Di carboxylic Acid Production with M niml Wastewater Generation

CROSS- REFERENCE TO RELATED APPLI CATI ONS [001] This application clainms
priority wo20ho®e23is0vi si onal Application Serial No. 61/ 2ctQs2¢b5/003763 ed on
Cctober 3 1, 2008, the disclosure of which is incorporated herein by
reference in its entirety. Background [002] It is known to recover the

pr eponder ance of vaporized solvent fromreaction off-gas by passing it

t hrough at |Risarboxyic Acid Rgodubtionbwith MiminovabWastewdtenGeneratians t o
produce a liquefied recovered solvent. It is generally desirable to

maxi m ze the recovery fromreaction off-gas of vaporized conpounds

contai ning at | easCROBS/REFERENGHE TOORELATER APRIACATIONg dr ocar by
conmpounds, " "volatiTe organi c conpounds,”™ and "VOC'. [003] It is known to
use at | east one distillation neans to renove fromrecovered sol vent an
amount of exc ' r d he
partial oxid W%V\ﬂ%% %ﬁ%h?'@ggﬁrgﬁygg n%@;]/% @dllgém%ygderl ved
from t heNpag1/MaD, 25, tﬁfﬁd om Qzftolpet 31312048, lmdtscmsnoas bfwmdb‘i‘lst he energy i nput
required to operate a. di stlllatlon nmeans. [004] The term "water of TPA
formati dﬁcorp§raf@ﬂ| herginRy esf ﬁreé?ed"fﬁt&(?’mr?tdgr am of water per kil ogram of
comercial purity pX feed. This conmes fromthe intended reaction formng
TPA from pX according to the stoichionetry: pX + 3 Q2 yields TPA + 2 HO.
Not wi t hst andi ng that snmall anount sBan‘kg'r@nldi ties exist within commercial
purity pX and_t anpunt of nder - oxi di zed gnd/ or

t
over - oxi di zedl® dgr"?]iﬁﬁWUftQCr?ﬁ?Y?fgthP PPPH@?T}PO WaPot et frmity px
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crude and/or purified Wi veré i gh yields. Preférably the overall

y| el d ofdigtlationl imeansodacproducada ted pecovered, solvent: | leaist ganenially 96, or

Feedai Vool o PasTioRE 68 ep B ol el o SURBRGfaS coifbbhsl)

t he comT@drﬁamh a8t leh¥t orfe hgaeboa@hy rbo‘ﬁeis hateih @afied ahgdrocartP Bompoudds 95,
0.997, or 8g)mass frac{h?on of pX !005] It is also knovxt%)gto recover

ener gy, b’@!ﬂ’ﬂ'@ REFIRIT CempOgNIdan dnee I.cal shaft work, froma portion of
off-gas in Va(gggj'su%wow 't(?rﬂ%eaétol?—}%sWo%% aistiftatidn nﬁgan\éafboférﬁsge $Ringent -

One known net for-energy recovery
recovered solvent an amount of excess water which is coproduced in large

quantities by the partial oxidation of pX. Various designs are known for using
energy derived from the partial oxidation of pX for at least a portion of the energy
input required to operate a distillation means.

[004] The term "water of TPA formation” is defined herein as 0.340
kilogram of water per kilogram of commercial purity pX feed. This comes from
the intended reaction forming TPA from pX according to the stoichiometry: pX +
3 Oy yields TPA + 2 H,O. Notwithstanding that small amounts of impurities exist
within commercial purity pX and that a small amount of pX is under-oxidized
and/or over-oxidized, modern manufacturing facilities produce commercial purity
pX comprising very low amounts of impurities and to convert such feed into crude
and/or purified TPA with very high yields. Preferably the overall yield of TPA
solid product, crude and/or purified, is at least about 96, or 97, or 98, or 99 mole
percent based on the mass of commercial purity pX feed divided by a molecular
weight of 106.16 grams per mole. Preferably, the commercial purity pX feed
comprises at least about 0.990, or 0.995, 0.997, or 0.998 mass fraction of pX.



use at |least a portion of off-gas to boil a working fluid, e.g., water or
pentane, to produce a vapor. This vapor is used to transfer heat to another
user, or wbeowapedlsi s reduced in pressure through an expamdseqoowypsal |y a
t urboexpander, to produce shaft work output. The energy recovery froma

t ur boexpander can be converted directly to nechani cal work, such as driving
an air supply conpressor or other noving machinery, or to electrical power
by driving a [958t ltnip alsxtkriove tgerecavesr esenigyedat thermagboerergy and

di stribution_and cpnsum ng network..[006] Anot her known . hqd for,_energy
Mecover ymeehagtaL, SBAE WD R B BStichonprdiE B Yerial BatfEiaions HefBe T oyen
through @ith te80RMD B daporiZEE sBRRhEY OrRERVEWN méthBddof BhERS RRBJEFy i6aB be
converted directly to nmechanical work, such as driving an air supply

conpr essyse ot leastér porbienref ofhens tebpil aworking|fbid re.0alWaleher neptane.iPng a
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wat er i nisvagduicddonim presbie ahfougs dno exphheeratypivalidati ugbdegpanddri ao means

(TOD) wherein noxi ous gaseous and VOC pol lutants, e. ? car bon nonoxi de,
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anount of sh power recovery fromreaction - gas certain
oxi dat i oportieaaifitbe offeghsacompeasingrdinitrogieadhraughl a purheexpgndarat ihenenergy

directly to mechanica ses, and/or expellin .ampunt wat er .vapor .even
G eat or  19REDh TR o urbpeRRaRg AR BohconyAifkst SrBERY o SHErERman work

(sel f-fuslémds HAngCant ai Wid&@r@s%r loReothBY GRbVIAG ARIChAERD, BF Qvi de a
conbined facility fngr pX-'tr_o- A-to- PET that produces ePf ectively no liquid
wast ewat electrjcad powen ky driingr a ¢atatimgoeleatrioal generatar sapnegted dopa ipawer

passi ng gﬁﬁ?&&f&h'% cV,or?éLJmﬁE:; ﬁeﬂ\?[o%i dation reaction off-gas, including both

primry
[007] It is also known to send a significant portion of water in vapor form

in the off-gas to a thermal oxidative destruction means (TOD) wherein noxious
gaseous and VOC pollutants, e.g., carbon monoxide, acetic acid, methyl acetate,
para-xylene, and methyl bromide, are converted to more environmentally
acceptable effluents, e.g., water vapor and carbon dioxide. Certain convention
systems disclose expelling "the water of reaction" in vapor form from a para-
xylene oxidation reactor into a thermal destruction device for removal of noxious

pollutants.

Summary

[008] The inventors have discovered preferred embodiments not
contemplated in the prior art. Embodiments of the present invention can provide
a greater amount of shaft work power recovery from reaction off-gas of certain
oxidation reaction media, whether to electrical power generation or directly to
mechanical uses, and/or expelling an amount water vapor even greater than the

water of TPA formation, and/or a self-sustaining (self-fueling) TOD. Certain



secondary oxi dation reactor sources with both pX and mX feeds, through a
shared sol vent recovery distillation system then through a superheating
st ep, andwOherv/ask3iough a 2- st age turboexpander conpri si RGTIUSL@ODHIZIGE
heating in order to produce a greater ampunt of shaft-work. This
configuration allows exporting electrical power beyond the consunption of
the process air conpressors and process liquid and slurry punPsz_FIash

st eam f r emboditdentsatad the t inventiemoeaPasven heide saj sonduaed nfagidy héar
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in the off-gas, which is sent to a TOD neans. Optionally, direct fue
firing isubglaatially aliaef the -qudationarerstion,aff-gassaifclising Meth tRrirpaBY A
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tur boox periory Pdticth TEBERE SontRS wtE oot AXcal iR (RS i 5°
t hough asisaredessieentmeedtvery distillatiod systark; thién theugh hOdWerheatimgrstep.e, the

foll ow ng enbodi ments are preferred for other aspects of the inventive
process: and then girepah Bed-stage tWheayPANASHisespINied inferstage heatiad inprdery
of f - gas (P i H QN 1| il p. ;
Regener at | &Eb &f‘E%r méa%?(ﬁré@#ﬁ?@é%#?ﬁ%}@ubs '%rﬁa ingpg@,aor?oé@vﬁ g? éér‘retlﬁpy
conpl et eklectrival fpdvesat begomd the wonsddiptioanofothd pebcsessobirpcampressors taind

reaction off-gas. It is still nore preferred.that .a substanti gl amunt of
this conB[Pacﬁsgl Eq?'Gelar\fialﬁj‘ér%oPrB@pISPonj: hﬁte%@etf'ﬁrﬁuf'%%ﬂ&%a?ea'q(n

by pr odUCfurea?%rﬂﬁrir%t s BXiddl RCEhdthePPbRion BEtHE TPAL BfctclaY eAfidrShaver ed
how to keep tormation of nethyl acetate sufficiently |ow such that the

consi der hisbeexparides) aapdrtiope ohthegvatestvaporiis otendensied frerhihe axigdaiios and
to recover

hydrol ysis the.,.acetic, acid content are not justified when
consi der BRPCa;HEDaS KT O B CaateF dof Ve iPus PrRoRes tans et bt BRERCr  cn
fornmed fpprhamphtdit vigdels IeROIn ithe COMBASS SVIFIBh SiS6BRE tor aVTdDdnaghs.ent
AT O T tionally. diract fuel finng is LSbd fo heat off-gas, rather thain Sleai neating, o -
ptionally, dir u g gas, g,
provide superheat within a turboexpander. Optionally, the outlet pressure of a
turboexpander is reduced by recompressing off-gas after it has passed though a
condenser means and liquid knock-out means.
[010] Furthermore, the following embodiments are preferred for other
aspects of the inventive process:
. ltis preferred that enough combustible fuel value is left in
off-gas such that its environmental abatement in a TOD,
preferably a Regenerative Thermal Oxidizer (RTO), is
substantially, more preferably completely, self-heating
without addition of fuels not present in the reaction off-gas. It
is still more preferred that a substantial amount of this
combustible fuel value comes from methyl acetate (MeOAc),
a known byproduct of oxidation of pX in acetic acid. The
inventors have discovered how to keep formation of methyl
acetate sufficiently low such that the considerable capital and
operating cost to isolate the methyl acetate and to recover by
hydrolysis the acetic acid content are not justified when

considered against adding purchased fuel to a RTO.
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with lubricants and seal fluids. It is preferred that this condensed
anbient water is admtted to TPA process liquids, e.g., as scrubber water,
guench waweriwmstiigax water, or is used as utility water PC&U$2009a8576d0l i ng
tower nmakeup water, rather than being sent directly to a |iquid wastewater
treatnment facility. After renoval and/or thermal destruction of VOC in
off-gas, many locales require renoval of hydrogen brom de from such treated
of f-gas before rel caendensethpiateris oftensfosmedfmm@misiept watera@norby aqueous

scrubbing to produce ' S . ST N u tion of
sodi um hydr oxi de aliy godﬁﬁf?gs[g)&uﬂs?e%rggt %r%‘é'#'ﬁg %@?W;@gdﬁcﬁ%{di um

brom de. The i nvenpgidatiba\teactioss,aurt s Watér Bl sutentiliywedrtamisstddt o contr ol
t he di ssolved solids content in such scrubber water is advantageously used

as utility water, with. lubrisgnts@ndokeal fuidsip Waismretesiase that dst or ni ng

| i qui d wast ewat er. I r formation
reactions, and thi g&mgﬁsféq gﬁgf%éﬁvaz%]@a%ﬂﬂg@eﬁc}%fé p&(é%?gﬂga I conpounds,
e.g., ethylene glyeq., agcstrabbehywiter,agoenect iwater, diefiugl wates, odrtisi s

preferred that at |east a gortion of contam nated water, froma PET process
is processed in a Y889 @ UbUAeragid-i 85 QDAY RIMER MAKRYP 8YatepbA for mati on

froman adjacent T CiH AN Yhoik € idectivats §0 ' er from PET
formation is eit hefﬁpéﬁtﬂ.{alr? v>baepl)r(l':)) %%Etﬁ]tael%gctling&sai g&%E‘TWéa% ??éyr for
treatment or it istreatmentfadiltyy a vapor formusing at |east a portion of

PET for mat 1 on. r éact PBRGIBO4A LGB THIE] destlicton BN eb-SFong w th
wat er of TPA for maph gy 16ddibs Aefifte RIMbVaIVEf iHdfo irBflid® Tromt he
i nventions disclosed Herein can _pr ovide a pX-to-TPA facility Pr.odum ng very
| ow, even nil, |iqgsudhwtreatacthteff-gas before release to ambient. his
scrubbing is often done by aqueous scrubbing to produce a
bromine salt, e.g., using an aqueous solution of sodium
hydroxide and sodium bisulfite to scrub and to produce
sodium bromide. The inventors have discovered that
blowdown water used to control the dissolved solids content
in such scrubber water is advantageously used as utility
water, e.g., cooling tower makeup water, rather than forming
liquid wastewater.
« A PET process also produces water from PET formation
reactions, and this water is often contaminated with various
VOC compounds, e.g., ethylene glycol, acetaldehyde, and
various dioxolanes. It is preferred that at least a portion of
contaminated water from a PET process is processed in a
shared, common facility along with water of TPA formation
from an adjacent TPA facility. Preferably, said contaminated
water from PET formation is either left in vapor form exiting
said PET facility for treatment or it is converted to a vapor
form using at least a portion of thermal energy from said
adjacent TPA facility. More preferably water from PET
formation reactions is processed in a shared, common TOD

along with water of TPA formation.
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requiring environmental treatnent per unit of TPA production. Further, the
I nventions can provide a pX-to-TPA-to-PET facility producing very |ow, even
nil, |iquwo 2eseteesat er requiring environnmental treatnmentCpas2emionses PET
production. Brief Description of the Drawings [012] Figure 1 illustrates
exenpl ary enbodi nents of the present invention. Detail ed Description of the
Preferred Enbodi nents [013] The inventions herein can be conbined with the
di scl osures of010% AbOE)Z9369@rINS CHNRI@E004.7 thgsinvendoratdiseloskd Betginr es of

whi ch are_incaor.porat i N reference) for a preferred,prinar

oxi dat | off't BERIBeR hadeuT A Polls R Han B, oD Er tie MiacB s
These T efeRuRTHE chivirbhAfEmtAlS treafMents el WirRt BISTPRAE besdRslione C hruttiear] theat ur es
and process conditions for a prinary oxidation, with process conditions

not abl y inMentiensgan erpwdata PestoahbAdo=E & fasilityopesiiging verydloy &yeandis

ai <17 buldup sk R gAY E Rl SpBAd HestherP RO, LR SERA T el it

"oxidant", "reaction nedium, and "hydrocarbyl" are according to the above
references. [014], The inventions herein are nore preferred when at |east a
portion Bfied siptianoaf the, DEawings oxi dation reaction nediumis conbi ned

with at |east OFt ff. o] L yar | lan [fce i um
bef ore procesgoﬁr’f,g Ffrﬁjuggsgl v'gﬁﬁ?t%%o?g%ﬁﬁyoémgéhﬁgtgi ocﬁ ﬁgéng)?e%ﬁ
secondaripvertiart.i on nediumis one receiving nost of its feed of aromatic
substrate from an upstream oxi dati on reactor which nmay be a primry

oxi dation reaction nmedi um and/ or anot her secondary reaction nmedium See US

200701 558&5'ﬁ‘gg%‘%ﬁﬁg‘wf‘m“ﬁeﬁmﬁih‘msOf a secondary oxidi zation

reactor optimze urther reaction of the entering |iquid-phase
aromat i ¢ subsf3]eTherioventions henedf cas bef copbired wijhithestisadoswesmfdd8ss

hnd ros: AOREAPITE4e, ARG G5 2PPpnfA ER" B arol¥ aiSHRRRL oo a8 ™
not ably ingetpgéthfed MepsinOb| drdferdihcel for ks tratdired 'pHikaly, oRitatioR! Mrittiohler ei n,

this type of secondary oxidation reactor is referred to as a
" post - oxnggdiuran preegssorand Amesns sios CMVEITITYD 2081190 Til uTheee 7etarenss f or

deser ! ptighidsfles? ARAR Mur¥lols? BrérBRebAfdcHantYl ' fatids aRH " frdddssne!
conditions for a primary oxidation, with process conditions notably including
temperatures and gradients, pressures and gradients, flows, compositions and
gradients, agitation, and residence times and distributions. The usages herein for
"oxidizable compound”, "solvent”, "oxidant", "reaction medium", and "hydrocarbyl"
are according to the above references.

[014] The inventions herein are more preferred when at least a portion of
off-gas from a secondary oxidation reaction medium is combined with at least a
portion off-gas from a primary oxidation reaction medium before processing in a
solvent recovery and/or dehydration means. A secondary reaction medium is
one receiving most of its feed of aromatic substrate from an upstream oxidation
reactor which may be a primary oxidation reaction medium and/or another
secondary reaction medium. See US 20070155985 and US 20070208191 for
descriptions of a secondary oxidization reactor optimized around further reaction
of the entering liquid-phase aromatic substrate, including benefits of operating in
selected process ranges comprising temperatures, pressures, flows,
compositions, agitation, and residence times and distributions, balanced against

various costs, notably including over-oxidation of substrate, product, and solvent.
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sol i d- phase aromatic substrate, including benefits of operating in sel ected
process ranges conprising tenperatures, pressures, flows, conpositions,

agi t at i onvoant/mwersdence tines and di stributions, bal aneeu/usgavnsizeyari ous
costs, notably including over-oxidation of substrate, product, and sol vent.
Herein, this type of secondary oxidation reactor is referred to as a
"digestion reactor”. [015] When intentionally produci ng power, especially
shaft poWerein b’ghistwmmft seupndary dzidatieh yeactonisgferedpo ascﬂ;"m&em'daiﬂohy

ofton pulisias Aisgries Bitenare ity anadis 2EBTOZ 454 G diseliihit e ng'ef
recover ysé@cﬁﬂfa% Qﬁ(l&lﬁatlﬂ}P‘P@aétB?HEﬂﬁﬁi@d“a%Md PGrtRerefeactibnt dretHet @ﬁfen*ﬂl

when conducting a catalytic partial oxidation to forma chemcal pro uct
the t errpemlai-phesanarqm@tgs substate, ezmludjng mbehefitsi ©f opperatingl yn seelecied

control the resulti el ds, canver sSi and uc uritie lytic
oxi dat i oREsRS: HenGPS  Eneliaingh  RUTPpERgs: ATErSHESy TaBby (EPogiBhe’ Lar o
i s requi kgitatioh, RHdEideridd tmbkearld distibulidase barmeedtdgingnfaarRusdésst| ved
di oxygen, "and this causes ag&(ef erence for higher system pressures to

provi de no@w insiudingover-exiiation @ffStgeﬁrq&ﬁawdmcbx@rybﬁolv?ona]H@@gp|th§ t hese

P gher phRE B EPabBR BT I dOPE B hs EBlsRS R TEAARE Ver ed ¢ ha
it is preferrpoh5]oVvenet dhtentibnhagirodudingt powed! espdctinfarshafix ipdaiaromy

reaction nediumwith the foll owm ng noderate pressures and tenperatures,
even whi FRMPHEWRG (PXgatively RUBiIRgd commatndss essantially Gasprisieg é\y@mwbvle

expel | | “Bg>ﬁ<{is§3§f‘eﬂsf@é‘%&r?%fr?tW?éto‘?"@atu&rcd@qﬁﬂ Cif Sftelh odrﬁfsr%gu Qéeﬁ ra%d to

operate a portio primary oxi reac
pressuren@chbamllyhmcabable 2, ordér t8, maxmiza. pbiver sregoeénr lae:dotd)ng)ner ate

at | east. a ion of prim i dati eactlon with ressure of
2t | cast kaplG: themadyaBmid indples b 08 et GtaSt, Hardy  Whoh oCoRuitRg. &

| east a Eé‘traiytfé” paFtid!" bxBENoR Xl #bin®Na fé}?e%icﬁl‘ dTSQhétthbt feripbeitey aindr e of
| ess than about 200, or 190, or 180, or 1700 IS preferred to operate

at | east peessuare mfnrea‘ctlpm nmd}ummsdardmanlyeaet rc@rcqrémi uhrewresulting efplds.at ur e
of at |east about

nvent or ORGS0 BB0PBuER Burifs | Lajpllic, Ptarah R peand Tovabac,

vol unes aféjsﬁﬂi%&#ﬁlty%p‘@m greastifecisalequlited etaslmam&a@fsfmtﬁ% fig@anpreret i on

medi um whi l e satis g t he 'energy bal ance as required to obtain preferred
concentrations of issolved dioxygen, and this causes a preference for higher
system pressures to provide higher partial pressures of gas-phase dioxygen.

[016] Despite these general preferences for higher temperature for
energy recovery and for higher pressure for TPA product purity, the inventors
have discovered that it is preferred to operate at least a portion of a primary
oxidation reaction medium with the following moderate pressures and
temperatures, even while recovering an improved amount of shaft power and
even while expelling greater amounts of wastewater in vapor form. It is preferred
to operate at least a portion of primary oxidation reaction medium with a pressure
of less than about 12, 10, 8, 7 bara. It is preferred to operate at least a portion of
primary oxidation reaction medium with a pressure of at least about 2, or 3, or 4,
or 5 bara. Itis preferred to operate at least a portion of primary oxidation reaction
medium with a temperature of less than about 200, or 190, or 180, or 170°C. ltis
preferred to operate at least a portion of primary oxidation reaction medium with a

temperature of at least about 120, or 130, or 140, or 150°C, or 155°C, or 160°C.



reaction tenperatures and pressures. Undesirably, the generation of |arger
anounts of vapor increases the difficulty in disengaging |iquids and solids
fromthe wbf2egas238%i ti ng a reacti on nmedi um Undesi rabl y PC3aishooanoi7ner ease
in off-gas enlarges the dianeters and vol unes of conduits and equi pnent
processing reaction off-gas; this notably includes a solvent recovery

and/ or dehydration neans. Undesirably, the oxidation reaction nediumof the
present Theeinveotorprhake eiscveodd -that it limtpreteread fto cgemerate dber getatestt o

requi re unusual |y expensive material s.of copstrucgtipn, often conpri.sing

ti tani untOBESs AP MPSSERCSt NaPELaRssiie o, &3ty ob Ht-das Ty SasOReai um
I s great ediirh KA e§latls'fyi|b%tt'he”%ﬁérg”yn%aVéHdénﬁsd#édLﬁVédpl&Qﬂﬁéi'nnﬁréf@rréd

sol vent recovery and/ or ‘dehydrati on neans, wherein the preponderance of the

hydr ocar Bg8ctipor teinaperatures| areht pressukesov dirdesitablisvie generatione of daggerave

di scover t hat _an_increased apount.. of. sol yvent v r,. for in.,.r j.on

ot 1 one Smoupl of VabPr iEResseS e Bl o §nqdB ARk Ris Rg oS ¥
essent i atHey offQyaR' é:5iing aVveiaetion eMédiuRt wrﬁj@buénr?/, 6860 \&T MchsHleOin Oftiyedr at i on
means and entering an off-gas turboexpander, often providi n% an overal |

econoni cealgvgen doe diamatenst andevgumes &f eggnduilst andr paviENMEYtyPOEERBNGhs t he
. i ¥ . . ! e
enbod; mer AP AEagBRhR, hBRHEPThSLARE & KONl RESRRGL B by Gon ' 2

pr oducednfgam® s Undesirabls aker gxidationmreactiny insediuat of ehet prk8entlinvdntioar 20,
or 30, or 35, or 40, or 45, .or Wt % wat er, vapor based on the .
hydr ocar BSﬂd-U(%EI%'t QH'QﬁSf U@«;gsssp iciently pozRSiVede reAplai YRMSUalY eXRENSKeent i on

t he hyd - Of f = : t ; - I
conpr | s tands qtRnhagc, 6fae B RithR; \Gnaeuidhly, hEaRKRaLea”! U
hydr ocar figw- afepaporedxiting - rgastion rreediuny 04 gredthe attepoaterbirp botiusnass eadct i on
Feact’ onvOFIe 2L EgBrodsESHIch 1t 3GEaverh SRAIER S Db e MEarbon.
di oxi de, wABekif tRKdpr@PpBRderiHEeY bthe! MyHF3tarARSStidnbf 5M0eRt RS AstovieRe@nt i on,

the inventors have discovered that it is possible and preferred to operate
a pX par Howlevexi thex inventorsceawe wisdovered dhatedn dnotgasedoampaipbrof ceotyeninds i n

reaction off-gas as follows...It ispreferred that t vapor. ¢ ounds .in a
Feact i onvand: el SactRiSur o R 5 ShSEegR pa 5 KRk SR GE
ki | ogr angf peipdfi | &Hentialy cORpHEPG Wdtegaxiting i $HIRERYT reEovdr§t andforvapor
conmpounds in a reaction off-gas are at |east about 12.4, or 13.2, or
dehydration means and entering an off-gas turboexpander, often providing an
overall economic advantage in shaft energy recovery that surprisingly outweighs
the increases in other operating costs and the increases in capital cost. In an
embodiment of the present invention the hydrocarbyl-depleted off-gas produced
from solvent recovery column comprises at least 10, or 15, or 20, or 30, or 35, or
40, or 45, or 50 wt% water vapor based on the hydrocarbyl-depleted off-gas
stream. In another embodiment of the invention the hydrocarbyl-depleted off-gas
produced from the solvent recovery column comprises less than 4, or 3, or 2, or 1

wt% acetic acid based on the hydrocarbyl-depleted off-gas stream.

[017] The vapor compounds in reaction off-gas comprise water vapor
plus VOC. Non-condensable gaseous compounds in reaction off-gas comprise
dinitrogen, dioxygen, carbon monoxide, carbon dioxide, and dihydrogen.
Applying various aspects of the present invention, the inventors have discovered
that it is possible and preferred to operate a pX partial oxidation process with

increased amounts of vapor compounds in reaction off-gas as follows. It is
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13.8, or 14.2 kil ograns per kilogramof pX fed to correspondi ng oxi dation
reaction nedium [018] To achi eve such great anounts of vapor in reaction
of f - gas, wbeoionsesisors have di scovered that it is prefePCeASE@IDUIPI €SS
greatly the anbient | osses and intentional heat renoval from an oxidation
reaction nedi um of the present invention across conductive, isolating,
boundary surfaces, despite that such oxidation reaction is highly

exot her nprefemed thrajtheempgr eampaswidsrig.a raadtionfefas ase at deasiablout €.64ich

that at |le ab 70, 0...or or 99 rcent of. th d nmbi ent
sur T ace G0 20" Pt &7 0-Bh kiograBl e WiPacam A errbon O aaks, KE BRErmeRor °"
oxi dat i Ofhat GREVASEY CRAPOIRGS A & PYAdtRA OF-bAs are latAsdst absut 19.40br 1392, d?- 02,
or 0.04, or 0.08 neters thickness of insulation material. It is preferred

t hat t het38l oeddiZkilagsamepearikilogiin ok pésied, tonasiasponding exidatigneeeastion
conduits graﬂ{éﬁr vessel s containing at |least a portion of oxidation reaction
medi um af" s than about 40, or 20, or 10, or 5 watts per kilogram of pX

fed to correspugdi Mg Qehiewé isuchr grat ismoumtdi ofvapor irs reaction bfftgdsy them t
cooling of at l|east a portion of oxidation reaction nediumby utility
cool i ng iNvanigss havg. disgaveliedathatdt is prefiesigghta sHaptassvareatlyoihg: ampient
heat - exc f t . e r ' ess
than aboteodt g MGorEh'r] Femidial A ar eXidSRonyRELRNn \REBNAY driner
cor r espopidisegt invethtiphoacross atdnauctiesli isolating] Youhdaag Isudfaces,udéspites Hat
anount s of Va%&at'i n reaction of L-gas, the inventors have furthernore

e
di scover$#¥h © $lBPe 'BB.'théfQ Wg@ﬁ‘%thﬁﬂné‘ﬁnaﬂ iE?éllui'rSﬁlgr@é’th InQred[tu'% are
as hot ﬁ?re?éﬁéél 't&ﬁ’%!u‘f’ate%h’}hgﬁéﬂlleé?,t A5t 70/ Gr SIS, BP 9OFRGTEEA of tﬁ?h' ghly

exothermc and requires great cooling. It is preferred that oxidant feed to
at | east expused iasalieoh sudace iavea of diesselissand/op cesdeils aontaihiegeatnleasbhi ng i s

mnimzed after_exiti.ng final stage of conpressiap. Lt i referred that at
lenst | abeoRioB0o" BRidalioN eagfion ShEGGmp are dtveged vl abdeadl BRSO Wimsreoses
ai r reache, ap 004, A5 0.08 rhewss ithiekhds gMnsuldlion mataRil alluisepraferttéd Matabout
60, 70, 80, 900C. It is preferred that at |east about 50, or 70, or 90, or

99 per cetheronl energydosses thyalgh cuppsed sambignt sudacaareaf eenduits @ndiasact i on
ror ool LSFREIAb A 3a8h £ pokibr HlohlatlsR e dli PR IR,
to insul apsutsyohof IR, &t 10c2st Hheitts per kilogrédm off pROfedoto 8brrieeperdingof the
exposed, anbient surface area o i )
oxidation reaction medium. It is preferred to limit cooling of at least a portion of
oxidation reaction medium by utility cooling fluids, e.g., water and air, through
conductive, isolating, heat-exchange boundary surfaces such that thermal energy
removal is less than about 100, or 10, or 0.1, or 0.01 watts per kilogram of pX fed
to corresponding oxidation reaction medium.

[019] To achieve such great amounts of vapor in reaction off-gas, the
inventors have furthermore discovered it is preferred that feeds to an oxidation
reaction medium are as hot as practicable, again despite that such oxidation
reaction is highly exothermic and requires great cooling. It is preferred that
oxidant feed to at least one oxidation reaction medium is compressed air wherein
cooling is minimized after exiting final stage of compression. It is preferred that at
least about 50, or 70, or 90, or 99 percent of the mass of said compressed air
reaches an oxidation reaction medium with a temperature at least about 60, 70,

80, 90°C. It is preferred that at least about 50, or 70, or 90, or 99 percent of the
mass of said compressed air reaches an oxidation reaction medium with a

temperature of at least about the discharge temperature of a corresponding air
8



of conduits, vessels, and controls for delivering said conpressed air are
covered with at | east about 0.005, or 0.01 , or 0.02, or 0.04 neters

t hi cknesswof2oiomsediati on. [020] It is preferred that sol pemtuse@9nesreyer ed
fromreaction off-gas in at | east one solvent recovery and/or dehydration
means and then returned to an oxidation reaction nediumw th a tenperature
that is above anbient tenperature and near the tenperature of correspondi ng
r eact i oncomgrassor Tiaus 46, or 120, orpileoe5fed It isalrefqrdid)tmmlsylatesnpbmmmt%tar e

condensed fromreacti o off a P tely dehydrat d and returnedto
react i onpﬁé{jﬁg]%’\/ﬁ'h%ru 0.5 %ﬁ @6%$@r°%t r?"PQ&ég J_-ﬁ’}t utacey;

pr ef er abbycordiiits, b@&sél@céﬁf@'b@ﬁtré%' fop felivériny §é(ltjd&ﬂnh3tés|§eb'éﬂ zapéicameat s of
thermal energy i nput through conductive, isolating, heat-exchange boundary

sur f aceswithat jeastiabolb8 &5 s SV ras (1182 1. 04 metersthickneass of dnsulatien. by

Fecovery. and! B0l Brbrb G oot 8 By ERRL A SRR Wi AT 10

or 60, oreagﬂon@rs&Oemer@Javegmaﬁamr @éhyidtation @66arey efdstlenertuiriedstidahi ed to
an oxidation reaction nediumw th a tenperature of |ess than about 200, or

190, or e@¥dation raFwivn mediwe with ademperaibrethatds abeve aankiest tampeera@iireener gy
into recgye Sﬂle"?&‘n latfrd gifpc‘?éﬁ%%ﬁo%o%pcfﬁes&&# a#a?nteﬁrnsm €s0f the

primary oxuﬁ%on Feachron - e EFied That "4t Ieast>a out 40,

or 60, opredérredrthad Wy@lrgd:érbpermmomfdssar@l croerd@weeddfrsm veattiors offigas,i ed to
an oxi dation reaction nedi um a tenperature of  at Egut gbout reaction

of f - gas ?BﬂﬁS’@F'ﬁteﬁy@Wﬁ[@eﬂe@@dtrﬁﬁﬂnﬁgdgtreﬁét'orbm%unb)"" PINOBECN ¢ s
prefe”e{i’oélgﬁahéﬁ le32fibn a&@g"asA'O’M&re ﬁpefePJbI)gothlgrhc?toréQﬂvQPéd ISR isOf

sai d recovered sol vent ed to an oxidation reaction lumwth a
t enper at promdn‘d amth drmrtedal:nmbuﬁ& odirttﬁ@mabrerﬂei@y iopufL4budh oandpch‘#e,rred
t hat at or per cent, of e net thernal

enor gy | ROIRING, NEBkxchatge BobDdRy SHiRcrs. d &Ry B PP BRe TRV GRS T ect |y
from t heygntrgsuPgs fdcpreveld byasdproprisfely su?fﬁmvg tm@tgmbbﬁf wth@fmélgasnérrg@nsf er
t hrough conductive, isolating, heat-exchange boundary surfaces.

pr ef er r eterodead it saldamlvemdmcouery and/e0 debydrationgnegns.wdt @hpreﬂi@'m@matof

S oYL RBLED o4 Bosl UM aRRC BB AU SRR e LR (B
react i ons@bplicdeo ah mdtmﬁrédmanah@umnﬁswuth% téPperdturd of Msslihin dbblte
bei ng processed thereinusing a thernmal energy input through conductive,
i sol at i ng00neral 9@xemdyeor 170°C, since it is preferred not to transfer thermal energy
into recovered solvent at a temperature greater than the temperature of the
primary oxidation reaction medium. It is preferred that at least about 40, or 60, or
80, or 90 weight percent of said recovered solvent is supplied to an oxidation
reaction medium with a temperature of at least about reaction off-gas
temperature minus less than about 80, or 40, or 20, or 10°C. It is preferred that
at least about 40, or 60, or 80, or 90 weight percent of said recovered solvent is
supplied to an oxidation reaction medium with a temperature of at least about 60,
or 90, or 120, or 140°C. It is preferred that at least about 40, or 80, or 90, or 98
percent of the net thermal energy input to a solvent recovery and/or dehydration
means comes directly from the entering flow of reaction off-gas without thermal
energy transfer through conductive, isolating, heat-exchange boundary surfaces.
It is preferred that at least about 40, or 60, or 80, or 90 weight percent of said
recovered solvent exits a solvent recovery and/or dehydration means with a
temperature of at least about the temperature of corresponding reaction off-gas

minus less than about 80, or 40, or 20, or 10°C while being processed therein
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boundary surfaces of |ess than about 100, or 30, or 10, or 3 kilocalorie
per kil ogram of recovered solvent enters a correspondi ng reacti on nmedi um
with a t hworalo/eeasgy i nput t hrough conductive, isolati RrgT/use@voexehange
boundary surfaces of |ess than about 100, or 30, or 10, or 3 kilocalories
per kil ogram of recovered solvent. It is preferred to insulate such that at
| east about 70, or 90, or 95, or 99 percent of the exposed, anbient surface
area of usingehs therniialr energyuiinutc dimonghi ngndtlcti\eastsoaatimgr,th@ﬂt-@fCha@gevered

| t ith_at | t hout 0 2 .0 0. 08
Sorere ¢ PRGNS GTackst ff Togs, TRaA AN 104, 03 poy for 182pe L KfaghoniS et
filtrat eklﬁﬁjrﬁﬁ’f‘bf rr@@@@é@%dcl\'?é}‘m élht'ei’é H b@ﬂemd’iﬁ@ hr'e%@tl@rﬁ rédiuth Wih ks

returned to an oxidation reaction nmediumw th el evated tenperature provided
by transtharma Qnﬂfgm'npuhéhggpgmmnghctt\tmdts@latm,, heairexchagge hbewndayhange

andror 1 e BF ey e deadr bl 3P uF P HiBkABAES sf KigdEit "
filtratersgavepsd solveht. | It ipretforraddo Wesitatedsuth thBfas ldast ybbyt 20yorn@@nsr known
inthe filtration art, but all other nechanical separations known in the

art are 98n108nP? RAGERY of Hbe prpase.s ambientr sHfacagareal Of Messsls @@ﬁ(or e.g.,
gravity é&ﬁ&ddsngont%gﬁté'afttlgsa "BHiS O&%éovgféﬁ LOGeht Kfe \? ﬁoéte
0 coo | east

returning to an oxi §h Faactifon ne referre

about 40least abbut ®0176r 0.92, 80 Ovees, gint0. Q@ netats thickfmsd of insutation materet t 0 a
tenperature o ss t han bout 100, or 80, or 70, or 60 I S usef y
reduces the siﬂ%ﬁ ftl tSy P6? eTrlﬁ,ﬁi ithat fltrate m'yemaﬁ%cq\tera f?ﬁml %Pﬁ%@u”c@é‘ t he
corr osi Vwa&hmgaaﬁﬁﬁo d TPAACret@inano &P ckdiftiohGeachyR tRetURm Wit b ghtedOf
construction e used for con U|ts, vessel s, punps, ot er equi pnent
and cont tem;seradmprprsvmlgdttnetransﬂeagétrmrmamreneegasthtguglh cbnductiavtee isatimgt .

Sui t abl e teriials of construc |on far, said coo t e sol vent.
comm L sohearSxrbe: oG iy siifasss. of B Sl ant K sphikt Sioh d8edfalicd. such
as stai nkgsgrafibRehRd/BF /6th§sh.ﬁge@ﬂ SolidSTRAL #bARE YRANY.0 Ohbamdansafst ot her
more expensive, highly corrosion resistant nmetals_and "al | oys. [023]

However , obtainiag rfdtreteps@went il filtrationaand emashing oft TRA, slorrysly amy m@ansr 80
v O DRDAR Y She Tl b B o NP ehefleBt SHBSng i ISR
1400C. | &ré onpterhglatet HyOthéQn\‘Eéﬂt@fs ftve beddudimg rfifeatec BeNet; f 6. gm gfdvitgas,
and/ or thermal energy
settling, centrifuges, hydroclones, and the like.
[022] Before returning to an oxidation reaction medium, it is preferred to
cool at least about 40, or 60, or 70, or 80 weight percent of said fiitrate solvent to
a temperature of less than about 100, or 80, or 70, or 60°C. This usefully
reduces the solubility of TPA in the slurry, and it usefully reduces the corrosivity
of the filtrate solvent so that less expensive materials of construction may be
used for conduits, vessels, pumps, and other equipment and controls comprising
the storage and processing of filtrate solvent. Suitable materials of construction
for said cooled filtrate solvent comprise various metals and alloys with moderate
corrosion resistance, such as stainless steels or duplex steels, as alternatives to
titanium and other more expensive, highly corrosion resistant metals and alloys.
[023] However, it is more preferred that at least about 40, or 60, or 70, or
80 weight percent of said filtrate solvent is provided to oxidation reaction medium
with an inlet temperature of at least about 60, or 90, or 120, or 140°C. It is
preferred to use solar energy, thermal energy from off-gas, and/or thermal energy

from steam condensing at a pressure of less than about 60, or 20, or 8, or 4 bara
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from steam condensing at a pressure of |ess than about 60, or 20, or 8, or
4 barato heat about 40, or 60, or 70, or 80 weight percent of said filtrate
sol vent byoavidmass about 10, or 20, or 40, or 600C bef ece/Use@dioniy6s nt o an
oxidation reaction nedium It is preferred to transfer this thermal energy
into filtrate solvent through conductive, isolating, heat-exchange boundary
surfaces. [024] It is preferred that pXis fed to an oxidation reaction
medi um wiat heatl abautedD, tamf@rart 10.cor 80 waight pérent df shait filiate salvenhbyuat 40,

" eact | orleASHPRRV DN Rt Arch0+ BhBera i eies feosting dner R IsRAEY, gD, or

120, or A@difm. IIfisi prefirRiid ®néfar HES tTha) PP Pihto FiltRitEROIWRIME Hishoughom
of f-gas, and/or thermal energy from steam condensing at a pressure of |ess

t han abocend@tiver isplatings heat-exchanger boundanesurfapesit 40, or 60, or 70, or 80
wei ght perceni,of said by, at_.| east cabout_10 . or. 20 . 4 r 60QC above
bul k storage %]o '3&@@'{&1 g?ﬁ}e‘?e)gt'%lj%ggéf%} 8"'95@8? Hsaf?ﬁ?%%g%&ﬁm Y2t on
react i onglgRdiddMenhperaturd! et 8§ lprefered that it esadthatsout D, n6H 6@ner 89, bNBO PX

t hrough conductive, isolating, heat-exchange boundary surfaces [025

Separ at ewgight Refceninef Aaldi BX, feerleishprovisied fai fRpctionpaedium et RNciBir essed
ar, ! eC%‘ﬁl‘?é%glt@@ é’fﬁ%lleﬁ%f 566&‘@0,38# g6 or 1§t5‘d6r°'i¢iu§9&dr s ér(;%féﬁé)cﬁ)ltcy uld

i ncrease f 0 an oxi'datron react or r mal nt'aln

ener gy bsblan@merdgy,othdemal @naedy dxomm ft§as addpehatral eherge framirstearand
pressures. Wth hotter feeds, nore of the heat of reaction is renoved as
| at ent heRRdessiRg @Y &hPressPER of d8$oihan abart 60nah 2098t & hRaradg ksatt eeds,

and an | BESGARE LT Wi7oPbr bb%grdggé%gnfof@ﬁd&se;b&gar t AbbERYH 08 SGact or

as sol vent vapdr in’'reaction ndesira , ppl'yi'ng 1 ncreaséed
anmount s of 4Dj guigD°€ohbeve Hulle Gtoragei aredomantbients tdrgpenatyre, befone feedingand

trols, al M th i S d . of ' .. 1026] F
conpr o5 <G 361 OHABHN (SATn 1BPBURT NS SUBIATEY Khisanaten tals BeMa| Reray an
af t er - copk&pxahFSiyH @ﬁcﬁﬁﬁé, fSBfatRGD Heht-8k QR botARRIry 80HaELEY t he

oxi dation process,” unless a desiccating neans1s provided different from
cool i ng. Such[G25]eSeparatelynostin exambinationy, the boper deedingniempgretured ¢fr om

e X B R R BBl Bl ST BX e el

wat er i sing¥sd¥edeliqiidefiew! ihesl anVvoridadibn aeaditon BFder! U hthintairs Msi Energyne

pur chased, carbon-containi ng
balance in order to achieve preferred operating temperatures and pressures.
With hotter feeds, more of the heat of reaction is removed as latent heat of
solvent vaporization, rather than sensible heating of feeds, and an increased
amount of liquid solvent feed exits the oxidation reactor as solvent vapor in
reaction off-gas. Undesirably, supplying increased amounts of liquid solvent feed
requires more costly pumps, conduits, and controls along with increased amounts
of pumping power.

[026] For compression of ambient air, elevating supply temperatures by
omitting an after-cooler often increases the amount of water vapor entering the
oxidation process, unless a desiccating means is provided different from cooling.
Such added water must eventually be separated and expelled from the oxidation
process along with the water of TPA formation in order to maintain the desired
solvent composition. Furthermore, when such added water is eventually
expelled, whether as vapor or liquid or solid, some purchased, carbon-containing
mass is often lost coincidentally, and an added wastewater load is eventually

created according to prior art. Thus, such additional entering water vapor in
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mass is often lost coincidentally, and an added wastewater load is
eventually created according to prior art. Thus, such additional entering
wat er vapwo 20noweysessed anbient air rmay be viewed as deablus2emsesiss abl e,
creating a potential carbon |oss and a wastewater increase. [027] However,
by using inventions disclosed el sewhere herein to expel increased anmounts
of water as vapor and to use |limted, coincident anounts of VOC as

combust | edmpesisednambiea aife maw & yiewedhvas dosbdy dinstesifahle, | cregéingi ae

benefi t r. l.eavi e n r vapor in conpressed anbi ent
air usedﬁ&gph%ﬁqédﬁﬁ??qeége%ﬁc?gcvg%%ﬁgyvhgqr%cﬁﬁgggs preferred that at |east about
70, or 80, or[0¥] Poweverehglisimeinventiond distiskud efseathere Mreinctaséexmpele

oxi dation reaction nedium of the present invention conprises at |east about
0.01 , oinceased anogntyof water as VRPPbINEHPdsatidedpepineidesy meuts X f ed
to corr ' ' [ e hgn ' 0 2 or

0. 10, or "o8s WBril4oh BB FE ORI RV haE st dRed Bticr, Bogfive

cor r espobenmefy foxilenting seletted iapmourtdi afwatie® 2@poAfin eonepiessad amnbiert dixt i on
reaction nmedium nore preferably a RBI mary oxidation reacti O'P [um it is

pr ef er r e¥SebQiQxidantfead ASCREiglntds PERfPHSS that glsashakodh Qi St
shaft wogls 4SadGeRiift pRrcdMdt dxitiR FEORat Ieﬁgﬁaﬁe oRidatibRAE X BRI Redi®ANS, OF

sinply turboexpander, IS one or nore turboexpander steps staged In series,
opt i onal bfyths pfesent inventioncamprisest atykeastaboutyOridars. 0.08eo0Df04aw @LQb6t i ng

t he | owes ressyre sta t ' to f :

Stops. | lodtalr PLavar e dilookam, BF o pmaerorBsPaslty iidalish, BaiPdd o
| ocat e afddRA larfBst WAL KBANGS2, Tre16.Ust0.bBAbr DIO7 RildBERPSS waldripdri nked
to at | east one conpression step for supply of oxidant from anbient air.

Such | i nkilagsamsofgok feshtoeenirgspamnsiing edidetion reagtian medittohani cal shaft and/ or

i i i ze the 1028 BReEreltind S Galo oo Gebluty sFFR, SE8isTRbY . 2
ent er i NngpAmaky bRIPAEBAFeactidiPWRIGNIm, ithe fefiedCloNpsd bb teabt rRpetiohaf off-
consunption of pressure and tenperature energy in order to recover solvent

and to reas\e agprrals ian ameHinek sbaftyedr Usinda08e| Q& Mmornee {ybeexPanderor

Cely o . iBhgdee uflcRioafiEt ket Lr MY SfREbRobRled BobIE: FisRvery
pr ef er r etirbosxpdieiepudtbps sthged tinr bertegavptionally with one or more interstage
heating means. The off-gas exiting the lowest pressure stage of a
turboexpander, prior to further process steps, is referred to herein as
turboexpander off-gas. It is preferred to locate at least one turboexpander step
such that it is mechanically linked to at least one compression step for supply of
oxidant from ambient air. Such linkage is conveniently provided by a rotating
mechanical shaft and/or gearbox.
[029] In order to maximize shaft power, it is desirable to minimize the loss
of pressure and thermal energy from off-gas before entering a turboexpander.
However, there are competing demands for consumption of pressure and
temperature energy in order to recover solvent and to remove appropriate
amounts of water in a solvent recovery and/or dehydration means. Also, capital
cost requirements for a solvent recovery and/or dehydration means increase
greatly at the reduced pressures preferred for the outlet of a turboexpander
means, for the volumes of off-gas become exceedingly large.
[030] As disclosed herein, the inventors have discovered combinations of

features that enable and balance the consumption of pressure and temperature
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means, for the volunmes of off-gas becone exceedingly large. [030] As

di scl osed herein, the inventors have di scovered conbi nati ons of features

t hat enabWe 2ardékmFance t he consunpti on of pressure andPCemsesios’eener gy
fromreaction off-gas in a solvent recovery and/or dehydrati on neans

agai nst the recovery of shaft power fromoff-gas in a turboexpander neans.
Di scoveries and enabling disclosures for a preferred solvent recovery

and/ or dehgrgyafromnreacdion affgasoint ai seltent sevdvere arsl/ei dehpdfatioe mesesedi ng

to them the preferred asafecb pertalgr fﬁ turb ander ,neans_are

di sl oseadAEL e ABEQYRT R FL3HI paweh oy afhads i HEPEPEodET Moafyes
pertai ni pgchPeficd eén% fe'n@%n$ Qis&1bSaR$P RIS pretéPsd dolverit r@rc@t/egr afdidrat the
pressure at t he of as outTet froma solvent recovery and/ or deh dratlon

means i sdekyflration mearézseret eemaiesuelsewhere herein. (B@orebpmegdmt%

ressure,ev ate where .reacti.on off u er
i ace. B PEE et hedh Mg 26 b QhateRrh healls 5, d@%ﬁ"“%%e@ tPowi ng
pressure | oss[g3nonaenaion ¢PdireBRid fetid peefered pressiredianget srtdmingter gy to
of f-gas between an outlet of a solvent recovery and/or deh rati on neans

and an i inlets flgivsgotturnaxpaadaesteps. (lbisprefaired ﬁh@,prmgre at thesoff@@s or

8,000, o P, I t f at an
et ooufettan T 650t sodynPaf B e yiiRion MBoRb IS e ect bflegs@antl {'
or 0.5, abo&lZdiat o5 or cmeﬁmtatnepaémt@évémmd\henewhee@teammonfdff-gas is

formed near _an upper surface of reaction nedi um preferr d th t t he
pr essur e9a¢ i§ Rsmiéi) Bear @ APPEEAYAGH Of ﬁ?%@z‘p%&'&mst'bﬁ prefarred dhakthenout

2, or 3, rR:Eu Aal %wﬁmetfeﬂréssdrb | spfr% ﬁegn t{}ﬁb{\?h%ér%{t@gs ie; n%t p&(?\ﬁ(}l'ngl et to

a first oexpa step iIs ess t n ab ar a.
It is prth‘eelrlaéobndrgy fd wff-ggs f betwidemna@in oullet ofeal selvenh rengvenyt andiarge

nlet § oIaNYrBUET SOSRrS SRS AR BIRhil ah HEPORIRANARE To A aB P SO e i s
| ess t hang @opUbr @40(519% £008P 84K 0Nt %Gpr%@é}red)'tha‘i tﬂ@%r@%@r@' of off-3k at

Al'though it 1S desirable to minimze the distance fromthe of f-gas eX|t
f rom sol aarnlet t@c@\ﬁestyuebmandehgmpaslredumm less thiae abausi2, or 1aor 0.5,

| neut ot | Bhognfat Aol surE, Pudiafed ffm §Reg et QR BaBRTBRAEY AR PR

i nvent or an hipper duFaey of egadtivat mediurs. ngfpi‘éfef?tédt(halt e pfedstife at thamseti nl et
to a turboexpander W thin |less than about 40, or 30, or 20, or 10 neters
measur edtuphw@agt oprtgppoexpander step is at least about 2, or 3, or 4, or 5 bara. ltis

preferred that the pressure at the inlet to a first turboexpander step is less than

about 12, or 10, or 8, or 7 bara. It is preferred that flowing frictional pressure loss
in any interstage conduits and process steps, such as heat exchange means,
summed between the inlet to a first stage of turboexpander and the outlet of a
last stage is less than about 64,000, or 32,000 or 16,000, or 8,000 Pascal.

[032] Although it is desirable to minimize the distance from the off-gas
exit from solvent recovery and/or dehydration means to the inlet of a
turboexpander in order to minimize the loss of thermal energy out through
insulation and the loss of pressure energy by flowing frictional loss, the inventors
have discovered that it is preferred to locate the off-gas inlet to a turboexpander
within less than about 40, or 30, or 20, or 10 meters measured upwards from
surrounding grade. This maximizes the reconversion of the elevation head of off-
gas into static pressure at the inlet of the turboexpander, since the elevation of
off-gas exiting solvent recovery and/or dehydration means can be greater than 50

meters above grade.
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surroundi ng grade. This nmaxi m zes the reconversion of the elevation head of
offgas into static pressure at the inlet of the turboexpander, since the

el evat i oowof20mfde2yas exi ti ng sol vent recovery and/ or delrgunsteoonoimeans can
be greater than 50 neters above grade.[033] For greater recovery of shaft
power, it is preferred to mnimze the back-pressure on a turboexpander.
Reduced back-pressure hel ps to maxi m ze shaft power recovery with a

t ur boexpander [038]mkwr greatey reteyvety of mhvaftspower, ritisi predemied db uminiroizeethiet i ng

Conet | necHRrstuRg STa Vi panter HedtoDairiassts Bolto Rimthizey
through spaflidwer FROVER) WithaﬁdtuYﬁéé%d%ﬁLBWMmiﬁrﬁ%QﬁeWmﬁﬁeﬁgioﬂ

condensi ng neans and an ‘environnent treatnent nmeans, Dbefore release to
anmbi ent ealior anghohyee abrexiting gas.t iHmwevgrahurbpexpandgrsofagas oildhe mresentr es

causes considerable difficulties w desgi an apital ¢ ' se
Gonretr CNRBIGA Joas Sther SPinafd Mbbllsr oA 38, NS EBL Btessire pllst B

i ndi cat egrdvidecdBe fidw CHIREEGS | Eehduief etdrebla&nanat yafibuyaéglipaitht,Vofen
especially in those process designs preferring to condense (substantially)

"al | " of cCompriginged canseNsing Bgaasdend &Y epusonpenh tnegleenb means: defore
condensi r.QpL i por L i t . 3

tur boexp%ﬁ@g&é@%&qtg&g{r#% <0 % o???an%ﬁéité@%xggggﬁl}/eve%gir%tg'ou i ty
cool i ng pregstses\cabiseraonsidbiabié difioutesiwithedesignsl anell cagita @ostiih thesei ty
cooling fluids is undesirable for such Iar%?@h at duties. Also, the .

requi reddpHpsiream roeessss. a RedredietharRpsUiRaly tdrbosyparder ofhgpe is
pressure; rrq@% ﬁ‘\@fﬂ HeEh Y":n%@e V,
exchange'dgzce%tg{jgél)en sé, mt"(t')&lr(;r%%%o ed%?éerrrr%(gfraaturets [ errte%t]dl’ ;VI@(\?\A ?%%ﬁé;/“ygi ven
utility pothasegprocass desjgnisypreéarnngdowondeand (sobstantigliy)d'alitbbtha water
pressure %réq()){p,. and fl pw d'tfstri bu{//\igﬁln within said heatvsgqxchange means. Even
after coM si"hge)éoqfﬁ]p%rp P e HPWEBHE@F‘%@@' ofon '@H“Q/aﬁﬂﬂfoaﬂﬁtevoc,
| ower pr Eéﬁkbrngsoff tHe %E&Q%W”Qﬁtﬂ ROE- fiam ABbbdndet GRas!idrdifficutiges for
further downstream conduits, controls, and equi pnent. Furthernore, sone

process iepodspilblegoaichieveusing witibnndelingflfiidgawitto neavadunert tepigergtuses.o
convey T

Fur booxpantdrTsRunY S8l cB0ns Biusr e iR Rt ShE SLefdatos Real AGFEScre

i nvent i oplsd, NReir@yaRé@ phySRAE siHeSfR V£ hedt eRahande nikad @5 Rstudesl i Maorieor

of f-gas conduits, control's, heat
pressure is retained in turboexpander off-gas, owing to improved heat exchange
coefficients, to improved temperature differential with any given utility cooling fluid
supply temperature, and to managing velocities, pressure drop, and flow
distribution within said heat exchange means. Even after condensing a majority
or even preponderance of water vapor and VOC, lower pressures for
turboexpander off-gas continue to mean larger sizes for further downstream
conduits, controls, and equipment. Furthermore, some process designs prefer to
use expander off-gas or condenser off-gas to convey TPA product powder, and
this may cause another need for increased turboexpander back-pressure.

[034] According to one aspect of the present invention, the inventors
have discovered that the disclosed designs for off-gas conduits, controls, heat
exchanger means, TOD means, and scrubber means enable the following
preferred pressure conditions at the outlet of an off-gas turboexpander. It is
preferred that the pressure of turboexpander off-gas is less than about 0.9, or
0.6, or 0.4, or 0.3 bar gauge. It is preferred that the pressure of turboexpander

off-gas is at least about 0.05, or 0.10, or 0.15, or 0.20 bar gauge, with this aspect
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exchanger neans, TOD neans, and scrubber neans enable the follow ng
preferred pressure conditions at the outlet of an off-gas turboexpander. It
i s preferwedotomme3ishe pressure of turboexpander off-gasPrC3/use@s/ovitan about
0.9, or 0.6, or 0.4, or 0.3 bar gauge. It is preferred that the pressure of
t ur boexpander off-gas is at |east about 0.05, or 0.10, or 0.15, or 0.20 bar
gauge, with this aspectproviding enough pressure energy to flow

t ur boexpprayidingf engagh t hressgne depelgysdd dowddurhoexpenden| eff-gaad thwgugbment

and sor uHEagariliS, SBRRERT Sw SANPRIREE A elh BB S B B B ase 1 o
anbi ent  gohdéHyate A8Mistindpahd AeeRiEEhd ITOD, anRatdtaubsp aile Glot idoenshsg At

invention, it is preferred to minimze further the turboexpander
back- pr eEs0e@PEESSIOMBiERz befpreelessariotarekipnpswseundingsage as above and by

S enaho mean . AEbaflfo IEREPMESRRR ! B hEROFHARIED. §iSpRrigRE "o
percent &f iimigs efurttPorther esbdexpander bissokpereadsureof by gasinimizingmtmed as

liquid water. The inventors have discovered that, even while venting water
vapor t odawpsEeRMs (reeRiiEi M§398c @Sr @bRYet andhbYi RlsshtRreMislingran noffgasi ci ent

removal %co%%gsi%ﬁglgﬂ%%ﬁlé%ﬂqﬁ&?ag cBﬁ&Q@%rggésatt%gﬁgﬁgéirﬂé‘én@ﬁfh%i{%'ipeﬁabl €s

a reconpression s remai ning o0 qui res use l'y | ess
power t hiwast beouh¢0ecas0i or gOyar 8 weight hebyenthel theeabtar dpoopesersti ion i n

an upstream turboexpgnder, In addjtign, it is re preferable .to |l ocate a
knock- outurRREXRANSEr A80R%: 5 ermovRekas baidnaler e RRdnERIOR AV HisoYered
reconpr egsjto hthi j | gygat i ons
for condintor EF dtdle VSRihd vaRYFSaFoT R BB o BGhARYE WopRing 46! e

r econpr edwieations therginpreffieient detrwvak o nwates svapmidirage offegds gaesprding do

ferably kpock-out. of f-gas, b | 0,05 0.1 2
'3 bar - mREHOTS eeeiar pnaides o cledheiitiin 3Pk it reRining offdis hidtuse
CondenseFecgﬁﬁegg?%ef%I@f&s%&ﬁéf ey tHe peke e inpdbwBABrovided dysthehgr@agdrout

0.9, or O. .7, or 0.6 bar. Wen using off-gas reconpression, it is
pr ef er r edeeomprassionineas wnstrean tyrbgaxpander; ng additionik iz maredsafesableage of

When usi HBRSPRS gAborkansnadaf sithegh A Of aPseofiopher merdis b i e o°
of f-gas &xiadi Rgoniigebsionsm@armssur(Sest atiewitiers therdineXparndistiosdrest dnelast
about -0.9, or -0.6, or -0.4, or -0.3 bar gauge. Wen using off-gas
~ designations for condenser off-gas and knock-out off-gas.) When using off-gas
recompression, it is preferred to recompress condenser off-gas, more preferably
knock-out off-gas, by at least about 0.05, or 0.1, or 0.2, or 0.3 bar. When using
off-gas recompression, it is preferred to recompress condenser off-gas, more
preferably knock-out off-gas, by less than about 0.9, or 0.8, or 0.7, or 0.6 bar.
When using off-gas recompression, it is preferred that the pressure of off-gas
exiting the lowest pressure stage of a turboexpander is less than about 0.3, or
0.2, or 0.1, or 0.0 bar gauge. When using off-gas recompression, it is preferred
that the pressure of off-gas exiting the lowest pressure stage of a turboexpander
is at least about -0.9, or -0.6, or -0.4, or -0.3 bar gauge. When using off-gas
recompression, it is preferred to locate at least one recompression step such that
it is mechanically linked to at least one turboexpander step and/or at least one
compression step for supply of oxidant from ambient air. Such linkage is
conveniently provided by a rotating mechanical shaft and/or gearbox.
[036] Attention is now directed to the preferred temperatures for an off-

gas inlet to a turboexpander means or, if optionally provided, at the inlet of an off-
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reconpression, it is preferred to |locate at | east one reconpression step
such that it is nmechanically linked to at |east one turboexpander step
and/ or atwbeastoeesi® conpression step for supply of oxi daot/Usecawioasrhs ent

air. Such linkage is conveniently provided by a rotating nechani cal shaft
and/ or gearbox. [036] Attention is now directed to the preferred
tenperatures for an offgas inlet to a turboexpander neans or, if optionally
provi dedgaspreheatingl mean$ placesf dftersa soblenhrecayeane and/qrl detydratiaremeansol vent

< prof cpRLeldra; Eio 0 PorRRR R BeANS RSP A s S RpaANE B er

step is pletlt8aptirstROWoekpOndér stdgls a®ledstGbodit 131856r 129abrasedobeds® any
of f-gas preheating neans optionally placed ahead of a first turboexpander

neans. | evalsaiadebefore anyodt-gas erehaaiingamneass aptionally plasediahead of @ first

t ur boexpander step is less than abo 0,. .01 17 r.o 165, 5C
eval uat eﬁjrﬁ%@&qa@ Jng??g.gé 'SpPr %ré%jﬁa ﬁégtnﬁfngerﬂﬁ)g@é%ea%tegﬁ 'ﬁetj}gf? ff'ﬁt

t ur boexpRirIeExpERRIET -stép i feddr Biaar iUt 180, dMe75 oM EBHL o 55T UetdIgdted
eval uated fromwhere reaction off-gas is formed near an upper surface of

react i onbeiege uany ©fixgas Prehealing éneans plaged ahaagh e fuisld&urbae¥pandars | ess
th b 5Q, t : t ed b
" gae Heeheath 49 mrblorcdd, R 8 SR BNS Gy LA B S e

of f-gas pr neans” op aced ahea I'TSt

means. [ shlioAldfhgagis foemeanséarcn upbearesurfaudesisreaptio@imeatiumttoovhdrel sffy t he
dewpoi nt of a worki,ggg fluid are well known in the art,éﬁertain constituents
i n of f gagadentele fiesd durboexpandeimeanssis lese dban @oyka Rl Ort0.870 )& and
COrr osi OQSJ@r

: ¢ . . ' g
oper ati naotgeeBatior Balisfe bBlork Ay At b B e N RS o PRERRC
bel i evedahead ofrpffirstdudsodxpapldec meainds and/ or bromine in conjunction with
wat er and/or dj . [038 ccordingly, it is pref d,t t ith

t he tenper at u%ﬁ?%ﬁ@”éﬁt? Cﬁ?’}sﬂ?ﬂ é?%oéé‘??nGﬁ@ E’P&éé'rr{ﬂ?aé ‘(P)ru?’% W ﬁ\(ljmer of
at | east gahgdint of é){}vomn? Fluid Gre WellZafod @Y ehé et lcee@in deMpLBhtstiAngIRr at ure

of the off-gas. Mrre preferably, these tenperature clearances from dewpoi nt
are nmui nga$ oédhatpresentonvertion causelexcessive andunts tafreyosiopaartit cOMgsion

e o B0y A E5" BN B R Rl e Ob! BPAAHHE tos.

of f - gas ReamRethel 86wpsint of bR, SChYeBIver Ssrititlionts 2ié Welid oY @6 @bhiphiseeans

and the exit of a turboexpander, and/or limting the pressure reduction
carboxylic acids and/or bromine in conjunction with water and/or dioxygen.

[038] Accordingly, it is preferred to operate with the temperature at the
outlet from at least one stage of a turboexpander of at least about 5, or 10, or 20,
or 25°C above the local dewpoint temperature of the off-gas. More preferably,
these temperature clearances from dewpoint are maintained at the outlet from all
stages of a turboexpander. Such temperatures are attained by various means
comprising limiting the mechanical efficiency of a turboexpander, adding thermal
energy to the off-gas between the exit from a solvent recovery and/or dehydration
means and the exit of a turboexpander, and/or limiting the pressure reduction
through a turboexpander.

[039] However, once the dewpoint is sufficiently avoided, the inventors
have discovered that it is often undesirable with respect to capital cost and
operating cost to operate the current invention with too much superheat in
turboexpander off-gas.  Accordingly, it is preferred to operate with the

temperature at the outlet of at least one stage of a turboexpander and at and off-
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t hrough a turboexpander. [039] However, once the dewpoint is sufficiently
avoi ded, the inventors have discovered that it is often undesirable with
respect twocapitsailscost and operating cost to operate tireTaIsRE0Q0O057T6Tvent i on
Wi th too nmuch superheat in turboexpander off-gas. Accordingly, it is
preferred to operate with the tenperature at the outlet of at |east one
stage of a turboexpander and at and offgas condenser inlet of |ess than
about 15@as condeter inlebof, less tid@d ababbi0,tdrel 20 ©4190d enpOT Gtabove4be lgcaless
efficien tur.bgexpander requires | ess added thermal energy to ensure that

t he tur bOR¥PARter outlet tenperature stays in a preferred dewpoint range.

Wien | ess entjpaopyAiless @fyiest furboaxptmdeRrsqiiged leisdadded enaveait etery9
mechani cal power, the exiting tenperature fromthe turboexpander is

i nher ent toyerisore ¢hat the erhgiexgandet aetletdpaperatucd staysdr a prefersed HEWPOHRI t he

costs for ele i cal _power. | NRProvin i kG bi
may be darBPmeeT S gifthelp TR s e GRendd WEEar sBhveRga il ' "¢
di SCOVerﬁ@chﬁﬁbaMﬁ@Wei,hﬁebéb'tiﬁng@émp@fatd% freat gtk turboemparetmrigyinherdndgs t han
about 0.3 tines the cost of electrical power expressed in the sanme units,

then it hettgsr efRepending omuihei relative aastnhali bermal heatemrd the epdts for
tur boexpgg&g{caﬁn ow&r uﬁ‘ﬁﬁmﬁeé' R{b%hghib%ﬁ Hﬁflecferh%%(ﬁ?bsf ! ﬂpé‘ttlfrﬂin%btrﬂé)? bae

desired dewpornt™Tande o expander o I's less efficlency than
an el ect deteipdergainer béneficigicfoe optiviied wagt. aThe dneenterghavadidceastedatimit 0. 5

rati f hani cal output to th | . ' t, h f
ther el WHER dge iUpkEoR T dRINGTEd Jarmalcnierauiniess han peeit BopmPsdReo t he
shaft m§é§tﬁ bfa¢kital Fpefwéﬁrexgré?se@ev@%@tsaﬁw ARRCanEASK s BrRsrédab the

I ncremen ermal energy input can be coupled wth inproved efficiency in
t he expamadeimizedhermenbariaskdffittarmypofethe tiboéxparndertandathivsecadditienalr kabl e

overall jnproyenent .in enerqy.recovery. Thus. it is preferred that the

mechani c e”@\a}/?E‘?@HdQp%tftoaoqqé%'g‘m%grd%'ﬁi@@g?rqu %’F%@'b‘#ﬁ' c’lurtil\eignt i on
is at | eppis @brRYE &heiefty thanCin HecthtalB§emaatifgipdtlert becleBmayLaahdnad,t wor k
out put possible to achieve by an ideal, Tsentropic eannS|on of the off-gas

wor ki ng' €lgui at.legstzatiout9.Sralie of meahanicat enathauipehto | gnefM INPEbm a

o oo Rl BEPBE Pahtel e b o B¢ PSR, S cbemBBt e
compared to the shaft work achieved. However, the dewpoint avoidance issue
means that the incremental thermal energy input can be coupled with improved
efficiency in the expander and/or increased decompression therein to achieve a
remarkable overall improvement in energy recovery. Thus, it is preferred that the
mechanical efficiency of a turboexpander employed in the present invention is at
least about 65, or 75, or 80, or 85 percent of the maximum shaft work output
possible to achieve by an ideal, isentropic expansion of the off-gas working fluid.

[041] In order to increase mechanical power output from a

turboexpander, especially in respect of maintaining the outlet temperature in a
preferred range relative to the dewpoint while using a high efficiency
turboexpander, it is preferred to provide the following amounts of thermal energy
into off-gas between exiting a solvent recovery and/or dehydration means and a
entering a turboexpander and/or at an interstage position in a multi-stage
turboexpander: at least about 100, or 200, or 300, or 350 watts per kilogram of
pX fed to corresponding oxidation reaction medium; less than about 1,000, or
800, or 600, or 500 watts per kilogram of pX fed to corresponding oxidation

reaction medium; at least about 10, or 20, or 30, or 40 watts per kilogram of
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turboexpander, it is preferred to provide the foll ow ng amounts of thernal
energy into off-gas between exiting a solvent recovery and/ or dehydration
means andwae 2emieiling a tur boexpander and/ or at an inter CAFS2@OHII7T6HN i n a
mul ti-stage turboexpander: at |east about 100, or 200, or 300, or 350 watts
per kilogramof pX fed to correspondi ng oxidation reaction mediunm |ess

t han about 1,000, or 800, or 600, or 500 watts per kilogramof pX fed to
corres pohdbogxmaddﬂtoiﬁegas dess than alalitulo, ar 9eas 80abo G0 Welts per Kildgram 30,

20, "or 501 Pl SRl Pl gERaa BHe el B AL T anerog e

t enper at |g@t %bé@t h008t OEBFBD, 69%'0@(2 ianatsff- és |t€|%®bre§tbﬁélhsé9rorﬁrth@@nalor 40,
or 600C;, and off-gas tenperature rise fromthernal energy input |ess than

about ZSGDeI@ylapwtleesﬂl&?ﬂab@ﬂt21@%2({00432]15Su@h1@®r@nts of thermal energy
are s l'ied exchange t | at

neat - exehange 421 aar) SaPraRc el TRIEE MBGY A FAEE Wi hetiSidingd: o
resi st anhwémtsalcénqﬂ%mqat@dncmduws @@laﬁ.ﬁgvvmear-etxbﬁaﬁgé b&lisd iy akLifatés

thermal energy is su ied by a hot wor fluid, nore preferably steam
condensi ngefe@mbmrmg N?fﬁ'%'ﬁ PQW%'@"\A&S&*a@bm@ﬁ%?éd metalhaliens @s t he

h |
oo RpBkE T BREah " Brtiraby BRIAFA TS Ra) ¥ Sk BEh 1o BRkRGI, Lo
nmeans anehdre preferablyl stesin condurisirantoforsaiadpdrtion rbfsmaﬁwantenatorhmt@ne

heat exchange neans el sewhere in a TPA producti on process, heatjng a
portion Eflrtﬁ?m?.r@ the inyesturs Cﬁ%ﬁ'ﬂ)%fhatf'tﬂﬁtﬂrﬁ redyioform, atW%PPB'OH d/ or

of f-gas. n@g@@g &?}W\%' gd by
oxi di zi nch&EAr%re%mWr‘et g%&?gﬁﬁgan I rect §6®?r%mn?ﬁgﬁ e res tin Ighot
reacti onnwanﬂuamé tonise at flegstsa Ration mftsaléaﬂasmatqmmducatsleaseoadnineated at
a |l ocation between exiti n\g a sol vq_rlg)t q{f@ ﬁ and/ or deh tion rr&ans and
ent er i ng®XChaNgsomeRRS Rise ey &d FAhP 2P RYACHIBi% o eia ng $,APEHO: age
t ur boexpgndAene HeRboERM solventdfiftriald sSIVBRE, I TFER sBNAr HBo6PYff-gagnds. More
preferably,” said fuel conprises an al cohol, acetate, and/or hydr ocar bon.

Still nore pr{ﬁ‘b'}]a@gtlon@liyd sugb| aprasddsi nfarthegmebrmergwsareetmlled dyhanol ,
nmet hane,

et hane, oRGRARY 5. A O B0 Hrpel oottt BRI NBhE g

[044] Prgfiidd ¥intd BAIgdsON SHid CRoPFftiofn produels arkradmitlRdout ¢etodation
between exiting a solvent recovery and/or dehydration means and entering a
turboexpander and/or at an interstage position in a multistage turboexpander.
Preferably said fuel comprises hydrocarbyl bonds. More preferably, said fuel
comprises an alcohol, acetate, and/or hydrocarbon. Still more preferably, said
fuel predominantly comprises methanol, ethanol, methane, propane, butane,
and/or fuel oil. Most preferably said fuel comprises at least about 50, or 70, or
90, or 95 weight percent methane.

[044] Preferably a portion of compressed ambient air is provided for
oxidizing said fuel, since off-gas from a solvent recovery and/or dehydration
means is often relatively lean in dioxygen and rich in water vapor. More
preferably at least about 50, or 70, or 90, or 100 weight percent of the
stoichiometric amount of dioxygen is provided from compressed ambient air fed
to an oxidation reaction zone for said fuel. The stoichiometric amount of
dioxygen is the minimum amount required for full conversion of supplied fuel into
water and carbon dioxide. Still more preferably less than least about 300, or 200,

or 150, or 120 weight percent of the stoichiometric amount of dioxygen is
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oxidizing said fuel, since off-gas froma sol vent recovery and/or
dehydration neans is often relatively |lean in dioxygen and rich in water
vapor. Mowe 2proafeesiabl y at | east about 50, or 70, or 90, pom/ud@9oxvei7ght
percent of the stoichionetric anmount of di oxygen is provided from
conpressed anbient air fed to an oxidation reaction zone for said fuel. The
stoichionetric anount of dioxygen is the m ninmum anount required for full
conver si provided frop) ceanpressed ambiem tair feshlp amoxisiationoradion gonelforsaid

preferab | ess (.t h l.,east agbout 300,  or 200.,.or 150 .o .12 1.gh er cent
b “the. slHAc P GRARI: RcRrre SmaraRyselen enrisia sa% 1Bl is o P Eaho s on
air fed BEoaBr a0dat i600, 'R BYO°ON) P@é‘t;@rélﬂ?, 81 skidatRin chtaffstligbloy useleopeak
tenperature for oxidizing said fuel is at |east about 300, or 400, or 600,

or 3ooocprqr?@teet’r@bq»9¢izm ek ptilaasb @bedt 40y of 50s of $0. 95 &H W@iqiﬁd?ﬁﬁﬁ%ntt?fe ;
_oVV c 0 . .
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t he VOC MOOfih- gffigyasxekiting a solvernirec®ny eaivd/anddehyddgtiond magans iseasts i s

not conbusted before exitl ng the | ast stage of a turboexpander. [045]
Besi des FambustadReforpyiting ihe lagti stageakatubgexgandeft et to a tur boexpander,

the inventors epdi v hat | r i :
preferred for [%regaélsslﬁfr;e% ﬁ%@ﬁ%@@ (t)%rnég{gg@v%gr %?%%S{qlgngt ?&{i 'ﬁlrl‘#ce)tto gf at
| east onturboexmendentherinveatoss have sliscoverebitat tms deckhsaredherkibmpare hso

di scl osures herein pertaining to design and operation of a primar

oxi dat | ORTGTEHEE 1BNINGERASHAA Ui MiASs A MAIET Veeay apnineuing: inled ) &t Jt4Pnfeans
and of CRIBBEkbAHETORYANSS. THedeS cBRfffoRitoHS BRSlerldbfed AP AR |digBIoBlred! | - gas
flowwng into at [ east one turboexpander step conprises at |east about 3.0,

or 3.3, berednPpertaining & desiggrand openationrof @eprikianogxidatian regactiomdmedium,

' I dat i ti ' [t i f . t hat h .
conpos 1 PbR DVt rE@y paRfarsahyERtian neabs: SaEof boRectinadndule gt is
conpri seprafbrre@aRht ﬂ#é%%m?ﬁﬁon%f dif-8ds Wil dfto Arelstidn&itli®Berpanderat er

per kilogram of off-gas at the sane location. It is preferred that the mass
fl ow of 8tegaemprises taideasl abowl 34, aredSt asnbSt oF Bl kaatam oft wptarsper

eost oo hbarirer B e Bbrdndba A RC B RO R BRSO,
a sol venthdtethevebspasitionr oﬂeiwgasttﬂonwn?v_aiatw.atllbaiss oeneurbbeypatasarr sfelpe to
maxi m ze the recovery fromreaction_ off-gas of .
comprises at least about 0.38, or 0.42, or 0.44, or 0.46 kilogram of water per
kilogram of off-gas at the same location. It is preferred that the mass flow of off-
gas into the inlet of at least one turboexpander step is at least about 6.9, or 7.3,
or 7.6, or 7.8 kilogram per kilogram of pX fed to corresponding oxidation reaction
medium.

[046] Attention is now returned to a solvent recovery and/or dehydration
means. It is generally desirable to maximize the recovery from reaction off-gas of
vaporized compounds containing at least one hydrocarbyl bond, herein called
"volatile organic compounds" and "VOC". If not recovered from off-gas, these
compounds are undesirably released to ambient surroundings or, more
preferably, mostly converted to water vapor and carbon dioxide in a TOD.
Although the TOD effluent is more environmentally benign, the loss of VOC from
a solvent recovery and/or dehydration means remains an operating cost.

[047] More specifically, it is generally desirable to limit the losses of pX,
acetic acid, and methyl acetate in off-gas entering a TOD. Such loss

minimization is influenced by various mechanical methods in a solvent recovery
19



vapori zed conpounds contai ning at | east one hydrocarbyl bond, herein called
"vol atil e organi c conpounds” and "VOC'. If not recovered from of f-gas,

t hese commpounts6a3ieé undesirably rel eased to anbi ent sur POTASRVYHOIIGI NOr e
preferably, nostly converted to water vapor and carbon dioxide in a TOD.

Al t hough the TOD effluent is nore environnentally benign, the |oss of VOC
froma solvent recovery and/ or dehydration nmeans remai ns an operating cost.
[047] Moaediopedehydralion, meanss behethel IsyspawiqrabSeuttbnatiem tcarnteolleds bys  of
pX, acetjc acid, a acetate in o S. enteri TOD. Such, | oss
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recover yganydratios 'menas | OGéFﬁ#QEy Qtéatémexﬁemmbsoaf leherdy IMi@ girdvide
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dehydration npous- Howeller HoYRy elinveriiérsi NNavé Oldisdtivetedi 2RAY eirgdntidrailly
intentiopally increasin 1osses of volatile organi ¢ conpounds above their

bare i mnﬁﬁﬁsmdpsges Wil M@hablﬂe@rmfsawmppueégsaté@@mhelésbweemlnml@gr at ed

Wi th theré |'ﬁegﬂ®]09 ccor%g"a l%creg Motmlggvﬁﬁ ?é@é?’eootnl@hthe fuel

turboexpan 'S pre erre
renoval _aeddebfaag;ommaaelshampdwasﬁecowma/&mboemwy and/ or
S

dehydrati on an ocessi ng reaction off s as disclosed herej
pre%lerred thg‘f 49rs]e&96ﬂ'§’éfﬂ%lvg'ﬁ§ Breferred 8%@?'%&‘1?}66? ensrayrerpgval cﬁ"%@"er&y 90
wei ght pRysegBtin Okt féfa% Ste Eﬁfvbhﬁgeéé%aa@dr?bﬁgj%gglf‘%%\ﬁe agxg Cbec ssin

dehydration neans IS ess t han about , , uce
eval uat ecedatiom offigas a&alﬁtciazsedohéFegras It 8s fpmeﬁw@dnﬁrﬁat tha tepnmratwe fcz{cm of

reactlon ref toin ulatea out, 70, or or
1 oL Rbal 40 ot &AL CE DO BeighE Rt o ot G5 e TBRG frafa s $VEMtes oo

and cont Fé&oﬁ/eﬁﬁﬁ”ﬁalo?'d%yﬁr%ﬁ/ﬁféarfs%%@é thadbeut Q@hﬁﬁiﬁ@t bP'SO”%?%W' th at

| east about O. 02 04 0.08 neters thickness of insulation

mat eri al rectu@ggl g\élmataﬂ fmmhm%ﬂa@’tlon aff:gasis farmedypear enes_mﬂrwriape
o oot TR b B AURHRIA e i Bl 1 o G
condui t sggngéeny &sFsles e@(@@iﬁé65|a'h§blénﬁ%hﬁﬁﬁé HREO\UET YordififsOrvedeblsd maadi on
means are | ess than about 40, or 20, or
controls comprising a solvent recovery and/or dehydration means with at least
about 0.01, or 0.02, or 0.04, or 0.08 meters thickness of insulation material,
despite that vast amounts of thermal energy are eventually released to ambient
surroundings after a turboexpander. It is preferred that thermal energy losses
through exposed, ambient surface area of conduits and/or vessels comprising a
solvent recovery and/or dehydration means are less than about 40, or 20, or 10,
or 5 watts per kilogram of pX fed to corresponding oxidation reaction medium.

[050] It is preferred to limit thermal energy recovery such that less than
about 1,000, or 100, or 1, or 0.1 watts of thermal energy per kilogram of pX fed to
corresponding oxidation reaction medium is removed from process fluids through
conductive, isolating, heat-exchange boundary surfaces located from where
reaction off-gas is formed near an upper surface of reaction medium and until at
least about 80, or 90, or 95, or 99 weight percent of the dinitrogen therein has
passed through a turboexpanders means. Some designs known for recovery of
energy from reaction off-gas comprise condensing and recovering solvent by

extracting thermal energy across conductive, isolating, heat-exchange boundary
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or 5 watts per kilogramof pX fed to correspondi ng oxidation reaction
medium [050] It is preferred to limt thermal energy recovery such that

| ess t harwalkowr06231800, or 100, or 1, or 0.1 watts of thecwaiS2em@0iyy3 per

kil ogram of pX fed to correspondi ng oxidation reaction nmediumis renoved
fromprocess fluids through conductive, isolating, heat-exchange boundary
surfaces |located fromwhere reaction off-gas is fornmed near an upper
surface srfacesctd baahedd/on vaperizat utilityfluidsapriontso off-ga, passing thiughea or 99
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to heat andlobr coaling i feidst icompriser (waterplingid t andfer - Yarom aighth @lrtiadiGgh a
t ur boexp Fooadne: Ut Li f ] ui ds hen used for generation of shaft
power anﬁy%(lacﬂbéﬂ‘3+cg‘bd Sba%/%é)ra#&f %'ﬂaé&g%/'pi n ot her steps. Exenplary utility

heat transfer[o8¥/ firiscoeifémad fthat ds sclwent irecowsmy eand/or detiydratioar meapsr
i ght aliphatic hydrocarbon |iquid and/or vapor, and/or air. [051] It is
pr ef er r e@PEIREES WhPuUle AAdING: Ak r 9ZEOTEPRIF BRPRALIAR SAMPEYAY. opEXBFIAN; t hout

addi ng a L ORI.G rat i . | r t ' istidil ation
corrpoundgz%(;)t rl{)sgisﬁ[%ﬁoﬁﬁlﬂgg ‘ate ang/ g?s%i(ﬁpgjwl gg%?%tée@ylbf ﬁﬁ%?gferred
t hat a satstatd. r #cverefeaed/ dhatdahgdivent cmecoeenys aodmratebydvation nateanddi t i on

azeot r opPESHSY MiPbAtSRpcRiess BRnaE Oy B BBvanD IERSTeh R0t om
reacti Onr@rgraﬁﬁaf a&?&ﬁpibtdiéﬁla%ﬁf &ShBOUhdRbeR KIBY MR lof SRR MEcavsear

dehydr at nmeans o e present invention conpriSes a high efficiency
di sti | | afroonreaetios offrgawessi ng at | east about 80, or 90, or or 99 wei ght

95,
percent of th n-.condensab ases, and/ or dinitroge resent in reaction
off-gas. It i Eoéﬁe#e'? rggape[r ﬁﬁiadscalygpfjrqc&vle%aﬂgf;ﬁs& HﬁgﬁﬁP eg]eraétnsl (ggst
about 20thedpredant fiverfion @bnibrisedanhigh éfiernel drstmation invdand procespingfatr r ed
that the flowing frictional Eressure | oss of off-gas through said

di sti | | ataashabedh80i ar P@ser Onaer 89 ovaigbbpeseniof the nou-copdensallp|ansescal .
ool 5o BB ol te bR IR eitoRloRelepiaaita
not wi t hs hrigmisnebrirédest 4iti Isastnatssuitr2d)loy 25, oF BS, bh85 el atages dfiseptrationf such
A lEt ilsspren%r?'eg rtﬁ;te Edgg C%Iotvﬁng frictional pressure loss of off-gas through said
distillation means is less than about 60, or 40, or 20, or 10 kilopascal. It is
preferred that any distillation trays are of a low pressure drop design of less than
about 1,200, or 900, or 700, or 500 Pascal per tray, notwithstanding that this
undesirably limits the operating turndown of such trays. |t is more preferred to
use structured packing as is known in the art, notwithstanding the need for
expensive, corrosion resistant metallurgy and also the potential flammability of
some metals comprising titanium. It is preferred to construct said distillation
means using at least two different vessel diameters wherein the maximum
horizontal diameter of an upper section is less than about 1.0, or 0.96, or 0.92, or
0.90 times the maximum horizontal diameter that is present through at least
about 4 meters of height in a lower section and is processing at least about 80, or
90, or 95, or 99 weight percent of the dinitrogen in reaction off-gas.
[053] After exiting a turboexpander, it is preferred that at least a portion of
off-gas gas is cooled in at least one heat exchange means, herein called an off-

gas condenser, thereby producing a liquid, herein called reflux and essentially
21



use structured packing as is known in the art, notw thstandi ng the need for
expensi ve, corrosion resistant netallurgy and al so the potenti al

f I ammabi IwWOyomfo6szise netal s conprising titanium It is pCcefiseeedoi’e3
construct said distillation nmeans using at |east two different vessel

di ameters wherein the maxi nrum horizontal dianmeter of an upper section is
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condenser is reduced at |east about 10, or 20, or 30 _or 35C hel ow

t ur boex paAti EPNEERSETt IS fesf ian abeut 110,08 1;90epér9}0e@r18|9a@ tlhés B er@%@ that
tenper at Y LofX-s! Rehrhtlir@ dxitity sERNGRESE condiehSdH fiefbduked 4telst about

10, or 20, or 30, or 35°C below turboexpander outlet temperature. It is preferred
that the off-gas temperature exiting said off-gas condenser is reduced less than
about 100, or 80, or 70, or 60°C below turboexpander outlet temperature. It is
preferred that thermal energy of less than about 3,100, or 2,900, or 2,700, or
2,500 watts is removed in said off-gas condenser per kilogram of pX fed to
corresponding oxidation reaction medium. It is preferred that thermal energy of
at least about 1,600, or 1,800, or 2,000, or 2,100 watts is removed in said off-gas
condenser per kilogram of pX fed to corresponding oxidation reaction medium.
[054] Reflux amount and temperature are selected and controlled to
maximize the water vapor entering a turboexpander in balance with minimizing
the loss of VOC in the off-gas exiting the condenser. It is preferred that the flow
of reflux to a solvent recovery and/or dehydration means comprises at least about
7.0, or 8.0, or 8.5, or 9.0 kilogram of liquid water per kilogram of water of TPA

formation produced in oxidation reactors served by said solvent recovery and/or
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about 100, or 80, or 70, or 600C bel ow turboexpander outlet tenperature. It
Is preferred that thermal energy of |ess than about 3,100, or 2,900, or
2,700, orwd,260062&ts is renoved in said of f-gas condengem/yserodknizesyr am of
pX fed to correspondi ng oxidation reaction nedium It is preferred that
thermal energy of at |east about 1,600, or 1,800, or 2,000, or 2,1 00 watts
Is renoved in said off-gas condenser per kilogramof pX fed to
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of liquid water ogram of wat er "vapor exiting from sol vent recovery
and/ or deioye rwateormassris . fofraétieby apembastion wf tfheb)pt itoisapreferredt thiat rthag of

fuel, t is f db nbust i f ), Lt f. d
hat "t hoterapgTerie (o egh fefh fhea salvers TRCauyeartc/b AEbudirtion MeRNS R Al at i on
neans i s|eakt hBAH4RRAW0, B9 .5500r $9°CO'It Roprefsrré® Hat thé témpBFRiRY bedALRat the

tenperature of reflux fed to a solvent recovery and/or dehydration neans is
cool ed | tesktotanaalveot repovery, and/opdehydrationanpansis ceolpdlessir@ncd0.@t33, vapor

of - gas GornattellC:e Bl TphTe 2 WRtEL b Ao S Reh BRiodiPE Ry ent  on
greatly increpss] The iMeentors Pbtethgtapladingaas GTHgas @on@dhssr andueixildw
Unl ess conduits of unusually |arge dianeter are used, flowng velaocities

and fri cPiessHre peedydingtaitshPEgsensfimaidiopegreatly increases the volume of off-
gas at a condenser entry and exit. Unless conduits of unusually large diameter

are used, flowing velocities and frictional pressure drop are offensive.
Accordingly, it is preferred that off-gas conduits between a turboexpander outlet
and an off-gas condenser inlet have diameters of at least about 1.2, or 1.5, or
1.8, or 2.1 meters, which are quite large for pressure-containing process conduits
made of various expensive, corrosion resistant metals and metal alloys. To
mitigate the conduit diameter and cost, it is preferred that the superficial velocity
of off-gas in conduits between a turboexpander outlet and an off-gas condenser
inlet is at least about 30, or 40, or 50, or 60 meters per second. These are
unusually fast conduit velocities re erosion, especially for a corrosive process gas
near its dew point, and careful control is required versus the dewpoint. At the
outlet of an off-gas condenser, the certain presence of liquid droplets increases
the potential for erosion and corrosion, and it is preferred to limit superficial

velocities in these conduits to less than about 30, or 25, or 20, or 15 meters per
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Accordingly, it is preferred that off-gas conduits between a turboexpander
outl et and an off-gas condenser inlet have dianeters of at |east about 1.2,
or 1.5, owoD2oByo6e3152. 1 neters, which are quite | arge foPCT/US2009/005763
pressure-contai ning process conduits nmade of various expensive, COrrosion
resistant nmetals and netal alloys. To mtigate the conduit dianeter and
cost, it is preferred that the superficial velocity of off-gas in conduits
bet ween secandamtipandening a Ikeockaiit ameans -fgadiquichdenymal,i aseis disclmsedeast
about 30 120 40, .or .50, or 60 neters per second. These are unusually fast
condui t 9@?3’@@(?5?@'8' erosion, especially for a corrosive process gas near

i ts dew poi nt [058]d Tharialehtofs BisoOhoteSthbEBPEFRIhgVAT DFSgdEoR@dRirndt-lodt the
outl et of an off-gas condenser, the certaln presence of liquid droplets

i ncr easeprassergAacerding totherpresent dnention dces, useidfi 8 lawesr pregessd to
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condensey s, J &I Giad. ARRUALRL BRI UK indREsb8EeaPEPEERUURAD EALtHE
pi nches closSer to € tenperature of the coolrng Tluid, and the 10

process heasexstangeubesndary eslurtandsf iwhitle agditally eotnprisehearious expémsivan t he
process side. All factors Iorcg an ié]creased area of conductive, isolating,
heat - excRAFRIOBSERIgHN mela meial 1OYeypi cal Iy conprise vari ous
expensi ve, co [ r 8Sd: n t i gn
chal | enges an[idsggs?gefg%'gﬁadgﬁl-gg géc%gﬁdg%tggrfatfﬁlt hgﬁ%seégﬁéqs%g?ﬁtﬁ%n are
still fuptdsent amgentionearenstitinfusthes| dmplifieok whenresgeliinguptefesédvammeuntsagfor t o
anbi ent surroundi ngs agcordi nrc&wtgcgj.sorre asHEtho of the%{?rcgse?tt L nventi.on.
Expel | i n 3L YRR JO20Q1RY Sy IN9s, ABHTIING; (0 FemEs APt @' HhaRIEsey
control  inVeftibh OEbkNingRIeuteY RimAints B¢ Waiter ehtroducds Qréqursmentdenser
even when operating w th new or un-foul ed conductive, isolating,

heat - exchamnigel intantionaly the aaosst ofenrrgyoiRenovassin an of-gas cogirNaes eved/ or

ener 9, Wb ol R O Ly 0 g B SR BBA oL e SR

di urnal Bodné&gUMHcesMRitANbwehangsssflow throughputs and/or energy duties when
producing TPA at reduced production rates, and with variable temperatures of
cooling medium as is often the case, e.g., due to diurnal and seasonal ambient
changes.

[058] A particular challenge for control of an off-gas condenser means is
that most cooling tower water systems contain amounts of dissolved solids that
are greatly concentrated by evaporative cooling with ambient air. When the flow
of such cooling water is throttled to control the process temperature of an off-gas
condenser, the temperature of exiting cooling water rises. If temperature of such
cooling water rises too far, some of the dissolved solids precipitate.
Unfortunately, many highly corrosion resistant metal alloys are rapidly attacked
and perforated by pitting corrosion under such tuberculated deposits.
Accordingly, the inventors disclose the following preferred embodiments for an
off-gas condenser according to the present invention. As used herein,
"condenser off-gas" comprises off-gas wherein at least a portion has been

processed in at least one off-gas condenser.
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[058] A particular challenge for control of an off-gas condenser nmeans is
that nost cooling tower water systens contain anpunts of dissolved solids
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the flow of such cooling water is throttled to control the process
tenperature of an off-gas condenser, the tenperature of exiting cooling
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t he di ssol ved[@a8]i Usispprefersed dhat saiet @fftgaﬁapenqenwquﬁiugmgyh@wdrwetern

corr os: orotages Ao Sibidisdr KR Abafthi ghedeive. Rl

di scl osehéreexaHdnge! beud &y esurtstesToontalfing Sdidroffgad! it g§5pr@m”rfkﬁmreat
accordi ng) to the resent i nvention. As used herein, "condenser off-gas
r

conpri sefreed dg%f& alseale; wsad tq Bpye air flowacsashihe serduGlivecisolating, heat- | east
one of f- ggf‘r?agr g%&gﬁﬁaﬁpéa]'fakes 'c?brﬂérﬁ ngj;lsgfb %?Péa§altd ngf'efgﬂ%dc%qef%ﬁer

produci ng conprises ai air 1sin

contact gpédd, crendbletiévmtchl mi ﬂbwngonthﬂaburaeoehang&)rb@thedwiryﬂ@wréraﬂes air
cont ai ni ng said off- g% is preferred that forced draft fans are used to
move ai r tEMRRIAATEEN fq\énear\%r@é@.uﬁ@d fosadiyst the amey x%fh%fﬁ'@@ seashiaar i

surfacesré“s%lfal Qb"bng Iéﬁ’fld?@%f yrd8ss \/éﬂé@lepb .f[éarﬁ eF#? F?ﬁ)‘?sgsurea& bl ade

pitch, ow contro ers, /or ot ow an
t enper at uomadcmwrrmff—gas,at&mpesatmmedndlmraftbvwsatd loé wmienseoilqurﬂf oglemlcaiol i ng
in response to. at

@"e? rocess %/farl abl e; g nperature and/ o
pressurec%mp%\t\'@@n? el e'ﬁﬁf*p@ HAH @ngffﬁf/(‘} "fj?B a¥ 8PY cBh '@ﬁser
l'i qui d; ﬁ{b%rghp&heﬁp@@smﬁraegd g{)nﬁjdsh@;naq:gﬁgggger of f - gas and/ or condensat e
by any on-line measurenent, e.g., iInfrared compositi onal anal ysis. [060] It
is nore prefe[OGsQi tthist rrmeopreferrghghabaa@ngﬁfgqﬂ cdodemser prqusﬁuaingathuid

wat er contact. wth.,c ' I sol atl
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wat er fl gueHaige be@ddrpSuRices dottaihingesamarst-gas., IeRdpeifere® thatdcowlingr
outlet tenperature are used to adjust the anpunt of off-gas cooling in

r esponsewaterafloye saie, m@“ﬂ@o‘dé'@' ndeti tameeratyye, QQSHQ@ pg ‘e{ﬁtﬁroﬁuﬁlﬁtessure
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chem cal "conposition o condenser o nsate by any
on-line Rgasonenprocess \@nableﬂ‘e@r tsmpergoe anomalprasahryesoScorhdengermsféf erred

that at | east a portion of cooling

gas; temperature and/or flow rate of condenser liquid; chemical composition of
either condenser off-gas and/or condensate by any on-line measurement, e.g.,
infrared compositional analysis. It is preferred that at least a portion of cooling
water exiting said water-cooled heat exchange means has a temperature of at
least about 50, or 60, or 70, or 80°C. It is preferred that said cooling water
comprises water cooled by direct contact with ambient air. It is more preferred
that said cooling water is "enclosed loop cooling water”. It is preferred that said
enclosed loop cooling water comprises a reduced amount of Total Dissolved
Solids (TDS), e.g., de-ionized water or steam condensate. It is preferred that at
least a portion of heat is removed from said enclosed loop cooling water in a heat
exchange means comprising utility cooling water cooled by direct contact with
ambient air. It is preferred that at least a portion of heat is removed from said
enclosed loop cooling water in a plate-and-frame heat exchange means.

[061] Optionally, it is preferred that at least a portion of the conductive,
isolating, heat-exchange boundary surface is removed from duty from time to

time in response to at least one process variable e.g., temperature - and/or
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wat er exiting said water-cool ed heat exchange neans has a tenperature of at
| east about 50, or 60, or 70, or 800C It is preferred that said cooling
wat er compoizeseaEser cool ed by direct contact w th anbiPemtusasnw/003763i s nore
preferred that said cooling water is "enclosed |oop cooling water”. It is
preferred that said enclosed | oop cooling water conprises a reduced anount
of Total Dissolved Solids (TDS), e.g., de-ionized water or steam
condensapressute oEcondsgnser eff-gasit tempearatuse andfor lowmatss oheandenserdigiidsd from
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| oop cooling water in a plate-and-frame heat exchange neans. [061] |
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d BT
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new prob even ving the need to adjust and control ener g?/
r enoval . bélanse Ibgcasse solygphyaponisinut ieastye condénsast Komkypassedindi-gas.elfas

1 om by pleSc it B 120 e 0dg uBrPareatovpl [eeiis <ok dtieceReiiv o

seeki ng pQiapdé| feywhitd ISAEY i§3@{>§étcf6r thd18oWehe Fedtivledy §§stietn, UpaRing the t he
sol vent recovery system making the recovered sol vent become too wet or too

dry; andradeveeed soliesb bapomesteo wat ohéoadbyirandtharedssaise arouaset antheent
(el 235 §RUR sRoLGR oFE8Uh ik HSRRSEMEE & TEAST SEchAAgencE"
envi r onngasipablé & pédBNbineRstIRlenserBffejas andcbypassediifigas for treatperitliesmt i c
because an aerosol fog is typically created when a colder, |iquidsaturated
shared, common environmental tréatment means. However, such recombination
is problematic because an aerosol fog is typically created when a colder, liquid-
saturated gas flow is combined with a warmer, liquid-saturated gas. Such an
aerosol proves dangerous with respect to pitting corrosion in conduits and
equipment, for the aerosol is prone to collect as droplets on cooler and/or less
turbulent surfaces. Rapid removal of such an aerosol from a high velocity
process flow is difficult to achieve while limiting pressure drop and/or input of
thermal energy, notwithstanding that such a fog may readily coalesce to rain
liquid droplets when provided longer separation times.

[063] Accordingly, the inventors have discovered the following preferred
embodiments for the present invention. After exiting a turboexpander, at least a |
portion of off-gas gas is bypassed around at least one off-gas condenser to form
a "bypassed off-gas" using one or more of the following preferred aspects. |t is
preferred that said bypassed off-gas is cooled less than about 60, or 50, or 30, or
10°C in a heat exchange means comprising conductive, isolating, heat-exchange

boundary surfaces before combining with off-gas exiting an off-gas condenser,
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gas flowis conbined with a warmer, |iquid-saturated gas. Such an aerosol
proves dangerous with respect to pitting corrosion in conduits and

equi pnentwofeoro/dasbasaer osol is prone to collect as dropl ecs/useooomai’es and/ or
| ess turbulent surfaces. Rapid renoval of such an aerosol froma high
velocity process flowis difficult to achieve while |imting pressure drop
and/ or input of thermal energy, notw thstanding that such a fog may readily
coal esceenteringi a TOQuaddr dygirg selwhsad do ambient Isurrgendingsar Wtis preferneds.

063] Acgor.din t he inaventors, have, di scovered fthe follqw n referred
cbotii el B oYs oS EES i BRIRARL AOOUF T L d i & M s o
| east a pfrddsOexifihg af tirispandet.s Ity Rrefepfbrihay Bdidebyp£aed (S’I‘ﬂ%a@flé tedRS
condenser to forma "bypassed off-gas" using one or nore of the follow ng

pr ef er r ethags @bout . 50t of HGr ef & ear APatweiahtd peygrid sell alr pffgas iexitingolked

conpr 1 o1 NyBBEKRaIRr, s aisired Shetibe ew g S bR RL AR RS st o
conbi ni ngp eidjstothle- AKX idfi 6f-gals ebOIiIMAN TesPensE to e4tt Ridsbbrie prdsessnd/ or
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ei ther condenser off-gas an/or~condensate by any on-line neasurenent, e.g.,
i nf r ar ed"mixedosffigasiidlefarealrgiease tbt ambignteswrowtlingsat Itsiai preffgmed dbat af f - gas
Is conmbiped with at | east.a portion of off-gas that has exited an off-gas
condenserriaskrost Paanty e it ga8t BupqreiEoTuloaig S roedioes Al  ngs.
It i's preigerLportitH of condehkePdif-gaantheraty biddutihdgita Mensdk-Qiteofigashe
follow ng features Processes at | east a portion of condenser off-gas,

t her eby g’mf@t@blvngata easha@brublp, 60f 9§a99.9 meight perognt of thedisuidapoleringo, 50,

copar ai o80SR BArS 7 bePaiel Y PO SR oot R wB 96+ Bidn BPOBE0S,

99. 8 wei gho5per 9enor 80.8Weigrtspatcaht 6PER YS! diRitIYePPRGINNaN opehitg inotver 80,

or 60, or 40, or 10 percent of the height of said knock-out neans.
lower 80, or 60, or 40, or 10 percent of the height of said knock-out means.
Preferably, at least a portion of said knock-out means is located at a lower
elevation than at least one off-gas condenser providing gas-plus-liquid
multiphase flow into said knock-out means. Preferably, liquid water exits said
knock-out means from an opening located below a flow inlet from an off-gas
condenser. Preferably, the superficial vertical velocity of off-gas in said knock-out
means is less than about 4, or 3, or 2, or 1 meter per second at the plane of
greatest horizontal diameter. Preferably, the superficial horizontal velocity of off-
gas in said knock-out means is less than about 6, or 5, or 4, or 3 meters per
second at the plane of greatest vertical diameter. Preferably, the mean residence
time of off-gas in said knock-out means is less than about 20, or 13, or 8, or 5
seconds. Preferably, the mean residence time of off-gas in said knock-out
means is at least about 0.5, or 1.0, or 1.5, or 2.0 seconds. Preferably, the mean
residence time of liquid within said knock-out means is at least about 0.5, or 2, or
4, or 8 minutes. Preferably, the mean residence time of liquid within said knock-

out means is less than about 60, or 48, or 24, or 12 minutes. Preferably, at least
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Preferably, at least a portion of said knock-out neans is |located at a

| oner el evation than at | east one off-gas condenser providing

gas- pl us-wopauiochemibt i phase flow i nto said knock-out nmeamreT/USc@bo0E6S v,
liquid water exits said knock-out nmeans from an opening | ocated bel ow a
flowinlet froman off-gas condenser. Preferably, the superficial vertical
velocity of off-gas in said knock-out nmeans is |ess than about 4, or 3, or
2, or 1 oRe bdauiggemaing tnaingemenisifaces otfjes thans pressure isplatingibeyrdary
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passi ng oh80 pegncentlofdiguid droptetsnsmalierathaheatdeasthabouttb@DAF, 240, @. THor, or

0. 002, 0. 004 et il f off- iti '
enock. ougS Taierans Breseth oir ol patingoh Midtiit s s iRt dram: ough
sai d knogkokubut"BAYRsC OThaGhvertbrd BatlosebPidt tReddario@s Pefddled Riatlre@l , or

0.02 square neters of non-pressure isolating solid surface area per
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at | east_about .70 aor 80, . r liquid droplets snmaller than at
| east ab%ﬁ'tgagcfdt, eBPN'tQOCH,W%ﬁéqgo%p%sséggﬁ'sgsms present in off-gas entering a
knock-out mea[pe4dr B fLIprefsirdd apak naickeadtit a opbrtgds .of Tbgpasseehtiaif-gasli iscl ose

that these various preferred features for a knock-out neans are preferred
in a knoRlecegsedrdn it TRIDdRatplfp prresheRatdeasigaspetioRef affgasdhahinasout
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temperature of said mixed off-gas before entering a TOD means. This heating
reduces condensation in off-gas conduits, vessels and other enclosures and thus
minimizes the cost for materials of construction. This thermal energy can be
added in whole or part to said mixed off-gas flow, to said bypassed off-gas flow,
or to said condenser exit off-gas flow. It is preferred that the temperature of said
mixed off-gas is at least about 10, or 20, or 40, or 60°C above the temperature of
the off-gas exiting said off-gas condenser.

[065] The inventors disclose that it is preferred to add thermal energy to
knock-out off-gas according to this aspect even without bypassed off-gas. It is
preferred to locate the off-gas condenser and the knock-out means as follows, in
order to balance simultaneously the cost of pumping cooling water to high
elevations, the cost for tall structures and supports, and the provision of elevation
to enable gravity flow of condensed liquid in and/or through an off-gas condenser
and/or knock-out means. It is preferred that the elevation of a lowest cooled

surface in at least one off-gas condenser is less than about 50, or 30, or 20, or 10
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before entering a TOD. Myst preferably, thermal energy is added to raise
the tenperature of said m xed off-gas before entering a TOD neans. This
heati ng rwouresweexindensation in of f-gas conduits, vesselPSTAISA00WNFTH3

encl osures and thus mnimzes the cost for materials of construction. This
t hermal energy can be added in whole or part to said m xed off-gas flow, to
sai d bypassed off-gas flow, or to said condenser exit off-gas flow It is
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250, or 200 weight percent of the water of TPA formation. This avoi ?s

expendi n§rbggxpander power cycle with subsequent capital and operating costs for
treatment in a TOD and without a concomitant increase in supply of reflux for a
solvent recovery and/or dehydration means. It is preferred that the vented water
vapor is at least about 100, or 110, or 130, or 150 weight percent of the water of
TPA formation. To avoid overly dehydrating the recovered solvent system and
thereby upsetting the oxidation reaction conditions, preferred sources of the
water amount exceeding the water of TPA formation are disclosed herein.

[067] It is preferred that vented water vapor in excess of the water of TPA
formation comprises at least a portion of water that has entered the process with
the oxidant supply, more preferably compressed ambient air. The preferred
amount of water vapor entering in compressed air is disclosed elsewhere herein.

It is preferred that vented water vapor in excess of the water of TPA formation
comprises at least a portion of water formed from over-oxidation of aromatics and
solvent. It is preferred that vented water vapor comprises at least about 0.05, or
0.10, or 0.15 kilogram of water formed from over-oxidation of aromatics and

solvent per kilogram of pX fed to corresponding oxidation reaction medium. It is
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much heat of oxidation reaction in vaporizing water liquid in a once

t hrough turboexpander power cycle wth subsequent capital and operating
costs forwoOneswasesis in a TOD and wi thout a concomtant POTESa®e/003T63UPpPl Yy
of reflux for a solvent recovery and/or dehydration neans. It is preferred
that the vented water vapor is at |east about 100, or 110, or 130, or 150
wei ght percent of the water of TPA formation. To avoid overly dehydrating
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reaction |spre erred tha er vapor co ess than
about 0. 66nduits, Oth;esorarﬂi equipnertt artt & pmfeenedf thiratreverfted nvateervapdrdiat i on
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pressuri zed steam east a 0, 95, 99 weig per cent ter,
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liquid solvent, ferred ati.ons ri se_st

hor e > BpRbes A T6SHA Poflidh b NaS Tnkd B 4% PadbliEPicTSer3hdh S 2
equi prengelveht ipSiriRESicH raﬁd/drh@étamﬂtrédom?e;sro&awrcdmlp@iﬁg%scgésﬁﬁ@g nat er
of TPA formation co rises at |l east a ortion of water used to scrub

process Weht Pathllo. s18382FntUS 7304398, erd b SarateAPRUPHBUMNG. ng@05-1t s
preferregoggfﬁg vent ed water vapor in excess of the water of TPA fornmation
conpri ses €ast a portion of water used as an azeotropic separation aid

in a solvent [069]f itdstprefermacthat venteal water vapor i exdiseasfihe water oS TRA

disclosures in U S. Pat. No. 4,939,297, US 7,351 ,396, and U.S. Pat. App.

Pub. No.form@tion comprises at least a portion' of water formed from oxidation of fuel
when optionally used to heat off-gas between an outlet from a solvent recovery
and/or dehydration means and an outlet from a turboexpander.

[070] It is preferred that vented water vapor in excess of the water of TPA
formation comprises at least a portion of water coming from an adjacent PET
process and entering the TPA process before the outlet of a TOD, more
preferably before the inlet of a TOD. It is preferred that said PET process is
located such that the minimum horizontal distance from said TPA process is less
than about 1800, 900, 300, 100 meters. |t is preferred that said PET process
forms at least a portion of PET using TPA product from said TPA process. ltis
preferred that at least a portion of said TPA product is fed into a reaction medium
of said adjacent PET process within less than about 72, or 24, or 12, or 4 hours
after being formed from para-xylene, para-tolualdehyde and/or para-toluic acid. It
is preferred that the water coming from said PET process is at least about 0.02,

or 0.2, or 0.3, or 0.4 kilogram per kilogram of water of formation of TPA. It is

30



0038288. [069] It is preferred that vented water vapor in excess of the
wat er of TPA formation conprises at |east a portion of water fornmed from
oxi dat i orwof2ofumek3tdhen optionally used to heat off-gas Ppernsenansiest | et
froma solvent recovery and/or dehydration neans and an outlet froma
turboexpander. [070] It is preferred that vented water vapor in excess of
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to the fyktionNdlogiedi aed Oobves - inVRhBY brtagét aédlalitg methyl acetate and then
hydrolyzing it with water to recover acetic acid solvent and byproduct methanol
effluent. The inventors have discovered that an efficient TPA synthesis system,
e.g., US 20070293699 and US 20070208191 (the entire disclosures of which are
incorporated by reference herein), provides a useful reduction in the net
formation rate of methyl acetate. The CO component in off-gas has a relatively
low heating value, and off-gas often contains relatively small amounts of MeBr
and acetic acid. Methyl acetate provides useful fuel content to a TOD in order to
achieve required temperatures and destruction efficiencies of pollutants, including
methyl acetate itself. If the fuel content of off-gas is too low, then supplementary
fuels, e.g., methane, methanol, fuel oil, must be supplied to the TOD in order
achieve required temperatures and destruction efficiencies of pollutants.

[073] The inventors have discovered the following preferred ranges for
methyl acetate in knock-out off-gas, ranges that usefully balance the fuel value of
methyl acetate in a TOD against the capital and operating costs for further
suppression of formation of methyl acetate and/or recovery of its acetic acid

content by separation and hydrolysis. It is preferred that methyl acetate content
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a known byproduct of the |iquid-phase oxidation of pX to TPA in acetic
acid. Technol ogies are known in the art for isolating nethyl acetate and

t hen hydrwbyaiog23is with water to recover acetic acid selcvramistoooos7eypr oduct
met hanol effluent. The inventors have di scovered that an efficient TPA
synthesis system e.g., US 20070293699 and US 20070208191 (the entire

di scl osures of which are incorporated by reference herein), provides a

usef ul r#dieeclaut pfftgrs ped/aroplfges #ntedpe T GRtiEyat lgast abeut PO Er

conponeng Adx O h | &L \/ ' | gie, ff-gas often
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provi desoxuiglatioh réaetiore atddimn. t R i€ pfélried mlad@ﬁetlh??l acdthtey eontemtiin &dock-

tenperatures _and destruction efficiencies of pollutants, including nethyl
acetate PHbeffraas and/pe offgas ebtariag: a JOBrs legss thap abeut 8R30; 9&0.025, or

suppl enmept I . nQl,, ' 3 led to
the TOD phﬁc;c?’/d%rlrjga%ﬁ z(ygg?aerﬂﬁéé}ggﬁ?%@:}gt g%'(efséd;(#a %étﬁsrﬂl?é‘? ?n %ﬁ ig)!nenci es
of poll ;Jteatitisnhrhléam}n.ThH i$ mefgtmdsthhﬁmt??ls&mtateedrdviﬁesfaﬂ least a?oﬁ 20erred
ranges for et acetate in knock-ou -gas, ranges that usefu

bal ance Phe3G u@ 4\9aIQfe%Qf p?rES’cemrlanE_téf?g qoiﬁ‘?%{‘tTwe&%Si ﬁs?&%e?’baad\qt%‘?r and
oper at i ngrtRRfifieh06f {HY IRRISHPRIS BRirBRea/thEORTEINY Mttt BAAISY rAARRALE
and/ or recovery of 1ts acetic acid content by separation an ydrolysis. It

i s pref econtent imtknoekiout aftgaatandionplfrgas ektesirig- auTODY s s thaav aeboulf f - gas
entering D is | east ut_0 , ,9r_0.005 r. 0.007, .or.0.008

ki | ogr amogéf)' kPY o%ﬁg% i w(gd ofoog)gr%r (@88}"?&]" nBé'b)C()'f"@Q(?'Bn of B&t 8% Wedi um
It is prebRESSEhdiRgloXidatibH rés@iohl Medithent Itiig Odﬁ'@fé‘rl‘ed)'tﬁatoﬁfeﬂﬁ}ﬁsa(%iﬂ(eor
off-gas entering a TOD is | ess than about 0.030, or 0.025, or 0.020, or

0. 015 ki beytides akleast abguha0oor 3 ored0ter 20 pesegnirafialfuek cantenb entesingt i on
medi um ltnglﬁ preferred that nmethyl acetate provides at |east about 20, or
30, or 43, 50 percent of all fuel content entering a TOD. |In another

enbodi ment of [074] ithisepidferted ithal aceticheid edntehttin IRdbbilourastt-ghs ahiaddror
met hanol content in knock-out off-gas and/or off-gas entering a TOD is |ess

than abo@ff-grsogoterigs 8. 2B, isoless. thap, akputc0.§95. kr (BEP4PHE0GS | IgPAA%f pX

o 0 BISRRL0EL AR A6 pR5ed BRERH ORI Byltch oL Rl o™

content erdferredgthat T€RbonORddndxide scamteritein dahdckajutaotfigas aodibrcoffigast i n

knock- Ou%ngr{nbggsl'&gdl/solress than about 0.45, or 0.40, or 0.35, or 0.30 mole percent
evaluated on a dry basis with only non-condensable gaseous compounds.

[075] However, it is undesirable to waste too much energy, whether
combustible fuel intrinsic in an off-gas or added fuel, in the TOD. Therefore, it is
preferred that the total combustion energy released by a TOD is less than 600, or
500, or 450, or 400 kilojoules per kilogram of pX fed to corresponding oxidation
reaction medium. This low amount of required combustion heat is achieved by
providing efficient heat integration between hot, treated off-gas near the exit of a
TOD and untreated off-gas near the entry to said TOD, as is known in the art by
various means.

[076] The supply of combustion heat is appropriately controlled with the
operating methods and off-gas compositions as disclosed herein. It is preferred
that a TOD operates with a peak internal temperature of at least about 200, or
400, or 600, or 800°C. It is preferred that at least about 94, or 96, or 98, or 99

mole percent of carbons in off-gas entering a TOD are oxidized to CO2 before
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off-gas entering a TOD is | ess than about 0.005, or 0.004, or 0.003, or

0. 002 kil ogram per kilogramof pX fed to correspondi ng oxi dati on reaction
medi um Iwoieiopweefier red t hat carbon nonoxi de cont ent i nPkmaskeoowds7es f - gas
and/or off-gas entering a TOD is | ess than about 0.45, or 0.40, or 0.35, or
0.30 nol e percent evaluated on a dry basis with only non-condensabl e
gaseous conmpounds. [075] However, it is undesirable to waste too nuch

ener gy, @xtoadhe dBuIYIpsl preferbly,thei HaPcmieanarin @lif digelosuresaaeredn fsual , in

t he TOD. - s rr t e total conbustion energy
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i nt egr at PelUtBRISWEE AM siXidatiosa reactisnt afbganemanhiocales reaule Teybsiaatial

untreate f - ear t e ' ) ' | Dy b
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t enper at §¢EbBING@f PlEges %&ﬁ:?"z@ﬂ}!e%g %%B!'%Pf 696',””8?‘3’5 2 apgd gogdium
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carbons In o S entering a are oxidized to CO2 oreexiting the
TOD. Mossalps eliddsibipyin strabbebwetan sand aal effldiest bisvdasn meusti be ippowided

Regeneratj ve Thermal Oxidation (RTO aps., [077] ter renpval and/ or
dest r uct PRIVt & BikeHB x‘?‘df@r&Yﬂ}ez/Grg?ﬁPﬂr?B afits PH9aT ?S{HEB?'E BI?KEYRCt i on
of f - gas, WAk isl AkeleBsSwatui Mol Bréferdbin! shiMBYRbbel arshpevatePns te
treated off-gas. This brom ne reduction is often done by aqueous scrubbing

of the tmingralized waters derioniced wWaber,angl/or stegoi eondansigté.ng of of f-gas using

codi um br om aL 7 Fr8pEF R YR BT I S et o Fe afoBBBRHT G
i N scr ubgfluenBibssentig @mmfﬁﬁ%mtem&mmga@tsm@séd ay iutiiy watenge yi,th a
makeup of purer water. Preferably, said off-gas scrubber nmakeup water is

filteredcoiing towgsr @makedpevalery Accardingty, dblise prefaredptondse @tjlgast about

mvent or D 0agk TS iediAE O ReESRe e Bbbe S IR RABF REFE R Gant TRk T

i nventors 1'SCO sald scCru I qui
essent i afddy to ocgrrespondinptaxidationadeactiorgeoediupn wsedtiily wiatén ratheatthan e. g.

discharging said scrubber water to a wastewater treatment unit and/or directly to

ambient surroundings. In another embodiment of the invention any effluent water
obtained from a production facility comprising an oxidation réaction medium can
be used at a rate of .01 to .05 kilogram of effluent water per kilogram of pX fed
corresponding oxidation reaction medium as utility water rather than discharging
the utility water to a wastewater treatment unit and/or directly to ambient
surroundings

[079] In an optional and more preferred embodiment, the invention
comprises combining oxidation reaction off-gas, including both primary and
secondary oxidation reactor sources, for processing through a shared combined
solvent recovery and/or dehydration means, turboexpander means, condenser
means, knock-out means, TOD and/or bromine scrubber.

[080] Undesirably with respect to energy recovery, the operating
pressures and temperatures of secondary reaction mediums are often
substantially different, sometimes significantly higher, from a primary reaction

medium and/or from each other. The simple expansion of higher pressure
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cooling tower makeup water. Accordingly, it is preferred to use at | east
about 0.01 , or 0.05 kilogram of off-gas scrubber liquid effluent water per
ki | ogr amwo 2p/deexist 0 correspondi ng oxi dati on reacti on me®IUS2QH03T63 | ity
wat er rather than dischargi ng said scrubber water to a wastewater treatnent
unit and/or directly to anbient surroundings. In another embodi ment of the
invention any effluent water obtained froma production facility conprising
an oxi datgastionexftgases astissna quesiFereddctian yalvetistafowaripressuesottigasgr am

f effl t X fed di d t t
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of f-gas flows usefully comi ngl'e ues a of a TOD

[ 081] |t differentepravesdes/fagilitiase ase cﬁdmtgpaedfamdn psrocewexi using Ghtsleaattone

reans, -t BFGaE pantBe salent SERER oA oraft BRnuRIAGos RuooSandy) o

brom ne arankbesnddriser m@dred, knoeR-dut dedts, ITED bnBRSrtHremime sé@iﬁﬂ)eﬁ' St i nct
reaction nedi uns are se arat ed hori zont aIIy from each other by |less than

about 1,000, K82joWhen f@oong @n of@asenidyre, itps qretasrechthajthe amowitaefs t hat

Lot o B Ghs S B RARE W, €, ShAKER' (BESRRBRRAN SNt dir

sel ect ednigdiumti® ensholes alaans itisé iaRtbudit of &l lfeyaa ititie mixture that is sourced
from primary oxidation reaction medium. In mixtures of primary and secondary
off-gas, it is preferred that off-gas arising from secondary oxidation reaction
mediums comprises less than about 20, or 10, or 5, or 2 weight percent of the
mass of combined off-gas and less than about 20, or 10, or 5, or 2 weight percent
of the mass of dinitrogen of combined off-gas. In mixtures of primary and
secondary off-gas, it is preferred that off-gas arising from secondary oxidation
reaction mediums comprises at least about 0.1, or 0.2, or 0.4, or 0.8 weight
percent of the mass of combined of off-gas and less than about 0.1, or 0.2, or
0.4, or 0.8 weight percent of the mass of dinitrogen of combined off-gas.

[083] It is preferred that at least about 40, or 60, or 80, or 90 weight
percent of reaction off-gas from at least one secondary oxidation reaction
medium is combined with at least about 40, or 60, or 80, or 90 weight percent of
reaction off-gas from a primary oxidation reaction medium for processing in a
shared, common solvent recovery and/or dehydration means, turboexpander
means, condenser means, knock-out means, TOD, and/or bromine scrubber. It

is preferred that at least a portion of off-gas from said secondary medium is
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means, condenser neans, knock-out neans, TOD and/or brom ne scrubber. [082]
When formng an off-gas mxture, it is preferred that the anount of all

of f - gas iwoOth®w/aeeusure that is sourced from secondary oPCuAtS2@/00TaEti on
mediumis much | ess than the amount of all off-gas in the mxture that is
sourced fromprimary oxidation reaction nmedium In m xtures of primry and
secondar}/p off-gas, it is preferred that off-gas arising fromsecondary

oxi dat i oformescat antemnaratuse ngdr least apeut 168aar 456ur A0, @ 2W°Cor Itsis or 2

10, Jor 5PREEMd ThetaieRBrd eliiPERh Shadtorrtin IPongR edaTh Kyl
of f - gas. at a teinpletttare of legsithan abant 28 or dA0y 0pRBOYES2201C.I # ippeéferread t hat

of f-gas arising fromsecondary oxidation _reaction nmedi unms conpri ses at

| east abHiat @t feast g portion ef off-gas Hom spidusegandary, meadiurpyist ipsmedsat gr
conbi ned - t:naﬂ) . r P wei ght
per cent 8?4 stsﬁ‘gé r?ggglegs fj%l:)&rgll?t?r'ogen ’gﬁqc%r?gi@e%argf flf-)gﬁjsr?ﬂj{rr%?‘altt% | Ik%as%a

pr ef er r egottivmt obbffigassfrombsait décondaryGnediunB® faomedOatiai pressprer o tdssof
reaction off-gas from it I §gst ong secondary oxi dation reaction mediumis
conbi ned!R@n AbeHt 40 253428648 2024 82TB0, or 80, or 90 wei ght percent of
reaction off- f j ' 50, ; [ k4 r ing in
a shared, co n]s!)tﬁ\gq ntﬁé:nleéﬁ/hég %{ Lén%}graodlgﬁg rfartQ?%ﬁnEﬁpn%g?sa,sqg%@bégggignder
means, ciwaoldistinct secorslark oxdationt reaetios mddilmsaare/ combinediwith eachilobleer. | t
Is preferred .Eha at .| east.a §€rt%‘§n of ,of f-gas from said.$econdar . medi um
i sfor med@d "é”ié}rﬂ)"eﬁt%PB“tﬂ“ reEEen afeas %,a&"ﬂ%,o’%.atﬂb,‘e 1%%00C.
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28, or 24 bara. [084] It is preferred that at least a portion of reaction

of f- gas PF M & T bagieatoiothainsai pRItioR &f B Off-gas fFam said BEEENY @XAAIONNS ar e
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or 35°C greater than a portion of said off-gas from said primary oxidation reaction
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medium and/or a portion of said off-gas from a distinct secondary oxidation
reaction medium. It is preferred that at least a portion of said off-gas from one
secondary medium is formed at a temperature of less than about 20, or 15, or 10,
or 5°C different than a portion of said off-gas from a distinct secondary oxidation
reaction medium. It is preferred that at least one of said reaction off-gases
comes from a secondary oxidation reaction medium separated horizontally from a
portion of said primary reaction medium by less than about 60, or 20, or 8, or 2
meters. It is preferred that at least one of said reaction off-gases comes from a
secondary oxidation reaction medium separated horizontally from a portion of
said primary reaction medium by at least about 4, or 8, or 16, or 32 meters.

[085] It is preferred to process at least about 40, or 60, or 80, or 90
weight percent of the dinitrogen in reaction off-gas from at least one secondary
oxidation reaction medium combined with at least about 40, or 60, or 80, or 90

weight percent of the dinitrogen in reaction off-gas from a primary oxidation
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brom ne scrubber. It is preferred that at |east a portion of off-gas from
at | east one secondary nediumis forned at a tenperature of |ess than about
20, or 15yoaniolf@2316r 5C greater than a portion of said eCrAasasfoiras sai d

primary oxidation reaction nmedium It is preferred that at | east a portion
of off-gas fromone secondary nediumis forned at a tenperature of at |east
about 10, or 15, or 25, or 35C greater than a portion of said off-gas from
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scrubber. [086] The iInventions herein are preferred for a process producing
a crude gPAasednhegirclis poeatolod abicibutexyedstiredian angpRedtrassopicomstrusemt

| ) ope t
TPA i n S AS b Do R0 nSlamg Bl upler ARTAES Tt 8807 Y abou
1,000, of1490SupkeBAlls Rbad@OReBRIMVVAR0190TIB, Rav Huhtsratsicompasmg af i ed

TPA simul taneously in any relative ratio. Mnocarboxylic acid inpurities
not abl y i€figptanse medeoiRositivedreasings signify dhe degreainti yalew{ebrhsekaaraehyde.
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The b* wadiiev)as used herein is one color attribute neasured on a

spectroscopl C[OISnB?t'rI'HgE irr]1£/entions herein apply for processes converting m-xylene
(mX) into isophthalic acid (IPA) in all aspects of the disclosures by substituting
the meta-species for the para-species, e.g., mX for pX, IPA for TPA, meta-toluic
acid for para-toluic acid, and 3-carboxybenzaldehyde for 4-carboxybenzaldehyde.
This extension applies for a process making IPA separately. The extension also
applies in partially and/or fully combined processes making both TPA and IPA.

[089] Aspects of the invention pertaining to combining reaction off-gas

from different reaction mediums for processing in at least one solvent recovery
and/or dehydration means, turboexpander, condenser, knock-out means, TOD,
and/or bromine scrubber apply in all aspects also when the preponderant
aromatic species in at least one reaction medium is para-substituted and the
preponderant aromatic species in at least one other reaction medium is meta-
substituted. All aspects of the invention pertaining to recovered solvent apply
also when at least a portion of solvent recovered from reaction off-gas from
oxidizing one xylene is subsequently used within 72, or 48, or 24, or 12 hours in

reaction medium oxidizing the other xylene. All aspects of the invention
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such as a Hunter U trascan XE i nstrunent (Hunter Associ ates Laboratory,
Inc., 11491 Sunset Hills Road, Reston, VA 20190-5280, ww. hunterl ab.com

usi ng a rwblenvmexié node. Positive readi ngs signify theprdegrse@ndsrgel | ow
(or absorbance of blue), while negative readings signify the degree of blue
(or absorbance of yellow). [088] The inventions herein apply for processes
converting mxylene (nmX) into isophthalic acid (I1PA) in all aspects of the
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speci es para-filbtate and if inetacfiitrate B cwfedeat theusarhe timhe,cans compared to being
campaigned in sequence. It is preferred that at least a portion of purified filtrate
and/or at least a portion of recovered catalyst from said process are subsequently
used to form at least a portion of oxidization reaction medium and subsequently
to form a portion of para-filtrate or of meta-filtrate, more preferably forming a
portion of both filtrates. It is preferred that at least about 10, or 40, or 80, or 98
weight percent of the aromatic impurities removed from para-filtrate by said
filtrate solvent purification and/or catalyst recovery process are physically
combined with at least about 10, or 40, or 80, or 98 weight percent of the
aromatic impurities removed from meta-filtrate by said process.

[091] All aspects of the invention pertaining to compressed air for oxidant
supply apply when a portion of compressed air from a compression means is
divided to provide oxidant supply to at least one oxidation reaction medium
wherein the preponderant aromatic species are para-substituted and at least one
other oxidation reaction medium wherein the preponderant aromatic species are

meta-substituted.
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and/ or catal yst recovery process sharing at | east one conduit, pressure
contai ning vessel, and/or rotating equipnent item Suitable filtrate

puri fi catworoumiceHsar e conpri sed di sclosures in U S. PaPCTNS2004/08883 297, US
7,351 ,396, and U.S. Pat. App. Pub. No. 2005-0038288 (the entire

di scl osures of which are incorporated herein by reference). It is nore
preferred that at | east a portion of para-filtrate and of neta-filtrate is
co-fed at the[@32feAlliaspectsotihepiavention ppgaining torpaidgnt-eupplysetgieoder- It is

f I ' i f1. fil Lor. I
port 1 on g7 diselier BB EngR: o bl B b o obleRel St R el (S
format t@fdnsatd® s HividedP ithxpaht beingPisé@af bt astRMelUpioeBgs Ste)s Meesinl y to
forma portion of para-filtrate or of neta-filtrate, nore preferably

forni ng Hhepprepasesantratamatic species. ale prea-pulstdniesd apgawithtanather paBout

From par 897814554 0% S S Bine RrGEas Slom Wie/Bhf R pfegle M ol <

recover yspecies ase fictaBopsiitééd.y conbined with at | east about 10, or 40, or
80, or 98 wei ght percent of the aromatic inmpurities renoved from
neta-filtrate IsH1 cong oeedediment | italg %1@6%'6@% Byatt Hati @ esipaliay IPA
pertaini ' [ et | of
Corpr casi it actfti PIOECLls, bbbl i o oy TERF plorliath Al b et
supply tWhen offgms frome ableakitoneprepandeantiyadetassuidstiteted rebetign appaligtar ant
aromatic, species are para-substituted apd at | east one, other o%sql%tiegn

react | oniSmeaMAGhevEh PT-08S prepbritieleat i MIEPENdgER!YsParassU
et & SubgctishafiodB? It dprofRart st He bl HRIG HDBFIcRI Rt mets:

oxi dant - suppl y-1 nt ercool er condensat e app en a ast a portion o
oxi dant - sulpgiitytednmediwo| eoropriskes dassethan daboutld8, wirt40, par 80ber 2P weighti n at

| east one_proce ste erein the preponderant, aronat, £.specl es e
barar supgettent 8 e e it Combingf SsEbeE BB TRSE Inal A6Bus 50,8540, &t fare
process 30 Qi ércent SRthBrRASN B didRtfodiriftthe Cofitfife @ Dffad#s.

nmet a- substitute 093] In one enbodiment, it is preferred that that a

smal [ er | PA ni#8fla¥hen mif-grederns atsleast|enansepandarantly angia-sutrstituted
ot a- cupAPEnaheFEREis GotRRing it dreadiTirin ACiRRN GRF PRESORMEAEY brbrs: one
pr epondesatdtitytedareastivis tinkdiued, fiedst praferredi twat ithe | ffyasf enrisiy tikeh t he
of f-gas arising from preponderantly netasubstituted
prepondérantly meta-substituted mediums comprises at least about 0.5, or 1.0, or
1.5, or 2.0 weight percent of the mass of combined off-gas and less than about
0.5, or 1.0, or 1.5, or 2.0 weight percent of the mass of dinitrogen in the combined
off-gas.

[095] When an ambient air compression means supplies oxidant to at
least one preponderantly meta-substituted reaction medium and to at least one
preponderantly para-substituted reaction medium, it is preferred that
preponderantly meta-substituted reaction mediums receive less than about 50, or
40, or 30, or 20 weight percent of the total mass flow of oxidant from said air
compression means. When an ambient air compression means supplies oxidant
to at least one preponderantly meta-substituted reaction medium and to at least
one preponderantly para-substituted reaction medium, it is preferred that
preponderantly meta-substituted reaction mediums receive at least about 0.5, or
1.0, or 1.5, or 2.0 weight percent of the total mass flow of oxidant from said air

compression means.
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medi um conpri ses | ess than about 50, or 40, or 30, or 20 weight percent of
the mass of conbi ned off-gas and | ess than about 50, or 40, or 30, or 20
wei ght pewoento/wb3ishe nmass of dinitrogen in the conbi nedCoffS2epa90576994]
When of f-gas from at | east one preponderantly neta-substituted reaction
mediumis conbined with off-gas fromat |east one preponderantly
parasubstituted reaction nedium it is preferred that the off-gas arising
f rom pr epondel@8fill }t isnmeresuretared thal saicd|RAvend oA inv@nufacturisg proegsses 0. 5,

Cess” thadrasipodtes wlip 4 Basy BRECERagteh e EiiRnBlacii Phfedts. #0800
di ni t r ogpreferret tRaC D pRedLcd in0gsid dPRThtedproceRs athRidesdat leaoMAb&StSi on

nmeans su;())pl i es oxidant to at |east one preponderantly neta-substituted

react i on O @rde?.a87d!-boom2. 0 weight precant oh all digashexylicRgid fed ks aicodpeated
Feact | onPeaaifutbdulif BECEES it 1" alsatbRRIPUTIALY 1PA BROGICUPRL Bald &6,

percent {fcatdwkptariesk comrsrisdsdessitharxabeot 16, o 2 20rd8 2014 awightqsstent ofeans.
When an anbjient air conpressi on neans suPpIies oxidant to at | east one
pr eponde Pl Siqafbapylis-agithiad tor £g-lpeated Il manUfacWNAgRIOE®SS - east one

preponder ant| gosg@r i %Hgﬁ{értéfﬁSG'dih?é?ﬁt WRA JFERFRETt dd-lokcatiRg %Rra{rﬁPTbﬁgﬁt
pr eponder ant | ta-substituted reaction nediuns recelve at |east about
0.5, or indie pefetred that aR léasies pottiopesfd@w feaf frohnea tpoinadrymeastidn ovedidm

i dant f sai d ai [ .[Q96] It i d .t hat
oai d 1 PACARTIFPA REFRAMEEEA b RS bLed TS IR dPRAOP: RN MRSt one
co-1 ocat ekl WAMNSACSHR NOAPTRAVISE - bbén! BuRfied ehy edidsBiind PAeRiAdged i n

sai d co-located process conprises at |east about 0.5, or 1.U, o .5,
2.0 wei ghydiptieated, asd re-pregipitating g iremoneiHCBAdand/oa colored speeids PET

manuf act uri ng cess. It is,alsqQ preferred,that |.P r C in said

ol ocat ed pr ol B RpicrnbSial®, Rl pRIGREa ot spl fBR'GH 6 Pt Redfioh
percent ededilim ifieftBePercidel IPLagiréctiyeffomna prig@ry esidaten PEdctitimeaiing thag
process. [097] In another enbodinent, wth or wthout co-|ocating |IPA and

TPA, it HoPependeantlyanetaasubstityiesser is past-oxisizest IRPiomeed in 8 seaopdanyar y
encton N TOETRS Wighs, HieBeIEs Ry LB AR b 3 28, e, o
di ssol vi n@, 8siigeeed nettyr than said primary reaction medium. It is preferred that said
crude IPA and/or post oxidized IPA comprises at least about 20, or 80, or 160, or
320 ppmw of 3-CBA,; less than about 3,000, or 2,400, or 1,800, or 1,200 ppmw of
3-CBA; at least about 2, or 4, or 8, or 16 ppmw of 2,6-DCF; and less than about
160, or 120, or 80, or 60 ppmw of 2,6-DCF.

[099] In another embodiment, it is preferred that said IPA fed to PET is
digested IPA formed in a secondary reaction medium whose average reaction
temperature is at least about 16, or 24, or 30, or 36°C hotter than said primary
reaction medium and less than about 80, or 70, or 60, or 50°C hotter than said
primary reaction medium. It is preferred that said digested IPA comprises at least
about 10, or 40, or 60, or 80 ppmw of 3-CBA; less than about 1,000, or 800, or
500, or 300 ppmw of 3-CBA,; at least about 2, or 4, or 6, or 8 ppmw of 2,6-DCF;
and less than about 120, or 80, or 60, or 40 ppmw of 2,6-DCF.

[100] Another aspect of the present invention relates to improved
disposition of ambient water condensed and removed, rather than being retained
as vapor, during compression of ambient air for oxidant supply. Compression

means for supplying pressurized ambient air often comprise multistage
39



hydrotreated, and re-precipitating to renove 3-CBA and/or col ored speci es.
[098] In one enbodinent, it is preferred that said | PA fed to PET reaction
medi um i sweizotvaw2zisude | PA directly froma prinmary oxi daCirars2600maeizcdn
mediumthat is preponderantly meta-substituted or is post-oxidized | PA
formed in a secondary reaction nmedi um whose average reaction tenperature is
| ess than about 24, 16, 12, 8 degrees hotter than said primary reaction
nmedi um $@MPEESSIQT esysdaMshaising at deaste oA @triceplepode EMave ebeatrof

about 3. ouBPresERat 4fcReke Begfiocts MosgdRenfibaviitaRRIN Mg Frédhimicdlss, ‘5"
or 4, orefficaibus6 Buok alystents Dpicaiy brodase t tadenzedt wHbér, iwrinfezétager 80,

or 60 ppnmw of 2,6-DCF. [099] In another enbodinent, it is preferred that
sai d | PACO@ars; oamgETthiss watgeds dypically rsanasated, frem caib hefere thedblebntonddi um
whose avgr Cl) r re i a b : , or
360 hot t SOTRETEC bARBrORIRET Sl | BeaysEnShoR Bikiaht suBbyafterelaer, °o,
or 60, ocordéisdtet tray tbearcossamhinatedanithr damicants nadd/om séal iflsids; esaidr ed
bp o, SSRGSl 55 Bt st S e con
t | t , ; i p t

at |eas @Qo%ﬁ siifnnfler f%uﬁ\rllv ég#métlrﬂgg"&o?ﬁ[i%ﬁ? %ogﬁa@ﬂo?%‘iﬁeﬂ ﬁ@?trﬁﬁﬂut A

120, or % 0, or 40 pp 2,6-DCF. 1100T Ano r aspect o
present techentdgies.rel ates to i nproved di sposition of anbient water

d d and d, . h ' i dur |
compr oss on oF Gl BR: inyBls, hale disc\Brnd) (" Rilofind SMBironed s, for
suppl yi ngxi@éﬁ§§&'ﬂ5;:>l§ﬂﬁte?éf§8l@r!3&oﬁdén§éfté,ensmrie‘é)@:slw| FeSUcRG C nRSteRata

systens using at |east one intercooler to renove heat of conpression to

make t hetrpatmeentscasts and iedweing sastscior ipurehasing: andior earifying utilityawatens It Such

vater s Disteey BLERA G BHY AR bE lopddbrl b B 608 Eobueidle ™ °
conpr essintd aSTRAroEesaHAE/ o8 welfagent GaT Fmbyrﬁcﬂé Prefephisiy doad ttionemay be

contamnated wiith [ubricants and/or seal fluids, said condensate is
convent i 8higlioyirg psesass stePs. wAshAvgobent resevrivtandier dehydratienHagansnl y an

T S e G e T R
uses forespecially as an azeotropic separation aid for recovery or TPA catalyst
Components, more preferably comprising isopropyl acetate according to
references contained herein. A process for purifying TPA by selective, catalytic
hydrogenation of crude TPA. A scrubber on an ambient vent from either a TPA
or PET process or storage vessel.

[102] Itis preferred to feed at least a portion of oxidant-supply-intercooler-
condensate into at least one utility water system, more preferably comprising the
following systems, and most preferably for use by a TPA process and/or adjacent
PET process. A cooling water system, more preferably a cooling tower water
system wherein water is cooled by direct contact with air. A filtered water
system. A de-ionized and/or de-mineralized water system. A fire water system.

[103] The amount of oxidant-supply-intercooler-condensate varies with
ambient humidity, with cooling medium temperature, with pX feed rate, and with
excess dioxygen in reaction off-gas, both transiently and on average.
Accordingly, it is preferred that preferred, disclosed uses comprise at least about
0.01, or 0.02, or 0.04, or 0.08 kilogram of oxidant-supply-intercooler-condensate

per kilogram of pX fed to corresponding oxidation reaction medium.
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oxi dant - suppl y-i ntercool er-condensat e, sinultaneously reduci ng wast ewat er
treatnent costs and reducing costs for purchasing and/or purifying utility
wat er. |twooprestasred to feed at | east a portion of PCT/US2009/005763

oxi dant - suppl y-i ntercool er-condensate into a TPA process and/or adjacent
PET process, nore preferably in at |east one of follow ng process steps. A
TPA sol vent recovery and/ or dehydration neans, especially as reflux as
defined herei 104) Geaerally, ridtie prefeard turnvent cwatesnvagen emapppemaielyy as

or ot or abPY R PG B IERERO . HARgER, Professc RS i Mo
herein. AoRewierss, fitors Pevitiblenthal Reky areIpediction Gpsetsyand maidtergaieat i on

of crude TPA, A scrubber on an anbient vent fromeither a TPA or PET
process 8etivylies that Rredyee a tampprary excess «fdiquid) wastewaterat Fpegxanpleorti on

oystom - RpEHERY PiddHsE VeaeE i RREER R ol arid e Ee 4K, Shlfbtse”
pr ef er abbfteh preceieddyy thoféVg iy avstes wasHingr oresteaming tdlemove eesentiaflyatiol i ng

wat er system nore preferably a cooling tower water systemwherein water is
cool ed b§°'d¢%(§yb§t5ﬁftea@ﬂd\ﬂf9ﬁuﬁ‘ii andAhe iqf‘ﬁ%ﬂgd’f\ﬁﬁf’@ﬂw&t’@ﬁ@f ganykeilygrzed
and/ or des.m | ARl m | I unt
of oxi daﬁqtr[pg gﬁ')'ﬁbéﬁ%‘er coo{i%@t(?:%ﬁdgnfs%aéﬂee?%é%\?te@ pvﬂnaiﬁﬁé:ér?blleéégghﬁ%agg? W th
cool i ng resdirvoir fempeuidt wastewateh aod thet dhisaliquid andstewtdte e isc sabsefjuentlyen i n
reaction off- , th . transiently and op average., Accqrdi ngl It is

br of er r SEFIS i 8 B985 PrePLRss Rion Y SOHRRIADt VerBad SEERT PR | or
0. 02, or aBeckingfo BtneR ddIQIres HEreX | €& breteRBY Xhét“ét%t?ﬁﬁlhi@rwééia pate
per kil ogram of” pX ted to correspondi ng oxidation reaction medi um [ 104]
CGener al | gtorage resgiveifepravide effeetine isatationtamontiohrelgase of Mty aowientnuous
bal ance with its int rlpduction Vi Xgﬁl oumro SS StngS' but nonet.heltess,
't 1S i nBUrouRsBotnadt I Brereted Bl o obie (et P Hus fPaRaRES S @
activiti psast RbouPs0dusre 180t BPZOTRINF 400 Subi®métes!i dt Ve Srefeied thdtothe
exanpl e, openlgg a process vessel for inspection or repairs during a
process Yelumeahsueh starage peseois isjesshihasuatouyt 14000, ar8iady 056,89@ani ng
to rermvgrg%ﬁ)%n&{bzé h.}/etg]lslbesol vent, substrate, and product; and the anount

of such uUpset-water can | arge for major maintenance activities. It is
preferred to ptos]i By edmbimisd varioustaspagss relatiny @ rexpelling watst inasdpovat er
and that this liquid wastewater is subsequentl

form to ambient surroundings, more preferably af%/er treatment in a TOD, along
with using oxidant-supply-intercooler-condensate and/or bromine scrubber water
in disclosed applications for process and/or utility water, it is preferred to produce
less than about 400, or 350, or 300, or 250, or 200, or 100, or 50, or 20 gram of
liquid wastewater effluent per kilogram of solid TPA product formed. |t is
preferred that this performance is maintained essentially continuously for long
periods. It is preferred to produce these low levels of liquid wastewater effluent
for at least about 60, or 80, or 90, or 95 percent of the time in a continuous 24
hour period. It is preferred to produce these low levels of liquid wastewater
effluent averaged over a period of at least about 4, or 16, or 64, or 254 days. A
PET synthesis facility also produces water from reactions converting at least a
portion of TPA into PET, and this water is often contaminated with various VOC
compounds, e.g., ethylene glycol, acetaldehyde, and various dioxolanes. It is
preferred to treat at least a portion of contaminated water of PET formation in a
shared, common facility along with water of TPA formation from an adjacent TPA

facility. Preferably, said contaminated water from PET formation is left in vapor
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returned to at | east one process step and subsequently vented as water
vapor according to other disclosures herein. It is preferred that such
| i qui d wawoewsim®e31St or age reservoirs provi de effective iPESEIBRI0M003763 cont r Ol
rel ease of VOC to anbient surroundings. It is preferred that the vol une of
such storage reservoirs is at |east about 50, or 100, or 200, or 400 cubic
neters. It is preferred that the volunme of such storage reservoirs is |ess
t han abolormieithapsaidrPBT dadlityder Beatoentopr 8 i oonvertedtoratvaper fqrrogsingy

conbi ni ng, varj ous .aspects relatin 0. expgel Lin re L., vapor formto

bt ent | SUPRSAHPAEERST PRl Sherdi it SAREROIEPat TRA TR v "ReD, af ong i t
usi ng oxi dant rwpllu-aﬁéméﬁ%sbdmﬁmﬁeaﬁ%@ mVEhAoN PN diBoaat Whbaterat er

i n disclosed applications for process and/or utility water, it is preferred

to produgengrated aRam hypsedud 0T, added 1o oxigatipmothadris 8iting saigoprodictiono, or

50, or 2§ g LI quj t t r. Ki sQl | A

pr oduct %8?'&32@ Hﬁ awg&e%§£€%%9 ﬁ%‘%nlsfea%e?f 5P ﬁgﬁéég?egé&ng%’t (g.#I ggdw
essenti ap4Y Kiygramisoper Kildgran efarpmatioddmpdurids A efsed rissteinoprodudtion t hese
|l ow |l evel s _of |liquid wastewater effluent for at |east about 60, or 80, or

90, or 9RCHy saminghide wastewater Heatraek i nuous 24 hour period. It is
e, PR LB U e i e

PET synt foesiatioh dfearni teactibae iprard adiscend tRET feyothesia dacititysiscioeatedt aloggat

| east a pgrtion of TPA.into PET, .and thi ter is often contam nated with
various W atJRASLACROiGN yaPoSERg| WRlST If EEN forpaan da ) sBaresh FomMOR s

di oxol an?%EDTls?ill Inforef &fe%rfasg &P ﬁvcg,aécﬁrdahgaa}itar@ /bt A dclGSUes HeRdihed

wat er of ormation in shared, comon facrlity along wth water of TPA
f or mat i opeftainingato thl poomessitglof eesiction yoff-gas ffraralsixydationi actian anediared
water from PET formptjon, is . left..in yaporf.ormexitin aid PET fagility for
treat mentt:® Bretprref e AlieRsta Rastar o B8R Featlon Rk fodiorming 3P n o
thermal ppratady sUtRMhatitheafimARith HoMxIndall Histancd HPh ddid aPETheyntRgsigdi ment
of the invention, the anount of water generated as a byproduct or added to

oxi dat i ofaciliais less dkan iabgut 48000PYALLATGHE, 211 104 peterst Heisapisferred Hater nal
eIV oo g g i 6 VB nfud wbul el A e
i ncl ude zpﬁh@sﬁ@tfacnit fathireldss thaf 73bdiir 2, red4r abh 2, oA heast afterpbeingon of
vaport Zeforrvr\wk'g[defrror%]c parETxylene. It is preferred to process at least about 40, or 60, or
70, or 80 weight percent of the off-gas from said adj'acent PET synthesis facility in
a shared, common TOD, more preferably RTO, with at least about 40, or 60, or
70, or 80 weight percent of the reaction off-gas from at least one primary
oxidation reaction medium. It is preferred to process at least about 40, or 60, or
70, or 80 weight percent of the water of TPA formation from a TPA production
facility is processed in a shared, common TOD, more preferably RTO, with at
least about 40, or 60, or 70, or 80 weight percent of the water of forming PET in
said adjacent PET production facility.
[108] It is preferred that the normal flow of process wastewater effluent
from said adjacent PET production facility combined with the normal flow of
process wastewater effluent from said TPA production facility is less than about
400, or 200, or 100, or 50 grams of liquid wastewater effluent per kilogram of PET
formed. If the amount TPA produced in said TPA production facility differs from
the amount of TPA consumed in said adjacent PET production facility by more

than 10 weight percent, then the liquid wastewater effluent from said TPA facility
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formation fromreactions in an adjacent PET synthesis facility is treated
along with at |east a portion vaporized water of TPA formation in a shared,
conmon TQARP 28t0vdek31sore preferably an RTO accordi ng at aoy/useeboos7as |

di scl osures herein pertaining to the processing of reaction off-gas from
oxidation reaction nmedium It is preferred that at |east a portion of

oxi dation reaction nmediumformng TPA is |located such that the m ni num
hori zont il pro'raiedrtxyethmratiosvéiitd usapesnraaik BEd fagidity.ithis value éssummad wisbut

1800, or,90 r. 300 ers ' referre hat .| east

sor t1 on 1 Hasad witgwartr, SRePELER said S LAREHTL P 1 ls A0SR Brc nesi
facrI|tyaWbmhtafpgsqxbagae@bout 72, or 24, or 12, or 4 hours after being
formed from para-xylene. It is preferred to process at |east about 40, or

60, or 70, or 80 weight percent of the off-gas fromsaid adjacent PET
synthesis facility in a shared, common TOD, nore preferably RTO wth at

| east about 40, or 60, or 70, or 80 weight percent of the reaction off-gas
fromat |east one prinmary oxidation reaction nedium It is preferred to
process at |east about 40, or 60, or 70, or 80 weight percent of the water
of TPA formation froma TPA production facility is processed in a shared,
comon TOD, nore preferably RTO, with at | east about 40, or 60, or 70, or
80 wei ght percent of the water of formng PET in said adjacent PET
production facility. [108] It is preferred that the normal flow of process
wast ewat er effluent fromsaid adjacent PET production facility conbi ned
with the normal flow of process wastewater effluent fromsaid TPA
production facility is |less than about 400, or 200, or 100, or 50 grans of
i quid wastewater effluent per kilogramof PET fornmed. If the amobunt TPA
produced in said TPA production facility differs fromthe amount of TPA
consuned in said adjacent PET production facility by nore than 10 wei ght
percent, then the liquid wastewater effluent fromsaid TPA facilityis
prorated by the ratio of its usage in said PET facility, this value is
summed with the liquid wastewater effluent fromsaid PET facility, and the
is divided by the anount of PET produced. W Caim 1. A process for making
an aromatic dicarboxylic acid in an aromatic di carboxylic acid production
facility through which water is generated as byproduct and/or added to an
oxi di zer, said process conprising: (a) oxidizing an aromatic conpound in at
| east one oxidizer of said
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production facility to thereby produce an oxidizer off-gas and an oxi di zer
product conprising an aromatic dicarboxylic acid; and (b) venting said

wat er frowothe/geaduction facility to the ambi ent ext er mall/uSaao0037T6ENt as a
vapor, wherein the anmount of water vented from said production facility to
the anmbi ent external environnent as a vapor is at |east 0.3 kil ograns per
kil ogram of aronmatic conpound fed to said oxidizer. 2. The process

accordi nfVe Elamii m 1 wherein the anount of water vented from said
production facility to the anbient external environnent as a vapor is at

| east 0.4 kil ogranms per kilogram of aromatic conpound fed to said oxidizer

3. The process. accey gidt@st doFonaking anhgiognatid Bieafioxyiie aeid WabArareawdted from
said production facility to the ambi ent external environnent as a vapor is

at | east dgamoylic ogeihPrpduction ogecdity othrey@hawvhiehc ovgietnis fasmeratedaias

oxi di zer r.di ; laj : rein at |east about
0.01 kil 8 ?gﬁngtf Qéglﬁl?%apgag‘?faﬂuen 'E%%ifsg?d g}éjgceﬁlglcggmpgr}#@f pX feed to an

oxi dati on rea(d) oRridizidg uami sroneatic cosepalinaiinlagti twast eand | @idizediafnsaig
utility water. 5. The process according to claiml, 2 or 3 wherein at about
0.05 ki | BERaustion facility Qi ‘g"eéﬁt?){ peyslucgan pxigizeriafi-gas ardAn pxidizes preductn

oxi datio I HFcﬂh n j : i Xl dation reaction medi um as
utility g%'?‘?rﬁg@'go#he prgﬁﬁeggagﬁwlgiaﬁgj’%gacl aim1l, 2 or 3 wherein the
anmount of wat @)watrdingesaitd ueaterifeomdhe moodudtioan f0lAy do dhs amhbient ektdrnal

t t effl t ki | f lid TPA d f d 7. The
e cens. enuEnmaRt s @ NGROT GPherein e MRS P8 | Water e YBUES APy So8car byl

conpoundgrdduiiba FhélliodihecamBidnt Edernal BndifdrABRt BE EPVAPOr BYALIBERE 0.3
t her eby Eroduce a hydrocarbyl -depl eted off-gas. 8. The process according to

cl ai m 3 kipgrams perrilogsamef@aematig campastst fed tpsaid oxidigersai d
hydr ocar byl - depl eted of f-gas through at | east one turboexpander to thereby
produce work and provide a turboexpander off-gas. 9. The process according

to claim1l fupther Taenprdcelssdaddardingr to- MM Sli Whetedl tHed apdduhtt o Ragerpander
off-gas in an off-gas condenser to thereby condense water vapor present in

sai d t ur beRirgafia@y Saids pEdictiont fasiibh o gheambieat external environment as a
vapor is at least 0.4 kilograms per kilogram of aromatic compound fed to said

oxidizer

3. The process according to Claim 1 wherein the amount of water
vented from said production facility to the ambient external environment as a
vapor is at least 0.49 kilograms per kilogram of aromatic compound fed to said

oxidizer

4. The process according to claim 1, 2 or 3 wherein at least about 0.01
kilogram of a liquid effluent water per kilogram of pX feed to an oxidation reaction

medium is fed to said oxidation reaction medium as utility water.
5. The process according to claim 1, 2 or 3 wherein at about 0.05

kilogram of a liquid effluent water per kilogram of pX feed to an oxidation reaction

medium is fed to said oxidation reaction medium as utility water.
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condenser off-gas conprising liquid water. 10. The process according to
claim5 further conprising passing at |east a portion of said condenser

of f - gas twWoaogimea31iknock- out vessel for to thereby separ atCe/usadod/oesynsienser
of f-gas into a knock-out off-gas and a knock-out liquid. 11. The process
according to claim6 wherein said knock-out off-gas contains substantially
all of the water exiting said production facility to the anbi ent external
envi ronment & a vaherprogess aeorsting declaiordr & 0y & whereinnthe amausit ioft he

amount of water in.said knock-out off~gas_i reater than 0 ki.l ogr am of
nater paraitvals s Brasafin cfSbaRs UFRtE s it 8 .o
process RKrRPari dfadlia TRRpbducMEesed the mean residence tinme of the gas

phase in said knock-out vessel is |less than 20 seconds and greater than 0.5

seconds. 14. fhe PTAEFISCALCALCHBRG!B difl Mok 2 HiHHEF cofMiRig HatbverRpect i ng

at least a portion of "sai gas to thermal "oxidative
dest r uct hyro¢arop) compaundbfrdev said madizbeotgaspn @dsaeemMapcoyérysystdrd.toThe

process accgrding to claim1l erein,said TOD is a regenerative thermal
bt 3 orheraby e b BLay HRREPa Sidasm 11 wher oi a sai d kmock. out

of f-gas conprises nethyl acetate in an am:)un% of at |east 0.003 kil ogram
per kilogram®f sai BeRPOREET ALORYBAN® F&IMr 8 Waher £AMaPDYING APRFSIRG At han

0. 030 Ki ki |9 ' I | 1 t | Ldi zer.
17, e 'sASL A ik (PR MypRftafofdbiiied SRR Moh, '@ et
par a- xy| wnsoexp@ndén o threveby pradice workganad poividera tuitexpandeaofl-gasonat i ¢

di carboxylic acid conprises terephthalic acid and/or isophthalic acid. 19.
A process con@ri si Thenpkodesst eicephdingl te elaind  TRdthém condpifsing oflrtieron
facility, wherein during steady state %per ation of said TPA production

faci | i t yCQBPESRGIcoREng Sajdiurbeexpanderpif-gas e 0fndasnePndgnseato AnerePX of at

| east 50 | r,gg% 3 ' | Vs L& p&ﬁr | gf said
TPA f aci ??rtﬂyéqglng r%E? E%sgrn%:é?@qg%gdé ){P%Ra%ggﬁlqat%;@t oea ig{ﬂ\@ﬁmst e
wat er t r earidesrser bffegds ¢gmprising liquid water.
10. The process according to claim 5 further comprising passing at
least a portion of said condenser off-gas through a knock-out vessel for to
thereby separate said condenser off-gas into a knock-out off-gas and a knock-out
liquid.
11.  The process according to claim 6 wherein said knock-out off-gas
contains substantially all of the water exiting said production facility to the

ambient external environment as a vapor.

12. The process according to claim 7 wherein the amount of water in
said knock-out off-gas is greater than 0.340 kilogram of water per kilogram of

said aromatic compound fed to said oxidizer.

13.  The process according to claim 8 wherein the mean residence time
of the gas phase in said knock-out vessel is less than 20 seconds and greater

than 0.5 seconds.

14. The process according to claim 1 further comprising subjecting at
least a portion of said knock-out off-gas to thermal oxidative destruction (TOD) in
a TOD device to thereby produce TOD off-gas.
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at arate of less than 0.4 kil ograns per kil ogram of para-xylene fed to
said TPA production facility. 20. The process according to claim 17 wherein
t he amournwoabiveeas exiting said TPA production facilitycrarsténe/oesrhs ent
external environment as a vapor is at |least 0.3 kilograns per kil ogram of
aromatic conmpound fed to said oxidizer.

15. The process according to claim 13 wherein said TOD is a

regenerative thermal oxidizer.

16. The process according to claim 11 wherein said knock-out off-gas
comprises methyl acetate in an amount of at least 0.003 kilogram per kilogram of
said aromatic compound fed to said oxidizer and less than 0.030 kilogram per

kilogram of said aromatic compound fed to said oxidizer.

17.  The process according to claim 1 wherein said aromatic compound

is para-xylene.

18. The process according to claim 1 wherein said aromatic

dicarboxylic acid comprises terephthalic acid and/or isophthalic acid.

19. A process comprising making terephthalic acid (TPA) in a TPA
production facility, wherein during steady state operation of said TPA production
facility para-xylene is fed to said TPA production facility at a rate of at least 500
kilograms per hour, wherein during steady-state operation of said TPA facility
liquid wastewater exits said TPA facility to a liquid waste water treatment facility
at a rate of less than 0.4 kilograms per kilogram of para-xylene fed to said TPA
production facility.

20. The process according to claim 17 wherein the amount of water
exiting said TPA production facility to the ambient external environment as a
vapor is at least 0.3 kilograms per kilogram of aromatic compound fed to said

oxidizer.
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