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PURI FI ED TEREPHTHALI C ACI D FI ELD OF THE | NVENTI ON [0001] This i nventi bMAY 2006
pert ai nswd oyevssmevel process for the production of purifipdT/useEpdit hal i c
acid by a novel conbination of steps beginning with the oxidation of a

di al kyl benzene conmpound such as p-xylene. Mre specifically, this invention
pertains to the production of purified ﬂefephthallc acid by an oxidation
process wherein a dial kyl benzene conmpound first is oxidized to a
terephthalic acid by nmeans ilizing certain

iti i broved purity and then
the terephthalic acid is pgffeeals C MO 33d recovered by a nove
crystallization nethod. BACKGRCUND CF THE INVENTICN [ 0002] Aromatic

di carboxylic acids such as terephthalic acid and isophthalic acid are of
great comrercial inportance and are widely used for the production of
various pol yester polyners such as fiber-formng and nol di ng grade

pol yest e ELDaORAMHBEIVENTIOND (TPA) is one of the basic building blocks in
t he production of |linear polyester resins used in the manufacture of

pol yest e|{0991hsThl§meagpng>eﬁtatr§rﬁ0aa Bove (Preerssifes the mrdugtien of purified

fact t
Fequi r emeeB L ST By AR Ee B RG Yl B b b1
to the @iﬁlkﬂ%rﬂénélcﬁmﬁdm@rﬁuoﬁ(ﬁmmym@ Mered$petificallpanidpngaiisiehy de
(4-CBA) and p-toluic acid that are present in_significant quantities in the

crude corﬂ%ﬁaéﬁsaqol the praguctioneof rgmr&ééer@phmlémd@y P8 addatiorsFogesBA and
toluic agy r@[n a2 BR1IkyI BEn%ﬁé’?tBn’SBBuﬁ& ‘ﬁFg{%rﬁéld da{ eé%aﬂ@%@%&%ga TPA

by the catalytic oxidation o -xyl ene. ormalso refers
t he absemda tw‘o-siegerprdmsd;saﬂlIlzimgtce'rtaimconcﬁticmmtoaclbtarn el tergeithalic acid to the

e N T e e R L

p-tol ui C%%ao@é@dﬂﬁé?ﬁ%l rggtaqi%ﬁéﬁrﬁ{gtﬁéd'to the pol ynerization process as
t hey act as chain WO"02/ 09883 - 9 MAY 2006 PCT/USQ2/ 17198 term nators

during the condensation reaction between terephthalic acid and et hyl ene
BACKGROUND OF THE INVENTION
[0002] Aromatic dicarboxylic acids such as terephthalic acid and isophthalic acid are

of great commercial importance and are widely used for the production of various
polyester polymers such as fiber-forming and molding grade polyesters. Terephthalic
acid (TPA) is one of the basic building blocks in the production of linear polyester
resins used in the manufacture of polyester films, packaging materials and bottles.
TPA used in the manufacture of such polyesters resins must meet certain minimum
purity requirements. The purified condition of terephthalic acid refers primarily to the
absence of significant concentrations of 4-carboxybenzaldehyde (4-CBA) and p-toluic
acid that are present in significant quantities in the crude commercially-avéilable
grades of terephthalic acid. Both CBA and toluic acid are partial oxidation products
formed in the manufacture of TPA by the catalytic oxidation of p-xylene. The purified -
form also refers to the absence of color bodies that impart a characteristic yellow hue
" to the crude material. The color bodies are aromatic compounds having the
structures of benzils, fluorenones, and/or anthraquinones. 4-CBA and p-toluic acid

are particularly detrimental to the polymerization process as they act as chain



glycol in the production of poly(ethylene terephthalate) (PET). [0003] Crude"
terephthalic acid may be purified by hydrogenation. In a typical -3 ML\YtZOOS
hydr ogengig @nvisecess, the crude terephthalic acid is disgg}yes f’hﬁ()svvater at
el evated tenperature and pressure and hydrogenated to convert ’{ e 4-CBA to
p-toluic acid. The hydrogenation al sa,converts the color bodies to

col orl ess conpounds. One constraint 1'n devel opi ng a process for isolating
the-purified terephthalic acid fromthe hydrogenated |iquor solution is the

| evel Qérnﬁihﬁtcﬁs%ngrlﬂel%rneFH&&iOﬂqgggg@E\?Q%ngtg?%htﬁgﬁ SlindndRitAgieRE:  For

exanple, purified terephthalic aci contarns on a’ wei ght
basi s Igsel imthe pieiustion of pely(ethyienerergppthalatp) (RET).c aci d. |sol ation

t echni t roduce ri.fied terephthali ci,d use _a wide variety of

sol i d- ﬂ#@@h%'g@&a¢é??@ﬁa4ﬁ%@ﬁ g3y e ANy by fydrodqnakan; oha t¥Rifek i fugat i on,
f111ratiyafgetaion iBkbadlihe Rudderasihakadls Hsdsfel o RRALMAIdIE AEk ,
obtained fromthe 1nitral oxidation of a dialkylbenzene conpound, normally
p- xyl et@mperaiitmbng pressue mmdaydoegenated tecomeri e HCBA ©Belnid agidt ol ui ¢
acid of, 150 to 1100 base n the i,L.ght of the solids present. Crude
Fer eph B A BePaRtn R BRSPS e caBr BEHES 1o Solorege Sompa B8 500 ppmw
range, c@ﬁstrémjrﬁbéﬁélébﬁfg'ébf&,%béYorlﬁ@bllaﬂrsﬁ? Wm S terd IRBSHEC ABRGHEHHIHAT ©

col ored aromati c conpounds having the ctures of benzil, fluorenone,

and/ or hydfagenqtied baeor spiution isrtbe d¢velfof Hin 46t Ang pstolldc aeiscacaepsalledir ri ng

durin i ion-Qf _p-xvl ene... i ce r ur i the c¢rude

Cor epntannabERleERERt kiiler Putd rerPon PRREIGRETR G conbinS i nE?

pol yeswaigtiti s ledy teanr 80updrisper il (ppehv as-enbichadid Clsatatidn( PTA) as a

starting material. [0005] Such a Rurl_fl cation process typically invol ves

conbi ni¥ffnifies iuawducerapiict dgreehthalig askl use dayide yaaatyofseligiiguiski dat i on
roces L LA ; : el LS e d to dissolve

'Ito he cr 3’8@5%&@9 \é\@@g E%#q%clhg@@d@a%@é#%ép%){?%@%fﬁﬂ%@q&%@ﬁ %trqg provi de an

aqueousontlindticrs thEnésf. sol ution is then passed to a reduction step in which

cat al yS0004E by Toarutnts R oRasq AT Msroel Oxaatan ef e Gialedberenfor at ur e
2006 W00 550 B Bl B e g O oo R Rl 27 boa 65
prese _ntp—ﬁo_luic heiccolitis0 te €phppmli ases] on the weight of Bessqglidsduesent. Thedd- CBA
B et ol kst i 0 BPSEIB BoriRBAgE g and

the characteristically yellow compounds. These compounds are colored aromatic

compounds having the structures of benzil, fluorenone, and/or anthraguinone, which

result from coupling side reactions occurring during the oxidation of p-xylene. lItis

necessary to purify the crude terephthalic acid when using it as a starting material for

producing polyester fiber, which requires a purified terephthalic acid (PTA) as a

starting material. |

[0005] Such a purification process typically involves combining the crude

terephthalic acid solid separated from the oxidation process with water to form a

slurry thereof, which is heated to dissolve the crude terephthalic acid and impurities

in the water and provide an aqueous sdlution. This solution is then passed to a

reduction step in which the solution is contacted with hydrogen in the presence of a

heterogeneous catalyst, usually palladium on a carbon support, at an elevated

temperature such as 200 to 375°C for the purification of TPA. The hydrogenation



acconplished via a wide variety of solid-1iquid separation nethods. _@J@f)(aﬁed
equilibriumcrystallization approach is one separation nethod. Wth s )

approachw(ﬁ)ég,g}%?ti on is controlled against back pressure éﬁﬁ@ﬂzﬁ%(}%n in
multiple crystallizer stages to control the rate at whi c% t he

post - hydrogenation streamis crystallized. For terephthalic acid, it is
beli eved that shock cooling of the post- hydrogenation streamto
t enper atures bel ow 165C pronotes the co-precipitation (co-crystallization)

enper at ur _ he co-preci | : iz
or ot CBBBY} Bl AR oo End B i Rht o 1 B S I o

det er n¢alongsst preducisp Urtia 4-Clvh repurnitytis convertecht pdolefthadidl i ¢ aci d product is
the |l o t erature to .which the .post-hydrogenat.ion. streamis fl ashed.
The | niJUPPL ST SepSretid andsoiRtOR ah ity fohSthalie Pfrodihaan het ne
post - hyeHoPsHRALH b 8 WiB8WhtistSHUoRE-lighpy ééba?aﬁé‘ﬁméthodé.SArs%q@BTE”dEd that

the majority of the terephthalic acid be crystallized at a enperature
hi gherequiimunsorystalligfion agproach is eneseparaibo innethodpdiiib sueh an whi ch p-

toluic_acid . co-crystallizatio econes, critical. Wien_ the. post.- hydrogenated
st oarRoReil Buarbrain s SBritllad SE8SF pafk bisitute IRERURIETBIkPDG pom

p- t ol Udrgstaizer stageb %o cBHEOEHEG L & WIKIEh W& pPSEhydrogehalibn sabamnsfiltration
at a tenperature between 121 and 149C to obtaih a p-toluic acid

con(r:]e_rﬁ?W%iﬁlliéﬂdoFfOI_ESQT_epbt‘hmi_@raCiCbs'tsiS ibelievrd tBA shpekigepling of terpastol at i on
tcrper B GoattPRIf o B orhbb6ReEDac e BBt A ARGt e "ol o7
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process for the production of purified TPA beginning with the oxidation of
p- xyl R@dUathe present invention provides a process for the production and

. . . i . =0 .
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oxi dation zone wherein |i1quid- phaSe, "exotherm c oxidation of the dialkyl
benzenié recampmendeddbat the majerity of theHerepbitiialicaacid bextystplizedat @ within the

first t%{'nepsesré'turez %ggh%)éiﬂqgr% '188 tcg qggl@rwﬁfcﬁ is the threshold temperature at which p-
toluic acid co-crystallization becomes critical. When the post-hydrogenated stream of
terephthalic acid has a concentration from 500 to 6,000 ppmw p-toluic acid, it is
suggested to perform post-crystallization filtration at a temperature between 121 and
149°C to obtain a p-toluic acid concentration of 150 ppmw or less in the PTA product.
Other isolation techniques use efficient filtration, washing, and drying methods within

the temperature range of 100 to 205°C to mitigate precipitation of p-toluic acid.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides a process for the production of purified TPA
beginning with the oxidation of p-xylene.~ The present invention provides a process
for the production and recovery of crystalline terephthalic acid containing less than
150 parts per million by weight (ppmw) p-toluic acid, based on the weight of the

terephthalic acid, by the steps comprising:



mai nt ai ned at 150 to 180C and about 3.5 to 13 bar absolute - bars (about 50
to 189 pounds per square inch - psia); (2) renoving fromthe upper pcqmwoms ‘

of the fwab2me8sset or a vapor conprising vaporized aqueoupcT/RSEYiIT§9saCI d
reacti on nmedi um and oxygen-depl eted gas conprising carbon dioxi de, nethane,
inert conponents, and |less than 9 volupe percent, based on the

non- condensabl e conponents of the vapor, oxygen; (3) renoving fromthe | ower
portion of the first reactor an oxidizer product conprising (i) solid and

di ssol Vel tfelcemit (o diallas ibén2Bfe icBRPERhE! @) a¥L&aid Q@etlcpéé?@“r'@écﬁloﬁnd (ii) the
aqueous, acetic aC| d, reaction nmedi um having the oxidation cataly

di ssol ved tTRefiim haying pédaionycatplyst wa&nwiafss‘@.lmmr@m &mde@l)(as) and (ii)
wh
o e pha YRRt 45 T TR PR R S R TR St o

occurs, \Aheptease, blstetheemnebmﬁan@n afthe diakgisberezenet dompdliel sestes|dvisressur i zed
OXi dati on reactor are maintained at, 185 to 230C and about 4.5 to 18.3 bara

(about 65 t'He26TNGEAYTE apg)PreesHie Wikt edireheragspezedexidpbien Baciafergecond
reactor a V@Bﬁ’ftaiﬁ@ t13hE 18(PPYU AT SEbIRBUSRY'$3 b%F%bb&u —-%a’i?fa;btgru?@O”Ed' um

and oxygen-depl eted gas conprising carbon di oxi de, ane
conponent s, toat8d pmspans@arelmme—pprabcent . based on the non- condensabl e

f th t he | . ti f th
cecond PadBaoa HBBH e oan dirtion BT LBREIT & YRR PSS and di ssol ved
ter epht hal | daga8daiighebiys) abdiR: é‘&b“?@éb?lonffﬁ@@mﬁ] aRd bslyGGRALbRII®AS um havi ng

the oxidation catalyst dissolved therein; (7) separa ing terephthalic acid
fromthe ( |¢9mpmngq>aehnmdlomtet, methamej inerd componentsdianchless thag® y@ymeo

obtain tere %1 n C aﬁi d .cont ai ni c?e @ar box ben ghwe de and p-toluic
acid i npuri 83 tl? 30 NN EPRFACPB %O RP"WRY95806 WO
02/ 0988@%) Rem frbff 82 ova? Ppdition éﬁ)\ecﬁrﬁséb&noﬁgntda@jnie&rmhb&tal ic acid

obtained in step 7) in water to forma solution containing 10 to 35 wei ght
percent di sEITREENG &b splid Rar dissalver tesephihalihpeid angriscomplelg0xidatianoC and a

pressure SuirkiBbRMNnd MR BHALE.L NEeROLUK Aokt gl duhiho BRGARG |

contacting the sol ogen Irnt resence
cat al yst tocalalqdu@lesalvbddh@%natl on product soI ution; (9) feeding the

sol uti O&)Of sg%% (Q) t)ne oxi zer %tdﬁlc’ltcl) sa%érl) ??3 CP?[) ><ry|gglr1n n?anﬁ)lkgrgglsltgya of
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 230°C and about 4.5 to 18.3 bara (about 65 to 265 psia);

(6) removing from the upper portion of the second reactor a vapor comprising
vaporized aqueous, acetic acid reaction medium and oxygen-depleted gas
comprising carbon dioxide, methane, inert components, and less than 5 volume
percent, based on the non-condensable cbmponents 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 (i) the aqueous, acetic
acid reaction medium having the bxidation catalyst dissolved therein;

(7) separating terephthalic acid from the (ii) the aqueous, acetic acid reaction
medium of step (6) to obtain terephthalic acid containing 4-carboxybenz-

aldehyde and p-toluic acid impurities in a total concentration of 400 to 900



series-connected crystallizers wherein the solution is subjected to 5}3} e-
control |l ed evaporative cooling by sequential reduction in pressure a AY 2006

t enper at Wigh4@ssause crystallization of terephthalic aci dpcif€fHi-Rust N
pressure of the solution at the end of the crystallization zone i s anbient

pressure or |less; (10) condensing solélent evaporated fromthe crystallizers
and returning the condensed solvent t© the crystallization zone at a point
subsequent to the crystallizer fromwhich it was obtained; and (11)

recoveri ngpgﬂ{v\i,.d, crystalline terephthalic acid containing | ess than 150
parts ppnw p-t'oluic acid, based on the weight of the terephthalic acid, by
sol i d- (8)qudissolépthet teomplithalicrbcidrdbtained snstep (7P H0@hteFhe fornoaasiutin t he
present inventian gb vi@%es ath | east two Fi nificant advantages. First, the
pri mary antPREHEng 30 Wi BH?’%‘W!?@BVS%@@M‘E(“E%@,@W‘ epraratise a

t er epht hal bpg@@it&l@of@“éﬁg %'&@u@eamhgﬁg 2 ﬁ@hﬁém%@%g%ibggw %xig educed

4- car boxybenzal dehyde and p-tolulc aci ' ess than
concent r at pbaseand wootadtingsthe solitbaswithohydrogen én tfef prisente lofdr ogenat i on

whi ch i d i i h ize of the h i
onar ot henEdBabafof Fatiia %P pebaickin BifGoRbatir pHIYE RERRT ogenat i on zone.
Second (?fit felind the S81ation ©PEEPN8) & b%yéiélliéati@fﬁfﬁ@fé%rgghéﬁﬁg aa;BHtQFléh‘tyt/ gfuic

acid fed to the hydrogenation reactor is |less than ¢ ppiw, ere Is less
(as conpar 8eneycrrragted @rystallzerisorhenpintbessaidionpsisoibisiatectd tten t he

crystar PRl SRp Rtk 6¥ing By Soaile rech inp MPRESAH Bnlrey e reducec

and the cryshpérlataretto wause)cristalizaidn bf efephhslic adid ewvBsRimMthedpres8BELHF al |
i.e., water solvent containing dissolved inpurities, that nust be purged
from WO 02ito8digton gt thegenghobtigscrypigitization zena geambien PeeRfNe 6 lespst em i s

reducefi) nedeEnBAMRNIAERBREL thich M55 drdatk BagRng flioed. Anot her

advant our process 1S provi y step eln solvent is
evapor at edcéndensed datestt torthe atydtlizationszarld atzepsint sulssedueini figtHehe
crystallizat is?aglﬂ.zogg%nqn .condensed and recycled to one of the subsequent

crystal | i zZEYSEZgdLM C%H})"éﬁﬁ‘é@@@?&ﬁ 80f'ded by this step include the
i mea M FeddHRRG IR, Erys Bl dore S e b R i S e b ol ems
i n t he hangpimvgpdaldicacidebased on thédaveighi.of Mmotanephthality anidadyy sadidt!kpiighr oduct
recovery ageggrgﬁiggtat%rrnbzi«QRtrgr)éisg&}e?l y anbi ent pressure.
{0009] The process of the present invention provides at least two significant
advantages. First, the primary and secondary oxidations defined by steps (1) — (7)
provides a terephthalic acid product which contains a total concentration of
4-carboxybenzaldehyde and p-toluic acid of less than 900 ppmw. This reduced
concentration of impurities provides for a more efficient hydrogenation which may
permit a reduction in the size of the hydrogenation apparatus and/or the contact time
of the feed solution within the hydrogenation zone. Second, since the total A
concentration of 4-carboxyaldehyde and p-toluic acid fed to the hydrogenation
reactor is less than 900 ppmw, there is less (as compared to known purification
processes) p-toluic acid in the hydrogehation product solution. As aresult, the
number and or size of the crystallizers for the recovery of purified terephthalic acid
may be reduced and the crystallization may be simplified. Also, the amount of

material, i.e., water solvent containing dissolved impurities, that must be purged from



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00101 Acconpanying Figures 1 and 2 are
process flow diagrans illustrating a system enbodying the principles gquytzm

process afobhbhsysRiesent invention. Wiile the present 'nVe'i*F:'rRﬁoi/ﬁws
susceptible to enbodi nent in various forns, there is shown in

acconpanying Figures | and 2 and hereipafter described in detail a preferred
enbodi ment of the invention. The present disclosure is to be considered as
an exenplification of the invention without limtation to the specific

enmbodi ney prdddctléh Is95RMh ISh’@\'ﬂﬁ(\f@(ﬁ sm@gﬁ% b&%e@ﬁ%hp?'p%ldlé’%%] h&®beERi Ng to

acconpanyi ng ure 1, step (1) our novel process maybe carried out in a
first or@dmeido nether advq:ma@e ngomxetmeépmﬁ@gs@ prcvided hyestepni1) wherein

d h - Xyl t d,
and o EPel RSB dfeR &t ERSENE P TR BRI T BR T eactor 12 vi &
condui t cAGtalllfstioragsid §ncﬁ§d)r‘iﬂér%@@tdrﬂﬂreﬂf?@|eu% @he&ﬁkh@@&bé&ﬁfént ¥Bjstalliber
contains up to 15 weight percent water. |f desired, the dialkyl" benzene

conpoundtages/ dhenadvardagrs rrovisleddt thdfoﬁﬁallmﬁl%@e theatlegbyery fdatantdhalic may be
fedto 5 AShYn HT?PF%LG&CWS%"?FH Fo‘(m%ltﬁ) s@t“ n@é OP s%&%u%'rgsef%@fqr pﬁgﬁc&gg?ft fed

12. A nD ecul ar en -‘contai ni ng ga ure

vi a condPiA, wiich oan eaus@prob?em*s lrﬁ)thenﬁ@’idlhbearﬂm&?mghﬁtﬁ@ﬁmﬁaﬁxn@@@@tl on
vessel The oxygen cont ai ni ng gas, gen, oxygen-enriched air or,
pr ef er aBAYANEOE| %Pmupprchw@oﬁtaam@ﬁnh%raa RRYMRelY aspbIEAEPIESSURRar
reaction vessel. The flowrate of - 9 MAY 2006 WO 02/ 098836 -7

PCT/ US02/ 17498 t he oxygen-containing gas to reactor 12 is controlled to
mai nt ai BRlEFv@EBCQRIEFFtDH OF pHH BRAWINGSt 0 5, vol une percent oxygen

| cul t f i h ff- i ch its th
ot or DI i omeany Tares, | 85 225t Prptihs fow e @R Siiitiainera o o ' o
el evat eg ﬁé%éﬁb%dgﬂgfmélp?ﬁbldléé Bﬁhgtﬂbé‘eéshﬂ‘ tﬁ@'bﬁ'é’dé’r‘ﬁ?ﬂwe\beﬁt MWhiEahe
reaction nmedi um substanti al élln the liquid state at the reaction

t enper aPigseNt Thentioarip susnaptiblesiophbedimgnt invannus foemss tbere s shrawn o to 180C

about st decrhading PRuftes T2 A 185 RN el dicgBR B P HRRINA pst By o7 0 Ty

i's a cobnbwiimept btierind@lion0XTHEAbie@BNT disclbolireVie 36 Bk co‘N@Efe@ecmalslawl d- phase
exot herm ¢ oxidation of the dialkyi argomatic conpound by

oxygen- E¥RTRIf ?@iﬁ?rg@fsth?afk\@i’tlﬁﬂélﬂ@quﬁ“m@“% &@We@ff'q%bewmh on catal yst.
The Tir§lstrated, however.

DETAILED DESCRIPTION

[0011] 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 such as p-xylene, aqueous acetic acid, and
a suitable oxidation catalyst are fed to ﬁrsf 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-cohtaining gas under pressure is continuously
fed via conduit 14 to reactor 12 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. The flow rate of



oxi dation zone may conprise a single reactor or a plurality of reactors
arranged in parallel. The reaction nmedium contained in reactor 12 tHu44Y 2008

conpri s NRe&xygen- containing gas, the dial kyl benzen that is
to be o>e<‘§] ize)c)i to terephthalic acid product, the catal y&&ﬁgﬁg}i?ﬁg aqueous,

acetic acid solvent. The anmount of water present normally does not exceed
15 wei ght percent, preferably 4 to 6 Weight percent, based on the wei ght of
the water and the acetic acid. Typically, the generally-cylindrical, first

oxi dat j e . ei ght t ianet io in.the ran of to 20.

[ 0013] h%l% é%%'@?ﬁ‘é@%é]% Ee}qgfor %Sﬁgﬁgﬂg‘%%@aﬂa'ﬁﬁ@%@gﬁﬁ ?%%gpr ocess

i ncl udpreferaplE attalsy sblupwspEiceAOMMREN (@BRUlatet oAt &9 sbivaHt Fedbasie) i dat i on
of an alkyl aromatic hydrocarbon. A suitable catalyst system conprises a

mi xt ur Befi-gasavhich exiis theresstaiwia epndtind.c 6hp seariantsrin ceagiPetd@resol ubl e in

aqueou ' | ' Ji oV o N ' f

ot al y R AAeRt @A eley2laf LTI sitfaehi® halfiel i boaBRE LORHSRIET o,
pr ef er eddction rediim Substantixlly in e quidl sidie tab thel Asaktion 1€mberatOre. [P 4] During
t he coyr se of the oxidation reaction, exotherm ¢ heat of reaction_ generated

by t heSRRIRLY TSRk PiossurE: WItKY IreaeiRy dA&re JrBdRd0 ¢ andahrild-3 ol react or
12 by Bé@{dg@%&?@?ﬁgfw%sﬁﬁrb@%ﬂ 1t5@eco|1'6§r>‘dﬁdar{ae§!§t§élt$r.‘2'f@ !Q‘Héra{(lﬁbﬁﬁf:ordance

with step pre process, the vaporized l'iquid reaction redium
(of f - gédb)}o 190Ns¥a)2006 WO 02/ 098836 -8 PCT/ US02/ 17498 along with the

o] en: eted pro s.gas.containing a nnor,anmount of econposi tion
o e B1G eI il i m oLt nienots Wi e acy SBoRS bactor 12
and ar ghirdih tidUREPh Y4Bk AREMhE okRidtiBhOf3hE ARMBN SRS mAENS ESMpBURA Hhwat er

colum 18. The condensabl e conponents of the vapors collected in colum 18
consi sexygameentaniog ges éakesaqlace wcthe presenrss of thetoxidatiostgatalyst. t the &estt or 12
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condensabl e conponents of the aqueous vapors collected in condenser 22,
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di sposaftesenfnormally 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 to diameter ratio in the range
of 3 to 20.
[0013] The catalyst systems that may be employed in the oxidation process include
any catalyst system conventionally used for liquid-phase oxidation of an aikyl
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.
[0014] During the course of the oxidatibn 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),



conduits 23 and 26. The non-condensabl e conponents are vented via con@qhﬂzﬁ%‘

fromthe production systemor may be transported to a pollution control _

devi ce fwpo02pm88her treatnent, if desired. [0016] A distirdeUSkatrssns |iquid

conprising partially dewatered acetic acid solvent, e.g., acetic acid

containing 4 to 12 wei ght percent wateg,- exits the | ower portion of the

wat er renoval columm 18 via conduit 30. A portion of the partially

de-wat ered solvent is recycled directly to the reactor 12 via conduit 32.

Thi s andlang withrihesoxygem-ddpleted pro6epegasadntaiffiey paninbrainpudeeofvat er ed sol vent
nozzIles 34, whic

is fed the r t 12 b . . , b
| ocat e st RS Bhd BRmeBoNa NV HEC SHRBUCS GRss LPMERIGN AN
gas/ | i cyela@tdraPteY arontidiRick8 3t &ondudit 1416 %%orﬂ%h%é%s@émt{tﬁhg%\gvhgér' y

de-wat ered sol vent may be renoved via conduit 40. Song or a
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mono- car boxylic acid by-products’is continuously wthdrawn as a slurry in
t he aqueBbher tragienent, fclasipdocess sol vent, which also contains dissol ved
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Figure 1 or two or nore agitated reactors may be arranged in series or
par al | evateffremayaleerigmn 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 locéted 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 may be removed via conduit 40. Some or all of the condensed
acetic acid may be returned to reactor 12 via feed stream 10. a
[0017] In operation, first pressurized oxidation reactor 12 produces terephthalic acid
product that is sparingly soluble in the aqueous process solvent and is removed
through a lower exit port located at or hear 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

4-carboxybenzaldehyde and p-toluic acid. At least a portion of these mono-



acetic acid solvent typically contains 5 to 12 wei ght percent water, b%ﬁ?mdgg%
on the weight of the water and the aliphatic, carboxylic acid. A nolecular
oxygen- cOR @YUM gas also is fed by neans of conduit 48PEBHUSEHGHS

oxi dation reactor 42 wherein the 4- carboxybenzal dehyde and p-toluic acid
by-products are further oxidized to tlge- desired terephthalic acid. As in
the case of the feed to the first oxidation reactor, the oxygen-containing
gas may be oxygen, oxygen-enriched air or, preferably, air. The
oxygencatmaiiniasigisgare selidswihigh insayf el contaimedneithintthe chyestads of theecond
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percent oxygen (calcul ated on a” dry, solvent free basis) in the off-gas
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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.

[0019] The flow rate of the oxygen-containing gas to reactor 42 may be controlied to
maintain between 0 and 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 decompaosition of the acetic acid solvent, yet facilitates the

conversion of the by-product mono-carboxylic acids to terephthalic acid.



the liquid state at the reaction tenperature. The tenperature and preg%yezoo
within reactor 12 are 185 to 230C and about 4.5 to 18.3 bara (about b
265 psi awo o2pogf3gr ably 205 to 215C and about 13.4 to 17. 2p@pidophoyt 195 to’
250 psia). The heat required for the operation of the second oxidation zone
may be provided by supplying a vapor Eémse solvent to the second oxidation
reactor and allow ng the vapor phase Solvent to condense. The vapor phase

solvent normally will be at a pressure sufficient to allow the vapor to pass
I nto thﬁ)moﬁﬂe%!sﬂ&ga%r F%&P&e&?ﬂe&%bo 5 AL %‘ﬁéé §ut§'§’cémh§iﬁtalf8f the
contents of "'the second oxi dation reactor. or exa artia de- wat er ed
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the acetic acid vaporizer noimally réquires the availability of a heat
t r ansf e@ssqaiatgd wﬁho&ﬁgamd\lffhelpmtodne badiallp oxislizadeprodeats embeddehobe used to
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sol vent aI SO con catal yst conp ents via conduit 52.
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reactor 12 are 185 to 230°C and about 4.5 to 18.3 bara (about 65 to 265 psia),
preferably 205 to 215°C and about 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 Vé}por 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 exémple,
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
vaporizer normally requires the availability of a heat transfer fluid such as Dowtherm

or high pressure steam that can be used to vaporize the acetic acid. The acetic acid



optionally, a solid drying system Preferably, the slurry product frog1the
second oxidation reactor 42 is fed to a flash evaporation zone wher ePrA’ 7806
t enper at wigep2a98k36 pr essure of the second oxidi zer product grpuseduesgd by

fl ash evaporation. The flash evaporation zone nmay conprise one or,
preferably, a plurality of flash ve555Ls wherein the slurry product is

cool ed 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.
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12 psi %: though two flash vessels are shown in Figure 1 for cooling and
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bodi es, or precursors of color
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 ﬁrsf flash
vessel 54. From there, conduit 58 leads to a second fiash 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 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



bodi es, to colorl ess conpounds. Referring to Figure 2, water and the- saeR 2906
oxi di zer product (CTA) are fed to CTA Dissolution vessel 160. The solutio
typi cal lwo ceopgssi ses 10 to 35 wei ght percent terephthal i cpegiydogalidsds i n
solvent water, preferably 25 to 35 weight percent terephthalic acid, in
solvent water. The terephthalic acid-1galution is fornmed by heating the
solvent or slurry of terephthalic acid to a tenperature that is sufficient
to dissolve the terephthalic acid at the concentration desired, e.g.
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cryst akdacdin fohd g2 separated from the solvent using conventional a
solid-Liquid separation device such as a centrifuge or rotary vacuum
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the present process comprises hydrogenating the second oxidizer product to convert

4-carboxybenzaldehyde to p-toluic acid and the color bodies, or precursors of color
bodies, to colorless compounds. Referring to Figure 2, water and the second
oxidizer product (CTA) are fed to CTA Dissolution vessel 160. The solution typically
comprises 10 to 35 weight percent terephfhalic acid solids in solvent water, preferably
25 to 35 weight percent terephthalic acid, in solvent water. The terephthalic acid
solution is formed by heating the solvent or slurry of terephthalic acid to a
temperature that is sufficient to dissolve the terephthalic acid at the concentration
desired, e.g., temperatures in the rangé of 260 to 320°C. Solution temperatures in
the range of 260 to 320°C using a solvent such as water require that the solution be
maintained at an elevated pressure, e.g., a pressure in the range of about 46.9 to 113

bars absolute - bara (680-1640 pounds pef square inch absolute (psia).



three to six, nost preferably four or five, crystallizers or crystallizer
stages, The nunbers of crystallizer stages enployed in the process mmayMAY 2006

af fect the edksdsy of the final product. The correct stagip@gsedide
tenperatures of the sequence of series- connected crystallizer stages wll

l ncrease the purity of the final prodt{ft wWith respect to p-toluic acid.
[ 0029] The plurality of crystallizer” stages includes a first and a | ast
crystallizer stage. The tenperature within the first crystallizer stage
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an agi fatdMy IPH$1FEE Ahe reduction in temperature is accompanied by a concurrent
precipitation of terephthalic acid from solution in the form of a white crystalline solid.
The crystalline terephthalic acid in the final stage of crystallization is separated from
the solvent using conventional a solid-liquid separation device such as a centrifuge or
rotary vacuum filter. The crystallization z@ne may comprise two to eight, preferably
three to six, most preferably four or five, crystallizers or crystallizer stages, The
numbers of crystallizer stages employed in the process may affect the quality‘c;f the
final product. The correct staging of the temperatures of the sequence of series-
connected crystallizer stages will increase the purity of the final product with respect
to p-toluic acid. ‘
[0029] The plurality of crystallizer stages includes a first and a last crystallizer stage.
The temperature within the first crystallizer stage normally is in the range of 200 to

260°C and the temperature within the last crystallizer stage normally is in the range



as one or nore inpellers; 2. Afeed line to the crystallizer; 3. A pgowddls
renoval line fromthe crystallizer; 4. A solvent distillate or vapor renoval

line fropplbfeggsystallizer leading to a condenser whereipp5@#8/19f9gal | of
t he sol vent vapor is condensed; and 5. A solvent feed line to a downstream

point or portion of the crystalizatiopqgzone for - 9 MAY 2006 WO 02/ 098836
PCT/ US02117498 -15 feeding the liquid condensed in the condenser. [0032] The
crystallization unit is a well-m xed vessel containing a slurry of

t er ephohalite 1807 0. Thy iparatinglieenFethitess of thei erblallizeFstaesmapbytained Wi th
terephthalic, acid at the operating tenperature of the crystallizer. The
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concentrating the solution. A portion of the teréphthalic acid precipitate
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the targphthalic acid. nucl eates. separ.at e. new crystal s.,.The amount of
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phase s&cend temapériue! [dd2ehafRRs AidtRémperaReicawHile ieeinid obivest by pressure
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the first crystallizer stage may equal 0.7 to 1.3 times the mass flow rate of material
exiting the last crystallizer stage. Preferably, the mass flow rate of material entering
the first crystallizer stage is substantially equal to the mass flow rate of material
exiting the last crystallizer stage.
[0031] Each crystallizer stage of the process of our invention has a plurality of
operational similarities comprising the follbwing main elements:
1. Acrystallization unit or vessel (crystallizer) equipped with an agitation means such
as one or more impellers;
2. Afeed line to the crystallizer;
3. A product removal line from the crysfallizer;
4. Asolvent distillate or vapor removal line from the crystallizer leading to a
condenser wherein some or all of the solvent vapor is condensed; and

5. A solvent feed line to a downstream poiht or portion of the crystalization zone for



hi gh super-saturation, which pronotes the formation of small (or fi n_e@ MAY 2006
crystals, can be mnimzed. [0035] A product streamis continuously °

wi t hdrawn from each crystallization unit. The product streampreferably is
renoved WO NAS%M! | - ni xed zone of the - f MAY 2006 WO 02/ ROBESB/17498

PCT/ US02/ 17498 -16 crystallization unit such that the contents of the
product streamrepresent an average - o§-the overall contents within each
crystallization unit. The product streamis fed to a successive or
subsequent crystallizer stage operated at a | ower tenperature, preferably to
a wel | - mfgedingdhe lighid tendenseddn fst edridenaei.on unit. Because each successive
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acts a ol d-up vessel for the slurry, retaining the slurr before a
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Condensed sol vent from'an upstream crystallizer stage may De recycled to an
i mredi atndlag vapet thumcancentrating tfee selutiope Aportesyel the terephthalipstcad | i zer
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the crystallizer stages may be dil uted ) ) _
acid that is transferred from the liquid phase to the solid phase is a function of the
operating temperature (controlled by pressure reduction) of the crystallizer and the
TPA equilibrium saturation concentration at that temperature. '
[0034] Normally, the feed to the first crystallizer is fed below the surface of the slurry
contained therein toward the bottom of the vessel where the hydrostatic head is
highest. The increased pressure at this point in the crystallization unit and the
surrounding liquid prevent excessive flashing. Agitation devices such as impellers
are provided in the crystallization units. When the hydrogenation reactor product
stream is introduced to the first crystallization unit at a zone of sufficient mixing, local
high super-saturation, which promotes the formation of small (or fine) crystals, can be
minimized.
[0035] A product stream is continuously withdrawn from each crystallization unit.

The product stream preferably is removed from a well-mixed zone of the



using a dilution liquid such as water at a tenperature which is the sane as,
or substantially the sane as, the operating tenperature of the crystallizer °
stage from- 9 MAY 2006 WD 02/ 098836 PCT/ US02/ 17498 - 17 which t he progtMﬁY 2006
st ream WeQ op/e9883ed. The addition of the dilution Iiquid teTydse2/ipreduct
stream has the effect of reducing the overall concentration of terephthalic
acird and any inpurities present in thegproduct stream If no dilution Iiquid
is added to the product streamfrom each crystallizer, the overall
concentration of terephthalic acid in each product stream continues to
rise. lonystalfisatainl uriesucinthat dee ssetentsiofthe Proddit sttdapm rédprasérst arsav@iage
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the formof distillate. Thirdl y, if nore than one crystall’izer stage is

bei ng (R Arst angsubsearentianystalizet sigaesandrtranapericddoiasantenser i peelcedi ng

conaenea ARAsREF NS Febire flprit #SiRh oL Eor MEREpd bl LBl ng

t enper dhismmintf 14 hadpivacedubgcaalingtaiithe vapor ot @gempéROde]subatatially datey
ei t her ortl on . or all of the condensed solvent |s rechl ed to.  the product

feed stmPRliAG POIE canalsaPpiaRcPmAliahed Winmins sensdenses okl eha AoiaRBh | ed t o
: he crygd %bh&éﬁed%&%‘rﬁ %’ Fe &/ kU ﬂﬂ@tdr?%aﬂgafuﬁrg zbM0 2P BH R disffstrelaim Mor €

han two <crystallizer stages are prov percent age of Solvent
suppl i émbnn thecanybtadizes fraht whesh Btea@évefrawvemremmwaﬁas Boapex aRHferabdygriiee

arount CB0AB0TE Savent Flecisied by SPGB R RGNS B O e P)LE TR zer
1S g, g o o 1 11
removed as a vapor. Any condensed solvent not returned or recycled to the
crystallization zone may be utilized elsewhere in the terephthalic acid purification
system, e.g., in preparing the aqueous solution feed to the hydrogenation reactor.
The final crystallization unit acts as a hold-up vessel for the slurry, retaining the slurry
before a solid-liquid separation step. The second and subsequent crystallizers
operate in a manner similar to that of the first crystallizer stage.
[0037] Condensed solvent from an upstream crystallizer stage may be recycied to
an immediately downstream crystallizer stage or recycled to a crystallizer stage other
than an immediately downstream crystallizer stage. Both condensed solvent and
fresh solvent may be supplied to one of the subsequent crystallizer stages.
[0038] The product stream from any or all of the crystallizer stages may be diluted
using a dilution liquid such as water at a temperature which is the same as, or

substantially the same as, the operating temperature of the crystallizer stage from



- 9 MAY 2006 WO 02/098836 PCTIUS02/ 17498 -18 point in the transfer rgenﬂ
bet ween crystallizers. This line nornmally contains a valve to cont roI 4¥62005
fl ow ratwoabopgseduct from one crystallizer stage to the next/usithesasesi dence
time for a crystallizer stage is given by the volune of the crystallizer
stage divided by the product slurry yolunmetric flowrate fromthe
crystallizer stage. As an alternative to transfer linelfeed Iine addition,
the dilution liquid may be added directly to the crystallization unit. In
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an amount that is greater than, less than or equal to the amount of liquid removed in
the form of distillate. Thirdly, if more than one crystallizer stage is being used,
condensate from a stage other than the immediately preceding stage may be
recycled to the crystallizer stage of interest. This condensate normally is heated to
the same temperature as the operating temperature of the preceding crystallizer
stage. :

[0040] in each case, either a portion or all of the condensed solvent is recycled to
the product feed supplying the crystallizer stages or additional solvent is supplied to
the crystallizer stages or a combination of the two may be used. If more than two
crystallizer stages are provided, the percentage of solvent supplied to each
crystallizer stage may be varied. For example, some crystallizer stages may be
supplied with an amount of solvent equal to the amount evaporated in the preceding
stage, and some of the crystallizer stages may be supplied with no solvent.

[0041] The addition point for the dilution water back into the system may be at some



-19 acid. The ideal case where this mechani smwoul d be taken greatest,
advantage of is in a series of infinite crystallizer stages, approxi #‘Mﬁim@ﬂﬁ

bat chwi sgv@enghisgicons. The linmit of practical operation dgesyges734d ow for
this. In the current invention, the higher terephthalic aci 3 concentration

in the original feed stream enhances this nechanism as higher terephthalic
acid concentrations cause nore of the terephthalic acid to crystallize at
hi gher tenperatures (in the upstream stages). [0045] The product renoval
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crystallization unit 122 at a pofnt below the face of the slurry
cont ai n@wthimsel 122, near the bottom of vessel 122, where the

hydr ost hi he... n itation d 170 is
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unit 122 via conduit 140. product "streamis renoved froma well-m xed
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and tenperature lower than the pressure and tenperature wthin crystallizer
122. ThHePeht@diengivyemifat ontyed MiBoLPREPD -OH(%(SHht?@H‘éaG’Fj Wil FoR@H N zati on unit

124. Besifsn ghg e crystallization unit 124 operates at a |ower
tenperature, a porti g‘ﬁﬁé‘gﬁ/etehe TPA remaining in solution crystallizes, which

porti on[0i04 3Y e Conmpared td»yseqmmtesqmeﬂenpbthahmat%wetaﬂeatnmaprmsaést\MEereper ating
k1l 'y H 2006 WD 02/ 098836 PCT U 02/ 17498 0 te erature of t%he second
cr yst aItI ere IS 1 dgwinstream recycle of condensed solvent, the stream from the

hydrogenation reactor to the first crystallization unit may be more concentrated and
have a reduced flow rate. Likewise, a reduction of feed flow rates from one
crystallizer stage to the next results in a reduction in product flow rates.- To maintain
a pre-defined residence time with reduced feed flow rates, the volume of the
crystallization units must be reduced. With a substantially constant flow rate, for
example, the upstream, higher temperature and downstream, lower temperature
crystallizer stages can have a substantially equal volume vet still have the sarﬁe
residence time.

[0044] In general, the strategy for selecting the temperature profile for a number of
crystallizer stages has been to select the temperatures which crystallize smaller
portions of terephthalic acid in each stage than the stage before. It has been
established that this technique will not only crystallize less terephthalic acid in each

downstream stage but it will also minimize contamination of the product by p-toluic



[0047] Sol vent vapor is renoved continuously fromfirst crystallizer W\p@
122 via conduit 142 and fed to heat exchanger 150 wherein all or a pf) i 9%

of the sQbvendssse condensed. Sub-cooling of the vapor top@ygQIReIsRt ure
significantly below the boiling point also can be acconplished with the

heat exchanger. A portion or all of tfe_ condensed solvent is fed to product
stream 140 through a val ve 136. Any condensed solvent not recycled to the
product stream may be 'renoved through conduit 144. Second crystallizer

st age addsTheliddapgicalvRerd thinBRRBRIsNSWBLIdbe takehhtpbatebt hlivaitag by st al | i zer
stage 110 and includes crystallization unit 124 having inpeller_172

t her ei if.2 $BriRfuet infigite etsidlizariages.\appsoXimating batehyise condilipas.cdhaui t 146.

Sol ve t nt to
condeﬂsnélrt Bt‘i‘ggéctt,\% Bég%\{@gld; @%@gm fs;{%%ng.lens?é%}“leﬁ‘g r%{}l%@tt'go’ndeeﬂﬂéaéiol vent
i s recgedprdhslicavial Otﬁlceihﬂ‘gﬂ@lﬂd" the @iginalfate dtream esiihoet thidSnedtigidm,

addi tiona]  sol vent , may be added to the sequenti al

cryst a2% higher éﬁfegpﬁlaélﬁﬁ%bp@m@traﬁqnsg@pée meeHf |th%&er@nbthah@ﬁ§sd tol i ne 147.

[ 0048] V.5t mcrystallizer 124 via
condw(t;ry%%g%é at ér ans%ﬂﬁa@fr a{a\%/‘ggﬁgg%t 0 é‘%ﬁgi d-l1iquid separation zone
180. 1]]6645]9nﬁbeairud@ct&bmdvbelndeaﬁbntﬁwﬂrmi b'rysﬁlhmreig@dsmxcobeemmlt han t he

nor mal 0|I|n poi nt for the salvent which permts soljd-]Ii dseparatlon
to be %9 Hﬂfﬁ?ﬁpﬁf%kon aﬂf@r@@rs.fartheqﬁﬁcevwﬁrta% cofstalingiars @E

I quorphost é’or?té)fﬁﬁ r{ﬁaﬁ%ﬁ dodgﬂ\gﬂ digik W‘%nngé?hé?féfﬁbé\lakdr@%f tﬁéke t hen
is washed I n the se zone. ] ene I'ts and advantages provided by the
proceslesmwvﬁadmdarlsyagmmayrtmsless thbmﬁmﬂ@rmallhmdlr@ctmmﬂforﬂﬁms@im pecovery of

terephthallc Ci er ,s e may b tal ed as, ipp th ted art while
st agi nff é‘r“%f'g {j'igt? gt"i@l B8 @rfiftetﬁ c‘l‘?eéjl -@?ﬁ ?Bc'aé "t her at the
hi ghertet&imRam u&@%naymm Béfo?@%é?ﬂg' @ScHEedtd b drgsr. Shectiteteq! i ng of
the post-hydrogenation streamw thin the tenpéerature range where nost of

the t@pBehtinabr anddhe fluid l¢$e;¢fcmwasmmg areoepliestad fosrecyriretofve of

G Car ODPAen o e ff BHR QBRI IRER Hlab PerP e RiT k8RR g e ©
di car bax yf infp@@ict i the Sgggéssﬁ allize fromsolution at - 9 MAY 2006 WO
02/ 098836 PCT/ US02/ 17-498 -21 the conventional tenperatures. 2. For a given

resi del9946] | Asaineefpiriag e tFigirer 2tthe hydeodanating PEPAYids (RIBeYRSIP™ hi gher
temper Al P Gen iGN FladoEFRIAGd Fad Sadldil & $58 (St RR SR RMRIdie 23 BRg the

point below the surface of the slurry contained in vessel 122, near the bottom of
vessel 122, where the hydrostatic head is higher. An agitation device such as
impeller 170 is provided in first crystallization unit 122 and other crystallization units
as well. A product stream is continuously removed from first crystallization unit 122
via conduit 140. The product stream is removed from a well-mixed zone of the
crystallization unit 122 such that the conténts of the product stream represent an
average of the overall contents within that crystallization unit 122. The product
stream is fed via a valve 134 to a second, successive crystallizer vessel 124 that is
operated at a pressure and temperature lower than the pressure and temperature
within crystallizer 122. The product strekam is fed to a well-mixed zone of
crystallization unit 124. Because the successive crystallization unit 124 operates at a
lower temperature, a portion of the TPA remaining in solution crystallizes, which

portion is determined by the equilibrium TPA concentration at the operating



vol une required according to known processes since the initial tergg%hal ic .
acid concentration in solution may be nuch higher while still target ‘H’é%he

same SUWW@)Q@%O' ids content in the final product st realp&T@g‘Wﬁ*hg‘f%bi ity

crystallizer“vol'umes result in a significant cost savings:

to separate aromatic dicarboxylic acid crystals from nother |iquor at

t enperatures bel ow the boiling point-@0 -he solvent renoves the necessity to
use pressurized and enclosed filtration equipnment to effect the separation.
This permits the use of nore cost effective solid-liquid separation devices

whi | e faMnesatiragf Hie seganskerystellization HPit dR4- EXAMPLES [ 0050] The novel
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denonstrates the ability to purify crude terephthaljc acid having

nal, )
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amount %é&ﬂ{oeér?i@fgll&'ér %gag{eqklég@ 28 8hHHODIPh n@%’ﬁ’e&%fﬁ@ﬁ@%@@%ég; n water.

The p-toluic a cont In the crude terephthalic aci ppnw on
a sol i exystalliges stapiee! ALt Inelueles iy sfellizatioreunit 424 thaving28pellanti7®el d at this
tenmperagture f one hour to._ensure that. all.aqof,  the soli. i ssol ved. To
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aut ocl ave charges were then reheated to 60C, at which 9 MAY 2006 WO

02/ 09889ERreD SPIEPNUSHII Y se8densedernt theecarsienshd sgiventisrreciielpd Viavalyae hour .
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[0048] The crystallization product is removed from crystallizer 124 via conduit 146

and transferred via valve 137 to solid-liquid separation zone 180. The temperature at

the last crystallizer stage may be less than the normal boiling point for the solvent

which permits solid-liquid separation to be a vacuum filter. The solid-liquid separation

180 removes mother liquor from a crystalline cake in a first zone. The crystalline

cake then is washed in the second zone.

[0049] Benefits and advantages provided by the process provided by the present

invention include: _

1. The same recovery of terephthalic acid per stage may be obtained as in the

related art while staging crystallizer stage temperatures much closer to each other at

the higher temperatures. This mode of operation may minimize shock cooling of the

post-hydrogenation stream within the temperature range where most of the

terephthalic acid is crystallized from solution. The use of conventional crystallization

temperatures with the more pure crude aromatic dicarboxylic acid results in the

crystallization of more of the aromatic dicarboxylic acid will crystallize from solution at



TABLE | Material Exper 1Exper 2Exper 3 Crude terephthalic acid 9 MAY 200
(parts)37.501537. 50537. 4948 Water (parts)87.733787.513187.4698 p- ToI ui ¢ acPd
(ppmv) 4200 8744883637429. 37 p-Toluic acid (ppmy) present i nPEOIGSOR/@THIS

155.7191. 6679. 12 terephthalic acid (60C) P-Toluic acid (ppmw) present in
purified 113. 0364. 9636. 81 terephthal.ig acid (95C) In two of the three
experinments, the purity of the resulting solids was well within the 150 ppm
maxi num p-toluic acid content for purified terephthalic acid. The

t er ephthealonveatioralrtenpeesatages.n Experiment 1 had a p-toluic acid
concentration of 155.71 ppnmw. EXAMPLE 2 [0053] In this exanple
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9 MAY theose aimnony mmnp@musoawnmmaratmedqm\]vhwe maitajpirg 80r e

aut 0C|é¥¥é‘ct‘0@ssegﬁ?étﬂﬁfi with the anmounts of water and crude terephthalic acid

listed in Tabl for Experinents 4 and 5. These sanples represent an

approxi mate solution of 20% crude terephthalic acid in water solution. The
EXAMPLES

[0050] The novel process of the present invention is further illustrated by the
following examples. In the examples, parts given are by weight and percentages are

by weight unless otherwise specified.

EXAMPLE 1

[0051] This example demonstrates the ability to purify crude terephthalic acid
having a p-toluic acid concentration of 429 ppmw to below the acceptable purity limit
for purified terephthalic acid (150 ppm). It also demonstrates that this specification
can be met by isolating the terephthalic acid at a temperature below the boiling point
of the solvent. |

[0052] A high-pressure autoclave was charged with the amounts of water (the
solvent) and crude terephthalic acid listed in Table 1 for Experiments 1, 2 and 3,
These amounts represent an approximate solution of 30% terephthalic acid in water.
The p-toluic acid content in the crude terephthalic acid was 429.37 ppmw on a solids
basis. The autoclave charges were heated to 280°C and held at this temperature for
one hour to ensure that all of the solids dissolved. To simulate a plurality of series-
connected crystallizers, the autoclave charges were cooled to room temperature at a

rate of 30°C per hour. The autoclave charges were then reheated to 60°C, at which



concentration of p-toluic acid in the crude terephthalic acid solids w?s ‘
429.37 ppmw. The sanples were heated to 280C and hel d at this tenperat d4é 200§
for one BRyhadegsscensure that all of the solids dissolved. pfpgissambes were -
cooled to room tenperature at a rate of 30C per hour. Then, as was done in
the procedures of Exanples | and 2, aopartion of each sanple was heat to 60C
and separated at this terrperature, and a portion of each sanple was heated
to 95C and separated at this tenperature. The p-toluic acid concentrations
of the teemelramr@tf@bhéi‘geglv\%réh@!@fdrrbnewre TiHe auté8ihte therMavagapaigper 4Exper
5 Crude terelgj thalic acid (parts)25.010425.0017 Water (parts)99.9537100.2292
p- Tol uiRGRP-igidhmpramtionras peffprmed enéh%xewlfa%ﬁwn%@t@m@ i Aftgs. 3751, 23
purifi I ( 4944 56
ur 11 cqoVEBIBEONS, e Bi0iic ol sfie (ERMMG et a

used tranidfsohdsi?armmimmilr(w/(e\rs 30%9. The crude terepht halic acid used for
Exanple 1 and Exanple 2 had the sanme p-toluic acid concentration (429.37
ppm . Therefore, for Exanple 3, there was a lower p-toluic acid
concentration in the initial diluteghgqgtytion. Conparison of Table Il wth
Tabl e |_denonstrates the benefit of flaving a |ower p-toluic_acid
concentiration i n theMateridli al sol ution pearel fi nal Epperd2ict | pxperty. [|00551
Sol i d- Il Cqudld terephthadic aitid Eess the sol [3iss619m t hesmebber [37muong Table |11
conpar eVAtBE (FEREd)er 11quor p-tol urc aci Umc?ggﬁnfra 8PBR3H 0T §Na688Pe i ments

shown i _Tm@rgﬁc Exanpte—3 were| 2§§? pur h, 3yer Agglsyl tdcid was
nggtlea ﬁogu{hsaqc (&g E@%“@'%ﬁ’%q} slo1 H)nm Th gsults’ Zngi;wlef

p-t ol u.LG_TQPD aligacidh on in the - MAY_2006. 02/ 098

PCT/ USQEH iiyigeacid mpmw@é@sentdmawl&%duc@@-% sol i ¢6498ui d sféﬁ;&ﬁatio A
mass baleippbihaliowsid (B°Chhere there is| a | ower cohcentratilon of p-taluic

aci d i Nnthe SPRRD B rek! HPBHMAHE tR'DUTSy Bf REYELUIting solids was well within the
150 ppm maximum p-toluic acid content for purified terephthalic acid. The
terephthalic acid recovered in Experiment 1 had a p-toluic acid concentration of
155.71 ppmw.

EXAMPLE 2

[0053] In this example demonstrating the effect of isolation temperature on the
purity of the final product, portions of the room temperature autoclave charges
resulting from Experiments 1, 2 and 3 of Example 1 were separately placed in a well-
mixed vessel. Instead of reheating to 60°C as was done for Example 1, the portions
were reheated to 95°C for Example 2, and were held at this temperature for 1 hour.
Solid-liquid separation was performed at 95°C to obtain samples of the solids, which
were analyzed for p-toluic acid concentration. The results are also shown in Table |.
As can be seen, isolating at the higher 95°C temperature leads to a product with a
lower p-toluic acid concentration than the material isolated at the lower 60°C
temperature. An increase in product purity can be achieved by raising the isolation
temperature from 60°C while still keeping the solid-liquid separation temperature

below the boiling point of the solvent.

EXAMPLE 3



al so has a | ower concentration of p-toluic acid. [0056] The cr ude
terephthalic acid used for Experinments 1-5 shown in Table | | had 3 BAY 2006

p-t ol ui ce\yat%kg({scé?pcentratl on of 429.37 ppm The anount of 'g%ﬁl/ﬁé"&@@ﬁ’ fs t he

par amet Was varied. However, by analogy, it can be rom
Table I'll that if the purity of the crude starting material is increased
while maintaining a constant |evel -@ dilution, then a nore pure product
will be produced TABLE 111 Material Exper 1Exper 2Exper 3Exper 4Exper 5

Cr ude h i c aci d309 00 0920920% Mbt h; | i quor p-toluic acid
Tt 26 B5E0 A BB e suGS U AP R ew AP GBI Y Refiouas. o eiesaad Crdavs ve
cl ai Mtedy hﬁfé?l%%%‘?d flglredtlﬁel'a?ﬂé’ﬂ‘f&tE%%r t%out qu T‘P\feséréé?ﬁﬂéék esen

terephthallc acid containing |ess 0 parts per ion
wei ghtan appraxinmatedalittoraof ﬂo%bta'séel tmphﬁmhwogi"nm watbrsbkmtlber é’[bllet hal i c aci d,

IR T N e R I RS S

mnga“ﬁ@s&’#ﬁﬂe@v@é‘f‘eﬁ%ﬁb&%@|26©dCtdh%rr?ékﬂ'at?rﬂgtémt)éaat&"f'é fB?%ESrP\ouF taining gas
to a first pressurized oxidation zone wherein |iquld-phase, exothermc

oxi datensHre tiat @fief the pobide dissepednd r@csamelesmeenmlad@ mmmer ature and
press 1 he fir ressurl d oxidation [£3 tor ar tai ned at
Pbout EpHAliat Tals GinCRSERE T5epars Yiindthd B R R fuERA 20 ro 189
poundsExeriiplesidaded 2ng fpornm bRgacH SamprRINHS RBat (PB0and BRBErRE it fHis Of the
first reactor a vapor conprising vaporized aqueous, acetic acid reaction

medi urPERGTANIR @ndiR Pogiatiogeach %@ppheeﬁwhﬁgtadrf@rﬂ& Feandaeparptad abihisof t he
first n i.dj ved
ter opreRr AU TS relcRAE SR EiiCerRiBEG S Mahra Y EE sH T or i o
aC|d arahlg ili ) the aqueous, acetic acid reaction medi um havi ng t he OX|dation
catal yst dissolved therein; (4) feeding (i) the oxidizer product of step
(3) and (ii) an oxygen-containing gas to a second pressurized oxidation
zone wherein |iquid-phase, exotherWABLBEXIdati on of p-toluic acid occurs,
whereinthe tenperature and pressure wt hin the second pr suri zed oxi dati on

reactgr are mi nMﬂtﬁféz@! at about 1 §XP§F 230C ah&xapodt 4.5[to 18.3 bara
ggggtjtzl?adé 5 H@ I| fiéfcég I‘;’Q.értﬁz)i::).\”—, ES dfﬁh‘ the I[ég!i'jo,ﬂ?kjrt ofn of the second
[ Water (Parts) [99.9537 100.2292 .
p-Toluic acid (ppmw) 429.37 429.37
p-Toluic acid (ppmw) present in 65.37 51.23
purified terephthalic acid (60°C)
p-Toluic acid (ppmw) present in 40.49 44 .56
purified terephthalic acid (95°C)

In Example 3, a more dilute solution was used than for Example 1 (20% vs. 30%).
The crude terephthalic acid used for Example 1 and Example 2 had the same p-toluic
acid concentration (429.37 ppm). Therefore, for Example 3, there was a lower
p-toluic acid concentration in the initial diluted solution. Comparis’on.of Table Il with
Table | demonstrates the benefit of having a lower p-toluic acid concentration in the
initial solution on the final product purity.

[0055] Solid-liquid separation removes the solids from the mother liquor. Table Ill
compares the mother liquor p-toluic acid concentrations for the experiments shown in
Example 2 and Example 3 wherein the purified terephthalic acid was recovered at
95°C. When a lower concentration of crude p-toluic acid is used, there is less

p-toluic acid in solution. This results in a lower p-toluic acid concentration in the



aqueous, acetic acid reaction nedium and oxygen-depl eted gas; (6) renoving
fromthe | ower portion of the second reactor a second oxidizer produegAMyzw&
conpri sivpg okhdsssP! i d and di ssol ved terephthalic acid and fdi/ysdzhigss8queous,
acetic acid reaction nedium having the oxidation catalyst dissolved

therein; (7) separating terephthalic.agid fromthe (ii) the aqueous, acetic
acid reaction nediumof step (6) to obtain terephthalic acid containing

| ess than about 900 ppnw 4- carboxybenzal dehyde and p-toluic acid. (8)

di ssol piotiertligeot eregideuay soladliguidiseparationi M giasp Halgncershumyethat ovifeoem a

solutign containing about. 10 to 35 weight percent dissolved terephthalic
acid hg\ﬁ“ﬁ{f %’%%W}g&? etignof pr*@iéctaﬁ'éﬁné%%mof Eb“cﬂ%/&?‘e Solas product
4‘Carbg%%b%@%ﬁkﬁﬁgﬁﬂﬁcéﬁgaﬁoﬁ8%H?8uﬂ§é&d.based on the weight of the

a

terephthalic acid present, at enperature of about 260 to 320C and a
pr essuf@®@56]f Theicsude terephthiatic aicid used foolExpedments il Heshdwiind Tabledd Feadd
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plurality of series- connected crysfalliZers wherei'n the solution is
subj ecthed iftthe parity obieralite gtanting onateriglds swreaagd while seajotainin@la r eduction in
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is about anbient pressure or less; (10) condensing solvent evaporated from
the crystallizers and returning the condensed solvent to the
crystallization zone at a point suﬂ%ﬁeﬂt to the crystallizer fromuwhich it

was optarmed;ang i) —Tecove N rystEatiTaertd Tt hal) cijd
cont ai ‘ni ng Iessﬁ?ﬁ%@about 15 @;%‘EEEE %%gﬁr?p 0 uélljcga FF%?&E%S k@%r ?he
wei ght! OfudehterdptitBalhd Baigi C .aciLeo%Jy sidgoed- | qMB@P/osepa[m%on at 2e#bi ent
pressure-9 MJ 2006 26 Process according to Claim 1l wherein steps (1) -
(7) copppthesliquoy priekis agd( 1) | paditenelb407) hbeeBas htef-9e atPd-G%act]i on
medi un ¢engentiatan d@9ok)cat al yst cog‘ponents i ssolved therein, and (ilii) an
oxygen-containing gas to a first pressurized oxidation zone wherein

| i qui d- phase, exotherm c oxidation of p-xylene occurs, wherein the
tenperature and pressure within the first pressurized oxidation reactor are
mai nt ai ned at about 150 to 180C and about 3.5 to 13 bar absolute (bara);
(2) removing fromthe upper portion of the first reactor a vapor conpri sing
vapori zed aqueous, acetic reaction nmedi umand oxygen-depl et ed gas

conpri sing carbon dioxide;




(3) renoving fromthe [ ower portion of the first reactor an oxidizer product
conprising (i) solid and dissolved terepfhalic acid and p-toluic acy, f @i
(ii) the aqueous, acetic acid reaction nediumhaving the oxidation caté &
di ssol ved therein; (4) feeding (i) the oxidizer product of step (3) and (ii)
an oxygen-containing gas to a second pressurized oxidation zone wherein

| i qui d- phase, exotherm c oxidation of the inconplete oxidation products
occurs, wherein the tenperature and pregssumesw thin the second pressurized
oxi dation reactor are maintained at about 185 to 230C and about 4.5 to 18.3
bara; (5) renoving fromthe upper portion of the second reactor a vapor
conpri syhgMapori zed aqueous, acetic acid reaction nedi um and
oxygen-depl eted gas conprising carbon dioxide; (6) renmoving fromthe |ower
portion of the second reactor a second oxidizer product conprising (i)
golid and di ssol vedprgeaphfonshe pratfuictlonmehd(retdvépef aapstaline taephitalie it
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t he aqueous acetic acid
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of t hethﬁé@@nd oxi di zer product are reduced fl ash evaporation. 6. Process
accor di4lg t teetling i) zthamndaﬁef prhdustefstep 63 aﬂ%@ib apraxygen-asintaingg g4s6lo @ sedardl
to a fpeessuezapanddaton zomewbengniliguidgpliage, @xbthestid baidhtive s Hohpeacit edcats,
a t enpahateinehefiergeraturd 20dtped Q0€ vatiin thepsesend pregkudibedioxiliadiohoeactdr er a
and (i inaiftawfsPBHabbasney &s280°©BAH ARGt A15 o218 8RS b6 St 68 t@@@ybs@()‘) to
100C apgh a pEQAHEBM eQ porfiéh Qf ﬁmetéea*o%d r%’@@fo‘?'ar\/éd?ﬁ AP ¥ ;‘?o.u%ﬂd
pressugsuggug cét?ccga rQ edlﬂfnq % P fI ash evaporation. 7.
Pr oces paccoL g, f’Hemo o rPofttgg Eeoffires t8t NN o
about l ht%alnc scia an F‘ tive & Uebus Bcett acidreadtion
or oducf: '%Hrlﬂ'?%n?S disebived erep q ion
ium having the ox dauon catalyst dissoived therein;
(7) separating terephthalic acid from the (ii) the aqueous, acetic acid reaction medium of
step (6) to obtain terephthalic acid containing less than about 900 ppmw 4-
carboxybenzaldehyde and p-toluic acid.
(8)  dissolving the terephthalic acid obtained in step (7) in water to form a solution
containing about 10 to 35 weight percent dissolved terephthalic acid having dissolved therein
less than about 800 ppmw 4-carboxybenzaldehyde and p toluic acid, based on the weight of
the terephthalic acid present, at a temperature of about 260 to 320°C and a pressure sufficient
to maintain the solution in the liquid phase and contacting the solution with hydrogen in the
presence of a noble Group VIl metal hydrogenation catalyst to produce a hydrogenation
product solution;
(9) feeding the solution of step (8) to a crystallization zone comprising a plurality of series-
connected crystallizers wherein the solution is subjected to rate-controlled evaporative cooling
by sequential reduction in pressure and temperature to cause crystallization of terephthalic
acid, wherein the pressure of the solution at the end of the crystallization zone is about
ambient pressure or less;
(10) condensing solvent evaporated from the crystallizers and returning the condensed
solvent to the crystallization zone at a point subsequent to the crystallizer from which it was
obtained; and
(11) recovering solid, crystalline terephthalic acid containing less than about 150 parts ppmw
p toluic acid, based on the weight of the terephthalic acid, by solid-liquid separation at ambient
pressure.



(8) has di ssol ved therein about 400 to 900 ppnw p toluic acid, basedgm t2
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series-connected crystallizers consists ofg two to eight crystallizers. - 9
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tenperature of the last crystallize n,.the ran bout 90 to 110C
dnd the plurality. d]fm&@lsﬁ Edﬂ'ﬁ%iq Qf"@ri/ eF'P é‘?%sg@ " " % ee to six
cryst 4ll) i zdeeding. (I)Appwdﬂi&sﬁ”)fi*ﬂuec%‘é%e a@&t PR eﬁb*a@\easa@a tipg Cégws
conpr iceinmgpnentd HissolwdidAheeia, and(ikyan peygemeoaifiod gasite atfitst pressenerd of an
oxy gernxidution Fortdwhesin ligoidophsk, iexotheatid ysidatompf psiyleneaosnurs cehefeit titeal t |
nmangang e"f‘é‘t‘ﬁr LA suré%ttﬁﬁ%‘é’ﬂét ?@és'u@uzé‘@'o‘ihdd?\oﬁ EhE®K aPE BRSHIEIRRHat about

oxi dat é? % STEDY] {tngIXé ducts fromthe first

pressu zed xid %act r, sali r‘f ri 5| n

benzer@di car boxy[EMOURS O ﬂ“ef Oé{%n t}ea{[lrsgf]e @%%3%88}) g Botifed
t ol ui AHAWS, agakr Eastiop raeﬁilﬂn%an\@emgera BPle&RHBAY CQH]p(ﬂ‘S&% R PB Bluct s
to a (§éconr<¢rrmmn@froonthee@wempormcg) offhh\etfﬁetrrelaptpjuam Pridizer am@ciucﬁg\pslém (i)

i nconmdddidearuk didadived terepdifvalia acid hedgetodwid acid aled i(ijthe rauedos, adeticeacid reaction
nai nt anedign haeingaieenddation yathlyshdisaolded dicereth;pressuri zed oxi dation reactor
at ab@ U 1f%ding heC@x@lEQ t"ddmi:t)aﬂ@t@@l egams (i) ah 6RygLreesmathivy ydats arsecond

react of Mﬁ?@d 3fi6n & lé @r‘i’n@@xﬂ?& io?lrbfrtﬁ@%éHm B ()
;gggy;ggg Tt {E%Ze&urg LI
aqueouB %Oé‘gia onéﬁactgg)aresgﬁg} %@g’ﬁi’gﬁg 8?13909 rl‘ﬂ té\%‘i' %r‘]nasfial d
aquedus? aalcetlc acid of step (5); and (7) di ssol vi ng the

benezeffdi cEaBeYipDiftoradiel UBBERPABANIcH tie EBCOT) reartQRa ¥APPLCIHPHFRIEPatizemh
cont ai ARWPUN) acetigBcigeiegictiopenedinm and sxydarddeelriechgds campoisinig carhon dicuidey
t enper éd)ur erarho?i6g fraro 132 (vempbriiop of fsusecsul feactiara sewnthoxit en prduuct

sol ut i oomiprisinige(i) Salidi hdotiias elvad derephtteditiavid ahd€iistheutquaioueg) dtetitysiio geaction
the prasemnes reivig hebbadSien paldyst dissbplednyigreigesead i on catal yst  to produce
a hydr ena%éﬁﬂra‘t’ih QHétter httdiRmcid Bomite @Y 8ressuaiuss bRkt AcidVRAEEHM niddium
| east Btaétte 6 cf'Sb % ﬁ—‘\gn id &ﬂﬁéaﬁ I%F{a %ﬁ%ﬁ@ﬁ'@(ﬂ%bgﬁ% gn reactor
at a tgg%%ﬁ gal § luuc 'S s led by said por phase

sol ven %

al m , V\,herel n said vapor phase solvent is fed
tg said second oxidation reactor at @{i'ﬁr gure S fflClent to

o pass Into S4PGCsRRGRAING ¥at VegER'd s %9131 % GRS i m\gloét 155 to
pﬂgé.%.aﬁe ahautioe? i 6. ead inGhe pEesIee t%qU@PU§r?&%ré@@rmr%ﬁheatmewunbmtammg

about 4 to 5 weight percent water having oxidation catalyst components comprising cobalt,
manganese and bromine dissolved therein; the second pressurized oxidation zone of step (4) are
maintained at a temperature and pressure of about 205 to 215°C and about 13.4 to 17.2 bara; and
the terephthalic acid of step (7) containing about 400 to 800 ppmw 4-carboxybenzaldehyde and p-
toluic acid.

4, Process according to Claim 3 wherein the atomic ratio of Co;:Mn:Br is
about 510 40:1.0:4 to 40.

5. Process according to Claim 1 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 accordmg 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
about 170 to 190°C and a pressure of about 2.4 to 5.2 bara and (ii) a second flash vessel operated at
a temperature of about 60 to 100°C and a pressure of about 0.3 to 0.8 bara, wherein the temperature
and pressure of the second oxidizer product are reduced by ﬂash evaporation.

7. Process according to Claim 1 wherein the solution of step (8) contains
about 25 to 35 weight percent dissolved terephthalic acid; the hydrogenation product solution of step

(B) has dissolved therein about 400 to 900 ppmw p toluic acid, based on the weight of the terephthahc
acid present, and the plurality of series-connected crystallizers consists of two to eight crystallizers.
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vapor phase solvent.

1. The process of claim 8, whereln said vapor phase solvent is fed to said
second oxidation reactor at a pressure sufficient to allow the vapor to pass into said second oxidation
reactor and condense, while providing sufficient heat to the contents of the second oxidation reactor
to maintain the temperature at about

185-230°C.

12. The process of claim 9, wherein the second oxidizer product contains less
than 150 ppmw p-toluic acid.

13. . The process of claim 9, wherein said vapor phase solvent comprises acetic
acid solvent.

14, ' The process of claim 9, wherein said vapor phase solvent comprises acetic

acid solvent, and said oxidation product comprises terephthalic acid and 4-carboxybenzaldehyde.
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(3) removing from the first reactor an oxidizer product comprising (i) solids and dissolved

benzenedicarboxylic acid and incomplete oxidation products comprising 4-

carboxybenzaldehyde, and (ji) the aqueous, acetic acid reaction medium having the oxidation

catalyst dissolved therein;

(4) feeding (i) the oxidizer product of step (3), (ii) an oxygen-containing gas, and (iii) a

vapor phase solvent to a second pressurized oxidation zone wherein liquid-phase, exothermic

oxidation of the incomplete oxidation occurs, wherein temperature and pressure within the

second pressurized oxidation reactor are maintained at about 185 - 230 ° C and about 4.5 to

18.3 bara, and condensing the vapor phase solvent within said second pressurized oxidation

reactor,

(5) removing from the second pressurized oxidation reactor a second oxidizer product

comprising (i) solid and disspived benzenedicarboxylic acid and (i) aqueous, acetic acid; and

(6) separating benzenedicarboxylic acid from said aqueous, acetic acid of siep (5); and

(7) dissolving the benezenedicarboxylic acid obtained in step (6) in water to form a solution

containing 10 to 35 weight percent dissolved benzenedicarbbxylic acid at a temperature of 260

to 320°C and a pressure sufficient to maintain the solution in the liquid phase and contacting

the solution with hydrogen in the presence of a noble Group VIil metal hydrogenation catalyst

to produce a hydrogenation product solution; ' '

(8) feeding the hydrogenation product solution to a.crystallization zone to cause

crystaliization of benzenedicarboxylic acid; and

(9) recovering solid, crystalline benzenedicarboxylic acid containing less than 900 parts

ppmw 4-carboxybenzaldehyde and p-toluic acid. .

16. The process-of claim 15, wherein said benzenedicarboxylic acid comprises

terephthalic acid, and said vapor solvent fed to the second pressurized oxidation reactor comprises
an acetic acid solvent.

17. The process of claim 16, wherein sald acetic acid solvent comprises a
partially de-watered acetic acid solvent.

18. The process of claim 15, comprising the feeding the removed vapor from
the first reactor in step (2) to a water removal column, separating a distilled partially de-watered acetic
acid solvent from the water removal column, and feeding at least a portion of said de-watered acetic
acid solvent to said second pressurized oxidation reactor.



