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made with governnent support under DOE Grant No. DEFC36-011D14085. As
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relates to the purification of carboxylic acids, More specifically, a
met hod and apparatus for purifying aromati c diearboxylic acids b
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sol vent gf@¢hFEHRRRY: As such, the government has certain rights in this invention.

CROSS REFERENCE TO RELATED APPLICATIONS

[0002] This application is a non-provisional of Provisional Application Serial No.
60/561,000, filed April 9, 2004.

FIELD OF THE INVENTION

[0003] The invention relates to the purification of carboxylic acids. More
specifically, a method and apparatus for purifying aromatic dicarboxylic acids by

complexation and crystallization with a selective crystallization solvent are disclosed.

BACKGROUND OF THE INVENTION

[0004] Purified carboxylic acids, and particularly aromatic dicarboxylic acids are
industrially important. For example purified terephthalic acid (TPA) is a starting
material for the formation of polyester resin, which is, in turn, used to make many
materials of commerce having a variety of utilities. Purified terephthalic acid is
formed from "crude" terephthalic acid conventionally by a number of purification
methods, often with the aid of catalysts. Many of the currently available methods for
purifying crude terephthalic acid are not completely satisfactory either from an
engineering or an economic standpoint. Yet the purity of terephthalic acid is an

important determinant in the formation of polyester resin.

[0005] Many of the problems of existing and prior systems for producing purified
terephthalic acid stem from the difficulties in economically running reaction systems
to produce good yields of crude terephthalic acid, compounded by the difficulties of
refining crude terephthalic acid to eliminate impurities and unwanted components to
produce purified terephthalic acid of a quality suitable as a starting material for

producing polyester. Concomitant problems in prior systems include the high capital
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solution; (4) separating the crystallized purified IPA from the solution; and (5) re-
dissolving or soaking the washed purified IPA cake at elevated temperature, to
remove the final traces of the crystallization solvent and obtain the desirable particle
sizes and shape. The selective crystallization solvent is typically N-methyl

pyrrolidone.

SUMMARY OF THE INVENTION

[0012] An embodiment of the present invention provides a method and apparatus for
purifying carboxylic'acid from a mixture containing one or more carboxylic acids and
possibly other materials. According to a particular embodiment, the carboxylic acid is

terephthalic acid (TPA) and the other materials are starting materials, side products,
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[0026] Crystallization of free carboxylic acid fromthe second
crystallization stage(s) can be achieved, for exanple by |owering the
tenperature of the shiny or solution and/or reducing the vol une of

sol vent. Wien |owering the tenperature, it is desirable that the
tenperature remai n above the tenperature at which the salt conpl ex
deconposes. For exanple, the tenperature can be reduced to 60 to 185

"G al terpphipted W-eth§R259rbl8inene. TR kalty R @kn hEBsHBIMEAIN GRThAD-
reduced, for exanple, by vacuum or by passing an inert f_gias stream
[
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filtering to yie a filter cake containing the free carboxylic acid,
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the purified TPA i s manageabl e to handl e because of the desir
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N-methyl-2-pyrrolidinone in a cooling crystallizer between 140 °C to 200 °C. The
crystallizer is then cooled to a temperature range of 30 °C to 50 °C to achieve good
impurities rejection using selective salt formation. The resulting salts are filtered and
washed using pure N-methyl-2-pyrrolidinone. The salt slurry is then re-dissolved at
the temperature range of 140 °C to 200 °C and fed to a second stage series of flash
crystallizers where the temperature and pressure are reduced by steps, with the final
temperature being in the range of 50 °C to 60 °C where no salt should be formed.
Flash crystallizers are used to produce good crystal shape and size. The purified
terephthalic acid crystals are then filtered and washed with pure N-methyl-2-

pyrrolidinone and water, and then dried.



isopiithalic acid and/ or other carboxylic acids. A process for
separating tereplathalic acid and isophilialic acid is described in
U S. Patent No. 6,054,610, by Lee et al. Briefly, the second
crystallization stage(s) are further subdivided into an early stage
wherein TPA is selectively crystallized and recovered and i sophthalic
acid and/or other acids are crystallized fromthe remaining
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[0034] Referring to Fig. 1, a m xture containing crude carboxylic
acid is provided to vessel 1 via stream 2 and a sel ective
crystallization solvent is provided via stream 3. Vessel | can be any
suitabl e vessel known in the art. Vessel | preferably contains a
stage for contacting the m xture containing carboxylic acid with a
selective crystallization solvent to forma slurry of the salt
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EXAMPLES Exanple 1; 4-CBA Rejection Using Salt Conplex Purification
[0038] Slurries were produced by adding 28 a crude TA (containing
2.5% 4-CBA) to 100 g of NWP in three beakers. The three slurries were
mai ntained at 41 - 46 C while m xing. The sanples were filtered and
rinsed with saturated PTAI NVP solution at 40 C, 4-CBA concentrations
were determ ned by Gas Chromat ogaphy, The results are shown in Table

1. rabi o4eédRipdses. eChoroBxdpisaliie canpiraxiredehm fieC adduoed ftor60vas i IBss °C,

M xing tinme (mn)4-CBA conc. {Nwt ina BArejection 15 Q. 131
alternatively to 60 to 100 °C. The volume of the solvent can be reduced, for example,
by vacuum or by passing an inert gas stream, such as nitrogen, over or through the
solvent. Alternatively, the free carboxylic acid can be crystallized by adding an anti-
solvent to the second crystallization stage(s). Examples of suitable anti-solvents
include water, methanol, ethanol and other alcohols, acids, amines, ethers and

aromatics.

[0027] It may be desirable to provide external energy to the second crystallization
stage(s), for example by stirring or agitation, so that the desirable crystal morphology
of the free carboxylic acid is obtained. For example, desirable processability in
polyester manufacturing requires TA crystals be robust, have good flow properties,
and be of a size such that subsequent dissolution can be easily achieved. In general,
both robustness and good flow properties are characteristics of crystals that are
spherical or globular instead of bar or needle shaped. As used herein, the term
“globular” will refer to crystals that have good flow properties and robustness. The
term globular does not limit the crystal to any particular aspect ratio and may
encompass crystals that are spherical, oblong, potato shaped, as opposed to needle or

bar shaped.

[0028] The free carboxylic acid crystallized during the second crystallization stage(s)
can be collected, for example by filtering to yield a filter cake containing the free
carboxylic acid. For example, if the carboxylic acid is TPA, the filter cake obtained
from the second crystallization stage(s) contains purified TPA. This filter cake can be
recovered at this point or washed/recrystallized from water or another solvent as
described below. From this point on, the purified TPA is manageable to handle
because of the desirable crystal morphology obtained by the second crystallization

stage(s).

[0029] According to an alternative embodiment, the carboxylic acid is a mixture of
terephthalic acid and one or more other acids such as isophthalic acid. An

embodiment of the invention includes a process for separating terephthalic acid from
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isophthalic acid and/or other carboxylic acids. A process for separating terephthalic
acid and isophthalic acid is described in U.S. Patent No. 6,054,610, by Lee et al.
Briefly, the second crystallization stage(s) are further subdivided into an early stage
wherein TPA 1is selectively crystallized and recovered and isophthalic acid and/or
other acids are crystallized from the remaining TPA-depleted solution in one or more
successive crystallization step(s). According to an alternative embodiment, the
mother liquor that is provided by recovering the salt complex, as describe above,
contains terephthalic acid and isophthalic acid. According to one embodiment,
terephthalic acid can be precipitated from the mother liquor to yield a terephthalic
acid-depleted stream and then isophthalic acid can be precipitated from the

terephthalic acid-depleted stream.

[0030] The filter cake containing free carboxylic acid from the second crystallization
stage(s) can be washed with a suitable solvent to remove any adhering crystallization
solvent and to facilitate drying of the solvent. Suitable solvents for washing include
water, methanol, ethanol and other alcohols, acids amines, ethers and aromatics. A
particularly suitable rinsing solvent is water. The rinsing can involve briefly washing
the free acid with the rinsing solvent, soaking the free acid, or even completely
dissolving the free acid in the rinsing solvent and crystallizing the free acid there

from.

[0031] Conventional TPA manufacturing processes require relatively high p-xylene
purity (99.7+%) because these processes typically employ hydrogenation as the main
method for purifying the crude TPA. Although the hydrogenation method is very
selective to eliminate the major impurity, 4-carboxybenzaldehyde (4-CBA) by
converting it to p-toluic acid, the method only operates in the presence of a very small
amount of 4-CBA (preferably less than 3,000 ppm). An embodiment of the present
invention provides a method for purifying the oxidation reactor effluent containing
minor amounts of 4-carboxybenzaldehyde (4-CBA), 3-carboxybenzaldehyde (3-
CBA), and toluic acid isomers by incorporating a CBA oxidation step in the process

stream. According to this embodiment, an oxidant is added to the mother liquor or a
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Exam ne*Eon Using Salt Conplex Purification at Various Tenperatures
[0039] Slurries were produced by adding 28 g crude TA (containing
2.5% 4-CBA) to 100 g of NNWin three beakers while mxing for 30

m nutes. The three slurries were nai ntai ned at constant tenperatures
whil e m xi ng. Each sanple was then filtered and rinsed with saturated
PTAINIVIP solution at its tenperature. 4-CBA concentrations were

det er m ngghidh &RheGhoRBRLQRT I nedTB\e filt8S He HiBert TRAMA thsaledrpléx

Table 2, 4-CBA rejection by salt eorap.lex imtation at various

t enper at wresalliggion, didhatypinally eepleinatome ayu -ofEBAonEhe PxidiE CBA

rej ection, 2628 ortidn 3¥ this CBA to be oxidized to the dicarboxylic acid and the mother
liquor to be recycled back to the salt complex crystallization stage, thereby increasing
the overall efficiency of the process. It may be desirable to adjust the concentration of
CBA in the mother liquor that is oxidized, for example by purging a portion of the
mother liquor and recycling a portion of the mother liquor, so that the concentration
of CBA in the remaining mother liquor remains within a desirable concentration
range. According to an embodiment, pure solvent can be distilled from the mother
liquor to concentrate the impurities. Optionally, impurities in the concentrated mother
liquor can be precipitated and recycled to the first crystallizer. According to an
embodiment of the invention, the CBA range in the concentrated mother liquor is
maintained between 100 ppm and 50 %, preferably between 1 and 10%, and most

preferably 5 %.

[0032] Examples of suitable oxidants include air, enriched air, pure oxygen, hydrogen
peroxide, aqueous hydrogen peroxide, hydrogen peroxide in an organic liquid, ozone,
carbon tetrachloride, trichloroacetaldehyde, hexamine, acetone, cyclohexanone,
benzophenone, cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants,
glyoxals, organic peroxy acids, such as performic acid, peracetic acid, perbenzoic
acid, perpropionic acid, permaleic acid, and perphthalic acid. According to one
embodiment, the pH of the CBA oxidation step is -2 to 6, preferably -1 to 4, and even
more preferably -1 to 2.1. The pH of the CBA oxidation can be adjusted with an
organic or inorganic acid. Examples of suitable acids include chromic acid,
hydroflouric acid, iodic acid, hydrochloric acid, sulfuric acid, nitric acid, selenic acid,
picric acid, trinitrophenol (2,4,6-) acid, napthalenesulfonic acid, benzosulfonic acid,
trichloroacetic acid, oxalic acid, dichloroacetic acid, trihydroxybenzoic (2,4,6-) acid,
cyclopropane-1:1-dicarbozylic acid, acetic acid, maleic acid, dihydroxymalic acid,
dihydroxytartaric acid, dichloroacetylacetic acid, lutidinic acid, o-nitrobenzoic acid, y-
cyanobutyric acid, cyanopropionic acid, cyanoacetic acid, o-aminobenzosulfonic acid,

quinolinic acid, bromoacetic acid, dinicotinic acid, a-chloropropinic acid, malonic
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acid, o-bromobenzoic acid, chloroacetic acid, o-iodobenzoic acid, a-chlorobutyric
acid, o-phthalic acid, flurobenzoic acid, o-chlorobenzoic acid, p-cyanophenoxyacetic
acid, dihydroxybenzoic (2,2-) acid, formic acid, dihydroxybenzoic (2,5-) dcid, o-
hydroxybenzoic acid, o-cyanophenoxyacetic acid, and a-tartaric acid.

[0033] An embodiment of the present invention is an apparatus for implementing the
process described above. A simplified schematic of such an apparatus is depicted in
Fig. 1. It should be understood that pipelines are in fact being designated when
streams are identified and that streams are intended, if not stated, when materials are
mentioned. Moreover, flow control valves, temperature regulator devices, pumps,
compressors, and the like are understood as installed and operating in conventional
relationships to the major items of equipment which are shown in the drawings and
discussed hereinafter with reference to the continuously operating process of this
invention. All of these valves, devices, pumps, and compressors, as well as heat
exchangers, accumulators, condensers and the like, are included in the term “auxiliary
equipment”. It is in the ability of one of ordinary skill in the art to implement such

auxiliary equipment, as needed, in view of the present disclosure.

[0034] Referring to Fig. 1, a mixture containing crude carboxylic acid is provided to
vessel 1 via stream 2 and a selective crystallization solvent is provided via stream 3.
Vessel 1 can be any suitable vessel known in the art. Vessel 1 preferably contains a
stage for contacting the mixture containing carboxylic acid with a selective
crystallization solvent to form a slurry of the salt complex and a means for separating
the salt complex from the mother liquor. Alternatively, these two functions can be
performed by multiple pieces of equipment. The salt complex is transferred to vessel
4 via stream 5 and the mother liquor is transferred to vessel 6 via stream 7. The salt
complex is rinsed in vessel 4 with saturated selective crystallization solvent that is
provided via stream 8 and/or pure selective crystallization solvent that is provided via
stream 9. In the depicted embodiment, pure solvent is provided as recycled solvent
from vessel 6. Alternatively, the solvent could be added from an external source, for

example, as make-up solvent.

13



Exanpl e 3: 4-CBA Oxidation at Valious pHs [0040] This exanple
illustrates the effect of pH on the oxidation process of 4-CBA with
H202. Oxidation was conducted at 25rC for 300 minutes. The results
arc shown in Table 3. The results indicate that |owering the pH
yields significantly greater oxidation. Table 3. 4-CBA oxidation
atyarious oH cone.(Ww% H202 con 1% p 4-CBA conversion 3.89 2.31

[0035] The salt complex is transferred to vessel 10 via stream 11, where it is
dissolved in selective crystallization solvent. Selective crystallization solvent already
containing salt complex, and optionally other solvents, can be provided via stream 12.
Pure selective crystallization solvent is provided via stream 13. In the depicted
embodiment, pure solvent is provided as recycled solvent from vessel 6.
Alternatively, the solvent could be added from an external source, for example, as
make-up solvent. The temperature of the contents of vessel 10 is maintained such that
essentially the entire salt complex decomposes or dissolves. According to one
embodiment, the temperature of the contents of vessel 10 can be 65 to 300 °C. The
temperature of vessel 10 can be decreased and/or the volume of solvent present in
vessel 10 can be decreased or a non-solvent added to vessel 10 to facilitate the
crystallization of free carboxylic acid. For example, the volume of solvent can be
decreased by passing a stream of inert gas, e.g., Nj, over the surface or through the
solution. Likewise, the temperature can be decreased, but preferably the temperature
remains above the temperature at which the salt complex decomposes. For example,
the temperature can be reduced to 60 to 100 °C. According to one embodiment,
energy is added to vessel 10, for example by stirring or agitation. Preferably, the
energy is such that the free carboxylic acid crystals that are formed are globular, i.e.,
have desired flow and processability characteristics. Vessel 10 can be any suitable
vessel known in the art and preferably provides a means of dissolving the salt
complex in the solvent, stirring the solution to provide adequate energy to yield the
desirable crystal size and shape, recovering the solid free acid crystals, and optionally
providing additional solvents or anti-solvents. These functions can all be performed
using one piece of equipment or multiple pieces of equipment. Fig. 1 depicts an
apparatus having one second crystallization vessel 10, but an alternative embodiment

is an apparatus having multiple second crystallization stages.

[0036] Selective crystallization solvent is recycled to the first crystallization vessel 1
via stream 15 or optionally recycled to first rinse vessel 4 or optionally can be sent to
vessel 6 for solvent recovery. The recovered free acid is transferred to vessel 16,

where it is rinsed with a one or more rinsing solvents provided via stream 17. The
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2.1 5%3.88 2.14 -0.4 72% What is clained is: |I.A nethod of
purifying a carboxylic acid froma crude m xture conprising one or

depicted embodiment shows stream 17 being provided from an external source, but
solvent can also be provided as recycled solvent from vessel 6. The free carboxylic
acid can be rinsed by briefly contact with the rinsing solvent, by more lengthy contact
or soaking in the rinsing solvent, or by dissolving the free acid in the rinsing solvent
and crystallizing the free acid there from. Free acid obtained from the rinsing stage
exits the process via stream 18. Rinsing solvents from vessel 16 may optionally be

recovered in vessel 6 or recycled to vessel 1 or optionally recycled to vessel 4.

[0037] Mother liquor from vessel 1 is transferred to vessel 6 via stream 7 and
selective crystallization solvent from vessel 4 is transferred to vessel 6 via stream 19.
The contents of vessel 6 therefore contains selective crystallization solvent and likely
one or more of crude free acid, starting material, partial oxidation products and side
products from the acid formation process, and possibly other contaminants. In an
embodiment of the invention used as a purification for TPA prepared from the
oxidation of p-xylene (or mixed xylenes) the primary partial oxidation products are 4-
carboxybenzaldehyde (4-CBA), 3-carboxybenzaldehyde (3-CBA, derived from m-
xylene), and toluic acid isomers, with 4-CBA likely being dominant. In such an
embodiment, the concentration of partial oxidation product can be adjusted by varying
the amount of pure solvent recovered from vessel 6 (as more pure solvent is
recovered, the impurities become more concentrated in the concentrated mother
liquor). To allow for a material balance, an amount of concentrated mother liquor
from vessel 6 can be purged via purge stream 20. The remaining concentrated mother
liquor is transferred to vessel 21 via stream 22. According to one embodiment, some
of the contents of stream 22 may tend to precipitate. According to one embodiment,
such precipitants can be removed from stream 22 or recycled, for example, to vessel
1. The pH of the contents of vessel 21 can optionally be adjusted by adding pH
adjusting reagent via stream 23. Suitable pH adjusting reagents include acids such as
organic and inorganic acids, for example, chromic acid, hydroflouric acid, iodic acid,
hydrochloric acid, sulfuric acid, nitric acid, selenic acid, picric acid, trinitrophenol
(2,4,6-) acid, napthalenesulfonic acid, benzosulfonic acid, trichloroacetic acid, oxalic

acid, dichloroacetic acid, trihydroxybenzoic (2,4,6-) acid, cyclopropane-1:1-
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nore carboxylic acids, the nethod conprising: contacting the
crude m xture with a selective crystallization solvent at a
tenperature and tinme effective to forma slurry of a salt conpl ex of
the carboxylic acid and the selective crystallization solvent w thout
conpl etely dissolving the carboxylic acid; and recovering the salt
conpl ex, wherein the carboxylic acid is sel ected fron1the gr oup

const st i RGepo R NERRIdeiaGHE, aaplldif Ak AhePRh sy aRhe

and m xtures t er eo erein t se ect|ve
cryst al | iaz@l idichlsohuveylncéts sallebitilhif rawnd, tchmtgxbonqmazcmsi gtéyagolpityric

NN—dlrrethI acet an.de, di net h mt d N- f t
N e, SSR R S i e ReP s avign p epingbeaph o Do ot Plindlidié ©
N-al kv1- Zzidt MreRvhdpll Same dinlkomndy Q&Ha%k&%r% pRIME | e emaRnic acid, o-

mor pholines, a carbitols, a Cl1 C2 al cohol, an ethers, an am ne, an
ami de, arbremplanzoanetiti dileroesetichenidof-i@lobprzofeadidd ashlapbutynia acid, o-

N T N A A RN R

65 C. dihydroxybenzoic (2,2-) acid, formic acid, dihydroxybenzoic (2,5-) acid, o-
hydroxybenzoic acid, o-cyanophenoxyacetic acid, and o-tartaric acid. Acids used to
adjust the pH can optionally be recovered and recycled from stream 27. The contents
of vessel 21 are transferred to vessel 24 via stream 25. The contents of vessel 24 are
oxidized with oxidant provided via stream 26 and then transferred to vessel 1 via
stream 27. Suitable oxidants include air, enriched air, pure oxygen, hydrogen
peroxide, aqueous hydrogen peroxide, hydrogen peroxide in an organic liquid, ozone,
carbon tetrachloride, trichloroacetaldehyde, hexamine, acetone, cyclohexanone,
benzophenone, cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants,
glyoxals, organic peroxy acids, such as performic acid, peracetic acid, perbenzoic
acid, perpropionic acid, permaleic acid, and perphthalic acid. Oxidants and oxidation

by-products can optionally be recovered and recycled from stream 27.

EXAMPLES

Example 1: 4-CBA Rejection Using Salt Complex Purification

[0038] Slurries were produced by adding 28 g crude TA (containing 2.5% 4-CBA) to
100 g of NMP in three beakers. The three slurries were maintained at 41 — 46 °C
while mixing. The samples were filtered and rinsed with saturated PTA/NMP
solution at 40 °C. 4-CBA concentrations were determined by Gas Chromatography.

The results are shown in Table 1.

Table 1. 4-CBA rejection by salt complex purification for various mixing times.

Mixing time (min) 4-CBA conc. (wt %) 4-CBA rejection
15 0.131 94.8%
30 0.104 95.8%
45 0.095 96.2%
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5. The method of claim1l, wherein the tine is 1 mnute to 5 hours. 6.
The met hod of claim 1, further conprising deconposing the salt
conplex in a selective crystallization solvent to provide free
carboxylic acid. 7. The nmethod of claim®6, wherein the salt conpl ex
is dissolved in the selective crystallization solvent. 8. The

met hod claim6, wherein the salt conplex forns a slurry in the

sel ecti veuGhyst al.| | zatBaAn BYLyeAt Usind: shite CBifMod mfrifh@bdn &, Viasbhiber
conprising stirring the selective solvent wmth energy sufficient to
provi de clepgteadtiiezat i on of the carboxylic acid having gl obul ar
crystal shape. 10. The nethod of claim®6, further conprising reducing
t he ttm d003]tSlueieswekdprodetaichy adlispld grtudeINA (Fdntaimmfzi205o dFCBAJiton

6, furth i Si ' . ol t.h i | t b
ovapor at 118 BOHSME GBSk aka? SeHECHRVE T SO EVES ad FoMTEoHRHS vere
12, The met hodi R o6 LaisBn® tenhpbrithRE vARIRAixfIN ERHAbMAB1 Ay A thEPHUERYE 2h®

the selective _
rinsed with saturated PTA/NMP solution at its temperature. 4-CBA concentrations

were determined by Gas Chromatography. The results are shown in Table 2.

Table 2. 4-CBA rejection by salt complex formation at various temperatures.

Salt formation temperature (°C) 4-CBA conc. (wt%) 4-CBA rejection
26-28 0.138 94.5%
34-35 0.138 94.5%
52-56 0.107 95.7%

Example 3: 4-CBA Oxidation at Various pHs

[0040] This example illustrates the effect of pH on the oxidation process of 4-CBA
with H,O,. Oxidation was conducted at 25°C for 300 minutes. The results are shown
in Table 3. The results indicate that lowering the pH yields significantly greater

oxidation.

Table 3. 4-CBA oxidation at various pH.

4-CBA conc.(wt%) H,0; conc. (wt%) pH 4-CBA conversion
3.89 2.31 2.1 5%
3.88 2.14 -0.4 72%
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crystallization solvent, 13. The nethod of claiml. wherein the

m xture further conprises one or nore materials selected fromthe
group consisting of carboxyberizal dehyde, toluic acid, and xylerie;
and wherein recovering the salt conplex yields a nother |iquor that
is enriched in one or nore of the materials, the nethod further
conprising adding an oxidant to a portion of the nother |iquor. 14.
The nethod of claim 13, wherein the oxidant is selected fromthe
group consisting of air, enriched air, pure_oxygen, hydrogen

per oxi de, aqueous hydrogen per oxivdeat! 3 peroxide in an organic
liquid, ozone, carbon tetrachloride, trichloroacetal dehyde, hexam ne,
acet one, cycl ohexanone, benzophenone, cii marnal dchyde, dirriethyl

sul f oxi del. sulAingélsqd efpurilingxi camixglic gtiddran s, crofeganitae cpmprsgipg one or

aci ds, such aslferfornac aci%h(geracetig aci d, perbenzne, acid,

pei pr opi oRPE A I GA PN BeI AR RHE perplithalic acid, 15 The
met hod of cl aigonfkdtingVhé e¢rddé h@ixdide Ofvithaiad s¢ledtivi Obrysfallizbgormabhent at a
liquor is -1 to?. 16. The net hod of clain11?, mh?rghn t he H_of,aai
portion ofMPREESaHEHME Periveite foxmy 4 dyrsy ot ysaly copplex ﬁ%%?dﬁ"ﬁig’haé?l ap
sai d not hgp sélb&%%gxstai—l?zatigﬁgol{?&ft Bedoof coﬁlpﬁétﬂ&%issél‘v’fn?hﬁé’ cdrOIRAit atil%and

purifying addition carboxylic acid fromsaid portion by contacting
sai d portion wietdvenng8lcseltcompleryst al | i zation sol vent at a
tenperature and, ti.ne, effecti,ve to.for r a.sal t .
the. addi ti onal VRAPBARS croosyicead i ??%éegtegeﬁ!é@t‘?‘gé?‘g‘lpy%% Sifing Rk eHhlic
sol vent add, risphihalic agd,tdithophtblic sxdiping xnixtuldd theféed. met hod of claim |,
wherein the m xture conprises terephthalic acid and isophthalic acid
and wherein recovering said salt conplex yields a nother |iquor, the

net hod fugt her TRORREHOA! STICIRRL G RikbAid B §@dcePbichatdiezafieh dofve@ist RRcted
nother liquor to yield a tergpiathallc aC|d-d$§&eted stream and t hen

preci pi t afiprigh¢ swpheoesistios 28 &, Nrdomethieacemmadsh N tdiaethyl eraapidst Wdormyl
stream piperidine, N-alkyl-2-pyrrolidone, N-mercaptoalkyl-2-pyrrolidone, N-alkyl-2-
thiopyrrolidone, N-hydroxyalkyl-2-pyrrolidone, a morpholines, a carbitols, a C;-Cy,

alcohol, an ethers, an amine, an amide, an ester, and mixtures thereof.

3. The method of claim 1, wherein the selective crystallization solvent is N-methyl
pyrrolidone.

4. The method of claim 1, wherein the temperature is 0 to 65° C.

5. The method of claim 1, wherein the time is 1 minute to 5 hours.

6. The method of claim 1, further comprising decomposing the salt complex in a

selective crystallization solvent to provide free carboxylic acid.

7 The method of claim 6, wherein the salt complex is dissolved in the selective

crystallization solvent.
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19. The method of claim®6, wherein the m xture conprises terephthalic
acid and isophthalic acid, the nmethod further conprising reducing the
tenperature and vol une of the second crystallization solvent or
addi ng a non-solvent to the second crystallization in a first stage
to selectively recover free terephthalic acid and to produce a
terephthalic acid-depleted solution and then reducing the tenperature
and vol une of the terephthalic acid-depleted solution in a second
stage to selectively recover isophdialic acid, 20. The met hod of
claim 1, $her el msthodaslnang i the ol eomaplpre dompomsiwe g Gigpselective
consi stin Eh&ﬁ&ﬁﬂ%h@ﬂf'c acid, isopinhalic acid, orthoplitalic

aci d, and xtures thereof; mherein the m xture further conpri ses one
or nore materials selected fromthe group consisting of

car boxybepzal cl.eh tpLum a and X e

ol t compex vt terad REORE ik o twiing S A Bl LGRS b e
of sai d naifficieslts praidt otmzrlﬁzamohnetl&eiaﬂmkwceao@d st ¢lomdan @ystamhatent
is selected fromthe group consisting of N N - dinethyl acetam de and
1\t-nmet hyl pyrrolidone, the method further conprising:

deconposi g or TRl $8Qhod B9 S&ind 6S%ﬁhéroémﬁﬁ%§1dgnr@u§ﬁ§eﬂk' (¢éfperature of the
crystallization solvent to forma second slurry or sSolution and

preci pi t asdlengive kelvéntee carboxylic acid from said second sol ution
whil e agitating said second solution with energy sufficient to
provide crystallization of the carboxylic acid having gl obular

crystal shape, Tanithethod of daidi gfiathenxomipding medsaing thovblemel afgheselective

wherein th dant is. sel ected he grol nsisting of air,

enr 1 ched. BTYER B RS R PORyh e e ey e AUENRE cd R ogen

per oxi de, hydrogen peroxide in an organic liquid, ozone, carbon
tetrachl ori de, trichloroacetalde hexam ne, acet one;

cycl ohexahdne, The mediietfofam ﬁﬁF%@%@%ﬁga@mﬂ%ﬁﬁvpS§UFWU¥N@ESdCd“@
squides,cég&r phagxifant s, glyoxals organi ¢ peroxy acids, such as
perform e ac d peracetic acid, perhenzoic acid, perpropionic acid,
permal eic, acid, and peinhthalic acid. 21. A nethod for recovering
purified grep hat i ci.d fro e eff uent r i
product i o pr oﬁ% tﬁ?’l f}e‘ilff{%‘d FiitRY b fgﬁﬁ& f&gﬁ °§g?°§ flore

ef fl uent imaialy saéctar fisinattel gatip anslﬁﬁ@ebf mrbdm}aeml@hyda( eoluic acid, and
crystallization solvent to produce a shiny §%§¢3'Sa t

onpl ex .of . .
t er epht haKyengcand velisgein I‘i"é’oﬁ?‘}@t £ palb spnpiR® O ﬁ%‘% ﬂ&% ;ﬁ)FIB}cBF‘%/ mn
di ssol vi ngné Bembf! &AL Baldialsabi thdiibd ehselogfhisihg aafngtadlokidaat toQportion

sol vent
of the mother liquor.

14.  The method of claim 13, wherein the oxidant is selected from the group consisting
of air, enriched air, pure oxygen, hydrogen peroxide, aqueous hydrogen peroxide,
hydrogen peroxide in an organic liquid, ozone, carbon tetrachloride, trichloroacetaldehyde,
hexamine, acetone, cyclohexanone, benzophenone, cinnamaldehyde, dimethyl sulfoxide,

sulfides, chiral oxidants, glyoxals, organic
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filtering said slurry provide solid salt conplex and a nother |iquor;
deconposing or dissolving the solid salt conplex with a selective
crystallization solvent in a second crystallization vessel at a
tenperature of 65 to 300 Cto yield a second crystallization slurry
or solution; reduci ng the tenperature of the second
crystallization solution to 60 to 185 Cto crystallize free
terephthalic acid; and recovering the free terephthalic acid. 22, The
met hod of claim.18, further congnising adj usting the EH of the a .
portion oPSTPR%GHDY ISEh T BHIGITEG 19, RGACNG A da BEPHYON Sk RFTPPIPBIC i
portion oﬁmﬁﬁ@ﬁ@agagﬁd?&gygﬁﬁc&Q&rein the oxidant is selected from
the group consisting of air, enriched air, pure oxygen, hydrogen
Peroxgde, aqueous hydrogen peroxi de, hydrogen peroxide in an organic
i quid, ozegne, t Lhor i de. i , LNe,.
acat one, Byt ohLLanan O R e R ST o b 5
sul f oxi deto Bul fi des, chiral oxidants, glyoxals, organic peroxy acids,
such as perform c acid, peracetic acid, perberaoic acid, perpropionie
acid, perinaleic acid, and perphthalic acid; and recycling said
portion ofgt heThoht@iod dfdllslin 1D Wiheeihithe pHCsYSldbbitiaatdf ol ¥@gse liquor is

adjusted to -1 to 7 by adding acid to said mother liquor.

17.  The method of claim 13, further comprising purifying additional carboxylic acid
from said portion by contacting said portion with a selective crystallization solvent at a
temperature and time effective to form a slurry of a salt complex of the additional

carboxylic acid and the selective crystallization solvent and recovering the salt complex.

18.  The method of claim 1, wherein the mixture comprises terephthalic acid and
isophthalic acid and wherein recovering said salt complex yields a mother liquor, the
method further comprising precipitating terephthalic acid from the mother liquor to yield a
terephthalic acid-depleted stream and then precipitating isophthalic acid from the
terephthalic acid-depleted stream.

19. The method of claim 6, wherein the mixture comprises terephthalic acid and
isophthalic acid, the method further comprising reducing the temperature and volume of
the second crystallization solvent or adding a non-solvent to the second crystallization in a
first stage to selectively recover free terephthalic acid and to produce a terephthalic acid-
depleted solution and then reducing the temperature and volume of the terephthalic acid-

depleted solution in a second stage to selectively recover isophthalic acid.

20.  The method of claim 1, wherein the carboxylic acid is selected from the group
consisting of terephthalic acid, isophthalic acid, orthophtalic acid, and mixtures thereof;

wherein the mixture further comprises one or more materials selected from the group
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consisting of carboxybenzaldehyde, toluic acid, and xylene; wherein recovering said salt
complex yields a mother liquor that is enriched in one or more of said materials; and
wherein the selective crystallization solvent is selected from the group consisting of N,N-
dimethyl acetamide and N-methyl pyrrolidone, the method further comprising:

decomposing or dissolving said salt complex in a selective crystallization solvent to
form a second slurry or solution and precipitating the free carboxylic acid from said second
solution while agitating said second solution with energy sufficient to provide
crystallization of the carboxylic acid having globular crystal shape, and

adding an oxidant to said mother liquor, wherein the oxidant is selected from the
group consisting of air, enriched air, pure oxygen, hydrogen peroxide, aqueous hydrogen
peroxide, hydrogen peroxide in an organic liquid, ozone, carbon tetrachloride,
trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,
cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic peroxy
acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic acid, permaleic

acid, and perphthalic acid.

21. A method for recovering purified terephthalic acid from the effluent of a
terephthalic acid production process, the method comprising:

contacting said effluent in a first crystallization vessel with a selective
crystallization solvent to produce a slurry of a salt complex of terephthalic acid and the
crystallization solvent without completely dissolving the terephthalic acid in the selective
crystallization solvent;

filtering said slurry provide solid salt complex and a mother liquor;

decomposing or dissolving the solid salt complex with a selective crystallization
solvent in a second crystallization vessel at a temperature of 65 to 300° C to yield a second
crystallization slurry or solution;

reducing the temperature of the second crystallization solution to 60 to 185° C to
crystallize free terephthalic acid; and

recovering the free terephthalic acid.
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22.  The method of claim 18, further comprising adjusting the pH of the a portion of the
mother liquor to -1 to 7 and adding an oxidant to said portion of the mother liquor, wherein
the oxidant is selected from the group consisting of air, enriched air, pure oxygen,
hydrogen peroxide, aqueous hydrogen peroxide, hydrogen peroxide in an organic liquid,
ozone, carbon tetrachloride, trichloroacetaldehyde, hexamine, acetone, cyclohexanone,
benzophenone, cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals,
organic peroxy acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic
acid, permaleic acid, and perphthalic acid; and recycling said portion of the mother liquor

to the first crystallization vessel.
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