
- 5 B E 2005 WO 02/098834 PCT/US02/17218 TWO STAGE OXIDATION PROCESS FOR THE
PRODUCTION OF AROMATIC DICARBOXYLIC ACIDS FIELD OF THE INVENTION [0001] This
invention pertains to a novel process for the production of benzene-
dicarboxylic acids such as terephthalic acid by the oxidation of a dialkyl
benzene  compound. More specifically, this invention pertains to an
oxidation process wherein  a dialkyl benzene compound is oxidized to a
benzenedicarboxylic acid by means of a  two-stage process utilizing certain
conditions to obtain the benzenedicarboxylic acid  having improved purity.
BACKGROUND OF THE INVENTION [0002] Aromatic dicarboxylic acids are produced
by the oxidation of dialkyl  aromatics. Terephthalic acid (TPA) is
commercially produced by the liquid phase  oxidation of p-xylene in the
presence of an oxidation catalyst such as a Co-Mn-Br  and a solvent such as
acetic acid. Isophthalic acid is produced by the oxidation of  m-xylene.
Both processes produce crude dicarboxylic acids containing colored
impurities and mono-carboxylic acids such as carboxybenzaldehyde, i.e.,
4-carboxy- benzaldehyde (4-CBA) for terephthalic acid and
3-carboxybenzaldehyde (3-CBA) for  isophthalic acid, and toluic acid,
p-toluic acid for terephthalic acid and m toluic acid  for isophthalic acid.
To achieve, for example, purified terephthalic acid used in the  production
of polyester fibers, films, and resins, crude terephthalic acid is treated
further to remove impurities present due to the partial or incomplete
oxidation of p- xylene. Typical commercial processes remove impurities by
isolating a crude  terephthalic acid solid, dissolving the solid in water at
elevated temperatures and  pressures, hydrogenating the resultant solution,
cooling and crystallizing the product  out of solution, and separating the
solid product from the liquid. Colored impurities  (of the benzil,
anthraquinone, and fluorenone families) are hydrogenated to colorless
products which are either are present in the TPA product or are removed in
the the  wastewater streams. Monofunctional 4-carboxybenzaldehyde is
hydrogenated to  p-toluic acid, which is separated from the sold product in
the crystallization section of 



- 5 BEE 2005 WO 02/098834 PCT/US02/17218  2 the process. [0003]. U.S. Patent
4,158,738 describes a process for the production of terephthalic  acid by
the two-stage oxidation of p-xylene at elevated temperatures. This process
requires a primary oxidation at temperatures greater than 210C. Significant
amounts of acetic acid, typically used as a solvent in the oxidation
process, is  oxidized at this temperature together with the p-xylene. The
oxidation produces  methyl acetate and methane, which must be disposed of,
and carbon dioxide. The  secondary oxidation of the process described in US
4158738 occurs at a  temperature equal to or less than that of the primary
oxidation. The primary  oxidation produces a crystalline, crude TPA product
containing colored impurities and  4-CBA contained within the TPA crystals
where it is difficult for the impurities to be  further oxidized to TPA. The
secondary oxidation temperature proposed by US  4158738 does not allow for
adequate dissolution of crude TPA crystals, and thus  does not allow for
sufficient conversion of the partially oxidized intermediate  impurities,
e.g., 4-CBA and p-toluic acid, contained therein to TPA. [0004] U.S. Patent
4,772,748 discloses a process for producing TPA by means of  four oxidation
steps, one of which is conducted at a higher temperature than the  primary
oxidation step. This higher temperature oxidation step uses molecular
oxygen. Each of the oxidation steps is carried out using excess oxygen by
controlling the flow of the air or other oxygen-containing gas to the
oxidizer.  However, feeding excess oxygen results in excessive oxidation
(bum) of acetic acid.  Furthermore, because the process uses four oxidation
steps to reach the targeted  impurity level, capital equipment and operating
costs are high. 5DEC2005 WO 02/098834 PCT/US02/17218  3 BRIEFSUMMARY OF THE
INVENTION [00051 An improved two-stage oxidation process for the production
of benzene- 



dicarboxylic acids, e.g., terephthalic acid, has been developed. Our novel
process  provides a terephthalic acid containing less than 150 parts per
million by weight  (ppmw), based on the weight of the TPA, 4-CBA while
avoiding significant oxidation  of the acetic acid solvent. The present
invention provides a process for the  production of a benzenedicarboxylic
acid such as terephthalic acid containing less  than a total of 150 ppmw
carboxybenzaldehyde and toluic acid which comprises the  steps of: (1)
feeding (i) a dialkyl benzene compound, (ii) aqueous acetic acid reaction
medium having oxidation catalyst components dissolved therein, and (iii) an
oxygen-containing gas to a first pressurized oxidation zone wherein
liquid-phase,  exothermic oxidation of the dialkyl benzene compound occurs,
wherein the  temperature and pressure within the first pressurized oxidation
reactor are  maintained at 150 to 180C and 3.5 to 13 bars absolute -- bara
(about 50 to 189  pounds per square inch - psia); (2) removing from the
upper portion of the first reactor a vapor comprising vaporized  aqueous,
acetic reaction medium and oxygen-depleted gas comprising carbon  dioxide,
methane, inert components, and less than 9 volume percent, based on  the
non-condensable components of the vapor, oxygen; (3) removing from the lower
portion of the first reactor an oxidizer product  comprising (i) solid and
dissolved benzenedicarboxylic acid and incomplete  oxidation products and
(ii) the aqueous, acetic acid reaction medium having the  oxidation catalyst
dissolved therein; (4) feeding (i) the oxidizer product of step (3) and (ii)
an oxygen-containing gas to a  second pressurized oxidation zone wherein
liquid-phase, exothermic oxidation of  the incomplete oxidation products
occurs, wherein the temperature and pressure  within the second pressurized
oxidation reactor are maintained at 185 to 230C  and 4.5 to 18.3 bara (about
65 to 265.psia); (5) removing from the upper portion of the second reactor a
vapor comprising - 5 0 E C 2005 WO 02/098834 PCT/US02/17218  4 



(6) (7) vaporized aqueous, acetic reaction medium and oxygen-depleted gas
comprising carbon dioxide, methane, inert components, and less than 5 volume
percent, based on the non-condensable components of the vapor, oxygen;
removing from the lower portion of the second reactor a second oxidizer
product  comprising (i) solid and dissolved benzenedicarboxylic acid and
(ii) the aqueous,  acetic acid reaction medium having the oxidation catalyst
dissolved therein; and  separating the benzenedicarboxyiic acid from the
(ii) the aqueous, acetic acid  reaction medium of step (6) to obtain the
benzenedicarboxylic acid containing  less than 150 ppmw carboxyaldehyde and
toluic acid. BRIEF DESCRIPTION OF THE DRAWINGS [0006] Accompanying Figure 1
is a process flow diagram illustrating a system  embodying the principles of
the process of the present invention. While the present  invention is
susceptible to embodiment in various forms, there is shown in  accompanying
Figure 1 and hereinafter described in detail a preferred embodiment  of the
invention. The present disclosure is to be considered as an exemplification
of  the invention without limitation to the specific embodiment illustrated,
however. DETAILED DESCRIPTION [0007] Referring to accompanying Figure 1,
step (1) of our novel process may be  carried out in a first oxidation zone
comprising reactor vessel 12. A feed mixture  comprising a dialkyl benzene
compound, aqueous acetic acid, and a suitable  oxidation catalyst are fed to
first oxidation reactor 12 via conduit 10. The acetic acid  reaction medium
or solvent feed typically contains up to 15 weight percent water. If
desired, the dialkyl benzene compound and/or acetic acid solvent containing
catalyst  components may be fed to reactor 12 at a plurality of points along
the side of the  reactor 12. A molecular oxygen-containing gas under
pressure is introduced via  conduit 14 to reactor 12 is continuously fed at
or near the base of the columnar  reaction vessel. The oxygen-containing
gas, e.g., oxygen, oxygen-enriched air or,  preferably, air, normally is fed
at or near the base of the columnar reaction vessel. - ~ D E L 20CS 



WO 02/098834 5 PCT/US02/17218 The flow rate of the oxygen-containing gas to
reactor 12 is controlled to maintain  between 2 and 9, preferably 2 to 5,
volume percent oxygen (calculated on a dry,  solvent free basis) in the
off-gas which exits the reactor via conduit 16. The reactants in reactor 12
are maintained at an elevated pressure sufficient to maintain  the
contained, volatilizable reaction medium substantially in the liquid state
at the  reaction temperature. The temperature and pressure within reactor 12
are 150 to  180C and 3.5 to 13 bara (about 50 to 189 psia) preferably 155 to
1 65C and 5.2 to  6.9 bara (about 75 to 100 psia). [0008] Reactor 12
typically is a columnar, pressurized, oxidation reactor vessel  wherein
liquid-phase exothermic oxidation of the dialkyl aromatic compound by the
oxygen-containing gas takes place in the presence of the oxidation catalyst.
The first  oxidation zone may comprise a single reactor or a plurality of
reactors arranged in  parallel. The reaction medium contained by reactor 12
thus comprises the oxygen- containing gas, the dialkyl benzene compound that
is to be oxidized to an  benzenedicarboxylic acid product, the catalyst, and
the aqueous, acetic acid solvent.  The amount of water present normally does
not exceed 15 weight percent, preferably  4 to 6 weight percent, based on
the weight of the water and the acetic acid. Typically, the
generally-cylindrical, first oxidation vessel has a height:diameter ratio in
the range of 3 to 20. [0009] The catalyst systems which may be employed in
the oxidation process  include any catalyst system conventionally used for
liquid-phase oxidation of an alkyl  aromatic hydrocarbon. A suitable
catalyst system comprises a mixture of cobalt, manganese and bromine
compounds or complexes, soluble in aqueous acetic acid.  The atomic ratio of
the Co:Mn:Br combination of catalyst elements preferably is in  the range of
5 to 40:1.0:4 to 40, more preferably a Co:Mn:Br atomic ratio of 16 to
40:1.0:16 to 40. [0010] During the course of the oxidation reaction,
exothermic heat of reaction,  generated by the oxidation of the dialkyl
benzene compound, is removed from  



reactor 12 by vaporization of a portion of the liquid reaction medium. In
accordance  with step (2) of the present process, the vaporized liquid
reaction medium (off-gas), - 5 DEC 2005. WO 02/098834 PCT/US02/17218  6
along with the oxygen-depleted process gas containing minor amount of
decomposition products and bromine-containing compounds, pass upwardly
through  reactor 12 and are introduced via conduit 16 into a condenser
system such as water  column 18. The condensable components of the vapors
collected in column 18  consist primarily of the acetic acid solvent which
is returned to reactor 12 via conduits  30 and 32 and spray head 34. [0011]
As shown in Figure 1, overhead aqueous vapors exit the upper portion of
water removal column 18 through conduit 20 and fed to condenser 22. The
composition of the condesable components of the aqueous vapors collected in
condenser 22, known as the distillate, is greater than 99 weight percent
water. A  portion of the distillate is returned as reflux to the
fractionating zone of column 18 via  conduits 23 and 24. The remainder of
the distillate is removed for disposal via  conduits 23 and 26. The
non-condensable components are vented via conduit 20  from the production
system or may be transported to a pollution control device for  further
treatment, if desired. [0012] A distilled bottoms liquid comprising
partially dewatered acetic acid solvent,  e.g., acetic acid containing 4 to
12 weight percent water, exits the lower portion of the  water removal
column 18 via conduit 30. A portion of the partially de-watered solvent is
recycled directly to the reactor 12 via conduit 32. This amount ranges from
10 to  100 percent. The partially de-watered solvent is fed to the reactor
12 by one or more  spray nozzles 34, which may be located below exit conduit
16 and above the phase  separation of the gas/liquid contents of the reactor
12. Another portion of the  partially de-watered solvent is removed via
conduit 40. Some or all of the condensed  acetic acid may be return ed to
reactor 12 via feed stream 10. [0013] In operation, first pressurized
oxidation reactor 12 produces a benzene- dicarboxylic acid product that is
sparingly soluble in the process solvent and is  



removed through a lower exit port located at or near the base of the reactor
as a  slurry in the solvent which also contains dissolved catalyst
components. The  oxidation process in reactor 12 also produces by-products
such as mono-carboxylic  acids such as carboxybenzaldehyde and toluic acid.
At least a portion of these - 5 DEC 20 WO 02/098834 PCT/US02/17218  7
mono-carboxylic acids are solids which, as mentioned above, may be contained
within the crystals of the benzene dicarboxylic acid. Typically, these
mono-carboxylic  acids are present in. concentration of 600 to 1000 ppmw
carboxybenzaldehyde and  100 to 1000 ppmw toluic acid. These mono-functional
compounds are undesirable  by-products since they function as polymer chain
terminators and thus can result in  the formation of low molecular weight
polyesters such as poly(ethylene  terephthalate) produced from terephthalic
acid and ethylene glycol. [0014] In accordance with steps (3) and (4) of our
novel process, the slurry of  benzenedicarboxylic acid product and
mono-carboxylic acid by-products is  continuously withdrawn as a slurry in
the aqueous, acetic acid process solvent, which  also contains dissolved
catalyst, from the bottom portion of reactor 12 and conveyed  via conduit 36
to a second pressurized oxidation zone shown in Figure 1 as reactor  42. The
second oxidation zone may be a single, agitated reactor as depicted in
Figure 1 or two or more agitated reactors may be arranged in series or
parallel. The  aqueous acetic acid solvent typically contains 5 to 12 weight
percent water, based on  the weight of the water and the aliphatic,
carboxylic acid. A molecular oxygen- containing gas also is fed to second
oxidation reactor 42 wherein the carboxybenz aldehyde and toluic acid
by-product are further oxidized to the desired benzene  dicarboxylic acid.
As in the case of the fed to the first oxidation reactor, the oxygen-
containing gas may be oxygen, oxygen-enriched air or, preferably, air. The
oxygen- containing gas normally is fed at or near the base of second
oxidation reactor 42  below the surface of the liquid contents of the
reactor. [0015] The flow rate of the oxygen-containing gas to reactor 42 may
be controlled  to maintain between 0 and about 5, preferably 0 to 1, volume
percent oxygen  



(calculated on a dry, solvent free basis) in the off-gas which exits the
reactor via  conduit 50. The flow rate of oxygen-containing gas to reactor
42 normally is from  0.001 to 3 volume percent, preferably 0.001 to 2 volume
percent, of the flow rate of  oxygen-containing gas to reactor 12. The small
amount of air-fed to the second  oxidation reactor 42 limits the oxidative
decomposition of the acetic acid solvent, yet  facilitates the conversion of
the by-product mono-carboxylic acids to the desired 5 Q E C -2005 WO
02/098834 PCT/US02/17218  8 benzene dicarboxylic acid. [0016] The first
oxidizer reactor described above accomplishes substantially all of  the
oxidation while. operating at moderate pressure and temperature. The primary
obstacle in achieving sufficient conversion of the dialkyl benzene compound
to the  benzenedicarboxylic acid in the primary oxidizer system is mass
transfer limitations  associated with oxygen diffusion to the partially
oxidized products embedded or  contained in the benzenedicarboxylic acid,
i.e., the partially oxidized, mono-carbox- ylic acid by-products may be
encased within aromatic dicarboxyiic acid crystals.  Therefore, it is
relatively easy to oxidize most of the dialkyl benzene compound to a
benzenedicarboxylic acid even under moderate conditions. However, to achieve
sufficiently complete conversion requires overcoming the mass transfer
limitations.  Operation of the first oxidation zone under moderate
conditions of pressure and  temperature can aid in the formation of small or
fine crystals that can be dissolved  and recrystallized in the second
oxidation zone. When the. small or fine crystals are  dissolved in the
second oxidation zone, the co-crystalizaed by-products are  accessible for
further oxidation. [0017] The materials in second oxidation reactor 42 are
maintained at an elevated  pressure sufficient to maintain the contained,
volatilizable reaction medium  substantially in the liquid state at the
reaction temperature. The temperature and  pressure within reactor 12 are
185 to 230C and 4.5 to 18.3 bars (about 65 to 265  psia), preferably 205 to
215C and 13.4 to 17.2 bara (about 195 to 250 psia). The  heat required for
the operation of the second oxidation zone may be provided by  



supplying a vapor phase solvent to the second oxidation reactor and allowing
the  vapor phase solvent to condense. The vapor phase solvent normally will
be at a  pressure sufficient to allow the vapor to pass into the second
oxidation reactor and to  provide sufficient heat to the contents of the
second oxidation reactor. For example,  partially de-watered acetic acid may
be fed from water removal column 18 to acid  vaporizer 44 via conduits 30
and 40. The acid vaporizer 44 brings the partially de- watered acetic acid
to a temperature and pressure sufficient to maintain the desired
temperature within the second oxidation reactor 42. The design of the acetic
acid 5 DEC 2005 WO 021098834 PCT/US02/17218  9 vaporizer normally requires
the availability of a heat transfer fluid such as Dowtherm  or high pressure
steam can be used to vaporize the acetic acid. The acetic acid  vapor is
transferred from the acid vaporizer 44 to second oxidation reactor 42 via
conduit 46. [0018] An off gas stream comprising vaporized liquid reaction
medium along with  the oxygen-depleted process gas containing minor amount
of decomposition  products and bromine-containing compounds is removed from
the upper section or  top of second oxidation reactor 42 and fed via
conduits 50 and 16 to a condenser  system such as water column 18. The
condensable components of the off-gas  stream consisting primarily of acetic
acid solvent may be recovered as described  above. [0019] The
benzenedicarboxylic acid product is removed from second oxidation  reactor
42 as a slurry in the aqueous, acetic acid process solvent, which also
contains dissolved catalyst components via conduit 52. The slurry removed
from  reactor 42 typically comprises from 20 to 40 weight percent solids and
contains less  than a total of 150 ppmw, based on the weight of the solids
present, of incomplete  oxidation products, primarily carboxybenzaldehyde
and toluic acid. The total  concentration of carboxybenzaldehyde plus toluic
acid typically is in the range of 50  to 150 ppmw. [0020] The slurry product
from the second oxidation reactor 42 may be cooled  



before being introduced into a solid/liquid separation and, optionally, a
solid drying  system. -Preferably, the slurry product from the second
oxidation reactor 42 is fed to  a flash evaporation zone wherein the
temperature and pressure of the second  oxidizer product are reduced by
flash evaporation. The flash evaporation zone may  comprise one or,
preferably, a plurality of flash vessels wherein the slurry product is
cooled by staged or sequential pressure reduction evaporation. As shown in
Figure  1, to cool the slurry, conduit 52 leads to a first flash vessel 54.
From there, conduit  58 leads to a second flash vessel 56. The first and
second flash vessels 54 and 56  provide for a staged pressure reduction from
reactor 42. This staged or sequential  pressure reduction serves two
purposes. First, it eliminates the need for pumping WO 02/098834 10 - 5 DEC
2M PCT/US02/17218 between the units. Second, the adiabatic flash from the
pressure reduction between  reactor 42 and first flash vessel 54 allows for
the first flash vessel 54 to act as an  evaporative crystallizer. The
average size of the crystals of benzenedicarboxylic acid  crystals may
increase in the first flash vessel 54. Vapor from both flash vessels 54  and
56 may be routed to a condenser (not shown). First flash vessel 54 may be
operated at a temperature of 170 to 190C and a pressure of 2.4 to 5.2 bara
(about  35 to 75 psia). The slurry stream from first flash vessel 54 is fed
to second flash  vessel 56, which is another adiabatic flash tank at
temperatures from 60 to 100C  and a pressure of 0.3 to 0.8 bara (about 5 to
12 psia). Although two flash vessels  are shown in Figure 1 for cooling and
cyrstallization, either less than or more than  two may be employed or
another cooling method may be used. [0021] The. cooled slurry is conveyed
via conduit 62 to solid/liquid separation zone  60 wherein the solid
benzenedicarboxylic acid is separated from the aqueous acetic  acid
solvent/reaction medium using conventional liquid/solid separation means.
After  separation, the cake of the benzenedicarboxylic acid is washed, for
example, with  cooled acetic acid from the water removal column 18. The wet
filter cake may be  dried to evaporate the residual acetic acid from the
cake. A dried product is obtained  



from the solidlliquid separation device 60. The composition of this product
is  essentially the same as the composition of the solids present in the
slurry product  from second reaction zone 42. [0022] p-Xylene and m-xylene
are examples of suitable dialkyl benzene compounds  useful as reactor feed
materials in the process of the present invention to produce  terephthalic
acid and isophthalic acid, respectively. The process is particularly useful
for the production of IPA and, especially, TPA. EXAMPLE  [0023] The process
of our invention is further illustrated by the following example  wherein
parts of materials are parts by weight. p-Xylene and acetic acid having a
Co/Mn/Br catalyst system dissolved therein was fed to the side of first
oxidation  reactor 18 through conduit 10 while air was fed to the base of
the the -reactor via --5DEC795 WO 02/098834 PCT/US02/17218  11 conduit 14.
Aqueous acetic acid containing dissolved catalyst was fed at a rate of  3.1
parts per minute and p-xylene was fed at the rate of 0.45 parts per minute
via  conduit 10 to reactor 12 which consisted of a cylindrical pressure
vessel having a  height:diameter ratio of 13.3. Air was fed via conduit 14
at a .rate of 2.0 parts per  minute. The gas/liquid oxidation reaction
mixture filled approximately 85% of the  volume of the reactor. The
temperature of the vigorously mixed reaction mixture was  160C and the
pressure was controlled at 6.2 bar absolute (90 psig). Oxidizer  product
consisting of a slurry of 30 weight percent TPA in aqueous acetic acid
containing dissolved catalyst was removed from the base of the reactor via
line 36 at  the rate of 2.4 parts per minute. A vapor stream comprising
oxygen-depleted air,  acetic acid and water was removed continuously via a
port located at the top of the  sidewall of the reactor and transported via
conduit 16 to water column 18. A portion  of the condensate was recycled
directly to the reactor via conduits 30 and 32 and  spray head 34. [0024]
Oxidizer product comprising terephthalic acid, p-carboxybenzaldehyde and
p-toluic acid in acetic acid containing dissolved catalyst component was
removed  



from first oxidation reactor 18 via conduit 36 and fed to stirred second
oxidation  reactor 42 operated at 209C and 15.5 bara (225 psia). Air was fed
to second  oxidation reactor 42 at a rate which was approximately 3% of the
air flow fed to first  reactor 12. An off-gas containing 0.5 volume percent
oxygen was removed from  second oxidation reactor 42. The product from the
digester was then cooled,  separated and washed using a rotary-vacuum
filter. The TPA product obtained  contained I10 ppm 4-CBA and 8 ppm p-toluic
acid, suitable for producing PET  polymer and copolymer products. 12 CLAIMS
We claim : - 5 DEC 2005 1. Process for the production of a
benzenedicarboxylic acid containing less than a total of 150 ppmw
carboxybenzaldehyde and toluic acid which comprises the steps of (1) feeding
(i) a dialkyl benzene compound, (ii) aqueous acetic acid reaction medium
having  oxidation catalyst components dissolved therein, and (iii) an
oxygen-containing gas to a  first pressurized oxidation zone wherein
liquid-phase, exothermic oxidation of the dialkyl  benzene compound occurs,
wherein the temperature and pressure within the first pressurized oxidation
reactor are maintained at 150 to 165C and 3.5 to 13 bars absolute  (bara)
(2) removing from the upper portion of the first reactor a vapor comprising
vaporized  aqueous, acetic reaction medium and oxygen-depleted gas
comprising carbon dioxide,  methane, inert components, and less than 9
volume percent, based on the non- condensable components of the vapor,
oxygen; (3) removing from the lower portion of the first reactor an oxidizer
product comprising (i)  solid and dissolved benzenedicarboxylic acid and
incomplete oxidation products and (ii)  the aqueous, acetic acid reaction
medium having the oxidation catalyst dissolved therein; (4) feeding (i) the
oxidizer product of step (3) and (ii) an oxygen-containing gas to a second
pressurized oxidation zone wherein liquid-phase, exothermic oxidation of the
incomplete  oxidation products occurs, wherein the temperature and pressure
within the second  pressurized oxidation reactor are maintained at 185 to
230C and 4.5 to 18. 3 bara; 



(5) removing from the upper portion of the second reactor a vapor comprising
vaporized  aqueous, acetic reaction medium and oxygen-depleted gas
comprising carbon dioxide,  methane, inert components, and less than 5
volume percent, based on the non- condensable components of the vapor,
oxygen; (6) removing from the lower portion of the second reactor a second
oxidizer product  comprising (i) solid and dissolved benzenedicarboxylic
acid and (ii) the aqueous, acetic  acid reaction medium having the oxidation
catalyst dissolved therein; and (7) separating the benzenedicarboxylic acid
from the (ii) the aqueous, acetic acid reaction  medium of step (6) to
obtain the benzenedicarboxylic acid containing less than 150  ppmw
carboxyaldehyde and toluic acid. - 5 DEC 2005 13 2. Process according to
Claim I for the production of terephthalic acid containing less than a total
of  150 ppmw p-carboxybenzaldehyde and p-toluic acid which comprises the
steps of (1) feeding (i) p-xylene, (ii) aqueous acetic acid reaction medium
having oxidation catalyst  components dissolved therein, and (iii) an
oxygen-containing gas to a first pressurized oxidation  zone wherein
liquid-phase, exothermic oxidation of the dialkyl benzene compound occurs,
wherein the temperature and pressure within the first pressurized oxidation
reactor are  maintained at 150 to 165C and 3.5 to 13 bars absolute (bara);
(2) removing from the upper portion of the first reactor a vapor comprising
vaporized aqueous,  acetic reaction medium and oxygen-depleted gas
comprising carbon dioxide, methane, inert  components, and less than 9
volume percent, based on the non-condensable components of the  vapor,
oxygen; (3) removing from the lower portion of the first reactor an oxidizer
product comprising (i) solid and  dissolved terephthalic acid and incomplete
oxidation products and (ii) the aqueous, acetic acid  reaction medium having
the oxidation catalyst dissolved therein; (4) feeding (i) the oxidizer
product of step (3) and (ii) an oxygen-containing gas to a second
pressurized oxidation zone wherein liquid-phase, exothermic oxidation of the
incomplete  oxidation products occurs, wherein the temperature and pressure
within the second pressurized  oxidation reactor are maintained at 185 to
230C and 4.5 to 18.3 bara; (5) removing from the upper portion of the second
reactor a vapor comprising vaporized aqueous,  



acetic reaction medium and oxygen-depleted gas comprising carbon dioxide,
methane, inert  components, and 0 to 1 volume percent, based on the
non-condensable components of the vapor,  oxygen; (6) removing from the
lower portion of the second reactor a second oxidizer product comprising (i)
solid and dissolved terephthalic acid and (ii) the aqueous, acetic acid
reaction medium having the  oxidation catalyst dissolved therein; and (7)
separating the terephthalic acid from the (ii) the aqueous, acetic acid
reaction medium of step (6)  to obtain the terephthalic acid containing less
than 150 ppmw p-carboxyaldehyde and p-toluic  acid. 5 DEC 2005 14 3. Process
according to Claim 2 wherein step I is carried out at 155 to 165'C and 5.2
to 6.9 bara in the  presence of aqueous acetic acid reaction medium
containing 4 to 5 weight percent water having  oxidation catalyst components
comprising cobalt, manganese and bromine dissolved therein; and the  second
pressurized oxidation zone of step (4) are maintained at a temperature and
pressure of 205 to  215T and 13.4 to 17.2 bara. 4. Process according to
Claim 3 wherein the atomic ratio of Co: Mn : Br is 5 to 40: LO: 4 to 40.
5.~ Process according to Claim I wherein the second oxidizer product of step
(6) is fed to a flash  evaporation zone wherein the temperature and pressure
of the second oxidizer product are reduced by flash evaporation. 6. Process
according to Claim 2 wherein the second oxidizer product of step (6) is fed
to a flash  evaporation zone comprising (i) a first flash vessel operated at
a temperature of 170 to 190'C and a  pressure of 2.4 to 5.2 bara and (ii) a
second flash vessel operated at a temperature of 60 to 100C and  a pressure
of 0.3 to 0. 8 bara, wherein the temperature and pressure of the second
oxidizer product are  reduced by flash evaporation. 




