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Process And Apparatus For Manufacturing Aromatic
Carboxylic Acids Including Pure Fornms Thereof Field of
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appar atus for manufacture of aromatic carboxylic acids
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Water |s 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.
The exothermic oxidation reaction is commonly conducted in a suitable
reaction vessel at elevated temperature and pressure. A liquid phase reaction

mixture is maintained in the vessel and a vapor phase formed as a result of
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fromthe reactor to control reaction tenperature. The
vapor phase conprises water vapor, vaporized acetic
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and purification of the crude product are often conducted in continuous
integrated processes in which crude product from liquid phase oxidation is

used as starting material for purification.

The high temperature and pressure vapor phase generated by liquid

phase oxidation in such processes is a potentially valuable source of
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by- products, as well as energy. Its substantial water
content, high tenperature and pressure and corrosive
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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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are used in separations. None of the processes
according to the cited patents uses |liquid condensed
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9y Summary gfatﬁe ?nvention

" This invention provides a process and apparatus which, in their

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,
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wachdsionst h sel ecti ve control

The invention al so provides inproved processes and
appar at uses for manufacture of aronmatic carboxylic

aromatl c feed materials and of nonocarboxylic acid
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separation of solvent and water from oxidation reaction off-gas into liquid
phases suitable for return to or use in oxidation and purification steps, the
invented process includes embodiments that comprise directing to separation
as reflux a liquid comprising a purification mother liquor remaining after

recovery of a purified aromatic carboxylic acid product from a purification

of by-products oPCT/US2006/010486
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products, but al so sol vent nonocarboxylic acid, such
as solvent residues in the inpure aromatic carboxylic

wacehe/1p24s8uct s used to form purification sol ut POMAS2106/010486
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such as stalnless steels, mild steels or duplex steels, as alternatives to

titanium, nickel alloy steels and other more expensive, highly corrosion

resistant metals conventionally used in aromatic carboxylic acid manufacture .

Briefly, apparatus according to the invention is for separating
components of a reactor off-gas generated in manufacture of aromatic
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zone of the device a high pressure overhead vapor
phase renoved froma reaction vessel for liquid phase
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materl al with gaseous oxygen in a |iquid phase
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hydrocarbon precursor are removed into the refluxing liquid and a high
pressure second intermediate vapor phase comprising water vapor
substantially free of solvent monocarboxylic acid and by-products of the

aromatic hydrocarbon precursor is formed, wherein the intermediate portion is
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nmonocar boxylic acid in at |east one of the second
i ntermedi ate vapor phase and a reflux liquid supplied
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from liquid phase oxidation such that at least about 95 wt.% of the solvent
monocarboxylic acid is removed to the refluxing 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
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outlet and at l|east one inlet for introducing a reflux
liquid into an upper region of the upper portion of

woOheosf 0z i onat i ng zone are separated by about PATHS2006/010486

about 10 theoretical equilibriumstages. An apparatus
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carboxylic acid by such a process conprises at | east
GAReak tion vessel adapted for contacting a |iquid
purification reaction solution with hydrogen at
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omat | ¢ car boxylic
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 catalyst to form a purification

liquid reaction mixture and, more preferably, at least one product recovery
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acid in a purification reaction solvent, filtration or
ot her separation of a solid purified aronmatic

woantadspc acid froma |iquid medi um and washPag/usto06/010486

solid purified aromati c carboxylic acid product.
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and at least one water-rich second liquid 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 aromatic hydrocarbon precursor are preferentially

apportioned to the first liquid phase and oxidation by-products of the solvent

10
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nonocar boxylic acid and by-products is conducted in a
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aromatic carboxylic acid and impurities comprising reaction by-products
dissolved or suspended in the liquid 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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at | east one liquid phase oxidation step to forma
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dissolved in a liquid conprising water; and at |east
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condensate liquid.

Liquid phase oxidation, purification and off-gas separation steps of the
process according to embodiments of the invention preferably are integrated
such that a liquid phase oxidation product comprising aromatic carboxylic acid
and by-products and a high pressure vapor phase from a single liquid phase

12



10

15

20

25

30

I n anot her enbodi ment, a process according to the
i nvention conprises in steps, (a) contacting a feed
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Dosprising Watemwhy dinsfer of heat from the secon
exchange medium to generate steam or another heated fluid under pressure;
the resulting steam or heated fluid under pressure can be used for heating in
other steps or processes. Alternatively, 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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Figure 1 is a flowdiagramillustrati ng an apparatus
and process according to preferred enbodi nents of the

ot her equi pment used for nmanufacture and purification

f t
SoveHi T RklyEnt PR NPT GRetey BN RAGACLE R fas
lay peaf excnaedgé orea:nméryammesgwsbyamemlcngtot mephatiedl rangroy

Sui 139 o Besrrdent BT Ry AssEF et B

Det ai | ed Description Aromatic carboxylic acids for

whi ch t he i nvent iBoief Deswiptior df no- and

pol ycar boxyl at ed speci es having one or nore aromatic

ri ngsTritvahtiontis dascrivedmwithuiefarencesto thy Drawiogi iprwhigh:
gaseous and liquid reactants in a |liquid phase system
Eigargpll s acffomsdlagraam dhvatratingcair BpRgrEiUS ansi RI§CeSFcAGRPEding to

ter?e,g?({ geﬁ‘i,aqae e 8f th% rqrelﬁ'tﬁn a}ﬁéagdlgéﬁr{t 2 |gr§: Ib]Cth% é}%aratus

mphbthalf ellipherdr ba(;jlacylforc nariufesturghand musification jof aromatic
t f f
Bt ey i epE e b Al 1 aci d
d | 1 ed i - .
B0 S TR bR S fadir i

pri@r@ed))@rd@ddnmentshaf tb@rrpverslea awhtuseful nigr ceyrying gab the

and a feed materl ng an aronatic hydrocarbon
ﬁéﬂﬁeﬁ@ag‘ﬁﬂﬂ'ﬁgt"ﬁg r}ﬁ? M‘ch to carboxylic acid

groups in aliquid p@ste! r!elslcu oa. [n xture conprising a
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oxi dati on step. prod sar tlccrb xyIL am%z% cid.
iePphiall; age e 2P oHIRIBCsARth PTG G, Sightnale a
'b'éh%l@%@idaénﬁpﬁéﬂ%dléﬁé &ib@ﬂb@ﬁm atidst hmeamomttdnds pertidularly

mat eri al and sol vent by-products

suiterhforomasastuse ool s oo A Eﬁ%efétgé“cs?%@E‘ﬁﬁ'“ﬁ&“”ﬂed
Q&%@Hﬂaﬁéaaa aRd BN @hReRmS ﬁuﬁty(i@r%bhﬂhﬁwscnﬂé ocess, or

m - cont | nuoOUusS process. e Oxidation step can be

Conduﬁhe&@é’uoﬂr@eé’ fof TRE SveRftelt SroBessSidi 4 aglig rﬂ’fa@@f&ixldatlon
feed materials for the oxidation general I;
némq pnsmg an

dhatneamprisepde@tactien 0xyasst 93 Ped %tfe%én%

?aﬁéﬁw&hc?ﬁ%dro?@%ggbhﬁmg ‘r%ggé’cgtlﬁ’%ﬂgtbﬁ glzgr@gtr‘;g%lagfﬁwd 868 gffups
in a liquid phase reaction mlxture 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 elevated
temperature and pressure effective to maintain a liquid phase reaction mixture
and form a high temperature, high pressure vapor phase. Oxidation of the
aromatic feed material in the liquid phase oxidation step produces aromatic

carboxylic acid as well as reaction by-products such as partial or intermediate
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carboxylic acid being prepared, with at |east one
group that is oxidizable to a carboxylic acid group.

wohaean24dd zabl e substituent or substituents caRCD&IS2006/010486

al kyl groups, such as a nethyl, ethyl or |sopropyl
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oxi dation step conprises
For manufacture of aromatic carboxylic acids by oxidation of their

correspondingly  substituted aromatic hydrocarbon  pre-cursors, e.g.,
manufacture of benzoic acid from mono-substituted benzenes, terephthalic
acid from para-disubstituted benzenes, phthalic acid from ortho-disubstituted
benzenes, and 2,6 or 2,7 naphthalene dicarboxylic acids from, respectively,
2.6- and 2,7-disubstituted naphthalenes, it is preferred to use relatively pure
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wacaiei10245¢i d, propionic acid, butyric acid,

a | ow nol ecul ar wei ght nonocarboxylic acid, which is
preferably a C -C 8 nonocarboxylic acid, for exanple

aC|d and benzoic acid. Lower aliphatic nonocarboxylic

FeL Tt TR fishe BinrCh Pl T LR RERRKRCodrvent S tRe

esirable reaction products th

pfne@hfsbr rotrespdnaingnei @btdemad@@rdo@xqﬂ leastaahaus 9énwte% and

react ondi d
rgg(redglliq %{ﬁglyt %tl Lﬁaaﬂ?t :ng?%arogoéx\%h cllgg%l': dsﬂegﬁéf%rred aromatic
yaRRaEsrcReal ot iuse b freatisfadtaret tesephthalist 4aith compeises para-

ﬁfﬁbngoﬁprg%sﬁfsﬁé%{a%%?aés?sr"n'ﬁkiﬁéé éaﬂ"‘f 4R plvere

b 5 |

ood Sovech ol Ul st RaCid of afrfafl oo EER Mo
é?r@mgﬂé \éﬁnfgoxyltﬁ;t] @crcfl pfcﬁdubhm:] thequudz;mase axiationstepxgomprises
acl ds under e | as oxi |

& ot 0 B e oA B T HEIE e 1€ FRERIAY 2 cr-Co

MbhLARAGHE RN Vb @xﬁﬁb@sawti‘cha@@oﬂrdp&md Bsid, \bhbﬁmc aC|d
using a sol vent conprjsin

\fﬁb@r&ca@lﬁo&qﬂ BBnagis oith Leter APEetc SIaegaboxyics aFige And

glcz 284 earbopr*e?@re%ﬂ BEcAURROFRY Darsyleks resctiver wf anmlsllrgable
use hat sol vent separation ste

oo procliets thn Fisfer adlePuls WaIBRS TPBYS HRONF A6 Under
RRBES 96%0%%‘3 cAGA b lidUed bﬁaéé"@xndé‘ﬁ’cﬁﬁttbcmombhc carboxylic

expr essi on vent monocar ox¥fk€hc aci d E
#aidsand ican mﬁem@w@@ablbc gffectapd Hiamexigatianay ?ﬁ}‘e? %@o@QSt

ﬁrrgf%rhe%u' %oﬁltewsamskeefo‘%soﬁ Sqikdie Wfoh@ﬁﬁéﬂe@f 3ok @xample

e sanme chem cal osition as th
amme@rﬂooanut 85anti% aohdigna of st eeidare srost wemmfﬁw gsed in

ha%%gg? %%ﬁéa‘o&ﬂs BYeho §ﬁc98th@h§9  sOhvaht rﬂS%'nﬁEQﬁattJm.ﬁe to

sttions rom ot her nonocar oxy ic acid
mabcmgxyme mdsenderameokwatpr@ne byxigatienueastiongongifons

t h
Siep GAR R Serl A ot MEqdrpHaEbr AT B8sb bR ot o8
res0lty eWhemuxRaa ksomhi mmmsmg a afigiuee ofoa aesprarbayylig acid
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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 monocarboxylic 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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pressure vapor phase generated in the oxidation or as
a conponent of a liquid phase separated from such a

ggno?:ar boxylic acid is functioning as a sol vent.

t

R T8 MR Lo Pl A, B LH00 AREPEL Ao opr

trbl_eldabmm]E i ¢thef emrd{rﬂfcdverﬂl dso use?mgt itbe caxnzrexybm c"solvent

acid. Preferreqd ca sts ar

FioneaREIasE et e dresd o sPestef st REe Bbfon of

&) tbhecaBb3liy Sck! for wmfnh etdmf acnhuanag@n dytwhy of example,
a ee er

R b gRosab o uiIRga: SBTTIORR Y & LB RRBHGHT & IRk Bhase

BRaHESH reaktibh GRixture it NRtes@it aésy sblvemnTor i the smixturke Bswvever,
one heavy nmetal conponent such as a nmetal wth afomc

el mqnqca@omn:game desrsthed 25 2 FORIMARENt PEesept Ind ugh

Bfestiich\RR0LE pﬁ@s‘é er@PAtRH $n theCdxitiios @Pas f, coﬁﬁjb%@ﬁteéf%\ liquid
vanadi um nol ybdenum chrom um. iron, nick

phassoseRaAated SFamsHeh avapanPhRs® igeofit amd%@r#%{gofe that the
Bk xﬁ@a%ﬂﬁ%%rﬁcﬁbﬂﬁg%@é%t”et al s include, for

exanpl e, "acet at es xi des, and carbonat es.

Pr ef eééﬁﬁls&ah%& Sbe tr‘?é’ 'Fg&HSSXISé’cQﬁ‘J bemﬁﬁ&g FHEfals that are

conbi nati'ons t her eof mbi nati ons with one or nore
effectiventst gptalyzadoydatianc of 4he yarpmetc Jaed deatetigl i gromatic

Eérfbw@ic%d ! %r@fe?ﬁearéa?%yﬁﬁ‘%géej 'sgﬁl?%;m fhaliuiSphase reaction

tirons for | tion also conprise
mlﬁumw for wiidatiop be¢m18§§0b4hlej a@teb’ﬁtsa@fpmmét PORIAC ArBONg

%S)SY% Eabas R f l?lg | %o #Q%H‘ltalsg VOE efdfo eneous

I'ra es or eve S o cts
thtatysaoe catdlyshlceniponehts iy wlsd beaaedonTmlmllyr éﬂeu@e@lyst

i d
elmarSe o 8o R4 SRS bR R Tabh 28 £ AtkAHE RN
ety ht dmthten Fangesefdalzout 2 3ptooatmiut 1,7 8f olExampjaqs) loé sbiyahie geavy
itelg Jectudis Folt PEisarRse, RenERT Y Thalfddti, ARRIUA Ton,
Eﬂgggggﬁrggmt chﬂmmdc()jrcarlémn?ﬂud@ rgetaUsuca?ds dtafrdum.  Suitable
co un rr
A R “Sarenlf) SRl D BEE s and

'cBﬁHoHQt%sbrPtf@Pétfédﬁbﬁﬁ@/@@Scon%r%e ctﬂ%”alt hﬁlﬁgané’dﬂ coNﬂﬂﬂtmns
benzyl| - brom de, brono_ acetic acid, di

bro
Sharet oed ABIRUIRSETRANET CBEHGN BIREE AHRTo et and partiularly

RERAIRACErIm MPatdpiumnd conbi nations thereof. O her
suitabl e pronoters include al dehydes and ket ones such

as acgyf @r@\%ﬁé@%@ﬁ%uﬁ@n@' cﬁhl‘Wﬂ cbﬁip@&ﬁoné?a‘aﬁtlfqmds phase

tohe 1 q hase reaction of oxi dati on st eg (%
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CORKRPhRIMI! ¥refsi8Blyasittdut 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
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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source of oxygen gas. Oxygen-enriched air, pure oxygen
and ot her gaseous m xtures conprising nol ecul ar

woxywan24spypi cally at |levels of at |east about PAD/US2006/010486
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conversion of aromatic hydrocarbon feed to the
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oxidation reaction mixture.

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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reactors and plug-flow reactors. Conmonly, oxidation
reactors conprise a columar vessel, normally with a
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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 into the liquid
body within a lower or intermediate portion of the interior volume of the

reaction vessel.
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benzoic acid and naphthalene dicarboxylic acid. At temperatures lower than
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
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above, a high pressure vapor phase that results from the liquid phase
reaction, including boiling of the liquid phase reaction mixture to allow removal
of the vapor phase for control of reaction temperature. Specific examples of
by-products of the aromatic feed material include partial or intermediate

oxidation products such as toluic acids, tolualdehydes, carboxybenzaldehydes
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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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product and by-products of the aromatic feed materi al
to oxidation slurried, dissolved or slurried and
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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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e solid product in nultiple stage H]d
\ﬁheh'esultmg solrd product is preferably washed after separa on with liquid
comprising water such as pure water or a wash liquid comprising minor
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 liquids returned to the reaction zone.

26



10

15

20

25

30

woOi20pei1d245m pri or st ages,

i ncreasingly pure wash |iquids, for exanple |iquids
renmoved fromfilter cake in downstream stages as wash

by concentrating sol vent nonocarboxyllc aC|d di spl aced

oparelh o i bR aRimad®, behlis? BGAE i lprsd B, on

origatidn q1artl¢érr legiol tainaigwasting sﬂcslmlmqwodluctecam bel anwemiantly

LIRS0 5 R Sl Db A e

filRs bugfss ateyisclobéd inUIE &,679, 848, ahd UB 8081587 prrepretieresd

for _substanti al | . of idf

hifhuon Agics T %gmrhE%“né%‘%rw%aaé@ahﬂﬁess i, G5 R itlimore

fuug Uh Oléi; f?ﬂ@)@ tgﬁ7 d Mbmlé:dqhu@roem ivgAshgliquidsTeéovet frdna i
products e resu |

al¥qr@% cake £an bedrangtersd %%%%x‘ Ogtr@t;%gt@vm%wm"%%%'%@“

Pft?diféhabh@r\/vé’ihlﬁ% rStagiel 8RS ProtiucoNnf mmn?w Isfag@at aﬁm with
the solid produc Preferably, levels of resid

mre\aémlynwsms@dwld%foa@wamph quscreﬁma@.érpnuf"%&%%m
ﬁ’ﬁféa %?ér%ﬁ%na@v@asﬁbﬁ&lﬁd I Qﬁ}%r %@é R&h ;ﬂ:b{llhé Ot dlonal

or less. Solid uct can dri ed
tmameﬁlt &yf ¢Qmenf<gatmgr %@mrﬁfqucammhc‘o aCIétdﬁ%crlawsﬂeﬁr@mg‘A@red

E&IJS??P&%%? M? |or§°I|nVéaﬂ1toré § @dnﬁ: erh dﬁ%@h#, kil ecﬁ BSke

i C car I'c acl reac I on uct orne

it withqwash mnatsieraseuuog | focrm cfuchnpasi vgadlsrdﬁcgm@pt fitration is
t

SHEHE Sy SO P Gyl o6 tonay

ountacted bwitly | inert agasd, typiaalyr uader lightptodoedesatef praseure, for

Bw%i%nq@ nase %I fj ?%3|§%3Atlgﬁ}gd?m gﬁ)eg:ﬁg%g;/gﬂer-r %sxlﬂgoénd

smmtgeabrmmt wasH kaudd fraesdlidlproduct oormprising aronggdic acid
an esent, inerf co ts pf. the

8% Eododunts, IS ERuting 351t cSLHB AN Shillipddis % BERe or
Biffh%f ﬁéié;l)s nwhi&ﬁ hfa@CtricQJMeZ 0 peepawtroehs pﬁ rgl setctiono sdiutioro rfsr
o} e li

RutsRaPROl dhe RO SR Fon RURRES PG (BcBolLELaopN

FRInBEABbRylRNELId Th §§m£pl%ﬂb@tddzhf’ébfgosto purrﬁrcgvon are about 5,000
andconbi nations thereof fromth enper

prEs Bef willisne RYGHEIGRERBRBY 3T deRsa $?'G3qraé%&§@ SArEQtVY'Vg‘r?

FIS\WIE isfBam ¥t rittdgedtst chRRana §toaeaREicd@ubPsdight levels.
I nvent ed process conprises transferring the vapor

phas e sdmtdtd thenarbhfitie fAXgc é@iaerea&tm brioduttdforied
oxidation to a separation zoné capabl e

Hiep Yauidt phasey repshian fi ay oxisialientster rﬁ?@amw ithe dgyented
?ﬁ{c@%s anh@Yl' HRk50R DYpd B $s dféh@raﬁ‘éd | Séi‘ﬁbrlé?ﬁ@ solvent

ent nofocar boxy I|c acid-rich rst phase
setogarbpxistacith ezvamrt and hydiodieet® @i the; lwi%lp s@ﬂdéﬁlaﬂ as

'gﬁ%&fgtgﬁtaﬂﬁ%.al'mé {4k phbsS AbMRTinRRB MY hiiforahélints

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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seRarations spph ithat selvent 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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the separation zone. Most preferably, transfer of the
vapor phase to the separation zone is achieved by
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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

introduced to separation. Preferably the separation zone is capable of
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zone is also adapted for preferentially apportioning
to at | east one liquid phase by-products of the
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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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phase oxi datjon and rral)lé al so be introduced,i

| to.th
S epar BtASHETRBARMeRt e (RTer SFRRERIOR Z0F i adaes &rFontact
Buglechy Ripeeuahs aBMeind ORRAY t phadte |ficWihg RBasterduerently

whi ch sol vent nonocarboxylic acid fromthe high
preseibiaushy aydy thitasdvant gheeagadavin acd oo dHoR Aressure
KISWVﬁﬁsbﬂnfrﬁkg.lcfeHrt%tthé's‘éHh@tiBH%@ﬁe fioue B Ih\é{icﬁbﬁiﬁ’é@k“acﬁon

present in the sol vent nmonocarboxylic aci d-depl et ed
vapis pubsiantially removae froap iy veReRNass fonte liquidiiphase to
3 [ . . . r .
PGS TRRagh FRefe BigtBant ot  BDsagehCnbeotygtac.
aod coich dbat watdn frdme a edsuligrepivangunenqgsagxylic acid-depleted
<P S t ol.v Ny ' 2l gt

PG T of 5B e Gl VAol At 1y e, for
lthgraeé rfton nthee heepirationp zerss wof ea vagpond gdigaise phaggnwhich is

B RO ORHERh bal BT o tRg o HENEbAee

3&ifﬂﬁﬁ@‘_t k}mltamgo ﬁ#gfgtghﬁ@:\/ﬁgm?gm F;e;ag?r:]nrdar\r/q titpaid Irpehases
uxi ng. |1 1 qul

Lo Sormtiarsn, e Sehpiata, b PRSBRT B BT hRS! hESe ftE Sraper
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boiep ot tiotRed 10,5 GRPBRACE 105 Rerd it JUicsrsppled
aferd@! | Sash sppRediRN Spsdrticefd toxthel Ifuidphasep veikht solvent
the separation zone that are or remain in the |iqguid .

prResarbaxyiceae (e dbe Nt PESSYENRRLE J1EE HEPR &Xgiu%'BP ds

$ER6VSd CarE PO PEMBRY in the first liquid phase. Such by-products present
in the solvent monocarboxylic acid-depleted vapor phase are further
apportioned to that liquid phase and also enter the liquid phase to which water
from the solvent-depleted vapor phase is removed due to contact with the
refluxing liquid 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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of the invention is configured for stagew se contact
between |liquid and vapor phases in countercurrent flow

wohowugiusportions or regions of the separati onPZDWG2006/010486

The vapor phase flow is preferably an ascending fl ow
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are tforned. The solvent-rich Tirst i d phase from

phrsefremoved Fiom e reaction| 2088 tea fw%moﬂméhe peRAfRtIPIEZONE
§ﬁd’§rr@ﬂu>9 Lﬁ&’ B a tHRe RM%BH fof PR S Spdrh @M Eérﬂa'%tﬁd?\ethﬁt & SApor

to the sec portio t he separat| on devi ce

leﬂetfmtﬂfwh ﬂwém@@rtmnetompn@ Ragentte grthirsh gortiopHf the
?ér)pfatrét%?\ 2 ?g %Gnexf |tﬂdéf~‘%§nt‘eruf'rléﬁt 'ﬁewnﬁ re%sqhsnlqm

oW ng vapor ase an uxi n ase I n
pleasenthrought tmntr‘aﬂetOSprme@l te dll@€h firs azormn pf mgmaremon

b0 2 RERH ol ORARCD RREUS Borfe? doRBEd et Mo

ase an ressur secon
pmfaampds asubst\aamﬂy ﬂnétas‘éomdatun by-pg:dmatsevf the aromatic feed

t . i
RS R G ety ofHERr ! ¥R SolBR MG icatd . Agu th
tre toumtecturréhtly fﬂoomug%afvaﬁarpqnhama&rml feftumrighhqmécpmai@et are
rt t
SR, sBRAreleRiin 46 A1 PoltRRaLeh yi f Sl nE R e
Q(ledlrthﬁ st IM{@R{ Iﬁﬁvfml B awgH pr@saﬂeﬁsmlmﬁtgﬁon?ﬁarboxyl|c acid-
count ercur r en; 0 0
ferleted ipiRsREdialE VAROT PG ?fg f?r'ﬁ?f? %Q%r%e'ﬁfﬁﬁ filghfoui
bhade ﬁorWQh@'ﬁrsQ;bbhmﬂgi coRschafifor lrémb\@lal thﬁﬁme separatlon zone.
substanti al | ree of sol vent nopnocar box aci d pl
r@hlo 'é‘%@urt lon

e yrseu Bhase) flaw dism Al Mot 4o disn 340 he FEpRIR
BEASE it BYs! PeNdtepRb8iate vapor phase from the first portion. Water

and by-products in the countercurrenlty 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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vapor and by-products of the solvent nonocarboxylic
acid and substantially free of by-products of the

wanowan24s9 hydr ocar bon precursor are forned. TheCT/US2006/010486

wat er - enri ched second |iquid phase fromthe third
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Wltﬁ& lfrlﬁn’f:fﬁ@ gr &)n%ﬂféé% th'q R B! SErh R fRdm HRR in
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recurs ase oxi dation to
Mﬂm;:rf thesﬁrstah@ulé ent‘@ﬁd |$ |W1|‘f1hd@\l\r§ha§ Be S§9@md higky pregsure vapor
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and .seco

N T e e

gﬁeefse;{s?xgﬁm izene. ariatxbrefemr;edﬁ'pbmdn{nenisngquldcpqmprpsﬁrgf_water is
SO

3P A el el hfvard Bl e sol RSB Rt By o

sBpara@é®B6nd.i qui d phase contains no nore than about
10% and nore preferably about 1 to about 4% of
t heanustictot stagdd kgpaatiohycthe fisstesation iofi thdyeepanation sade

secon | { qui d phases and the d hi

ity EasaE 3 SRohrind onREl RleEh caE e water

@Ucﬁ h%tt € RRAEADS Q{ﬂ %, Qaﬁﬁd mGrer?réfeﬂﬁﬁly atleast sigiud 980ft. % hef the
E@ra | On zone OC

t, f
PAnpia88N e Yt iShLuAS PR eLe FERTE POTRH & BIRLSEY
I‘?:ﬁ ?l(é;\g Ldglrbndgﬁhﬂalnﬁﬂ'gebggﬂﬂu%isl SMntheosremane pagcurgdrefor figs liquid
ri sing

Phgse AXIdgHoR 69 s drst el second élseéla@%&?tﬁ%ﬁ thpt thgesecond
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I oned between an inlet for introducing lig
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4 HRt ah@SebSTPYUPphases 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 monocarboxylic acid to the
second high pressure vapor phase such that the second liquid phase contains
no more than about 10%, and more preferably about 1 to about 4%, of the
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the water-rich second |iquid phase collected fromthe
third portion. The third portion is defined as a

woegican243et ween an outl et for renoving wat er - eRCTAIS2W6/010486

second liquid phase collected fromthe third portion

d inlet f i ntroducj Li
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abthe anomatmmaai mieerteth dor §qiid aphasqudridationute $heageparation

Preferred separation devices are various colums or
9%‘7’5 often referred to as distillation colunmms and

t
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eor onfigure 0 arati ng and ..
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t he uid phase oxidation reaction.

Gotmtmngt;mg anne ffpbwemra@@cs wailel andygxidation dyrodyris of he
g%y%@%gﬁ&@@&ﬁ i08cild! SH8rPAy AL 6t 168B08nd? BT SndrePFeferably

about 1 to about 10 theoretical equilibrium stages.

Preferred separation devices are various columns or towers, often
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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weoanteiions9 i s preferred for

at a lower portion of the device and reflux liquid at
at | east one, and preferably two or nore upper

gas and liquid phases in the separation device. The
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e Invented process. |n another preferred enbodi men
pod liquid ahasss indbeeeparplirodevinst ai ned in recovery of a
purified aromatic carboxylic acid product from at
| east Theneeparatign geng aecardigaitel theelyentinn earnkeq/pprisesa single

géw@éto‘fqnﬁlﬂglée@é\ﬁ@és' %ﬂﬁﬁ ughedead  Edrirhh of (btltlél'estructure in

épar a rises purification nother |iquo
wms pWéfeert&intgytwq ef moxe uewpgezedlrf mrl%eﬁwyaremnflgured and
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SR ABph A BL byl BB | B
podpcifinfloadhge vémmtieneineserst flove of refuxingliuid irdesd lthrbegh

fhbove., reflux liquid conprising purification nother
©Si s introduced to the separation zone for flow

d h ; th f_th
o 4 RS SRR AL BBy
fsmcanleasamemﬂ hhulgiqummr\szat\eaang stﬁtaﬂHllgrfm&df ri’rrpmrn‘tles
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condensing zones according to 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
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 liqguor and liquid comprising water

condensed from high pressure gases removed from a separation zone, which
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derivatives thereof resulting frompurification, but
such by-products are preferentially apportioned to the

woOi20psi1d243hases recovered in separation, and PCT/US2006/010486

predonminantly to a sol vent nonocarboxylic acid-rich
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separation zone in the vapor phase from the oxidation. When the separation
zone is coupled to a reaction vessel from liquid phase oxidation for
substantially direct transfer of vapor phase from oxidation to 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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40% and nore preferably about 60 to about 90% of the
volunetric flow of reflux |iquid. Water and sol vent
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preferably is no more than about 0.5 wt. %.

The solvent monocarboxylic acid-rich liquid phase condensed from the
vapor phase in the separation zone is a valuable source of solvent for liquid
phase oxidation. As described above, it also may include oxidation by-
products of the aromatic feed material and other components suitable for
being returned to oxidation and converted to the desired aromatic carboxylic
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vapor phase introduced to the separation zone are
preferably separated such that a |iquid phase

woesusl1243g from t he separati on contai ns about BETHIS2006/010486
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wt.%. Such a liquid is suitable for use as liquid 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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the pressurized gas from separation typically ranges
up to about 4 vol.% preferably fromabout 1 to about

WO 200109459 | nert gas conmponents of the oxygen sBarTas2006/010486

whi ch typically include nitrogen and carbon oxi des,

R0 BRI e R o B sl B e
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under conditions such that a cond e{ISI ng zone exhaust
gier thaaepargtiesisighouhd to Ibmd 8o @ 9249%€duced from t hat

of the gas introduced to the condensi ng zone
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

39



10

15

20

25

30

remai ns after condensing the |liquid condensate and is
w t hdrawn fromthe condensi ng neans. That pressurized

woansansisng zone exhaust gas conprises i ncondeREaAIS2006/010486
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teflquiigsids Tivected fie separahien and refBRIDENsRBY@fSHLIR;Ee SReond

wah Sedieid ¥%%§9§ ki’ﬁé‘@?géhstt 8s Woﬁhﬁ%%ﬁblé@suggiﬁoﬁd st
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TORSHRH B TR TS ETRRY o8I iR (ige 2pd ost FieRFaby
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
liquids 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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needed to generate heat for the process. Energy
recovered as work can be converted to electricity for

waogesi24she process, thereby reduci ng consunpt POT/US2006/010486
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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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generated according to the invented process and can
facilitate enhanced recovery of aromatic feed materi al

wanaesloasent nmonocar boxylic acid or |iquid phaBeT/uS2006/010486
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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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nonocar boxylic acid esters thereof that are generated
as solvent by-products in liquid phase oxidation and

woens/1pisgondense i n greater concentrati ons i NPCOMWS2006/010486
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Exhaust gas from the condensing zone preferably is under pressure
and, while substantially free of water vapor according to preferred
embodiments of the invention, can retain a portion of the water from the
second high pressure vapor phase from separation depending on the extent
of condensation in the condensation step. In addition to such water vapor as

may be present in the exhaust gas, the gas can comprise incondensable
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oxidation and, in turn, pressurized gases fromthe
separation and condensi ng zones contain substanti al
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fidatigheand, imtum Epl'9$%lé§§ gases fromiipg §g%qra€% and conc?ensmg
zgin%g rdoAtdiny %LlMstghﬁaIQﬁéH lB8s ToRfeftl Iunielof ier eendensiiig zone

ectrical gri transm ssion to other |ocations.
exiagstgasga suek that iical bera esefyl SOIReITor EowRI¥ 0heNE Y wor k
can be vented, preferably after being subjected to

addi tAcsarding tegmbedinents of thedaNpntions SAAEHGAN B recpvered
frﬁgg}éﬁ PelRrized eRﬁ&?s‘?{yau'berﬁ‘FéBh%s%Bbﬁ Freferdisly,| dhergy is

ensi ng zone ex st gas, and caustic scrubbin

tesovaragip the daimeofoworst h@ktf@éﬁrﬁiﬂmm%ﬁscﬁ preysyized gas
%ﬁe%?@'croﬂgjn ink OEX!‘T‘QJQP?@%‘E% el BGvfensing d&d I’se(?r»ansferred
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! f
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conponent s  a uce power reco f
SRR b 3Rl e BRb e RS BUR Rl KPR
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referably, as an additional e recedi,ng _recoyv Y,
PBiFSP G GHSSaUFORR SASERVOPBTILSRE 1A auF gsS SRiGlen or
BtHRR S Lip8RMt requiring mechanical work. Such extracted energy can be
used elsewhere in the process or in other processes. Alternatively, it can be
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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from condensation can be treated for renoval of
organi c and ot her conbusti bl e conpounds and corrosive
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ec
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and solvent by-products if not removed otherwise, as well as corrosive alkyl

bromide reaction by-products from liquid 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

45



10

15

20

25

30

exhaust gas from condensation for renmoval of unreacted
feed material and sol vent by-products generated in the

woOiopsid243hase oxi dati on, such as | ower al kyl eBCEUS205/010486
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are described in further detail in US 6,143,925, which
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[ SIRYEinG B ATl prolsubd RBAAGRERNS ekhhGst 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 liquid

scrubbing agent are commonly utilized. Suitable scrubbing agents are
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materials. Wile any neans for such renoval w thout
substantial |oss of pressure and volune of the gas can
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SamPIENG ety BRGR ARIEEEniaao el prisedify ihwgen

Qg préferaphy & torRiudd iAr s preserRyi 6fi & shitatte oikidanom Rhtahfst
the conbustion zone. Suitable catal yst su

Rigpepech MEthim dhe OMRYSEPN ZaNgeso cﬁmeP'f 49 d@%g’h'ét Sowngt dhe
g%sébﬁzeoe)gﬂ\@ph%?etﬁfodgh' C TR GlrEskRripty | dt;ése caﬁpbﬁﬁﬁﬁhlly be

li'ca, alumna silica alunmna, titania and

subjeetar o pralerBng betoye pxifatione Hrehaatingrcasn keasromplishgdby
%ﬁ{l} shifanit Héaﬁ@ Qych 'ég rbg@%a%%h%ngg adfrERt stéah fjceien 8F 8ther
al um nas, rutil n

suitable means. Optionally, combustion treatment can also include scrubbing
a pressurized gas removed from combustion to 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 noted above.

47

the gas preferably is subjected POTAIS2006/010486



10

15

20

25

30

woenmant4s9 by wei ght,
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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
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
treatment steps such as thermal or catalytic oxidations. In such
embodiments, heating can be accomplished by any suitable technique, such
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carboxylic acid products fromliquid phase oxidation.
As between the condensate |iquid and the

woavertossni ched second |iquid phase renpoved fr 8ar/US2006/010486
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comprising water. In preferred embodiments, a purification reaction solution
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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l'i quid phase oxidation of feed naterials conprising
aromati ¢ conpounds with oxidi zabl e substituents, also

weanwstiomss referred to as a crude aromati ¢ car BOXgIS2@®6/010486
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ation of aromatic material in a
pwumblmsumtitmnts anlgonsrmetines defepeyd BoRsi mﬁfuge ' Somatic

% r?;%??l %md Ero"(‘ﬂbﬁ%\‘ érbd’éjt)%deeﬁ?cﬁn géwg%bé’é‘ oRB8tion, comprise

steps are I ntegrated such that a crude
ammatuqocaduwynoofacum and d:nphars ki addation intermediales PhPY-

h

Bl R0l e R oA et

mumddcts:\aary depeamdibg ammpmdlbu@étfmmldﬁi@ﬂée?ﬁ B@tatal, oxidation
T b

L
mbewwunq{ kmm::r gtelgdarasgbcy\ﬁrprtodcmnpna‘er oneaer inmregaramaic
or non-i1ntegrate
el SR, L P9 R L' 80l B R e,
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Ctﬁ‘é*i’rﬂ)é% Jr’. Cg?bﬂjd%f;%a &t @dﬁﬁﬁr@mgear@ﬁaa‘ﬁb%trbdkgndraélarar@l I5y-

puri I ncludi ng crude products recovere

fmoducms Ipraghicad dhalkiauidphase iosidatior of dr%av%f@%mtwﬂi% a
%qu ahShase 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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weonromo2459 Amount s rangi ng from sever al
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onprising aromati c carboxylic acid with reduced

imyeellcm cHisa mpyr Fentaie miner sepindy oh§oNANkBPEBEROPYG; 3Fd
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B Sk DO TR a5 1 S St plson
bb@ordmrguoethaam\mmteﬂ PIGPGESR S I\/bet gtafemblyAsolvent monocarboxylic
preferredsal t f
BrBotEnS It ctomad CAtpRIR iRl REbY g plgh Rose T
phesl dlwmpveavits. om t he separation zone of an of f gas

separation according to the invention. Supply of .
seconh Qneqtar detziina @rafemred plfidationsteppencatdingtoathe invention

St BRSSSp T ATEOPBL L BTSB! plPURlren
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costs exities a u
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con 'at es "'use of other “suitable water sources such
davels efsmpurities and separating an aqueous liquid purification 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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dem neralized water or other purified sources of water
in addition to or as alternatives to the second |iquid

wohewaotssom of f - gas separation. Preferably thePCT/US2006/010486

wat er - enri ched second |iquid phase from separation
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conversion o npurities
acid at the temperatures used for purification by catalytic hydrogenation.

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 and/or aromatic carbonyl species. The
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wohewsaonsh dat i on of a feed materi al

present in inpure aromatic carboxylic acid products
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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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reaction solution therethrough. A single catalyst bed
is often preferred although nultiple beds of the sane

wonrowithiess ent catal yst or a single bed | ayer edPGIris2006/010486

di fferent catal ysts for exanple, with respect to

ﬁ@{ééﬁ%?a?ﬁtﬁodu@ gl 1o 3 %ch%@s EﬁH@k ASH véi%r%ét 96|Is”@ﬁ %m

or wt cata St an er materi als such
thier agliaes taacmmtsewonrat thattemperaturgl b operatipe ue@cﬂerred

BRALSiTRY P Qebiiie SAE I prel AR ARA 76 HBBRBISI ISR

reen or e

appr g@'éeld %&@q\;uesf&?rﬁ%g Feegc ?rl- FWU I&'? lsaE&thé’cEH%{hyhydrogen

enpl Sul retai ning
ga§ Libiker, hyldesgemation bendmortsmmaacnb@h above 9@ elétabiﬁ regction

t e t
Pedet BLb bl T AETRL, A prhids thdtlso
ﬂ’%t {ﬁélglﬁtnalﬂﬁé airite quordstcrrW@ﬁtad Poprefateet ieabtor tcbaﬁgtﬁa'@n is a
suita

Sl B ot SHP pER S0 RATAEPL i Y b
MBsitiorsddl forlpkatess %QQOEt\%rtfo@ﬂy dispasetst Bbmdapﬂmwmd downflow
openi ngs of about

I . d t t ed
TS Senche HSSt SRR beEEB s MepaT DR eRelSt B o o
fnoré Rxed BEQS bEFarBaRs FhdimBined Wlththerﬁmcﬁllsﬂppommrmmng
solution of inpure aromatic, ca

it onicbt nariaiiod (o R ol AUIPbSSAtaY LPS RS of
*ré‘éHB‘Sﬁ aédfutﬁ)r@?%trgfh?&ﬁhr e @tsn?gl@(?@dtélyﬁnbéd i1 ofteapréfbeed

portion o he reactor vessel and the sol ution

faltbwgl'd owhiipe diegst o S1egFamBeorc diffgrendt Ca&%‘)ﬂStC 8h taa?'ﬂg@ Ped
H}@réoe %ﬁ]oﬁllff}éfe?ﬁ atdl rbté her FHx‘égﬁoTbC ewiﬂﬂf r@éﬁgcp 48 petifidle size,

etni1nm esaereduce ro en, I n man
mad@genatnmwdateyeh setals pr goefet @amngﬁ gf @@theqat%lwtum Pﬁv

Wy BFEF BNEL 1 FropBad Bt e midds o may

or color-formng

tpeovdn beresits.| Mehehical guppogs rie thentadm, offlat inggghgscreens or a
pur,ific on react
St 5 Rl S R RIS aRPe Rl Smployeg.
f@tﬁéﬂ bhﬁatgleacétalysNeemeimgatmezar}somclud@n fat exampder agtubular
ortion or

oot streed tr 3rpeitiyeBd e Aniel ™ ToblzonSaRCa SutRE of
QH@ trér']ﬁé&ﬁ anattﬁé eskwhanizghingpdpbit dori the lcatablst bed e mraatrmne’@d of
I n e reacto

t
DRtETg raaenapl esent 8, oo PO caiFamWF the acidic
F?éiﬁtq%lheédmlﬂltﬁﬂahd %lédlohep/reméctTrﬂdeef fMostnsudtablyt \wepportshéor
actual reactor pressure and the va
NSt B0 N SRStk ORI, PGSR rarch ot o B4R e of
hﬁégls%ﬁ%s'ﬁalﬁlg% Biedl agmiunPar Hasteligy €ssure in the

space. Alternatively, hydrogen can be fed nixed
Wt h i DNBfdfedas efibeRinfnts) b thedevendion V\@qwousapmmonldﬁ impure

\gv}lgé\gug g:sa(rebotxgﬁc OIacfdf (te(; ebréc Surkl)f?etdwlese gdé %g a}’lc-zacr:t%f:j1 (i/tegsrel at
elevated temperature and pressure at a position at or near the top portion of
the reactor vessel and the solution flows downwardly through the catalyst bed
contained in the reactor vessel in the presence of hydrogen gas, wherein
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products with greater solubility in the reaction mixture than the desired
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When operating such that process control is effected by adjusting the
hydrogen partial pressure, the hydrogen partial 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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product used for preparing the purification solution
is recovered fromthe liquid purification reaction
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aromat1c carboxylic acid product is seop 5 ed
flln mmln@owmperai@nﬁoﬁewﬁ@m nqr@aw LCOMRASES; fegnoving liquid

WP OARRFEE ion mixture from the purification reactor and crystallization of
aromatic carboxylic acid in one or more crystallization vessels. When
conducted in a series of stages or separate crystallization 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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woenioriotasgi ng or by filtration.

impurities dissolved therein. Separation of the
crystallized product is comonly conducted by

conprises pressure filtration of an aqueous slurry of
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and, accordingly, in preferred embodiments of the invention, at least a portion
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, together with, such
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reaction mxture is transferred directly or indirectly
to a separation zone of offgas separation according to

woheosimsmt i on where it is used as reflux |i quPdTAS2006/010486
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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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non-i ntegrated configurations are contenpl at ed
according to the invention. By way of illustrative

wexerspss9 product conprising aromati c car boxyPCT/Ua20106/010486
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The figure also represents a separation apparatus according to the
invention and also according to further embodiments of the invention in which
the apparatus is integrated with other equipment such as a reaction vessel for

liquid phase oxidation.

59



10

15

20

25

30

outlet 334. It also includes inlets as at 336 and 344
for introduction of reflux |liquids supplied from

wexbmraiso sour ces such as in streans from ot hePCPrUSZ®SS10486
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; d i ! / ; .
boe. 05 gEseRE Sideinis BRUFhakRak el 4 prélcht i the
pulckes regtesentedén fag utrare Stpicady wirected ambtramﬁfemed)rchrough

f 1t t
00 e, PR O SSEIE 6 v
vlwln@falglef%smobeﬂguwlamdt sai?tyr el:l?mtbrbel mﬂder_atd)o:j ethbugarticular
et ovi.des ctionati zone in .
et et he RevSally i hiesSR oind ed CURers AP Bryatsy hrve
fledblat ﬂegm)ngt rlgnlﬁi egiomsl & odths ullnsdileevtm;gtlrfltmﬁmpar ed)mpcgprﬁs
-8 nonocar boxylic ac water in. the hi
interveBnS SPRaLS G PaAnaD feAlRrTS cof bl el o Eof SRhfe,
bpbrfogﬂalt@e@uh@st haivéey i mgnifordd, P& eingntigatl! flow meters and

ortionin products of the liq se OXIdat o)
HPUFCrFat %Fﬁ’“lngt qnpqlﬂeas'ﬁﬂagév'f;?%han‘ﬂ B{‘}'@r eqU'Pme” or

Wﬂ\%ﬁﬁgboé‘dﬂtﬂoﬂmgc'a@;usﬁn@%ﬂndlvémﬁﬁ SreB\RES bW dnd other
wat er but substanti al free of the solvent and

BP e parameteisanay e%ﬁeersgﬂbd in the |iquid phase
oxi dati on and a second hig ressure vapqQr _pha

conpr RefeiNade etheafigursy b%etpéfﬁ i8I pRParals 380 siS) 9e ﬁ?'”%‘ar
gb)ﬁtl,lcgﬁl%dﬂﬁﬁf §e1ﬂfesté?'ﬁer?cﬂ6§@tuhfén&e§§bc‘eoaﬂd i9 Lﬁd‘épfé‘&laf‘é? receipt of

ation are forned. In preferred enbodi nents, direct
asiglt ipsassere ¥APQ| RIEse B MOV e drost omﬁatwrezf&tqroh%@cﬁttﬁam

gﬁ”ii a?ﬂpf'yr%h%%ldsy 'acﬁc%ﬁ@ tﬁé %FéééﬁFc—?%ﬂS’dr ﬁﬁkréeﬁ'ﬁédlz{hhgas

irectl sul t sure rated

oummms lbetsmseﬁumln&.ﬁts ﬂé@é 3v6rand 344 mh@t@ﬂug%an efreflux
g@ﬁé 's?ﬁbll\éﬁa‘ﬁo% R A1 Eu&rﬁs %Eﬁ agqﬁ‘ str8 E?ro?ﬁ)afﬁer process
separ ation er

evi ce, suc vapor phase

stepaiod frohes@dingaessals  Aordilet a;mt 345 is positienked intarmediately
[ i pn S. int at |

RS AR Sl 9, S0 S 1 5 SE0GRARD e
celgotecatruthe esidmpr eStuctaream the Ihl’EEIOI' space of theelumh and

fra i n ne of the se par j
Bifeas BheTfaT Awarr o BT SrelRed) kb fupsare
Shp@eﬁhasﬂ: froas oxilatibe neacter dld byd ieflex rialet t3t36yprowdes a
uct ur ed combi nations of trays and packing,
g’ %qrﬁﬁpggpﬁ ‘b?gﬁ’fs 'conbi nati ons ther eof prow di ng
surf es vvlthnthelnt ri.or devi ¢
Cr anaf 6 sHAALeh dges G Sesiged se, i hteEHon fs FRbds o
fsb@stﬁﬂi@lllyesedﬁraﬁr?aﬁ1 _saiweHbcatPoxyiie odaid | @l vmeu i khé thigh
st ages aregpow arati neffL~I %{ %J éﬁ th
RIS e PG 48T R 2 P ERRRR TRl PreashPeioey JuBELCaE i e
HEVIB?S?@&{ E&@f&@h‘ﬁ’dlly %Ppérﬂ@rﬁlﬁgl By-Produeordtt tralliquidp@hase
[ m 0
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-
products thereof generated in the liquid 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 close coupling of the oxidation
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equi librium stages that may be included in the
separati on apparatus used according to the invention.

wolaweviez4sof or practical purposes, separation sBCH/USE@E/010486
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vapor phases. A preferred separation device with trays includes 30 to about
90 trays, at least about 70 % of which are positioned between an inlet for the

high pressure gas introduced to the separation device from the reaction
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construction for such surfaces, including trays,
packi ngs or other structure of the fractionating zone.
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phase of refluxing liquid flow ng t hrourﬁ
reactor off-gas and vent 334 is located at an Upper portion for removal of the
second high pressure vapor phase as an exit gas. For stagewise separations
according to the invention, the region between gas inlet 338 and reflux liquid

inlet 344 includes trays providing theoretical equilibrium stages for substantial
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separation for renoval through outlet 345. CQutlet 345
in combination with associated i nternal structure of

woOheoesiepay at i on apparatus for coll ecting a ref PAXiusgno6/010486
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\hese oxidadian ireagter iy Oﬁ\béfi’"ﬂméﬂlcﬁ@ﬁn w%é‘ae%e%ét'on 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 portion 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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weubstiamspal |y vertically when the vessel

A preferred reaction vessel design is a substantially
cylindrical vessel having a central axis extending
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the liquid phase oxidation reaction system and preferably are used in various
combinations to account for greater solids content in lower regions of the

liquid reaction mixture, greater gas content in .upper regions and other
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worepasssenbodi ment represented in Fig. 1,

include titaniumnetal, which is preferred, alloys and
dupl ex stainless steels. According to the preferred
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5:1. Cobalt and manganese sources preferably are used in amounts
providing about 100 to about 800 ppmw each based on weight of para-xylene
feed material. Bromine preferably is used in an amount such that the atom

ratio of bromine to catalyst metals is about 0.1:1 to about 1.5:1.
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oxi dation. The oxidation reaction is exotherm c and
heat generated by the reaction causes boiling of the

woOi2opsid243hase reacti on mi xture and fornmati on oPCaMS2006/010486
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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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as at 156, to allow for recovery of crystallizable
conponents such as terephthalic acid and oxi dation
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werePhthafic wbideind eddationsspradsets @ntring quiddcqridasged from the

Jasied bt FoBT e oG HAELERDESE0 to ol umm 330 and

by- d f th

o P eon S8 Mgl oo s

fs%@dﬁtlén $de|\/&:@n$90§ ughiclads :akjtqgned tooredeine e‘cbr:‘\ lrtbmovyeqmaihzatlon

resul ting essur

e R A e e el e RV R
Res G eRloBtkrtIRUBRK®MING dRIGaBE? chmprsing semtic 24bid and

lurry tenperature in th p tank

356 00 10 SoRmBIR 3 FoBCoIRIv Famatend (S apadald atid ape
fb‘?/"-;ffbéu&é' rffJn‘\ GRé Illg[]ldr e@ephfios UeviceOTOM S ae@éntﬂggef mtary
exanpl e to about 0 to about 2900C in mak?ti!] %

otacwym filter or pressure filter. In preferred embodiments of the mventnon the
separation device is a pressure filter adapted for solvent exchange by positive
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 192 to
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passage t hrough heat exchangers (not shown) as it is
transferred to purification reactor 210. In reactor

wa@e/s9purificati on reaction solution i s coRCamiSem®e6/010486

wi th hydrogen under pressure preferably ranging from
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%%F/@F\tatsheﬁ‘ a@erés‘FledéiﬁFﬂerfﬁz@d %&Errdr@wamerr@&wa s¥asmsBuch
ressure filter or conbi nati ons of one or

RS éqwﬁleﬁ@wens&ds tophdvanosui @syiiag efre@mndvespure olefdown in
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Separ %tr@cﬂe gfbdzj?m jd |Lsé<9|?échozgogﬁ'(/ et .f.gg@ag%ggfdwgaut.on by

treabrpwfhabxmmeutd admdt 26 ta abmésZ&On@Inmcmak@UP tank 202 or by

SRR AR R TSRt B0 Sl GO Pinsrored o

mueflmtloedfepctocéﬂﬁ eimbmaac’twrmol lheuptlmfmatioh ireadtioy . solytioat is

Iea and pref erabl l1.0or_s ti.al
soncip B hdBoef dnPh R IR R oG PR Rt B o
Hhoebys Rg’;'amizo oxi dation reaction offgas separation in
hi gh pressure distillation colum 330 and i ntroduced

t hler eoportioa plthd lpuaflmamnm[qmdarreaatnpnommmecst ednitraiously
col umm

FamEYHh e B bnatdl TeagS g8 Rovin Phlie YEslzaton

]t\,@éséievim g’“}@@ teF’drﬁhﬂia‘lleracmﬂ gndr refducadlIevalmmempumlqs:cnre
romsolijd-1li

> qui d separ.ati on device 230 t i gh
sretalize Grmithe reaction NERHIRY EAUG G B9RLS G QP%E@@? ethe
qésdlmﬁgeﬂhﬁrmiflpfanﬁéa greptnalizasid Bh@%quio fértedmtvessel 220 is
i quor, such as benzoic acid and
directed to solid-liquid separation apparatus 230 in stream line 221. Vapors
resulting from pressure letdown in the crystallization reactor can be
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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p-toluic acid by-products to oxidation reactor 110
where they are oxidized or converted to terephthalic

weachw/10m3p | e wat er content of the purificati onPODIUISEIN6/010486

| i quor vaporizes and refluxes in the distillation
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ef era at tenperature and under pressure of about

1heretam Blm) purifzaion gedherdiguer duretc@ﬁdail@dmumn 33§y ivfrpduced to
?Lﬁé‘g;%lugﬁfﬁpgclbwgﬁk%rtloﬂ”c errégs ubs3 ttb eﬂrg Vdé ‘ﬁaﬁldt r’éﬁurk for

I'on reac escr ed above, Fig
i depastiont eransfpr of pmnf@atlmrbmmemilﬁuof fﬁOWﬁCﬂiﬁ ligeic) s@paratlon
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aefephttmlis apialratdeichpuritiesoini the Irnqjm&rdlqselpaudn p® heozoi¢ geid and
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vap or hase renoved fromdistillation colum 330 in
cr@mm'ﬁ thakpos fseapgnaiexifatign cogtalizernhtdsZand e i n

stream 355, while reflux I|i d supplied at refl ux
| nl et Regactional-ges gensratechhy %@dlq@ praseaxigation of para-xylene

{j}&b&l@ﬁw‘ r‘éBct‘EPR/Q&rel I1 ‘I @ H@Fenﬁ’d\fe@ GEgRHl tHeOrebB®r BRbUgm véstr116
such use from sol
and directed in stream 111 to separatlon 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 63 theoretical plates and to which is

supplied liquid for reflux through liquid inlets 336 and 344. The vapor stream
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separation of a purified product fromthe liquid phase
oxi dation. Reflux supplied to the colum at inlet

wonrefea0atshy provi des about 70 to about 85 % of PCIAIS2006/010486

voI umstrlc flow of reflux liquid added to the col um
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wer tront ereo preferably is returned
disr aprd!%entﬂd umdﬁlg edt |r9fILthlwd o%lpplﬁ’d rt@dbﬁo‘FO'llrMO at3336 (s

SRR RO Iy ) oRIPRR AT ity
rapddeinperaturd <ot eapcfrepétase MOVQ%fsom;ﬂlSiI"aM mjumar330 in

con%er 3 02% ecgggéhé%ﬁ'eg{e(&%ct & cBluni et §3§Swﬁﬂbdreflux

romt e "0xi dation vapor phase
alauiwetdjppﬂledtabsa‘luxecyetl port f 34dmfrnon istriesmt 288 isppieerably a

- BliHsho S WaFRriS he cmRaRoR s Sy BER fouic
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use, in.formng the cru
S4ar! fPf’[%%&P U(SW F‘EQEett iPEe@B RTOYide? ﬁg?uﬁ&g} %sc"ﬁ e8§ b of
AKE VblumatricoTbw eBrefiax il addaderthe eolufrincattiniets 3Adsared xse
and |iquid receiving equiprment and uses to which the

wat er Aefifsk Qﬂqam R&sGichi lﬁtacétnprmce sohenbdordtheeliquéd phase

i ncl ude cryst al |za vesse

el reeE 10 e e Bregapier ek B9 0 FEWET Saf Whetner
| berataeid aR@iation tHWpr@dMﬁ& aluchz8y bangbis ddidl alndqutcdulc
separation device 230 for use as was or s

famﬁlonafﬂéo therliasispiase in &eliua'rh?%"o'sucé’r%%‘?i? a{ﬁ’ lowes rp°ﬁ?é‘
%\%/Jgﬁfnrgx&%édéﬁaﬁcium; Pé&@ WISHE s BRedeRfharitlydvater bat also
contams 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,
incondensable components of the oxidation off-gas and acetic acid by-
products such 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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weoi2006/102459 ncl udes condensers 352 and 362,

Exit gas withdrawn fromthe colum at vent 334 is
directed to condensi ng neans 350, which as depicted in

di sgngaggment drum 372 Preferably, condensation is

con

tenp:f'ielﬂ%&g c'(ji% fi £%u (gul& %QS%%EItM@tf%rgg%%r?aéatnon in
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t 363 to d 372 i.n which
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second sure romdistillation colum

use$ mawbnah uslye wgmr-e@fdclh%dwg@qnd liggidoiase egn rbeﬁsecmn@lsde
%ﬁ}%‘?e[u%‘ﬁoﬁr\?e%%w &éﬁdfc?t G aeh bl%EnCﬁfékQ%lpd bél%ﬁte@o treplaee

rgy recov ice such as steamturbine
tphﬂflcpatloneeeachmh)olcqwrbmapoeped:tledthen chistallizer and SO|Id hqwd

SEPABIAL L TBs 0 o B RUEPBESINAR ! it Snoat
mqmn@sn isr<2stabliel fomssésmutgldeearmmﬂoatim'f step,eamhaas wash liquid
ﬁfi gx(g{ag 'L{ thereby allowi ng for efficiencies
o f A faers the di fferent pressures by mat chi ng
W erin eat
whi chgé'lt e¥h i thﬁlgaev&n of[%ﬁoﬁ‘(?gﬁglllej ex a\h toﬁg)‘?sq% I &F&técp to
fb@hd@'@@ m@lans 850 weltich as siepietat i8 Fig. cbmmlwdees:ondensers 352
|nco nsa e co onent.s such d ;
ET SR SHERTRRTSNS USR ORI NS
%@Ha&lﬁfd @uéTmaﬂquatﬂoﬂlenm watermtuadtemp‘emgreufcabm 70 to
as we romreactjons, i
PLE b Aot el B3R TR SR S0 M o BRah A Apefhea
netRg figeat aopdanshtioht RarEhducded b‘yeﬁlﬁdidecbrm d@«:ﬁangmdn
fromthe brom ne promoter used in |dat t
m@wmmqqnﬁﬁf witevatar eha tﬁrftg&r’%uret fle@ oﬁ&) {?Ps%*&"ut
95D Sng 4R f@s‘ﬁtln@'pl{qﬁldf EfReRiatd®d QiFedlEPR cAMAB3DG stream
substanti a ete condensation into the

@55d tarsaddition @birefweddelB8a. i hiquitk apdndrGPSIIRESSF gA8 . 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
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 375.
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Uncondensed exhaust gas from condensi ng neans 350 is
under pressure of about 10 to about 15 kg/cnR and can

woeodsrianusherred directly to a power recovery deerms2m6/010486

to a pollution control device for renoving corrosive
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I'n streans res ectlvey ar e dIS ose
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%g%h%“ﬁ) %}ﬁﬁthgbﬁr%mgé ftgjn'?e%l s fﬁ@eﬁroﬂﬁné‘?)?&ﬁofé?%ed in

scru as under pressu
axigakios.| hgthermnbmtbmeabll@stmnbmrtbﬁtﬁgu@f theh@nqqnplgmsagl@as is

supHani AR e U SFihg B ARG Ao iaton
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one or nore of para-xylene, acetic acid, nethanol
and/ olUncehderisedc extaust tgse fromse woBUENSiige dneansh 360 gasunder

d f
reesie ot eGP R GRIELARE LY BY fingldlied ikl o
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TRlegas SoRPEROL BN e 2o Rt BBPT fos s, ffreot
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CéﬂgaﬂHtéﬂg Péebreg%tg rv@thgagéuu%%rﬁuaﬂogsa& pre&sure Opbasiptivh tdwex 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
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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catal yst di sposed on a cellular or other support such
that gas flow through the device is substantially
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fqoauooyndgmcveﬁwteﬁ)f%@aa%f&a}ﬁn&'rwwt%iﬁﬂa%ﬁgel"@ﬁt one
sol vent nonocar boxylic aci d-depl eted second hi .
pr essfneoxidiged highaRresswrassp hyeqiedd Fomé’ﬁg’r'yt&fgﬂdqtﬁﬁtun't

03049 &AnBY¥r B6G WichSis YonhERed kO GBAEGtor 420. Energy from the
oxidized high pressure gas is converted to work in the expander 400 and such
work is converted to electrical energy by generator 420. Expanded gas exits
the expander and can be released to the atmosphere, preferably after caustic
scrubbing and/or other treatments for appropriately managing such releases.
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hydr ocarbon precursor are preferentially apportioned
to the first liquid phase and oxidation by-products of

woOheoesio2asent nonocar boxylic acid are preferent Pairiug2006/010486

apportioned to the second high pressure vapor phase;
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a countercurrent flow of refluxin ui d g)&fei.%e from

m@ DTSRI BARNCPRASSOFRITRIS it SOMPRS IO PERIROYIC 3fld, water

ﬁ%lﬂbl" QfotRREsT thE RpdARid ﬁ&drMceﬁE&@bﬁéduftﬂ:r%ﬂ%xnmﬂn by-
vent nonocarboxylic acid in the countercurrently

ﬂoerMctﬁgof\/chgareq@lrﬁﬁ@ndr@athee?ql\m AYnPERiaPY! 'ﬁr?&sdé in the
first stage such that a sol vent nonocar boxyl i
aci d- treesferingsa highy oressWIgaa@Poaihage HegRVEY é@%rﬂée reaction

SBhy eyt am%%BSI%”uBHX%HeC c%ﬁéﬂed8P|s@|b§t‘§ntléllyersﬁﬁé*ﬂaﬂh solvent

vapor phase are forned; and substantially separati cﬁ
wmanecathesylis/agd,ovaiet and exidationdyprodres inte at teesir PRSP RPNt

Wsa%@(iﬁi’t ﬁﬂ{]’ rl'bﬁffllréf)ﬁgﬂlg HHaQ? 'aﬁﬁ 3SRt bRe WierSREOStEond

St age suc uct's o e aromati c
mguudqmwsbdhaprsesimsmlaw free afeliént monpearbexyligxadigy and at

| AR ARl PE S LB BRI 1P B Gapor

Frsin er vapor su stan
qihaS@ cumptising matar\tapmy buch that olxmtd)ndwmeddd@tOi thﬁ arpmgaﬂc

mati.c _hydrocar bon r

B e Fyaseh Arnp g ensRe 5T Bt gyic phzse
wHVMdMHowmuyd:tsc oﬁCIth‘b i solvére coamicaribaxylienatig  are
flown has drefl X|n he
el B iaihe sorer sy SeBE AT Bul o
phase substa free .of sol vent c

acid 50 ‘699 &%%u%%ss?pr%?tl%‘f Zone, i seggfb% asrtlté%%g 'a solvent
monocarboxylic acid-rich first liquid phase and a water-rich second liquid
phase that is substantially free of solvent monocarboxylic 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.

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

in steps comprising
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a second hi gh pressure vapor phase conprising water
vapor and by-products of the sol vent nonocarboxylic

weachw/1amd9subst antial ly free of by-products of PCAIS2006/010486

aromatic hydrocarbon precursor are forned. 3. The
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o BiRSRTS. | RO MANESRPKEE Spbiertaed TSRt AR svapP
Phgéé’%r% mﬁﬁé@larhda reflux liquid is supplied to the

irst stage of the separation zone. 7. The process of

cl ai myghotdiftiafy Bephating Water dridiby-Prosiupiel inade tc@uhﬂeﬁcurrenlty
first stage conprises a purification nother, liq
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dytpsoduets of the aforsatioitydsgcasbetipiecyrser istfaened; @t i ¢
hydr ocar bon precursor. 9. The process of claim1
wher esubstandially osaparating dwetsir 1866 pyevodu@s ©f the solvent
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3. The process of claim 2 further 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 liquid
phase withdrawn from the separation zone to an aromatic carboxylic acid
purification zone such that at least one liquid comprising water in the

purification zone comprises the second liquid phase.
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#ofPh brifiddtibh iz8Ae pr oduct conprising aronatic

carboxylic acid with reduced levels of inpurities and

[% puz Thé Cpaéléctése d(;ﬂxtlémlewrwah thf déﬂwxah‘rtumgumpltdd @t the third
east one |liquid conpri si wat er SO
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Sehvent sHangosehosylc aoid AN BBRGNA, TRan RuPIRic of the
%’%&ﬂ?ﬁd ﬁyo‘???é?%ﬂbfe%u?s“okd conprising, in steps, at

'east one qui d phase oxidation conprising contacting
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conpri si'ng Ronocar ic acid solvent and water
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reabstpatiallydrde ofyi-tiyihasid. oxi datl on reaction m xture and
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ipr}estslﬁ e Uh Y ShaRRA%H M RAKLRP tHR 3 thtantially free of oxidation
by-products of the aromatic hydrocarbon precursor removed from the
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

aromatic carboxylic acid in the purification zone comprises, in steps,
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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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13.  The process of claim 12 wherein at least one purification comprises a
step comprising dissolving in a liquid comprising water the solid product
comprising aromatic carboxylic acid and impurities comprising oxidation by-
products recovered from the liquid oxidation reaction mixture in at least one
liquid phase oxidation to form the purification solution and the liquid
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conprising water to the separation zone in at |east
one off-gas separation such that a reflux liquid
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condensate |iquid conprising water.19. The process of

%bﬁ\igﬂ%f ﬁ wéférh%msﬂ@é&'awate RERVESdoR ﬁ&kﬁ&gbhééé’ﬁh@c is

pressure vapor g ase conp risi ng wat er that
|ssbsiqlhtallarfteeabf 90W¢@tem@ﬂ0@( opelic mldﬁn%mm@@% kyfprogcts

giegggft N L 'frgﬁ%g%@{agfa%r‘f ?&‘?é m%ﬁ%ﬁé? Birlga8 %Pgl%tmn.

IOﬂ Zone 1n a as “separati on.

T. I
13, 6 PSRRI 7, P Ry RS e
stepotaimmrsmgsfopamg a@hmnm aliquid sempdsing meater of a solid product

RO Sy ek L T BIEES P s

weeverenl tfleam smeormnlflca):mnd lighids eeadtiah  imExtereb sarmhtthal liguid

BT RS aac e P EBr ST er uater i pets e Sd: BhRES hat s
lsf[lbittgrétﬁeﬂlgsﬂ'e@bf sglRsntsepaoedrboxylit sacklibad axtdatibh yoykpreducts
;

h
'&fsﬂfdemodﬁg HP&@E?S@%%BB? el ﬁ%ﬁ?@@ﬁ@%%&ﬁ?‘%ﬂéﬁ
JEPS" The Pagedl G Bt RSl ot 1ot dife RlirRalioh Ebprises 2

%@M@Bﬁipﬂglng WQ@Iﬂﬁﬂ wittg mqenasucbrﬂpwam@rwmbasee solid product
nmprising water t

t
&QWHﬁlf‘Sn Eﬁmiﬁ‘-‘od}?&%xyg %ﬁ E |a4%¥ﬂy (\elg[:sgln[goﬁnpuntles

PEQSBFPfrd iR MHEE D irifieafidnh quﬁi@p&é@dtlloﬁn nfiRee | amoatthé e iguid
one of f-gas separation to forma condensate |
sé‘i"g% that is

COMPFIFIBD N YalRlt éPMpHEeR Hi WATEHYIER sBRONdofawA
%ﬁgﬁﬁﬁﬁﬁalgaﬁe@%ﬁ sbﬁr@ﬁb’ ﬁfohBQar%x;Jh@aa%ﬁd ane dxicabR BiChroflicts

he sol vént nonocarboxylic aci'd, unreacted aromatic
fteergofremaved fropy thegepriaiion gage imalreast offraasm seraralipgh
pressure condensati on exhaust gas. 23. A process for

f@nuf 20e wrecess o&ﬁl@ffatmcfuemmwriswga@.l@gst @amﬁt@gwharem a
grﬁg%ﬁfésf%ﬁ'ﬁ%fo%@%ﬁﬁtda%ﬁhé 864 IR ?édu%led &8N bFinsLirias

recarsor to he aronmti c
@@db@wrmcam e 0E]) @fﬂ@éoﬁf@ @29‘gﬁfﬁd frora, the cRurtiicafians dquid
|
PR R EREAL 108 {&ewrétp‘dhﬁca‘iﬁﬁ%ﬁg&i%ér‘ BuiRa86R perigGor is
cireefieg 40 acuaqsbsne ofirgas sepatation gueh Hedayreflet biquid supplied to

iﬁ%g%?ai%@ €°”%f§°§3?'.sve§rﬂ?%&@°§@%ﬂﬁ‘ b T enet §on
tur egbl?gcesg Jf%'ié'fﬁwa‘fbbﬁ{rﬂ’l gu g?%?é(cljér%l 4 Lol high

ur| s conpri sing he su stltuted
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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
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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component in a reaction zone at elevated temperature and pressure effective
to maintain a liquid reaction mixture and to form an aromatic carboxylic acid
and impurites comprising by-products of the substituted aromatic
hydrocarbon dissolved or suspended in the liquid phase oxidation reaction
mixture and a high pressure vapor phase that comprises solvent
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phase that is substantially free of sol vent
nmonocar boxyl i ¢ acid and oxi dati on by-products thereof
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a separation zone supplled with reflux liquid and capable of substantially
separating solvent monocarboxylic acid, water and by-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 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 substituted aromatic hydrocarbon are apportioned substantially to the
first liquid phase and oxidation by-products of the solvent monocarboxylic acid

are apportioned substantially to the second high pressure vapor phase; and
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31. The process of claim 30 wherein the second liquid
phase renoved fromthe separation zone according to
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28. The process of claim 27 wherein a reflux liquid comprising the
condensate liquid is supplied to the separation zone at an upper portion

thereof.
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over head vapor phase conprising sol vent nonocarboxylic
acid water vapors is generated in the reaction vessel;
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acetic acid. -

37. The process of any of claims 23 - 35 wherein the second liquid phase
removed from the separation zone in step (g) is substantially free of acetic
acid, methanol and methyl acetate and the second high pressure vapor phase

removed from the separation zone is substantially free of p-toluic acid.

38.  Apparatus for separating components of a reactor off-gas generated in
manufacture of aromatic carboxylic acids by liquid phase oxidation of a
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acid in at | east one of the second internedi ate vapor
phase and a reflux liquid supplied to the upper

weanteiiomspn contact with a countercurrent fl owPol/US2006/010486
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refluxing liquid into which the first liquid phase is removed to a liquid

reservoir; and

an intermediate portion that is capable of separating water and
liquid phase oxidation by-products of the substituted aromatic
hydrocarbon feed material in the first intermediate vapor phase in
contact with a countercurrent flow of refluxing liquid combrising liquid
components of a refluxing liquid received from an upper portion of the
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introducing a reflux liquid into an upper region of
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liguid phase is removed; and,;

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 liquid reservoir for

removing liquid from the apparatus; and

at least one liquid inlet for introducing a reflux liquid into an upper

region of the upper portion of the fractionating zone; and

at least one liquid inlet for introducing a reflux liquid into an upper

region of the lower portion of the fractionating zone; and
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at least one liquid outlet in communication with the collecting means for
removing from the device at least a portion of the refluxing liquid into which
the second liquid phase is removed.

39. The apparatus of claim 38 wherein the fractionating zone provides
about 20 to 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 95 wt.% of the solvent
monocarboxylic acid is removed to the refluxing liquid.

41.  The apparatus of claim 38 wherein at least one outlet in communication
with the collecting means and at least one inlet for introducing a reflux liquid
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 introducing 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 vessel 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 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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45, The apparatus of any of claims 38 — 42 further comprising a reaction
vessel 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 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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