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which is normally gaseous, in the presence of a bromine-promoted catalyst

comprising cobalt and manganese. The oxidation is excthermic and yields
aromatic carboxylic acid together with by-products, including partial or
intermediate oxidation products of the aromatic feedstock, and acetic acid
25 reaction products, such as methanol, methyl acetate, and methyl bromide,
Water is also generated as a by-product. Aromatic carboxylic acid, typically
accompanied by oxidation by-products of the feedstock are commonly formed
dissolved or as suspended solids in the liquid phase reaction mixture and are
commonly recovered by crystallization and solid-liquid separation techniques.
30 The exothermic oxidation reaction is commonly conducted in a suitable
reaction vessel at elevated temperaiure and pressure. A liquid phase reaction
t:nixture is maintained in the vessel and a vapor phase formed as a resulf of
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the exothermic oxidation is evaporated from the liquid phase and removed
from the reactor to control reaction temperature. The vapor phase
comprises water vapor, vaporized acetic acid reaction solvent and small
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acids, such as crude product comprising aromatic carboxylic acid and by-
products generated by liquid phase oxidation of aromatic feedstock or so-
called medium purity products, in solution at elevated temperature and
pressure using a noble metal catalyst. In commercial practice, liquid phase
oxidation of alkyl aromatic feed materials to crude aromatic carboxylic acid
and purification of the crude product are often conducted in continuous
integrated processes in which crude product from liquid phase oxidation is

used as starling material for purification.

The high temperature and pressure vapor phase generated by liguid
phase oxidation In such processes is a potentially valuable source of



recoverable acetic acid reaction solvent, unreacted feed material and
reaction by-products, as well as energy. Its substantial water content,
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economically impractical. High pressure off-gas separations, as in processes
25 of US 5,723,656, 8,143,925, 6,504,051 and WO 97/27168, can be effective
for separating off-gases to recover acetic acid-rich liquids and gases
comprising water vapor suitable for further processing. However, certain by-
products of the oxidation tend to apportion into both liquid and gas phases in
such separations, complicating their recovery and potentially adversely
30 impacting other process streams and steps. These difficuliies are
compounded by build-up of such by-products in processes in which by-
product-containing streams, such as mother liquor remaining after recovery of
pure forms of aromatic carboxylic acid from a purification liquid reaction
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Summary of the Invention

Disciosed herein are a process and apparatus which, in therr
embodiments and features, provide or enable manufacture of aromatic carboxylic
acids by liquid phase oxidation of aromatic hydrocarbon feed materials with
improved treatment of a high pressure vapor phase from liquid phase oxidation
for separation and recoveries of oxidation reaction solvent,



by-products of aromatic feed materials and of monocarboxylic acid
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invented process includes embodiments that comprise directing to
aPREARAMEIILE fHi% ANRURP RO RIERGAJSS U H QB R RBMRLPTIquor

remaining after recovery of a purified aromatic carboxylic acid product
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herein can aiso eliminate or reduce reqguirements for demineraiized water or pure
water from other sources and provide balance between water generated in liquid
phase oxidation and water used in purification not achieved in, and substantially
improved over, known processes. In addition to substantial separation of solvent
and water from oxidation reaction off-gas into liguid phases suitable for return o
or use in oxidation and purification steps, the invented process includes
embodiments that comprise directing to separation as reflux a iiquid comprising a
purification mother liguor remaining after recovery of a purified aromatic
carboxylic acid product from a purification
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carboxylic acid manufacture In one a %ect there Is provide
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reveatEyunidenegydaiohsor avoiding materials losses in process operation. In
some of its embodiments, the apparatus is configured to provide added benefit
by reducing corresivity of process gas streams, such that components of the
apparatus and, in some cases, of auxiliary or other process equipment can be
constructed of metals and alloys with moderate corrosion resistance, such as
stainless steels, mild steels or duplex steels, as alternatives o fitanium, nickel
alloy steels and other more expensive, highly corrosion resistant metals
conventionally used in aromatic carboxylic acid manufacture.

in one aspect, there is provided an apparatus for separating components
of a reactor off-gas generated in manufacture of aromatic
B
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such that a liquid phase reaction mixture is maintained and a high
pressure 10 overhead vapor phase comprising solvent monocarboxylic
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aromatic hydrocarbon precursor is formed, wherein the intermediate portion is
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more specific embodiment, the fractionafing zone preferabl rowd?s
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bodiment, at least™one outlet in communication with th ﬁoliectin
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25 in & more specific embodiment, the fractionating zone preferably
provides about 20 to about 80 theoretical equilibrium stages. A first portion of
the fractionating zone according fo another embadiment is capable of
separating water and solvent monocarboxylic acid in & high pressure vapor
from liquid phase oxidation such that at least about 85 wt% of the solvent

30  monocarboxylic acid is removed to the refiuxing liquid. in another
embodiment, a first portion of the fractionating zone preferably provides about
20 to about 70 theoretical equilibrium stages. In another embodiment, at least
one outlet in communication with the collecting means for withdrawing



aromatic hydrocarbon feed material with gaseous oxygen in a liquid phase
reaction mixture comprising monocarboxylic acid solvent and water under
conditions such that a liquid phase reaction mixture is maintained and a
high pressure overhead vapor phase comprising solvent monocarboxylic
reflagifigMaiard iapatsds gesereiediinuibepieastiomydsseh vemesesttred at least
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eq@ﬁﬁ?iﬁﬂ(@éﬁ&g contacting a solution comprising aromatic carboxylic acid
and impurities dissolved in a aqueous liquid with hydrogen in the
presence of a hydrogenation catalyst at elevated temperature and
pressurestpbratua padfication liguidarestton enddodineerd résolesat) aherein
BT o B B e
argsifife hapbReRiBUarReE i aata et HOF$RBEE SO RBIRP it £ alifetg Bhase
redE@RAIOM vesee! estapiedner comeciingyliuidouriicnton reactionter under
solution with rogen at elevated te rature. and pressure in. th :
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carboxylic acid in a pufification, reaction solvent, filtration or other
the.frpgtigniating 200587 RRRer afemaiPacaisoxylic acid from a liquid

medium and washing of solid purified aromatic carboxylic acid product.

m ! ed aromatic produ
e e o st o o S osed

hefrintisfrpipfarabboRaanid JresRd ARAHRSINEGAERIEE H6 tRECCESSSS for
m&leRaratien iapRaet WBomatic carboxylic acid comprising contacting a solution

comprising aromatic carboxylic acid and impurities dissolved in a agueous liquid
with hydrogen in the presence of a hydrogenation catalyst at elevated
temperature and pressure to form a purification liquid reaction mixture and
recovering a solid aromatic carboxylic acid product with reduced impurities from
the purification reaction mixture. A preferred apparatus for manufacture of a
purified aromatic carboxylic acid by such a process comprises at least one
reaction vessel adapted for contacting a liquid purification reaction solution with
hydrogen at elevated temperature and pressure in the presence of a
hydrogenation cataiyst to form a purification liquid reaction mixture and, more
preferably, at least one product recovery



In one aspect, there is provided a process for manufacture of aromatic
carboxylic acids. The process comprises contacting a feed material
comprising at least one aromatic hydrocarbon precursor to the acid with
gaseous oxygen in a liquid phase oxidation reaction mixture comprising
vesseriodirhosgficaviicative mitaritavseetinn Veshel prssesed/ivia eatiigetion
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rocarbon precursor and oxidation by-producis
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carpresgurecidaporipbiase removed from the reaction zone to a separation
zone capable of substantially separating solvent monocarboxylic acid,

water and oxidation roducts jntq. at Ieas ne ent monocarboxylic
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ap mprising water vapor such that oxidation by-products of the aromatic

Fr)1yo’?rocarbon precursor are preferentially apportioned to the first liquid

phase and oxidation by-products of the solvent 10 monocarboxylic acid

are p‘reia@aﬁ@&y:tanberﬁoﬂsedrm’itmis&cgmw&ﬁghfmemm‘aa&percpfnagﬂnaﬁc

f t I
BRI s R

at |sREE QDR E@HBth%ﬁ%ﬁﬁﬁf@‘o‘?@ WERE 1% 88&?8}{& oxygen in
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anw%ﬁﬁﬁﬁﬁtﬁfﬂw&br@@%@%@@%@%tm@ﬁ%t%ﬁ%ﬂ@m@ at least one
heg%yv ?f ﬁaﬁﬁuﬁ(ﬁ %T égct? a;g%‘gﬁg R PR ??ﬁ'é’te% é)m\{*\éag%d pressure
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arGRatY isRgBERIGc andidnose drafapabiyeds aoeabdengatedigiidncobyppigidgcts
di &VéﬁBF@GQ&&SJ@%ﬁﬁ&%@%f&qaﬁ%mﬂo 3R {?Qﬁﬁ&ﬁm@‘é‘ﬁﬁ a high

om the separation zone or a mo uor resu tln rom_recovery of

pr%mr%e@%rmaaemra&ﬁ%ﬁm?ﬁé @aaqm%aa.a%ﬁnw%%ﬁnd minor
anieagstioof ixtarerosaccoydbicatioontipeeeofstn arstilbridaéspogificoducts of the

pr&RAIREN ftﬂ?es%’@@ﬂ%&%&l%%%%@ﬂd adistdehec damish pressure

plied to a stage
vapoP hase removCJe ?rom the reaction zone to a separation zone capable of

substantially separating solvent monocarboxylic acid, water and oxidation by-
products into at least one solvent monocarboxylic acid-rich first liguid phase and
at least one water-rich second liguid phase that is substiantially free of solvent
monocarboxyiic acid and at least one solvent monocarboxylic acid-depleted
second high pressure vapor phase comprising water vapor such that oxidation
by-products of the aromatic hydrocarbon precursor are preferentially apportioned
to the first liguid phase and oxidation by-products of the solvent
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substantial separation of water and solvent monocarboxylic acid
comprises a purification mother liquor and an additional reflux liquid
supplied to a stage for apportioning solvent by-products into a second

high pressure vapor phase compri d te liquid df
ORI R A S P B AEEOH PR LoD AUdE Pressure

varioyhgska precesmtniimgafufactiee sfpacmaticzoashaxydicpatitte streams a
comprising, in steps, at least ane, ligui ase oxidation step comprisi .
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whighsBIF R ‘&h@se"SHfﬁpﬁﬁ'ﬁ'@r\ﬁ/%r%%o@&%o@%eacﬂﬁ?{%?ggbteﬁ a
cosgdsiiitiefuRienatiedniiacariien, engeseaandroeaciioselyrf odigotresdure
at 11 least one pu ijicati&g st%p co?rg rising contactin Wi&h h drogep. at ;
VaRRE RLERF (S RAFRA PEREUAL G (2 BrBLAHEO S KA & ltng from
recenavyrisingid bydsogemationaratabist neetahey i dichifonredaguin sodufiication
comprising a liguid that comprises water,and dissolved therej :
reazf&b?na@éxé{ﬁ)g%(y%ccg@ ;gﬁ@j ?n?ﬁﬁ’r] fijég‘s rtencgvé}riﬁﬂéﬁ% %Rgﬁigaigﬁéhgggnent
theosieaimtionantion mixtiagetfoanataldust osuliqiiikishaserikdation siggeofor
sué%?%ﬁa‘?%é}%%ﬂ%d'%’%ﬁ@?“gﬁ UKIUEG %%Eﬁ?@o R i mprises a
car%oxyllc cid and hydrogenated impurities dissolved in a liqui
puteagiasimotaericunt aniéaast eaeibghsTupakaioh suaplemisrisingge for
apH@%fﬁH@%a\m%%ye.ﬁ%%&@p%_eh@seéWV%fmogy&gg@qmzo&%se

of at least one liquid phase oxidation step to a separation zone capable of
coRpsisERtRARCSas AL D RFRYREHD CERB0ADfic SRIANH R a REESRIFELHIYRAPCT
phBY¥e products into at least one solvent monocarboxylic acid-rich first liquid

phase and at least one water-rich second liquid phase that is substantially

free iof subiieat aspecicirboxidiposidiatd ardeastsdoe valvefaciure of aromatic

caPReRgcarhaylisApidsigpletedisncond Bigh RISSSHBINaPRaRN @ dation step

comprising water. vapor such that oxidation b -produgt? of Ehe arom%té%tuted
CORYIFARB iGN el abr e BlerSPURta, APDIBRed oast one St
aromatic hydrocarbon in which the substituents are oxidizable to carboxylic acid
groups with gaseous oxygen in a liquid phase oxidation reaction mixture
comprising monocarboxylic acid solvent and water and in the presence of a
catalyst composition comprising at least one heavy metal component in a
reaction zone at elevated temperature and pressure effective to maintain a liquid
phase oxidation reaction mixture and form an aromatic carboxylic acid and
impurities comprising reaction by-products dissolved or suspended in the liguid
phase oxidation reaction mixture and a high pressure vapor phase comprising
water, monocarboxylic acid, unreacted substituted aromatic hydrocarbon, oxygen
and reaction by-products; and at
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to the first liquid phase and oxidation by-products of the solvent
monocarboxylic acid are preferentially apportioned to the second high
pressure vapor phase and removing from the separation zone a
water-rich second liquid phase that is substantially free of solvent
leaghonesaphokyht@acidiand coxndatisindyepnbaltitty thithe dfvanoe seabralavigied
r vapaQr at.i stanii ee of oxidafl - ks, Of
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€ aromatic rocarpoon precursor, at least one comprising
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. __from the separation zone in at least.one off-gas.separation.s
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purification and off-gas separation steps of }he rocess taccording to ..
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trapdiasengxed atgn prextuce corpprisingseroamatieashiboxyticcartsdclind zone of at

lealY RIQIURLS RN, B 4G PIRRSIEE VaRer Rhase aphaaoISHARIdiiasse of

12 oxidation are directed to %)urificatlon and off-gas separations, .
substgniiailve SeRARIAIsELBFITiqURT PRARY L8R pRidhg Wl r A0BSBARIgN BY-
prdteetef§istlveneasoonsabloryicemidcartdte by -praticts firsnidoe liohade and

at 50X E%P.r{&%%ve%ﬁf%i halet Qitaas mepaeionbaing direle S tieent

purification for use as a IC]Ui com%rlsm? water. In yet another aspect,

mapeearROEHvicREth Brecads RS anGiasaR 6 NBPsRERIE 4o Rt sigaisted
seEOMBPHZIRGELSIRBSYARhEPHAsH b i feRth @larial veppeaitly @at oxidation

aromatic hydrocarbon.precursor to the aromatic carboxvlic aci n .
oy RS SR A R T resat b ROl 72 le Ay Miberioned
to therfoshtioonyihasikl st eKicatienvayepraaddistaé i sehsnbmpagayaexylic

acePARGTHRRASRAR iSHb RIS NINBIALERRHPARIM K sarstipdopRale and
elevated temggerature angaﬁ:essure effective to mainhaén a liguid react'%n .
giﬁé s

refNtce AN t8"SoRRPAN YA RS A bYRAE e S IR plIiEs RERRSri
subytpntdiictsreé thd substituted accariticipd acarbamddissiclstehoby-products

thardspelded indhs liayid Phass soxidqtion reaction mixtwesdadighy free of

pressure vapor phase that comprises solvent monocarboxylic acid, water,

OxiS{AliRE ORI e sab iU RIATAANI D TRGRTBRABEP P by BB U RASH One
stdpecaaiyeiinpaiiaeatbgxy liwaeidsith) seconeringiftphabe toptidsphabstantially
fred 5 é@@éﬁaﬁbonnoc@?%%i?csggg %Wc?%%ﬁ’tmﬂr@ngroducts thereof removed
from the separation zone in at least one off-gas separation step to a purification
zone such that a liquid comprising water used in at least one purification step or
for recovery, separation or washing of a product thereof comprises the
condensate liquid.

Liquid phase oxidation, purification and off-gas separation steps of the
process according to embodiments disclosed herein preferably are integrated
such that a liguid phase oxidation product comprising aromatic carboxylic acid
and by-products and a high pressure vapor phase from a single liquid phase
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aromatic carboxylic acid and impurities comprising reaction by-products;
(c) dissolving or suspending solid product recovered from the liquid phase
oxidation reaction mixture comprising aromatic carboxylic acid and
impurities comprising by-products of the substituted aromatic
oxitiytinacarb diréctadituipucticasitsinanwattig ast sepst atipogioasyaehiciy, with a
secRIIPIIReS@ SeraRd licsichpharg) recemered m@ngwo sieR (1) ofo fepWent
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liquiecomeingifrpmaise. purification liquid reaction mixture a solid purified
product comprising aromatic carboxylic acid with reduced levels of

imp r|t|e and a liquid r|f ation mother liquor comprising water
min oﬁﬂ? ?b fbﬁsﬁ& UCES of the’S Yaldfe t%uuted aror%a ic ycrln Sgg%é{ure of
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0245 200 1010486
mowﬁb%m P SSVER o AR Hoads 135, SU5SPAEn Gorfe catalyst
corspesitienwmsirindiguisancrealsisieropeieRtdn falgReipa Ry ddherted
tenipRr@cREdaNyliprasitlryaife e liy-prachists inthoaideasicone solterd and to

form%’-’%@&%gfl&%@% l?:fﬁéuoL%HQ PUERETCINY @&mfﬁgwaﬁ%@é&gh@f the

secon |qu P hase t at is substantial free of solvent monogcarhoxyl|i

SUBRIHIRHY 20RO UBRAIROR FHERAMRS Al SHTRRE Y Tt Wﬁdﬁha%
oxigrdssureeaaipor phixsereoanstisingighatorassoe suabathat@agatici comprises
soabﬁwﬁrqﬁyﬁ&aﬁbaiwQﬁm@@b@épmi@ﬂ@mr@z@amom@r%asmat@aedromam

hyéluq% ”&ha'%$b§b% Cac;gﬁtggaé&\ﬁew %ﬂaggwﬁogﬁﬁs Ltr%%overmg

monoca are apportioned substantia

frogacfi gl ppé@ss@reovéﬂ@ésoﬁhé%@d(ay raRBR PSRN féh@%&#aﬁ{}ﬂﬁpﬂsmg
ar@oaédncEpargte saadmend sopenitienonorrrbergliceritiarcbfirst didudts: (

d.s%ﬁﬁﬁgaaﬂ@%ﬁamg%@@@gﬁedw%m&%ﬁ mﬁmaiwafg%%anon
reac lO%nat‘l‘{?( ngcgg)%oé(rysll\?}l a%pp gé%XIdaF g@; éj%l ﬁ%g lll%llgr[é?g ?ngo%prrsmg

€ss

byw%a@c@é EEQ%%W&Q&H?H}%%M%@&R%? R FARRgeRvater,
at Veatgraiphrieaarfdiiqoidqonasesta bissctrstadidtdyireefesokamat according
to S18PQBREBIRVICABITHARSkBY-REMGHISES (Brreatiemp e’ fé@ﬁh%@non solution at
eleafe g t!t%rrlawé%pgtikrr]eSt% ég)ptl%s?stt!i?g S{m he Rf étOBSéc)’n(d (S esslécnrééha&f a
hydrogenation catalyst to form a purification liquid reaction mixture; (g)
recovering from the purification liquid reaction mixture a solid purified product
comprising aromatic carboxylic acid with reduced levels of impurities and a liquid
purification mother liguor comprising water and minor amounts of by-products of
the substituted aromatic hydrocarbon precursor, hydrogenated derivatives
thereof or combinations thereof, (f) transferring a high pressure vapor phase from
step (a) comprising solvent monocarboxylic acid, water vapor, by-products of the
substituted
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liquid comprisipg water in at least one of steps (c), (d) or (e) comprisés the
20 second liquid phase. In more specific embodiments, a liquid stream

comprising.the solvent monocarboxylic acid- iqui
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jon is descr with refer ing, i
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, rboxylic acids accardi %%%réd' 5 {Q8;
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Eig%g%% E@.enrpg@m@qeogdiegstmembbqﬁepem. tiveresofe el gt @
DescHplon MOmAlE P RonEAds by MUEN PR dnverpniniasine

olycarboxylated species having one or more

20 arceratis fiagd BhgSvhich can be manufactured by reaction of gaseous

and liquid reactants in. a_liqui gzﬂge - £xam ; i
carboxyli@ é‘&?&% ﬁ?ﬁ%%%e{g_rgp rFtiha Ic ggz{i‘gﬁ%ﬁwesic a%?jﬁaﬁﬁﬁgﬁlgiag@ ic{ ©
phmangmwhg@pmﬁm@ é@wgﬁ from the separation zone Is trans erreda Fo he

reaction zone. In other embodiments, cooling of a second high pressure

vapor phase comprising water substantially free of oxidation by-products of

»5  arormatic hydrocarbon staring materials for liquid phase oxidation that is

removed from a separation zone is condensed to recover condensate liquid
comprising water by transfer of heat from the second vapor phase to a heat
exchange medium to generate steam or another heated fluid under pressure;
the resulting steam or heated fiuid under pressure can be used for heafing in

30 other steps or processes. Altematively, such a second high pressure vapor

phase or a portion thereof or a high pressure exhaust gas remaining after
condensation of the second high pressure vapor phase gas can be treated in
one or more additional steps for recovery of unreacted feed materials and
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benzoic acid and naphthalene dicarboxylic acids. The invention is
particularly 20 suited for manufacture of pure forms of terephthalic acid

viRchdeingxpurified terephthalic acid and so-called medium peiEsis0a6/016486
terephthalic acids. An oxidation step of the invented process is a liquid

p@&é&?&%ﬁ%ﬁ%@ﬂ&@%@&%ﬁ%%@gy%@ﬂ%ﬁ@;@é@g@h as

material comprising an aromatic hydrocarbon having substituents
oRICTER B B SE PRIEY 284 AR PRI R G B
cemrprisiby annagracirboxyhersmidebthdnticancr werrdinations presefice of a
catalyst composition comprising at least one heavy metal component.
The oxidation step is @igurisdiatetafdtedtemiprrature and pressure
effective to maintain a liquid phase reaction mixture and form a high

5 temperdtwéNagirpresiasaiReh Wi FeisEORie PEAYNe 30 Whihatic
feed material in the. liquid phase,oxidation [ [0 o
i G R e R e T
inpeefewelembrgivyents b dre dpuntigpCinalydpeoBIRBIEL CbliE ARpAratuS
prgghicitef thquareratiodee danatamakandsciveniphyfpatiducts. Foeatic
liquid-phase oxidation step an i r an be
AT B e R BRI ROFCSREE

10 Sqf@o?@@ti@%uéwmbl viEmeofo;xig;@i%ﬁ@temﬁltaffb@madm@edohﬁiogeoor
more reagtors, 5 Suitable argpmatic fee teri r.the gxidatio
AT e Gl R A
paitin3s asopnIly teenmbeppifditd® #9é positions of the carboxylic acid

groups of the aromatic Carbﬁé%ljl% g\g’&%ﬁ%}nﬁ I{:)repared, with at least one

group that is oxidizable to a oup. The oxidizable
SUPStitU%\%{%@y@ﬂB&?ﬁé %Ql%”%ibﬁ GFRURFeRUSH s @nafthy&mi@yl
or isopropyl groups, or groups already containing oxygen, such as a

15 hyaﬂsssyangimﬁg\ff%iwﬁ%tﬁéé&%ﬁfb?&%”%%ﬁ&ﬁﬁfn 3@%{"&%‘%"&“ e
diffgrientcarhearcanaficiprrtdly otdelesciassiwpuAdsHdnanstgnts in a
bq{ﬁ%ﬁ@%ﬁ%\é@%@m Cfﬁﬂé?gp@s ;w RAIVE N SHCRAB oy e pBifaieoRde
nucleus. The number of .oxidizable substituen the aromatic. 15 portjon
of W&R @8&?0%?2@ tg% S &cu:?{,agiméﬁ iHic ﬁlo \ gthhE: e f!%%“&%ﬁcp‘%ﬂ

0 und can be equa e number of sites available

onbi¢reseirornistiengaraphinBlers derreriTonies thEre dvenendiggrticulanty
20 Dr%iﬁ{@eblﬁgﬂ Pﬁa’ﬁ@@ﬁ&&@gﬂ mestipretersiyraotixaples erﬁaasfﬁf(;g f.mlitﬁed
co 0 wnl can pe us r Jnclude toluene,
R a e A ey S R e e B ene,
20 xyleng.teluatdehyeles, solic incidaeallsd eyl alkpholshdstouxiyhdon

that comprises contacting oxygen gas and a feed material comprising an
aromatic hydrocarbon having substituents oxidizable to carboxylic acid groups

25 in a liguid phase reaction mixiure comprising a monocarboxylic acid solvent
and water in the presence of a catalyst composition comprising at least one
heavy metal component. The oxidation step is conducted at elevaied
temperature and pressure effective to maintain & liguid phase reaction midure
and form a high temperature, high pressure vapor phase. Oxidation of the

30 aromatic feed material in the liquid phase oxidation step produces aromatic
carboxylic acid as well as reaction by-products such as partial or intermediate



methylbenzene, 1-hydroxymethyl-4-methylben-zene,
methylacetophenone, 1,2,4-trimethylbenzene,

1-formyl-2,4-dimethyl-benzene, 1,2,4,5-tetramethyl- benze@%ﬁ%ﬁdﬁﬁmlms«s
“fgrzr%%/ﬁf-y,oé%%l-, and hydroxylmethyl-substituted naphthalenes, such as

2,6-dimethyl naphthalene, 2,6-djethylnaphthale =Qlir p
M A S T e L
nigtiystesitoaleatnr steptayh GLapsiHad ISR TSRS FaRiARMCOXHTES
deiyalives abtaedosegpittioboproasifastureafiatomaiiusarboeedicTaeids

by oxidation of thejr correspondingly substit matic hydrocarbon
pREigafian RLeR $RM R SR gét]'ﬁ'rg%{ renﬁ%rgigéa%g@rfgom mono-substituted

5 be_réz]?ngﬁﬁggr[lg%}Hﬁ%&%@ﬁf?@%ﬁa@fgﬁh%sgﬁgeﬁbbw& pivtipaise
acid from ortho-disubstitute nzenes, an : %Rmpa
di%rﬁmﬂﬁcagﬁgcfp@ﬁq?%§ﬁ8ﬁl\9e ?7 35 " gnafZﬁ)c-;é%sébstltute’dl%%aﬂ_y
naphtkatenis ividherefosittursoliie reptivsljcpss IR HAIEPALS
P%%Q%%Q%@(@%%%fpfsﬁéwamadﬁﬁw dnergreupfivabiyoteitibatedals
in which content of the _lgre-c%gsogicorr%s&gn ing { @ﬁ%ﬁgr%aogqi,@!at
e SRPARY G X GHP 2 T SRR ET STADIY At least g% Wt.% or even higher.

10 A grefesreslienonwatic rhgitishcainnofe EPHRRYS SIS YARNOFaBaYES already
tegy Hgghg.]ép g%é;ggwéﬁeggoy%ﬁdwi@aﬁyﬁé} pieigred fesl gratgrial‘fbe
making benzoic acid comprises tpluene. Solv. g [
reé@ﬁ?ﬁ“&f‘?ﬁﬂ%ﬂ% %%é%gtgﬁaf %regrbrﬁé |c§§ar_ ggéﬁ?ﬁﬁ{lc? fgrogcﬁ%ci‘?\
thedinpoidruisas e dabienersy eorys RS R PioteBaIMRIGHHEN 2 @
][“%QB%%{??%%/'}E@%L%.,gﬂ%mwﬁfw%&l%zﬁaaé-@&smﬁsmwﬁmmm
or example acetic gcjd, propionic aci r i i |

15 bem%‘a%ﬁd?hﬁofﬁgé%{ﬁﬁﬁa? %uﬁgcgﬁo%%é%%ﬁd%oﬁiéﬁlgﬁz%ﬁg gc%ﬂgsre
prefeitabendbscathepieemiandutivorn ek dpuBle Rl SHPr Stitfets
thapaigher Mmaleadanweight meBoeashexyic acidsamdes rEagtiehl feed
conditions used in for liquid phase oxidati IiC G XYifuaeds
anfPERP WHFandd %ﬁf{/‘tti{éeeﬁse%(fsaﬁﬁ ﬁﬁ e% poi?dsg%?gﬁg%ggﬁg gﬁ:ﬁggf? s most 15
prefibgbdnSokend ipthiee A¥BPaHLISUSEHRBIThs AR RIS, %Fén%?n pie

202DQUERD taMbAUE BRI, Yaqokitiasgsf thiryacitkargl maisoommbflyyséd
in commercial operations. Et | AndiAtiRicosSeIVenkmAleERIHivhe,
oxi t@‘f eﬂ%gﬂgtarﬁhx%)cxgg}%mﬁ%%tthe Iigﬁ%ﬁp?hase 0 i% %?{?Feaﬁf n

coﬁﬂ%@ﬁ%%%us&@ﬁﬁﬁ%ﬂ%’%ﬁﬁ%ﬁ%ﬁm%tﬂ’é ga%é?ﬁ"&yﬁé
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a nje’cl)lggca%r ?é(m@fr%gtﬂﬂnaphthaiene, 2 6-diethyinaphthalene, 2,7-dimethylnaph-

25  thalene, 2,7-disthyinaphthalene, 2-formyl-6-methyinaphthalene,  2-acyl-6-

methyinaphithalene, 2-methyl-6-ethyinaphthalene  and partially oxidized

derivatives of the foregoing.

For manufaciure of aromafic carboxylic acids by oxidation of their
correspondingly  subsfituted  aromatic hydrocarbon pre-cursers,  e.g.,

30 manufacture of benzoic acid from rmono-substituted benzenes, terephthalic
acid from para-disubstituted benzenes, phthalic acid from ortho-disubstituted
benzenes, and 2,6 or 2,7 naphthalene dicarboxylic acids from, respeciively,

2 6- and 2,7-disubstituted naphthalenes, itis preferred to use relalively pure
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and such a co-solvent, co-solvents oxidizable to the same monocarboxylic
are preferably used so that solvent separation steps are not further
complicated. In regard to solvents for the liquid phase oxidation according
YA&eHG& ion, the expression "solvent monocarboxylic adifiT/AS e 6456
herein in 25 reference to a component of various gasequs or liquid
sieedrmstesieles R MRROREBERICTaRTIMEHRYTHR WhlHe corirfical the
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"solvent monocarboxylic acid" refers to acetic acid but not other |
monoc&siconditEsiirb SRR JSHERRRT AaMiticeadideaiitich Gre
CorpmAR paliehiE intermediaieivxiddiinm pypseduitstioh sEMOmMprises
20 qg@%ﬁé@g@?@ﬁ@%gﬁé%@y@ QRaticieas malrialssedc, -G,
gto tion.

accordin e inv so, as'will be clear from context, the ward
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busideesaat aecessatly, zefer thdwerfalishiaiv ohtecadrogbebaigticeadid

twhich it tefers, E;I%H%é SCHQ«:QYI%’&%&} SRS 1 BV lundesirable

monocarboxylic a ed as a component of a liquid

€ phase
osGasHRI RS AR IR FRISEWRL LSS RPRSFARR MG AR RoWERE
"sehtinh eemniend axsyliciadid lideiscpired asidationspneetaiseabipkdifigh
P%%?g&EﬁA’%BRreﬂhéﬁsegc?ﬁmkegﬂ&@%%Qeﬂfa@ﬁna%mm%@éta
liquid phase separated from such a vapor phase is not int nged to de]note
thRieferEed.0 SRS L R ALRIRs RRRIGH RS éBR?SH%. Lefpaee
usdosdhe hguid eXidatibrsaotiopsisé imateithlarthaicat scafedtvaised in

¢ ,Eg%&aéi%%té%eﬂgh%a{amﬁai&df%&@malgfsie&ﬁ@a@mmhga@mieo
acid. Preferred catalysts are soluble |n the liquid lhase rez%ctlogo rgg;gl((t)ure
u%ﬁ%@ﬁ'ﬁoﬂcﬁ&éﬁﬂggrsﬁ%m@u@a@l 53 ?ﬁ’lﬂ%b & Contac

e contact among 1%
catatystnhe geedgasianditiqoi fivetiom it isenbraevetictisidsoyénheerts
CaLRA! ORFRIA|KTHSARBRRRNLS MRKIALS RBdiFeds 2 YRinRibkr torylatalyst
comprises at least one hea\{ etal. compo e;[p't such as aor@ertgal)ﬁ’vhtga o
iU RS TGRSR g/?%%é)lﬂ%r%gea%ou? 178 Examples _o¥ Suttable
hessferahbtatsinshuibiet cobvaint aeantpine SEcrapRIIoRiURRSHAIBRlised.

chromium, iron, 20 nickel, zirconium, cerium or a lanthanide metal sugh
hafnium!"S&HaEee solvents for { en%qwd ghase oxi a&on accord?ng BUfrd &S

invention, the expression "solvent monocarboxylic acid" as used herein in
reference to a component of various gaseous or liquid streams refers fo a
monocarboxylic acid having the same chemical composition as the
monocarboxylic acid used as solvent for the liquid phase oxidation. Such
usage also distinguishes those chemical compositions from other
monocarboxylic acids that may be present as oxidation by-products. By way
of example, when the liquid phase reaction mixture for oxidation includes
acetic acid solvent, the expression "solvent monccarboxylic acid" refers to
acetic acid but not other monocarboxylic acid species such as benzoic and
toluic acids which are common partial or intermediate oxidation by-products of
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forms of these metals include, for example, acetates, hydroxides, and
carbonates. Preferred catalysts comprise cobalt, manganese,

combinations thereof and combinations with one or more other metals
wakparticukarly hafnium, cerium and zirconium. 25 In prefemretius2006/016486
embodiments, catalyst compositions for liquid phase oxidation also
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10 tetrrbeoarbetyinaciatisientidibrpasidescwamoacetyl bromide and
combinations thereof. Other suitable promoters include 5 aldehydes and

ketonesGafaivels dsethifsntige sl mEWRIBHGPREHSSe MRteERR s the

ligeidqase reaeiipm ob rtridetignstepnadse fastlidrategals Lompriiy
m%!?r 2 a@éﬁ}%?”ﬁ% SPyERigatly. §%§§4&a % SR [&%%}é%%%ﬁm
en eanC ed air, pure oxygen an ures

er gaseous mix
coﬁiﬁww%f%a}%ﬁ%waﬂmc‘&i% @\térétﬁ promals spachaayd
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of Inert gases In reactor o ases are reduced hen air or other
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thevgpitptasshtheahigh girassulr @3viapayquib el 38. g dheratdel hyf theétdigiaiderhase

reqdion '.ﬂ&@ﬁﬁé@&@%%%&é&%ﬂ&éﬁw%e%ae%mhaarmﬁmfgaﬁon

components of the oxygen Source Proportlons of aromatic feed material,

20 caiffieh, BESRIUMANCPEB Rt 2raNHBRIRIEN R FHEMRR RGN PHIP RN
fadtonss thdt thebed enetaic arafudeadansiaoble nteaatiieatalysiroridgsositions

angiptendad aspmaticicaRRUNic AR absh, deialariRraceestaie

and operating factors. Solvent to 20 aromatic feedstock welg t ratios
H&F@?r@ aW’Taf?B Bfgntgmalogr@ore other metals and particularly

hafnium, cerium and zirconium,.

25 In preferred embodiments, catalyst compositions for liquid phase
oxidation also comprise a promoter, which promotes oxidation activity of the
catalyst metal, preferably without generation of undesirable types or levels of
by-products. Promoters that are soluble in the liquid reaction mixture used in
oxidation are preferred for promoting contact among catalyst, promoter and

30 reactants. Halogen compounds are commonly used as a promoter, for
example hydrogen halides, sodium halides, potassium halides, ammonium
halides, halogen-substituted hydrocarbons, halogen-substituted carboxylic
acids and other halogenated compounds. Preferred promoters comprise at
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preferred, with about 2:1 to about 5:1 being more preferred although
higher and lower ratios, even in the range of hundreds to one also can be
used. Oxygen gas typically is used in at least a stoichiometric amount
Was¥coa244fomatic feed material but not so great, taking inREAAESHH010486
reaction 25 conditions, rates and organic components of the high pressure
végest phrasebmesinkingpirem théhtjaitephpineasnurcehanslyfiemhiabie
WEHF&E%@%%,%‘F}&NRBBF ?fﬁ?ﬂ&f%@ﬁi?ﬁ@ﬁirﬂﬁ&%&@ﬂﬁ ﬂ%é‘ﬂ@ acid,
preferred aromatic materials, solve onocarboxylic aci talyst

C ORI Ui B e SR CORTERS, DXVBEN e T Le o amem e

strypiiists inahre fopmbbhatients wmeﬁer%@uwt@ﬂetonﬁmm pwa%e
5 OxidatignatAddaeiedive e prevdrhaddenst AReWt 3ttgixBaiHb.6 moles

molecular oxygen per mole of aromatic hydrocarbon feed material. A high
pressur&sagiantp hiascire sisitidg ifreas licpaetigph & ctisxiasideiion sieteplisly

rqnm;*edefrga& BSERGHe MdlcduRicoRygathAHirlE W20} QR4E%s a

s A oaag doe. Syiaen conternt of e uaparphase 0 a/aclan,

en measure

sanw@ntme@magmmmaimgwg@mgy@maﬂy %ﬁaﬁﬁrﬁ A RRsbRpHASKE
10 Owef:n %ngﬁgﬂ@h@%&aw@%@wf ' gula@r Q@ﬁg@l@&iﬂﬁ wagtardatas by
e o0 reater or lesser amounts of catalyst In on,
v e N S
pHa@@@%@ﬁséér&%&%@‘#@?%x%ﬁlb&fﬂd’ﬁﬁé@?‘@%P%t%‘?‘%ﬁ?%ﬁ’t
0. ﬁy’ﬁ@@@@hﬁij@@a@g&é aﬁeraﬂy@,@d {R@ AotV Es menae:@ml}%@ thernigrsisassiire
aromatic rocarno t XV t
R AR R AR 16 TRAIP LS TEaRis AR Bldeuth Wb
15 incpepiisg yeleamior ethshiventdsy %‘PBtﬂ’Gé'%‘tBS?f\KWV%ﬁ?HFéem liquid

phase oxidatigns us ar Ie e feed ma i
solvent éor oﬁ&’aﬁ orlqn a%/gpnﬁgfcﬁagem(?x?emghccon}/erit?( 3’? %)(Sgét (3??? S%out
3 vol.awitival peferrdavrstiaNaRig ¥romeie éﬁ?%ﬁyﬁ@%\é’ﬁ'ﬁﬁ’@dﬁmé‘?‘?n of

whé@htmeI%@@mranwim?sbyomp@mmsamdmﬁaebmmmnmmyuc
8&"9& 3% é@%&a@%egratagé SOTR %9 @pgpaﬁﬁ?gl?&@w'g@%ﬁv\sﬂpfes
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sopverirgfeater hantabowh 200REMVheiptefesad iyrekesde ralttangtbbighB00
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ppmw, more prefer less than about 20 3,000 ppmw, Preferably
a RAstRsh grbvBiER b s BretdraslaspGhigRstric amount based on

aromatic feed material but not so great, taking into account reaction
25 conditions, rates and organic components of the high pressure vapor phase
resulting from the liquid phase reaction, that a flammable mixiure exists in the
vapor phase. In commercial operations using preferred aromatic feed
materials, solvent monocarboxylic acid, catalyst compositions and operating
conditions, oxygen gas, most commonly supplied in the form of air, is
36 preferably supplied to the liquid phase oxidation at a rate effective to provide
at least about 3 to about 5.6 moles molecular oxygen per mole of aromatic
hydrocarbon feed material. A high pressure vapor phase resulting from liguid
phase oxidation is preferably removed from the reaction at a rate such that
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comprising bromine, is present. Such a promoter is present in an amount
such that the atom ratio of halogen to catalyst metal suitably is greater
than about 0.1:1, preferably greater than about 0.2:1 and suitably is less
menoaioersd: 1, preferably less than about 3:1. The atom ratic i sralsgenise
to 25 catalyst metal most preferably ranges from about 0.25:1 to about
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about 4:1, preferably less than about 3:1. The atom ratio of halogen to

25  catalyst metal most preferably ranges from about 0.25:1 to about 2:1. Other
things being equal, reaction rates and consumption of oxygen gas in liquid
phase oxidation increase and levels of unreacted oxygen in the vapor phase
from oxidation decrease, with increased catalyst concentrations in the

oxidation reaction mixture.

30 The liquid phase reaction for oxidation of aromatic feed material to
product comprising aromatic carboxylic acid is conducted in a suitable
oxidation reaction zone, which normally comprises one or more oxidation
reaction vessels. Suitable oxidation reaction vessels are configured and
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A reaction mixture for the liquid phase oxidation is formed by combining
components comprising aromatic feed material, solvent and catalyst and
adding gaseous oxygen to the mixture. In continuous or semi- continuous
PrédaEds®omponents preferably are combined in one or PSFESBHMHHES
vessels before being introduced to the oxidation zone; however, the
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continuous processes, components preferably are combined in one or more
mixing vessels before being introduced to the oxidation zone; however, the
reaction mixture can also be formed in the oxidation zone. The source of .
oxygen gas can be introduced into the reactor in one or more focations and is
typically introduced in such a manner as to promote contact between the
molecular oxygen and the other reaction compounds, for example, by
introduction of compressed air or other gaseous oxygen source info the liquid
hody within a lower or intermediate portion of the interior volume of the

reaction vessel.
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Heat generated by oxidation is dissipated by boiling the liquid phase
reaction mixture and removing an overhead vapor phase from the

reaction zone. Generally temperatures of the liquid phase reaction are
meintainedsat 25 about 120C or greater, and preferably at ateubsk404@ ohs6
greater, but less than about 250C and preferably less than about 230C.
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the reaction solvent,
Generally temperatures of the liquid phase reaction are maintained at

25  about 120°C or greater, and preferably at about 140°C or greater, but less
than about 250°C and preferably less than about 230°C. Reaction
temperatures in the range of about 145°C fo about 230°C are preferred in the
manufacture of aromatic carboxylic acid products such as terephthalic acid,
benzoic acid and naphthalene dicarboxylic acid. At temperatures lower than

30 about 120°C, the liquid phase oxidation can proceed at rates or with
conversions that are economically unattractive or may adversely affect
product quality. For example, manufacture of terephthalic acid from para-
xylene feedstock at a temperature less than about 120 °C can take more than

22



10

- ekt

15

25

30

solid concentrations in the liquid body are negligible. As will be
appreciated by persons skilled in the manufacture of aromatic carboxylic
acids, preferred conditions and operating parameters vary with different
WoWwleidHpt 25 processes and can vary within or even be\RGEIU$#806/010486
ranges specified above. Products of the liquid phase oxidation reaction
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thereof are transferred directly or indirectly to a liquid phase oxidation or
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agdniaenatad detiuaHyePQhmeters vary with different products and

processes and can vary within or even beyond the ranges specified above.

Products of the liquid phase oxidation reaction include aromatic
carboxylic acid oxidized from the aromatic feed material, impurities comprising
by-products generated as a result of the liquid phase reaction and, as noted
above, a high pressure vapor phase that results from the liquid phase
reaction, including boiling of the liquid phase reaction mixiure fo allow removal
of the vapor phase for contro! of reaction temperature. Specific examples of
by-products of the aromatic feed material include partial or intermediate
oxidation products such as toluic acids, iclualdehydes, carboxybenzaldehydes

23



various by-product compounds resulting from purification steps and
unreacted aromatic hydrocarbon feed to oxidation carried into purification
also may be introduced to the liquid phase oxidation reaction mixture and
wfbgasen22® Water also is produced as a by-product of the Hoitsphiedaosse
reaction in the oxidation step. However, because water may also be
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introduced to the liquid phase oxidation reaction mixture and off-gases.

25 Water also is produced as a by-product of the liquid phase reaction in
the oxidation step. However, because water may also be present in the liquid
phase reaction mixture as a result of addition thereto, for example when using
aqueous monocarboxylic acid solvents or in recycle streams from other
process stebs, and also due to the éigniﬁcant amounts of water present in the

30 oxidation step, whether as by-product or deliberate addition, and inability or
lack of need to distinguish between water of reaction and water added
deliberately, the expression "by-products of the liquid phase reaction” and like
expressions used herein do not refer to water unless stated otherwise.
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liquids by centrifuging, filtration or combinations thereof. Solid products
recovered from the reaction liquid by such techniques comprise aromatic
carboxylic acid and impurities comprising by-products of the aromatic feed
VO MEEPHSILiquid remaining after recovery of solid productPEBHesH e
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mrﬁaﬁY&rﬁHa'@%momﬁa'ﬁ@ﬁﬁon liquid by such techniques comprise aromatic

carboxylic acid and impurities comprising by-products of the aromatic feed
material. Liquid remaining after recovery of solid product from the liquid
reaction mixture, also referred fo as oxidation mother liguor, comprises
solvent monocarboxylic acid, water, catalyst and promoter, soluble by-
products of the liquid phase oxidation and impurities that may be present such
as from recycle streams. The mother liqguor normally also contains minor
amounts of aromatic carboxylic acid and partial or intermediate oxidation
products of the aromatic feed material remaining unrecovered from the liquid.
The mother liquor is preferably returned at least in part to the reaction zone of
at least one liquid phase oxidation so that components thereof that are useful
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Solid product recovered from the liquid phase oxidation, typically
comprising aromatic carboxylic acid and impurities comprising oxidation
by- products such as intermediate oxidation products of the aromatic feed
2bomateriaksean be separated from liquid oxidation mother liguonesedting:ss
from recovery of the solid product by any suitable technique. Examples
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products such as intermediate oxidation products of the aromatic feed
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25 material, can be separated from liquid oxidation mother liquor resulting from
recovery of the solid product by any suitable technique. Examples include
centrifuging, vacuum filtration, pressure filtration and filtration using belt filters.
The resulting solid product is preferably washed after separation with liquid
comprising water such as pure water or a wash liquid comprising rinor

30 amounts of solvent monocarboxylic acid, catalyst, aromatic feedstock,
oxidation by-products or combinations thereof that can be beneficially
recycled to oxidation, either directly or combined with other liquids such as
oxidation mother liquor recycle or other liguids returned to the reaction zone.
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parts per million by weight ("ppmw") or less. Solid product can be dried
with a flowing stream of nitrogen or other inert gas to reduce residual
solvent levels. In addition to the aromatic carboxylic acid reaction product
WérAied 3425 the liquid phase reaction of an oxidation stepR{EFaME)0H486
the invented process, a high pressure vapor phase is generated,
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oxidation step from which the vapor phase is removed.
In addition to the aromatic carboxylic acid reaction product formed in

the liquid phase reaction of an oxidation step according to the invented
process, a high pressure vapor phase is generated, comprising solvent
monocarboxylic acid, water and by-products of the liquid phase oxidation, as
described above. The vapor phase commonly also contains minor amounts
- of unreacted aromatic feed material, unconsumed oxygen gas and, if present,
inert components of the oxygen source. Temperature and pressure of the
vapor phase present in the reaction zone corresponds to conditions of the
liquid phase reaction. An off-gas separation according to the invention
provides for recoveries of materials and in some embodiments, energy and
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In greater detail, separation comprises directing a high pressure and
temperature vapor phase removed from the reaction vessel used for liquid
phase oxidation to a separation zone that is capable of operating with the
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the reaction zone. More 20 preferably, the se f% tlon Z%Q%bls deazned or

treating dVAISBISHHHRIAI SERA AL SATPEF S [ERTISH A MEBbA FRBYE an
prederpbitatleasbalpbas®08mamd $tilin the reaction vessel used for liquid

phase oxidation to a separation zone that is capable of operating with the
vapor phase at high temperature and pressure o substantially separate water
and solvent monocarboxylic acid in the vapor phase and apportion by-
products from the oxidation among liquid and gas phases resulting from the
separation such that solvent by-product content of the liquid phases and
aromatic hydrocarbon oxidation by-product content of a gas phase removed
from separation are minimized. The high pressure vapor phase can be
transferred from the reaction zone of a liquid phase oxidation to the
separation zone directly, as where a separation device is mounted directly or
in close association with an oxidation reaction vessel or other reaction zone,
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more preferably at least about 95%, of the pressure of the vapor phase in
the oxidation step. Pressure rating of equipment of the separation zone
preferably is at least about 80%, more preferably about 90 to about 110
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25 the rating of the oxidation reaction vessel or zone of the oxidation step of the
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invented process from which the vapor phase is directed fo separation.

Temperatures of the vapor phase in the separation zone preferably range

from about 140 to about 200°C and more preferably from about 160 to about

185°C. Pressures from about 5 to about 40 kg/cm® are preferred, with about
30 10 to about 20 kg/cm? being more preferred.

The separation zone is capable of substantially separating solvent
monocarboxylic acid and water vapors in the high pressure vapor phase
infroduced to separation. Preferably the separation zone is capable of
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to about 5 wt.% thereof. By-products of the aromatic hydrocarbon

precursor removed to the first, solvent monocarboxylic acid-enriched

liquid phase and the second, water-enriched liquid phase are preferably
appastionaek25 preferentially to the first phase, and more preferabiysuciise
that about 75 wit%, still more preferably at least about 85 wt.%, to about
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the second, water-enriched liquid phase are preferably apportioned

25 preferentially to the first phase, and more preferably such that about 75 wi%,
still more preferably at least about 85 wt.%, to about 100 wt.% thereof, are
present in the first liquid phase and no more than about 25 wt.%, still more
preferably no more than about 2 to about 10 wt.%, thereof are present in the
second liquid phase. By-products of the solvent monocarboxylic acid

30 comprising alcohols and solvent acid esters thereof are preferably
apportioned to the second high pressure vapor phase resulting from
separation of water and solvent monocarboxylic acid in the inlet high pressure
vapor phase, preferably such that such that the second, water enriched, liquid
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under conditions in the separation are present in the high pressure vapor
phase introduced to the separation zone from a liquid phase oxidation and
may also be introduced into the separation zone in reflux liquids supplied
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phase introduced to the separation zone from a liquid phase oxidation and
may also be introduced into the separation zone in reflux liquids supplied

25 thereto. Such by-products apportioned to the liquid phase to which solvent
monocarboxylic acid from the high pressure vapor phase from oxidation is
removed can be removed in the first ligquid phase. Such by-products present
in the solvent monocarboxylic acid-deplsted vapor phase are further
apportioned to that liquid phase and also enter the liquid phase to which water

30 from the solvent-depleted vapor phase is removed due to contact with the
refluxing liguid phase. By-products of the solvent monocarboxylic acid that .
tend to apportion between vapor and liquid phases can be present in the high

pressure vapor phase from oxidation introduced to the separation zone. They
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materials for liquid phase oxidation. Water and solvent monocarboxylic
acid in the countercurrently flowing vapor phase and refluxing liquid

phase are substantially separated in the first portion such that a solvent
moneeariexylic 25 acid-rich first liquid phase and a high pressoes;swlvenss
monocarboxylic acid- depleted intermediate vapor phase are formed. The
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the countercurrently flowing vapor phase and refluxing liquid phase are
substantially separated in the first portion such that a solvent monocarboxylic

25  acid-rich first liquid phase and a high pressure, solvent monocarboxylic acid-

depleted intermediate vapor phase are formed. The solvent-rich first liquid
phase from the first portion is collected for removal from the separation zone.
The vapor phase flow from the first to the second portion of the separation
device includes the intermediate vapor phase from the first portion. Water
30 and by-products in the countercurrenity flowing vapor phase and refluxing
liquid phase in the second portion are separated such that by-products of the
aromatic hydrocarbon precursor are removed to the refluxing liquid phase and

a high pressure second intermediate vapor phase comprising water vapor
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such that at least 95 wt.%, and more preferably at least about 98 wt.%, of
the solvent is removed to the first liquid phase. The second portion is
preferably capable of apportioning by-products of the aromatic precursor
Y65 e8P 25 phase oxidation to the first and second liquiFERESRA1R4E6
that the second high pressure vapor phase contains no more than about
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preferential apportionment of water, solvent monocarboxylic acid and
bySBRBERIER Wlfprises a fractionating zone having at least about 20

theoretiggl &F&ﬁ"@%Be%t%%ﬁﬁr%ﬁuhﬁamﬁ%ﬁﬁ%ﬁw ?Eﬁétﬁﬂ\dzone

solvent 20 monocarbox;}éllc acid in the high pressure va rom liquid
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leaghRRPI 2moved to the first liquid phase. The second portion is preferably
capable of apportioning by-products of the aromatic precursor for the liquid
phase oxidation to the first and second liquid phases such that the second
high pressure vapor phase contains no more than about 10%, and more
preferably about 1 to about 5%, of the amount of such by-products present in
the first and second liquid phases and the second high pressure vapor phase.
The third portion of the separation zone preferably is capable of apportioning
liquid phase oxidation by-products of the solvent moneocarboxylic acid to the
second high pressure vapor phase such that the second liguid phase contains
no more than about 10%, and more preferably about 1 to about 4%, of the
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theoretical equilibrium stages is preferred for separating water and
oxidation by-products of the aromatic feed material. More preferably,
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supplied to the separation zone comprises water. Any suitable source of
liqiie¥sHaHSHYRAHET SR bstaTraliP i FARD filfugt least about 2

theoretical equilibrium stages is preferred for separating water and oxidation

by-products of the aromatic feed material.  More preferably, such a

25  fractionating zone provides about 2 to about 10 theoretical equilibrium stages.
A fractionating zone for separating water and oxidation by-producis of the
solvent monocarboxylic acid preferably has at least one, and more preferably
about 1 to about 10 theoretical equilibrium stages.

Preferred separation devices are various columns or towers, often

30 referred to as distillation columns and towers, dehydration towers, rectifying
columns, water removal columns and high efficiency separation devices, that

are designed for contact between gas and liquid phases flowing therethrough
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detrimental to separation can be utilized. Demineralized water or other 25
purified sources can be used but preferred sources of reflux liquid include
liquids condensed from high pressure gases removed from separation
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roducts returned to separation in reflux liquid supplied to a third
$£8%3he separation zone are stripped back int6 the second high

IOreSSUrﬁ?a}éﬁ@?V;;QJAQS&Bbﬁ&?%%@%éd%%ﬂ%ﬁea%we@%‘atQF SUEHy

by-products is prevented in preferred embodiments of the invention in
suitable source of liquid comprising water and substantially free of impurities

defrimental to separation can be utilized. Demineralized water or other
25 purified sources can be used but preferred sources of reflux liquid include
liquids condensed from high pressure gases removed from separation and/or
condensing zones according fo the invented process. In another preferred
embodiment, purification mother liquor obtained in recovery of a purified
aromatic carboxylic acid product from at least one purification liquid reaction
30 mixture is directed to separation such that reflux to the separation comprises
the purification mother liquor. Most preferably, reflux liquid for separation
comprises such a purification mother liquor and liquid comprising water
condensed from high pressure gases removed from a separation zone, which
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which a portion of the condensate liquid recovered from the second high

25 pressure vapor phase from separation is purged or directed to
treatment for recovery of such by-products. Reflux liquid preferably is
supplisdais rate and temperature effective to quench heatrafitbsligusdeass
phase oxidation reaction transferred to the separation zone in the vapor
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of such by-products is prevented in preferred embodiments of the invention in

which a portion of the condensate liguid recovered from the second high

25 pressure vapor phase from separation is purged or directed to treaiment for
recovery of such by-products.

Reflux liquid preferably is supplied at a rate and temperature effective
to quench heat of the liquid phase oxidation reaction transferred to the
separation zone in the vapor phase from the oxidation. When the separation

30 zone is coupled to a reaction vessel from liquid phase oxidation for
substantially direct transfer of vapor phase from oxidaﬁo_h fo separation, the
reaction vessel functions as a reboiler. In such embodiments, the rate at
which liquid reflux is supplied to the separation zone is conveniently
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acid and/or p-toluic acid, washed or transferred into the first liquid phase

in 25 the separation zone. The first liquid phase may also include other
components, such as aromatic carboxylic acid product and catalyst
%Fﬁf’é.ﬂ@ﬁrﬁ'tent of such heavier components can be as high-sVSH6EF 10486
wt.% but preferably is no more than about 0.5 wt. %. The solvent
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resulting from the separation contains about 15'to about 30 wt.% water
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appAtiaMeBheh SHENRYRERAHE DA liRId RRASES #Rk oxidation, m-toluic

acid and/or p-toluic acid, washed or fransferred into the first liguid phase in

25 the separation zone., The first liguid phase may also include other
components, such as aromatic carboxylic acid product and catalyst metais.
Content of such heavier components can be as high as about 2 wi.% but
preferably is no more than about 0.5 wi. %.

The solvent monocarboxylic acid-rich liquid phase condensed from the

30 vapor phase in the separation zone is a valuable source of solvent for liquid
phase oxidation. As described above, it alsc may include oxidation by-
products of the aromatic feed material and other components suitable for
being returned to oxidation and converied fo the desired aromatic carboxylic
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separations according to the invention. Solvent monocarboxylic acid
content 25 of the second liquid phase typically is less than about 5 wt.%
and preferably about 1/2 to about 3 wt.%. Solvent by-product levels
Wwpicakyiersno greater than about 1 wt.% and preferably alrautik05d016486
about 0.2 wt.%. By-products of aromatic feed materials present in the
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from about 30 to about 40 vol.%. Preferably, pressure of the second high
BERARbr phase from the separation is up to about 1 kg/cm?2 gauge

ess thaﬁrﬁ%es%fc%%%“ Jht*b%éwpeo%ba%%wt Seadies TRAASEATHTe
of the high pressure gas from 20 se&aratlon IS ferablyé%&t about 20C
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separations according fo the invention. Solvent monocarboxylic acid content
25  of the second liquid phase typically is less than about 5 wt.% and preferably
about 1/2 to about 3 wt.%. Solvent by-product levels typically are no greater
than about 1 wt.% and preferably about 0.05 to about 0.2 wt.%. By-products
of aromatic feed materials present in the second liquid phase typically range
from about 0.003 to about 0.1 wt.% and preferably} about 0.005 to about 0.05
30 wt.%. Such a liquid is suitable for use as liguid comprising water in one or
more steps of a process for purifying impure forms of aromatic carboxylic acid
as described more fully herein. Other uses for the second liquid phase

include seal flush liquids to solid-liquid separation devices used for separating
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preferably greater than about 120C, and less than about 250C, more 25
preferably less than about 230C. Pressure of the pressurized gas

remaining after the separation is about 4 to about 40 kg/cm2 gauge. The
At ialed ’r‘??ﬁ@pressure vapor phase removed from separatioRC4HS1586/010436
directed to a condensing zone for condensing from the vapor phase a
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aromatic feed material from the liquid phase oxidation off-gas or reflux
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pressure 20 that is no more than about 3 kg/cm2 Iéss than the pressure of
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about 2 kg/cm2 or less and maost preferably about 0.5 to about 1 kg/cm2.
gas front the separafion Is at a temperature eater than about 100°C, Tore

preferably greater than about 120°C, and less than about 250°C, more
preferably less than about 230°C. Pressure of the pressutized gas remaining
after the separation is about 4 to about 40 kg/cm? gauge.

The second high pressure vapor phase removed from separation can
be directed to a condensing zone for condensing from the vapor phase a
liquid condensate comprising water substantially free of organic impurities
such as solvent monocarboxylic acid and by-products of the aromatic feed
material and solvent from oxidation. The condensing zone can comprise any
means effective for condensing water substantially free of organic impurities
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25 Cooling of high pressure gas by heat exchange with a heat sink

material in the condensing zone also serves to heat the heat sink material.
The heat sink material preferably is a heat sink fluid, and most preferably
weareronness using water as the heat exchange fluid, heat eREA&HGO0WEG486
the high pressure gas from separation converts the water to steam which
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separation zone Is conducted by extracting heat energy from.the
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Cooling of high pressure gas by heat exchange with a heat sink
material in the condensing zone also serves to heat the heat sink material.
The heat sink material preferably is a heat sink fluid, and most preferably
water. When using water as the heat exchange fluid, heat exchange with the
high pressure gas from separation converts the water to steam which can be
directed to other parts of the invented process for heating or to uses outside
the process. Similarly, heat exchange between the pressurized gas and
fiquids from other process steps can be used for heating such liquids, Thus
the invention includes embodiments in which heat exchange between the high
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25 allows recovery of a liquid condensate comprising substantially pure
water with low organic impurities content and useful as reflux liquid for
separation as described above and recovery of heat energy transferred to
W EN6R%ANnge fluid on cooling of the high pressure gas tB{OtRaNi 0486
the liquid condensate, while also leaving uncondensed water in a hi
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lower temperature than in the previous stage to g{rm Bee removed from
condensation of the second 'high pressWe vapor p
separation or splitting the stream for condensation of only a portion thereof
allows recovery of a liquid condensate comprising substantially pure water
with low organic impurities content and useful as reflux liguid for separation as
described above and recovery of heat energy transferred to a heat exchange
fluid on cooling of the high pressure gas to condense the liguid condensate,
while also leaving uncondensed water in a high pressure condensing zone

exhaust gas for further energy recovery in the form of work.

According to other embodiments of the invention; all or substantially all
of the second high pressure vapor phase from separation of monocarboxylic
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liquid condensate and a remaining uncondensed gaseous portion. Heat
exchange between the pressurized gas and uncondensed portions thereof
in the staged condensers provides heat exchange fluid at different
Yeopesatures or pressures, for example moderate and low pOassEr@6/010486
steam, which can be 30 used for heating in other process steps or outside
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N R DD Ry o
carddigansdletdass in which an uncondensed portion of gas from a prior stage
is condensed at a lower temperature than in the previous stage to form a
liquid condensate and a remaining uncondensed gaseous portion. Heat
exchange between the pressurized gas and uncondensed portions thereof in
the staéed condensers provides heat exchange fluid at different temperatures
or pressures, for example moderate and low pressure steam, which can be
used for heating in other process steps or outside the process. In preferred
embodiments of the invention, two or more levels of steam are produced for
energy recovery, which is conveniently accomplished using a condensing or
other low pressure steam turbine. In such embodiments, condensate liquid
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heated as may be desired, for example by heat exchange, for use in such
other steps. Exhaust gas from the condensing zone preferably is under
pressure and, while substantially free of water vapor according to
PreEHHEE280 embodiments of the invention, can retain a poPSGHISHHE 10486
water from the second high pressure vapor phase from separation
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extratagenieTh thetipreisientest gmsesm Bewilelefapasesiaje, that liquid
condensate portions or streams condensed at higher or lower temperatures
than may be needed or preferred for use in other steps can be cooled or
heated as may be desired, for example by heat exchange, for use in such

other steps.

Exhaust gas from the condensing zone preferably is under pressure
and, while substantially free of water vapor according to prefetred
embodiments of the invention, can retain a poriion of the water from the
second high pressure vapor phase from separation depending on the extent
of condensation in the condensation step. In addition to such water vapor as
may be present in the exhaust gas, the gas can comprise incondensable
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to generate electricity using a generator or for operating a compressor
used to compress air or sources of gaseous oxygen used in liquid phase
oxidation or other equipment requiring mechanical work. Such extracted
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process steps or outside the process and a cooled gas under reduced

15

25 pressure. Work extracted from the pressurized gas can be used, for example,
to generate electricity using a generator or for operating a compressor used to
compress air or sources of gaseous oxygen used in liguid phase oxidation or
other equipment requiring mechanical work. Such exiracted energy can be
used eisewhere in the process or in other processes. Alternatively, it can be

30 stored or delivered to an electrical grid for transmission to other locations.
Exhaust gas remaining after recovery of energy as work can be vented,
preferably after being subjected to additional treatments, for example
condensation to remove water if present in appreciable amounts in the '
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uncondensed exhaust gas from condensation is cool enough for use of
liquid scrubbing agents for recovery. In other embodiments, treatment is
beneficial to reduce or eliminate organic species such as such unreacted
WELH A4 and solvent by-products if not removed otherRfS&U 801486

as corrosive alkyl 30 bromide reaction by-products from liquid phase
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80°C, treatment for recovery of such impurities is facilitated because the
uncondensed exhaust gas from condensation is cool enough for use of liquid
scrubbing agents for recovery. In other embodiments, treatment is beneficial
to reduce or eliminate organic species such as such unreacted feed material
and solvent by-products if not removed otherwise, as well as corrosive alkyl
bromide reaction by-products from liguid phase oxidations in which a source
of bromine is used as promoter for the liquid phase oxidation catalyst and
carried over into the high pressure vapor phase generated in the liquid phase

oxidation and, in turn, into the high pressure gas removed from separation
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liquid phase oxidation step. Scrubbing can be accomplished using any
suitable scrubbing device and scrubbing agents for contacting a gas
stream comprising, the high pressure condensation exhaust gas to
vepmoveweladile components such as unreacted feed materied amndeahrentss
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material and solvent monocarboxylic acid reaction products from liquid phase
oxidation. The liquid product is preferably returned to the reaction zone in a
liquid phase oxidation step. Scrubbing can be accomplished using any
suitable scrubbing device and scrubbing agents for contacting a gas stream
comprising the high pressure condensation exhaust gas to remove volatile
components such as unreacted feed material and solvent monocarboxylic
acid by-products from oxidation from the gas into a liquid phase. High
pressure absorption columns with internal structure, such as trays or packed
beds, for promoting contact between gases to be scrubbed and liguid
scrubbing agent are commonly utilized. Suitable scrubbing agents are
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pressurized gas therethrough. The pressurized gas can optionally be
subjected to preheating before oxidation. Preheating can be accomplished
by any suitable means such as by heat exchange, direct steam injection
BPaHer4fitable means. Optionally, combustion treatment EGR/E$3006/010486
include scrubbing 30 a pressurized gas removed from combustion to
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gas preferably is co ducted in the presence of a suitable oxidation catalyst

disposed within the combustion zone so as not to interrupt flow of the
pressurized gas therethrough. The pressurized gas can optionally be
subjected to preheating before oxidation. Preheating can be accomplished by
any suitable means such as by heat exchange, direct steam injection or other
suitable means. Optionally, combustion freatment can aiso include scrubbing
a pressurized gas removed from combustion fo remove acidic, inorganic
materials such as bromine and hydrogen bromide which are generated by
oxidation of alkyl bromides present in the condenser exhaust gas when a
bromine source is used for liquid phase oxidation as noied above.
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In embodiments of the invention in which energy in the form of work is
recovered from gas comprising exhaust gas removed from a condensing
zone, and especially when such a gas comprises appreciable water, e.g.,
s oleastiabot 5 vol.%, the gas can optionally be heated to guzrasigadnsb4se
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gas removed from condensation in off-gas treatment according to the
invention comprise about one-half to about one wi% paliadium supported on

25  an alumina monolith support,

In embodiments of the invention in which energy in the form of work is
recovered from gas comprising exhaust gas removed from a condensing
zone, and especially when such a gas comprises appreciable water, e.g., at
least about 5 vol.%, the gas can optionally be heated to guard against

30 presence of liquid water in the gas directed to energy recovery. Such heating
can take place before, after or in combination with other treatments or
treafment steps such as thermal or catalytic oxidations. In such
embodiments, heating can be accomplished by any suitable technigue, such
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liquid that comprises water and has dissolved therein aromatic carboxylic
acid and impurities to form a purification liquid reaction mixture
corggrlsmz? the aromatic carboxylic acid and hydrogenated impurities
B4 liquid comprising water. In preferred embodirhEhgs%06/010486
purification reaction solution 30 is formed by dissolving in a liquid
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temperature and pressure in the presence of a catalyst comprsssng a
25 hydrogenation catalyst metal a purification reaction solution comprising a
liquid that comprises water and has dissolved therein aromatic carboxylic acid
and impurities to form a purification liquid reaction mixture comprising the
aromatic carboxylic acid and hydrogenated impurities dissolved in a liquid
comprising water. In preferred embodiments, a purification reaction solution
30 is formed by dissolving in a liquid comprising water a crude solid product
recovered from liquid phase oxidation comprising aromatic carboxylic acid
and impurities comprising oxidation by-products of the aromatic feed material
for the oxidation. Pure forms of aromatic carboxylic acid product containing
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or to species with less color or color-forming tendencies. Preferred impure
aromatic carboxylic acid products to be purified according to embodiments
of the invention are crude product comprising aromatic carboxylic acid
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therefrom and can be hydrogenated to species more soluble in aqueous
25 solution than the aromatic carbony! compounds and aromatic carboxylic acid
or to species with less color or color-forming tendencies. Preferred impure
aromatic carboxylic acid products to be purified according to embodiments of
the invention are crude product comprising aromatic carboxylic acid and by-
products produced by liquid phase oxidation of aromatic feed material in a
30 liquid phase oxidation, and most preferably continuous processes in which
liquid phase oxidation and purification steps are integrated such that a crude
solid product of liquid phase oxidation is a starting material for the purification.

However, it also will be appreciated that the starting material for purification
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hydrogen in the presence of a hydrogenation catalyst to form a purification
liquid reaction mixture, recovering from the purification liquid reaction
mixture a solid purified product comprising aromatic carboxylic acid with
PeUYEd 918 ls of impurities and separating an aqueous liqdfatPtatIAss
mother liquor 30 comprising oxidation by-products, hydrogenation
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paar}grQXt%:v%Qgggﬁ!g t;%% aa%d impurities to form a purification reaction solution,
contacting the purification solution at elevated temperature and pressure with
hydrogen in the presence of a hydrogenation catalyst fo form a purification
liquid reaction mixture, recovering from the purification liquid reaction mixture
a solid purified product comprising aromatic carboxylic acid with reduced
levels of impurities and separating an aqueous liquid putification mother liquor
comprising oxidation by-products, hydrogenation products thereof and

combinations thereof from the recovered solid purified product,

Hydrogenation of impure aromatic carboxylic acids to reduce impurities
levels is conducted with the impure acid in agueous solution. A preferred
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process temperatures provide adequate solubility for practical operations.
Preferred purification reaction solutions contain about 10 to about 40 wt%,
and more preferably about 20 to about 35 wt%, impure aromatic
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mixtures. Suitably, solutions comprising about 5 fo about 50 parts by weight

25 impure aromatic carboxylic acid per hundred parts by weight solution at

process temperatures provide adequate solubility for practical operations.
Preferred purification reaction solutions contain about 10 to about 40 wt%,
and more preferably about 20 to about 35 wt%, impure aromatic carboxylic
acid at the temperatures used for purification by catalytic hydrogenation.

30 Catalysts suitable for use in purification hydrogenation reactions
comprise one or more metals having catalytic activity for hydrogenation of
impurities in impure aromatic carboxylic acid products, such as oxidation
intermediates and by-products andfor aromatic carbonyl species. The
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screen but with retention on a 12-mesh and, most preferably 8-mesh,
screen. Contacting aqueous purification reaction solution with hydrogen

in the presence of catalyst for purification is conducted at elevated
YERPErdH3fEy and pressures. Temperatures range from ab&&EAHERE/010486
about 370C, with 30 about 225 to about 325C being preferred and about
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mesh screen (U.S. Sieve Series) and, more preferably, through a 4-mesh

screen but with retention on a 12-mesh and, most preferably 8-mesh, screen.

Contacting aqueous purification reaction solution with hydrogen in the
presence of catalyst for purification is conducted at elevated temperatures
and pressures. Temperatures range from about 200 to about 370°C, with
about 225 to about 325°C being preferred and about 240 to about 300°C
being most preferred. Pressure is at a level sufficient to maintain a liquid
phase comprising the aqueous reaction solution. Total pressure is at least
equal to, and preferably exceeds, the sum of the partial pressures of the
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metals such as stainless steel, titanium or Hastelloy C. In preferred
embodiments of the invention, aqueous solution of impure aromatic
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incOming purification reaction’ solution. In sui‘gﬁn mbodlm nt
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reaction solution and reaction product mixture. Most suitably, supports for
25 catalyst beds have openings of about 1 mm or less and are constructed of
metals such as stainless stee}, titanium or Hastelloy C.

In preferred embodiments of the invention, agueous solution of impure
aromatic carboxylic acid to be purified is added to the reactor vessel at
elevated temperature and pressure at a position at or near the top portion of

30 the reactor vessel and the solution flows downwardly through the catalyst bed
contained in the reactor vessel in the presence of hydrogen gas, wherein
impurities are reduced with hydrogen, in many cases to hydrogenated
products with greater solubility In the reaction mixture than the desired
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pressure value may be calculated from the solution hydrogen
concentration which, in turn, may be correlated with the hydrogen flow
rate to the reactor. When operating such that process control is effected
BY HLEEAY the hydrogen partial pressure, the hydrogen pBfaV e s
in the reactor is 30 preferably in the range of about one-half to about 15
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unéiptivegenaiet prégdrages, aadbeted:Ho sepanate the prirtuferm of solid
aromatic carboxylic acid with reduced impurities from the 20 reaction
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full system with dissolved hydrogen being fed to the reactor by flow control.
The concentration of hydrogen in solution may be modulated by adjusting the
hydrogen flow rate to the reactor. If desired, a pseudo-hydrogen partial
pressure value may be caicu‘tated from the solution hydrogen concentration
which, in turn, may be correlated with the hydrogen flow rate to the reactor.

When operating such that process control is .eﬁected by adjusting the
hydrogen partial pressure, the hydrogen parﬁal pressure in the reactor is
preferably in the range of about one-half to about 15 kg/cm? gauge or higher,
depending on pressure rating of the reactor, impurities levels of the impure
aromatic carboxylic acid, activity and age of the catalyst and other
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temperatures generally range up to 160C and preferably up to about
150C. In continuous operations, separation normally comprises removing
liquid purification reaction mixture from the purification reactor and
svystadlization of 30 aromatic carboxylic acid in one or more eryStaitnetionss
vessels. When conducted in a series of stages or separate crystallization
vesselRietaoperatoms i therdifferskilestaipether arkssdis cpardtingheedgne
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preferred embodiments of the invention, to separation of solvent 5
mdnBESBEEPRe acid and water vapor in a high pressure vapor phase from
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adestdgethticeris tatfivatypaboutct recavetedibm JSutificaticmtguigferably
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crystallization of the aromatic carboxylic acid to occur, thereby producing
crystals within the liquid phase. The crystallization temperature is sufficiently
25  high so that dissolved impurities and their reduction products resulting from
hydrogenation remain dissolved in the liquid phase. Crystallization
temperatures generally range up to 160°C and preferably up to about 150°C.
In continuous operations, separation normally comprises removing liguid
purification reaction mixture from the purification reactor and crystallization of
30 aromatic carboxylic acid in one or more crystallization vessels. When
conducted in a series of stages or separate crystaliization vessels,
temperatures in the different stages or vessels can be the same or different
and preferably decrease from each stage or vessel to the next. Crystallization
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remain in solution. Such hydrogenated derivatives include compounds
suitable for conversion to aromatic carboxylic acid by liquid phase
oxidation and, accordingly, in preferred embodiments of the invention, at
YR 2PU/P¥18n 30 of such hydrogenated derivatives are tran@fd/fEEiaHH
or indirectly to a liquid phase oxidation. Residual aromatic carboxylic acid
piusisatyrelpe resstisen it darbaem it ruticietirbidraReaty to
liqhighphasmiaxicatios aliensepniatioorfiensativmend peefelablin mgetver
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Tra0sian Ry hyiegenaled LRRHTifGS i%ameaﬁ&atiwwo;@g&l&v%;ﬁw
or preferably in combination with aromatic carboxylic aC|d8present in.the

10 mERFRERBRION &AEsWsGiPRRRLEIRRRIRIHR (SHEIETSLR) JECEmBIRIRER"Y:
wiliigictip settiegvatee Wadhrigeids thetoxicasiatizktopergueterably, at least
a portion, and most preferably substantially all, of a liquid mother liquor
remainirig &feaf ek pavairlizest tRu Earaeminte SROPRANE ARbRIRESE P
frampthetéquitbpurifieatiouifesiotio i rdigs trantsigudie di redigoenated
indiraGHlo BiseRarationzane obafllagas senaratioRiansealingdadnes
invention where 1t is used as reflux liquid as._previously described.

15 pufioreRnBl RondisitehBiCaRA R Ry gliralidhs AntelehfrBRaNs
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whighrefkerancarpcates Hereinrisheefemsens. Wigid iibsseatisenn arthigas
20 delgi S IBAdINGHIsREE RERSASE fopraraidariuteRfinmatigaraexybe
acids and apparatus for off-(%as eparation rcco[dlngk}p t.he invention.
WARYATY hé@%@lﬁg r%%,f%ﬂafii%?%@@.&lBéaéﬁﬁfﬂ( S2&Secific reference to,
manufacgirgiofselasirgd ARt R ieAGKholereRiTthalie atitkdy
lIqg}grggt?csie?r)égx%gnag{dp %%%X){L%n%&%ga%gferggc jon mixture comprises
water and hydrogenated derivatives of by-products or impurities present in the
25 impure aromatic carboxylic acid starting material. The mother liquor
commonly also includes minor amounts of aromatic carboxylic acid that
remain in solution. Such hydrogenated derivatives include compounds
suitable for conversion to aromatic carboxylic acid by liquid phase oxidation
and, accordingly, in preferred embodiments of the invention, at least a portion
30 of such hydrogenated derivatives are transferred directly or indirectly.to a
liquid phase oxidation. Residual aromatic carboxylic acid present in the
mother liquor also can be transferred directly or indirectly to liquid phase
oxidation after separation from, or more preferably, fogether with, such
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feedstock in a liquid phase reaction mixture comprising water and acetic
acid as solvent monocarboxylic acid for the oxidation and off-gas
separation of acetic acid, water and by-products of the oxidation, and
wediterakgeferred 30 embodiments and features of the inVREitiBR2006/610486
according to which oxidation and off-gas separation are integrated with
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parallel, with high pressure .vapor phase from the liquid oxidation
su%’?é'gpe%ﬁ5“8ﬂ?%%%%ézhgrrgf%%g%?%gg%o%ery of a water-enriched liquid
phase substantiglly frae@hselve flirer Rt eisibadrikansfer thereafstofor
either or both such purification trai r I e ar in addition,
o AERDBE T L Do et o SRl it
oxiekaeoting: toreciyestnnifidéhile s igaibisirsegnd is described with
25  spedific reference to, manufacture of a selected aromatic carboxylic acid,
terephthalic acid, by liquid phase oxidation of para-xylene as a preferred
feedstock in a liquid phase reaction mixture comprising water and acetic acid
as solvent monocarboxylic acid for the oxidation and off-gas separation of
acetic acid, water and by-products of the oxidation, and additional preferred
30 embodiments and features of the invention according to which oxidation and
off-gas separation are integrated with additional steps including recovery and
separation of a crude product from the liquid phase oxidation, purification of

liquid phase oxidation product and various additional by-product and energy
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or process steps as described herein. The figure also represents a
separation apparatus according to the invention and also according to
further embodiments of the invention in which 30 the apparatus is

WYKL RTth other equipment such as a reaction vessel fECT§GA0pIIHKES
oxidation. 59 WO 2006/102459 PCT/US2006/010486 Liquid and gaseous
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and safety. It will be understood that particular 5 elements may be
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vapor phase from the liguid ox;datzon subjected to off-gas separation for
recovery of a water-enriched liquid phase substantially free of solvent by-
products and transfer thereof to either or both such purification trains, or as an
25  alternative or in addition, to a process in which impure aromatic carboxylic
acid from a separate oxidation or process is purified in a purification process

or process steps as described herein.

The figure also represents a separation apparatus according to the
invention and also according fo further embodiments of the invention in which
30 the apparatus is integrated with other equipment such as a reaction vessel for

liguid phase oxidation.
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second liquid phase rich in water but substantially free of the solvent and
by 30 products thereof generated in the liquid phase oxidation and a
second high pressure vapor phase comprising water and substantially
freezafcsopssnt and by-products of the aromatic feed to liquidEITaSm®e6/010486
oxidation are formed. In preferred embodiments, direct association or
close couipliry @fdhzecddatidrea66 \ei 2066/ EH02458d and present in the
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The separation device is designed so that in operation it is capable of

25 substantially separating Cs.s monocarboxylic acid and water in the high
pressure and temperature oxidation reactor overhead gas infroduced to the
device and preferentially apportioning by-products of the liquid phase
oxidation such that a first liquid phase rich in the monocarboxylic acid, a
second liquid phase rich in water but substantially free of the solvent and by-

30  products thereof generated in the fiquid phase oxidation and a second high
pressure vapor phase comprising water and substantially free of solvent and
by-products of the aromatic feed to liquid phase oxidation are formed. In
preferred embodiments, direct association or ciose coupling of the oxidation
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corrugated metal arranged in a crisscrossing relationship to create flow 30
channels and such that their intersections create mixing points for liquid
and va hases. A preferred separation device with trays includes 30 to
‘3868?6’5 géys at least about 70 % of which are positioned?HetHEapr 4486
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are at elevated temperatures and include water, solvent monocarboxylic
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A preferred separation device with structured packing has at least
about 3 beds or zones of packing, and more preferably about 4 to about 8
such beds, to provide adequate surface and theoretical equilibrium stages for
separation. An example of a suitable packing material is Flexipac structured
packing, which is available from KGGP LLC in the form of thin sheets of
corrugated metal arranged in a crisscrossing relationship 1o create flow
channels and such that their intersections create mixing points for liquid and
vapor phases. A preferred separation device with trays inciudes 30 to about
90 trays, at least about 70 % of which are positioned between an inlet for the
high pressure gas infroduced fo the separation device from the reaction
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reactor off-gas and vent 334 is located at an upper portion for removal of
the 30 second high pressure vapor phase as an exit gas. For stagewise

separations according to the invention, the region between gas inlet 338
anel aefloselispuid inlet 344 includes trays providing theoretica@EgusitbraiTi4ss
stages for substantial 62 WO 2006/102459 PCT/US2006/010486
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from the vessel through at least one overhead gas vent, as at 116, is

received intg.the.3epArAloR deVike invention represented in the drawing,
separation device 330 is a high pressure distillation column having a plurality

25 of trays, individual examples of which are best seen at 333 and 337 in Fig. 2.
Also as seen in Fig.2, the column comprises at least one lower outlet, as at

332, for removal of liquid from the column, for example fo oxidation. Gas inlet

338 is positioned at a lower portion of the column for receipt of oxidation
reactor off-gas and vent 334 is located at an upper portion for removal of the

30 second high pressure vapor phase as an exit gas. For stagewise separations
according to the invention, the region between gas inlet 338 and reflux liquid

inlet 344 includes trays providing theoretical equilibrium stages for substantial
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30 In such embodiments, reaction vessel 110 preferably comprises a
substantially cylindrical shell that defines a substantially enclosed interior
volume. In use, a lower portion of the interior volume contains a liquid
Y161 %Edy while an overhead reaction off-gas is contain@§ T a2pRsyitss
of 63 WO 2006/102459 PCTIUS2006/010486 the interior volume above
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blAGR RTREL ﬂY]eBEfgd% epéﬂ%ﬁes or upward or downward flow,

anchor-tyReMkESgRIPVISING. 1, the separation apparatus is adapted to
receive a high pressure vapor phase from liquid phase oxidation reaction
zone 110. In some embodiments, apparatus according to the invention
comprises a separation apparatus in combination with at least one liquid
phase oxidation reactor in flow communication with the separation apparatus
such that a high pressure overhead gas removed from the vessel through at
least one overhead gas vent, as at 116, is received into the separation device.
In such embodiments, reaction vessel 110 preferably comprises a
substantially cylindrical shell that defines a substantially enclosed interior
volume. In use, a lower poriion of the interior volume contains a liquid
reaction body while an overhead reaction off-gas is contained in a portion of
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30 predominantly tangential flow and other configurations are suited for
mixing the liquid phase oxidation reaction system and preferably are used
in various combinations to account for greater solids content in lower
vagmnsod4ke liquid reaction mixture, greater gas content irPUppsreo06/010486
regions and other 64 WO 2006/102459 PCT/US2006/010486
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25  components within the liquid reaction body without adverse settling of solids in

lower portions of the vessel. Axial flow impellers, generally configured as
propellers, radial flow mixers, such as flat blade disc turbines and disperser
discs, helical ribbon mixing elements, pitched blade turbines with blades
pitches for upward or downward flow, anchor-type mixers providing
30 predominantly tangential flow and other configurations are suited for mixing
the liquid phase oxidation reaction system and preferably are used in various
combinations to account for greater solids confent in lower regions of the

liquid reaction mixture, greater gas content In .upper regions and other
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ratio of bromine to catalyst metals is about 0.1:1 to about 1.5:1. 65 WO
2006/102459 PCT/US2006/010486 Stirring is provided by rotation of
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effluent comprising solid para-xylene oxidation products, i
bromine, such as hydrogen bromide as promoter for the catalyst and air are
continuously charged to oxidation reaction vessel 110, which is a pressure
rated, continuous stirred tank reactor, through inlets, one of which is depicted
for purposes of illustration as at 112. Solvent and para-xylene feed are
charged at rates providing a solvent to feed weight ratio of abut 2:1 to about
5:1. Cobalt and manganese sources preferably are used in amounts
providing about 100 to about 800 ppmw each based on weight of parau_xytene
feed material. Bromine preferably is used in an amount such that the atom

ratio of bromine to catalyst metais is about 0.1:1 to about 1.5:1.
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including terephthalic acid, slurried in the liquid phase reaction mixture,
which 66 WO 2006/102459 PCT/US2006/010486 also contains
dissolved para-xylene, oxidation by-products and catalyst metals, is
vepmovethiram reaction vessel 110 through slurry outlet 114 srmiudiectadsss
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also include minor amounts of unreacted para-xylene feed. The interior

25 volume of reactor 110 is maintained under pressure sufficient to maintain the
liquid phase nature of the reaction mixture, preferably at about 5 to about 21
kg/cm?® gauge. Overhead vapor is removed from the reactor through vent
116. The reactor contents are maintained at an operating temperature in the
range of about 160 to about 225°C based on the rate of removal of the vapor

30 phase also taking into account temperatures and flow rates of streams
removed from and returned to the reactor as described below.

A liquid effluent comprising solid para-xylene oxidation products,
including terephthalic acid, slurried in the liquid phase reaction mixture, which
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192. A major portion of the mother liquor is transferred from drum 192 to
67 WO 2006/102459 PCT/US2006/010486 oxidation reactor 110 for
return to the liquid phase oxidation reaction of acetic acid, water, catalyst
WRFBRIHREEh reaction by-products dissolved or present as fifk&/E8H§s/010486
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assage to heat exchangers (not shown) for cooling and the resulting
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separation device 190, which is adapted fo receive from the crystallization
vessel a slurry of solid product comprising terephthalic acid and oxidation by-
25 products in a mother liquor from the oxidation comprising acetic acid and
water, and to separate a crude solid product comprising terephthalic acid and
by-products from the liquid. Separation device 180 is a centrifuge, rotary
vacuum filter or pressure filter. In preferred embodiments of the invention, the
separation device is a pressure filter adapted for solvent exchange by positive
30 displacement under pressure of mother liquor in a filter cake with wash liquid
comprising water. The oxidation mother liquor that results from the separation
exits separation device 190 in stream 191 for transfer to mother liquor drum
192. A major portion of the mother liquor is transferred from drum 182 to
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shown). Purified terephthalic acid exits solid-liquid separation device 230

in 68 WO 2006/102459 PCTJUS20061010486 stream 231. The
solid-liquid separation device can be a centrifuge, rotary vacuum filter, a
pressurechiiter or combinations of one or more thereof. A seeORE $itiad 10486
phase removed from column 330 can be directed to the separation device
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to sapataiomiEwolumn 330 which, as depicted in Fig. 2, represents a high
pressure distillation column having a plurality of trays preferably providing
about 28 fo pastion 67 tisortitigapratdisdd ores WamcHnikiure is continuously

removed from hydrogenation reactor 210 in stream 211 to crystaliization
25 vessel 220 where terephthalic acid and reduced levels of impurities are
crystallized from the reaction mixture by reducing pressure on the liquid. The
resulting slurry of purified terephthalic acid and liquid formed in vessel 220 is
directed to solid-liquid separation apparatus 230 in stream line 221. Vapors
resulting from pressure letdown in the crystallization reactor can be
30 condensed by passage to heat exchangers (not shown) for cooling and the
resulting condensate liquid redirected to the process, for example as recycle
to purification feed makeup tank 202, through suitable transfer lines (not
shown). Purified terephthalic acid exits solid-liquid separation device 230 in
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supplied liquid for reflux through liquid inlets 336 and 344. The vapor
stream 69 WO 2006/102459 PCT/US20061010486 from oxidation is
introduced to column 330 preferably at temperature and under pressure
BP0 to about 225C and about 4 to about 21 kg/cmZPCIaifFa06/016486
respectively, and not substantially less than in oxidation reactor 110. As
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as an exit g?s through overhea
from solid-liquid separation dewce 230 fo the distillation column also reduces
25 the volume of liquid efiluent that needs to be directed to fiquid waste treatment
and provides for return of valuable terephthalic acid to oxidation and, in tumn,

removal thereof for recovery in oxidation crystallizers 152 and 156.

Reaction off-gas generated by the liquid phase oxidation of para-xylene

feedstock in reactor vessel 110 is removed from the reactor through vent 116

30 and directed in stream 114 to separation in column 330 which, as depicted in
Fig. 2, represents a high pressure distillation column having a plurality of trays
preferably providing about 28 to about 83 theoretical plates and to which is
supplied liquid for reflux through liquid inlets 336 and 344. The vapor stream
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vent 334. 70 WO 2006/102459 PCT/US2006/010486 The acetic acid-rich
first liquid phase resulting from separation in distillation column 330 exits

the column at a lower portion thereof and preferably is returned directly or
Witlireetisptesdxidation reactor 110, as in stream 331. Returnféfithg2figffian486
phase to oxidation provides make up solvent 5 acetic acid to the oxidation
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removed 1n Stream 373, which can be directed to other uses such as seal
flush liquigl @ro IRPHTPR-8EERA. IA acetic acid solvent for the liquid phase
oxidation recovered from the high pressure inlet gas to column 330 together
with para-xylene oxidation by-products such as benzoic acid and p-toluic
25  apportioned to the fiquid phase in column 330 is collected at a lower portion of
the column. A second liquid phase, which is predominantly water but aiso
contains minor amounts of benzoic acid and p-toluic acid by-products
apportioned to the liquid phase, is collected and removed from the column at
side draw outlet 345. A second high pressure vapor comprising water vapor,
30 incondensable components of the oxidation off-gas and acetic acid by-
products stich as methanol and methyl acetate preferentially apportioned to
the gas phase is removed from the column as an exit gas through overhead

vent 334,
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condenser exhaust gas under pressure is withdrawn as in stream 375. 71
WO 2006/102459 PCTIUS2006/010486 Water used as heat exchange
fluid for condensation of the second high pressure gas from distillation
BN 369 heated by heat exchange in condensing me&h3/881946/010486
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internally disposed trays or . " .
in the figure, condensation is conducted by indirect heat exchange in
25 condensing means 352 with water at a temperature of about 120 to about
170°C and the resulting liguid condensate is difecied to column 330 in stream -
355 for addition at reflux inlet 336. Liquid and uncondensed gas from
condenser 352 is directed to condenser 362 in stream 361 for condensation
using cooling water at about 30 to about 40°C. Gas and liquid effluent from
30 condenser 362 is directed in stream 363 to drum 372 in which condensate
liquid comprising water is collected and removed in stream 373, which can be
directed to other uses such as seal flush liquid or to a purge stream. A

condenser exhaust gas under pressure is withdrawn as in stream 3785.
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beds or structured packing (not shown) to provide surface for mass

transfer 72 WO 2006/102459 PCTIUS2006/010486 between gas and
liquid phases. Inlets {notshown)-for addition of scrubbing agent to the
asortremmsdtreams 381 and 383, respectively, are dispose® et/ (180610486
more upper, and one or more lower portions of the tower. The absorber
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treatments for appropriatel anaging such releases. 73, . N
and combus’ciizﬁ)tl,O spgcies ir¥ arxgvam?e 09 power recovery.  As depicted in Fig. 1,

uncondensed gas is first directed to treatment to remove unreacted feed
materials and traces of solvent acetic acid and/or reaction products thereof
25 remaining in the gas. Thus, uncondensed gas is transferred in stream 375 to
high pressure absorber 380 for absorbing para-xylene, acetic acid, methanol
and methyl acetate without substantial loss of pressure. Absorption tower 380
is adapted for receipt of the substantially water-depleted gas remaining after
condensation and for separation of para-xylene, solvent acetic acid and its
30 reaction products from oxidation from the gas by contact with one or more
liquid scrubbing agents. A preferred absorber configuration, illustrated in the
figure, comprises tower 380 having a plurality of internally disposed trays or
beds or structured packing (not shown) to provide surface for mass transfer
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WO 2006/102459 PCTIUS2006/010486 We claim: | A process for
manufacture of aromatic carboxylic acids comprising contacting a feed

WeRBsiHsPrising at least one aromatic hydrocarbon pregirsgri.the, o
acid with gaseous oxygen in a liquid phase 5 oxidation reaction mixture

Comprsina mapacaibeic.acid slept andaatel Andip g RGaRNcE Of
a catalys ion leas

OmposItion comprising a one heavy metal componerit in
a reattibhte ROTrBREVARIP RIARpEThBRE ARG, pREBSOHECKiRIdiBResed at
Maiatain mbflighpBaSeaxishalion reaeliaswa xpareonadofotRe abwaromgtic
carboxylic acid.and impuriti rig ' -
et RS AR SRS U B SATRG ¥ ARG At wnaer

5 a HiRFRYSEe SOUTRNGH|SOIMSNAYRNESRD riSRTRPeBRERt PhoBcHIBbEAR &idhe
WatRiorapdigniepasaar nisaahthesaranint ddwel eoash B precrssmivanst a
oxidation by- products of the precursor of the s t.mo ar?g&lic
aﬁi%?lfgrqﬁ% e?rir?é; gjhﬁ%ﬁa&ezrgare&}égﬁor%ﬁé?g %ﬁr%ﬁv\é%{]f;grén ré%e reaction
159DRESIDR BERTAHIE 25 RATEpNE GIealiB et AN R gT SBRIBYIL
mapsaas hexyieagitsonaiesand gxisisitiomnsbiiqpro deictsniaiedttians avesr
<0 i i_rich first liqu

10 e B Vo R 0 A Sverod
mEPBERRASH lic acid and at least one solvent monocarboxylic

acid-depleted second hj [ r rsi
vapor sdcR g o HRMIETSHR KRS0 L g LR 5 48 MepRlec
prétiiol dieprieerentidhy BOPIRfoREn RraPRiif RORGIRE pRAR Beigcted
oxielabnatiby-psagitiotseahihasel\Eon, neroaasamy eganid esmponents and

15 pr%&%%ﬂ“r%%&@’ﬁ’é’ﬁﬂ%ﬂ%iq&% e eond idnressyie X@Q&QQP?‘:{S%@BQ

removing from the separdation zone In separate streams a solven

- MO BEMCERRI-rich iSRRG PRESERNECRTPALBIRARR decdridifdiie
phage-ias ispuhnisptiaily feeeidhgalvegsanticasioxdigiagitl angromote

OXE%%QE%QX 'Qﬁ@dﬁﬂ%&t%e ﬁéﬁgé‘%&; seiend bigh éﬁﬁi%’éﬁ?f&%&w@%‘i’e

thatis substantially free’o ation by-products o aromatic

hyEREEATHIRP IR QrsBeely'al, S SordR B PHeRR AP WIRBrRAEe
20 sepavating selvshintaibnacaffeetic aCidemeddr g durdatiosoingpRftuEs
In e SEPAPUBM ABRG IR SICRREAMRES 0iéd W aQOBAZ4RP 302 and
PCT/US2006/010486 . .
catalytic oxidation unit 394. The gas is heated o about 250 to 450°C in the
preheater and passed under pressure of about 10 to 15 kglem? to oxidation
unit 384 where organic components and by-products are oxidized o

25  compounds more suited for beneficial environmental management.

An oxidized high pressure gas is directed from catalytic oxidation unit

384 to expander 400 which is connected o generator 420. Energy from the
oxidized high pressure gas is converted o work in the expander 400 and such
work is converted to electrical energy by generaior 420. Expanded gas exits

30 the expander and can be released {o the atmosphere, preferably after caustic
scrubbing andfor other freaiments for appropriately managing such releases.
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directing the high pressure vapor phase removed from the reaction zone
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that'at I6ast one comgrlsmg water in the punﬂca@g zone
4

colﬁ@?ﬁéggetﬁ@i\g%‘&dﬁaqﬁgf %Hg%gc:l%dw@ S FEADS pressure vapor

20 PGH44S 200040104 86145, vEher srotetbsiohdfaiinrbytmeedirc theffinst arigaiof

th%g SRALAIAD ;%}élﬁ%onc%@Rﬂé%?e%%%ﬁ%&é%%@wméﬁgﬁﬁqgmgeof
rating water and

and ox&datzon by-products of the solvent monocarboxylic acid are

preferentially apportioned fo the second high pressure vapor phase; and

removing from the separation zone in separate sireams a solvent

25  monocarboxylic acid-rich first liguid phase and a water-rich second liquid
phase that is substantially free of solvent monocarboxyiic acid and oxidation
by-products thereof and a second high pressure vapor phase that is
substantially free of oxidation by-products of the aromatic hydrocarbon

precursor.

30 2. The process of claim 1 further comprising separafing solvent
monocarboxylic acid, water and oxidation by-products in the separation zone

in steps comprising
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solvent monocarboxylic acid in the high pressure vapor phase transferred
to the separation zone such that at least about 95 wt/o of the solvent 5
woanacaebsxylic acid is removed to the refluxing liquid in thecfives stegm o6
The process of claim 2 wherein a reflux liquid is supplied to the first stage
of the spparafomEang: prdssarproagss pifaslairGovbe rebmthiseredaotiiguid

fg@%i%d togthe ditst. Sipge. cOMpLSss a-Rnufigatian ,!%maufauwgifﬁged

separation Zone 10 from a purification zone. 8. The process 0
crigeohiererraiatinm g vietuRHel Shfka 1a%s fiirdestaye'erinke first
SepgEAlion SR d e se s ahliquitigonténsedfaatichesecand dighct
PLESSYSARGIBhase AR EF SRR SFYRPARAD R rRdUBIROtNee
solvent monocarboxylic acid and substantially free of by-products of the
155P0 RN [ a8 S 1PReIRBHS ZPRB process of claim 1 wherein the

fi b ' . t
onoca AR EpBIAEH P o S0ARE R SRNERE poig i e

reRHSRGUTERT I BERa AR PORS RSNt id st il B8 or
selugatsmenprark eorienacitdnoratbanplaaddnethyirOiqoetatesanshthe

second high pre ISE Vi shbstantially
fr@sg%of% p'l-%t%ﬁﬂ{i%’ a%%{.; %g’%?ﬁé %r%?e%@%? %fz‘;?lr?c}%l }S]t{l?l’%]& e r‘a:%ghﬁ}prisi n gav%%4
cHRARNIACHRESN high pressure vapor phase comprising water that is
substaniplialifs o'-exiation Pl e e R G INARGRDR)
precursor removed Trom t €25 separation zone to form a condensate
lifloninso HABEIS it SR BRI AR AIPGJIN U B Rl drRI SRRRITTbRIREG Bt B18S
ang-pesauasing ahleasbanpedympietutionl theaekerirenanacasboxylbeacid
oS ghe R e eAdaaR BAl Shah e e 118 DERGPRRAL
claim .8_r W greln a process for purifying an impure 30 aromatic
cABBRAEG VNG YRR RHREEREANY dife b sRivRRISTRN SRS YA Re! and
2096/AR4EDPET AtH2ARG10310486 o fa)riatmiogiaipuniitatian reaction
solution comprising aromatic carboxylic acid and impurities dissolved or

slurried SHRSRGERINC 0 ARRFEAIGY WHESRT (IHNEONRARIRGUSurficdtiBn PeEfibn

sahginp:Lommpiisingianomaticuiiccarhonyyi@ acicharmompurtieminrafiicing

Cqm&‘%&%g" %t%ea{hﬁjr?gfgsg such that & water-enriched second liquid phase
substantially free of solvent monocarboxylic acid and by-products thereof and
a second high pressure vapor phase comprising water vapor and by-products
of the solvent monocarboxylic acid and substantially free of by-products of the
aromatic hydrocarbon precursor are formed.

3. The process of claim 2 futther comprising withdrawing from the
separation zone a second liquid phase comprising water substantially free of
solvent monocarboxylic acid and by-products thereof.

4. The process of claim 3 further comprising directing the second liguid
phase withdrawn from the separation zone to an aromatic carboxylic acid

30 purification zone such that at least one liquid comprising water in the

purification zone comprises the second liguid phase.
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temperature and pressure with hydrogen in the presence of a
hydrogenation catalyst to form a purification liquid reaction mixture; (c)

WBCRYSERgsErom a purification liquid reaction mixture comprigipgdifs/oredss
aromatic carboxylic acid and impurities a solid purified product comprising

10 aromalic cabayliz G used e Elbobimrliss R device

purification “mother liquor; (d) washing with at least one Iiguid comprising

WeRBPHSSSIihpeshed SROHRINT L SHROSS IRPRRRIS A RRATELEY YEFH iV a

. Pupiieatiaphietshoatiapidiixiv enigbrppesing tVapar giestctraroryicto
agid, ApLeR ang 2 ligid 8 CAMRISNGIRCTE 2yt PERCERS HJivent
manurfacture of aromatic carboxylic acid com I‘I$In§, maf{sé%gs, at least one

5 liquegsRERRia@aiibs FSRAMRLIG torieteg il Tt Smprising
atjeast gpe sUbsIIUled arRmAIGRU aRIRBMILINIE AR the frst

stbstitue s are oxidizable to carboxyiic acid groups with' gaseous oxygen
inséeiguttiphaeramtisafbA%eaction mixture comprising monocarboxylic

add solvent. and wager.and & R RIGSROGRRLAGRIANLARARESHO R
comprlsnpg &t 9845t one eavy metal component in a reaction zone at
cleinge suniiserat Ry R iBRaRstie digEet Rt An thim SPRATRLARIELE

16 OXidatigpugmelion suxeure 25 and form an aromatic carboxylic acid and
impurities comprising reaction by- products dissolved or suspended in the
ligBiid pHEnse riRiesoPf aist Gnwhesairdhaiafimitiisrassalied pliepihide
ﬁ%&ﬂg&sﬂa%%afaﬁmp@d@ﬁb%yﬁpﬁmch ligrieacsadesisbstitote drerematid

ydrocarbon, oxygen and reacti - : 1t n
R EReRc o SRR Wbl Sl b b RRSEATE e
areblyest StRnAsARORNsaNE BRG Bdbsipstiabmppeiny Qy-progusss of the

15 2006H824RpiREA IS 3084830486 hydrogenation catalyst metal a

purification reaction solution comprising a liquid that comprises water and
ha8. dissdivedrisersieiraimaticvearsodRcR Rt HRS RS RECHRYS
fropa thelicndd pRaseipigatiepceastiommadidretiaphiaideasitonediduitie
phase oxidation to form a purification,Jigui lan_mixt ising
R PR e e i
liqeldbeiontishsiritpw et rselHenit RASCEROMHY £ e PRI L ARDrGRGY!
20 rapserng & higdh fHesstiiggh pressure vapor phase comprises water vapor

substantialiy free of p-toluic acid.

10.  The process of claim 1 further comprising condensing a second high
pressure vapor phase comprising waier that is substantially free of oxidation
by-products of the aromatic hydrocarbon precursor removed from the
25 separation zone to form a condensate liquid comprising water and a high
pressure condensation exhaust gas and recovering at least one by-product of
the solvent monocarboxylic acid from the high pressure condensation exhaust

gas.

11.  The process of claim 4 or 7 wherein a process for purifying an impure

30  aromatic carboxylic acid in the purification zone comprises, in steps,
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vapor phase removed from the reaction zone of at least one liquid phase
oxidation to a separation zone capable of substantially separating solvent

w0 saresaiboxylic acid, water and oxidation by-products ingg-aileasinas
solvent monocarboxylic acid-rich first liquid phase and at least one

water-righy secpd; diauid gﬁ&at;@agumt%nﬁwff&ﬁr@f;@ﬁ\lg{e&tomaﬁc

boxyli t t lvent b
BB GoECRTI 7S UETE et RYERES ooy GEBFS3Bor

suehitnat oxidation by-products of the aromatic 15 hydrocarbon precursor
are preferentlally aaggortloned to the first liquid phase and oxidation

by-produBls ofCREASERE A RWTHERID JRBRECRCRPLAS FRIRPERIRG) gromatic
5 appariitonid foithense conelifiigh pressuirpivapomphisise, aatkrrem@idugidrom
th"? 5?&8%9%%@&0(?&%&%%%'% RRRSRL RS ROSEARGEHIY

free of solvent monocarboxylic acid and oxidation by-products 20 thereof

antPiRYSEIHATGHPHRECatRg Varid FestedisR MiXHE substantially free of
oxidation} by p?%@blféﬁr%f%%%%Uﬁﬁ&?a?é/ﬁ(ﬁ%b@éb%ﬁ%ﬁ%%ﬂxﬁﬁéf?@ﬁ

one step é?omprlsmg dll’ECtII’lg a water-rich second liqui ase that s

subStareRmiGrEeriRsi ﬁ{&f&%ﬁ&%ﬁ.@%ﬂﬁ&%{H@%Q{%&HBWBW‘S‘”Q
10 pr@u@&uﬁm&m&y&m%édﬂbmﬁw@ﬁm&mﬁ ropgitieatiehst piificsiab
Tﬂgppq%ia purification zone such that a liquid comprising water used
in at east one purification or for recovery, separation or washing of a

product {hereatadmpnrgds dhieasindensaie doumisk® Whemeoispaiied
CeiRhady 0GHh Mg's&at SARTECHIODCRIPUSES RoRIER FARPLIG,

dIS olving in a comprising water the solid product 30 comprising

ardﬁﬁ’&ﬂ@cﬁ?ﬁ&@ﬂ%gagﬁ a"f‘f&rﬁﬁf’)% rﬁ%g%ﬁ'ﬁpﬁgﬁmlﬁﬁﬁrgfﬁ% Wpf’od‘ﬂ&’t@
15recenrapeisiftomatire liquid oxidation reaction mixture in at least one liquid

phase oxidation to form the purification solution and the liquid 78 WO

20G6/1024 52433 6P 200ALA48 Gof campaisingaalglicaxprisaspasing, in
Wat(%r rich second liquid phase that is substantially free of solvent
monogarboxyllc acid and oxidation by-products thereof removed from the

separatiog 2944 iBrat im offgias sxpatatioforigristie poneesagfclaised 2
wherein.ay L%%,S%%Pe Ryrif ge%@ﬂecg@m%ﬁ%aar% 10 ﬁgmeemfmm&a
slurry Ina |IQUI rlsmg water a Soll pI’O uct c mprlsmg aromatic

ZﬁcarW%WM?MWIQ%I%QWb%ﬂﬁ@&grfé%\)@@&ﬁ%ﬁﬂ%ﬁxygen
purificatigudighiskseaatiatombdargoandixhediguitptomprising-avateyiic acid

CO@B&%‘R&%M‘?&% fé%'a ﬁ?ﬁ%ng'ggé”geoﬁ%sgat@@Eé%omposiﬁon comprising at
jeast one heavy metal component in & reaction zone at elevated temperature
and pressure effective to maintain a liguid phase oxidation reaction mixture

25  and form an aromatic carboxyiic acid and impurities comprising reaction by-
oroducts dissolved or suspended in the liguid phase oxidation reaction
mixture and a high pressure vapor phase comprising water, mohocarboxyiic
acid, unreacted substituted aromatic hydrocarbon, oxygen and reaction by-
products; and

30 at least one purification comprising contacting with hydrogen at
elevated temperature and pressure in the presence of a catalyst comprising a
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substantially free of solvent monocarboxylic acid and oxidation
by-products 10 thereof removed from the separation zone in at least

v%%' %%?O%E)S%ratlon'. 15. The process pf claim 12 Whereln a.t l}?&f}(ﬁﬁ%mma&sa
purification"Ccomprises a step comprising washing with a liquid comprising

t lid product ISi i lic acid with
B R e N

ariduhietiajuichiSisonwrisirgd/eas disselpeib S aomath sebemiiiqg
PhasadhatinseRsianiatyiaraisrivankmnenasssnoxslitorcishand from

cXRIon by prodcts ol e To e SARIRIOL008 1Al

I’OCGS§ Claim urther cor_nprls_lng at
5 leastrprisiggephwh@remadicssitsuvlicioArichf aRgmBYKresapwiRgiciaeidilath

rediscaridavielsRbimasHitiesngWvard araurification mother liquor are
recovered from the purification liquid reaction mixture in at least one

purificatiatriesstidhve pirgésstoaraiothesmngudnsiraiiedone Siobaseives

offg8s SeRaAtgnMeNibat dseflaxdinyishsunplied ikasthensepaniatioase
zone comprises the purification motl]8 rli uorb%. {Hhe RIocess of g|<"ildg}l1t12
furtEREgrigiRg R AEEh SR 2682 d‘%‘é’H RS

pressur vapo?p ase
10 comprisiatpurgiieathdthistensshotiaiidrdy-oresiaitio Bgavaesbiwre

arQRAlichySAc AN BRaR s Reitesaveddrom kir: spravatinni@osedsnat

Liiféy?d?%h%gégt Sggggﬁ%‘%‘g@ﬁ% ao? %Q.‘?,g,ﬁ‘% %tgnl{ij g%m&: {g%rci:%nag\d at

urther comprising directing
colwehsatesipsdt S0wmrapsiig Aridedapiaing SESaRAtIATY SIREFH B BBt
0”8&@%&@%@%&%&@%@@%&% sunpplieg:to thenseparation
zone comfrisest e condensaéaeé@%com&r&%ﬁ]&w@ﬁé gr%t if% hase
15 2008 PEFHTSL G A T0A8E 1Y, *PRe process of claim ﬂ;?ther
cormptisiviirieticovebingresietigy febnine seebatthigiepreadee itapsfiphase
Cowwﬁiéwt%%ﬁidﬁe’w hstansiakydrree mgﬁx{!ﬁﬁém&w@dpm&@f tne
aromatic, rocgrbon precursor removed fr ' i at
e B Lo pEBI0 S S0ty Bl Gt A Hhagt it
sulsstsiesdadvofiestietselvechrmercirr aprlisesiseansurIjIRtLR BYIBRRGURSs
soPargarsiangantsthe roWentpaapcamicaasithin thaelissiimiphiadese of
oxidation camprises acetic acid, 21. [ iop 2Qwherein the
sec%ﬁ%]a iaﬁl&’ ﬁ%s%cﬁlﬁ lfse U @taéﬁtﬁaq y%é}é%%ﬁig%\?gr%%onocarboxylic
acid and gxighdi Ind ¥tREQsHietSising directing a water-rich second liquid phase
that is substantially free of solvent monocarboxylic acid and oxidation by-
oroducts thereof removed from the separation zone in at ieast off-gas
25  separation to a purification zone such that a liquid comprising water used in at
least one purification or for recovery, separation or washing of a product

thereof comprises the condensate liquid.

13. .The process of claim 12 wherein at least one purification comprises a
step comprising dissolving in a liguid comprising water the solid product
30 comprising aromatic carboxyfic acid and impurities comprising oxidation by-
products recovered from the figuid oxidation reaction mixture in at least one
iquid phase oxidation to form the purification solution and the liquid
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10 thereof removed from the separation zone in at least off-gas separation
is substantially free of acetic acid, methanol and methyl acetate and the

vegeohobigh pressure vapor phase removed from the sepagiatieRxe0siSs:
substantially free of p-toluic acid. 22. The process of claim 12 further
CopMSIRingG CRatensiiBpAsacandighith Rissshe aROT Rase that is
comprising, water that is substantially free of oxidation. by-products of the
POTEITUE Bt oro Rl R Bt R Pl B QR Ry
|chsrem ecpipvpisisap Hiasepagtiorrone ShaldraskelligaiaRambRing water
and a high pressure condensation exhaust gas and _recaovering at.least
ol by STE R RL SBllont HORSA e S B e

feggmeareptiting tomibhasbng thardafifeempashighvairestarolid product

CRBARMSMIPLARAISt @RBoAcA dtiacess fatmpryfasiue Araigipaties

carboxylic,acids comprising, in_steps,.(a) contacting, a feed magerial .
cORRSYERY A1 o Bie Py HeSREr R o Sioen s TR o ol Touie
caoRyHbdadiaiah CoEpEsess Gxydalemielligerpnshaseidxipiassn Hegictdn
MidERGRIMPTIEN GMIBNesa oMyt BeiEicoAGn AR hivatRapd drothets
Pgsence ol s calplyst compasiion comprising & s metgl, component
in‘a‘reaction zone a eﬁ'evaei d Et'empera ure an presgure € ecﬁve‘ to
magntairgdiguicbigagtigRimiduiaasg & fea anaronmelitrarbamyieasid
30 and iﬂégéJrities comp rgisir\}v(l:ld_]bya;pfoci[%cts %‘ ths%subsé ietalgtead arloclna}(ij%u ;
hf&?gc?x? haissolEd S suspend@H in ?ﬁe 'ﬁawc?p ase oxi ah_or? reqcctlon
miaoesising sargiRisre sethexviporgihaséthsedseprisysisoRfeNnBHIIGD
2006640245 3B PiveS 200040881 B uraonesaibexylistaeid andtarie  liquid
byeroducts ol the substuted aromatic, fychasaron and Bicprodugts of
thé's ventgmonocaﬁ)o@hc acid, %E} recovering from ?He Iiﬁﬁlde' phase
oxgdbsientialictien alisalyerd BWRPCEFBRXIIC cnith AR @raiRatRY CARSYAIC
acigkpn isnVdieTosO P Eshgaforeasiion By uadiietsis(edslisaRining or
suspending solid product recovered from the liquid phase oxidation
red6tion Thixripssssrapasiny 1ar biviagicceambosiichgasante ippuniiessin a

cogprMishive ByrAreduemaidhabekpituied aematicdadineabandipuaties
lquid comprising ater 2t ieast.a-porlion, Alwieh CamPses 8 8ecqnd 0
liguid phase récovered according 1o step \(gs o0 form a pdrification
sofagigiipn mixture in at least one purification and the purificatton mother liguor is
directed o at least one off-gas separation such that a reflux liquid supplied fo

the separaticn zone comprises the purification mother liguor.

17.  The process of claim 12 further comprising condensing a second high

25 pressure vapor phase comprising water that is substantially free of oxidation

by-products of the aromatic hydrocarbon precursor removed from the
separation zone in at least one off-gas separation to form a condensate liquid
comprising water.

18.  The process of claim 17 further comprising directing condensate liquid

30  comprising water to the separation zone in at least one off-gas separation

such that a reflux liquid supplied to the separation zone comprises the
condensate liquid comprising water.
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(d) contacting the purification solution at elevated temperature and
pressure with hydrogen in the presence of a hydrogenation catalyst to

”%; %rrg%lcatlon liquid reaction mixture; (e) recovering fr%fnﬁzuoﬁmlmss
pur Aion iquid reaction mixture a solid 15 purified product comprising

cApmatic carbgry i cld i I ochest el TRulies 300K -

ﬁfrcat uor comprising wat ran minor a ount
bmmhmwmmtgab@@r@ﬁ@ﬁ%ﬁ?ﬁi&ﬂﬁw&@%@?ﬁb\%m&maﬂy free

hyd @&%ﬁwsﬂeﬂu%&aﬁ thergefaticoyhinalipns jheaetr @rraveddrong
{E\é} épres ure vap eg%oengf% s@ comp ising 20 solvent
mofidearh §pro

|c acr wa & vapor, ucts of the substituted aromatic

5 hwocamefbﬁﬁeﬁyoplﬁﬁwr% %f@‘ﬁlﬁ@héiﬁkﬁ@ﬁtﬂmmﬁﬂe Rpiicearon
separation zone s Iith reflux liqui
sd a%tlﬁasi LfPBcF W cf( gn E%ﬁbly ) @&*Qﬁ&a@b%)é(m

(6] ono artg)oxyf{c aCId cts into at
|eamnamadowveﬁ%@hﬁb@éﬂfb@&ﬂ@%@ﬂﬁéﬁ%%ﬁiﬁﬂ%ﬁﬁW&@%%at least

ter 25 rich hase th b Iy, f
ongaig 25 e oo U PIEsE e subs gl gl e

acidisepitated Seearicsbint rossaredRApsy %éseﬂéo@m%mg RYREEHOr

10 Suﬁ'&r@ﬁﬁ?ﬁl@%@@r@{n %t@déf&ﬁﬁ?ﬁbﬂ}ecﬁtr?bﬁtltm@barwﬂ@u@ ygevstshas
are apporti subs anl 0 irst ligyi 0
bySHPSfﬂJ i%%ﬁ’?e 5 gthoca% ojy ngmg?g'g g%r§ g%p%ﬁ%ﬁ%agewnd

sutigtantisipyme \theOS@b@h@I TeiyRMsrE Soim dneaptapiisez s SLvgetally

20@@41@%9‘"@@5@82006/010486 (g9) removing from the separation
zone in separate streams a solvent monocarboxylic acid-rich first liquid

phzze afithewetessrichcksroid lighi! pheRisiharEansnE ARFRe igh

15 Sobf%%ﬁrf?%’ﬁ@rr Bﬁéé@%éﬁx‘ﬁh%ﬁ@ Q?Qﬁz?ttﬁéts @sgﬂéﬁal#ﬁ'&l?kﬁl}%sm?‘mwon
second hi re va that is 5 substantially fre

by P rBEﬂ?d% ?Fust% §) if‘"ydré!%%% BERPreBTESE Ih) J?e\c%ér) fom the

wasepaietiosetreditigtidashase ofi:gds SRR e amwe liquid

MQRPGAHBRYYNEaaSId-and DynRlioduieissthereohtrmaited f@matkm gas and

separation zone in S\E\/ @) to at I&ﬁt ope %f ssrggg % )Td% % H:Chawt

a FERRUEORoRisiRG Waler in RaP1R2s oRe OFsteps or (e) comprises

20thesrma@éesbm!qrq@ﬁ@ gredenaierizhehrereriet q’ﬂam%% gt the high

ry@ggu}g sHrRetingtiHrdigatiengarother liquor recovered according to
step (e) to step (f) such that reflux liquid supplied to the separation zone

in Step (frcomsmisdotimapuigibsao Aetrriic carboxylic acids comprising, in
steps,

{a) contacling a feed material comprising an aromatic hydrocarbon

25 precursor io the aromatic carboxylic acid and gaseous oxygen in a liquid
phase oxidation reaction mixture comprising monocarboxylic acid soivent and
water and in the presence of a catalyst composition comprising a heavy metai
component in a reaction zone at elevated temperature and pressure effective

to maintain a liquid reaction mixture and to form an aromatic carboxylic acid

30 and impuriies comprising by-products of the substituted aromatic
hydrocarbon dissolved or suspended in the fiquid phase oxidation reaction
mixture and a high pressure vapor phase that comprises solvent
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liquor 15 25. The process of claim 23 further comprising recovering a
condensate liquid comprising water from the second high pressure vapor

whagensustantially free of by-products of the aromatic hydresasess o046
precursor removed from the separation zone according to step (g). 26.

ThRmesessyAE claim, 23kieihnebroroRtistag giregiingsapasenaatertisnsst 20
comprising water, recov retdf m th setcond hlaq_g RPressure vapor phase
A R P R B T U T R TDIRMIE AS S z0me i step (0
comprisgs thecandensaleniomticdhataeRearts e aaiMae hesid
comprising directing purification IEOth r Il%ucgr re{govergd,{ggc%%n%stl%
ARG sk u@ﬁ(’fﬁa%reﬁﬁr ?@(ﬁ% G Bptie B hEsepiation®
zoeactivsteppihdtotaprises the purification mother liquor 28. The process
of claim 27 wherein a reflux liquid comprising the condensate ljquid is
cuppliedlo IECGrR SR BHEVETUR S RpPEF Lok d6P HErb I By dRae
20640 2HBEHPC TEaS20 08I0 861 28is N egpotaiiss wirbhayiic280ihangin
a [efpriluid-coraptsGiBeud dfieatiansaRthes issaate syaRiaktn the
separation zone at a lower portio th%r?of. 3?. '[Lh% process gf glastggo%g
Wi BB LS B SRY th& BBl TG rHERRIFRG LR
supplibphasdresopadionodng atstclo(gertipdetiors tvefisafiop Boipten;
process of claim 30 wherein the second liquid phase rgtmoved from thg

separatith 28RS0 HMH FHE SRS S L FRM etV BIF HE P oA
zopresatignwittenmizcieteip drionasuen bhe tiveerptmalinopeatalet foviem 2
POstiRRSHidA Rend REAIQcRRGEClaim 25 further comprising recovering

energy from a second high pressure vapor phase substantially free of
by-prodye}sretsheriarofratictiny dradardiam pieddrseackonowdsifrom thelid

SepFALONAAN6: AREHANY B HHERd Parex RCLIORES QUG Sbidgher
comprising recovering energy from the 15 second h,%gq%%?sur?@/a or

phEREsRatRIFHE L GBI IR OFIHE" SPSIRY EansoRmer
precunsas reingveddiots tietise papativiedomemetoradpaaristepo(gyursor,

hydrogenated derivatives thereof or combinations thereof;

(f) transferring a high pressure vapor phase from step (a) comprising
solvent fnonocarboxylic acid, water vapor, by-products of the substituted
aromatic hydrocarbon and by-products of the solvent monocarboxylic acid fo
a separation zone suppiied with reflux liquid and capable of substantially
separating solvent monocarboxylic acid, water and by-products into at least
‘one solvent monocarboxylic acid-rich first fiquid phase and at least one water-
rich second kquid phase that is substantially free of solvent monocarboxylic
acid and at least one solvent monocarboxylic acid-depleted second high
pressure vapor phase comprising water vapor such that oxidation by-products
of the subsfituted aromatic hydrocarbon are apportioned substantially to the
first fiquid phase and oxidation by-products of the solvent monocarboxylic acid

30  are apportioned substantially to the second high pressure vapor phase; and
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34. The process of claim 33 wherein energy is recovered in the form of
work. 20 35. The process of claim 33 wherein energy is recovered in the

form of heat. 36. The process of any of claims 23 - 35 wherein t

e
WAt iEE dromatic hydrocarbon is para-xylene and the S&ggﬁ}?zo%mmet%

monocarboxylic acid comprises acetic acid..25 37. The process of any, of
Claims 48) TIBSME SRS SEBAR AP A SSpirals S AIns B, o

Iquid phase femoved from o
sepatatimheyhe acigiep gy Soydiaheaty drse ofwrietEch acoretians|
angmetayt acelpaArdihaseepsshash-RIRsSaR AR (MasE damREvad
from the separation zone is substagtiﬁ%yéfreree Sosf rétO'UiCO?Ci%aéé- hat s
Aﬁkﬂ’é’(gﬂjécﬁrt@gbeﬁétﬁﬁg BriSEREh"SF aHEARLOF offhas e atid in® 30

5 mauhsactialy dkaroihaticashitio )i Rl MOTEOSRRBERERGIERRN of a
83 WO 2006/102459 PCTIU 2006/%}9483 ubsti{Ht?d ar%n}atih: v free
hydrocafbofi a9 P MRITid PhatePsalSitn ?j?& Gre et Sinprising a "’
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10 oxseationglibl gilbsttuted aromatic hydrocarbon feed material with
gaseous oxygen in a qulluid phase reaction. mixtgure gom ri§iné](. other
méfocarbBARESEIPE SR A AT IR &Y TP SHERICHS EUER AT 'S TiGuid
phixsereactiesredixaceriinpaintaised eintb asiégh (Brassirdned rfevhdeeid
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generated in the reaction vessel; and a fractionating zone within the
intlflR" volume of the vessel for contacting gas and liquid phases in

15 coyptercyprent flow therathroughyinre - Rikialited theereting! £auiiiidee
stages and comprising 15 a first portion that is.capable of substantla‘ljlg/se
seﬁ%‘ﬁjtil@%ﬁ‘[’é}"%nﬂ%ﬁvm&%cg?ﬁw Iif"gsidHﬁeﬁgrﬁigﬁag%sgure

vapobyitizyin freentzictydthoduatru it rinerreramiaiie ofyefhgringrigRiReursor
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intermediate stage of the fractionating zone, such that a solvent
mars caripheylio @il ofchia®® fidsiuliheidcphaseiis rdinsoliegl dptgenearefidiidg
zol'qggrrﬂﬁgiﬂg}.'mer recovered from the second high pressure vapor phase o
step (f) such that refiux liquid supplied fo the separation zone in step (f)

comprises the condensate liquid.

27.  The process of claim 26 further comprising directing purification mother

liguor recovered according to step (e) to step (f) such that refiux liquid
25  supplied to the separation zone in step (f} comprises the purification mother

- liguor

28. The process of claim 27 wherein a reflux fiquid comprising the

condensate liguid is supplied to the separation zone at an upper pottion

thereof,
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pressure, solvent moncarboxylic acid-depleted first intermediate vapor
phase comprising water vapor is formed, wherein the first portion is in

wiewepisdnication with an intermediate portion of the fraciigpaiibghs 988
for receipt of refluxing liquid therefrom and passage of first 25

insgrmegligteyanaL PBASTARersio gRE-SAMPrisas MRS fesHiRGHRthe
refluxing liquid into which the first |I%I.Ad phase is removed tq a liquid

RSO P D SRR st 8 A S P P S N S B i P8 e
atteréiglid phase oxidation by-products of the substituted aromatic 30
hydrocarbon feed material in the first intermediate vapor phase in contact
it & CHURFESHENPTHPR e AMGTRLIA oK RARPE b dRents
ofariffiiringniitpsidicpeeises p@ieddn thepesppostion ofrthet 840wWkD portion
2QQ8EL02459 PCTIUS2006/010486 separation device, such that
by-products of the aromatic hydrocarbon precursor are removed into the
reftuxing e wichcess avhighiprésswiersiectnd satermididisite phogper phosed
COpIRE S MaAN aRAe SRBIERIA L s P LSRRI MANATA A

and byéPro ucts of the aromatic %drocarbon precursor is formed,
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paggion %Q“BrU@é“éé%‘ta&leQrF9@%ﬂﬁe?%ﬁ?@fﬁ&ﬂé’&ﬂ@&i%“&é?{%%

and passage of second intermediate vapor phase thgreto; and; an ugper
pSRIGAINEIET: REsawR 8?%?[b8i‘§ﬁﬁa?l%&5’éﬁ?&‘t¥n§%a&ePylﬁ)’%ﬁ‘itﬁ?qﬁfot ©
plaseaiddat credpar pdmtsof thesalydniiba ceasaioti coaeidarpatitgast
ong ng)second intermediate vapor phase and a reflux liquid supplied
to the upper portion in contact with a countercurrent flow of refluxing
liqrdd, sToh thetsssetaiintigoitlpghaseooprispristegowatey subsiaibatyiiree
Ofs%%ﬁd“w&‘?!b‘?&éé@@%ﬁ&%é&d_%%mﬂgUf?&%tBF'i%QéHédﬁ?d?éoé!Fﬂuéo

the refluxing liquid and a second high pressure vapor phase comprising
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substantiglly free of by-products of the aromatic hydrocarbon precursor is
formed, wherein the ugper portion comprises collection means at a lower

pofion thRFeUPRSE2PLEIRIEIAY WIRIER 515690R SameTedidify 1t Fhto

whickkthe second liquid phase is removed; and;

20 35, The process of claim 33 wherein energy is recovered in the form of

heat,

36. The process of any of claims 23 - 35 wherein the substituted aromatic
hydrocarbon is para-xylene and the solvent monocarboxyiic acid comprises
acetic acid. -

25 37. The process of any of claims 23 - 35 wherein the second liquid phase

removed from the separation zone in step (g) is substaniiaily free of acetic
acid, methanol and methyi acetaie and the second high pressure vapor phase
removed from the separation zone is substantially free of p-foluic acid.

38.  Apparatus for separaiing components of a reactor off-gas generated in

3¢ manufacture of aromatic carboxylic acids by liquid phase oxidation of a

&3



a liquid reservoir for receiving from the first portion of the fractionating
zone refluxing liquid into which the first liquid phase has been removed,

and at least one liquid outlet in communication with the quui% vOir f
W8 FEHBVIRG liquid from the apparatus; and at least one liqui ﬁegﬁtc’?r}ﬁﬂ%ﬁ

introduci flux liquid int . regi t ion.
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in communication with the collecting means for removing from the device
at least atperttomefidherglaiite) fquetehiogvaic-ditpeise doAdiIRisiagsneise
P e ca i stages 40 The
rovides 5 abou 0 abou eoretical equilibrium s :
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capphteabse fasstimg sttt Mathdose Rasst BB AbBXIFEdBER? tRECHRgh
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monocarboxylic acid is removed to the refluxm%h uid,, &) gfjm -l;uhgfessu

apPhiathetct dpih RRARHERRRT O TRXEB AR DGHET i

In communication With
10 thecatheatingie ghasencoatrasing sob e IIoRRTBENEH § AN R YGARTS

int%%gﬁépé}g& s gienfdhs, lewegipgrtion of the fractionating zone are
separated by about 1 to about 10 theoretical equilibrium stages. 42, The

apparatus éiciainaBgwimreinviibie dbeointenatietdhesnPhuRr atRs§ e 5o

with the Galesting mepnsApfAkeast GuRiiekosinbadusinghroeiiun 2
liquid “info an upper region.of the upper partion of the fractionating zone
areP Vi St GRpBAPIGR G Br%ﬁ*:ap%stﬁ%orce({mgveq%ilibrium stages. 43.

js1he apparatusaofﬁ?ﬁﬁo‘amﬂméﬁé Asaitlethe fomaairlilcash@Beng water

distillation column. 20 44. The apparat scﬁ}gl im 43 further comprisi ¥l
reaction %Qs%?“l"&f‘tIﬁﬁ@ﬁﬂggéy&ia%féjdﬂ a%ég}ﬁgﬁfﬁf'éja?a\fgﬁ?éﬁjg %%gt
hydrocarbontdeie dvithateriabwnitTayaeed UPo)xyefe et siNie ulg h aSeMeiaiidn
mixture CQW&%@QS ONAGRIBRX YiGiaGidSobERbANh Inadeh iR stage of
conditions such that a liquid phas gagtéogowg(&yr%é% %‘%E‘é%ﬂ@daaﬁﬂi&
high prest&r& RAAHERG 06 %Cgh & Bomprising solvent :
20monocarticstyligutidhesterivajsorsvedgdtiersted wiluxing liquid and a high
pressure, solvent moncarboxylic acid-depleted first intermediate vapor
phase comprising water vapor is formed, wherein the first portion is In
flow communication with an intermediate portion of the fractionating
zone for receipt of refluxing liquid therefrom and passage of first
25 intermediate vapor phase thereto and comprises means for directing
refluxing liguid into which the first liquid phase is removed fo & liquid

reservoir; and

an intermediate portion that is capable of separating water and

fiquid phase oxidation by-products of the substituted aromatic

30 hydrocarbon feed material in the first intermediate vapor phase in
cortact with a countercurrent flow of refluxing fiquid com;ﬁrising liquid
components of a refluxing liguid received from an upper portion of the
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the reaction vessel, wherein the reaction vessel comprises at least one
vent for removing a high pressure overhead vapor phase therefrom in
wiowposaspeaunication with at least one lower gas inlet for ree€ikiiwnid10486
directing high pressure overhead vapor phase to the first stage of the
fractionaéipgraftnzondcs GMIORA0S/ 102 58RE Tk SROGEH) bod®6arbn

The apparatis. of.a0% 9h IR E8E FMIRG RAPLAINY HEFAGHure

vessel for liquid %hase oxidation of a substituted aromatic hydrocarbon

feed maRSARH MPIYELE, ¥R FEASH CIRRTIESh YR TERRROAURRATA!Y
compri_sim_y mmwmtbmyhcab@ﬁblm aqd waiandunde of dnelitiomsagach
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overhead vapor phase com rlsmcﬁ?solvent,mon? art{ox lic 3§C|d Wat?@f
Y

vapors i4OYerRIPAERIFAY AR L BT SR RSB BiR {FRSTRARNNSHATRE
comprises@pieast onuvegt fowiemibeisfgarhignpresssegeverhesatvapor

phase therefranin v cRIVUREAIoRWIth at least one lower gas inlet
for receiving and directing 10 high pressure overhead vapor phase to the

first stage of the nastioratiog ted fecd@i@ble of substantially separating water
and liquid phase oxidation by-products of the solvent monocarboxyiic
acid in at least one of the second intermediaie vapor phase and 8
reflux liguid supplied to the upper portion in contact with a
countercurrent flow of refiuxing liguid, such that a second liquid phase
comprising water substantially free of solvent monocarboxylic acid and
by-products thereof is removed to the refluxing liquid and a second
high pressure vapor phase comprising water vapor and by-products of
the solvent monocarboxylic acid and substantially free of by-products
of the aromatic hydrocarbon precursor is formed, wherein the upper
portion comprises collecion means at a lower portion thereof for
sollecting at least a portion of the refluxing liquid into which the second
liquid phase is removed; and;

a liquid reservoir for receiving from the first portion of the fraciionating
zone rafluxing liquid into which the first fiquid phase has been removed; and

at least one liguid outlet in communication with the liquid reservoir for
removing liquid from the apparatus; and

at least one fiquid inlet for infroducing a refiux liquid into an upper
region of the upper portion of the fractionating zone; and

at least one kiquid inlet for introducing a reflux liquid into an upper
region of the: lower portion of the fractionating zone; and
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af least one fiquid outiet in communication with the collecting means for
removing from the device at least a portion of the refluxing liquid into which
the second liguid phase is removed.

38. The apparatus of claim 38 wherein the fractionating zone provides
about 20 fo about 80 theoretical equilibrium stages.

40. The apparatus of claim 38 wherein the first portion of the fractionating
zone is capable of separating water and solvent monocarboxylic acid in the
high pressure vapor phase such that at least about 85 wt.% of the solvent
monocarboxylic acid is removed to the refiuxing liquid.

41.  The apparatus of claim 38 wherein at least one outiet in communication
with the coliecting means and at least one inlet for introducing a refiux figuid
into an upper region of the lower portion of the fractionating zone are
separated by about 1 to about 10 theoretical equilibrium stages.

42,  The apparatus of claim 38 wherein at least one outlet in communication
with the collecting means and at least one inlet for infroducing a reflux liquid
into an upper region of the upper portion of the fractionating zone are
separated by about 1 to about 10 theoretical equilibrium stages.

43.  The apparatus of any of claims 38 - 42 in the form of at least one
distillation column.

44,  The apparatus of claim 43 further comprising a reaction vessei for
liquid phase oxidation of a substituted aromatic hydrocarbon feed material
with gaseous oxygen in a liquid phase reaction mixture comprising
monocarboxylic acid solvent and water under conditions such that a liquid
phase reaction mixture is maintained and a high pressure overhead vapor
phase comprising solvent monocarboxylic acid water vapors is generated in
the reaction vessel, wherein the reafction vessel comprises at least one vent
for removing a high pressure overhead vapor phase therefrom in fiow
communication with at least one lower gas inlet for receiving and directing

high pressure overhead vapor phase to the first stage of the fractionating
zone.
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45, The apparatus of any of claims 38 — 42 further comprising a reaction
vessel for liguid phase oxidation of a substituted aromatic hydrocarbon feed
material with gaseous oxygen in a liguid phase reaction mixture comprising
monocarboxylic acid solvent and water under conditions such that a liquid
phase reaction mixture is maintained and a high pressure overhead vapor
phase comprising solvent monocarboxylic acid water vapors is generated in
the reaction vessel, wherein the reaction vessel comprises at least one vent
for removing a high pressure overhead vapor phase therefrom in flow
communication with at least one lower gas inlet for receiving and directing

high pressure overhead vapor phase to the first stage of the fractionating
zone,
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