at a lower portion thereof,
as at 344, to provide liquid reflux for separation, Transfer of purification mother liquor from
solid-lHeuid separation device 230 to the high pressure distillation column also allows for
recycle of terephthalic acid and impurities in the mother liquor, such as benzoic acid and p-
tohtic acid by-products to oxidation reactor 11{} where they are oxidized or converied to
terephthalic acid, while water content of the purification mother Hguor vaporizes and refluxes
inn the distillation cohumn, exiling in a pressurized gas and/or 8 second liguid phase removed
from column, without significantly impacting water balance in oxidation. Transfer of
purification mother liquor from solid-liquid separation device 230 to the distillation column

also reduces the volume of Houid effluent that neads to be directed to liquid waste treatment
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and provides for return of valuable terephthalic acid to oxidation and, in turn, removal thercof
for recovery in oxidation crystallizers 152 and 156,

{B08126] Reaction off-gas generated by the liguid phase oxidation of para-
xylene feedstock in reactor vessel 110 is removed from the reacior through vent 116 and
direcied in siream 111 to separation in columan 330 which, as depicted in FIG. 2, represents a
high presswre distillation column having a plurality of trays preferably providing about 28 to
about 63 theoretical plates and to which is supplied liguid for reflux through liguid inlets 336
and 344, The vapor stream from oxidation is introduced to colwmm 330 preferably at
temperature and under pressure of about 150 to about 225°C. and about 4 to about 21 1«§,gg;,"£:m2
gauge, respectively, and not substantially less then in oxidation reactor 110, As described
above, FIG. 1 ilustrates a preferred embodiment in which reflux liguid introduced to the
column comprises purification mother liquor from which solid purified terephthalic acid is
separated in solid-liquid separation deviece 230, Column 330 includes B0 frays, about 30 to
about 70 of which are disposed below reflux inlet 344, with the remainder positioned above
reflux inlet 344 but below introduction of a second reflux liguid at 336. Inlets 336 and 344
are positioned so that they are separated by brays corresponding to at least about three
theoretical equilibrium stages, and preferably about 3 to about 20 such stages. Aceording fo
preferred embodiments of the invention as represented in FIG. 1, reflux lguid supplied o the
columy at 336 is preferably a condensate Hauid recovered by condensation of a high pressare
and temperature second vapor phase removed from distillation column 330 i condensing
zone 350 and directed to the column in stream 355, while reflux Hquid supplied at reflux inlet
port 344 from stream 233 is preferably a purification mother liquor directed to the cohemn for
such use from solid-liqud separation of a purified product from the tiguid phase oxidation.
Reflux supplied to the cohimn at inlet preferably provides about 70 to about 85% of the
volumetric flow of reflux liguid added to the column at inlets 344 and 336,

[BOGEITE A first Hguid phase rich in acetic acid solvent for the Hguid phase
oxidation recovered from the high pressure inlet gas to column 330 together with para-xylene
oxidation by-products such as benzoic acid and p-toluic apportioned to the liquid phase i
column 330 is collected at a lower portion of the columm. A second lguid phase, which is
predominantly water but also confains minor amounts of benzoic acid and p-toluic acid by-
products apportioned to the liquid phase as well as oxygen and methyl bromide, is collected
and removed from the column at side draw outlet 345, A second high pressure vapor

comprising waier vapor, incondensable components of the oxidation off-gas and acetic acid
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by-products such as methanol and methyl acetate preferentially apportioned to the gas phase
is removed from the colunn as an exit gas through overhead vent 334,

[BOQE 28] The acetic acid-rich first bguid phase resulting from separation m
distitfation column 330 exits the column at 8 lower portion thereof and preferably is returped
directly or indirectly to oxidation reactor 110, as in stream 331, Return of the liguid phase to
oxidation provides make up solvent acetic acid to the oxidstion reaction and reduces
feedstock loss by allowing for conversion to desired products of intermediates and by-
products condensed from the oxidation vapor phase as well as those recycled from
purification mother lquor reflux to the column. The second liguid phase withdrawn from the
column at side draw outlet 345 is discharged inio flash vessel 346 which is at ambient or
atrospheric pressure to remove corrosive components such as dissolved oxygen and methyl
bromide prior to being directed to purification solution makeup vessel 202 in stream 357 for
use in forming the crude product shurry and purification reaction solution that is directed to
purification reactor 210, Other purification vessels and lguid receiving equipment and uses
to which the water-enriched second laquid phase can be directed fo after {lashing include
crystallization vessel 220 for use as clean make-up solvent to replace purification reaction
Houid vaporized in the crystallizer and solid liguid separation device 230 for use as wash
tiguid or seal flush. The condensate liguid also is suitable for uses outside a purification step,
such as wash Hguid for solvent exchange filters.

{806129] Exit gas withdrawn from the column at vent 334 is directed to
condensing means 350, which as depicted in FIG, 1, includes condensers 352 and 362, and
disengagement drum 372, Preferably, condensation is conducted such that lguid condensate
water at a temperature of about 40 to about 80°C. is recovered in at least one stage. In the
embodiment Hllustrated in the figure, condensation is conductied by indirect heat exchange in
condensing means 332 with water at a temperature of about 120 to about 170°C and the
resulting liguid condensate is directed to columm 330 in stream 353 for addition ai reflux inlet
336, Liguid and uncondensed gas from condenser 352 is direcied to condenser 362 in stream
361 for condensation using cooling water at about 30 o about 40°C, (as and lquid effinent
from condenser 362 is directed in stream 363 to drum 372 in which condensate liquid
comprising water is collected and removed in stream 373, which can be directed to other uses
such as seal flush liguid or fo a purge stream. A condenser exhaust gas under pressure is
withdrawn as in stream 375

{8661344 Water used as heal exchange fluid for condensation of the second high

pressure gas from distillation column 330 is heated by heat exchenge in condensing means
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356 to generate pressurized steam which can be directed to an energy recovery device such as
steam turbine 450 in the process embodiment depicted in FIG. 1. Condensation using two or
more condensers in series using heat exchange fluids at successively lower temperatures
allows for generation of steam at different pressures, thereby allowing for efficiencies in use
of steam at the different pressures by matching with differing heat or energy inputs o
operations in which steam is used.

808131} Uncondensed exhaust gas from condensation removed in siream 375
comprises incondensable components such as unconsumed oxvgen from oxidation, nitrogen
from the air used as oxygen source to the oxidation, carbon oxides from such air as well as
from reactions in oxidation, and traces of unrescied para-xylene and its oxidation by-
products, methy! acetate and methanol, and methyl bromide formed from the bromine
promoter used in oxidation. In the embodiment Hustrated in the figure, the uncondensed gas
is substantially free of water vapor owing fo substantially complete condensation into the
condensate liquid recovered in the condensing means,

186132} Uncondensed exhaust gas from condensing means 330 is under
pressure of about 10 o about 15 kg/om? and can be transferred directly to a power recovery
device or to a pollution control device for removing corrosive and combustible species in
advance of power recovery. As depicted in FIG. 1, uncondensed gas is first directed to
treatment o remove vnreacied feed materials and traces of solvent acetic acid and/or reaction
products thereof remaining in the gas, Thus, uncondensed gas is transferred in stream 375 to
high pressure absorber 380 for absorbing para-xyiene, acetic acid, methanol and methyl
acetate without substantial foss of pressure. Absorption tower 380 is adapted for receipt of the
substantially water-depleted gas remaining after condensation and for separation of para-
xylene, solvent acetic acid and its regction products from oxidation from the gas by contact
with one or more Hauid scrubbing agents. A preferred absorber configuration, illustrated in
the figure, comprises tower 380 having a phurality of internally disposed trays or beds or
structured packing {not shown) to provide surface for mass transfer between gas and lguid
phases, Inlsts (not shown) for addition of scrubbing agent to the absorber in streams 381 and
383, respectively, are disposed at one or more upper, and one or more lower portions of the
fower. The absorber also includes an upper vent 382 from which a scrubbed gas under
pressure comprising incondensable components of the inlet gas to the absorber is removed in
stream 383 and g lower outlet 384 for removal of a lquid acelic acid siream into which

components from the gas phase comprising one or more of para-xylene, acetic acid, methanol
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from a lower portion of the tower and directed to reaction vessel 110 for reuse of recovered
components.

(0001331 Pressurized gas removed from condensing means 358 or, as depicted in
FIG. 1, from the veni 382 from the high pressure absorber, can be direcied to pollution
control means, as at 390, for converting organic componenis and carbon monoxide in the gas
from the condenser or the absorber to carbon dioxides and water. A preforred poliution
control means is a catalvtic oxidation unit adapted for receiving the gas, optionally heating it
to promote combustion and directing the gas imto contact with a bigh temperature-stable
catalyst disposed on a cellular or other support such that gas flow through the device is
substantially onaffected. Overhead gas from absorber 380 is directed to pollution control
system 390 which includes preheater 392 and catalytic oxidation unit 394, The gas is heated
to about 2530 1o 480°C in the prebeater and passed under pressure of about 10 o 15
kg/om.sup.2 to oxidation unit 394 where organic components and by-products are oxidized to
compornds more suited for beneficial environmental management.

1868134} An oxidized high pressure gas is directed from catalytic oxidation unit
394 to expander 400 which is connected to generator 420, Energy from the oxidized high
pressure gas is comverted to work in the expander 400 and such work is converted to
slectrical energy by generator 420, Expanded gas exits the expander and can be released to
the atmosphere, preferably after caustic scrubbing and/or other treatments for appropriately

managing such releases.
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Claims

i. A continuous process for preparing sromatic carboxyvhic acids by the
exothermic hguid-phase oxidation reaction of an aromatic fesdstock compound wherein
water iy efficiently recovered from the exothermic Hyguid-phase oxidation reaction, which
Process comprises:

{a) oxidizing an aromatic feedstock compound o an aromatic carboxylic acid
in g lhguid-phase reaction mixture comprising waler, a low-molecnlar weight
monocarboxylic acid solvent, a heavy metal oxidation catalyst and a source of
molecular oxygen, under reaction conditions which produce & gaseous high prossure
overhead stream comprising water, gaseous by-products, and gaseous low-molecular
weight monocarboxylic acid sobvent;

{b} scparating in a high cfficiency separation apparatus a2 sobvend
monocarboxylic acid-rich first liquid phase and a waterrich second lguid phase
comprising dissolved oxyvgen and methyl bromide; and

(¢} reducing the amount of at least one of dissolved oxygen and methyl
bromide present in the second liguid phase providing a treated second liquid phase.

2. The process of claim 1 wherein step {¢) comprises flashing the second hguid phase
to reduce the amount of at least one of dissolved oxygen and methyl bromide.

3. The process of claim 2, wherein flashing the second liguid phase results in a drop
i preesure from about 5 kgiom® to about 40 kg/’c;m;)' to about atmospheric or ambient
pressure.

4. The process of claim 2, wherein flashing the second liquid phase resulis in a drop
in pressure from abowt 10 kgz’cmZ to about 20 kgfem® to sboul atmospheric or ambient
pressure.

5. The process of claim 2, wherein the amount of dissolved oxygen in the second
liguid phase is reduced from an amount of about 2.2 ppmw o an amount of less than abowt
1.0 ppmow after Hashing,

6. The process of claim 2, wherein the amount of dissolved oxygen in the second
liquid phase is reduced from an amount of about 2.2 ppmw to an amount of less than about
0.5 ppmw after flashing,

7. The process of claim 2, wherein the amount of dissolved oxygen in the second
Hauid phase is reduced from an amount of about 2.2 ppinw to an amount of less than about

{1.05 ppmw after flashing.
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8. The process of claim 2, wherein the amount of dissolved oxygen i the sevond
Hguid phase is reduced from an amount of about 3.2 ppmw o an amount of less than about
0.006 pprow after flashing,

9. The process of claim 2, wherein the amount of dissolved methyl bromide in the
second lquid phase is reduced from an amount of about 0.03 ppmw to an amount of less than
about 0.02 ppmw after flashing.

10. The process of claim 2, wherein the amount of dissolved methyl bromide in the
second lguid phase s reduced from an amount of about 0.03 ppiaw to an amount of less than
about 0.01 ppmw after flashing.

11. The process of ¢laim 2, wherein the smount of dissolved methyl bromide in the
second liguid phase is reduced from sn amount of about 8.03 ppmw to an amount of less than
about 0.009 ppmw after flashing.

12. The process of claim 2, wherein the amount of dissolved methy! bromide in the
second liquid phase is reduced from an amount of about 0.03 ppimw to an amount of less than
about 0.006 ppmw after flashung.

13. The process of ¢laim 2 further comprises & step of steam siripping the second
figuid phase after flashing,

14, The process of claira 2 finther comprises a step of stripping the second hiquid
phase with nitrogen after flashing.

15. The process of claim 1, wherein the ireated sccond Hguid phase is suttable for use
as Hquid comprising waler in one or more steps of a process for purifving iopure forms of
aromatic carboxylic acid.

16. The process of claim 1, wherein the treated second lquid phase is suitable for use

as a sesl flush.
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