Di carboxylic Acid Production with Direct Fired Of-Gas Heating Background
[001] It is known to recover the preponderance of vaporized solvent from
reacti on wbhepgaw2fiy passing it through at | east one coolpcmgiS2@omas7e ng,
and/or distillation means to produce a liquefied recovered solvent. It is
generally desirable to maxim ze the recovery fromreaction off-gas of

vaporlzed conmpQund ni | east (o] bo herein called
"hydr ocar byl '3 ER Pc% ng%ﬂ{at tl?ﬁ‘g‘é’ﬂﬁ?'cnsl{ﬁﬁgglrﬁgsgwgﬁﬁ &AY¥R9 [ 002] It
is known to use at Ieast one distillation neans to renove from recovered

sol vent an anount of excess water, which is coproduced in |large quantities
by the parti al OXI datlon of pX VaBackarauwsdgns are known for using energy

derived from t Oé ?lluO\%'tgq%bc?vrbrafwepp?fﬁF)Bﬁd@Itancgao?tva?)[oggé? s%hr\/eeq'{t 1

energy i nput 0 operaté | St fon means erm

"wat er ofreiE’Hbri Qjﬁtrgés; @y’ passidgf it tacbughr at neast On&4dolingoabsorbiig,waneforper
kil ogram of . comrer ci al ganl ty pX feed. Tgl S cones frcim t he | nt ended
react i on 4ishlialing me&ns: & RIRAHER oA digwgfie mreovar c!mvﬁfétt ryt ipxaaneyady

yields T ésTra%lé’\%QnaWﬁl%ttﬁé?@%Ueﬁgﬂbﬂﬂea?f@ Wf%agf)niéﬁ)% bﬁﬁd§x' st

wi thin commercral purity pX a t a sm X 1's under-oxi di zed
and/ or oveamtairing atddastrmuhahyldnmacbyidabndi hgrefiacalled r‘re,&irpcmhxyteompmdsf’al

purity pX conprisin ver ow anoun, i mpurities and to convert such
feed int ovegﬂnﬁeoﬁ?@?“o?orﬁ PF?’%d af‘aAR@(?h very high yields. Preferably the
overal | i el d ggbzf A .§qkhb9l/rpfd>@§état leasf8nandisillatiii hidap@ to Ferdbveé FrsTh

about 96, mol e percent based on the nass of commercial
purity pxef:ewem scbluem layl ammlnécnﬂ excegsi wateiofwhigh. EGCQPWCpérlnniﬂfﬁe

or 0. 005, ugriofs BT Baflaldidadoly bR GVERRES Y ers R R uslnd

recover Eé?%rr?)?’ dehvédil frfolfﬁE 'tﬁ@baﬂﬁ# oSatBe TROASH él&éaﬁ@bbrﬁmf &f, thereergy
portion of o gas in various combinations along with recovery of vaporized

sol vent . iapet ll@ﬁymdrﬁ@DﬁébﬁtE@rdléHU?tW m@éaﬁery is to use at |east a portion

oo 92,1 88 ek bt 6 1P oG, X AL ferd B 9IS 2
reduced ikiogra ofrweateh rpwghlogramwam‘ﬁmermp pasity pXafeedr bOhispeortes frdm
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.
[004] It is also known to recover energy, both thermal energy and
mechanical shaft work, from a portion of off-gas in various combinations along
with recovery of vaporized solvent. One known method for energy recovery is to
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 the vapor
is reduced in pressure through an expander, typically a turboexpander, to

produce shaft work output. The energy recovery from a turboexpander can be
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produce shaft work output. The energy recovery from a turboexpander can

beconverted directly to mechanical work, such as driving an air supply

conpr essowoanioaishkEe nmovi ng nachi nery, or to electrical pomdars2y/o75¢i ng a

rotating electrical generator connected to a power distribution and

consuni ng network. [005] Another known nethod for energy recovery is to
of the .of di nitrogen throu

t | t rtl f
F o booxpRIPTEF LTS gy P EEBVER, P08 i BHERATLEK LR bEoRBITE
di rectly droothBE h@dv.ﬁgllma&rnheryswho@e@mcyr pawan b drivinP Bl dot& Eeﬂ-ﬁ:i’e@éalor
ot her moving machinery, or to electrical power by driving a rotating

el ect ri cajengsaior soonectedrtoc pewepdistiiuition andseensumingmewerisonsuni ng

Vapor form i nIPRE! FrSEL KRNI mdnaEe: Brvrdl hebaRly B! B2 18Ty
wher ei n upttion of grsefidmsatnpMiZing dinittogen mroagn a tuebo&@qantenoindeenerget i C

acid, nethyl acetate, para-xylene, and nethyl brom de, are converted to
mor e enV|r?ﬁ‘hYﬁthféWInyad@&‘?ﬁ)@rﬂ’@eéqu%%t%onv@”&d difgetit tqlzmeq;h%mfaa cWPHeN

di oxt de. SRt 86 TuAARY SN | PP BBILSELIoB: SR iding | AchRleRy. 6 to

reaction" I'n vapor rmf rom ene oxl dation reactor Into 'a thermal
dest r uct idectdeaii pewéobyrdivngla odtatiog iedectripall enenater. cGureviey tb G powEne
|nventors have di scqvered prefe g enbodi ments not contenplated in the
prior ar tdistERHteR ABACONSH ’Pr%nﬁi"é%r i nvention can provide a greater

amount of shaffp gﬁrrk.soaré%rkrr&ﬁm@rsénarén hﬁrz«,eht 8B ofdaiteét inCRIPGR fBrm

oxi dati on rea nmedi a, whether to elecCtrical power generation or
directlyib dhermfhgas dala tisersalaoxidativeedpetruction eveanso(ifd Dhatrereinapoxioesen

t than th TP ti nd/ o f
Csel -t uGHeRgH AoR VB ol et S mERRe T oPRacen AR BhiC: SrEBYERCHRR de
conbi ned gl Ietn\é fahdp}hétﬁ ITRftohAdEEBreh2bnbeREdCRs @bke CEhvitdnmBatdilyaui d
wastewater. [008] In a preferred enbodi ment, the invention conpri ses

passi ng agseptable affluents| e, waterovapnitansh caehan dinxidg f -Gertaini eanvieatiag bot h

Phr ough Drstreaiatode BkePTglans Rt of BcaRR: Jh ot Rl WP aghets= ™

super heatxyRghesbxifaticm eadton iritbrp tdintal destragton uebmexf@amé@rovapap hbsio0g
I nt er st age”hteattr ng in order
pollutants.

Summary

[007] 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
embodiments of the invention can even provide a combined facility for
pX-to-TPA-to-PET that produces effectively no liquid wastewater.

[008] In a preferred embodiment, the invention comprises passing
substantially all of the oxidation reaction'off—gas, including both primary and
secondary oxidation reactor sources with both pX and mX feeds, through a
shared solvent recovery distillation system, then through a superheating step,
and then through a 2-stage turboexpander comprising interstage heating in order

to produce a greater amount of shaft-work. This configuration allows exporting

2



to produce a greater anmount of shaft-work. This configuration allows
exportingel ectrical power beyond the consunption of the process air

conpr essow® 2arvdbepiocess |iquid and slurry punps. Fl ash ®CearseémonI756
condensate in the turboexpander heaters is used in another portion of the
TPA process. After the turboexpander, a portion of the water vapor is

densed_from the oxidati tion off-gas t ide |1iquid water f
vari ous. IBEECE AOWE! BRGTONEesGoaruPRen o R PuiCeRs BF GerhiereRn St

- off-gas, witeds | Rqui@nbnd O sRurfOpUmPSSs. KlakhoBRdv. frdht e6dndeilatd i ini NBei s -
used to heat off-gas, rather 'tthan steam heating, to provi de superheat

Wi t hi 3 a tuthasxprpdad beaterptis @ﬁ?dlip,aﬂqiihefoﬂ?ﬂﬁ@ﬂ ofrtbesliPA procass.uiissthander
heans. andurfaRPaNRRREE HPen &% ) Fobt in opBRRSE g R, Baneanect

- enbodi Weﬁ’eécﬁéreoﬁfg'ésefd@@vfdyIicﬁlib@ﬁatéﬁﬂﬁ&aﬁo@% proeesvess; ared theobalancel t is
preferred that enough conbustible fuel value is left in off-gas such that

its envi refnfgntatenpenareist l¢th i thepofhgas.emiigh) ia senfetrrat TOP R30I
- Oxi di I §; 1Al I t s ti :
w thout By SrepieR ftingls et Hibas, Ereafi o Afatind 98, | 1P
‘nor e prefpovide $umsrheat whithiraat iuaboexpander of Optiosaltyy the sauitlet préssirevall ae

conmes from nmethyl acetate OQAc), a known rodyct .of oxidatign of pXin
Soetic adnipoeKRANARL BniesiuctN b aHosaIEarBE FLHPE G duas Prsse B hy)
acetate Rl “ﬁhd ke nfynsl der abl e capital and operating
cost to %ﬁg@g@{‘ﬁ@@éﬁ@ﬁl cez(gteg and to recover by hydrolysis the acetic
aci d content g069hdtuithermdreedhentaliowing ieebedimeands nae pdeferrgdpiorchthesd
fuel to a RTQ .Vggnden ed water is often forned from anbi ent water vapor
in conpr &SPEGH ¢ éﬂ\ée’f)tfv(?v?rt?lcﬁas'anbi ent air to TPA oxidation reactors, and

this water is po{enti @ prefeRBlaRaD @h8dgh ddinbudtibl€ AnéISvaDE i§qék il uids. |t
is preferred that this condensed anbient water is admtted to TPA process

liquids, e.g., as seff-gpbesucinitbat itguemyronmental abatemenhdnea, TOP,i s
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.

. Condensed water is often formed from ambient water vapor
in compression systems providing ambient air to TPA
oxidation reactors, ‘and this water is potentially contaminated
with lubricants and seal fluids. It is preferred that this
condensed ambient water is admitted to TPA process liquids,
e.g., as scrubber water, quench water, reflux water, or is

used as utility water, e.g., as cooling tower makeup water,



used as utility water, e.g., as cooling tower makeup water,rather than
being sent directly to a liquid wastewater treatnment facility. . After
renoval awod/2or0/d6bemal destruction of VOC in off-gas, meoy/use@aloessé equire
renmoval of hydrogen brom de fromsuch treated of f-gas before rel ease to
anbient. This scrubbing is often done by aqueous scrubbing to produce a

brom ne salt, e.g., using an ueous solution of sodi um hydroxide and
sodium bisulfite toragﬁ?rughﬁﬂd%gg‘gpr cg'r§8 U ot (g] %ie“l'%%nt ors have
di scovered that bl arstierndagiityysed to control the dissolved solids content

I n such scrubber water is advant a?eousl y used as utility water, e.qg.,
“cool ing tower nakeuffigitremoval@ndfor thermabeastidctiongel YOLain effaas:. A PET

process al so pr oduc&gpya@g:%?%slrjg%T rIePrHVZﬁ hés}nhgg%(\gtelnopﬁ?ﬂ‘md i is water is

of ten contam nated w conpoun , e ene gl ycol,

-acet al dehyde, and vaidhouseastedX offfegers . before sraieadeertoedanhibient.at Thaast a
portion of contam nated water froma PET &r‘ocess I s processed in a shared,

common facility al 0$F§URP'_PI9 iReQftan _QP”¢FbA( AQWSRHS BETUPPHIG %pﬁ?ﬂu_é'@e‘ﬁt TPA
facility. Preferabl Hmn?iﬁédsﬁlﬂn%?q;}z?ﬁi@gi%’l‘ﬁayufeghgnéﬁﬁﬁoﬁ061”%53%! s either

left in vapor formexiting sdi r treatnent or i1t is
converted to a vapomnydroxiheusandg satiunedsisuliitepdot scnuboandhés rprodecer gy from

Feact ohe 1o processaliumh BroBNAS e, TREIEMED DPuRo ARIVSREH clhar TrA
formation. [010] AlQBRdodn Waterdided ity EQMPOINAE ASSolvéd'Qolidy 8BhteMtS

di scl osed herein can provide a pX-to-TPA facility producing very |ow, even
nil, 1iquid wastewainesuckearubber avater i rashvaatageausiyrusedpas ulllity of TPA

D e e e o B B8 PP e Y
treatnent per unit mjuk?ﬁ;gs@éwg@@_t i on. Brief Description of the Draw ngs
« 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.

[010] Alone, or in various combinations, the inventions disclosed herein
can provide a pX-to-TPA facility producing very low, even nil, liquid wastewater
requiring environmental treatment per unit of TPA production. Further, the
inventions can provide a pX-to-TPA-to-PET facility producing very low, even nil,

liquid wastewater requiring environmental treatment per unit of PET production.



[011] Figure 1 illustrates exenplary enbodi nents of the present invention.
Detail ed Description of the Preferred Enbodi nents [012] The inventions
herei n cawohkeloowedizned wi th the discl osures of US 200702€34%200a/005765
20060047158 (the entire disclosures of which are incorporated herein by
reference) for a preferred primary oxidation reaction nmedium process, and
nmeans for c_onerti_n pééft ?E’;-EA These reference disclosures conprise

nuner ous Briet Beseaprtenefit rAWI9% es and process conditions for a primary

oxi dation, wit 17] oFigaRe C‘?”ql'lﬁétFéﬂés”%&éﬁigarzncéddgb@i%érﬁgp%?a&hﬁeﬁré’sﬂéi'\t
gradients, pressures and gradients, flows, Conpositions and gradients,

agi t ati onnventodn.esi dence times and distributions. The usages herein for
"oxi di zabl e compound”, "solvent", "oxidant", "reaction nediunf, and
"hydrocarbyl" are according to the above references. [013] The inventions

herei n arpetafled DeSEMpti6A OFtAB PreféMadiEmbRdimentts of of f-gas froma
secondary oxidation reaction nediumis conbined with at |east a portion

of f-gas from d0fR] nEhe insendians dierewaean be carabinedowitlh the gissiesivenPfitS a

| t d/ i j di i s
one r acel 120 pR, I LEOGR0CS RO e SARED HRidsli 8T bt MnERC A ' ©
oxi dat i orintepotated Whedin By referanpe) o \a preféatadoprinesagt oxidatieni reactiod/ or

anot her secondary reaction nedium_ See US 2007Q1 55985 and US 20070208191
for descrmMpdiughs PEICEsSs @itsh daeINDIPHCPAVEHING Ak tt8r TEA: i ni Bese JerIgace

further r@eablaRsObomfis hildidus | ool A3 cAGAREI | fBaflitBs! AR CprdcBst udi ng

benefits operating'in selected process ranges conprising tenperatures,
pr essur escoriditipns, faroappantarg nexidatipr, aMthnpraoedsr esnditone notably amduding

di stributions, balanced agai nst vari ous costs, .notably includir
over - oxi dBTIPSHAICS 304, 9IRS, BIRUIeS ACCBIAHIRTS. Revs: RoriRnstianmangy

secondary ' oYU y=F=To) | : . HBAst - | r."
A so e BB ARG N P ISRy T S AP uRRY, T R ary
oxi di zat i"onidizzdite comppundl',Z'sdiventiyfokidamt!’ hreactiarc mediuro!, artk"hyairecarbyl”

sol i d- phase aronmti ubstrate, . including benefits of operating in selected
process radﬁ@oggﬂ%?‘? E’]%@b?mﬁﬁeﬂﬁeés, pressures, flows, conpositions,

agi tation, andqospi HeNARentiBRS RReintretmbRdipietafred ithern 6 e fbady al pisitioM &Fi ous

cost s, notably i ncludi ng over-oxidation of substrate, product, and solvent.

Her ei n, tdff-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 temperétures, pressures, flows,
compositions, agitation, and residence times and distributions, balanced against
various costs, notably including over-oxidation of substrate, product, and solvent. -
Herein, this type of secondary oxidation reactor is referred to as a "post-oxidation
reactor." Also, see US 20070208190 and US 20070219393 for descriptions of a
secondary oxidization reactor optimized around further reaction of the entering
solid-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,
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type of secondary oxidation reactor is referred to as a "digestion
reactor”. [014] Wen intentionally produci ng power, especially shaft power,
by conbuswongiomwziidat i vel y burni ng) conpounds essenti al PgTasag@oioss7ng

hydr ocar byl bonds (fuels), the tenperature of said conbusting is often
pushed as high as nechanically practicable in order to maxi m ze power

recovery accordi ng to known thernodynam c principles. t he ot her hand,
when condigtablydneluding.pyer-exidatien of sybstate; (Hﬁoé'égtf éngh %%]Y,ng E'Qfe'ﬁr dct

the tenpgat yf Eef;’c%}lfha‘?\']g)?g%@n%a&ﬁ)@% 'ré?r@rra&%g@pa Oi@é&id?ﬁféddors.et to

control the resu ng , conversions, an rodict purities. Catalytic
oxi dati ons of [0n4] pNVasanintemticneliyopratusing fifdveere edpedciallyi ghafiapoweeabycar e

ok B Bt bl SRR o P B

provi de IHJpaRr (fRa1s], the RIngSSratee 6f saRIScHMBESENG 0 XIRM plLSH&d d8ehight ast hese
general preferences for higher tenperature for energy recovery and for

hi gher prraechanically: pravticablaliot ofslari toy maximizerawerr SeRMASY daeRUIdiNgdot hat

reacti on AT ORRRENE PHOGERS ook dbe it el Hieh SHREPENR

even Wwhi lcat4lp6esdrtial oxatiopr @y efdramaughemical hpfddust\etie atechpraturehiahd
expelling greater anounts of wastewater in vapor form It is preferred to
“operat e &reswyst of reastiaromediupy iisreerdinativi set e caatrel é‘?ﬁ‘rf@avl[ﬁ'ﬁgmy %
pressure Qof ‘ 410, P ) Ay f ate
B T east Bnysfig, it BRct Fritely,  CotayRFbRuialions Hilihe FEREf IMcABEhZ! C,
i’:lt | east aibcmljffiéie?tw rapid ahatdgreatrcabe limrequitdd tos maiefain saifable lmpsd-phasat
east a portion of prinmary oxidation reactjion nediumw th a tenperature of
| ess t harfoaggOtrabens ofdisspived, diagygeny ang;Rig causes 2 ;ﬂ’%%é?rr‘%?gbg‘&g&er'ate

of at T e Tr A Bl B prEe RIHe ol e iR Tt o e e ©
i nvent ors havq0a5F ddespited theae geneml pprefierenedst forgdrigher demperafueat tast
TS RS e ey A By B Bl 7 E P ofi Bl B e TERESS. 0
reacti on HREPEBLYERE WAt iPiLPrerepd tddpetdtabhtyiedshe pORRITALF QN peimadrgr ger
amounts of vapor i1ncreases the difficulty in disengaging |liquids and Solids
from t he axidatipas reactiong reedisart with nibei Uiellowinges rgte speEsSHPS nahdase
in off- gqgmperatures, 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. It is 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. -

The inventors have discovered that it is preferred to generate the greatest

volumes and masses of vapor possible at the exit of off-gas from reaction

medium while satisfying the energy balance as required to obtain preferred

reaction temperatures and pressures. Undesirably, the generation of larger

amounts of vapor increases the difficulty in disengaging liquids and solids from

the off-gas exiting a reaction medium. Undesirably, such an increase in off-gas

enlarges the diameters and volumes of conduits and equipment processing
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enl arges the dianmeters and vol unmes of conduits and equi pnent
"processingreaction off-gas; this notably includes a solvent recovery and/ or
dehydr at iwo 208am63312Undesi rabl y, the oxidation reaction mewdiusaof0i7he
present invention produces an off-gas that is sufficiently corrosive to
require unusual ly expensive materials of construction, often conprising

titanium_ Undesirably, the increased flow of vapor exiting regction.nmedium
s g eat 13000 G0N M SRRRONGEIIRS FolsoMeTS TECRES; GERLET AEhydHaLSh

sol vent rgegNer yURRESsPabIYE Y RidRbnMRsdttion iRidhim bhenheTsrBsanteraaton! the.
hydrocar byl portion of solvent is recovered. However, the inventors have

di scover eufottiees an off.gasdbet! isasuffisiendly casrasive to dgauire sinustally,expersiven

Ff- b i ned.i i . |
cssent  al TgteCals P cpgt ietcd BHel EimBRshEAREY, BBl J78 Teiersst at i on
neans andigwiatrvdpbragkidhd reasticrl maidrardgreathf bftenpated M bethamasseand| -

econom ¢ advantage in shaft energy recovery that surprisingly outweighs the
i ncr easesvalymet HEFNG pRIOSESHIHIC Bt SRINENE NEEGOVERE ANEHO rﬁie@a{grat&n &RANS, | n an
enbodi ne . ' i - d: Of J

pr oduced IP%'I%"}Sgﬁ%@ﬁﬁ?@%%ﬁ\?g}r%rggoﬁ%nhpﬁg%ﬁ@ﬁrg% Idggﬂl%fg, Isoiécfg,é'sec?r' 20,

or 30, orHdkwever, the, inventdrs haveSAiscb¥ersslt thatvampancieased amouht of solvent
hydr ocar byl - depl et ed off-iggs tream | n another. enbodi nent of the invention

the hydr otROFJPTRRG INfeAFt 8as GRB MGHPIRINGRIR PATs} PBARCTFaREY @MPUH| urm -
conpri ses. h ; : filey s 1 cefi 1+d @5@%,0

hydr ocar b?/fl %EBf'e?éééS?? %a%ng‘tglﬁséggn W[é?ﬁr('i] %mav%poérbhg%%pégnds ngpg{abgt I on
of f - gas cdehydratiorwaneans, apdr emtetiag \WC.of\gas dorbdexpabtier; gaftaro psoddimgoands i n
reaction off-gas conprige dinitrogen, dioxygen, carbon nonoxide, carbon
dhoxi de. SHeillBRgROBIACVAHAPS I N GTa ¢ RIS HeEtery AT SHPTRIAL PLOFRBRL  on,
the i nver'th@ﬁﬁcr'é%ﬁ%sﬁhs&ﬁé?bﬁerétﬁ@ cbits! and 8% ifdrBasesl ik 'cBpRal €6kt! OIr0BART at e
a pX partial oxidation process wth increased anounts of vapor conpounds in
react i on erhbodimentofftoel present investipn éhe hyddocarhyl-depletesh of-aasnprodvgsdi n a

reaction off-gas are at |east about 0.67 r 0.42 0.45, 0., 7k
kil ogr arrsf??{@ﬁ%i\fqrﬁd?%%w ﬁ.gg{\icgmgfsfe_sg@slgaﬂ1(;,30rp‘féf%rr$0300 "t Oatortzl?e o\5apor
conmpounds40, Nor245€ 3¢t 5@ Wtof fwatap vaper Hadedadh theoHydrbéafbyldeplsted,offyad3. 8,
or 14.2 kil ograns per kil ogram of EX fed to correspondi ng oxidation

react i on stE@anunin anather enbagiment oktheningeatien dhe hydeocarbylgepieted ¢ftgasi on
off-gas, 6r88uced 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.

[016] 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 aspec’ts 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
preferréd that the vapor compounds in a reaction off-gas are at least about 0.67,
or 0.72, or 0.75, or 0.77 kilograms per kilogram of reaction off-gas. It is preferred
that the vapor compounds in a reaction off-gas are at least about 12.4, or.13.2; or
13.8, or 14.2 kilograms per kilogram of pX fed to corresponding oxidation reaction
medium.

[017] To achieve such great amounts of vapor in reaction off-gas, the
inventors have discovered that it is preferred to suppress greatly the ambient



I nventors have discovered that it is preferred to suppress greatly the
anbi ent|l osses and intentional heat renoval from an oxidation reaction
medi.um ofwohelogpwesent i nvention across conductive, i sol @Crrusolo0s7da@r y
surfaces, despite that such oxidation reaction is highly exothermc and
requires great cooling. It is preferred to insulate such that at |east

of "ves<ol 8536%ABF BUFTHIATAL N UETAVAY Eom | 28 e R D, PG HoR MBI e

- reaction SRAbHMMAERtI6RVAEBYs Vtédrﬂu%hvé e%élatmpo%uﬂdgﬂy sufbcfs Odespife hdt4, or

0.08 neters thickness of insulation materia is preferred that thernmnal
ener gy | osusbs oxidationgreagtios gd, hightyi emthgunfcaeedarregwres @eatidoodingndltois

{han: abolk e nBuiass Sisn afeet kAR ol d 3 ihl oh 8By O R ARChATRARE | o5

cor r esponghguseax afiieMNsifacs iapda B¢ dicgBels! and/dr RbAl IS eBntainingatt le@ebhi Ng
of at least a portion of oxidation reaction nediumby utility cool I ng

fluids, epetiongftexidatien feactiompediinm @relraveled Witbphieast abrut 0Ddc Minge

boundafy égéf 8?85045393)16 a{n?fe@w@tn&gapmsum@agﬁén e3Sis! ek d@matloo

or S per ram o ¥ correspon

OXi dat I Orthéﬁﬂa[eIQé‘rgdeSsm tHroagh ekpoaed anbient shrfgre atreamd wonduité and{mr in
reaction off- P the inventors have furthernore discovered it l%preferred
t hat feed‘éeStSG poRIRINIRG 36 leasR PoBiP el PYidaLPR reaciion i, 2te anggain
despite t NP 2003 90, bPAY Wailts' BeP iiBgan ! IR ECIARAre8pBhaRY
great coo g i s preferred that ox dant eed to at | east one | dation

reaction cmsedhtwn rcrtlonpnedﬂmi dt is prederzed to dioiit ogoling of at laase(a pértien of

eX|t|ngf| sta e of ¢ ressio r.ef rredth east, about 50
or 70, Corougatics: Feartie, GaRuG by Rhaceofd SBI. cCpruiesdind AT indie
OXIdatIO Rfye ArRyEsSH R héfmaV

900C. Itnil;ds prg g?rse ghﬁg?é\%%gx@ast about rgsﬁHal:é@,%hc Wt gr SQQneIr%gent
of the nuesmafal saledsctbaupabgutedloa; or 1@aemh@d, an0dXi watts per kidegrany of pEdiedm
with a tenperature of at. |east about Qe di scharge tenperature of a

corresporh? éreéppngmpq)gggtbqnfﬁ N/ M-20, or 10, or 5C It is preferred
to insulate syphsy iy adhiérAsuchbgiat Hmodits 76K, v@por9€h r@actitin pergatthef the

exposed, anbi ent surface area of conduits, vessels, and controls for
del i veri ngvg@tpds bawprfugbenaie discevemekitds mpfemreai thaifeedaean @x@tionor

B T

preferreJ I'S Tecovere
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
compressor minus 40, or 20, or 10, or 5‘;C. It is preferred to insulate such that at
least about 50, or 70, or 90, or 95 percent of the exposed, ambient surface area
of conduits, vessels, and controls for delivering said compressed air are covered
with at least about 0.005, or 0.01, or 0.02, or 0.04 meters thickness of insulation.
[019] It is preferred that solvent is recovered from reaction off-gas in at
least one solvent recovery and/or dehydration means and then returned to an

oxidation reaction medium with a temperature that is above ambient temperature
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| east one sol vent recovery and/or dehydration neans and then returned to an
oxidation reaction nediumwi th a tenperature that is above anbi ent

t enper at weant/were t he tenperature of correspondi ng re&Criusaoomwoi7aen That
is, it is preferred that hydrocarbyl conpounds are condensed fromreaction
of f-gas, appropriately dehydrated, and returned to reacti on nmedi um w t hout
bei ng much cooler, th reaction off as. ,More preferabl. hot .
recover ec? Ir\?@ﬁtthps?%PBer e \ﬂftcf?rf%‘ﬁopgﬁ‘gaﬁ%%?ﬂoé‘ spedl ﬁm’ hTﬁ%%éﬁ*gStI B nput
through gﬂ@f&*?éd \Rat walr@éaraghcbwmxﬂ&gha@%ohaéﬁsed Yir6ml tésction B¥F-gas,

di scl ose | sewhere hérein is result is achieved by ap groprl ately
i m ting anpeopr@teht dehydiatedveand: fietugyed @rﬁe@@thmn&dwnsmt @it bel@gowr:p

29 SR SN oo PR AR B el Sl 0

OXI dati orprogideti withmiigHitedd \dnmduritst efrikemhalr @netgy daput hlam.@lnombnaoenveqr
190, or 180, or 1700C, since it is preferred naot to transfer thermal ener gy

into recdseptingsbeateexchance beuRdaN sHtaCcESeaf\a s disgloser elsavnars: heTeins t he .

primry d n; I &7 é"rpé}p _
or 60, o% ?ééuﬁ} Og\;\e@%g%? % gé@p%&itelg/;ll@ﬁr gﬁg*f,eg%efﬁ&i’% \afe;[\ré Isupp ?ed to
an oxi datremovedantsam sobaint regovdry arndéompdelaydratonmeans. e dtsis mrbterred theatt i on
of f-gas tenperature g nus ess han_ about, 80, or 40, .qr 20, or, 1Q0C. It is
or ef or r echliRatt 2ROYT AR or Sioa ihs Pereet ot a0 P Qi eter duent 51

sai d el ﬁgdftel Bkldbﬁoﬁ%abﬁ&qrﬁéhléﬁl Wﬁhd@iérﬁﬁefa%fé beés%Bl%an&%Jth a
t enper at ur ast about 60, 0, 0, Is preferred
t hat at |mtoraﬂ&mtor4@o or 1907 Cosur@e |ttsrpr%erpedmmto tnansfw thetmah@nemy

energyln t to a and/ or de ration s ectly’
From? he 1Bl ffonBrad svant: 868 RpBRTUE o*eREh dleh: fer Tenpefral: of (e o
t hrough ?ﬁﬁéﬁtéﬂ&tldrﬁféﬁkbﬂ%e}i% |eiscb.@1la@emmdétrléa§mmﬁaeo drt60, Sor
preferre hat at | east about 40, or 60, or-80, or 90 vvhefl%‘g percent of

sai d recB&krard98oveight percand of sajdvr@ﬁpve@@ioselwgenhmﬁupp Jelran osidatieans

eact | on 1BAFIghs el VitE "B SNBSS GRE IR, oty R SGRRE BicPs
bei ng pr qegpeestutd eiigus less n@naa&mrsmlowr@yzm rmuio"tmr Muighprefarded thate,
i sol ati ng, heat-exchange boundary surfaces of |ess than about 100, or. 30,

or 10, oratdeast akaut 40, orfh, %3%@'&% veight Rereeriiokesaid dreowsres, solyent is
Comieel et e S| KR maILAF LR o IR SRR o 5880wt oo
or 90, or 120, or 140°C. It is preferred that at Ieast 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
using a thermal energy input through conductive, isolating, heat-exchange
-boundary surfaces of less than about 100, or 30, or 10, or 3 kilocalorie per
kilogram of recovered solvent enters a corresponding reaction medium with a
thermal energy input through conductive, isolating, heat-exchange boundary
surfaces of less than about 100, or 30, or 10, or 3 kilocalories per kilogram of
recovered solvent. It is preferred to insulate such that at least about 70, or 90, or

95, or 99 percent of the exposed, ambient surface area of vessels and/or
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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 abowO 26006231290, or 95, or 99 percent of the expo®eujusasmoioastse surface
area of vessels and/orconduits containing at | east a portion of recovered
solvent are covered with at |east about O. , or 0.02, or 0.04, or 0.08

neters thicknhess of insu ion materi al referred ha

(1 trat o SR o tapli gf od% A poriemef 5% r#aeetassqtrerrﬁ e Eh it R at
returned |e@steabsutioddd,i gH. ogasrt)@a BEOI08MmatdrB thicRMes£6f insuRtioAtraterizl.ovi ded
by transfer of thermal energ throufqlh conductive, isolating, heat-exchange

boundary surf 6281 Itiist PEﬁfQTT@dI thatt filfrates sojvant rwrectﬁmmc&ttraélepaaaﬂr on

and/ or / [ r t :
filtrat eq&%%iéatoq%sowiﬁéagi %ﬁﬁgééqwas ?’;ﬁ'g%{'%‘” 'F% r ry y Vélfr?lp eqrr%\el;gntggknom
in the fitehipdratone: @révrdédnbyatténstéhertnmmbaeneqjy meqnagracomtlveomlamng he
art are contenpl ated the inventors_for producing fi Itrzf-tte sol vent

gravity s’lﬁ%tthﬁbanﬁ%rﬁqq"ld@@é§urﬁ@)¢ﬁﬁocfﬂifét§ sQluent; isesPivRat roaY Megha
~returni o SsegrBor?’d i 98 VERH mq)rqrn?ardwﬂpxxtfre?rﬁ B eRfiT eOhe ﬁ\‘e‘élnsaforl east

about 40 t percent sai [trate solvent to a
t enper at uskdaiming éﬁ&te hsoiveritoist frl1r@ﬁonoanc8®vasdmng©f 'EPAG@O(Ey mhmyumhnsl y
reduces the sol uhi sl ur and it usefull e es the
Cor oo viHpWBT i fie itiaue, ataawtyah Othes dRaanEatotsarains kn Saty

CO”StrUCtér@”caﬁﬁénﬁﬁaﬂéﬁerlf@fe FRRAOSSforVSoticihg MFERS s@lOé‘ntOté‘Qr ety rent.
and controls conprising the storage and processing of filtrate solvent.

Sui t abl e sedtieg eentrififgesohydrastenes andrthedike. cool ed filtrate sol vent

conprise vari alloys with der |on re such
as stainless g@ééﬁ%ﬂorﬁ F%Q'ngt%)e?% oxgjg Nt r@%ﬁﬁ?ﬁ&ﬁ&f" eﬁﬁﬁgﬁgt’ot her
nor e expedsyl Beledst @bblit 407 660 08r TESOSE@ Weiditt dreepNof €did cfutsate[ézﬂeént to
However, it is nore preferred that at |east about 40, or or 70, or 80

wei ght pea dempeatuesaiaf 15 tthancakbouty 380, 05 8001 d&d Qfo6@x¢datrht§n usefdlyi on

Taooc. 1Ryl W Sk BT SEA T Se Shubli3h0, RERKRND deoPEeShe RorpeRing'

and/ or t ttffrtmel filraes @piven®ics tiestnees nelgesisive Alatarigisests Uoﬁstnictians mdyhbe
about 60, or 20, or 8 , or 4 bara to heat about 40, or 60, or 70, aqr, 80

wei ght petsesifior spnduitel vasselsatiimars, stk olher sauirsaent and gehtels eampesingr 40,
oL o0 RBE U GehI o T oPHAS BT SUBBIERRS & Somstitdh o
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.
[022] 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
_to heat about 40, or 60, or 70, or 80 weight percent of said filtrate solvent by at
least about 10, or 20, or 40, or 60°C before feeding into an oxidation reaction
medium. It is preferred to transfer this thermal energy into filtrate solvent through
conductive, isolating, heat-exchange boundary surfaces.
[023] It is preferred that pX is fed to an oxidation reaction medium with
elevated temperature. It is preferred that at least about 40, or 60, or 70, or 80

weight percent of said pX feed is provided to a reaction medium with an inlet
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conductive, isolating, heat-exchange boundary surfaces. [023] It is
preferred that pX is fed to an oxidation reaction nmediumw th el evated

t enper at we.2oloo6ex2preferred that at | east about 40, or PE@USRE09/H0575€r 80
wei ght percent of said pX feed is provided to a reaction nediumw th an
i nlettenperature of at |east about 60, or 90, or 120, or 1400C. It is

f t | t f f- d/ h |
rer oy £ tapstating 2 Aisa P ot TR0 e dr B PR el o 880 ™
- 8, or 4 dydrdeherdieaheahalubndfyy fronPOff-gds, 7and/eF tRErmM&l ehérgiefrefnistefmsai d

pX by at |east about 10, or 20, or 40, or 6Q0C above bul k storage and/or
ambi ent -teameensingr at Bepressurecetiiass thanoakeutdd.dar 28n of daqri dbaredehgati t i s

f Lot ' i -
"ol at 1 nceoop 407 87 BRC el 20:er AP ERTERE Sl PR AT RPRY S8R Y of 20
-conbi nat igrn40,t be 600Ct atiovies bdlkngtorage emaier ambiéntclenmperatad efore fesdingr ed

solvent, filtrate solvent, and/or pX requise supplying increased |iquid
f1 ow i nt dnignamexatiopreastien sne 'H"eré?’?%"%{e na%aﬁr%w & thia dhemalensigy i n

.order to; | f : b S48 [ .- Wth
hotter fé@fg@ﬁ\@ro gbgf&{nﬁggwg{ﬁ é?)'%hﬁg’alﬁztlon C?rsaHPgsrlr)Dve agjsgﬁ'z?%énlsts heat of

sol vent vapor i[p24] oPeparatelgron macoswindtitne theahotier dedingdempenatuses of

i ncreased anount of .|iquid salvent feed exits the oxidation reactor .as

S0 vent VEPURTESREd @it TEERVERA- Splkent R saVent SaBly b g SeHP CHR Bount s
of i qui dheehYea! iduid®dovwe it 8A HRESLGHP TohdtoPUATSTdef ABIMIdittairdtd &3ty 0! S
al ong with increased anounts of punping power. [025] For conpression of
anbi ent dialanee évarden te uaghigve qrptareadioperating temperajuees ahdepressores.

often in ses. th nmount of ter vapor entering the oxidati r.oc :

unl ess a WG Hattg feydvemere of 1 et dBtalaqilichnls FepnVel ot iejenGhERt e
wat er nusdolRNfairizatioe, PatPar ahaf suHbilsisPeéatRiy of FBLHSC andi atiheieageacess
along with the water of TPA formation in order to maintain the desired

sol vent cmewdli of dquid-getvest feed, exilse the wxidalipne reariee@s solveahMaRIOr yin

car bon cOREATH i dhis SOREsifHoly, Ublvif e ate BRI of R Espluont feed

wast ewat geqligesi mdie @06ty pahips, condlits| @rntostraly alengwithrinareasedamsourstsch
addi tional entering water vapor in conpressed anbient air nay be viewed as
doubl y urfti®SMRIRYPOWEreat i ng a potential carbon | oss and a wast ewat er

I ncrease. [025] 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
compressed ambient air may be viewed as doubly undesirable, creating a
potential carbon loss and a wastewater increase.

[026] - However, by using inventions disclosed elsewhere herein to expel
increased amounts of water as vapor and to use limited, coincident amounts of
VOC as combustion fuel in a TOD, the inventors have discovered a net, positive
benefit for leaving selected amounts of water vapor in compressed ambient air

used for oxidant feed. Accordingly, it is preferred that at least about 70, or 80, or
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[ 026] However, by using inventions disclosed el sewhere herein to expel
"increased anmobunts of water as vapor and to use limted, coincident anounts
of VOC aswoantmumstiion fuel in a TOD, the inventors have ®CTase@omos’as net ,
positive benefit for |eaving selected anounts of water vapor in conpressed
anbient air used for oxidant feed. Accordingly, it is preferred that at

| east aboyt 7 . 9Q, .or .95 wei ght t of.poxidant feed tp at
| east onclbyarcs WEia Relianhe! duisinierd 1 el Brathe SidlinhTERoNGT e de o

| east abogft the SresenPinvenfidn Bmrides alleddt @bokit D@, Bh ®O3WaE ©rogedr Bigsogr am
of pX fed to correspondi ng oxidation reaction medi um and | ess than about

0.12, or Iglogramoef wvader per kilogrami pbgraifeditovrareespeading |oxiffatipnoreastioned t o

Fenct: on MeRREndRe® Shaf BBRLPY. 12 B U0 S ba. ot Blo7Riddrah Bl 0" o

pr ef er r edkifograrpeofaX feebivt carrgupdndaty oxidatibgasadtongeediuthe an anount of
shaft work using_one or nopre turboexpander neans. A turboexpander neans, or

sinply turboex A4 efiftef sew AN rRxidation H@@?B@hd@@dﬁt@pén@'ieadﬁﬁfqrﬁb'é’_ePi es,
opt T onal | yrihhoRB8GH Rl RicRficthafGs BPafelidd RPA0s at Rt of podiBh St N
the | owest pressure stage of a turboexpander, prior to further process

st eps, i sgaeftergerkrate laer amouwns dfushaft wparkdesingf bngasr morel turpboexpamast t o

| ocate at_| east b der st h that it i hani cal |y |inked
to at | clEoBRe AoRPPOSEPEIst BFath SuSIMOAIBRPURRRIRT, d GG Sninaler .

Such ““kl@%‘o% a‘ﬁBBY%ﬂéﬁ‘é‘@tér(T%éH G S YotidniIRt Wity SRS ninoRe intdbtagand/ or

gearbox. [028] 'In order to xi'mze shaft power, it Is desirable to

m ni m ze heéatingosmeahspr edher eoffigast raxiting theer pwefst opressurgasstags ook a

entering a turboexpander. However.  there are, conpeting depgands, for.
consunpt itb'FPQﬁxPﬁpégéu!'pé'oénéo\t,\glﬂr@é¢ratprgeﬁ?leftﬁpsi' n'sorrfg‘?"? 12 8GN s fSvent
and to r efifycexpRAUEP bfaj4s. AN irefdfedVdd tocdte a1 16Q4VEMS tiioRYXBANIENSiepr
dehydration neans. Al so, capital cost requirenents for a solvent recovery

and]{ or dg&@@@t #ris rrei;giwnimﬂye%@dgt%at lepshonemempiessian ﬁeésfgursyaplyfof
b1 1 gas neBrR REwcdimbipty iy & SHEH HEEB3E S oBRMBrul BroV Bt B E o0 or

have di sopeengsicalsifnaid/ongeafbdxeat ures that enable and bal ance the
consunption of_ pressure and tenperature ener g%/_ fromreaction off-gas in a
sol vent recOVG[O%%N@/Qmeagq,mxgmz&rsm[qgwer, 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 soivent 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.

[029] As disclosed herein, the inventors have discovered combinations of
features that enable and balance the consumption of pressure and temperature
energy from reaction off-gas in a solvent recovery and/or dehydration means
against the recovery of shaft power from off-gas in a turboexpander means.
Discoveries and enabling disclosures for a preferred solvent recovery and/or
dehydration means are contained elsewhere herein. Before proceeding to them,
the preferred aspects pertaining to a turboexpander means are disclosed.

[030] Attention is directed to the preferred pressure ranges pertaining to

inlets flows to turboexpander steps. It is preferred that the pressure at the off-gas
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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 dewgapardeesizneans are cont ai ned el sewhere her ei npPCBafSerw/op¥76€ eedi ng
to them the preferred aspects pertaining to a turboexpander neans are

di scl osed. [030] Attention is directed to the preferred pressure ranges

t ai ni lets fl to t t It i fe hat th
D esour e St fi5m fr Sl erBrem  AmIa" BenvarmtoPBeaes i HRER telrsaheton
means is ARAHGEGrAY of 855 dritan b%?%‘t'én@pres@ﬁrelevélhafé&froﬁf wRerd Rctish Jff-C

pressure eval uated from'where reaction offgas is forned near an upper
surface o@ay @af@mned neatiamupper syiage-ptreaglionimediume. it ismretmmd thadtheg

o essure g MR, P BB, DRSNS SR DB

and an i nthetmaf emergy eewFagHte bdtwebAsSant baflettlapus BBIVSHD re6éver§, BAG/oror
8,000, or 4,000 Pascal. It 1s preferred that the pressure of of as at an

inlet to defydration mesesanthaernlst epajtyrbeaxpaadenis less3han abosb3ai009. oror 1,
or 0.5, ofg Bog 8RB otfo?lor & @6@%}%&51 ep%#ﬁéf‘egréd t“tﬂls Sd? Etdfoé(]'f g%& #as 1s

formed near an upper surfac reac |um at the

‘pressur e a inldtetoi anfirst turboekpémtesrtstep i$ reduaedoby s thaarablcmt 2t o daet Odhout
2, or 3, or_ 4 , or 5 bara ajgreferred that the pressure .at tgle i nl et
to a firs¥ Qar%e%aﬁdwsgqr@pev uatgdfromawhgrs, gackion off-ges, is jprrge

bara. It dfuBpel sitas bfilackibAthaduf.( Rid BRobrBHIRAHTR bRISIdAPHG mlet

i nterstage conduits and process steps heat exchange neans, sunmed
bet ween ttbeati lelst on dudboexpandert sigp isfattleabbakpain2icor andr dheor dubbmt Hfisa

| t st i | bout 64, 000 3 8, 00Q, P | .
031 A (BT That dhaEREP At Wenlat P A Tisld U @a0aer sk (5581 eas
exit frommpitvenbr HBCEY 8! ¥r RHHET |td§*p>¥éfeaﬁéd)malfrﬁa%g fhthﬁaI pre8tuf lo8s

t ur boexpander in order to mnimze the | oss of thermal energy out through
i nsul at i dn amy inteestags cootluits @f@bp@oasgr@t?psysacl@wsngeat ee;clnajme MeRRs, the

Lo ot or OBREHSRETIE o kSt Bfe oluedmseR Bt sl bl a7 ™

neasur ed |HEVEREFS i ledBtRAN bﬁbﬂﬂﬁ-ﬂl!ﬂ)ogr a682,000 &r 1@&001 3€e8,000ePaspnver si on of
t he el evati on head of offgas into static pressure at the inlet of the

t ur boexpander ,[03iThcdthaugheitds Aesirablg terminimizecthe idigjanes Jam theceff-aas
and/ or  defydrald ORoRANS r&HVeR? SRERT CehParatd TREGRS BPOMR YRhRECOf 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.

[032] For greater recovery of shaft power, it is preferred to minimize the
back-pressure on a turboexpander. Reduced back-pressure helps to maximize
shaft power recovery with a turboexpander by maximizing the decompression
ratio and volume of exiting gas. However, turboexpander off-gas of the present
invention has other competing needs. At the very least, pressure must be
provided for flow through conduits, controls, and various equipment, often

comprising a condensing means and an environment treatment means, before
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[032] For greater recovery of shaft power, it is preferred to mnimze the
back- pressure on a turboexpander. Reduced back-pressure hel ps to maxim ze
shaft powso 2080eYHRY W th a turboexpander by nmaxi m zi ngPCHAISA@O00§75€SSi on
rati o and volunme of exiting gas. However, turboexpander off-gas of the
present invention has other conpeting needs. At the very |east, pressure

t b id f fl th h ' I d '
e penteIRIEolP CORENE SHTEHETRRe ok TRo g o an Rt YGRS AL MBS e
-means, bejEsRseARRE ToHE SHAbIeS HifficUIEY Mﬁ:dé%régﬁdahaq:ﬂéb@_@gmmge

of f-gas at |ower pressures causes considerable iculties with designs
and capi tdowrsieram npranessesownAt geeatepr pressues . fon tirbaexpansiass offr@as ds

of et ot HGatseor S8 if congefigh et abol MOl WAL i Q0% Bsggatyont
condense jhHbSS pRdieds! designs Iprefefrind) e WBhEENYR pIbStaNtHPRNENT ofothe- water W t h

| ower pressures, condensing appropriate portions of the water vapor and VOC
from t ur DEPASaifd@xrandeqLf-gasdi fMitbulaweyr PregByespIONASNENgi APPTeRNIFE
utility ! | 4H] -t = i i[,q?g il I4; t{.ng .
utility coo 'Jl)ﬁ% 9 ltﬂlla Safléf'g uﬁ%ﬁ?@ﬁm@%ﬁﬁﬁ%@ rgngj%ﬁedgﬁg%i%?él gs'ﬁeg\?sdcg, the
required ipiposkibie tcs'gtbiefverusti)ngl%tityemﬂiiaggmwwim nearatbed tefpeatares,
pressure is retained in_ turboexpapder .of f-gas, owing tq inproved heat
exchange ¥¥bfefigeeating Ut'lﬁyi?ﬁfﬁ'é‘ge 'S%dﬁé% r@b& f‘?re?'é%i i'aglée\/\ﬁ‘?ﬂt QHS}E%i ven
utility ¢ [ Ii i¥aft u _ JTRIEHsNe Nt
pressure @?é’p%aﬁ%‘%fvy ﬁ?és'%f?li %gtgﬁgﬁtawﬁﬁﬁ %f%aaltr@ heat gxlghﬁgﬁggéﬁégﬁ?reaen
af t er corpressunegisaetainped in yurboezpanden efigadeowing: tofmpetved heat@xchangeOC,

oty Gt o baved eRbRrare fRe e Wilhany SvEp i heFing tdhe 'O
process dggininSteRiptir8furéC atke ©XRASNRGIng  (eBRftic’l srieansedrop! fasdshew

convey TPA'prioduct powder, and this nmay cause another need for increased
t ur boex palisteibution kvithir: sgid beaf ezajangecoednag kveroaflenspadensing tshgierityent

I nvention, the inventors have di scqvere hat_th S d _desi r
of f - gas cq{ncﬁ)'leps,pr%ﬂ??%rla??eheoit @Sﬁa}‘&fﬁf r%h%s?%qhﬁgﬁs,ppea%&g%%rf?gber
nmeans enghtdexpantier lohgag durginger &5l meas Sarfgercoizes t fopnfurther tdewnstréah of
an off-gas turboexpander. It is preferred that the pressure of

t ur boex paaedduitsf gonfeals, and eqyipmemt. dosthermare, spme rocess gesignsrprefes tgar
gauge. | tuéese%aerfoeé'rroefﬂgég%tr é&%&%@?%ﬁ[&s‘){o E:Uﬁ\p&?wg%duct powder, and
this may cause another need for increased turboexpander back-pressure.

[033] 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. 1t 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
providing enough pressure energy to flow turboexpander off-gas through
disclosed conduits, controls, and equipment and comprising off-gas condenser,
condensate demisting and demisting, TOD, and scrubber, while not comprising a
re-compression step, before release to ambient surroundings.

[034] According to another aspect of the present invention, it is preferred
to minimize further the turboexpander back-pressure by minimizing the

downstream pressure usage as above and by also providing an off-gas
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off-gas is at |east about 0.05, or 0.10, or 0.15, or 0.20 bar gauge, wth
"this aspect providing enough pressure energy to flow turboexpander off-gas
t hrough dwvechmseeBiconduits, controls, and equi prent andPcomseemiongysef f - gas
condenser, condensate dem sting and dem sting, TOD, and scrubber, while not
conprising a re-conpression step, before release to anbi ent surroundi ngs.

[ 034] According ta another aspect of th resent invention it is preferred
Lo m ni i BEOMIERUPH (HeP [ARAR Aeh e POBSRIEeS et S ENa)OR Fib S, MR E Rt
downst r eghEf 8BS £0,USRDE, 8S406b8Y B0aREighy pRiréehtisfomedvaer aapor present in
of f - gasreconpression step | ocated after a condenser heat exchange neans

wher ei n durbegxpandeoaff-ges, is sempyedas liquid gvaten Wee inenterisdiave dscovrredat er -

 vent or ShRbveleh ASSRERAB, St abtys At i onding® salif 0 BB on,

sur r oundiiRgentRsROherelg, leffididvt rémenhl ofswdter aiapor efrdiC bffijas agourlingftowat er
vapor from off-gas according to inventions herein enables a reconpression

step for NMeNYEIBahAfaly eablema rerampressionestepstar theyreraaiging pfraas thatt ne
.increase | RALRVI t ] G Ao :

t U booxpaSdar e HiseRif RS power REnEE e odseRAREE RIS B) (iRZEaRd
means betdemmpressioh-igen apsileaseturbeexsared. tiheadditian, it & more poeferalsiei on
means. (See el sewhere herein fo[) di scl osures and ggsi%%nations fO{h condenser

of f- gas dRJORAMER KBREK-OLE Means been,an afi-ga$ cga oMERBS Anshthe inigts
preferredet @ NBEQMPr&ssor ORdaNEe" géée-gé&ewnyr@ RERSIRT At WiddiosiireqUiand

of f-gas, by at least about 0.05, or 0.1, or 0.2, or 0.3 bar. Wen using

of f - gas rdesigmatensi fon,contdensepoffigas and tkmockoutmftgas.y oWidwears usingf 6ff-gas,

nore preferably knock-out c%ff-ga}s, by | ess thaﬁ[} about, 0.9, or 0.8 Oh' 0.7,
or 0.6 bdPCORRERSSIRR h 15 pretged B LseBmRtEss rondentey off-ans; mate Mrglerchly
pressure ocRidutBHgas| by BYIddE dbBRTLODGSEU! Br D206 OF Barl LN DSIAGEr | S
| ess than about 0.3; or 0.2, or 0.1, or 0.0 bar gauge. Wen using off-gas
r econpr esaff-gas recompressioryr iteig preferred ctoprecompressf caidensgs afkpasngarnge

vt P Bl A A SR RRR et deflh O 8234 B iF o el ©
pr ef er r edphen! @siag eofilhas @886MPREsSien OINE esrefdrfed tRat thec brédviire idf dff-gas
mechanically linked to at | east one turboexpander step and/or at |east one
conpr essi@xifing 8¢ fawesd prpsgursr siagedahe Wrknm@Ipdends dgss. thancabeuhRalyeori s
conveni erg by opboVifiesio Barfduert NeATBERZ S #-Zhs T8BbMpPEKiSH, B52pR%Erred
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.

[035] 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-
gas preheating means placed after a solvent recovery and/or dehydration means
and before said turboexpander means. It is preferred that the temperature at the
inlet to a first turboexpander step is at least about 110, or 120, or 130, or 135°C,
evaluated before any off-gas preheating means optionally placed ahead of a first
turboexpander means. It is preferred that the temperature at the inlet to a first
turboexpander step is less than about 190, or 175, or 165, or 155°C, evaluated

before any off-gas preheating means placed ahead of a first turboexpander
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[035] Attention is now directed to the preferred tenperatures for an offgas
inlet to a turboexpander neans or, if optionally provided, at the inlet of
an of f gaswpnretvdseiing nmeans pl aced after a sol vent recovecy/iseawons756
dehydrati on neans and before said turboexpander neans. It is preferred that
t he terrperature at the inlet to a first turboexpander step Is at |east

about 110, or 5C, eval uated hefore any off heat i ng
roans optTBRES | 1 18 Reerakedintoihe: temperatils edupiAm e aatnd fom Were

pref err eqebbfidn bfitgdLidR6FAtY Hearbnt e'rré'u@ltacéQ)fﬁ‘eéd:t'l'o?\t midi A9 RHEie oft ep.

I's less than about™ 190, or 175, or 1 or 155C, eval uated before any
of f - gas pgashenters @ ﬁrretahsbpemtdmheaans,ﬂsaem than aboubioa ol edélmard, ort is

preferre t enp educt eval yated from wher.e reactio .
b - gas 122 PoladatnbervalnBlsie o Akt or® Piatfiaile HeahS AP ARCPEeER gas
enters a jgHd=kt oft dfiRdfxpRBIBANIEASansS | ess than about a 50, or 40, or 30,

or 250C reduction, eval uated before any off-gas preheati ng neans optlonal |y

pl aced ahead dp3§]f4\|tﬂ$QUQfL|rQ§>cﬁ1§ﬁp§meiu gxeanderscpparatingugh Aohalovsithg
t‘”boem%&p@?éﬁ@é&gﬁhg‘&ra.%e l{n rfﬁ"\ﬁ% Q#tf 8&rt5un"‘8§¢$ti‘&9eﬂt£%%f?re

wel |l kno I'n consti resent

i nvent i orgasadtheeprasent itvettionndausef emmmmanmﬂ:ms)bf esosion famrd owmnysion
materi als of constructi on when used in a turboexi)ander operatl ng too near

to the deRpaIaty BrateRals pisconsfiuchen whan Heed i ehfWbapEPHUs aRRISHIBI dBfpr | se
car boxyl 'r&‘ea?%%e%@éd&mtbé 85 as! "C6RBLNE ConBitutintd afbBlieif P Eortp¥den.

[ 037] Accordingly 'S pr rred to operate wt tenperature at the
out | et frczmmyllbwds ané/ostbagamﬁ macdn;mhn:tmrpamhlwaterfauad/otela»dygabout 5, or

10, or 20, ove th cal t te erature f the off Mor e
oref or anl'y, ¢ HO3E) CASRRIAING.of & B HEC K PERTEIG I e dpwriirts Al dhe at
the outl utrei ekt Ie%k%ﬁé é‘o?ﬂrtﬂﬂﬁ?é%ﬁﬁﬁér oPHCIRaLEABSIS WieF0, Hre20,

attai ned by various neans cor‘r%rl sing limting the mechanical’ effi'ciency of

a tur boexpazfif€r abadeithg Iowrdmwpenértgynperatureeobme offsgaset Wene preferabiy, from
a solvent,rec veréagnd/ 9L der}?y t|o ms\anf('se and t EEXttﬁ ot f I

t ur boexpdNB¥F ETHRAEINTS PIRAIANESS M HevRIptate maltARcd: at thg plitiet from a

t ur boexpasis§ss of @3RirbbexFafier. 08GEN ttéﬁlp@?ém%sﬂbré ataiidd 6y aridusaveansd,

the inventors have discovered that it is often undesirable with respect to

capi tal @emprisng dpdting they mashanics! gffigieney oha tuthaexpanday adding thermalt oo

mich SUpeJAE?ﬁ\} td 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.

[038] 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-
gas condenser inlet of less than about 150, or 120, or 90, or 60°C above the local
dewpoint.

[039] A less efficient turboexpander requires less added thermal energy
to ensure that the turboexpander outlet temperature stays in a preferred dewpoint
range. When less enthalpy is removed from the working fluid and converted to
mechanical power, the exiting temperature from the turboexpander is inherently
hotter. Depending on the relative costs of thermal heat and the costs for

electrical power, improving mechanical efficiency of the turbine may be

16



t ur boexpander 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 of f gasocordeexer inlet of |ess than about 150, or 12Q7T/Use009005766 600C
above the | ocal dewpoint. [039] A less efficient turboexpander requires

| ess added thermal energy to ensure that the turboexpander outl et

t t st i f d..d i nt . | t hal py..i
Femoved 1ASTMEREN QA1 dPH ORHAash st G e §YRIERER e cpgRuETed Hiat
exi ting tonBehd Whit ddRBfidetiverEd BferRal Elerdy id HWRr Al abA&t 6 8" timBsRRAI Ng

on the relative costs of thermal heat and the costs for electrical power,
i mpr ovi neast aifaelectiicabfiawere agprassedhin the isiame ranjtsbdaen rit iemrefersed to

beneficial for._optin zed t . elhe | ' hat ,. th-
anit. costnakes R P THERALe ERBek Y e B el SRl Dot R coce
of el ect rtheghalshigy Slitas oblainthé R siratRIewpdist rahberon thel éxpreieeiougigt.t o -
maxi m ze the nmechanical efficiency of the turboexpander and to use,

addi ti onalhisHerlass efficiensy thayutan elestical rganasating iPONer @D may raghikvesn t he

expander il S .G ta ‘ al

pover cyct g lieastHbRuL B4 R S eFhaRsH ERERVEBLER! tefifal SRORREN
ener gy owduhet asé hefr thérneaiie eggrgynpnput 10 thee offsga®f mightr seémerilbadyisedput
to the off-gas mght seemill-adyised c ared to the shaft rk achi eved.

However , G9fePREADSI the shalt wark eqniaved- Vte!ﬁ:a'_fhet H%W_PHW I 19K Rl
energy | géngﬁﬁht%eciﬂei%rﬁgne% Eﬁér&ﬁﬁ?rﬁéggyé ?rgﬁl%tgénagpﬁgbﬁdhptlé}? @meeand/ or

i ncreased deconpression therein to ac e over i mprovenent
i n ener g\effigienegiry theTeupander andjor éfcreased tdegonpressioo tharainlto efdhievesacy of

7o, or arRr kSR oo R Bl R0 e it SR R B
achi eve Qyeafardi€alfficiensiof %pﬂu‘?b@é%ﬁylh‘éjie?'én‘iﬁlo%@ iPtie prsseMPiridlion il

[040] In order to increase nechanical power output froma turboexpander,
especi al llgastnabeutpdft oo Smeir i ori 8Y peteentuot the maieaum shafti work putgur r ed

| at i he d ' i | ' hi gh cef fi ¢ der,
17Pe pr arssibe ] gt fiEys YR Rlealdbe Sioti SAnBunit b fhe sl Vekkbg SR 0 "
of f-gas bet weqp40Kilhi NBrders Otoy Eficre8SEV eichanicar @oner abitput Meesrd aad a

entering a turboexpander and/or at an interstage position in a nultj-stage
t ur boex pdHthaexpander gapegiallyt in1Espest of guaintginBgothepputigiotafaperatyerin a

kil ogr amp%ferred 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
turboexpander off-gas; less than about 100, or 90, or 80, or 70 watts per kilogram
of turboexpander off-gas; off-gas temperature rise from thermal energy input at
least about 10, or 20, or 40, or 60°C; and off-gas temperature rise from thermal
energy input less than about 250, or 200, or 150, or 100°C.
[041] Such amounts of thermal energy are supplied via heat exchange
means comprising conductive, isolating, heat-exchange boundary surfaces,
preferably comprising various corrosion resistant metals and metal alloys as

known in the art. Preferably the thermal energy is supplied by a hot working fluid,
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pX fed to correspondi ng oxidation reaction nmedium |ess than about 1,000,
‘or 800, or 600, or 500 watts per kilogramof pX fed to correspondi ng

oxi dat i orwpeaotdees12zmedi um at | east about 10, or 20, or P8D/USeN0AMS™MattS per
ki | ogram of turboexpander off-gas; |ess than about 100, or 90, or 80, or 70
watts per kil ogram of turboexpander off-gas; off gas tenperature rise from

thermal energy input at |east about 10, or 20, , 600C, anpd off gas
{ orpor at (NGNS PEISFR SR RANCERSHS 4 fosdh 2 RAUSH 1 Vauisbetersteridansatsy. O

150, or 1?%%rn£&éllheﬁmenﬁﬁegmc$o§a‘tﬁahﬁn 'ref%Pr%% fBFA a?%t'aegofﬂoﬁ dfeat

exchange means conpri sing con tive, 1so tlng, heat - exchange boundary
surf aces, Ioweefpeeﬁwg flashmteanmﬁgomacormimsatﬁ foomiedhinras oﬁtgast hmit%mtlaa!gd

tal all Pr ef bI th | ' lied
by 2 hot TERRS N Torlpenal dSasteh BomiT St SR IR ARETah 8 EBF b PaS Y on'
of liqui de%@iaﬁbecrﬁégﬁél%%&vhé?érlh@w’w@r»odhbﬁoh rpvsééésr%gl %@bﬂﬁ d paitioht is

preferred to format |east a portion of |ower pressure flash s eamfrom

condensat @ Xytenmdecoverad solvemsfiltrate selxemal §A selichandier efbgase at | east a

portion of sai e ewher e
in a TPA produ@t“'%h)aéﬁ §§§®“ sgc@ Hﬁ’@ﬁ tgfetn%%?ll ?ﬁ%&x?&g%pﬁééoggr ed
sol vent, éxidizingt & fael \/\ﬁt'htdlo?%eﬁ(dricﬂdlreﬂ@/ obmbflrimgathe le@dRingChot reedtioy,
such anounts of thermal ener y are supplied oxidizing a fuel with

di oxygen Rieduatsr ide| 9f-garbi Haid atereas Gmtprﬁéuﬁ'@t afe AdMEedpab @ulqcationt o
oft-gas. SRleRObxififig%s s%r\/é?{tol%‘é%%gﬁéﬁd/%‘i“ﬁéﬁﬂaﬁ‘én nbafigtdrfel ARIrHAP

exiti ng a solven overy and rati on ‘neans and entering

- tur lt;oexpaﬂtmthwd e)@laﬂﬂfer aitgllcamat raafjre]!rﬁemg@q)cpmsmounm A mmtagetmgmexpander

t ur boexpan Prefer y sai u i ses hydrocar byl _bonds. re

pr ef er abl ?%’éﬁ bly said Tug) R n‘iﬁ’?‘BB%e%tE‘YQTQ"%éY' b%@%%/atlglor%r%ﬁﬁ’aﬁvws@ 8.
Still nor I | 0 anol ,
o111 o G B cofial ek, BRARRTVRGEAboROTBHSEETBIUSRAMY, S8
conpri sesfuat predterhlraintbwt cEmpnses7methnnc90 ethands methgine, popene, retarge.

b it 21 PPt i “Mas? drefer SR sl £ TapTinn & lnas] APt i G AU, or

dehydratlm me;ghtggp(%htrrﬁéwahéel y lean in dioxygen and rich in water
vapor. Mre preferably | east about 50, or 70, or 90, or 100 wei ght

percent of the[oéﬁbulemfemdy ia portiomtofotompeasarsh anbisnbaitidel Areided for

CONMpresse xncfil'rzq:r)fgeg&lda'furel,f %ﬂwce 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
provided from compressed ambient air fed to an oxidation reaction zone for said
fuel. Preferably, the peak temperature for oxidizing said fuel is at least about
300, or 400, or 600, or 800°C. Preferably, an oxidation catalyst is not used to
promote the oxidizing of at least about 10, or 50, or 80, or 95 weight percent of
said fuel. Preferably, at least about 10, or 50, or 80, or 95 weight percent of the
VOC in off-gas exiting a solvent recovery and/or dehydration means is not

combusted before exiting the last stage of a turboexpander.
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to an oxidation reaction zone for said fuel. The stoichionetric anmount of
di oxygen is the m ni num anount required for full conversion of supplied
fuel i ntowveavbevosasid carbon dioxide. Still nore preferablPgThisseotbzse | east
about 300, or 200, or 150, or 120 wei ght percent of the stoichionetric
anount of di oxygen is provided fromconpressed anbient air fed to an

' one for said fuel. Preferabl t tenperature for

oxi dation reacti.Q ) y, the peak
oxi di zi ng sai o(t% I§?§d§§ 'Péé%qs'%ﬂ)ptﬁf“p\%ﬁt,ur%raﬁ%o‘?reéﬁuﬁ?g@ﬁ an  BORX @ a
Prefer ab'tm[)b&é}p%agﬁ}tthé’ ThveitGisitdve disBdVertd ﬁﬁaﬁtﬂe%@él@é@re%%g@%ﬁhﬂiezélgs of

at | east about 10, or 50, or 80, or 95 weig percent of sai .
Pr ef er ablprefeated toadncrabsing the, mass b0water \Gporaeadingdhgliniepet akleasbonehe

VOC in off- it | . d/ or d ' ' |
conbust eduiERaPants! fedns e ke ' SRNENHPRS 4 ORRKE AL o Mitiglace
- i ncr easi NierbpNPEtAhtgRodESidH 8A8 WpRratiorhBf & Pritdary Oxdddtiohbreaxhen @esdiubt e

I nventors have di scovered tgﬁgit t he di sclosures herein are also preferred
for increfd sefvenleresaveryandiat dehydigden meeans, mnd efecqniesting copduiteaditisone

t ur boexp [ i 0Sk LEO . en. t i ,
her ei n p«?;r}gfﬁrhﬁg{gﬁ 3h%2§ﬁ'§>n°%m §£éﬁé§{bl%oﬁ6\g%n5a'ﬂgdr ?ﬁééra";“ c?i%l ?dg'tr;ﬁ%ér\%%t I on
medi um  aftep coPhprivls aerseraboan @.0r od ¥, dorBiHomBBRilograch of watengeri ng
conduits. It is preferred that the_conposition of off %as flow ng intg at

| east onekilpgrans exfpr ded t@t%@ﬁﬂ%‘ﬂ?%@ﬂﬁ’@tipﬁd%cﬁ%tﬂ‘é ug. d iszprpfegeds 5
3.6 Ki . i ] . ) :
or |th QO RN Q{ntmﬁf@élﬁc;n %ﬁ;?ﬁdg%gﬂg\{m img LE%dd 6RE r@?%&?ﬂarﬁﬁeﬁ‘égg ;50” -

reaction medi um 'S pre e conposition o gas
into at |eomspriswzeat ledst ambpandRB8sbed.4npr Okl art 0l4Gakilograoubf vatér per

0.42, or Q.44, or 46 kil ogram of water per Kkjlo m. of off-gas at the
aame. | ocAIPHAM & Ql08s o e samerIaeator. HSPPIesib A the Bassuam dfef ni o
of at le ' : : . 6,
or 7.8 ki og@gk&ﬂ%éejg ie‘??g%pg%to%%?(u @3%3@%??3?35;%'%&&?& éﬁ'g'nOEZészt i on
medi um [@4568, ot 7 Snkilognamsperdvilogeamr ofgquX fed to sotresponding @xigatioand/agtion
dehydration, neans. It is generally desirable to maxi m ze the recovery from
reacti on BF#UFLs of vaporized conpounds containing at |east one hydrocarbyl

bond, herein ({éhbfdﬁ\ﬁé’rﬂio%t is| BowI@aithed a8r@euNdnt réeslery@rd/or deMpdration
recovered from ofT-gas, these con;pounds are undesirably rel eased to anbi ent

sur r oundimeansr It isrgeaeiallyidesiteble tonmexinyize dhe cecauery drofareactionpff-gas of

car bon div%)ﬁioﬂgeél nco‘?ngc%ﬁds 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.

[046] 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
and/or dehydration means, but the separation is ultimately controlled -by
thermodynamics and by the energy expenditure in the solvent recovery and/or
dehydration means. Generally, greater expenditures of energy may provide
lower losses of VOC. Such energy expenditures result in lower temperatures
and/or higher reflux ratios in a solvent recovery and/or dehydration means.

[047] However, the inventors have discovered that intentionally

increasing losses of volatile organic compounds above their bare minimum
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Al t hough the TOD effluent is nore environnentally benign, the |oss of VOC
“froma solvent recovery and/ or dehydration neans remai ns an operating cost.
[ 046] Morwopwaickiieal |y, it is generally desirable to |ipartustéve/obsrsees of
pX, acetic acid, and nethyl acetate in off-gas entering a TOD. Such |oss

m nimzation is influenced by various nmechani cal nethods in a sol vent

recovery and/or, dehydration neans, but the separatiqn is ultigately
cont rol | JgSHYs t'ne'm%ay%rﬁ\tega%rm°5§8§ ﬁ@oaﬁm*@@ Ve ategirted WD Bl 18] ent

recovery @Ot SITONSIALHAG SHERPOWEFEIOEE R bf AMfekpatiaendi tures of
energy may provide |ower |osses of VOC. Such energy expenditures result in
1 ower tenper atfdd8} Acchrdingly,dhisrpretefrtagktor cantoal the enesgy removal @ndvengrgyind/ or
dehydration neans, g047b Hovgver, the i nveat,orl Ha%e di scovered that.

i ntent i o_nlaﬁ"iﬁ ihatd _§§tn_ NE RuentyFecoyeny Angd/q; éﬁ \ ra&'8ﬂp’5’3ﬁ8§ RIBGYe> Pei r -
‘bare m nigUELGS Wi §ad as! dRERLEE Kereimal lit rr pﬁeeréﬁeecmamh@&em?@f*aturﬁ Qfraat ed
with the fuel needS of a TOD and the shaft power recover

(0] a
t ur boexpdaastirabgui4), on&do ofliBAgPY 90iweight peisest pégfftgas(:@ﬁ%{m@n‘roma sohvaniy

enydr at 1 Stovas 2pE BRBT dRaneffS i B B80St SINERY RE30TY 2ic
pref er r ecrethaéd tehvalu=esd rom witerefreattidre asitgadsiforded neabln uppeBBurfate90
wei ght percent of off-gas exiting froma solvent recovery and/or

dehydr at i Frieaster mediugs sitis prefereg: tosipsulgte 2 least alput 70, 2590, of e or

.eval uate r!m r agt | ff- [ f
r\éac'tji ondgrrge | umWP?itégprgeﬁ)g%d;dg?%?%#s%Pg?%@gétjreﬁgggt%dgﬁte?ryg,ggélrgaggfjOor
95, or 9%gntrote cbmrisine acgpluerid recovene mindsorr deltydratiea méanewith &t leasissel s

d trol i Si t /, dehydr.ati,of w th at
east  abcArow. 607, i 0825sr &b 5008, Meted Huckness Hf arielon mateslat i on
mat eri al ,qdenai thet UHet amdeint BPHférﬁwaq)fen%@J : SVBAE Ilyarre‘l?efé%}é‘éinfouﬁflr\bi/ent

rel eased to anbi ent surroundi ngs after a oexpande Is preferred
t hat t hersmiourndénggy aftes seturbbexparidesx plb 9 qretartad: thatstineimat eneegy tofsses

conduits ,and/ or vesse] s conprising a solyent recovery and/ or dehydration
neans ar etﬁf BrRe (ﬁJ"E’b'%Bg sH;fag%,alr%? °¥§,°.n9|“ﬁ§ EWQ{%SV ? PO ISR px
fed to cogRsRBELVEHy UridISE HERydraa6h imdane dieifss| #afl abduti 40, referdrerd,t o
limt thermal energy recovery such that |ess than about 1,000, or 100, or

1, or 0. Ionfawals perkiegrann oép&rigd tpsormespegdiag @idatior radtiondaedisshondi ng
oxidation reaqhign MRd iRl Rd" o RRRInLFRAT BhEETSfecdoVBh SubR thHORss 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
surfaces to heat and/or vaporize utility fluids prior to off-gas passing through a
turboexpander. The utility fluids are then used for generation of shaft power
and/or transfer of thermal energy in other steps. Exemplary utility heat transfer
and/or cooling fluids comprise water liquid and/or vapor, light aliphatic
hydrocarbon liquid and/or vapor, and/or air.
[050] It is preferred that a solvent recovery and/or dehydration means

operates without adding an azeotropic separation compound. Exemplary
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conductive, isolating, heat-exchange boundary surfaces |ocated from where
reaction off-gas is formed near an upper surface of reaction nedi um and
until at weastombxiat 80, or 90, or 95, or 99 wei ght per eemtusedohirse

di nitrogen therein has passed through a turboexpanders nmeans. Sone designs
known for recovery of energy fromreaction off-gas conprise condensi ng and

recovering sol vent .b xtracting th I dugt i
| sol at | ngireRERPIo,diRtlAeNn GOMPRPAS L PTSe; sPhull aRipls 0T I TR i ¢y
fluids priiate0 of fisOprefeaeai tHatt AT §6108nE récoRIGXaRABET deyRatibh | ink¥ing | Ui ds

are then used for generation of shaft power and/or transfer of thernal
energy i psraes witkpet @ditipn af Jess ithan yabieeh0.1r ah 8, emn@/081, e5d)-PAG1 -

Vi quia aRapatag igreoset Riof salitRinas B kiR Rt idrdiatpd

recovery fadpﬁ/r@éctmmrg?gi on neans operates w thout addi ng an azeotropic
separation conpound. Exenplaryazeotropic distillation conpounds conprise
n-butyl acet atl®53hdt i preferregthahacsalyent recoverypard/er dehydrationaneans &t

bout 0. 116 Ppbestaendin gBiphess stghRdelity Uishibudt tddrthBbessing d"a"
di still atieast abvq@ds 9ikrork95, agragweight Pereant ofetbevieoredohdemsatia gaises

off-gas. [0B1] It is preferred that a sol vent recoyer nd/ or. . d dr.ation
means of AKMOLRBEEET RSNt IR resRiN SEDas. hftgﬁ RIF qrﬁ%ﬂaﬂ_w@ﬁ&?"&ilpan

means pr %@%@% ggrgﬁ?iséé%ﬂea%?%)ﬁgﬁgo, 8F 2800r 86, 5+35 Rfe.a?gtag‘%b%'ftsdﬁ‘é%’cﬁm. of

t he non-con e gases an Inftrogen present in reéaction off-gas. It '
i s pref erlt ésl préferresiathbtdihet flowitg dnictionah pressyrei bss oft offegast thribogh <aid or

25, 30,. .35 ideal . f i . i f dth
T ow ng. disdatgnaneans«s P Toda BOLE: Pl 4 ot ATk 0 iicehrealy | Brisnoans
i's less thamrakPiat @8y distildionafaydlarePsf 4 bowigregaiearopldesign Bf Riserthafl t hat

any distillation trayS are of a l'ow pressure drop design of |ess than about
1, 200, orat@w,1,200,700900; aB0l0Rask 800pRasealper tiay whetwthstandiga tthat thiai s

undesirably, lints.the operatin urndown of such tr [ '
preferre&'{dgsﬁgéfyslfm%mg&?eﬁig% ‘ﬂn gwinsoﬁﬁld%%iar)fgt alﬁ%lrééren@ie&ﬂrﬁgttgndi ng
the need (s sRUOIRIRGd Rackiy 2@SisPRNbRA #f aRé &gt abtvittetandifgaiheonebd for
potential flammbility of some netals conprising titanium It is preferred

to const rRXPENSHEd caIresian esiganheeetalluayngndralsedbe Ralentialffammabilie el
di-amet er e fLid tt'i‘ca)n{Harfgir{B’rf?tanium. 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.

[052] 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
comprising ‘water, at least a portion of which is fed into said solvent recovery
‘and/or dehydration means. It is preferred that the various preferred ranges for
temperature, pressure, and/or composition at the inlet of an off-gas condenser
are the same as at an outlet of a final stage of a turboexpander. It is preferred
that the flowing frictional pressure loss of off-gas is less than about 16, or 12, or
8, or 4 kilopascals in said off-gas condenser. When operating without an off-gas

recompression step, it is preferred that the off-gas pressure exiting said off-gas
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hori zontal dianmeter of an upper section is |less than about 1.0, or 0.96, or
0.92, or 0.90 times the maxi mum hori zontal dianmeter that is present through
at | east wbaoto/os23met ers of height in a | ower section an®#Crasspiooexsé ng at

| east about 80, or 90, or 95, or 99 weight percent of the dinitrogen in
reaction off gas. [052] After exiting a turboexpander, it is preferred that

t | t t ff- d h h
means. harudRnear foat et BiodiercBbe ard a8, os b Th L SoATd. ( JHRER "0
herei n caldegti ﬁWI%U@% 8R! fetompre88iBhI stepUitVisigteferrid tRAthedofghsi ON

of which i's fed into said solvent recovery and/or dehydration neans. It is
pr ef er r ecprebsuret exting saislioffgast eondansearngiesst hant abedr &bupe 0.5res8ds ©r

n-out | o0 B0 Stler helf opBrlnd i Bur pagdtE CFRREF ESEPleRsldr s R RS

flow ng frfrbférfé?ﬂﬂh'at sy pressurd exfifig 8arl off-gaeondeaserisatiiedst asput 12,
or 8, or Ki | oBascaI s in said off-gas condenser. \Wen operating wthout an

of f - gas r-@cﬁ)rﬁﬂr- s7S|Q5n05ﬁéb' -0iq b?éQBPQ*?erWBGnt%a@%“ﬂihfarg%’t'ﬁ?@s%fﬁgés
exiting said gﬁé:ﬁﬂé’rﬁgo 5 fsehréf\%rr?ﬁ file aﬁcﬁgs gre%%uré’ exfin 8$a|8r?f98é§

0.16 bar gaug an o reconpressi on
pr ef er r eccdnldlehséhie leé$ ﬂWsaboatS@Ur er G>O, toir RQ. 1S @ir eIO @f bargreugeonit énpesferred| ess

th bout 0.6, 3 b Wh t t
opt1 onal_ (et tsxafhaasdamratralisn ofing said 1B GRBCREASt IRt FRGl ARPUDAD.

f 7,
PReEoUTe S RERYBAL! @38 pRIBASATRA {1 Gf-ga8A8methatte flitth Sdiddi.". o

-0.6 ar ‘gauge en operating wt n optiona

rfefconpr esgasoa:nmiwser ig leiss tbﬁafaﬂuorwd 10ha2106eoogﬂoga80?ﬁ gétiisrpfete(reod ggatsai d
of f - gas ser s than a or ,0. or -0.1., .qr_-0. r
Gauge. | AP STEaEE L Perati SrRBOA gides ARbrsherrSuerbity 2 dhastaifodas
Condenserm oralp, lopapt orlaBuE @Qowotrurt%é ndéf)ouﬂét @?\Qﬁérak&re' SIt i Efeﬂ‘éfré& t hat

the off-gas tenperature exiting said offgas condenser | ess than about
110, or 1beat trwr oﬁ@asdenmmaiuretexltmgasalﬁeeﬁf@aStmdetns@r dﬁf feduged lespdhabur e
exiting s |d ser d at b r. 20, .o 30,
or 35C bél Pb%é%&c d"r? 'o?ﬁ Hfttﬂeé‘p%ﬁ?g@ B%& iﬁ?%’%t?%& It '%e

of f - gas Jﬂaféﬁrfe@t tHa? theithbnensrd oﬂﬂéssﬁﬂ@arﬁ@bdﬁﬂ%e’roo sorr 20ebr 2390} fogn
about 10 or 80, or 70, or 600C bel owturboexpander out | et terrperature It

i s pref erd,800 twalls ihdemavesn sy gRibffreas condrnasioper Xilegramopf PXoded ter
24700, CisesRPRoli ripugs T RS, o e ST AR ol idagram o
thermal eftdsgnt a!i‘out 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.
[053] 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
dehydration means. It is preferred that the flow of reflux to a solvent recovery
and/or dehydration means comprises less than about 12.0, or 11.0, or 10.5, or
10.0 kilogram of liquid water per kilogram of water of TPA formation produced in
oxidation reactors served by said solvent recovery and/or dehydration means. |t
is preferred that the flow of reflux to a solvent recovery and/or dehydration means
comprises at least about 0.70, or 0.75, or 0.79, or 0.82 kilogram of liquid water

per kilogram of water vapor exiting from a solvent recovery and/or dehydration
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at | east about 1,600, or 1,800, or 2,000, or 2,100 watts is renoved in said
‘of f -gas condenser per kilogramof pX fed to correspondi ng oxi dation
reacti on wodnime231053] Refl ux anpunt and tenperature arecyaiSeawmos7and
controlled to nmaxim ze the water vapor entering a turboexpander in bal ance
wWith mnimzing the loss of VOC in the off-gas exiting the condenser. It is
n

referred that the flow of reflux tqg a sql vent d/ deh ti
D el eobnat i bilelesh i B BTSN 7S bl Sk R ©
liquid w&éﬂyd?gﬁork'rﬁ@gL@»%ﬁfpraQ@EQésgfthiﬁ%Hdm& O8O oD YU R, dFi@iabi on . .

reactors served by said solvent recovery and/or dehydration neans. It is
pr ef er r eckilogeamtdfdiquicowatsr pestKilpgram of watey yapor exiting ifyorarsglvent deegenit i on

nmeans conprj,ses, |ess,.than about,,12. 0. or 11.0,.0r 10.5 [ .0 Ki am of
o d- S E BehRlR AR A Swet et oBet: vl o R dfeetiifo it B8 on
react or s mgfe/eehtBy madsl iSGoHABH b COnsBustRdoPfuIOhY |I gt prdferfeanthat Ithel S
preferred that the flow of reflux to a solvent recovery and/ or dehydration

'lnpan_sdcoripmpﬁéatum_qfersﬂux ded e @ sphyenbirecovary and/or dehydiationgpernsdgratm of
and/or aarge A L3RBT RP 5p8 B0 Ric e N e e S

sol vent rfedauer solaent recodetyyahidibr dehyaation cnezrs sesodled sesshihanad® wr 30,98%,
or 0.96, or_0.92, or 0.90 kilogramof liquid water per Kilogram of water
vapor exiQMi3Ry arri@rtkalowiempecaiyee ¢f WateToraRAsHERNIRY CORJRRSBISN Q-9

(i * : et i _ . d b
combust i on of FoR | TAF inferiEfs pote Wi, fagihbian RS KehBen gt pick G o’
a sol ventpressurecagcarditigoto tihehprsant amvemtiangreatiptindreases dwoluffe afroft0, or
55, or 600C. It is preferred that the tenperature pof reflux fed to a
sof vent  1R-ALRPORABNGFT BRRYA Poh Hsss penduls ehunkSuaibiiarsa didpilers o
20, or 1 WRey 2 itieE ViHer I ' c&w&e rd as.
[ 054] Thceg}?n\t}gér(lefta\(l)vr glsnote %ﬁg@ ItI%Igam ng gﬁﬁgﬁét g@ggglg%denserré? S?Jfﬁl@l(h{)?/i/g

pr essur e Accoodinglyy itis prefemed shatt off-gas manduity reetweeni anturbaexpander qutleine of
of fgas at_a condenser entry an I1t. nless cqonduits, of u al | arge
i aneter AT S0odO5F | SRRRGYGENTe! PLs dfasis i ehigrshAbel 2 dhrol Sar

of f ensi vet 8ASERMAMBERrY; which grePg@ifeclargsl férmsressilife-earstaimigl prdcesBedomRitsa

t ur boexpander outl et and an off-gas condenser inlet have dianeters of at

| east abdunade . of vaiious Bxpensives cosiosion registant meidle rangk enefal @doysir g&of or
PLess oG LR F EBMARE I oo BleriAbioha: P Bl fEia SRlécky °"
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
second until entering a knock-out means for liquid removal, as is disclosed
elsewhere herein.

[055] The inventors also note that operating an off-gas condenser at low
pressure according to the present invention forces use of a lower process
temperature in order to condense the required amount of reflux. The lower
process temperature pinches closer to the temperature of the cooling fluid, and
the lower process pressure causes a reduced film coefficient of heat transfer on

the process side. All factors force an increased area of conductive, isolating,
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mtigate the conduit diameter and cost, it is preferred that the
superficial velocity of off-gas in conduits between a turboexpander outl et
and an ofweogawm/mesdidenser inlet is at |east about 30, or P¢O/US009H05750r 60
neters per second. These are unusually fast conduit velocities re erosion,
especially for a corrosive process gas near its dew point, and careful
control is requjred \ga?rsus t he dewpoi 1 Ie outlet of an off-ga

[

1. t
condens erheatechange houndacy J0FacrS, MIAN VRIGALY SQMPFiss J2RUs SXPEISISn: | a)

for erosiQpraaish FYistani Riataldhd tetdt aRppd erred to linit superficial
velocities in these conduits to |l ess than about 30, or 25, or 20, or 15

meters per sed086] uthe Idesigrechaliengasnan#-ansts fieraas afbgasicpidensemsidhe as

an of £ - gRLeRdDNS RO 0% o) geb8r AreliBy D SRbSy A el SFRbufERR ' ™
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t enper at uRendion: Hexpeling pelected amoapts ehwatesvapopidtadiicesacranauirementdas a
reduced fj] | clent. qf r 3 tors
for e an SRBeLREEAGHAN' B GG §f ERErep rofibuelin R S ZRs e cterSet olefi)
surffices,vgwﬁ cm?érafmrgawnh newioro'rﬁen-\éamlédusomu&h e ive| vieolatiogr dwatvexchangeant
netals and netal alloys. [056] The Si C enges, and costs for an

of f - gas &M@ﬁaesuﬁace%énnh et MR oW BOWgRP B aNd/eT eReiaY difiss WHER' when
expellin err HY et prRiusti t Hed i r |

accor di ngjrtgggéﬁéreﬁgégéggts oi‘eat%e prgggﬁtaf%shv@rﬁwgh. @ﬁflﬁgn srg e%?eoé
anount s afooling enediapoasiistofteuthes case, ezgi, rdureeta diusnaloand sleasanainambreit] y

t he anount of energy renoved in an of f-gas condenser even when operating
wi th new%¥"8RSf oul ed conductive, isolating, heat-exchange boundary

surfaces, wt i i
f[ot!s?r?(i]I pERGSuIA eﬁblléﬁg%uﬂiﬂ%hﬁo%géemrc%fﬁﬁ% Qﬁ_bn@léhé@lsm%@. is

produci ng TPA "a juced production rates, an vari abl e tenperatures
of cool i thatmdisticoaling sower watehsystams, centgin amesints ofldigseltedaadlidsethainal

anbi ent changes, [057] ,A.particular challenge for_contral of,,an pffsgas
condenserarﬁ@gﬂgﬂx go? tr??%atbycﬁﬁqq{aﬁ\’%\%gmkf"é %Tgfeé}tn?"cowrhq%&?n%%&ts of
di ssol Ve(bf%@bh%%o1ih%ﬁ~étéﬁisgfrﬁ@ﬁlbﬂ toUTHEID] tid prbdads deAipTalury of aachf-gaswi t h
anbient air. Wien the flow of such cooling water is throttled to control

t he proce&sadepapiethe teraperatdre of exijag 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.

[058] It is preferred that said off-gas condenser producing liquid water
comprises air-cooling wherein ambient air is in contact with conductive, isolating,
heat-exchange boundary surfaces containing said off-gas. It is preferred that
forced draft fans are used to move air flow across the conductive, isolating, heat-
exchange boundary surfaces containing said off-gas. It is preferred that fan
speed, fan blade pitch, air flow control louvers, and/or other air flow and/or air
temperature control means are used to adjust the amount of off-gas cooling in
response to at least one process variable; e.g., temperature and/or pressure of

condenser off-gas; temperature and/or flow rate of condenser liquid;, chemical
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condenser, the tenperature of exiting cooling water rises. |If tenperature
of such cooling water rises too far, sone of the dissolved solids

preci pi t ave.20ldnfsesitunat el y, many hi ghly corrosi on resi stramtuscebabs7as | oys
are rapidly attacked and perforated by pitting corrosion under such

t ubercul ated deposits. Accordingly, the inventors disclose the follow ng

preferred enbodj.nents for an off-gas gondens according to the present
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pr ef er r edSeligst (TR ecdolderignizedevates or stedmseandesnsgte ol isiyeiaited thatjat j s

preferreqgLlial pgﬂioq- 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.

[060] 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
pressure of condenser off-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. Said surface portion is
removed from duty by removing it from contact with flowing off-gas and/or flowing
utility cooling fluid. -

[061] An optional way for controlling the amount of energy removed in an
off-gas condenser is to bypass a portion of turboexpander off-gas around said
condenser, as is disclosed in US 6,504,051, the entire disclosure of which is

incorporated herein by reference. However, such gas bypassing creates new
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encl osed | oop cooling water conprises a reduced anount of Total D ssolved
"Solids (TDS), e.g., de-ionized water or steam condensate. It is preferred
that at |wesbimepzieti on of heat is renoved from sai d eneCoasdodvoeiys€ool i ng
water in a heat exchange means conprising utility cooling water cool ed by
direct contact with anbient air. It is preferred that at |east a portion of

heat is renpved from said encl| d | ] ' | at e- and-
e e R e G SaPhO i hash B A%H Ehalh 3k Fambial o™
portion qéirétnk},es&amgygﬁf.ﬁ%mﬁgbw BffecBQRb rR%SL BARMBOIY RN YasStHe! Sketgl S

renoved from duty time in response to at |east one process
var i abl e balance becauseaselventavaasris poteasilyecaidenseddnewrbywassgd off-gas. If

t t d f1 ow.rat e of. d Li.guid: chenical,. iti f
ei t hor cdRACRUE oF tog A g is Bybassed: W srekiod 19 metisbadhs csasrdy
e. 9., InfEAakek, dRENPAEF bakfcediBalpstt Jor PR Sblsenf REOVERS §YtBm, smakiigRed from

duty by renovi ng it fromcontact with flow ng off-gas and/or fl ovm_g%
utility deeevergdisalvent bemime Ago oueti omigo dry ansk thesatis @lse a9 epretdRdhat of

energy re ' of f -.0 n ' S ti o
tur boexpaﬂﬁé‘?&ow-@% %érrguﬁogvés}gl %ﬁ‘c%ieﬁﬁe@%érs% la%'a?&sr 8?15-@ dse%g?ér)ﬁc{% It is
6, 504, 05desirabR vecbmbihe ebadenserasff-ghs ahditspassed pif-gas foritesatimendin a
ref erence. However, such gas bypassi ng creates newprobl ens even while

sol ving (SREredEPEOAGMToNImRNabReAIeRtTBREPS 1 dIRWANET. RHFR fegombiRation
bypassi ngg 'p?&bl?ﬁfla‘?i'cyb@cfélﬁ%t n%?o{@%@g-ﬁ%‘t Sgﬁlﬁéré@?%é vitver] ge%c??_rrﬂi)ﬁu 3l ance

because sol'vent vapor 1s not easi € rom bypasse gas. If too
much or tsaturdated lgasgiiowiis dombissddwitiva marseezkliquidtsataedtedfgad. héSwaheagy

bal ance, the water bal ance is upﬁ'ﬁ;té' for tgg s&] vent recovery system g‘aki ng
the recoRSBIPIsBIAMES: JBRIEIRYS JYthidesRect: IR RIS SRETOBIRN, dnjcongulls gAdypset

in the aa’%ﬂgﬁméﬁt, Yo t15€ derd §ﬁ>r6H@it§]['t§ollb§{ 83Sdropids Yn éoa_lgp-an%?&olré@%% it

is desir to reconbi ne conderiser off-gas and bypassed off-gas for
t r eat nenttuibulents banfacks. coRapid eemovahof rsudh aneaensstl fierna. highwyetacitysuch

when o caragrss PoBLRodBiTiL fo achRE vile AN BB pRaRutE AHS R P B
l'i qui d- saheinidleEnRy; ndtwiRhStanamigP it i asflpnesy eeadily cBaleteBert rdif

pitting corrosion in conduits and equi pnent, for the aerosol is prone to
col | ect diquigt digptats whercpwividedhlomoer separationitimesnt surfaces. Rapid renoval

of such an aengaol AL URuRgh, e ifil@toty 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. It 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,
entering a TOD, and/or being released to ambient surroundings. It is preferred
that said bypassed off-gas is at least about 1, or 2, or 4, or 8 weight percent of all
off-gas exiting a turboexpander. It is preferred that said bypassed off-gas is less
than about 50, or 40, or 30, or 20 weight percent of all off-gas exiting a
turboexpander. It is preferred that the flow rate of said bypassed off-gas is used
to adjust the amount of off-gas cooling in response to at least.one process
variable; e.g., temperature and/or pressure of condenser off-gas; temperature
and/or flow rate of condenser liquid; chemical composition of either condenser

off-gas an/or condensate by any on-line measurement, e.g., infrared
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process flowis difficult to achieve while limting pressure drop and/or
I nput of thermal energy, notw thstanding that such a fog may readily
coal esce wo 2avme23i2qui d dropl ets when provi ded | onger sepansteonoi7seaes.
[062] Accordingly, the inventors have discovered the follow ng pref erred
enbodi nents for the present invention. After exiting a turboexpander,

| east a portlon of of

condenser cePPYHANA] a'fbﬁ‘)g%f%gﬁs'ﬁﬁreg%@edgﬁﬁq 'aLrEYR?PSﬁB %?é?gqgé:% ﬂsan ng

-preferredyagRRqésst 4 tpohforpbﬁbﬁ g%é%dtﬁéﬂﬁassé‘h%&ﬁﬁ@ﬁggs @bhdenser ® forel gd
| ess than about 60, or 50, I n a heat "exchange neans

CO%!’I Si ngmgeddmf&]gas beifcsrel E&Iea@ thﬁnb@)ﬂ&h&mﬁ@lﬂd@wﬁjdt ys prefeis thaif ar g/ o
WMt W t :
e ng 't o1 flobkrePh affite Pl of Tedtr e o RE YEMaHng, BFfie BidkelSEy Alced

-off-gas ifgast al séﬁbnabp@bndenﬁr é’ff fgé"s 4herebySprtiugitg BeTeRRk-cut ¢ff-gagt.f - gas
exiting a_turboexpander. rred that said by gassed off-gas is |ess

t han aboulreferaby, atdeagtralg.@.lt 3)@ Q@ #8i A9 weightrperseniapf they f'qggse'ét?ﬂf‘gng a
tur boexpagggen ot:[t nﬁ’ééﬂsefs seeg%érgf’%d Lhg efxitg‘ﬂomﬁgle‘afwﬁﬁ'légsbﬁﬁﬂsél? g, - 9as.

is used tO a response to a east one

process ver 9&%:699 ecnggg 8t wmgm Eﬁieud:@tacbfdtff)gaprcﬁma‘ogen cfforn oarmlepemngththgas ;
t enper at ure and/ or fI ow rate of condenser osition of

ei ther coRWER: & POgQE 4th/r 18 PRIERBRLE t{ﬁ%ﬁighbﬁP IS?WeﬁH@%gBErP@ﬁ?”Se 9.,
i nfraredcp 58? H)Oé‘ta eddid ;b%rﬁon'af éé.gpkﬁ&{{)stdn%% %@u&l:d%@aéﬁsdlowér gas

i s conbi ne east ortion o gas that as exited an off-gas
condenserelémaﬁtm nthan' rratxeléasf f opas'offegdor eondérsere providing egas@us-qudl ngs.

f t k t t f t
Fol | owt ngiingse iy datosSad Tuioakel; Meaps,  PEsTerb Dot stn ot a1
thereby pekCoRIm@ank P&k QHtoﬁgrfm@%cateBr B&RWAR! Howainldte@Sin aRosf-ghd. S0,

98, 99.9 weight percent of the Tiquid entering said knock-out neans’is
separ at edcentgnsgr.t E’referabigltba supelnﬂmelseertlwrvemmtytofaﬂf gas irnsaiddnoph; ouir

99. 8 wei ght per.c tro en f.rom.,an_openin he |

or 0. orane i s fhartahpdfR. Bheb i Bnpr df FEIEPRhSEROR o the RaRe s °
Prefer abl Jreafilst |h%@|§bnfél Bfrhéten. cﬁreﬁéradlykmEupemcmmzbﬁtdl Q@aioﬂy ¢ftoffr
| ower el evation than at | east one of gas condenser _provi

gas- pl us-9agin saiuknoghadiemeaans iSnILe§S§ AE 3L I6.00f Smehrs . orpgemet%lger
liquid Y‘B%eet{onﬁxétttﬁe @ﬁ&gé@é’r&&é&&eﬁﬂ?%.JrﬁQ{Br.a'PrBfé‘?Qbf}?tHeoﬁ%‘aﬂdreQﬂe%’e

flowinle rom an
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
one liquid-removing impingement surface, other than pressure isolating boundary
surfaces, is included within said knock-out means. Preferably, the solid surface
area in contact with off-gas passing through a knock-out means is at least about
0.0005, or 0.001, or 0.002, or 0.004 square meters per kilogram of off-gas exiting
said knock-out means. Preferably, at least a portion of off-gas passing through
said knock-out means contacts at least about 0.001, or 0.005, or 0.01, or 0.02
square meters of non-pressure isolating solid surface area per kilogram of pX fed
to corresponding oxidation reaction medium. Preferably at least about 70, or 80,
or 90 percent of liquid droplets smaller than at least about 500, or 200, or 75, or
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condenser. Preferably, the superficial vertical velocity of off-gas in said
"knock-out neans is |ess than about 4 , or 3, or 2, or 1 neter per second at
t he pl anewof2ogvesadiest hori zontal dianeter. Preferably, whe/use@eondizeé al
hori zont al velocity of offgas in said knock-out nmeans is | ess than about 6
, or 5 or 4, or nmeters per second at the plane of greatest vertical

di anet er. referabl t he rre n residence tine,of o as i n said knock-out
means is Zgﬂ'cf%péﬁ%‘f‘ B glaslgntengg g knogk- %’ts@@éﬁasarePFeéT‘gY%%lqumt he

Tean 1 esi kSt Sosd. Offie diveriter saseuoggqagt MsdThaHdus Préforieaaptiegut

0.5, or . secondas Preferab Y, t he mean residence tine of
l'i quid vmfohamrmkﬁbutmeamsaate predeged sn atkrosksoutapeans Pregessincondgnser or 8

m nut es. efergB %/ h an residen eﬁtl me of liquid within said knock
out neans’ gaq;g et Wit Oé Out BYPgPS &S24, or 12 minutes. Preferably,

-at |l east one |[oes) dtr@n@véféﬁeumhélg%%bsﬁtaf@@monowebyﬁéwédprwfsgag es
i sol ati ng boundary surfaces, is included within said _knock-out neans.

" Pref er abiBrocesseds #1 adTOR thatealsperrocassemahdeasti a pastion gf<ofhaasithgt hABough

Sauar o BT B o dihbr SRRt frefciBly, 8 idhel Y pgrh of Rfasefl -0

Pr ef er ablgas igtcongisinéd avitrolelaisba ;m‘rtu@ﬁ of gesdeseri offrghb ito fgim sanikeldnoffgasut
means contacts at | east_about O. or 0.005, or 0.01 or 0.02 quare

meters ofbeiere ppiesingra TQb) aMcwé wsfqrablyu#h%rwlaﬁr&rgnéﬁ addesytoarrise 1B f ed
to corr est@@@)%'ré‘t%ré”&'f%%ﬁ xé(?gﬁ‘lfj%;gg b@?&b“@ﬂtpfﬁ?@"l@b%@%né?@% ég
sna out

or 80, percent o qU| oplets than at [ east
200, or ﬁﬁduoeéﬁondemsmmnpn&n‘égas|condt1its ngerstamdmy\ex énulosures tandethos are

renoved from knock- out o he .i nvent tht th
pr ef er r ed"FWRIZESeher gqns %Hg‘@ie B?I? qia‘éc;‘lﬁsné’% OBy e?g @gar a?qgﬁgielga\éﬁp ?rg:ms
processi iﬁ%ﬁ@lb & r@@é s@id RfxedVoty W Wﬂéldbt‘xf@a%%@ &¥t-gagarw,[ 063]

It is preferre at at east a portion o ypasse s is processed in
a TOD t hair talsaid pondetmrsemtoﬂf-gasmoav ptris |pmafeoﬁedoﬁfatgla@temaeratu@ efksaidd an

of f-gas conden e |on o ass gas
i s conbi r{BB(ean '?ﬁg?g tlg%ﬁﬁ?ﬁplg% for%ﬁ%@trorﬁ %QOY% r'feo %er%ﬂyg f
of f - gas t}ﬁgcyﬁeg@glgg[,hggaﬁj asl\&ﬁ{derh%éf erably, thermal energy is added to
rai se the tenperature of m xed of f-gas before entering a TOD nmeans.

This heating r[@ﬁébeﬁh%m\@@h@éﬂﬂl@ﬁ'oﬁﬂ that i gaprefencpd tosadd dbeenal enrrgytther
encl osur gﬁgggg)n@;bﬁgg)s Y LoffiRg BSthTE S5 pbd VB ShiltlR BpacQBg dghs Ot isThi S

t her mal
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
meters above ground surface elevation. It is preferred that the elevation of a
highest cooled surface in at least one off-gas condenser is at least about 6, or.9,
or 12, or 15 meters above ground surface elevation. It is preferred that the
elevation of a liquid inventory within a knock-out means is at least about 0.5, or 1,
or 2, or 3 meters above the surface elevation of surround ground. It is preferred
that the elevation of a liquid inventory within a knock-out means is less than
about 20, or 15, or 10, or 5 meters above ground surface elevation.
[065] In combination with improved power recovery from an off-gas
turboexpander and/or self-heating of a TOD according to disclosures herein, the
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added in whole or part to said m xed off-gas flow, to said bypassed off-gas
flow, or to said condenser exit off-gas flow It is preferred that the

t enper at we 20fo/ws231d m xed off-gas is at | east about 10, Pom/tR200900574€, or
600C above the tenperature of the off-gas exiting said off-gas condenser.
[064] The inventors disclose that it is preferred to add thernal energy to

knock- out, of f - as according to this aspect_even wthout b sed off-
't is predNeFHers have BiSsPUCHaska SHFRMRO PERREHEIM ISAUNEHRCTRRBER 20IRUMHR Rhe s

fol | ows, wgreﬁr\;; or iR Jetéd - §é@hé@g¢@t&4drng hRe Ctebte?f 108889 0P I/OEOtHARY

water to hig evations, the cost tall Structures and supports, and
the proviaftemn anf:oeipavuat sach tincreaabt eampoamts pffWatrerof/amrnde‘hmdlnll}wther n

and/or thro a ndenser_ .and/,or f. d
hat °f ne oyerfars Bistlnsefe RIAHE Slerde AmBatiie s torRapes WatetvahG" ' " ©
condenserpre§entif é&@dbr%}é%rré& PKncdk-o@ oftgas 0and/Sr BET®DSInRpo¥fegaly. oind -
surface eI evati on. S preferred that the el evation of a hi ghest cool ed

sur face iif paeferredsthabt’re venteg aatepnapasisriess than peadt 4AbRIt3E, or@509 or or
t f .
of evat | o2 F WEidht ARG EOBHIE wAtES BREA oy, This SuBIdE, &aé&rhééi%%é?,ﬁt

0.5, or Imuél hkat 6fF oRidatiber®agtion ent veparizifigaeater digaid im aforeer trroogh
ground. It is preferred that the_elevation of a liquid inventory withi
knock- outtUrkegxpander epwarhayclapwith sebseguent cevltaioan%roeefﬁﬁr‘eréo%

ground sUrd AW O and Witou:h EBREIMRBROMCIEALE IMBYANT DIRENEK 18egovery .

from an gas turboexpander and/or eat1 ng of according to
di scl osurs&ﬂvér&rrecmeryrwrdmedelwdrahamenehmmoltes pdefer=dr that ﬂimgerhtedeﬂaterf rom

I d d .off- | di
he. gr Sat¥@Por 5 Sbl6asT 200kt TG Cof 1 QroR i fFatg0 Weiait erfenteliPenal oo
water vapgpsa fofRatich nat aw.e Méﬁéﬂaeﬁ r%hﬁ ltﬁéere*caeefféal éa\remgsgterﬁeaﬁed

enbodi nents for vente wat er va rese In a condenser of
knock- outthefelbygapsemng/the @xidationn reactiont cgadrtrons rmefprr@[desoetceshaf thee

vented wat er va or .S n 300 or 200 wei ght
percent of@ t?ﬁ@ ,exgee ﬂﬁg P"f?gﬂ BttnTég‘&PgnQU%n gke B;égﬁq«?gd dFE0 much heat
of oxidation riege]ileR r:reféfﬁe@rhétlmuwweﬂ V&PBrdnidkcaso o the Watstdt TPA

t ur boexpander power cycle with subsequent capital and operating costs for

t r eat mentformatiommopmpnigesiat ieast aapedionorf water thalchaseatarad $0e process with| ux
for a sol ﬁg”éx.a&?t%ﬁ{;efry?'?ﬂé%r pPSRYAEIF AP FERRBT albidrt 8T $heePrdiBatqt he

vent ed vva
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
preferred that vented water vapor comprises less than about 0.05, or 0.04, or
0.03 kilogram of water formed from over-oxidation of aromatics and solvent per
kilogram of pX fed to corresponding oxidation reaction medium.

[067] It is preferred that vented water vapor in excess of the water of TPA
formation comprises water formed from injection of pressurized steam (at least
about 50, 90, 95, 99 weight percent water, at least about 110, or 140, or 180, or
220°C) into a process flow comprising liquid solvent. Preferred applications
comprise steam as a source of thermal energy and as a flushing medium for

conduits, orifices, and equipment. It is preferred that vented water vapor in
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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 the recovered sol vent

syst em amsiot2havmek3i2upset ti ng the oxi dation reacti on con@#cCriusee9/ops7eé er r ed

sources of the water anount exceeding the water of TPA formation are

di scl osed herein. [066] It is preferred that vented water vapor in excess
n_of ter that

f th t f TPA f ' i t .| t ti
has ont erGeERe! Sioueler ol TRA TRETBHPRGATRRS 5 RSt 8 RTEPR LSt HRRf essed
-anbi ent Qb&ngﬁ‘BrdUe@E%n?Qtrﬁéf%%PtﬁeﬁﬂeW RiledtPas EhRTDIEE dutrdiigm@ssprd air

s disclos el sewhere herein. I's preferred that vented water vapor in

excess ofis tpreferede thatf varradf watedt vaporciongxeesssobithe avater of ptiPAi igimetionat er

formed from over-oxidajion of aronnfic n I t,. 1L ef e hat
~vent ed wetRHPPIEGS At I@@ﬁ{)?i @%'ﬁogtéfﬁ% Lgsr?gugs %?‘0%?@0&0%& f(.ef,%agét'%‘. %E’E% %ogr am
of water donemddrifiRation eindrst Gatalpst dcovenprbcsss2 BEmpRisRy digetssures aar am
of pX fed to correspondi ng oxidation reaction nedium It is preferred that
vent ed wad-& ﬁdpchlacérﬁﬁ&g%ﬁ USs S, 3%hRa%band b.95Pabr Appof ulyr Ng. 2005-
ki | ogr amdq38 ger formed from over-oxidation of aromatics and sol vent .per
kil ogram0 \gg fed to correspondi ng oxidation reaction nedium [067] It is
preferred thatjoggntiei preferred tpatrvented natssvagortinexsass of tie Wakerf aff TRAI on
conprises water fornmed frominjection of pressut{s)i zeg ét eam (at | ea }liegbout

1

50, 90, dgrmatiprsogrises: aklfastad fortign afwater fosmed frem gxidalign ef Tuglo or
22000 i . eS| ' | t f.
Lot PR SRURARZLO0 Y SRBRCHEG0 iVl sROb MR £ Lol ecovary

appl i cations steamas a s energy and as a
medi um f andiemdihyidsatian nféarssandiad cedjet froema turbbekpapderf erred t hat vent ed

t [ .of th t f TPA . f ti. i |
bortion of wedlBPSLabs RETEEPH e Bretted WALE RITD SERSR U MRteToleA gas
to anbi enbaadPUBHipIRes At Ida%t B BbRIGrEES Witer KBRIIRG! fM6Hh San \GifberitPEXCESS

of the water of TPA'formation conprises at |east a portion of water used as
an azeot ropcesss @rar @nteningiitbei TPA quboess hrfere itbat dutietandi/ ar TOA, amare

recovery prpcess c ri,sin I scl es,i.n U S Pat. No. 4 297, U
7351 | beyelerahly belolethe '&Sgﬁﬁjm. 1t 8 eréseest aat sT'ﬂe@??r?P“IC?’SS '
pref err edoédiadl sueAttREt thl @iniPR horiRoRtel Afstande frofh WaIHETPAfprobésd & ki on
conprises at least a portion of water fornmed from oxidation of fuel when

opt i onal Ithansbout d 8ABaP08; 30Fas! Memeters. alt isupreterred dhatasaidl PEAt pracesser y

forms at least a portion of PET using TPA product from said TPA process. it is
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
preferred that the water coming from said PET process is less than about 1.1, or
0.9, or 0.7, or 0.6 kilogram per kilogram of water of formation of TPA.

[070] It is preferred that a TOD is self-fueled by oxidation of off-gas
compounds comprising carbon monoxide and VOC, especially by oxidation of
methyl acetate. It is preferred that the fuel content of off-gas is at least about 60,
70, 80, 90 percent of all fuel content entering TOD. Fuel content is evaluated as
the heat of oxidation reactions yielding vapor phase products comprising water
vapor and carbon dioxide gas. It is preferred that fuel content of off-gas is less
than about 160, or 140, or 120, or 110 percent of the minimum fuel content

needed to operate the TOD without a cooling means, e.g., sensible heating of air
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and/ or dehydration nmeans and an outlet froma turboexpander. [069] It is
preferred that vented water vapor in excess of the water of TPA formation
conpri sesweatologmsiiza portion of water com ng from an adjpatarstoo®Bids7p6 ocess
and entering the TPA process before the outlet of a TOD, nore preferably
before the inlet of a TOD. It is preferred that said PET process is |ocated
such that the m ni mum horizontal djstance from said |

t han abou®’ PHIRT, 9a8/yapap@ndigiosersikles or latend hsating, p (Y"qtg?:u%?gsf‘élr a‘,gl‘dedss
process f\%@ﬁe?tdlrlegﬁfbggz ; ha@llﬁq‘rrfgsspcﬁ indReA, Jé%s?rl EB%&%%J&A

process. IS prefe ast a portion of sal d PA product 1s fed ..
into a reemhamgermmfaa:esof sal d adj acent PET process within | ess than about

72, 24, d f = Xyl
par aO{ ol ual dehéﬁé]ahdﬁ Breif Qﬁafﬁlﬁgdgd’se Lf Yi ?Véﬁg’}g&ééﬁ'}%\qi? ﬁ{q#%d &t er
com ng freeyidadetdd iPb fg%%sadc%rélh?“éf%ﬁé fé!hﬂ&lhg@h%smﬂésOM’eth?Iraéthte igr 0.4

ki | ogram per kil ogram of water of Tormation of TPA i s preferred that

the wat eragml?“lﬂgb{vpmﬂt@ém TEﬂlquldﬁ%@@el @xnde?@n tafapX dpoliPALinL acelie agid), or
or o er 1 car o GeErAfE tw? PTG oI oty REB] Sl ald tlen' " '

conpr i si ngydralymg mﬂxmﬁmrémer%@ﬁclaﬁud sohentandabysrodatt methamol
acetate. It is preferred that the fuel content of off-gas is at |east about

60, 70, seffluent. derecistyentars hiaver discoveredeihat am efficient hA sypthesisogyetem.i s
eval uat edy ﬁsl.? %m&ggégQ)&ng%S%éfﬁ%@gH@ﬁtﬁé bﬁ’r!e”cﬂsc‘fl% Qfesk @%ﬁ.cp @%UCtS

conpri si ng>vat er- vapor “and ca | oX1 de gas S pre erre

content dhcofdorgies iby Irefesendenheriein)l prolidesr aldfsefalr ré&(i)ctlomr il 1thepemetent
of the mnlrrumfuel e rate the TOD ut a cooling

ded
means, e.fgrmatgpdats @ fomt%& rﬂ}%ﬁ?teeal &8@%@""@%’%@@}&‘5 Sﬁﬂ %éﬁ@?‘lﬂ?'& or
| at ent hena R8afilg VaIR" Md BHRRs bhaY D téﬂﬁ@trgq]leatyr%bLyarﬁ&ﬁt%”'?ﬂ"ﬂ‘iéB‘rg

mass or |recm?gy across Isolfating conductive exchange surfaces.
[071] It amd pcetieacidd Metityl acet@ie ipsovides ubéjul facicconpentdora 1O liry prdardbed by

t hyl t at ff di th t hyl
e b T BT SECBPS A e o bR TR T,
aceti ¢ _acindtn,TaeLRAL ASLRS PR KiBPBNicht bhBNTRJds §abollsR! aicmausmemidniaget at e

and t hen hydrol yzing it with water to recover acetic acid solvent and
bypr oductfusist ieagolmemneemethanel ifoek ail omish dhee supplies, éo de tHab inorder

effici entaéﬂ?éai/es ye'htwr msﬁéréﬁ%s and destruction efficiencies of pollutants.

[072] 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
in knock-out .off-gas and/or off-gas entering a TOD is at least about 0.003; or
0.005, or 0.007, or 0.008 kilogram per kilogram of pX fed to corresponding
oxidation reaction medium. It is preferred that methyl acetate content in knock-
out off-gas and/or off-gas entering a TOD is less than about 0.030, or 0.025, or
0.020, or 0.015 kilogram per kilogram of pX fed to corresponding oxidation
reaction medium. It is preferred that methyl acetate provides at least about 20,
or 30, or-40, or 50 percent of all fuel content entering a TOD. In another
embodiment of the invention, it is preferred that methyl acetate and/or methanol
content in knock-out off-gas and/or off-gas entering a TOD is less than about
0.030, or 0.025, or 0.020, or 0.015 kilogram per kilogram of pX fed to
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e.g., US 20070293699 and US 20070208191 (the entire disclosures of which
‘are incorporated by reference herein), provides a useful reduction in the
net for mwoaeniwmmea2of net hyl acetate. The CO conponent iPoTafSReogmsshas a
relatively | ow heating value, and off-gas often contains relatively snal
anounts of MeBr and acetic acid. Methyl acetate provides useful fuel

COTL T cBereRakhy Bedeh WA Febat I BB LR P L

content QfroQidbsHIehst ét%ht'ZQ){"’ortﬁtﬁrbr%U?I@r@@@rér%éMt brsll $uelecdhtentr@ﬁteﬁﬂg1
met hanol ,” fuel oil, nust be supplied to the TOD in order achieve required

t enper at 1@ €®ind destruction efficiencies of pollutants. [072] The

i nventors hav Lscovered. t he, f.ol.| ow.ng eferred. r s for.methyl acetate

in knock- out §P?-E"Ea'§_,'s rpéﬁf&é'?d[ ‘ _t %égélpu?‘% Jt%teolr_ﬁtc' ?ﬁg‘ﬁ?ﬁgf)o{fﬁﬂ%g{}?ﬁ’&et hyl
acet at e id¥f-gad dAta@ig s TOMEs 8$d titan IBGUOIVEDEE, i hg 0TEE, Sorf 0100BUGr @002 :
suppression of formati on of nethyl acetate and/or recovery of its acetic

aci d contkdpgrasy psskilpatars of axdfedyiorenriesponding exydatien eradien medium:t Hyis

east abdiries hdfabRepaginofbkgioRott b BouoRBhL M Goncindol HHEReC o
fed to cantesmprdTOD @xlebst tham abact 045, wed.40n of 0.35% g 36r meie peateritet hy|

acetate content in knock out off-gas and/qo?r of‘-gas enteri ng a TOD is |ess
t han abolvaiiaiad ong diy Bagis with enlypn-gendenseble gasReUmCYBP Hﬂﬁ%gr am of pX

fed to corres ' Ldat il d'wgg} Iyl e et hyl
acetate provi ggqu\[}q?&e&g{s,?ea%gigt Dg@;@é.gérm%g@ or %,tbg'rﬁ’g%rhpfgﬁ%é t ‘?)vbégﬁimf ugl
cont ent aunabustilple fuedintrinsicaincarh eff-gasbodadaed fusl, inhthei TOENt Thearefore, iitsis

referred that t hyl ~acetate, and/ or net hapol caonte I.n_knock-o ff-gas
bl or - oriretiiedfatie 8 SReipisfoteatiaasiions geb o ie% 28,50 5. 020,
or 0. 015 86, 1450, RA400 kitlbarisbernRilddPam! GCEX BARBNGRELIRAdIRY beidatigACt | on

medium It is preferred that nethyl acetate provides at |east “about 20, or
30, or 40eachorsmesiument hisf low Brfausit of gegeined eembustignahaadDs gaiieied byi s

preferred that acetic acid.content in knock-out off-gas and/or off.-gas
Enter ng RIOVERY Sflsty PERd St rob SRy eRTioto toafed pftasoisa e prbfos
kil ogramTep drid getréstedf off-gakatbdrahe @ntgsostid MDD Xheaé kABwneAtheQtt BRdi um
It is preferred that carbon nonoxi de content in knock-out off-gas and/or

of f- gas AM@GHPMPLANSTOD i s | ess than about 0.45, or 0.40, or 0.35, or 0.30
ml e percent [075] 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
exiting the TOD. Most preferably, the TOD means in all disclosures herein is a
Regenerative Thermal Oxidation (RTO) means.

[076] After removal and/or destruction of carbon monoxide and VOC
pollutants in an oxidation reaction off-gas, .many locales require substantial
removal of bromine from the treated off-gas. This bromine reduction is often
done by aqueous scrubbing of the treated off-gas from a TOD, e.g., liquid
scrubbing of off-gas using an aqueous solution of sodium hydroxide and sodium
bisulfite to produce sodium bromide salt. Over time the concentration of various
salts builds up in scrubber water, and an effluent blowdown must be provided
along with a makeup of purer water. Preferably, said off-gas scrubber makeup
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eval uated on a dry basis with only non-condensabl e gaseous conpounds. [074]
However, it is undesirable to waste too nmuch energy, whether conbustible
fuel intrwo2ow/éesian of f-gas or added fuel, in the TOD. pCmarsedoones7sét i s
preferred that the total conbustion energy released by a TOD is | ess than
600, or 500, or 450, or 400 kil ojoul es per kilogramof pX fed to
correspondi

dat Th | t, of d
combust i oWatﬁgdgxg'lge%ﬁlgﬁ‘fr‘l’é{?zgcMporgrg& alrtr?b/ e?el?' ?‘%\f{fv %gzlg{']alf%{per u'! (rﬁ? d%st ween
hot, tr e%ﬁf@r&lfiecﬂﬁﬁté?e@é |6ﬁ]§e&WattePfan§/ngib&'ﬂcEdHEfern§§feed off-gas near the

entry to said TOD, as is known in the art by various neans. [075] The
supply of cont@37] ohhédnanentersapave discaverad Hiattsaid Isetubherniquid bipedewnng

met hods a of f-gas..c 0Si.tions a S he t hat
2 TOD opef vl SrsentampBaT P RPR waRr it AAAERRR0SH ded 2 LinRIEr 56, or
400, or 6&4dlingrtoRePtrakélip wWatéf. efﬁ&fobﬁﬁn?i?aﬁt Rt plef@séd aboude 9 leaut a&ﬁ)utor
98, or 99 nol e Bercent of carbons in off-gas entering a TOD are oxi d| zed to

C?oz lbef or%oéxolt B9 kilegrammf ofbges mcaskheaidiquid efluentwaiekper kipaam of pX
A tor rorfeal sasponfiod SXERHEh, IeneloR Mot A3, Ly ol BRARE hel T,

an oxi datdl@(ﬁhafrﬁﬁt@t $3id serfiblgsrswatenny d wastewratertreatrmentutisit antial direztigtel  of

brom ne fromthe treated off-gas. This bromg? reduction is ten dope by
aqueous s¥PDISHE BYTEHNEIRGSt Fbﬁﬂ%*&'ebﬁm meEnbRY Hhertyentiog any, ¢fﬁu?@|t wet%bb. ng

of Off.ggétt tHmeB%r o gvgm.oﬁ%u i g{préﬁgamd&yﬁt A cABA mediufican

bi sul fit 0 produc brom e concentration of
various sk Usedblaitlaisatepofl 014or. OBUellogmhemf efﬁuelnhwatﬁfrf;befekitognarmmdbpx fedst be

rovi ded aI th a t Pr ef bl ' ff-
DT ubber SRIESDEREING: Sxidahen Fesgistumacim g utily Syalkh fether e dicharsine
makeup ""athgrtjhlﬁ);d%é}erté"éz%sw&ér tAeathfeHtZ BMit Vah@for AiREEtRT t8t 8MBient

condensat e ] The inventors have di scovered that said scrubber liquid
bl owdown stfrfdumgingsessenti al |y corrprl sing water is advant ageously used as
utility water ter or.di n

preferred to L[stgt |hI %ggltol ﬁgﬂﬂf rirnagr%ufprﬁ erSE?%?’B ?g'm%ﬂl gtpﬁi B‘Q’i??’g(gpubber

liquid efdd sWQ:bﬁﬁblﬁiﬁ? iicREEAM SICtio. OGS RRIUGIRGOBEIN Prioxaryathan
reacti on ne |um as util wat er rather than discharging said scrubber

vat er to seoppdasmeaxidation éa@mmsoumets derdpeacegpingcthreughy a shared combined
solvent recovery and/or dehydration means, turboexpander means, condenser

means, knock-out means, TOD and/or bromine scrubber.

[079] 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
reaction off-gases across a pressure reduction valve into lower pressure off-gas
usually dissipates significant entropy, causing a loss in subsequent ability to
produce shaft work. However, the present invention usefully retains enthalpy in
the combined off-gases at the inlet to a turboexpander, and the combined off-gas
flows usefully comingle CO and VOC fuel values ahead of a TOD.

[080] It is preferred to process off-gas from at least two distinct reaction
mediums 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 portion of said distinct reaction mediums are
separated horizontally from each other by less than about 1,000, or 500, or 300,
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anbi ent surroundi ngs. In another enbodi nent of the invention any effl uent
wat er obtained froma production facility conprising an oxidation reaction
medi um cawobkelosexizat a rate of .01 to .05 kil ogram of etCTlusesw/ovgser per
kil ogram of pX fed correspondi ng oxidation reaction nmediumas utility water
rat her than discharging the utility water to a wastewater treatnent unit

and/or directly t I ent I Qr8] . | ti I
RO LR SRR RS RO IBIE RN A S
of f - gas, diﬂél‘ér'\‘i“Wg@@i&éﬁguﬁiééya@%ﬁﬁﬁﬁé@%ﬁﬂ PrHERISAN USRRC BP e 8RUDRES

1l
for processing t ug ared conbi ned sol vent recovery and/ or
dehydr at i piacerefinemmaen bqueippeentselesiad fron thel grour corsisting Rhturkoexpandsins,

TOD and/.or br oni bber. [079] Undesi ]
Fecovery . MERRS GHRHEAER TRALSs KR -aHhEanser Pt ol osPRaBHE srBpBRELY  on
medi ums are offogA] SWhEhaRknd Bnbff-58§ PRikturé OB ipidfereiddmiat tisa ahouritiggher

froma primary reaction nmedium and/or fromeach other. The sinple expansion
of hi gheralpioffsgag dn ribgc mistirefthalds esoweedsikom seeerdary pxidalionoreaciipne

T OB RSy Bkt PRSI OBl 8 Rl 7

aloss in 0 produce s

i nvent i orfrotaedrithaty oxitiation reattiw meditmt hin atxtrewdf primargsasl saecordarynl et
to a turboexpander, and the conbined off-gas flows usefully com ngle CO and
voC fuel @fhpass talseffefsired thab, off-@as) arisingsrame seppReaRyo Oxldgties srestctiofas

from at 'rﬂegydgﬁgﬂggﬁiygaggg%sg B BB BP0, b, 58135 Shleigh? FER R Ut URB!

recovery an i on neans, turbbexpahder 'neans, I neans,
- knock- outmassiof combiheahoff-gastarmhiess tisam abbat 20, or 16 qréefar? wdightpereent! east

portion of said distingt. reaction diu re separated horizontally from

each ot hedf ﬁ}‘? fRAss Pﬁafﬁ”'éﬁ?@ﬁf‘ 9?(5‘1?5’%'8?3{55‘?’%93& @dPa&Ufff?o°he9fEP§W ¥ﬁF'ocess

i ntegrateg, t f; d . £ i N
procesaea T oI P, I e g o oy onta Bidation

conmon egeaptiemtmediletst edmprises tdtelegsbapoubnitstem@.2fon Qb cwrxP&ndeighteans,
condenser neans nock- out, nea

formi ng AEBERL gL Mmass C?WBIS'LG";?%EP _pd/ 35{1 g%)sn% ﬂ%@%ﬁﬁ?ﬁg} ‘gir:)ﬁﬂofqu\hggs
in the mOﬁh%ﬁOBhﬁéighﬁpéf&h@@dtﬁé%?%Mﬁb?eﬁﬁfé@?ﬁbﬂrﬁbd Bfigjdson mediumis
much | ess than the anount of all off-gas in The mxture that is sourced
[082] 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
formed at a temperature of at least about 160, or 175, or 190, or 200°C. It is
preferred that at least a portion of off-gas from said secondary medium is formed
at a temperature of less than about 250, or 240, or 230, or 220°C. It is preferred
that at least a portion of off-gas from said secondary medium is formed at a
pressure of at least about 7, or 10, or 13, or 16 bara. It is preferred that at least a
portion of off-gas from said secondary medium is formed at a pressure of less
than about 40, or 34, or 28, or 24 bara.
[083] It is preferred that at least a portion of reaction off-gas from at least
two distinct secondary oxidation reaction mediums are combined with each other

and with at least a portion of reaction off-gas from a primary oxidation reaction
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fromprimary oxidation reaction medium In m xtures of primary and
secondary off-gas, it is preferred that off-gas arising from secondary

oxi dat i orwpeaovdees12nedi uns conpri ses | ess than about 20pComUsSi@9/0e3756, or 2
wei ght percent of the mass of conbined off-gas and | ess than about 20, or
10, or 5, or 2 weight percent of the mass of dinitrogen of conbi ned

off-gas. In mxtures of primary and secondary off-qgas, it i referred that
of { - gas aFIecur) 67 BiocessBadA R, SR PHacP T SO PR NP DY and/Br BRPudiaan
1.east abopeaslturb@Exgander Phedhst cofbieAsér MRAB! kiSO mBaNS MPOMR GRS |
conbi ned of off-gas and |ess than about 0.1 , or 0.2, or 0.4, or 0.8 weight

~per cent obranigenstseblgr. dltris tprefesrecbthat atteastda qidrtigaof qfidgas fiom ja$ least

preferred that at |east about 40 r, 6 or i ent , of
Peact on 817 Spsahdamep ot e Bt 8 dratiey e B e tRLSRo B2 G 18 i s
conbi ned @ 4D, 8t SP€agreatdiomanid podfio® &f salid 3f-g#y frifh wRIdIPtimBey eRfatioh -
reaction off-gas froma ﬂl’l mary oxi dation reaction nmediumfor processing in

a shar ed, reastinbnmediunent Itr isc rafeyredntadratyle@pt i mosticimed nelf-agr feak earder
T o SRy Wi KBRfEE Hr S RARSeralfiB ordicleBls A 1 ofsi s |

Is preferte a eaSt "a portion of O gas from sai um
i s fornmedoa85%C yesger thiam £ pofticrt of saidlofagas frofrbSaidgriniary, oxidatid®reamtior000C.

It is preferred that at |east a portign of off-gas from sai secor%%ro\é
nedi um | sSTESIUBAARA/OR & SRREATQTr 2aidt offtaas iR ShRiNCh RECoppan @XIaatiosso,
or 220 0 i efer Sost redd - ld
secondar §:r er?lé:y?h%nlg@% or #’gg %rlté?%”%? gl%surelea§ Pgtﬁ?@ggﬁi faﬁ%t@?g (rf)r(r&mlgj?\bor
13, or l6sécoralary mediurprisffemed at bdemperatess bf esgdhan aboat 26f 6 gasorf t@m

aid second redi is f d : f les. h t 40,. 34,
“or 28, oronh' diferenibinan o Porion, ok said efGBRAToR e FELRE! oS petion
reaction R—:fafctieﬁsmfeagfr‘?\.fit It! i§a8feféMEd that i ClbaSe RBUISS KaRKk rékidtiodn offefideson

medi unms are conbined with each other and with at |east a portion o
reacti on cémegdront acecangaiynexigation teadtion medim sepaditednhbozopiady &omag i n

a shared, common solvent recovery and/or, dehydration S r bogx der
Teans, coRURHBEN SHALREMATKIERTHCR TRAINE! bitfgss Uik BPodlek ore2dcPCRLBF 27T
i s preferfpiershat iprdiered thatPafl ldagnofé offdai@asadtionbfilgdseddoneee frope @andary
mediumis fornmed at a tenperature of |ess than about 20, or 15, or 10, or

5C gr eat epeqdn@an oislatiopnresiction megiumgseparatad darigoptallydfgmoni RRIHPBOf
reaction mRdiimad rebStidH Hedhidfiby Mbad abSHY, o 878F 4608y 82 Mktedas from

one
[084] 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
reaction medium in a shared, common turboexpander means, condenser means,
knock-out means, TOD, and/or bromine scrubber.

[085] The inventions herein are preferred for a process producing a crude
TPA, in which total monocarboxylic acid impurities comprise at least about 1,000,
or 2,000, or 4,000, or 6,000 ppmw; producing a purified TPA, in which total
monocarboxylic acid impurities comprise less than about 1,000, or 500, or 300, or
200 ppmw; and producing both crude and purified TPA simultaneously in any
relative ratio. Monocarboxylic acid impurities notably comprise benzoic acid,
para-toluic acid, and 4-carboxybenzaldehyde.

[086] The inventions herein are more preferred for producing purified TPA
with a b* color of less than about 4.0, or 3.5, or 3.0, or 2.5 b* units. The b* value
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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 fromsaid primary

oxi dat i orwpeaovdees12nedi um and/ or a portion of said of f-@gas/uSecawioes7ds stinct
secondary oxidation reaction medium It is preferred that at |east a
portion of said off-gas fromone secondary nediumis forned at a

tenperature of | ess. than abOLit 2%. oy 15, or?ﬂljo, or 5C different. than  a
portion oS _é’é?g hRreiny I OPE ORI @ EPF{?CF‘G?&‘B &N AoSReAqssRPIC Mstugient
nedi um  Idydnsa®£HentGUtRRtant XE 9AStumBAt HusRIr ASRRIEtES N ABbtatdRs BhcGOMeS

froma secondary oxidation reaction nmedi um separated horizontally froma
“portion of14i Supsettills Readt Restome ¥AIRD 505289, wvaw. hatnderlabsoomp usiig aor 8

comes 1 drnEcEoes s HaibE we o bionh The ARG ol Phfial WG pbSdnBReE] "
froma pogtt b|96),owhﬁ@ir@8@tib€&@hdrr@@csf Alfy TREi deshrer 6ft blueatdr atsvtbadce ofr 8,
or 16, or 32 neters. [084] It is preferred to process at |east about 40, or

60, or 8mellew)90 wei ght percent of the dinitrogen in reaction off-gas from
at |l east one s Xobd| i ct.l [ i » I t
2bout 20, or GBTD T ELAGACHIEA ShB, I pfSoey. BBHhdithl FlayieRe,
' offE) gas f(hgxr) mt@ﬁécbrﬁtﬁhalmé'admt (1PA) rig aait imeoge(ﬁfuheidisdoshmsekiy sg;)eﬁtuting

t ur boexpander means, condenser neans, knock-gut a T and/ or brom ne
scr ubber .thegBsia-sprREieH IRnteoRAranwRes#s, £-8- ngﬁer :‘T’S%?‘?érfog%ﬁ&dﬁgg“ Whuci ng
a crude T, | I al o) j LA g SRy

| east aboé:(;t(l)td 16%%@ tglrhléaggoaﬁgig)gygggyy%ﬂgﬁé%ép?nﬁ b%)Hrbt;%(%ﬁgi ng 'gé'g’ﬁﬁ'f I ed
TPA, in \ifhis lextersibn apples fdrox processandkingpd separatelyprTheektensionhalsoabout

1, 000, 500, .or 30 20 . duci ng_hot h i fied
ToA 5| miIRRIESUS PRIy RS ciAl ROEHiSEY rocisdes AraRg el JEA ST 1| oo
not abl y Comri@;ﬁsj)en@&s?&i the Pﬂkﬁtibﬁ'ybérfaiﬁﬁgd]tco RiniRY" RAEYBANGMIgshy de.

[086] The inventions herein are nore preferred for producing purified TPA
wi th a b*frarol diffetgint ireastiar amedibnst fos. Ipcessing &) adrledstoone sopent fecaverys.

The b* val upas used herein is one color attri e suf ed

spectr os TR PROVABRMEaE. S0BaSRedtiash EPhAdhEel Rty tindns. TR e
Associ at egnd/eP Brakre . sdribber BpHL iBUBHchspédts SalBeawhdne thénprepdnderant
20190- 5280, www. hunterl ab.com using a refl ectance node. Positive readi ngs

si gni fy tatemadigr speaies ye| atolgagh ongnEragiancmegium| iseparaspibditiegaand ¢he
readi ngs SLO0hLY AP GrdeAtiE S cidt HE at RadPS RINEE r&ction 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
pertaining to filtrate solvent apply also when at least a portion of filtrate solvent
formed by separation from a solid product that is predominantly one aromatic
dicarboxylic acid is subsequently used within 72, 48, 24, 12 hours in reaction
medium oxidizing the other xylene. (Even though it is possible, and often
preferable, to keep Co/Mn/Br even heavy aromatic impurities from ‘one filtrate
isolated from the other, it is not preferred to keep the water, acetic acid and

benzoic acid components separated.)
[089] It is preferred to treat at least a portion of filtrate solvent (para-
filtrate) from a process wherein the preponderant aromatic species are para-
substituted and a portion of filtrate solvent (meta-filtrate) from a process wherein

the preponderant aromatic species are meta-substituted in a solvent purification
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yellow). [087] The inventions herein apply for processes converting

m xyl ene (mX) into isophthalic acid (IPA) in all aspects of the disclosures
by substiwotorigeedie net a- species for the para-species, @eCHUS208005756 pX, | PA
for TPA, neta-toluic acid for para-toluic acid, and 3-carboxybenzal dehyde
for 4-carboxybenzal dehyde. Thi s extension appl les for a process maki ng | PA

D e AL SR e RS SEepaB o B R Byl

pertaini r&rﬁé’inﬁ@méﬂé,ég ah8astt tatiny feqlitsim éﬁtoﬂéﬁh' f fRiit@ble fikare! PuYifitation ™
for processing in at |east one solvent recovery and/or dehydrati on neans,

t ur boex paunitsr arecoomprised discloswresun WsnnRat. Np,4,889/287, M%rﬁ #e1.386uBpdr

Tonst oned o8l oRPRe b, ME° qrsTubHERR (B BRSSPI b
-speci es iiAc@iporftadtheram by hefereres) i frls ﬂﬁ@eumeférrwftﬁau@lsfelatsub%bméhbf
aspects of the invention pertaining to recovered solvent apply al so when at

| east a praeiftifateranb el Bt fitEaieds é’@'f\eﬂcﬁﬁthéé@m%ﬁmﬁ fasgRaMpaige ebeingi ng
one xyl eng, Salgﬂ EWQEHEEP{?%S?PI ‘#) J ?hato% légst 8 o?t40n ?f éﬁﬂ@@‘f*ﬁﬁatbn

reacti on ne XidiZr'ng ene asp I nvent | on
pert ai ni rgnd/or &t letstd eostcﬁn/ehtewpetad eéatalysv\,frem mldlmaeessaa;msmbanudntly
filtrate solvent forned b lﬁaratlonfroma Sé%]ld pr.odu

hat
pr edomi na¥igdytog ma?"o'ﬁéﬂ RETHQP 95 Qpidigatien Feadtion med %W@S@mﬂqmﬂm n
72, 48, 24, okt Qob’cgﬁuoh”%fa ga&* it esH HfWéQIItFétBQ rh CgFé'f@FaBW'fSHﬁrnlg( gven

though It 1S possl , ten preferable, to keep Br” even Reavy
aromat i ¢ parfiom iof ibeth fitatesandt isi preferred itisati ait ledst aboutt 1@, ot 4@ror 80, o5 980t

f d t d i d
epar at cdvsidrb@spostt el s canofvally fmBfivifes TamAveActront e HERGT b7 Saifar o
sol vent (fpal idolvett e pufifiCfich pérﬁﬂ@ﬁScha%ﬁlﬂécbbewprpﬁe@eQ@ra@ pHyaBHllyC

species are parasubstituted and a portion of filtrate sol vent
(neta-fi IQmelB93det§h1%t least ealoutht e on 401eorp|8@pcmd88amelgé.\t dricent opdbees

are net a-subs ted.| ol vent Lfd.cation / or tal yst recovery
process 18N '6 ' upgggfgrgﬁ eggrr?(fﬂ%étaﬂp@%?ﬁyegggrﬂqgfﬁﬁg vessel , and/ or
rotating equi F{UBD]S All aspedigidfahé enventionapértainin ?ftbcédmpnbs%dtaﬁr ﬁdre))@dlimrl sed
di scl osures in U Pat. No. 4,939,297, US 7,351 ,396, and U. S. Pat.

Pub. No. WH@DBMW@GOM@%@” @ eRraprassedeair fforya cpmpression 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.

[091] All aspects of the invention pertaining to oxidant-supply-intercooler-
condensate apply when at least a portion of oxidant-supply-intercooler-
condensate is divided with part being used in at least one process step wherein
the preponderant aromatic species are para-substituted and with another part
being used in at least one other process step wherein the preponderant aromatic
spéecies are meta-substituted.

[092] In one embodiment, it is preferred that that a smaller IPA
manufacturing process is co-located with a larger TPA manufacturing process.
When off-gas from at least one preponderantly meta-substituted reaction medium
is combined with off-gas from at least one preponderantly para-substituted
reaction medium, it is preferred that the off-gas arising from preponderantly meta-

substituted medium comprises less than about 50, or 40, or 30, or 20 weight
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I ncorporated herein by reference). It is nore preferred that at |east a
portion of para-filtrate and of neta-filtrate is co-fed at the sane tine,
as conparwd2w/dseiing canpai gned in sequence. It is prefecrasdadmavs’aé | east
a portion of purified filtrate and/or at |east a portion of recovered

catal yst from said process are subsequently used to format |east a portion

of oxidization reaction di um.an ubsequently to for porti on af

par 11| (REIPEMT BF Tas. CPUTIREA ORes ATSIested S oMy B 4% i3 o6
bot h fil ty@hjght erdentRr he MRS dftAhitrdgeheithe abRbinekloffYas40, or 80, or 98
wei ght percent” of the aromatic inpurities renoved frompara-filtrate by

said filtrate [08ByWhepupffigasafrioon ainleast onet argpandesantie metprastbstitited e

physi cal | y_conbi ned. wi.t h at, .|l east.. about af, 4 r | ght
per cent d%a{:ﬁ%ng} ‘e qor%bﬂp??i“@@ ?@%&?éﬁomr%rjr?%%tt(g{% 3%9°Z\d8?%§}w’§%%'
process. dup3iutédi| rextiont madiurmeiti Ry efref@ifedettati thedoff-gas OarisiegS dbmi 1
for oxidant supply apply when a portion of conpressed air froma

conpr essiRiAPARGgrantly nietarsubstitved msdivmsosaraprises abisest 8Bowk0.peas - Co Rt

oxi datio e [ madi ' ' '
o o subot Py B 2 Wit BERRCOCiS HRsRSTRRNNRES br-Ba8 Hd foeShfish hdtte
t he prepan8esman, ar dritor2.6 peigltpertentaiithesnass of dindrbgdrogithe Aomizineect s

of the invention pertaining to oxidant-supply-intercool ercondensate apply
when at |¥E88S-a portion of oxidant-supply-intercool ercondensate is divided

wi th part bei ' PR L liek NG i r ant
aromatic specﬂgsgugs‘g’Hggr gﬁs%'@gﬁ”tt%’g&emgﬁ'?ﬁ g‘%& gl?%glret% ﬁ’gﬁﬁgpg?ﬁ I n
at | east least oné preporuisrantly negtavéudostituted reaptiep ometiusmandrtorattleasksppei es

are neta-substituted. [092] .In,gne enbodinent, it is.preferred that that a
Srml | or - IBRPRRIGIAREY ur a8 wRstndes; cTeaRTpBo aegiim nit Fur GEFTOFER thet
x?gf gﬁhgrg?g?@éﬁﬁw $metdlgibsttited 8aétichRidibR8 TocaIe ISSLRRRASBARRE0 or

reaction mediumis conbined with off-gas fromat |east one
pr eponder4htary3@aon 28 usight prescenteaicthieototak mass, flow afsoxidantefroadsaidaairt he

of f-gas arising from prepgnderant]y .nmefasubstitute Lum [ L ess
©han anodioratrdgion5eBhE AR AR ap'hiBht AT iRt MRt BRIRS cXiBmics

of f-gas apdhtlieast émaprafsnderaftly fiet4bubrtitud@d réactisth WRidilh @ed eeat ledstt he
mass of dinitrogen in the conbi'ned off-gas. [093] Wen off-gas from at

| east oneonsr depaedenantly paracsybsituted t 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.

[095] It is more preferred that said IPA and TPA manufacturing processes
are co-located with at least one co-located PET manufacturing process. It is
preferred that IPA produced in said co-located process comprises at least about:
0.5, or 1.0, or 1.5, or 2.0 weight percent of all dicarboxylic acid fed to a co-located
PET manufacturing process. It is also preferred that IPA produced in said co-
located process comprises less than about 16, or 12, or 8, or 4 weight percent of
all dicarboxylic acid fed to a co-located PET manufacturing process.

. [096] In another embodiment, with or without co-locating IPA and TPA, it
more preferred that at least a portion of IPA fed from a primary reaction medium
comprising preponderantly meta-substituted species is fed to a PET reaction
medium without said IPA having been purified by dissolving, selectively

hydrotreated, and re-precipitating to remove 3-CBA and/or colored species.

38



reaction nmediumis conbined with off-gas fromat | east one preponderantly
parasubstituted reaction nedium it is preferred that the off-gas arising
from pr epyodercaweily nmet a- substituted nedi unms conpri ses aCTIUSag@w/oedy6at 0. 5,
or 1.0, or 1.5, or 2.0 vvei ght percent of the mass of conbined of f-gas and
| ess than about 0.5, or 1.0, or or 2.0 weight percent of the mass of

dinit i nbi ned  of 094] Wh

means. sappl i ed087] Srﬁren'é‘énm%ot @égf Iu%@rstetﬁﬁ@?gmot@rﬁﬁi@ﬁ% oo Heston
reaction rﬁBQiu‘r’rmsaé%ércbr@He"PAsdrrébﬂg fiIne BPBHIBARNGida ke %a%ﬂrbﬁtmééﬁﬁrﬁithat o
reaction nedium it is preferred t preponderant|y neta-substituted

" reacti on isrpdependeraotly methesbstitidad @b@postaoxrdrzeddPAoiormd ipra secordaymt

Gnen an dsari M PlurRibe e BACRH sshiBP AR duikds RTRARAA B
pr eponder gntg Hefirled-othsithhHtseid peaRiry esackst medint. tipisaprefemet thaesaid :
preponderantl y K@ra substituted reaction nedium it is preferred that

pr eponder%[Hﬂ?}P ng/aipast exidizgd riaé&qrawl%aht@@sr abeut 2D, 7 8@t 16 it
or. 1329) Br'hwlof53 rc%AZIegs‘tﬁéH%oHFé%@t 88%46{& drat 800 G5+ 2P %erﬁ‘;"t?fat

'oxrdant nPRIM6% ohpression mean I s'nor'e prefe
said | PA :ﬁ@rBN'Féﬂ\ Iaaﬂtdbmltuz ioTo4, pmro&ezsrses ppmwcocb 2,08t kEdand ldssathaneatsdutone

co- | ocat ed PET manuf act ur ocC is preferred that | PA produced in
sai d co- 1 RG] Bref: sOk &%pﬂ'é"é ?ite p&{:st about 0.5, or 1.0, or 1.5, or

2.0 weight per Iﬂf ﬁ+the &ﬂ?ﬁé'n't Clt@g?'ef(e?r@dtﬁta@ safy iP’R%@CtoHEET is

manuf act uri ng r ess so preferred that |PA produced in said
col ocat edligestedsI®Ac forymed és d eesomdam relaotion Iﬁedlum whoser agerager reaotionght

percent of all d| carb li.c acid ogat PET ,yanuf act urin
process. FOHST 5??1%? t Wre é‘ﬁn? h&gr (N?Sh(gfhw@{) Baﬁai S Yand
TPA, it fF@é@trdiH ﬁtéﬁ.uﬁdaﬁ@aéssathdrﬁaséutae@%r 70NoPB0! BAS0CE h6®ER thapr 478" Y
reaction medi um conprising preponderantly neta- subst i t ut ed species is fed

to a PET prisaanyireactienimediuin: hidis preferded Hratisaid digestachIRAicompsisesyat least

di ssol vin I ectr el r ot & eat ed, e r@qe

and/ or coq%cﬂ“z s écr es‘%[% $(§1 B%Wé)rfrtakpgigf?értgés ftﬁa[H égé{’ggedrdrbec??t ai d
| PA fed t3p0Piof 30898HinANoNMBATBA bS eRist ABbutRUBE 4] BAGJior &cppyw bOGDOH;mary
oxi dation reaction mediumthat is preponderantly meta-substituted or is

post - oxi cAnEelgss than abae120, of &b @siRdacy 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
compression systems using at least one intercooler to remove heat of
compression to make the process more thermodynamically and mechanically
efficacious. Such systems typically produce condensed water in interstage
coolers, and this water is typically separated from air before the inlet to a
subsequent compression stage. Because such oxidant-supply-intercooler-
condensate may be contaminated with lubricants and/or seal fluids, said
condensate is conventionally directed to a wastewater treatment facility, perhaps
only an oil skimmer though sometimes comprising biological or other treatment
technologies.

[101] The inventors have discovered the following improved uses for
oxidant-supply-intercooler-condensate, simultaneously reducing wastewater

treatment costs and reducing costs for purchasing and/or purifying utility water. It
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reaction nedi um whose average reaction tenperature is | ess than about 24,
16, 12, 8 degrees hotter than said primary reaction nmedium It is preferred
t hat sai dwonrod#62RA and/ or post oxi di zed | PA conprises &CTIusagw/oed76at 20,
or 80, or 160, or 320 ppnmw of 3-CBA; |ess than about 3,000, or 2,400, or
1,800, or 1,200 ppnw of 3-CBA; at |east about 2, or 4, or 8, or 16 ppnmw of

2, 6- DCF; .and t 160, 120, or, 8 60 f 2,6- :
F058] 1 n I8 UElRErech ko dae it ieast & SHipar o pRHaPh SRR SR Ip BRORIESEIE o
di gest.ed jhfdla WNBdee'%saan'%ﬁépﬂéjﬁbénf PEth;ir@Beé?%Hfé gﬂeq Qb BT 80RakEBARET ON
tenperature is at |east about 16, or 24, g, 6C hotter than said

primary rafdotiowingnprdicess siteps. eﬁ TPﬁaaolaeotJtemersolanle(pr deghyslratien NG,

i gest eff%a%ﬁﬁﬁa&'ﬂﬁfrée@&ég fefiie BeBRe: Hreal fignd shEG! Bhedlof fistep.
3-CBA; | esspeklap %bOlafn Jaz‘é@@ropﬁtf Sséaratisn S&id, for r@é@véwwbrOfTI&\CB&al

| east about 2 , or , or 6, or 8 ppnmw of 2,6-DCF;, and |ess than about 120,
or 80, rcomoor@ntao By afefzraplbcponpmmg NSOPFY! a@&éateofamﬁédlag edent

i nventio 0. e nd
rompved, TERARES pofteY BeRn A RAScssMar BurRRGTIATY SolebhiE eEhLE T
air for myddagﬁnaimmpbﬁ/crueerﬂﬁlPAssAmrmsorf an ambigny ivegt froeseithezadl RAbI ent
air often ﬁzpécgrlse nmul ti st age conpression systens using at |east one

i nt er cool® PFRGRSPLTHRIQR %%Br ession to nmake the process nore

ther modynam cah by apfs prefelidl fitedd & ebels | pBHton SteXId AN GIRy Bk cien

produce conderised water in Interstage c and t Is typically
separ at eccondensater inbe &b least baei utlhty wtaberasystmnemmetpretmpbwscmmpnsnggbe

B h d - d b d h
Fubr | candCGYHBGYELRERF. 1k, RS ESlEPRlE laiesPE 3 LPRGHOBRES ANUIAGRGAIE! eql
to a wastpppiRpcddLAATRBbIING Wate SysRPh Nddre PieterablyCa | codfingMwer

soneti mes conpri si ng bi ol ogi cal or "other treatment technol ogi es. [101] The
i nvent or systene \dhemwew@t@rtlaeco@edow rdjreatpeantadt wdls airor A filtered water

oxi dant - sy ercool e an sly wat er
treat mentsyg%?g 'S ed' Q'Hﬁfiﬁﬂép %P"{)ﬁﬁ&esrl %%kjeiﬂd/'%fpepﬁlapéﬁ\%gé’ﬁt ility
water. Itis prebsy rese teﬁncf)@rﬂdoﬁtO)dldh’#ﬂIsu@pﬁprrﬁer@bofér-condensate varies with

oxi dant - suppl y-i ntercool er-condensate into a TPA process and/or adj acent

PET pr océBbiefbhumyiditg avithregoling medivmstempasature, 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.

[104] Generally, it is preferred to vent water vapor in approximately
continuous balance with  its introduction via various process steps; but
nonetheless, it is inevitable that there are production upsets and maintenance
activities that produce a temporary excess of liquid wastewater. For example,
opening a process vessel for inspection or repairs during a process shutdown is
often preceded by thoroughly water washing or steaming to remove essentially all
solvent, substrate, and product; and the amount of such upset-water can be large
for major maintenance activities. It is preferred to provide at least one storage
reservoir for liquid wastewater and that this liquid wastewater is subsequently
returned to at least one process step and subsequently vented as water vapor
according to other disclosures herein. It is preferred that such liquid wastewater

storage reservoirs provide effective isolation to control release of VOC to ambient
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of follow ng process steps. A TPA solvent recovery and/or dehydration
nmeans, especially as reflux as defined herein. A TPA filtrate sol vent

puri fi catworopywstHm especially as an azeotropi ¢ separ aPCoruSand/0b3rs6
recovery or TPA catal yst conponents, nore preferably conprising isopropyl
acetate according to references contained herein. A process for purifying

TPA by selective, catal ytic _hydrogenation of crude TPA. A scrubber .on an
abi ont VEHTOYTRGR ( e Breferted iHBEG Ypluae qf SUGh, Pigsa0% EESEVOITs 183t | ¢

is preferpgg bLBoliE®M, Jr 1®RSEr 200011 A Fubic meters. It is preferred that the
oxi dant - suppl y-i ntercool ercondensate into at |east one utility water

system nwolemer eff suckbsipragenpesearivaigs s tesisothovabaytshz000msor 8.880mes 6,000,

pref erabl éh use. b TPA process and/or adjacent PET process. A cooling
wat er sys%/re %Prrﬁ“g'cp%é’?eefﬁabl y a cooling tower water systemwherein water is

cool ed. by di r epfio5§ OBy asEmbthiny @afioud\ dspbt®r Rdatiiy & expeling wateteini wapared
and/ or de-mneralized water system A Ttire water system [103] The anount
of oxi danformutepambiantesureasingdingss iers preferahly aiter; treataent dnta KGR .dAOPI wi t h
coolin | e r PR ' exC | nin
react | on Bt (is"BRERA- Py thieredbter EEe e Fidfonbich B R Spbor k"

pr ef er r edintdisdlopsehpplicationdifoc passedsuaeioc otilfity metentit iseaeferadtbtd pfbdute, or
0.02, or 0.04, or 0.08 ram of oxi dant - sg&l y-int ercool er-condensat e

ki |
per ki | ogegsntiean EROPEGIOQ,IOOFE 0.6 30@ Plglo%i AtV ren B 19?0 RIdE Qi 8ram1ei4)

- General | yliqdri]& WastBhah&' hflidht é&r“tki%@a% YARBN! ?Pﬂp@rrc?d‘d fdtedC ONjt i guous
ps; but nonet hel ess,

bal ance w Its 1tntroduction Via various process st
it is inepreferbda thatathis peroravancpr isdonatintamedpessentiallg carntimuenalyctor long

xanpl e, BRiAIgItiS eesed obGuuckdhesndnudereh Bl HaiSiter affilent
process sfaptduakti shdtht e RS estedo byr HEPheEh of MR! Bie\VRSHicBAtIAiods ©am ng

to renove essentially all solvent, 'substrate, and product; and the anount
of such upwt peredr Itds prefdreed)dofprodusg cheseai lowe levelse ohdiguid twastewateri s

preferred to provide at |east on tora reservaoir for Liqui st ewat er

Bnd that efine™ RiRiraedaueE aeioy of ehil ABREF Y PLag, feon 8 2P4EE Bne

process speP symthsSiHIaGINGNALY produeds asatertRim faaetiork- eondkiisigt#t lebbek

di scl osures herein. It referred that such I|1U|d wast ewat er. st or age
)

r eser voi r@orﬁamnfd?/éﬁmtélo?SE eanddhigt watertis ofient euntaminatgdevith vetdeus ¢/O

ambi ent Sy LA g 'ethfieRESEHELS hddiaitiehPe, ' Shd arus SHRROBHAE29R 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
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.

[106] In another embodiment of the invention, the amount of water
generated as a byproduct or added to oxidation that is exiting said production
facility to the ambient external environment as a vapor is at least 0.3, or 0.4, or
0.49 kilograms per kilogram of aromatic compound. As used herein production
facility can include wastewater treatment.

[107] More preferably, at least a portion of vaporized water of PET
formation from reactions in an adjacent PET synthesis facility is treated along
with at least a portion vaporized water of TPA formation in a shared, common
TOD, still more preferably an RTO, according at any and/or all disclosures herein

pertaining to the processing of reaction off-gas from oxidation reaction medium.
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| east about 50, or 100, or 200, or 400 cubic neters. It is preferred that
the volune of such storage reservoirs is |ess than about 12,000, or 9, 000,
or 6,000,wonroB/@e02cubi c neters. [105] By conbi ni ng var iPCUAIS2@PMEI7S6
relating to expelling water in vapor formto anbi ent surroundi ngs, nore
preferably after treatnent in a TOD, along wth using

oxi dant - suppl y-i nt er cool er- condensat e, and/ or _brom ne sctubher wat i.n :
di scl osedt %p?ﬁ/ef‘?fé? M?tﬁ?a?}r%EQ&"r‘aﬂﬁ?ﬂaa' ri‘Ir?"{'éﬂ%'fr‘@rd,'umtofrg'ngrﬁé'%r'?ed to

produce |l6§§tFHP§tgblﬁgﬁé'lt tﬁ’@Qnin%uﬁrSQvorinnt?aq)(His&_rnc35ﬂorrprsa?cpq9E_13rs1y1'@|QesiQr 50,

or 20 gramo Iquid wastewater effluent per kilogramof solid TPA product
formed. Ifacility ipdessethandabdwutt 1806, ©r SO0 or 3RAc or i190rmetarai cig prefarrad thaty

i ly for | iads. i f d o, . | |
o1 | qui Pibeteharaonfel T8RS Id ol 8 SeRIatMEuBP B i Mkt e Pic'
percent afyntHiid Faality 'withif d84s i abddt eulor (Y, icrd12| ér shaurefaftaresking

produce these low |l evels of |iquid wastewater effluent averaged over a
peri od offoaned & pasauylene. okt iIs@retarreshto process atalgast RbPEfl'ggyﬁf §8s 0%
facilit ; i . 3 i .aar-t i
of TPa | i OB IR BakEnEly e oBRorR Bai QAMEERL BETR ST RGO

conpoundsa skargd, cehinibrMOD| ek preferhblydRMOd avitraat! lesst iabosit d0pool6dnes. |t
is preferred to treat at |east a portion of contam nated water of PET
f or mat i on/9, nofa 89nMyeight peraesth ¢fathe irfa?CtéQ"brﬂfEGP?h ropy &t |§pStroRer BRMATY on

froman %ﬁi@é&ﬁa@} reLchioh #edilfY - 1t7E PréfedtldVio %ﬂs&%%ﬁ%ﬁt% ARRB0f lopm PET

formation Is t 1T n vapor formexiting sai Ity for treatnent, or
~it is comerdareBD weightvpgment of thesvatgr af TIRfAd$ornsatimy frioom aoT PAhpradeictiener gy

| nvant § orlachaScRiRERESSA T SPHisher M ER OB o BreRIEier gV -B A0 Wi a
Oxi dat | oneadialbdut 4BXidkieg ob aicrl oPERAEIgHRBeTadtl o the!Waldh Of 36iMiABIPET iRT nal

environment as a vapor is at least 0. 0.4, or 0.49 kil ograns per
ki | ogr amsaid adjagent CEdaqprpduation fecildged herein production facility can

i ncl ud : okl ND f er abl | ' f
vapor i sed wat d108) bisr Prafeer: BT fhe e Bal iBuhEr Procs Sy iiiaBpRfient” ©
synt hesi §rdmcddid t ¥djageht’ PETE pred @RidNWAdNitRt coriBifedawiler thed hormad fiowe df wat er

of TPA formation in a shared, conmmon TOD, still nore preferably an RTQ,
accor di ngpragessnyastewater gffjuedt Sne sgidJ PAepegdyction 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
is prorated by the ratio of its usage in said PET facility, this value is summed with
the liquid wastewater effluent from said PET facility, and the is divided by the

amount of PET produced.
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pertaining to the processing of reaction off-gas from oxi dation reaction
medium It is preferred that at |east a portion of oxidation reaction nmedium
form ng TWa20ny/déexiat ed such that the m ni mum hori zont al pdiratsasemod7’se&m sai d
PET synt hesi s facility is |l ess than about 1800, or 900, or 300, or 100

neters. is preferred that at least a portion of TPAis fed into a
reaction ‘I;T?(rjb%? of sar d adj acent PET synthesis facility within | ess than
about 72, Mior or 4 hours after being formed from para-xylene. It

is pref erred to process at | east about 40, or 60, or 70, or 80 weight
percent of the off-gas from said adjacent PET synthesis facili in a
~shar ed, comon!.TOD, Aropeess irqaragduging D argroaticadicagexylialasid, smﬁ/ pPE&ICcess, or
.70, or 80 weight percent of the reaction off-gas fromat |east one primary
oxi dat i onCQ'BBg?Pgn medium It is preferred to process at |east about 40, or

60, or 70, or @& mbﬂbtzrr@éﬁ%?bnﬁtrdétﬂnﬁ@ﬂr@d it Tedst fopenakidizer ito ane@byPA
production facility is processed in a shared, commobn TOD, nore preferably

RTO, wit hpredureaan “qxidiger #ff-gas W aky omlzezsrmewte.C@rwprpenaeaﬂ gpmatie

wat er of iLn said adjacent PET production facility. [108] It is
pref erredé'g%mtor}?hggé]gr mal flow of process wastewater effluent from said

adj acent PET pgbyducintreduting at least anportied ofi daid toxidizer offigat| iote af sqiventess
wast ewat er effluent from sai d TPA roductl on [ ity is | ess than about
400, or 2(GSOVERY Aystemoto terep Cq ?cﬁ,ﬂ‘fﬁ Pi%ﬁf’eg ft-gps |anche rS@PV‘RfreF’ogr am
of PET fogdipght: | f the anpunt TPA produced in said TPA production facility
differs fromthe anount of TPA consuned in said adjacent PET production
facility by nofg thaddihg Micgimbmmroweprtqdmtseto said $olgentadepleteshvaff@as to

ef fl uent from said. TPA fagqcti orateqﬁ% the,ratio of its usage in
sai d PET ngEeRy prpvide,a beglgq,a |9aa s rdls'Wt Be?™ qui d wast ewater ef fl uent

fromsaid PET (fd20' ||béé/sm%ngt tiegst s %dmeﬁdobysé.aehéatwtofﬂbaEEThraugHueed Ve
Claim 1. A procCess for producing an aronmatic dicarboxylic acid, said

process clunipoeéxpangder, (\abremtm @it deass 501rrmlern&rcentcefntbmhwrmamylrcemomde
oxidizer to thereb duce a zer of nd an.oxidi zer uct
conpr o1 ifesRRE LR SO ECIaRetR Birids, Sxiind Suid oufhr TELarSPealien s
portion opagsaidatheoti éﬂhgﬁa t@fboedpandst.o a sol vent recovery systemto thereby
pr oduce a sol vent epl eted off-gas and a recovered
The process according to claim 1 wherein said hot combustion
products are added to said solvent-depleted off-gas in an amount sufficient to
maintain said heated off-gas at a temperature that is at least 5°C above its local
dew point temperature at all points during passage of said heated off-gas through

said turboexpander.

3. The process according to claim 1 wherein the temperature of said
heated off-gas is at least 10°C'greater than the temperature of said solvent-

depleted off-gas.

4. The process according to claim 1 wherein the amount of thermal
energy added to said solvent-depleted off-gas by said hot combustion product is

at least 100 watts per kilogram of said aromatic compound fed to said oxidizer.

5. The process according to claim 1 wherein the amount of thermal
energy added to said solvent-depleted off-gas by said hot combustion product is
less than 1,000 watts per kilogram of said aromatic compound fed to said

oxidizer.

43



solvent; (c) adding hot conbustion products to said sol vent-depl eted
off-gas to thereby provide a heated off-gas conprising VOCs; and (d)

passi hg awolewsts2#2porti on of said heated of f-gas throughTaSscamboipander,
wherein at | east 50 nol e percent of the hydrocarbyl -conmpounds present in
sai d solvent-depleted off-gas exiting said solvent recovery systemis
passed t hrough,sai d_t urboexpander.. 2 . The pr.ocess accarding.to. claim.1
Bherei n st d rBt - coRbl BIBs S AIg oA R adu T SO S 90 eH 2iGA Sel

of f-gas i witRYickYRBAitoSHEFdLY BRidUce $Bid HAiddnidlionegiotdcr! Wi sid duel
tenperature that “is at | east 50C above its | ocal dew point tenperature at
al | poi nteoraprisesghygdrocadpyl compauadieat ed of f - gas t hrough said -

t ur boexpander. 3. The process according to claim 1l wherein the tenperature
of sai d heat ed’.of f - Thes preceds bBeesrdingOiCclpimab evhereim saidefuet ppedaminadelyt -
sai d solventdepleted off-gas. 4. The process agccordin o.lai.ml1 wherein

t he anountBPMNEGR Iarlﬁlneégwﬁhﬂé%tn?ﬁgs%o@aé‘ﬁb 58%“%@%9@"&6'0 'P— gas by said
hot conbustion product is at |east, 100 watts per kil ogram of said aromatic
conpound fed t& sai HheRrasess aceording to,rigy § whersini $R{d fiek campriseslr ei n -

t he anmou I d to said sol vent-depl eted off-gas by said
”IE?QF 50 %@E ge‘?&@r{tgﬁeﬁ%‘i’%.

“hot conbustion pr t1s less'than 1,000 watts per kil ogramof said

Further conpr g St afaels’a8fagle i B SRmaRIR) Lirbaars 1
hot combugit imanpipdufiptessrabethepelsy prmlided rpipsresséy dirpGartivt coraprisimgds. 7

The process accordi ng to claim6 wherein said fuel predom natel

conpri sesinfeduging| a tisharstion net 1saik, comrissaed aiit inte Sad‘i‘]d‘?’@?'z%e}{wﬁﬁf. 8.

The proce G | 0 | IR: Faj i gl 50
wel ght  pendiidifia Usii SCREcd bR RE AT Bofhrired 8T Sipif ot 885t 2
conpri si ngprtionpf sail digxyden usedito exidizeosgiddaslor to t hereby provi-ded
conpressed air, further conprising introducing a first portion of said
conpressed ai r10.nt oTh@ipfosedsdbéedrdirig'td BRlim 9 wherein an oxidation catalyst is

not used to promote said oxidizing of said fuel.

11. The process according to claim 10 wherein at least 10 weight
percent of the hydrocarbyl compouhds present in said solvent-depleted off-gas

are not combusted prior to exiting the last stage of said turboexpander.

12.  The process according to claim 11 wherein at least 50 percent of
the methyl acetate present in said solvent-depleted off-gas removed from said

solvent recovery system is passed through said turboexpander.

13.  The process according to claim 1 or 6 further comprising cooling a
turboexpander off-gas exiting the last stage of said turboexpander in an off-gas
condenser thereby condensing water vapor present in said turboexpander off-gas
to thereby provide a .condenser. effluent compfising a condenser off-gas and a

condensed liquid. | '

14. The process according to claim 13 further comprising passing at
least a portion of said condenser effluent through a knock-out vessel to thereby
separate said condenser effluent into a knock-out off-gas and a knock-out liquid.
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conprising using a second portion of said conpressed air to supply at |east
a portion of said dioxygen used to oxidize said fuel. 10. The process
accor di ngvoconlme3m9 wherei n an oxi dation catal yst i s ne@eCTASe@I005756 onot e
said oxidizing of said fuel. 11. The process according to claim 10 wherein
at | east 10 wei ght percent of the hydrocarbyl conpounds present in said

sol vent - depl et off-gas are not conbusted prjpr,.to exiting the. | ast stage
of said tur boei%andip. pi?‘.’esﬁﬁcfﬁrglﬂgsgo 8\'@5&1&# ﬁﬁt'}eé C_&"?Rr}ﬁ"?q s\%ﬁ@rcgpg ait
lleast 50 |agscsporiidn bhsaifintck-ciraifgSs b6 Grdfial ioideaive deditienon ¢eoimtigd

of f-gas renoved from said solvent recovery systemis passed through said

t ur boexpadd&D degicetpdheredbydqreoduee dlP 9ff-gas.claim 1 or 6 further conprising

cooling a turboexpander off-gas exiting the |last stage of said _
- tur boexpander 16 anTbé fprgeesscaociendig ta biairebls fuwthrneamprisiag dreatimgosaid

present i ai g turboexpander off-gas to thereb rovide a condenser
B 1 uent TORPHiaaTgRas BRI Seriet da-MeiRbyaPrsenS IO RS CRPEISS offre
process ording to claim 13 further conprising passing at |east a portion

of said condenser- effluent through a knock-out vessel to thereby separate
sai d condenserq¢ffl t 0 s Clg> Fowind. 15.
The process a‘c‘(I:-}gr diﬁggt%ﬂog glsﬁ?égla?ﬁﬁgt F}%raélgnmg??%?%@ég?@cié ?%t'azﬁ)hﬁggst a
porti on oforsppundisoparaexyiend Bndas nmetathdemaml oxi dative destruction (TOD) in
a TOD device to thereby produce TOD off-gas. 16. The process according to
claim 15 further conprising treating said TOD off-gas in a brom ne scrubber
to thereby produce a brom ne-depleted offgas. 17. The process according to
claiml1l or 6 wherein said aromati c conpound-i s para-xyl ene and/ or

met a- xyl ene.. : : :
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