Di carboxylic Acid Production with Enhanced Energy Recovery Background
[1] It is known to recover the preponderance of vaporized sol vent
fromreactwonowfob2igas by passing it through at | east o®ETABANPAES 764
absorbing, and/or distillation means to produce a |iquefied recovered
solvent. It is. general Iy desirable to maximze the recovery from
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product, crude and/or purif is at | east about 96, 7,
or 99 nol eqqultlemtbytiaedlﬁrbai mndzatrmsgf pX. c‘dﬁﬁeu%daslgpsnarewpwnr@%wsmg
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Is to use at |east a portion of off-gas to boil a working fluid,

e.g., watdheditepded éﬁ?@t'orl dorsnipa Jded FopupX raccerding %ﬁ@rstpehl%@%w oPX +
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t hrough an exgan a turboex er, produce s rk
out put . Trvetrmmezogyner@iab\mrfw fpﬁfonnd that Bosnp&ra!e@urﬁawf p¥ is under—Odeized

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 vieids. Preferably the overall yield of TPA
solid product, crude and/or purified, is at least about 96, or 97, or 88, 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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converted directly to nmechani cal work, such as driving an air supply
conpressor or other noving machinery, or to electrical power by
driving a Wot2410/%2p1el ectrical generator connected to a PfoMEy2009/005764
di stribution and consum ng network. [ 5] Anot her known net hod
for energy recovery is to pass at |least a portion of the off-gas
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Conpr | ses. PHRETAGIIERR SpURD U Walh P FasIP Al JARPL 1T T @ pare-
of f-gas, ingénedbRidatiGiPtdadir i ¥ thenaekeRdation g8videfooreni@at oPhoxious
sources with both pX and nX feeds, through a shared sol vent recovery

di stillati@elugdeem then through a superheating step, and then
t hrough a 2-stage turboexpander conprising interstage heating in
order to produce a greater amount of shaft-work. This configuration

al | ows expBumnary2

[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
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el ectrical power beyond the consunption of the process air
conpressors and process liquid and slurry punps. Flash steam from
condensat eworeotoe2i6ir boexpander heaters i s used i n anotruaruspaweaes of
the TPA process. After the turboexpander,. a portion of the water
vapor is condensed fromthe oxidation. reaction off-gas to provide

liquid water for various pr cess uses; .and _the bal ance of the water
vapor is |@eetrical pRwehbeyeRd theuropsumptian of the RIOFesS RifaFrRmPressors and
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Cost to 1 sof ar SPRb HhelrRhold Sk BRRRT SribsiBeb®, o parfih o7 thsper
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as cool I ng tower mak
W|thout 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,



WO 2010/ 062316PCT/ US2009/ 005764 rat her than being sent directly to a
liquid wastewater treatnent facility. After renoval and/or thernal
destructi oWOMW@B16 n of f - gas, many | ocal es require r FVIEHZ0{005764
hydrogen brom de from such treated off-gas before rel ease to anbient.
This scrubbing is often done by aqueous scrubbing to produce a

brom ne salt, e.g., ng,,a ueous oI ut i,on um hydr oxi de and
sodi um bisul fite to" Qﬁ}eu t %%6 gregtl Jﬂ1 Br ﬂi’lﬁim Q{sﬁg ater

i nventors have .di scapeite@nt faailing! owdovvn wat er used to control the
di ssol ved solids content in such scrubber water is ady nta ously

used as utility wateAftes rgmovaland/ethesmal destructipn @i PC IR RAS ¢ han
formng liquid wast eﬁ‘\@ﬁﬁr[oc Jé’s Reduié %ﬁ%a@'o?ohﬁregéﬁ?%o}?ﬁ&@rﬁcfrﬁow

PET fornmati on reacti ons, this water 1s often contam nated w t
various VOC corrpouno&;che tl@alecbtcbfffgeﬂeb@‘bﬁoﬂejemeﬂtal amiand, afhis

various di oxol anes. %C&;?}#a“g ef ﬁ%é?g’ %ﬁeéu%afclr ,Rgrtgﬁggdﬁgg 3

cont am nated water f OCEssSe

common faci'lity al ortgomiitd sait] EErngUsTtIiy\ droranmecns dolutioranf addament
TPA facility. Prefer agllrrg)fi sai d, cont am nat PET formation

is either left inv % s SooHgn sba‘?ﬂl?gE'fofso{:&’q’l?@ 8y PYIAUEE ment

or it is converted tgdurHaBRImidel M trﬁenm\@htdrgaﬁav@ gietbierad othat
thermal energy fromsaid adjacent TPA facility. Mre preferabl y wat er

from PET fornation rtdawdpwagvater Hs%&§Mr¢lﬁh§d§$§}V@a’ sQlgEroRter
along with water of 0 Ib%P water, i afo%ﬂlgéb uQé Er \@&YOUS

conbi nations, the i nveﬁf I ons | osed herein eap o- TPA
facility producing mtyzrleagl,, cevlmg tuwer rhakgunjwa@stl@ﬂaerethanéqmmg ng
envi ronnment al treat r]e REL; un| t of TPA production. Further, the

i nventions can provi @é'da B% %’PA to-PET facility producing very

|l ow, even nil, |igquig weEgt @V@dees diled Wrotgese watgrofnomn PET foreatioent

per uni't of PET proqggétllo%ré and thlesfwg)etésr(fsr. Io E’alnocrclan?amitnra]a?e(Pr W%Wiv%gi%us
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 nit,

liquid wastewater requiring environmental treatment per unit of PET production.



[011] Figure 1 illustrates exenplary enbodi ments of the present

I nvention. Detailed Description of the Preferred Enbodi nents .
[012] The wowenlisgis herein can be conbined wth the digalhgssoess ef
US .. 20070293699 and US 20060047158 (the entire disclosures of which
are incorporated herein by reference) for a preferred primary

oxi dation reaction - medium process, and nmeans for converting pX to
TPA. TheseBﬂéfQpéﬁﬂﬁﬂﬂﬂéﬁﬁbgﬁﬁéﬁ"ﬁﬁﬁprise nuner ous preferred

mechani cal feat rpc NQy L f LAR YafOXhaa
W th process coﬁﬂﬁfi@ﬁgmﬁofagﬁéﬂ?ﬁglS%%ngl.3t%ﬁ3§¥§?ﬁﬁ§s(gnéhg bh&%nt
gradi ent s, ingertirur es and gradients, fl.ows, conpositions and . -
gradients, agitation, and residence tines and distributions. The
usages herein for "oxidizable conpound", "solvent", "oxidant",

"reaction Dethiled Desdripbtidry of theaPlefefredrEmboedihdhtsg t o t he above
r ef erences.

[L013] The inventions herein are nore preferred
When at Teast 4933 T upntans HEET PanPa CoURIRaA g oA R res of US -
reaction meghAyPoR8o6OBRA NBE W0oDB0047 {58 the? diiird | GBcIREiredasf fWiighaare
primary oxjdation reaction nmedi um before processing in a sol vent

recovery afeeperaledylrrein &y Fafaience fak @opRielred epidnatnh oxigatiom reactinmne
recei ving f . e 0 i rate;fr an r

oxi dati on ﬁggfg ar pﬁ%%(s:% %ﬂ?/ ﬁbqeegggpnﬁ ncg)r@g@xﬁlpdg%(l (t)gn ﬁﬁé'ct mﬁ%mrg%ce
and/ or -anodibeloswes ooolaprise gatnérons nprifenmed Seechishi@4 0fatE®s 88nd nprot!Sss.

20070208191 faor descriptions of. a.secondary oxidization reactor .
o oo candlionSy R | Akt BigRtctoRRE irbshrs chaiofs, el lngiuding
aromati c stehfplerstufas bn@lgsddtﬁegtsb@nféémés @hdogl@awn'tszlqﬁws, sehngdsittdbns and
process ranges conptisin enper at ur.es, pressures, WS, X
conposi ti cﬂf??"eﬁ&'?Stt?fdﬁﬂ'gaﬁ'ﬁdgg@@{‘%ﬂ'@ésﬁnﬁ'ﬁﬁﬁhﬂt'%%tﬁ?%ﬁ%qg@ﬁé’sem’m for .

bal anced agaidfsbie/86rhBYSndOHolverfOt @i Ant", M AtdioR In &t O ey PRIt afby "

substrate, product, and solvent. Herein, this type of secondary
oxi dat i on areg&scerdingto ibeaboye references. " post - oxi dati on reactor." Al so,

see US 20070203@?& i |H§er%%91gqge}8§icg]§?{lrﬁérﬁgxrﬁ§%ﬁé§ whier a?ieizﬁ(ta 333%;{9@(9?%%

oxi di zation re optim zed aroudn reaction o
sol i d- phassf-gasfratn a secbedamytaxidationl rediction rexgdidmtis combines with rzg least a

sel ected progess,ranges conprising .t eratures, .pressures, flows,.
compos t i RO TR T HAMFRL PHERRGD (T4rEn ARACHIT POl PlesisSng in a
bal anced aghdns redeVdrp Umdidrsdshydralfan? thkdhe 6 23 165 hakig2 iR SMedium is
not ably i ncl udi ng. over-oxidation of substrate, product, and sol vent.

Herein, tHN¢ EFEHING most shittfgehef ammaic substiade from paiupsiream; exigation
"di gesti oneh&BFHich may be a primary oxidation reaction medium and/or another

secondary reaction medium. See US 20070155985 and US 20070208191 for
descriptions of a secondary oxidization reactor optimized around further reaction .
of the entering liquid-phase aromatic substrate, including benefits of operating in
selected process ranges comprising temperatures, pressures, flows,
compositions, agitation, and residence times and distributions, balanced against
various costs, notably including over-oxidation of substrate, product, and solvent.
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, filows, compositions,
agitation, and residence times and distributions, balanced against various costs,
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[ 14] When intentionally produci ng power, especially shaft power, by
conbusting (oxidatively burning) conpounds essentially conprising
hydr ocar byAvoRorwds231é uel s), the tenperature of said comPEITuSAG085764

of ten pushed as high as nmechanioally practicable in order to maxi m ze
power recovery accordlng to known thernndynanic principles... On the
ot her hand ductl catal rtial oxidati o, form

chen car  phelif: ncERmE b iR o ap s B ARyt BB ottt s
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| i qui d- pha,
pr of er encec BPRT B RIBBY Bnnilg) SR e el rinpify FRdersy
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preferences f h r r

P essur o 1 BEcTC BiacBEl B 6t HRRAY RE0Y tnecigl, sRhoR '
it is prefletovad thermo@ymmcapruh@ales a Grortheoother bamd,i wheyp oamdlattingna

reacti on nedi with 1o noderate pressyr

t enper at ur aﬂ’g}%ﬁ’?'ﬁﬁ |o.§rc{a§eav@ ?%5" #h Gy E@ea Ori*’]r'r‘ign{he ?ergnglfqturgoﬁgfi
and even Wsidsgu@XBelrkh&ibrineadieh RMBHMAriPfsatefl ewalrElr theh raiitgig fyiids,
It is preferred to operate at |east a portion of pripary oxidation

reacti on neRNIVERsIONS.hand pradisy perities. %alvwaﬁxy@&eﬂs Pﬁthq@re@nt nyeatign
| f
t is pre 51%' uméhg?tﬁ}p?é;ﬁa fhatt r{egfj‘?ére"’r‘sﬁ@g&i'réﬁa'é a‘?rit‘a P ?%oﬁaéf{jcﬂﬂlﬁsg

reaction ress
bara. It i eormeetretrorw of @rm@er@t dioaygére aand wlemaueesr aoprefetemaeyfor higher

o' 156, o HEEEh aP-BLILhE ApheTRFR eSefke o dos pPARs BRbeR "
portion of pri rl_nns] MDreshotel dReses apenenal pesferencest rorahtgmpetemperatmé fuir

| east about 120, or 130, 140, or 150C, 5C, or. 160C
| nvent or s $RRTGY dPSRYRNkAN farAigher PSS iy TRy oguRePURtY. thg Tventors

greatest vRiBECONIeBBHRALS B plfdifid I?@%'i)'ebété attleabh@ ortibn A & fdrineay
fromreaction nediumwhile satl sfying the energy bal ance as required

to obtain @¥idatian e@acaer@t ingdiv@npiitat theesfollawing eawdetde DReRsUTeabRPd
the generag 'n'ﬁ?le Q&J n @i ?o&frm\[éagﬁr RS UND o Uk ﬁquéa/ ahd
di sengagi ng l'i"qui sol 1 ds

rom the off-gas exiting a react
medi um  Unehesi white 9xpe§hnghgaaaterrmnenan¢e of wastdwajes inrevapor dersn t Hds preferred

di aneters and vol u i nt. proc i

Ceacti on’ dPronstete dlieasta SGRPY o Arii. S%=0ET RadioREREHLAEY g prpssure
dehydr at i osf |gs@aitsn :mgeser ab) §,7 bhe. dx lslr@]iabférred E??pberate aeldastra portiohef
present |nvent|0n roauces, an as .that 1s su corrosi ve

o T equi r TR MG CBGaRIPD St ) & PopSR &Y et (G RDOT Lt 5. or 2,
conpri si ngots barl Uis pefffdd Rdperafehst 1&48tT=656196n of bAMaR) oyaaﬁrcsn reactron
exiting reaction nediumis greatly attenuated in both nass and vol une

during pr d@eérynhyithra terry:tﬁre@m of ie8s tharyabert/ 280, ee 98 o1t 18h ard4AsC- Itis
wher ei n ”ﬁ'ﬁo rRRORA tqea%t cﬂﬁgﬁ BFgflmb(lgggéf@ﬂrégctléﬁané'd?&m'v§lt a

recover ed wever, |nve ave disc at ‘an increase
anount of tsuipeethra/abmrleéstratExdxtnEOrce‘a‘c&G 0n1é0ferg1350°6anr béS%QI.SQFa'iG@éG
in part aspan.increased anpunt of ., vapot, .essenti

wator ex; TRhg ETLGR, BAvE FsGoerc SRRVl sGBRGRIrG 5 oRBGTALS IR oreatest

entering aplehés gafd trididseex phnvapor petsidle. @it aiedexiy oinofeges arhbm reaction -
econom ¢ advantage in shaft energg recovery that sugé)rr sin

out wei ghs ME&UTH Mhilgs gatistying: hier EBBigYaPRIRHCE A% JeaWEPq e ?%E%e&@?”?ﬁ

capi tal cqghetidd téRpErHRIGEsBAY ﬂ%séﬁ?@sprmﬁlréﬂye%é QYenehstion of larger
hydr ocar byl - depl et ed of f-gas produced from sol vent recovery col um

conpri ses amoudasf vapor gcreasespthexdifficyity 3 disgngagingoliquids apd spdids drom
50 wt % watiGr AP oDARES AIABE MYHLACAORALSIABN, SRl & InchdiseSh! §ifGhs

enlarges the diameters and volumes of conduits and equipment processing
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WO 2010/ 062316PCT/ US2009/ 005764 | osses and i ntentional heat renoval
froman oxidation reaction nmediumof the present invention across
conduct i vewoizsmloatiieilg, boundary surfaces, despite that prars2amiceisd on
reaction is highly exotherm c and requires great cooling. It is
preferred to insulate such that at |east about 70, or 90, or 95, or
99 percent of the exposed, amhient a?ﬁrface area of vessels and/or

condui ts cSACHPMiANgas thisysetably dreludes & selveakfecnyens DA/ ndehsratian
are cover edeouhd h BhddS@bly, aReUbxifatith réictiBn dhedRim %fQﬂe Jar@éerq P@ention -

meters thickness of 1 nsul atlon material. It is preferred that thernal
energy | osm@ducerﬂ angif-gapdids saffisiently csmosal@ethrreawrafumtsnaw expensive

and/ or C t f

medi um ar dRELRI BBl Rl on e BpBudRb Wiyt ORAEGIbA hERThLakd
of pX fed fiow @d‘)mapsp@udmggreramtldmtmemumeacgrieatiy rettdinuated in bsthpmeiserared
tollmtcollngof at_|east a.porti f oxidation reaction medi um

by uti I tyVOBFT NG BracsSsing] IN qerelyent 1CAYETY endal JiFTVarRiGR: megns.

i sol ati ng,wihératmr m@b@mdbmﬂ%@%ﬂtr@mim@&bwpmbha&f §NQENTRE 1eBevaErEd. -
removal is |ess than _about 100, or 10, or 0.1, or 0.01 watts per

ki | ogr am diowRvaTedha dvastorashBRi ﬂwgow&aﬁhabﬁnr BIRASEA FBANTPT Solvent
[18] To aqly %Yﬁrﬁié‘&hn%ﬁ&‘onamggé %aﬁ Vﬁ@ﬂﬁnéd\n&%ﬂ’?éé QA |Hér5?9é’c§ambt]ﬁt

i nventors have furthernore dis overe I's prefeerred that feeds
an oxi dat iagfnveperict éesentiatly uaoraptsing wgterasemrw:ta csdivent agzqv&rsde@rpﬂlore

cool i ng.  (CVERPBIRRE 4Rl ehirtacit orEle 1ibdheRt SR Bt g

reaction rmxéralhmmmnmdaaamd;eamrshaﬁeémrgy osivengthias smmlsmgt)eduaid@fs

eX|t|ngf| st age of npr ess;i on. referred that

about 50, '8¢ '%eag?s %Oﬁ&’ PSR E0Rt S(ﬂ“dt‘ﬁé IRESEsE? 'L &P %‘Jo?ﬂﬁ? ed2él
ai r reachegniédiment GfitHéJPrés%ﬂHﬁ\@ﬁtlﬂr?@hél ﬁywobarw aeﬁlaﬁ-;rdabfﬂrgasqiroa@@eﬂ
about 60, 70, 80, is preferred that at l'east about 50, or

or 90, or f@@ﬂﬁ@wéehtecwewwwomprwmtJﬁﬁsﬁbﬂ@s@@a&amﬁq é’é&@e@fé’tﬁ or
d
oxi dat i on geeant 4On,MBg %éﬂér%% P@%ﬁé& Wt h ngardc%ﬂik-déﬁf&g@dﬁhe%r

di scharge ténperature of ‘a corres air compressor
20, or 10 strearrﬁ(}h ahothes gmteddimestiot thei inmﬂtmdheumdroctatnayl depleted off-gas

Sron o s onerie Mimafe s8hvelrRBlas o dhy EORREEORES 1mANY) 815, &4 %

conpr esseavt®d sceticeadid based onitiid hpdrotady!-dafoted cﬁf-@%streamo 01, or

0.02, or 0.04 neters thickness of insulation. [19] It is

preferred that [G18]VERE Vaporecavipo@eds ironedctivat offigaefl forppsse waiér vapsi
one sol ven hover and/ or dehydrati on neans and then re&urned to, an
oxi dati on b’ Qan'%éb‘?‘iﬂﬁ%ﬁ?ﬁ lez038E CAMRQINAR AP TPaCUALOE-ORRFAsmRIise

tenper at Uidhiffogen, dioxygen, carbon monoxide, carbon dioxide, and dihydrogen.
Applying various aspects of the presént ihvention, the inventors have discovered
that it is possible and preferred to operate é pX partial oxidation process with
increased amounts of vapor compounds in reaction off-gas as follows. It is
preferred 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 préferred
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



and near the tenperature of corresponding reaction nedium That is,
it is preferred that' hydrocarbyl conpounds are condensed from
reacti on oWp-26W#s23aepr opri atel y dehydrat ed, and ret ur n@§TES290848637H-bn
medi um wi t hout bei ng much cool er than reaction off-gas. Mre
preferably, this hot recovered . solvent is provided with [imted

anounts of thernal ee. i.npyt through conduc ,_lselatin

Poat - exchdASRE 0 A atal el ek ef $3g7 8B kel aifioBanfidim of the
this resul grebentphbRtict abiosa padrvictivd, sisylatingl bowrgidry susfaes)t depite that
thermal energy renoved in sajd solvent recovera/ and/ or dehy dr@% 8“ is

means. |t sughpp¥riatioredeadiion ist higblsexeibsunicaNd HAWES gieagFoo
wei ght pe r@g%n&f tosiﬁélﬂaf Yﬁhsfiaﬂehge{ﬁomosaml&@é ®r a9 ﬁ@?bélﬁtdf(iﬁe -

reaction tenperature o ess t han about 200, or 190, or
180, or 17@@ossdnembiantjssirpcefazea &ff viessels andieiresmeluits h:@ntmmmgraérlg@st a

of the priaadgn o ot RckiBTRREALAT Bre oppeiel diie 10a! AR GbY! Br
| east aboud.0z0or 010460r 0(88 Bieters thigknews m'msrmwmentateﬂalsai i3 prefaoreet that-
solvent is sggglied t xidation re ctrqn

t enper at urBegnalgnaray Sﬁﬁ JP”Q £XPPRFH ATRDIGALSY r@aﬁﬁeqrgg@fézomiw&apg@g

than abo“"v&@els%orﬂ@imr@" atzlgasloé pb%n bt okiGatirefeictied hédiimiérd R8s tthan
about 40, or 60, O, i ght percent of said recovered

sol vent i saf@j{épdrq e@r 2@. Qh 1@erﬂat5 wattseper kingramdptRrwadyto, corresponding .

t enper at ur i
or ef or r ed ﬁ]@%tr él gas ; ng%:@;ﬁ: ggrs grref%rged 13 Irég%oﬁﬁ%%ﬁ%geca'esa a %ortlon of
net ther rmbxrtmtmng;eactrputmedlum byl utidityt cm@u‘@v&mlds aggl.owvatgs rangt-airi Hivough -

means cones_di ctI fromth rj fl
Wit hout tH mp cdzg,thq, f ggaiﬁgg[}%wnggl%g r{arcggcs cggrgﬁtheﬂ'ﬁgl energy
heat - exchaggfVRIE1Ees mafhtub‘om 600 ot 10,50r0. ¢f @r0.et wduatpau(rlbgmm ofipXded

40, or 60, or 80, or, 90 v&gg ercent of sard recovered sol vent
exits a sdPFOREsSPRRF)S OFIdaf] 7'(5‘? JFonyaediMon neans with a tenperature

of at |east ab%ﬁs}%b@ﬁﬁ@é%heguefat et Wger ieaehitn offfga@athe
m nus | ess than about 80, or , or 20, or 10C | e bei ngl processed
9

t her ei n usihventars he\rarﬁrrtr@mog@ dmpueretdhrt@@refetrﬁ@dbﬂ feedsitg Ampxidgtion
heat exchq,g Qf r'érkgﬁ kﬁ&ab@a g% Fsﬂrﬁaothé)rrsuc'frooxﬂétron
ori e per ogr am

or 3 k| recover vent enters
cor res pondeagtrcrreas:hrg.hiy resxdthemnmid tamdaradnm'earegreaheﬂg[}ng ndtJtIS toneferrgd that

duct | at han f.
about 100, oxjar seed Paiysadl o GHARRG BAER pledh S SE R eroeR S B R
sol vent. ldoodlifg i @frgmiRd afterigxitingdirel stage dfmtnpaessh@astt mbmﬁerrécﬂ) thatrat
90, or 95, or 99° percent of the e osed, ng ent surface, area of
vessel s ar@?grakput\Re. 26178 §6 gP B1sg H A Sormresass al

at | east areaeﬁéd QH d%fdd’ti%ﬁ%gét%h ﬁ@d‘i‘iﬁﬁtwrﬂfétérﬂﬁéfa@@#e%ﬂlba@ﬁatb&ﬁﬁo 70,
about 0.011 or O. . nmeters thickness of insulation

materi al : 80, 90°C [|Qi$] Pfﬁferf@ Mﬁéiﬁaéﬁabﬁ@ﬁ@ i9rt 702108 98 P S erers\af thy .
fromfilt rrﬁééé) %fﬁ%%h@r@?s%ﬂ aiPlib4e ?sAahSofrﬁétﬁfnn‘? &P FheifiraiitANa

reaction nedium era ure provi y transfer o
t her nal ertenmrathre)ogbttsmﬂabbut/ﬁre dlsbhangeg,emmtuee(oﬁangﬁr@mmdmgyarr :

surfaces. Filtrate sol vent i nech

andi or | orWBRIAFRY DUt 8t 29 Gnbr S e BRARIEdto RERRIE SLOR that at
' obt ai ni. ngeéét'éﬂo@.ﬁ &0s et venbr 98, bri 95 patoenn ofitHé mdganfbxar%usfauerarea
by any neans known in the filtratjon art, but ot her chani c

separ at i orf 9eRguis.iveseels. and caplkolsJRE Qﬁlb‘{e&'PScP C‘P'WQ“?W Lidolag eq)\fered

produci ng i &f %EQ}]&%&M@WOS ®r9.01, %"r @\02t r 9814 ks tHiSkHdssidfaRsulation.
hydr ocl ones, '[21] Before returning to an

oxi dation r eact[Dd)Qﬂ Meisi preferred that mobient ie decayesesbfromt reagiien ofhgas in@t
or 60, or 70« §le {OURI HHovBRS SRblor UetAldlioh MbhAL GrlNG fetlifed to an

oxidation reaction medium with a temperature that is above ambient temperature
8



[ 22] However, it is nore preferred that at |east about 40, or 60, or
70, or 80 weight percent of said filtrate solvent is provided to

oxi dat i on weaectorersieredi um with an inlet tenperature of ratr/useashosabout
60, or 90, or 120, or 140C It is preferred to use sol ar energy,
thermal energy fromoff-gas, and/or thermal energy from steam

condensi ng at a pressure of |ess than about 60, or 20, or 8
bara to hedfd QRgitthaotenperatyre Rf wre%nongngm@@ﬁenﬁ@eem oTh%taisd it is

filtrate Sf?ljeYéi'FEd tibfatatt 4RRak gf‘t o r{)omlgsoérezgon@énsﬁg freh @Q&:tt?)‘?tf Bffgas,

feeding into an OX|dat on re I um IS preferred t
transfer tapproptiatelyatichydsaigy, antdgefurned o ceanbionenediunr withhut belng much

conduct Ive 0 a ha b f

S pref%?d%dhfarﬁa 3‘(’3?' Bﬁf%&t orﬂ'goﬁeo&é(%%? F’%hﬁﬁéa@ | gencor\{%r dur?tov[\\ﬂ% ﬁ L IS
eI evat ed tgopidedt with. Itdnitedsar}nbeﬁtsr bedheimél ehedggas'tpuabthtrtugm,condutﬁtﬂ'e,
or 70, or 80 weight per ent X feed rov deg&tbso ction
medi um wi t §ORHNGnheat-aEhang QPH Lb’facﬁt’ | tﬁ’&? e‘@?‘*’@ ergin.

120, or 14@fs rddulti & Qétﬂéﬁ:!d %9 épbruﬁﬁaténl ﬁ’rh:tnﬁ@ethQYambbﬁf BRIth&eY Bhergy
from off-gas, and/or thernal "energy from steam condensing at .a

pressure oemees: lnrs@rﬁ gelyant sgovery azwfowetwdr%trommeaﬂe fhoistargfermshinat
40, or 60, at%a%gabo?ﬁ 480% ﬁg thh 66 Weidhh g% %sg?goétcob%ﬁtsmtls
ov and i ent

10, or 20, k™ stora or a
t enper at urwd@daéd)rte afne@ddatgan reaotjoamneﬂwmamﬂma teowperatore ofagisutian laboub

preferred fer rou ond ctlve
ol ot g, 200, 80U REABG) ol ARE SingBF [ refdMied fot b 3FMAL RORT a1y
i n conbi gahtof)mcdveeefdﬁ?btveht faeegldltempemnerd/ giast@stain cwe msenledwel of -the
recovere sol vent Jltrate sol vent an r ujre supp I N

o eated RTRAM PSRN TRaGTa MR I B PTEEIrcbiar At [5eabADG Ah 6% AT
| ts ener gygadrane vdightopéteent of §§JB' @égvél"eﬁfﬂ\!?étﬂ i8 'ﬁédl‘go an oxidation
tenper atures and pressures. W t hotter feed S, nore heat of

reaction iTeagnpveedi | witbne Heemeerturseomferat lﬂ@ﬁbralmt. dﬁaCttO@t rdi-gas
than Sens'tght%g@@ d {?}%&f 1e5E Bsh aBOG S dr Y, %?%%dof"‘fﬁ"tﬁ‘t IPsE drefétied that

sol vent fe oXl dation react'or as solvent va i'n reacti on
of f - gas. Latdemtraﬂmhywsupﬁo,yom@lwcg(Ews@ﬂtt asment of ebidl nequvered(ﬁcwgmt is

feed requires e_cost condui ts d controls

e o heas S EBIET IS af RidalipRIChSina i fith BErBRRILE fr 1835 A 6o,
anbi ent aidr,90loev20| 6014070 ¥t ik prgrerrat uh&sathgastrabiout &9, anao or 90, or 98
after-cool er often i ncreases .t he anmpunt of ter va er| n

oxi dat i on RSTeRESY the Res thermal e8ptayaPPigionR 87 Etﬂsreﬁpgery /a5 de ﬁton
from cool iRgansSE&hed ety aiors tﬁelehtewgrﬂdwa Yeal&toﬁ HRgad @\ﬁthauﬂthermai

expell ed fromthe oxidation process along with the watéer of
f or mat i on gneray tiansfen thrabah gondudtived issiatiag, beatv@fdtaagﬁwynﬂawnsurfaces

Fur t her nor, |
vapor or 1 b et ke GHAGLCIUGER 40b oF 6ch B, or BEP Bl peih ¢ seft
often, | oercmrmtlsnbdM&rale)yt,s ansblventacdedenyasnd/on tdehydcdioni means with a

oot Al RS SRS b0, B8 ErgBlte i PR Bl s
doubl y unggigus addsLthapr Si5duUtrED, 2or4d, edtt 26 orCRIITO While ik Brecasasd aMerenT
| nerease. 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

9



[ 26] However, by using inventions disclosed el sewhere herein to expel
I ncreased anounts of water as vapor and to use limted, coincident
anount s of WeQELIAK2d6ONbusti on fuel in a TOD, the invent AE/HENL005764
di scovered a net, positive benefit for |eaving sel ected amounts of
wat er vapor in conpressed anbient air used for oxidant feed

00106551 BoRA SRR Fa5h 2 Rittien T areRierel solET Bre sovaed: Wit &

to at | easiea@ngbsutioddt, i 0. 0EaH0. 0N mglme@érsttﬂﬁekrws@&ﬂmsulaﬁwﬂmamw
conprises at |east about 0.04, or 0.05 kil ogram of

wat er per ki l'ogl02® dt '§>@'ﬁ&l"’¢%%ﬁ@r F'E%g{ﬂ'\‘@tdﬁFﬂ‘é@'ﬁanrpﬁhé@tF%W“ and
medi um andv«)a@ﬁlﬁptd? WIidBPA >é) Fé’tﬁrne‘arto arJ'BXIdQ{IOIQ &btiofR Jg@dﬂﬁw WithQdeddtbd -

of wat er per ogram of to COI‘I‘eSpOI’] I Ng OXI tion reaction
medi um temperpfarg pmw@d byitnanater ah thermal daengarthnoelabtqoodunmca usnlating,

to use ot Medsdeclails ERiNagY SR, PHEn SR | Ponleny forBRedidca
wor K usi ngsepuratisn rapdfort lorbaazhingdef solhnPA Ardmurdompﬁndenenams fair
simply turbo returboex

Ser os, ! o BREiTng Hiiate sOLRRt 45 THRIon ARG IGSATE ALIF P Shkea hE Sremeans

of f-gas exihdvdd irt B filaRas =P, %iﬁlaneatﬁéraﬂz%cﬁ&n.aa|t§erpaﬂﬁmndﬂfwn A e art
to further process steps, is referred to herein_as turboexpander

of f-gas. |8rg sopieamiated by dhe Joueniors forepdusing filtlatso sojyaRtice-Ost BfaVity -
o et SR, ERES bk ey oos! e commresst o S ep
provi ded by a r[@24} iBeforeecdtamingko shabddation/ reactramedium, it is preferred to
cool at least about 40, or 60, or 70, or 80 weight percent of said filtrate solvent to
a temperature of less than about 100, or 80, or 70, or 60°C. This usefully
reduces the solubility of TPA in the slurry, and it usefully reduces the corrosivity
of the filtrate solvent so that less expensive materials of construction may be
used for conduits, vessels, pumps, and other equipment and controls comprising
the storage and processing of filtrate solvent. Suitable materials of construction
for said cooled filtrate solvent comprise various metals and alloys with moderate
corrosion resistance, such as stainless steels or duplex steels, as alternatives to
titanium and other more expensive, highly corrosion resistant metals and alloys.
[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 iniet

10



[28] In order to maxim ze shaft power, it is desirable to m nim ze
the | oss of pressure and thermal energy from off-gas before entering
a turboexpaodeivictiesever, there are conpeting demands fpeirsemsEEptd on
of pressure and tenperature energy in order to recover solvent and to
remove appropriate anounts of water in a solvent recovery and/or
dehydration neans. Al so, capital cost requirenents for a solvent

recovery algiRsraien pfiahleashaheut o, |ch,9ché%’e12& GatIKP° Gt It isepretediagely use
f

Dot umes. of Soift BRERS themic Grithly, Flort ofuds,'diReP AL BREAY oM siedfh,

herein, t heondwvemlgoatsa Ipaess udé sxﬁttassrmancahdutrﬁél icori20, afr §, e:atetnbam thbeat -

Frabl e bl 3B A0 BB e 65 R SETERT BT ERERE

agai nst t her 48,Cow 603C Gbovbdiulk prage fanaroradrhbi@as terﬁperattmeummafaéaﬁng
nmeans. Discoveries and enabpli ngﬁdl sclqQsures for a pref erred sol vent

recovery aRtd 8P oXiIan seaciionRgAiimy, K i3 BFRTEITR aoéfa@éfﬁﬁé'ﬂ'é thesrgl gnergy

Bef or e pr gagesk Mroligh bbﬁmcw@e:seeﬂﬁ rﬁé‘éi AERSRIS AT SLifScdsO -a
t ur boexpander neans™ are di scl osed 30] Attention is directed to the

preferred presd@idl Sepgeatelyept i wonwinasionnthe hottesfeeding ttamperatpeasdef
st eps. d . .
froma solt%/aznn;{?rE rgée%!)vgr ré%ﬁ’ yédqg%lgéﬁls?ﬂfaﬁ%%iayggﬁsé’rﬁd;loe u%églr%;éhbgénsng
t han aboutcr2ased liguid ﬂowOmt'q aoroﬂdﬁtlduarearﬂart irc opieismumrmlal ltsateelérgy
fromwhere reaction off-gas . * is fornmed near. a er, sur

Feactfon TARTHE 1 Erde 5 apaeve Prefied ARG e REr AR, PRY TRsSwERe

| 0ss t hr ougfth atiptiptfeedsl mbesidf the s Sofpfeatioh Ny rehevedl aiReftyhédt of -
of f-gas bet ween an outl et of a sol vent recovery and/ or dehydration

means and S9van| @popration, JalsEpan dansitie |heading reinfegdsuand am ferested
16, 000, oraRedtitOsf Ruid KNkrtoRes! exitst tHes oﬁiﬁgflﬁr’i edctohals EE‘I@erF?tr @é@c’ﬂ* fh

of off-gas at an inlet to a first turboexpander step is reduced

| ess t han regdian off-gas. Undgsirablg, supplying inssgasedameunis of §quid seh@méﬂeeu
from wher u I,

react i on e B Bestyiines RBEY Yo ARES WHiRGERR proyniy
| east on tafipoopimppower.step is at | east about 2, or 3, or 4, or 5

bara. It is pr t hat the re at. t inlet t firs
o boexpander $0281 For (cBfbresiioof aitbidy a'arélibatm@rS@p?%?ewp%rgﬁlgesﬁv
i's preferipgittingadn afiencodlef biteh imdrahsdy Q&Sa‘m@uhpéﬁw'aterampdr @n@érﬁ‘lgaﬂ%
conduits and process steps, such _as heat exchange neans, sumred

bot ween t REISHPBPTOGSE, Hiless asderiecaing e iR AYgRd sifiEreRieTomqaaling
a |ast stagRhi fydedifa AE]%t AustRoBhtuby g@%epafﬁtééaﬁ%)ﬁéué@frgﬁﬁmeglsx:@at%o

Pascal . [ 31] hough 1t 1S desi e to mnimze st ance
from t he @rocapssalergy withr e waley @ftTRA fowatipnandsrder t:banyaumtam the desires

to the inl pa

thermal  oforslt BrhRRRTER FREhekEeSh “Hhe LB GBS, el e amanty,
by fl ow ngxpeiled, iwiredher asseapdrior lignidemt solid, bawme ;mrslca:seef edrtiomadornit&ining
preferred to | oc h of f inlet to a, furboe ande th|n | e
Phan abouf™aRs, Ropialy 0% considially 4 8R SdHedsHASHARIRIcaS. r SyRntsaly
surroundi @gedlé@ R cordhd® toBfioN AES THIR, 'SBER NRIiTd R e?fterﬁrtge“eltevaé;b&nm
head of. off-gas into static pressure at the inlet of the

t ur boexpaGaEPressedc ambigntepisvaay obe oviewed - am daublly iungesirblentcreating a.
recovery EBfgn‘ﬁF ‘gfjﬂﬁm‘%ts'm TRAREEAD, Igere%%gat er than 50 neters above
or

gr ade. reater recover shaft power, it

i s-preferred t {026]nHowewet, iy lhmngup.rmtsus alismosed elsbwba;eahelmrn to expel
Reduced back- ressure_he A3 t o _maxim ze shaft power, recovery wth a
Fur boexpal G5 SRHRSs neateR et anecC e PRVEY SoiRCUERY atiohftsor

exi ting g¥OC Hewdvthustibh filksian ReNOEY, titd fnveatrehalvb eligtorsesd a ineY, gsitive
has ot her conpeting needs. At the verg | east, pressure nust be
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
11



13 WD 2010/ 062316PCT/ US2009/ 005764 rel ease to ambi ent surroundi ngs.
Produci ng turboexpander off-gas at | ower pressures causes

consi der abwe dididbeaael ti es with designs and capital costrdmuRmeses7es
downst ream processes. A greater pressure for turboexpander off-gas

is. indicated for ease in condensing preferred anounts of water and

VOC, especi al | y |n t hose process, designs preferrin 0. condense
(subst ant i 90:187)95wgight prcent R Qdant f‘?PébE’réj I?P%)?ﬁ'&rfg‘é‘&atmreaﬁtéon wedim

| over preéﬁtﬂéﬁffes@rﬁﬂﬁ@é}ﬁioﬂgccﬁﬁﬁﬁ%éﬂbﬁs%édt@m Obr §108, VR4, \RRROS5
and VOC from tUrboexpander off-gas is difficult or Inpossible to

achi eve uskilogrami ¢fi watet crsri kilpgrami af pli fed teegorraapending taxigatioat ieagion -

and ref 11 GReahigndddsi ko S8 GS Lol P oa‘queo?'dé‘*)kﬁoé{gfpeéfwter per

| ar ge heat HmLg 0 RS required physic st ze for
exchange niiggarh ®f pﬁdademicorfrespnminmg esidation femctien ameadiami n

t ur boexpander 0 roved heat exchange coeff | 6

Lo 1 npr bved 1 enBerEeates s S PERSVER Kesipng VR i T PLEBIAG @
fluid SUpQ;Lﬁfné §REA R0 Rachor McifNAG PEEYReO e Use St |Sust TSH6rEon o if-
and flow distribution within said heat exchange neans. Even after

condensi ngdaF fjdsNerafe ;in amepTsr @lpshiefe Mk SINY \Ritee PT VERGY nghgex;z@@der
Lover PrespubRe. TR ihbSARenaBnIRead, | o030 MitUkobAER AR oA 4" more

sizes for further downstream conduit's, | . equi pnent
Fur t her norterboexpengerosteps stegedris %ﬁra%eropttonaibemethpanelar oiore gateraiage

condenser off-gas to con TR, er, d | Y. us

anot her ne '%Ftlln THRER aseﬁ)(% UP@(%? %W%ﬁgkl%wggsﬁrggéurga stgg?e[ 3 f] a
Accor di ng mfbdyxﬁaawecpn@rf tbhduhers eprocesyy estepon,is t heferrad emd ohereiravas
di scovered that th cIo d. desi_gns s cond confrols
heat exchaHERISREA Cisspreimpa bt lasBle: 2hEasE 8BS durenfignder 3
fol l ow ng QIcaftRef R ﬁfe@ﬁﬁmbsnmm@d tooasleatt éﬁeecwbke@is.dﬁ sep fof Euwﬁ of
t ur boexpander. It is preferred that the pressure of turb oexgan er

of f - gas i sodidand fromarpralislt ap. oSugh llokege(iﬁcgnvpm@mﬂmpmmd ¥y Eotatipg
is preferr t ur boexpander off-gas is at |east
about O. Ogﬁg‘:ﬁ:;}@&ajl.%%ﬂghgﬁiye%r%ﬁ) 20 bar gauge, with this aspect
provi di ng enoudB28} ds suier te mengyizeosidfoppwen Boedpsiralde tonfiniguze the loss

of 1 gas condunaene abhisriial SR B, RS UebPE e £l afer

scrubber, nbwéwernahe®ompe i scbmgetahg edernands o1 Mnsmpnobebbrpeessﬂreaand
to anbi ent. surroundi ngs

{0 ML L ST D5 iy comee 6 brveg el ST S o Bl
t ur boexpangifburita of wWiitesHUd gobénméaomaiv Mlbhéeﬁﬁﬁﬂaﬁérﬁ AFEBNR! EAISY! Sapital
usage as above and by al so providing an of
cost requirements for a solvent recovery an or dehydratlon 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 eisewhere herein. Before proceeding to them,
the preferred aspects pertaining to a turboexpander means are disclosed.
[030] Aftention is directed to the preferred pressure ranges pertaining to

inlets flows to turboexpander steps. It is preferred that the pressure at the off-gas
12



reconpression step |located after a condenser heat exchange neans
wherein at |east about 10, -or 20, or 40, or 80 weight percent of

t he wat er waporo/opr@sent in turboexpander off-gas-is remorasz00805764
liquid water: The inventors have discovered that, even while venting
wat er vapor to anbi ent surroundi ngs according to the inventions

herein, effi |ent renpval of water vapor from off-gas accordin
i nvent i onsOHERtdTaM arnphyesy r%CQV@abPrBW@égPB)ﬁdré‘f'@’b MEANSt ik dequges by %@S than

of f-gas théﬁodt@q‘é'rﬁe%r U%Efok'b|2>’béres°t§tncp MREui@RiIUALBE foRf WRBRErdaRt; Wﬁr
provi ded by the greater 'deconpressioh Iin an upstream turboexpande

| n addi t i ogas st forpedmear gnafpesisudacs of meaption anddivek - 1bist preferrad that the
bet ween an d Sy | t e

means. | ( Soltlpid e, SRSSieTRARC Ao 37, oBlFie fedtieC RS P yRihg
condenser thefmghenaryy -toocfkgast betiieegaan) oifetnotis molveht -rgesvery and/or -
reconpr essi I S refe red. rLeconpr ess ond nser off

pr ef er abl y¢ %?VS'&@“W P¥ a@ﬁ?” 'Hif"?éﬁr 3| luRaexpaRdsr '5 55 thgp 515’0%?331063 or:
or 0.3 .bar16,B6€"oiU8,000, 6f #:008P4RGNNRIIE PréRfedithal ﬁeﬂﬁr@&ﬁir&&ﬁ dffgas at .
reconpress condenser off - gas, nore preferably knock-out off-gas, b

| ess than bBIRL to Adirsbiurigoaxpaprenstep is Fedsicadibyrlessihen abouhg, of 1, g5,
reconpr essyof o pdr ététlcp F‘efs%[x @Qvélhé@dt#&n%ﬁéé%siﬁén Bl ag3i§ fSRFhédOHgar

the | owest pressure st a turboexpander ess t about
or 0.2, oramupperguriace djaeargmgnediwrenltusm@eroéd thehdhe arasspneeatsthennlet

¢ L2 T ESHgE L Re A RRR R 1L 7S, 5, LY a 1
-0. ?er (r)re d-;frgfblrtmghgaﬂwpré%em athegintt fto gafirst ﬁﬁbﬁ@i;ﬁﬁﬁeﬁﬁtep is less than
pre

t | east .one reco ion ste h that it is
mechani cal F5PU TAKR G Pl OF 2GS PUPIBEER Jartdirita Biptgne)igpsaire 1oss
| east one gAYy Eﬁéﬁs%esécﬂﬁdt@rarﬁ#aﬂidésgfst@éfé daph &¢ oRLABRERIHgeRheans,
Such linkage i's conveniently provided by a rotating mechani cal shaft

and/ or gediuUsyred between dhusjnle toen frgstnge whikidopRanser and te outlet of a
preferred ;Lo aﬁé‘fs‘%é@éthfggi (atd Eﬁfogﬂfréﬁ e?,bép ofr%%dp%PQ%B%%% | Teans

or, if optron reheafl ng
means pl aced aﬂﬂéﬂ a\IthoUglentlsrée@m{qttamnihmmzdethgcmstanw froeatise affegas

before sai .t expander red that at.ur e
ot the | olit Moo SRR e AR - ahiel *e B EUS melBt b iibky THsh e e
120, orI ll&OrboeRp%ﬁﬁa@ mdewwruaif adn![nﬁ?@rtgeaimksoéc)lff tmmapraiee@g ldw tEsUYh
opti ona ced a irst turbo nder means

Pt o ed e Biioss of pEesstire fECTON B Tqwing THioal toss oiheipeaniers
step is | Q}%%etd?@bvéwiha%%% pPéfefréd to%céltéfthe% Ggla'_%ﬁﬁlet%@ A sekpander -

before any off-gas preheating neans pl aced ahea first

t ur boexparydtin iess thenxanayt o8z PreHE U 0001 0 oveters maasyred upwerds from -
preferred %B%hnalhg gtr%ﬁ@eﬁ' %sx;&ﬁi&%b%cgﬁ@{éiaﬁ %‘f] Hd ngbm ﬁead of off-

reaction o gas orrre near an upper surface o r éac
t o wher e gak-igtasstatit @rassard iat she inletbofethgalderexpandar, sincel tdaeselemrmn of
about a 50 25C r eval uat ed before

o f-gas pPlin P EliEngBbo Y angias anitlauft Beie con ¢ gcaréthan 50
t ur boexpameitersatve.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
13



[ 36] Although condensi ng turboexpanders operating at or bel ow the
dewpoint of a working fluid are well known in the art, certain
constit uenw®,201066 - gas of the present invention causd(@REBWLHNWEGH
anounts of erosion and corrosion for many materiala of construction
when used in a turboexpander operating too near to the dewpoint of

of f-gas. Corrosiye constjtuents are believed to, conprise rboxylic
2ci da- and/ SEBRbIS ADRNE SHTHREREN w904k FBAGRRAR oy gan &t ower
[37] Accor dierglides ¢duses domeidersisd difficdies dith dédsidhst el tapiRe lcaktinethake
the outlet fromat |east one stage of a turboexpander of at |east

about 5, oFowpsiregmoprocssses,c dboeataiePressire dehplorrrexpange sfhgas Js
t he of f - gagq; ¢ DI r; ] ;

dovpor i aTRAE B ALETA e AP B EfRS SR oeakABEe VOC Wpecaly
t ur boexpanitethosSpcocassnirsignapesderding tatcoaderse (gubstantislyy "alfankthe water

conprising,LLmti | calasef fil Cl -
addi ng tnermest Uhorebiel TSR £ W JoFhERs e, PRSI Eionrnee
recovery apdrtions df Ithie nveateo vapeaand A0Ct inemetsrioexpandéu offgeas parndificult or
[38] HovevimeoRie o RESBUG ST D) caniac IOt WP AR aa e mperatures,
i nvent ors Bay qeflige el 6dlity RAbiind fluRisokt @itdsndBR! forthehWaide heaPagties.
to capi tal cost and operating cost to operate t he current 1 nvention

with too niNse. Sipeemred. physical sizeciasshbeat exchagas. means & rfugediit mage
referred at it h: t

bhe <t age Pibs3AR|Rugidihod i BROBPRRLE! Ui%ed: ohits @ itbued hatt oRfiphoe
| ess t han abeffitientSOto iompreeed temperature difdentia aith artyegiver atilitg eaplingfluid

o) o g R PR B0 5nA G, BelSE E580e! BRI b, fou

preferred diewbatioh withirgSaidViien dxeRangnirieaingy Even sfterveshdensiegta eajority

enper at ur 8 {96 (HEPOUIGBaRDARHGHAE. AP GHEl Vhb: « EMerniderneny

the rel ati \poé@hhdef offtidRbnlkd t8NHehh9affest SzdPForigtidri §@lnstream

power, inproving nmechanical efficiency of the turbine my be 16
conduits, controls, and equipment. Furthermore, some process designs prefer to
use expander off-gas or condenser off-gas to convey TPA product powder, and
this may cause another need for increased turboexpander back-pressure.

[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. It is
preferred that the pressure of turboexpander off-gas is less than about 0.9, or
0.6, or 0.4, or 0.3 bar gauge. It is preferred that the pressure of turboexpander
off-gas is at least about 0.05, or 0.10, or 0.15, or 0.20 bar gauge, with this aspect
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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detrinmental or beneficial for optimzed cost. The inventors have

di scovered that when the unit cost of delivered thermal energy is

| ess t han wbauin/@23¢ti mes the cost of electrical power petarsesmsesssn
the sane units, then it is preferred to maxim ze the mechani cal
efficiency of the turboexpander and to use additional thernmal energy
input to obtain the desired dewpoi nt range on the expander outlet.
This i s | S€S0BPressiaisiert neated after éceandenseryaertrexchagae Mranscybereimat
achi eve, I t

o t hor mai asupaut RETF RS 40 or SbThyiGnthertBRr B e haleh Sy Bt in -
of f - gas mtgrhoes:pendendff—gdsmsr@drmmdmrladldwatemeTttbalh\tenlmsmmrerdrmdred .

However, e, de avoi.dan I ssue .neans. that the crene

Therma " erBbyPueRot e SEAUES et B4 B rRshD Shusb draings REYRING tothe
expander aiﬁdérﬁronsnnére&ﬁeerrdenom@mesal ohwiaker eaport fromc bifR)ee according to
remar kabl e over al | rovenent in ener recovgqy Thus, it is

preferred ipYRR 'Otr'ﬁeh% heRRRIEF 2 fEGORTRIRTSIODSigP B@em"ﬁ‘ﬁ@ﬂ effrgrs bat
in the pregghied NYSMY %s' ﬁo@ér ﬂh%ﬁsthe AQEhsdm B%e? ErO\/iHeo89y t&f g?el%ter .

percent of the maxi mim shaft work output possible to achieve
i deal , i se:lﬂqoﬁmreswrpmwen msuﬁaﬂh@rWPga@ermknkaq‘rgtm ut ig.more prefer[ah@]

I n order 18 fﬁ‘%ﬁﬂ RONR

especi al | y | n respec% %%%tﬂapm nght"ﬁg é%re'e({c’%?bﬁseraggﬁée(gﬁﬁqﬁé inlet
pr ef er r ed toangeecarh@essiont medns. de(@ee raisevihdre threre]g forhidigelosures and
efficiency, turb exp nder, it is_prefer ide t f ol

arount s olieHEAIANE anergiPerieh S6Res e Eindell &iptsnghhegisjhottbas
recovery asedrapredeivylitas ippefeedts remlnpree@toehuaﬁs@r @mgb@aﬁ@@g@rerabry
and/or at an jnt erstage position in a -sta e tur expander

| east abolinoglsout gH-ga§oby @t leash abgpt @@é %9t1s°r5 29N Bgroan Vhex uskg
to corresw&sﬂ%%m%en ﬁteﬁcfn‘e?érré@@é W@Eoﬁr?r%%stme%@r%ﬁagf@ Onore'

800, or 600,  or 500 wat er kilogram of pX to correspo

oxi dat i on nrefaoablbrlmneiapuhp agasl ydesabivn ahoyt @8, 20 0.&ror30.7, or 04@ bar.
watts per r n

00, or " 50 Vs IGHEL Br-omd REERANAn, 3} IS B-TeeE Mat IR @RGH SPr-ii,
t enper at uegitingstheflowast pr@rsmite stagegyf a tyhbexgiandeads lessothtn ldboud0.200r
or 40, or 6 nd off.-gas te rature.risg fromthermal e n

| ess t han Oagocﬂ't& } 6 g lbe,'mglsg-@as recompresgﬂn %déﬁ%e#er%%

amount s ofhdthtee rﬁaéssen@bgbffeyae @m@hihedowegt preasueXsthgd @f artBAdexpander
conprising conductive, isolatin eat - exchange bound% surfaces,

pref er abl {5 8biRast bRyt v&Pi eusoéeroroef%@rreé Q?bﬁ?u%t enusinge pfitoas

al |l oys as h f li.ad
oy 2 hor AR e e a5 SRS 4By SRRl

pr ef er abl {t istreeghanisailigrinkad toetfleash enepturboexpanter stap andiar et least one

d t t t .t
Co"f or m acoTBIE! B raf, Bipblio oL st Tt FeletR gt o o S FHB6E
f:ondensat eofweamierntly proarde?}‘bfy ?ﬂamemwwaﬂmrﬁg@m@( use at :
t ti id. t t t
reane 1 Sonner D) 384t B Bl Bl STl et 55 B30 AR
of Xyl enegas ﬁﬂ@tvreraerﬂrrt%éxﬁeﬂaer fricahs &t af sptioraNy prdvided Qlt itk i HfUn off- -

of f - gas. [42] Optionally, such amounts of thernal energy are
suppl i ed B9S Bghaalinggneansurlacas @ftetip Selvgahreseyeni arder dekyshiation meanse

resul i noahgbokBSkIPRIRARRES hikRsOllls $RererSRliflalfle ERRABHIGR at te

products are a d at alocaron etvve exitin
recovery uiet/tora firshiubaexpamdee atep iamd learst abougt ¥ tmr‘rﬂﬁlenpaﬁﬂeor ABEACr -

at an int narrultlstaeturb n Pre bl..
b 't uel SLDARR B AR elosS i HiEate pROTERR G o A A bR it
conpri sestuaboedpapiel meztet ak ds prafdired trhardheqenmtu& it khenmr@ to a first
pr ef erabI}/ said fuel predom nantly conprises nethanol, etha
urboexpander 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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[43] Preferably a portion of conpressed anmbient air is provided for
oxidizing said fuel, since off-gas froma solvent recovery and/or
dehydr at i owormeams231e often relatively | ean in di oxygen RITA2MOH0I7
wat er vapor. Mre preferably at | east about 50, or 70, or 90, or 100
wei ght percent of the stoichionmetric anmount of dioxygen is provided

from conpressed anbient air fed to an oxidation reactiqgn zqng for
sai d fuel . meRBS stloisc RrefaEed i thah ibe temperaiHs yedyrtics ?‘f?g“?ﬁﬁai ﬁ'ﬂrm where

anount requy I RV RS b @fl rdd¢@bn NS ciurab Ohetd &ff-
carbon di o%agg.gn ?iqﬁsqéﬁlf)?e pr@éfazréggﬁ]@%rgggaﬁanrl eas]t1 about 300, or’

200, or 15@as entet2@ fiel iyrhogxpaodart mekns,he lessothani amet g 20, Aftthor 0, or
"t . : : . ks v
eact Lo Zane feHegen S RACTBRERE By HFOR brefiebting fheelts JprBNaf piaeta

oxi di zi ng skeatl diefirst turbbexpemsier ateans. 300, or 400, or 600, or 800C. .

Preferably, an idation catal yst.is not used to pronpte _the .
oxi di zi ng of at%@gs‘ém}%@ tc‘i’(‘f,yer@fmgs&"%%x%]deé? %ﬂggﬁﬁ HePEIONY e
sai d fuel . g&ysbiat 8Pk Y¥working! RAG tar@litknbivn @F thelart, aderfih const@enteiigff-
percent of the VOC in off-gas exiting a solvent recovery and/ or

dehydr at i cgRsTehHe PEESRBE INYBRURR CaUSS BXERAISIUEXATPHG!S: HieTPEIOP AhEITeRIon
tur boexpan%grmargy\gl ¢ AP 23RS RSHOHSIRAPLRE3 194 turboexpahdél oFE@tiHE %00
increasing tenperature and pressure at an inlet to a turboexpander,

t he i nvent ear thahe déivpointef eff-gamt Cotresive sonstitupats arerkslinved to gpraprise

f df i i th , | i . Lnl et
O | easta B A ARG o TIRE Lo BARon RD rald I 4idliGehl B |
by_ t he di s_cg-os_qoas] h@d&c@:rdﬁngm gtaibrrira@efftem dﬁlebgmttamdthoth\ermm;?mﬂe at the

r r atli on reaction nedi u 0 a So en recover (0]
Gehydr at | oPUURSATA ahieAsteNe: SlRdECT A UrREAANTE! of 3t Toast AbBKED, 915 1Q. 10120,

the conposjt bt gbové findascdl ldeWpsihtiteinpenitulecas theodfghl! Merdprderably,
step conprises at |east about 3.0, or 3.3, 0 .5, .or 3.6 kil ogram of

r 3
wat er per tiesedempeturgciearanees FORY dewrpith Mg BRINRIPeG A theseytied from all
medi um |t _y refe h it o i j
at | east oﬁéa?gr ?geil{ggﬂecfgé ﬁg?ép%c%ﬂp@ﬂ?ggétgfé Sﬁég%&gggﬁtgﬁo%}g&o?ﬁbﬁs
0.42, or Ocemprising (imitthgkiheoneanaitalefficiengeof &iturbgexpansier.oaddiga shefmal

the sane location, Itzis preferred e - i

the iniet Srethy ¥ e ofghe BER UL TR cXion Al TR bt r? pndlel uRgaizRo
or 7.3, orméafs and fheSekit bb@r amboexpandenoaraifoofimitidgl the pessure reduction
correspondi ng oxidation reaction medi um [45] Attention is now

returned t@reHLRWRESXRAGEEr y and/ or dehydration neans. It is

general |y desirgake howa¥erl Bhée theddvisomvekysdffi@iBhilyeacsiea, &id irdentars
vapori zed conpounds contai ning at | east one hydrocarb bond, herein

|
cal | ed "vohaue Kiscoveri that dinio @iiigs” updrpirablacwith fesmoet e cPdrkgost gRd
off-gas, t érsﬁﬁé’@gg'}gfogérsté;qﬂsw Vin SRS Gt foo? BRI superheat- in

surroundi ngs” ofr, eterably, nostly converted to water vapor and
car bon di oturtsteexipande T Gi¥-gas.houfbcartieglyODite s | prefarréds tgpoperate: with the

envi ronment al | eni t I f i r r

andl or der\sAieareBRE AERissoW 3T it S iAaR o BEpoSWankBr At et apg oft-
speci fi cal §as condersegrinstrollidss #Haniababt €50,0rl120, br 0o 8 Sesbade thi,local
acetic acid, and nethyl acetate in off-gas entering a TOD. Such | oss
i ni mi zat | WP nf | uenced by vari ous nechani cal methods in a sol vent

recovery and/ Or[gégj‘yﬂ' ledd ficiRRASbobkBarider réqRiRsAless mddedUhkiiall éhergy
controlled by thernmodynam cs and by the energy expenditure in the °

sol vent r elocansiwe thad the tuleesxhaades aulistdadpetaine gy in @peafered dewpoint
expendi tur es of vi r inyfaid BHECHTREREY to
expendi tur%i’grg'es\ﬁflpl? Eg%sﬁﬁtehfg{p&efﬁpqgﬁ a@%@e@@ﬁﬁ?éﬂf& ‘.”gﬁ@d rgeg | ux rat |Mos
in a sol vemechavicalepowern theo exiting tematiaurenfsamsthe 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
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[47] However, the inventors have discovered that intentionally

I ncreasing | osses of volatile organic conpounds above their bare

m ni nrum 19wo\M0adMdé 062316PCT/ US2009/ 005764 resul ts i n paruseasdos764
overal |l process econonies when integrated with the fuel needs of a

TOD and the shaft power recovery of a turboexpander. [ 048]
Accordingly, IS preferred to Control the ener re val, and e
| osses in c{anmsa?ﬂ ohkhengtivigkior opligRRs Psindne: iny Y%ﬁ"ﬁ?@é‘?\@g that’

processi ngyh&atd ARt %&r §fdefveréd %rﬁ%@@n@%’y% ness! Ehdrﬁaﬁéﬁf@Brtﬁﬁeé that
the tenperature of at |east about 40 : 0, wei ght

per cent ofcost fofg@lgctemah peiwer rexpressedl inethe s@r@ev@mlss athanolt igl gnotgrredi on
|
"o wher JFRRTIAY e BRRHBRES) oty ot indlunfexgitios S B 84 o

reaction rthdnmahenletgy mppttffmﬂamdhe(uiesmedj IdeWpomt rdrmn tﬁmoa:xpaﬁﬁer outlet.
90, or 95, t he ex ed nt surface area of
condui t 5. T8 e HCEDRY (5p 20h AT ERh §oRONY ARWSo S TRk AREYe
dehydr ati Qa“‘% naare%s%bdsmaa 5Irgfs bf mleebanifalWherdy oQtpd2to ernMaPdnergy |r€bL@8
meters thickness of insulatjion material, despite that vast anmpu a&#

thermal erf® §e s &fcthermel enessdarit 1o ta%?f&ﬁﬁsswg'ﬁuﬁﬁ?mgﬂ
a tmboex%%red 'tét S sRaRIVEkesth tNSHERL NS HeWpb %%;ota*ﬁeeu%e
a J/ or vesg

exposed I'ent SUI’ ace area Ol con UItS an S CO rorsing a
soI vent ren@afmmaarhm increriental Avgroral weeray aput e bet eruplehwith IMproved

ox! dat i on TR il PiHante SHERFuoRd feodfaFSbilRRH 1P sptieve 2

t her mal enremgykabde overayl imbedventeadt in easrgylracowdrpuThiis 00 Elpreferfe@Dthabthe
1, or 0.1 watts, of errral ener er kiIo am,qof . pX fed to .
cor 1 espondN AR SFICRICY e A TuskoeaRaNdRT POBIUREIR NS PEsrEpt Seation s at
fluids thrt@a&f*auam@sctdr% drsgd, abr 89 pefGat P RS FNSENTEY THaf VWS SLAEES
| ocated from where reaction off-gas i's formed near an upper surface

of reacti PeSHblE iorackiryelRi an idgal isgritoribexpansipn ofthe@if-grs warking fluid.
wei ght per cent [@ioga girﬁér”ﬂger?nérg &1 nd@anRar S ¢bvdl OM8BuR from a

t ur boexpander s e desi gns known for recovery of ehergy from
reaction dmrfoogapartdmpeswlalbndempegt ahthaidaionng they ogtﬁl\/‘@mpengture in a

extractin ryal S e
boundary %ﬁ%@ﬁ@@? r?rgg g%iativrc?d?t tﬁgpggl&%gxﬁgt Y\)Ih;ﬁ%)y%H %90% | or té?m
of f - gas pasdoagpdritenyiglis ﬁrelferlrm)m(pmvﬂﬁthe?o&owhglamqurﬁtbwfd%ma%ehhfgy
used for ene tio f shaf ower d/ or tran er, of thermal ener

o ot her B o%5 Betesn Sxling B SPvaN e souais ABRICE dePYRILEDITRES FOS s
conpri se \Watding iadWiBod rQ:rerVéﬁ%r ati th m@érbﬁl@ét bBsHivA! RC A BRlt-stage
i quid and/ or va or, and/or air Vé)referred that a sol vent

recovery éW@P@J(PQj'&Wdraét'ﬁ?Qﬁf Q?@é!ﬁé[)gp@rr 819%50 Q0 SN t3580waHg pgh kilogram of -
azeot r opi ¢S RRAFALLABS ST 0%idaF8 A TRhEh Afidium; 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 80, 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 suppliied by a hot working fluid,
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WO 2010/ 062316PCT/ US2009/ 005764 azeotropic distillation conpounds
conprise n-butyl acetate and/or n-propyl acetate. It is preferred
that a sol VE@MH1NEERYery and/ or dehydration neans oper atPed/Wi2eW/opRaps
addition of |ess than about 0.1, or 0.01, or 0.001; or 0.0001

kil ogram of azeotropic distillation conpounds per kilogram of sol vent

recovered JQ% g;?r?ﬁ?ejﬁglﬁ/ s‘?@ féongi@ sing oforn['léléorjtﬁ nlof n@ﬂﬁ%ﬁ&?%ﬁ&%&.

sol vent r ehydra nmeans sent 1 nvention
conpri ses F:‘:'Urihieg'hoﬁé‘ ftlne:urwan;orsi dﬂcldsbahanhlsrmafesrqdrtocfem iah teast alp@a@Qn of
about 80,

or, 99 wei ght perce of, t he no nd :
gases and/'%‘i"erd'Prﬁ‘?‘r"@ hp?tﬁg'@r{fom%opggﬁqqﬁﬁ Bygd. i ah o tgaf‘g" 5‘? a}neqt?
that said fisdd hhatiboise et Msast ATBbitRASoRbaidekah steani irPQt lewstZne beat
30, or 35 ideal stages of separatign. It is preferred that the

flowing fraxshangrmegnsflspvenargdn aot PAProgaionRrecRAs. €:4-dNedting # PRFidh
means is lo‘?%ile%@afécgpst | ISIQ)(R{ Irﬁ”flﬂ'&’te Rivetl, Tif)di séﬁH laniRRasteghs. 1t i

preferred t on trays are of | ow pressure drop
desi gn of |ess[o4hz1nchmouallyj. 20ch amnooois, obrthwmal ®@NEEN0 FasEHPPlRs by . -

tray, notw.thstand a e

turndonn GpAdLEG YRR Ml tichdlcn SREIAD dorhifinl Sné (8o GRAG Hoh Maction
packi ng aSpro@udtgqm bﬁ-gabe &did hodtreattiet pratucts bhe adedtted aat a location
expensi ve, corrosion resi ta t metal | ur nﬁ lFO t he pot _
L Bmabl | eeR StBona sNTEIRBPTalY AP BRNRToR ey ant ¥ 2arig @

construct g@jodxgasddr! aid/beat %aﬁﬂiertifdg%g Sditidreasta Midtistadd eudobxpyaRs!
di aneters wherei n the maxi num hori zont a? di anet er of an upper sectjon

is |ess tHyafeapbtsaid duelogompoess Hydrgcgrbyl bonds.goMprevpeeterablymsaith five!
hor! zont aleofAekeln bRBhot %&{&éeaﬁd/bhmgaweaﬁaod S3fl ke refﬂertasgersa.d

of height Tn aTower sec 'on and essing at |east about 8
90, or 95 fuelr pSiomdnamtty perm:msescmethmowamanolge'neihﬂnﬁealfomw butane,

Chai %ot 1 @ngtordobPt Mogiorapradd3af b EBRARBRGE fpdst sbBuERE, B 7Cor

exchange rmJaBEQShﬁ‘gttrpe@@édtedetaan@ff gas condenser, thereby producing
a liquid, herein called reflux and e senti al I%% rrlFrl Si ng. wat e

least a portiof0%3 HieferAtly 3 fpriion (9 SCABPTESPEL AMPIERL @YY | QﬁW’%?oa for

dehydrat i QidiRAgSsaid fubls s %ffrgaé%, trBAt at BeVERK teuoveRl ahea/dregelyRingtsn
for tenperature, pressure, and/or conposition at the 'inlet of an

of f-gas conernssés ofies relefivelyrdean it digkyarn 1and §6h Jnf walgr ¥eRgle dYlom
turboexpa sfferad& &S te%rs@fﬁsaﬁg 6hat fde F'smM 8¢ 1f '%@ﬂabe GRS fhe

| oss of o as | ess out 16, or opascal s
in said ofslteigasrr@dmdemment oi/\timy@@empmvgiaﬁ ﬁrmmorawreesed gabient air fed

reconp? esgéggrﬁéx%atlon resctBheLEhd §8r IR A8E Ofls LiSicRBARINE SLrfidlAd BE

said off
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 fue! 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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WO 2010/ 062316PCT/ US2009/ 005764 condenser is at |east about 0.02, or
0.08, or 0.12, or 0.16 bar gauge. \Wen operating w thout an off-gas
reconpr esswoofifeisisit 1S preferred that the of f-gas preesatse@ogdrtd Ng
said of f-gas condenser is |less than about 0.6, or 0.5, or0.4, or 0.3
bar gauge. Wen operating with an optional off-gas reconpression
step, it is preferred that the off-gas pressure exiting said off-gas
condenser is af044aBesigspuincressing tempeatyre gpd- pregsuigy at gam iplgt to a
gauge. VNG BREEIHddD it erths iveiovBlda BaPHEARONBYfES haRkif afPalso!
is preferre a e Of -gas pressure exiting sald off-gas

condenser prsfetred $ott inareasingthe rndss ofrwated vapor readchingdhe irdetofiatieapiwge. -

It is preferred that the off-gas tenperature_exiti sal ff- :
condenser HIOOS¥PINGRL MEANS,¢ .Eg,es%-rcoﬁgqosgpngo?reog ngg%_d %qu é‘rs g@%‘r‘rregd h
that the ¢eteifaertbmimpioadasigh axd bbativaicl agirimagoxidmidensactiorsmedimn, -
t han about 110, or 100, or 90, or 80C. It is pr fferred t hat the .
of - gas t OfBeOMen ée%vpmaf@dfeaﬂﬁhw?ﬂ%@eeaﬁo%@%rcqr@er—meg'ad%- Itis
| east abobf:‘ie'eféﬁed Qéatzt@ie dUmp;f%itid?f oBoif-gas IiRWild! e 8X R 8he QUfdRikpander

tenperatu t preferr that thé of f-gas tenperature exiting
sai d of f - gtep compgseeat least ahositd.0.ce/s3.8hah Hboot 3fokilogsamgof waiermer - -
or 60C bel ow r g f ef.r:

0 e 0C, Pk, BPRACRRE oM EhabBTRRGAIN Bl el SL ey

watts is tieatothedcompesition offf offf@as ciiowiagsieto @érlesst! ope durboiexpandardsiep

Coer o Por Sagah 27l SR8 B Y 4fr'd sk SoR BT E Wl A0
renoved i Rjggrath 6f bfi-gas at aislsaweriopstionki It fgpreferadd st tredniags flow of off-
correspondi ng oxi dation reaction nmedi um

053] Refl ux. anpun
and t enpegasunte thednlsbpkat leastone tuheenansgr tstsephaﬂfhﬁ% about ﬁfa% é’r&-&

vapor ent ggi ilolgParR & XCRab (b ridpbraing Bidahn réadion
VOC in thg’FZ;?-oga?gng?n thelogonden?er It i g p?ef elrgred that the
fl ow of refédmmto a sol vent recovery and/ or dehydrati on neans

i o vt or pbreh ARgon rnofrefirdss HhaSclyert retheny ehBRIRRraton

oxi dat i onniemet df is gemevaly desirabledoandximite theaevevery fodi tractieh wifrges afn

means. It is preferred that the fl of reflux to a solvent recouery
andl o deMgRPIASCOFOMRAHRTIT SRRTATIRS Fteeest Al YA Hpndh heraiiSaie
10.5, or #gh8hilkidrggfiaBophpdurdie’ dnaetancRens kol ribossied fromt 6ff-gak, ke
formati on produced in oxidation reactors served by said sol vent

recovery SAOWEHNERNhPE MNdSsIABIN Jelepsed s to)r ambignd g SHRQYN]IAGS  Pow MBfre
refl to n 0 h i \ ;
ux Bfefgg%f? @ngf%ﬁw%p@gé{% Watehyspat oA GHBOA giofie! if% FoD.

| east abo 9, or 0.82 kilogram of q wat er
per ki | oghdthoogh the EODveffluenteisi moregertvironmentalinkenign,dbevess oli@Cotrom

dehydration ,neans. l{ ] 0 : 0 a

sol vent r'@cs&llvﬁ’-@ r %d?b’ré'idéﬁglg‘%&clﬁgﬂor}n@%ggE%%%Irn?’\égens&? ée@@#ﬁ%r;t “about
0.98%, or 0.96[048] WNo8spetifiCallO itkis |gegeeatyodediiatie tb ivaitdhe gesses of pX,
Gehydr at | Ghelacais. Bhnaretve PReis T OF G eG4 LO0 [T SHghofoss
fuel , nor aiMedi2atiores Snflfericet BAvaosOMeERAKiEal PktHode!in)a sbivehSrecovery
preferred that the tenperature of reflux fed to a saol vent recover

and/ or dehpdioat Hehydratiens means: |whstheaseparalion ds 5'6’,"3@'5’55?”*6?”9@%@)’
It | . . f
ccovery SR orvaanss At b MEAAPE SpepBliiin R ey TEEARTY anglor

recovery an neans lTess than 4 |
20, or 10@ehgdration enpansat ubenefalinageraterapepehdtwes of cemetgysmayi provide

of f - gas. 054] The | toLs .note that placi n,of f- I
at such I@V%rlg&%ﬁ 8%& ra$lr‘fa'1 E8°THe" %@Hf&lqm%‘#t'?'olﬁg’%?etéﬁ%g%ﬁ'%s
i ncr eases ghBRr wYhereefiix rafibs oS selveat ReOUEHHId/Grdehydaitdnaneans.Unl ess
conduits of unusually |arge dianeter are used, flow ng velociti ?s alpd
[047] However, the Inventors have discovered” that Intentionally

increasing losses of volatile organic compounds above their bare minimum
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WO 2010/ 062316PCT/ US2009/ 005764 heat - exchange boundary surfaces,
which typically conprise various expensive, corrosion resistant

met al s andwioebaleszsié oysS. [ 056] The desi gn chal | errgagusamd/oc64 S
for an of f-gas condenser of the present invention are still further
anplified when expelling .preferred anounts of water vapor to ambient
surroundi ngs according to sone aspects of the \%esent ir{v nt i Opr@ fuel
Expel | i ng resuliscinedmaraygd avesell \Ripesss, EFSROMISS - Waek dategrq Eﬁu“i‘”rﬂ% Ht'Fo
control i ki BatdY dnbthe@IREAnoer PERIBY bRARIMBERIpanaer.Of f - gas

condenser. even when operating with new or un-foul ed conductive,

i sol ating, heat[048]c Axngrlingyiitigrpretameddesontral the angiay remval ang gnergy
t hr oughput,s_and/ or., dut, | ; i
product i orlo?"%letse@, gtaﬁ%%\{/\n%ﬁ %’J/é{{r’fg@b e%p gﬁ{)gﬁg’f?t;E%Isw}g@tlggoﬁéﬁg@%%?eusanags
is often treacturseff-gastas didulwstd hireimalt iarprefesesiotnat therermperatiignefeat

571 A particul ar al | e for ntrol, of a f{- gas e

o1 ot " ieastasRnt 0 om0 or S tradl PRt RN BRE sBeR
sol i ds t habe@fdly @haRsr dehgandipht mahRg idlese thaabbin80,00040,ngr 30,tdr 25°C.
ambi ent air. When the fl ow of such COO|IE_ water is throttled to

control tHedpeastevaualefimamharedpagiprpi-Ogads iymashagsr ap jgper surface
tenper at urg f ff ttnbpﬂm?oﬂl is 'Nefé‘?ﬁe%}[to{ihi@gte atf eh&nRRILARL700 r 0D, 8H95, or

cooling water rises too far, 'some of | ssol ved solids
preci pi t at39 pendemt t afntitee lexposathy ammibigntysurtaceosrash of eaansiuist vassels and

uch’ ¢ uberc SOt BEY & SRR PHoNGhy arRioE Rl e Agahe Pt st

fol | owi ng gycrit @.0€doe otoRi areni0=t, faar 0.88 wiEferg dbickpesie of énsulatioor diatgrialp * -

"the present invention.As used_herein, "condenser off-gas” pLLL S
of f - gas waseits that Y%“é?f“oé""s%rof %ﬁ“ﬁé?”ﬁ@nﬁﬁr%@é@%ﬂ& !I%ﬁeaggﬁﬁga%rpglgﬁg
of f-gas capfeiwbings after a thrB8&xpande?. Pt & préfeded that thermaDEheggslosses

condenser producing |iquid water conprises air-cooli ng wherein . .
anbi ent ajthraughi expesnd a@mbignt BuEare @ea vk conduitsAnde" ?r‘e%?ji EQTRERGE 2

boundary Sﬁ@gg@c@r@ %@Q@Ptﬁgﬁ%ﬁﬁeﬁ}‘m - arellebs tHireAssutesd, 10h 20, or 10,

forced dra ve air tlow across the conductive,
i sol at i ng,ortfeanttepehkitngearn i pXafed to wofrespendiam oxidatien reaatign opedigas .

s et oAl SRR, PR el redier) 9% 958V 8L o

are used tghcadj1\oo0, bheo@nasruntor .1 efattsghsheroal engrdyrparddpgrase of pXded to

condenser GrESgazINg GHBRIAN SPACHTBALT B Eodror sRagnad s ipugh

chem cal Zénductive, isolating, heat-exchange boundary surfaces located from where

reaction off-gas is formed near an upper surface of reaction medium and until at

jeast 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, isclating, 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

andfor cooling fluids comprise water liquid and/or vapor, light aliphatic
hydrocarbon liquid and/or vapor, and/or air.

[050] )t is preferred that a solvent recovery and/or dehydration means

operates without adding an azeotropic separation compound. Exemplary
20



conposition of either condenser off-gas and/or condensate by any
on-line neasurenent, e.g., infrared conpositional analysis.

[59] It |swoeneopteferred that said of f-gas condenser peodigsSiongos7e4
liquid Water conprises cooling water in contact with conductive,

i sol ating, heat-exchange boundary surfaces containing said of f-gas.

It is preferred that cooling water flow rate, i nq wat er, inl et
t enper at ur@eoﬁﬂﬁﬁoﬂIS@%FQM§°WPd§uFP@Pr'§% n'ﬂf@P aee atﬂgéqi figpropyl

adj ust the, Bl nt uo (bfrereﬂéé m%@'ér&wéhtre%e@éﬁeaﬁ@/oatdéreaséuonnﬁqeans

process varla nperature and/ or pressSure condenser

of f-gas; toeplemieat\mt’renahdﬂditlom IOtb\}eseatf@rbab@lﬁrﬁlénQeﬂ 01|,<9!|Q1001:h@rn{3@é101
conposi ti t.her, co / e y

onTi me. midedpandh ekt FpFtot b REna PebkFRIREpT S FeietBlered

preferred ﬁtdnateaimohmfsgasa portion- of cool ing-water exi t| ng said
ast about

wat er - cool ed h s, has, a erat ur .
50, or 60, or " FOBTIoN IBGRIENEC Bt SoberbEaaD eore’ deBYarafSTmeR S -
conpri ses t b?éseﬁ?ﬂv%ﬁtlm cEinpAsés: aqiigraeti ciéint} dastitatisi meahs ph’s‘acds&n@oéte
preferred that said cooling water is "enclosed | oop cooling water

It is prefleast@bouh8f, en9@ & fh, o589 weebt pesenhef W&t'&""é@?ﬁﬁﬁsé‘@@ gpses
reduced anpupg cﬁnlt%g%@ &r&eﬁ'ﬁ % Y@Qctéﬂ' ol aé T?ﬁbstpr%feﬁ ed fit lsaiy éiﬁﬁlllatlon

wat er or steam con refer east a t1on of
heat is rmmobdmms%aatde&ahebosb@l@cﬁﬁ @0601 oS disieal stages o eemarat[on

Contact it i RIRPRRE taet e ool R8s ChratRE' b acy-Bhe kil sa

heat s r¢j@magbrd martsaisdieemhmem:oupoeo,coohongrm;e:r10nkwopasca| It is
pl at e-and-frame h

eat exchange neans. 6 nal |y, Jdt i
pr ef er r ed Préfgired thatany g‘ﬁﬁl?%Pf‘ itEysre i @ 'E’WrFEJGE%‘i"\? rOP Pgi{" ‘ﬁldessl than
heat - exchapget BodaYostIdraem, | & 560 PeRdaf ﬁ@mfayt MofWitOBIEdNRy that ttiiee

in response to at |east one process variable e.g., tenperature and/ or
pressur e ohdesiraiin daitsdhe -qpesatingetysademwn of Sbtﬁ]allt@tysf |1bif Pure Regferred to

condenser bt eﬂeghaaﬁ&%em%%Mn.nofhﬁgghgng;n&[éﬁbgﬁ {Ré Tk for

and/ or con I"I'ne measur .
conposi t i expénsive| geaTesiorSaggistant hetallyrgy tandnales the motential flamraahility bof

Lo, 9, s PRSRSRA A L R s I8 et a8, Seblh

of ener gy niifRY adingnatnestf vaadiftsrade veesel Slatrtetémpameran pibet maxindm

6. 504, 051 Nor Bl FAME!eH G TUTHES SSEARRST A TSIy s P ST

ref erence.g diPWRIR' theS Hedkirdah RYRASTAINEiabiclat Bfat8Vhré8ent 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 oft-gas
recompression step, it is preferred that the off-gas pressure exiting said off-gas
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WO 20101062316PCT1US2009/ 005764 probl ens even whil e solving the need
to adjust and control energy renoval. Firstly, such bypassing

i nti mat el yWai2hwéope316 he mass bal ance as well as the enerRGI/EERI&MGEE64

because sol vent vapor is not easily condensed from bypassed off-gas.
If too nuch or too little gas is bypassed, while seeking to satlsfy

t he energy bal ance, the r b C pS | v

recovery s Sﬂ?ern’ﬁk?t '&amfﬁﬁovtea%@g g‘ab§§ \%E{‘ %e%r %8 tgagr Whep
dry; and thir8tingwheGt an ofPgas- recmmt saamstép.af is\iPeterasd trtawae cbff-gas
anbi ent release and/or a TOD. Secon , it 1S de%r ab] % to co ine
condenser I@)"BﬁSlQ'a§X§m 539 £fisgap SP'Fd?ﬁ@rt‘%teS?rtB%@ At @ 4, or

conmon envjy 5@%@? WAt So%u.f@mra d‘r’P&‘S’deal oﬁlg%B ré@&rﬂiﬂ?éééﬂid @tepl % is

probl emati c an aer I's typically created wh
col der, i mafedredathatﬂneaﬁf gas pfeS@W& exitingraaid ff-9@s wrwemerrtsrat least about

l'i qui d- sat yr ted r pK

Lo pi t 11 ngUdbrer o oRt %8 Bnahe R Shlugh YAHET ofBRARS it 4h bBUOSARRE s
prone to Cr@bbmptesaibrﬂstepl Etls p@efecmdl that thedbibigab geesdwie mxitengt said -off-gas -
surfaces. Rapid reg:l)val EH n aerosol from

process f | GAdegs g "?%}Ih?n e P8 Ofhiof &1 9 ¥ 6%53%9%%/%6%? "cﬂgr(%e"ed

and/ or i npgkt e 6fh§é£rtémﬁaﬁrt@né eXiffig\s4iass Bgndé'n%br wgmea.st aGouia 0,
readily coalesce t0 rain id droplets provi ded. | onge

separ at i orent4Ges 50, or 60°(F0d¢2'}5 M@@éﬁeﬂl that the Qﬂt@aﬁ Fﬁf‘é‘?ﬁ"@?%ﬂ%ﬂ@g said off- -
di scover Edg%for{d%&&‘"fs’]@sﬂ ABSi 1%@8%6@%&96 er gohe. Af %S&Eferred that

i nvention exitin ur oexpand eas a pOI’tI on of
of f - gas gamelcﬁf-ggqomawremlrg sandaﬂt-gameomﬁefnsgw eolvged wieasi ahouin

b ff.- |
Rspett o 1102 257 BF apy B3 EBBI WS BeRhab GriS o DBt & piferred
t han abOUtthﬁﬂthe%f{-@Qs t@mpaﬂatt;w exifhiy Istaldaofﬁﬁas condérmeyds medunsed less than
conpri sing conductive, isolati an u sur f aces
betm(;r e cogfﬂ?%it AGOwPE ﬁbon 78&92’% 9%?30‘32 é%tldb (ﬂtﬂlgﬁigpper ‘trgrl I gs

a TOD, andi@ferRR fhat ﬁﬁérﬂ?ﬂﬂ%ér@y{mé@lhawébwnﬂﬂogsor Iztgoos dt’fEfTQOF ef
that said b Eassed off-gas is at |east about 1, or 2, or

wei ght per2.b8@ watisais r@mpvg;hgn esaid igigoas pgﬂ%@@@ﬁ%ekllogf@m| Qf pX fed to
preferred @Sﬁf‘a? I r

30, or 20 (\EAc}eilPetS f%'thcen l%fl dre%tfﬁ da@“e??fsl E?é;r%ﬁr Oéﬁ@rgr;\éleerrﬂe(ﬂw of
is prefer raﬁdeashabotm‘da GDDQW 1 808, of ZMdobg.ﬁQQythdﬁﬂe@@yeﬂsm gaidft-gas

dj ust th t of Ql t
o RS g TbbB S PR e PRE G e reb GG pRRm
of f-gas; tenperes3y Redlst/ amouhovanda températwadans eeldctegliiatd cbetrolted to

conposi tion of -either condenser off- an/ or onden ate b
on-1ine neHaYMZRHie walgy vapgireniedng ga*urltftﬂ’fﬁae i B aﬁ?\%l"‘%}@l gﬁ/mﬁntuz:n%

preferred ﬁt@?éssséf' VobYiRane a¥-§4d eQfifg itife eonddrized Vit preferleaanbt the flow

port| on of gas that has exited an off agas condenser to forma
'mi xed of fofdafiux t9eF eplventuesaveryandionsicbweraionaed s ¢RIEPrises pijeast about

f d
e b L BRI A ek

foll ow ng fe a porti _ nser off-gas,
t her eby prfoduahmgpmdukedmrko&miatlohfregasﬁs saved dyadslig sobvent eeasvenband/or

10; 50, 98, .9 t .of thel

reans |5 SERiol RAAreR & Biriet At deiiohe B ek S Sttt R R
95, or 99, arﬁﬂoﬁ@erﬁ/dmaht‘nmtscﬁiﬁpnﬁesolbésgﬁm dboait 120¢r firiodn @n10.5, or
opening in the lo or 60, or 40, or .10 l(% of the hei ht of
sai d knockWaQnt""‘PﬁJﬁHtOf W‘é‘ﬁé‘faé%'i per %ttogrtéaﬁf“é?g ﬁe fgFmatignypro dlced in

knock- out mm'réaét@?@gé@eatb;aséuevg%lveﬁt ?é’c%vbﬂﬁaﬁcﬂ?aﬂdé‘h%rd@%ﬁ nféhs. It

of f-gas condenser providing gas-plus-liquid miltiphase Tlowinto said
knock- out isnpeeferredthstdhefipw, of refiux to aﬁplyentaseicwe@aﬂr@/qtmd&howaﬁas

froman opet ML UaLed AW 7o rY75NbPb.7d, YR 2 RiibgPaT of RAGENTSEr

per kilogram of water vapor exiting from a solvent recovery and/or dehydration
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WO 2010/ 062316PCT/ US2009/ 005764 25 m crons present in off-gas
entering a knock-out means are renoved from knock-out off:gas. The

i nvent or s Wwoeloasss1§ hat these various preferred featuresthiRioodonsres
knock-out means are preferred in a knock-out means processing
condenser off-gas either with or w thouttypassed of f-gas. [ 63]
It is preferred that at |east a portion of bypassed off-gas is
processed Mgaaas.TAD ishereferresd thatothes flew af reflsto 8 soenb ieenpvesy fanghier
t hat has R foak a I t

port i on or SR flerpdABrRREE 155 P Lbol BieBL 6L Bostar (95 off0.00
condenser kilbhraga®f liguilwateaper Imb@rajﬁfofgmielbﬁpmmex&m@e‘romgohreﬂitI&coMaaﬁ

preferably hernal , ener is added to [al.se t.he ratur

P e of Ao eyt Hadrs. L4 SR G b nbGRn gt kL of Rl
condensat ifBrd Watdr’ RS -igOffvkt Sby corfiRkEomns RENEr [teRChRIIFES tidtdthe
thus minimzes the cost for materials of construction. This therngl

ener gy carfepwperategof reflwroied tera ﬁaP’F-"{ FRCONPY ANYOH %hvdr@aenfm%ws {Spat
sai d bypagggd ag)fofl.uﬁggsorf $0Wr 53 of BOKR :§9Fé?§ﬂ§&rthﬁ>ih% é?ﬁfaergﬁﬁrefdf?éﬂux
It is preferre he 'tenpéerature of Said m xe -gas 1s

| east aboued 10 a selverd reaﬂvezwandj@r ealayctmmrrtelaasmmmﬂeﬁséh@m 4Dher 30,
off-gas e ]

di scl ose t rtajtonlg{ %laJs(gBrge;Verr (}?@ Q\S\%%%rva 'Sﬁ{é'ﬁé Cogagrliénég\éig ﬁga%.
of f - gas accor di[a§d]t' T hehinser@tsre nbteethah phaditgan dfﬂgass:eddmiéef@ssucht lows:
preferred to | ocate t gas co denser and.the knock-out neans
fol | ows, M%%‘HEFCPBFJEJ%S gfh&l? RiSsaM %EWEB’L@] 9fet"=ﬁ'<¥ Ingsaset thsuvpHmg of oft-
cool i ng WadaRr att ® chh@dhselr @ndyi aHasexit. NeInk@stcdnlits df lungstalgtidfgesdiattbter
supports, and the provision of elevatigon to enable gravity ow of

condensed ar¢ quisad.u rfloxyiag ovelogitisagiRngdn festiangh s PeestEh sdpParfie opffensive.
knock- out %I{(t it Ilﬁs gﬂarférfr@c‘i Rt c%fhgés EBﬁdﬁ{se?!é’tWe%H ffurﬁoéyﬁ%ﬁﬁf&g outlet

cool ed surface ast one of as condenser is [ess t
50, or 30 arurarz@ﬁ-gas gondemiser inlatblbave diametdrssal atteastbboutt 1.8nor |1t5 | o

f d t f
e of f - gAco bl B etk pRERUES Gt 3T gole cufdil
abf)ve g a ommhesmffmueutelh@(\p@hsma ctlztrosl?npﬂesfsmmeldie:di?tartd[lmegéleai&iyson Tof
a liquidiny wi thjin a knock-out, neans js abo
T or 2, antgateght cShdn disfreter a0 ek TR el et B s Gwrta R
I't is prefopiofaghs Radorichfs @eml@éri atuMoekphhdiH &Jtle'ﬁ‘éﬁﬂté?f PiiA \g'aEszoﬂdénser

knock-out neans is | ess than about 20, or 15, or 10, or nmet ers

above groiMet supt lesst ébeybBPopr 40, or 50, [®550 Irﬂeféﬁnﬁf’-héﬁf?@m‘ wi these are
i nproved ki f t #&% I

sel f - heat ?‘ﬁggu?mg%% l-bc'?(':'lcto\fré chB cﬂg'é s’?jg e&lsgépoésg res ﬁg?g?ﬁoﬁaﬁ(@ plrcr’ﬁ/eesr? g(S’J'r?’s
have di scoear dd deve pojnt,i amchgatﬂnlecﬁorttroﬂ o nequited versus dhe dewgoinio Uit the

of Vor 1 nittgh ot th iU bn 8t ind Rettib BIEOANS S0P SRERISnagRRs®
Qﬁgg(rj :Jllmr;g{tze ]tc;imeentiaveat erssish Iedos@rddien,f ahd dwlmg:refeﬂéertbemmt superficial

nted water vapor' present in con nse off- as
o Knock: oNEI0BRES JB EhesenenTaiuis 1065 WeBLARIR 29a8" 35 OF 20 el B Mieta
the vent e@e&@ﬁcﬂun&’ﬁ@ﬁferin@ berRSodkigt ARaHE P diquy ré’ﬁ@valorasz@dléaos%go
wei ght percent of .the water. of TPA formation. This avoids expending
too much Bisgwhere b@retuatl on reaction in vaporizing water liquid in a
once through t
operating cost df%geﬁ?r eat nttﬂ'? \ﬁéno QXfFCﬁaWREQ%%B Héﬁﬁ&g@%%@ﬁpﬂéﬁée@é}qow
i ncrease pressupplaccofdimgeftb uthef pres@ntchwﬂbnr toseryse ahdl dower process
dehydrati gn neaps It is refe t t he. vent ed apor...i s, at
oast " abotfmAgigtrg, ih adieP 45 Sorifenss s ofenbirtts aBariCRE el SE hariidier
of TPA f oproddes®Remperaani@ ﬁnew@s ks bty teatdrigeratife ' any @beling alide Rind

system and t hereby upsetting the oxidation reactign conditions,
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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[66] It is preferred that vented water vapor in excess of the water
of TPA formation conprises at |east a portion of water that has
entered t hwoprmoessécw th t he oxi dant supply, nore pref aea@isgon9/o0s764
conpressed anbient air. The preferred amount of water vapor entering
in conpressed air is disclosed el sewhere herein. It is preferred that
vented water vapor in excess of the water A§PA formati opn conpri ses

of
at | east ah¢RreXCBANG? bRENANY: SHfRSEST MVRNLDRICHY i GPRRTHE WATIONSPRRENSYe,

and sol ventorrddiord RogitEHEhERIs bidinetaIBgs Wat er vapor conpri ses. at
| east about 0.05, or 0.10, or 0.15 kilogramof water fornmed from

over - oxi dat i oni [956hrTtheadeeignshalicogss and mestsfaroap affrass gondasger of the
correspondj ' j Jr.eagt i ' [ el

et or - vaph R MO ol i) fthel bl sines? RS Y pitgrad kil B
of wat er - fwaleedapooto andrierdisutaiundingsf acroaliag ite Soaved aspiole of tie present
ki | ogram of .fed_to correspondi ng oxigdation reactiqn nedi um.

(v o1 o ayBdiosy rExpaiies S eRel G ol sr VahSaRte8tede refiinggment to
of TPA f Oréﬁi{tﬁdllmtémiﬂifdllg% wRicint bpengdy fremaved i ahi diNgsy coidRBer b6
steam (at | east about 5 90, 95, 99 weight percent water, at |east

. . g . L
about 110, When 1oReratiig Mth naw X0aEn-Towled  gONAUSHI¥S s ialaing: ohfAtrexchgnge
liquid sol : | | Ik
ther mal ~ erriony LB B RE Moo HBiQIRRS B0 Shofy Buleeufion
equi pment . protucisg piA et rreducédiproduction nateseandayith vianiableOemperatures of
2010/ 062316PCT/ 0 7 f th ef: P r i :
corpr | ses GOMRLTRAT, 35 &y SfieSHiEERes. o buaETecdi e sig.<s2sBhhf fbrent
t hat subseghamgeby rel ease gas-to anbient surroundings. It is
preferred that ed fer vapqgr in_excess of the water of TPA .
Pormmt i on  combBehe gortiogler, MaMnad (e o500\ h b Clieddy SandBpsdr means is
azeot r opi GheeRRSAEbOIhPidvdriwatef @y¥tehis BdHtainl &AbLAR GMléivantalidsSthat
recovery process conprising disclosures in U'S, Pat. No.

4,939,

Us 7,351, 398 graally epnsenirgied ppgvapengiivaysoolingowith aoysesiair. When thedftgw

It 1s prefcﬁrsru%ﬂ_c%ﬁﬁ%\ﬁ”a]%r%g tHYRtid %?&B?ﬁro; fheeé%eéfs fgmﬁé]?td?@to?ran ﬁ-'??
t wat er at

formati on conpri ses east a portion o orned Trom oxi on
of fuel whemdepsertie tenparatire of sading soblingwatartrigesn Ihiempearatre of such

©ur booxparraing” el s> g Tah JhoRe 16 AE. Meite' sloB epigiate,

excess of Wrhfertuaately, sharfPRighty catrosion cesiptans esetal all®asarearapidly iattackéd

brocese bt cherRratbet | bY * Ging TEEITORGRe 0B eRHETy WORTEHEShedPRpRS

of a TOD. Adcordingivetry ii@nidiatdisabsk %Tfalb%%sgréférrbe%@@bimts tdradn
p

the m ni num hori zontal distance fromsaid rocess is less than
about 180@-9am cauignsepEerrding. tq tthes pprsené nventionyt 8 dugsdr herein,
process fo S by ' Of ¢ | ' 0 aj
ToA pr ocestoniqiser BrbpS, PRITHRE: 0 Bpg Wik, SRR o PO PR beer
product i proezksiedtin ahlaashoné off-gasdiandensersai d adj acent PET process

i thin |ess thap.ab 1 ter. bei
Cormed 1+ om paidsdl ik Seredba ot Shiqidrall conBRHls: BoBENGTAY water
:t is p[) efo;err{)mélkebrmtc%dliggwmagim@nmbméﬁazo:skrjrfedmtaE’ENitnvco_nieww'esis@]lcating,

east abo . , Or . 2,  0Or .9, Or . 11 0oQra er Kl I.ogr (0]
nerer of Msahareiands: bawdary SUrbicss ot aoL S0 GBSt s BEREHES: ek
sai d PET gpReBfaft fakLae &é@ﬁtoﬁhf@tﬂé ak-flbw &6ro8s %Tepg\bncﬂ;cﬁve,%o@tiﬁg, heat-

kil ogram per kil ogram of water of formation of

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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[70] It is preferred that a TOD is self-fuel ed by oxidation of
of f-gas conpounds conpri sing carbon nonoxi de and VOC, especially by

oxi dati on Wb 20mishe acetate. It is preferred that the fpgglyssRpbents of
off-gas is at"|east 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 conprising water vapor and
car bon di exomjeosiftion Olfteltherpcm@ﬂsed affges fansi/orc eandensaie by fanyaonilipe

| ess t han rcent of the m ninmum
fuel cont Jﬁ?&#}ergéggt,t %nir%ﬁd%?nﬁégﬁl@ailab%gg a cooling neans, e.g.,

sensi bl e heati o598 Haisr mor@rprefened that/saih off-gasd Conderses ifbduamng liquid
| atent heati ng of water or.other r di,rec

mssapot- '
com ngl | navHRCSaTPREsS: caeiny watebl Peupet T coRHHERS, HsApe. heat

exchange s4chas§s boundary surfaZé.J. cbhtairﬁng)éﬁﬁecﬁﬂ-?dst ks prefedfed that cooling
useful Iy, even E’ redom nant | fuel ed acetate i n of f - gas

accor di ng wajet Hlew @aheomﬁ’@nsnvg%trabgﬁlpééemnstaﬁw anhen soplingy W@t\?fwﬁUtIEt
bypr oduct tQIfanF%ﬁunlé grd ds&h de%{ ﬂf% ?ngaggf oP &t sTJ? |.ra |ﬁ9§§;5<§ns%ﬁ('gdat

Technol ogi és"are known i n e art atin acetate a
t hen hydr ddaaystlm'ga ptooess rvawablene 9o teapevatureagadior messﬂrecqundeasﬁf off-

byproduct et hanol fflue n

ot Fi oi ont Sreniaperbie AHEk: 10 Taler ehRicsg? Byl SEOHEA SahbRsiRR o
20]97020819arllthét kenéaider eoftigss bnamr?:smdénsm‘acﬁy ang onm;@r pmaa?mhém_ e.q.,
reference ere|n rovi des a usef ul uct| t e net fornatign
ate of iR AeRRHIonAh anal Bonb dnBIRISTHE GFt SeaR0S Rertcll oF Fuany
| ow heat i Reht¥AkYiRing a3 Waterddsol@! heat eHatgeSmeahatHakeh Yehp@iature of at
anounts of MeBr and acetic acid. Methyl acetate provides useful fuel

content tdeastTtout Blratef0.ter 48hPePE° Eeqliiis quetasinskthat iaidk caling water
destructi ?:Bpﬁjrfs? & 8 ol@{i b&?&lﬁ%%ﬁﬁm Wi %P@\t T higlis ﬂ‘ftﬁ% Eferred

itself. con gas 1s too t hen suppl eénentary
fuel s, e. dhat said Icauimg watanan dénclésesl looplgooling waber"s ubis! preferted ﬁhlaésm

7 on, BRES 08 LSS R Bb B3 H e kBT ' (4 BRALRA

fol | owi ng qutigé ¢TDSY, égnwnohtzemﬁtbybr ateehabmd&hsbt@Ch |9tptrefefrédg|ast, at
ranges t hat usefulﬁly%/f)gal ance the f

| f t at
TOO agai ndg2st RPLH peatig reypeved #HG‘ %ﬁ%tueg"lgﬁ?gﬁlﬂ% '%gd%ﬁgr 'bnﬁ @?lat

of format iQPhagdRidins &R ﬁéuﬁ‘g 4BfiyOEodlifg WateY cBbldd By afirict @oﬁi@bﬂwdh
content by separatlon and drolysis: It is preferred that net

acet at e c@mbient ain Ilmdkrefﬁﬁtedo Ghdeash@ B@rfléﬂfafdbﬁsatéﬁtf@ﬂpv@d éromosﬁlﬂs
at | east %99&5; &Icg:%? oé?'i'anQNaQQrSm dé’glafé QRJ—fraﬂ{e Qe&c&chhh&@ﬁ?éh%er s

ki | ogram 0 correspon oxl datl on reactlon
preferred t hat [Dﬁl]hgaphaualt)autenscmnferrad thatlahde&aim poﬁforg&&tf‘andﬁrtﬂuctlve
of f - gas ent an abput 030 r O, 020

o 0080 A HeakeRphangs BRuidE) SPRE 8- Eavel i Ay Homai et

reacti on g Winrekponse R edteleaet drbabrd&tshwmm aég plempedstaretand/or
| east about 20, or 30, or 4 or 50 gercent f&@ﬁ fuel content
entering gressure Phoandanser ol sy terRerayre and/ontlew ralgof gandegser liquid;

preferred c ﬁﬁc%?ﬂ?bs%ﬁ%ﬁ@lhéﬂ%ﬁdieﬁ@? s 5.%%?abnaéhds?@5g awton-

of f-gas ana/or of as entering a TOD is |l ess than about
0. 025, or lioe eeeasusemeny B59-k infeged eopwositionagaralyss. Haid syrfaee pmon is

2010/ 0623}9@9’4&%%03&9%@ gﬁ]ovmg 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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correspondi ng oxidation reaction nmedium It is preferred that nethyl
acetate provides at |east about 20, or 30, or 40, or 50 percent of
all fuel ceotentesensering a TOD. [073] It is preferred tdrais2a0ebizes
acid content in knock-out off-gas and/or off-gas entering a TOD is

| ess than about 0.005, or 0.004, or 0.003, or 0.002 kil ogram per

ki | ogram of fed to c rres ondi,ng oxi.dati t|o rredl | S

pref erred Prﬁﬂé”&%r‘qﬁﬁ 8’ &%gé'ﬁPd ﬁ Eﬁ'b‘é § n&?r‘c?Pval
of f - gas enFigstiyngueh b $s$nd RlifdtIg affaeBithe Ondss balanée éeweuramaaanaagy
0.30 nol e percent evaluated on a dry basis with o non condensabl e

gaseous co gmgecause S°|V5["?2¥PP%\ﬁ/é\PéreaS'Mqu‘sdelﬁ'ﬁl%')éf‘hBY@sﬁﬁ Rigas. If
too much %%raruc t(;%?rhtﬁée) Hadsisl Bysaégéa' wHile" ’s@ékrﬁ%'ta @éhsaf fth&%é?@y

added fuel, in t ore preferred he t ot al
conbust i onbmamegythe avaias balange # urpEtrfgr tr@ssolverarrew@ry csrfsism) makingLioe

or 400 ki lngelg g%n%&%o‘:fverﬁ HeRBR AN wgtxo & Hr&dcé% n@%&o I@gélgﬁe ;Sjs%tt if the

reacti on ow anount” O requir
achi eved bympuontvofiMQ@C eddnt dbwatd ediientntedepsat and/obed VXN hsecortdseart ésl
of f-gas near

it a TOD and uptreat off- s..near._t.he .en
Oo sord Teasitable © Seratloin camenass Ooas andayBanasih o088 for e lht ha
supply of Q@f@d‘sédrﬁﬁroh@iwrbﬁm@ﬁfﬁl@r@étrﬂéﬁﬂ Me8Riit HAWeREr, Wuth réé'tﬁnblnatlon
operating nethods and of f-gas conpositions as. discl osed herein.

preferred isieblgmatio Qﬂ?@#é@é@ wrpﬁolafoséam'm'b’rGfsatqdewb%m atfe%eror'qa@
| east abo até%@e %”ag g ﬁr%%eoogntﬁ()?gvarhfer ﬁ?Lﬁ& f%faﬁfré %&at Silch an

| east abou e percen car
of f - gas enadePEOIY peov“é@Ddangerons dwit drespe@OR> tpiiting ecmswmgntcrmdu@s) and

Rogenor at | aiaphaPr B ABToRRh s Prele tockdler 84 diapiBR. & Robfey Bngor fes
and/ or desfurtigémtosubhcesar bmmainmm\.de ainslicviOan paélogsbifrom ian high velocrty
oxi dation reactign off S reﬂui re substanti al rem)vgﬁf

|
o ot nebroests AR Gl Brachind Wis Jro e eSS PP oy BpL

done by acmepHs| éﬁér'g?b'nﬁﬁmﬂ'fstédlﬁné tRat 8GcrPhf fogamdy’ RiAday to8leste dto, rain
| i quid scrubbing o ff-gas using an aqueous soI ution of sodium

hydr oxi de ligiéd §Wﬂmﬁ@mrpv*ﬂ§dﬂ@%@ﬁﬁ@@“%d‘mﬁﬁ broni de salt. Over
time the concery E?% \ﬁf&oﬂflﬁlg{ ’cl‘%“eﬁrvéﬁ{ot@g%%'oqs%dr&grécﬁtr%cfdﬂgﬁﬁfg ﬁ‘@f@r’red

and an effl uent rovid al on a makeu
purer wat eembtinfentsfarithe paesendfinvegdions diftessxitingak dunpoexpander, 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 anfor condensate by any on-line measurement, e.g., infrared
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water is filtered water. Mire preferably, said scrubber makeup water
Is de-mneralized water, de-ionized water, and/or steam condensate.

[ 77] The iwgenmin@tsihave di scovered that said scrubber Ipicgrisehobhsagiown
ef fl uent essentially conprising water is advantageously used as
utility water, e.g., cooling tower makeup water. Accordingly, it is
preferred to use. at |east. abgut 0.01, or 0.05 kil ogramof off-gas.

D er ubber 1SRG EY G SiRar Br's seraedohrh e BPErRd poas'ts cHfBined
cor r espondiififaPiadahi putioe 3 bfiQjasnibat Has axited iahi dfiiga@icendéridhas fomaa
di schargi ng said_scrubber water to a wastewater treatnment unit and/or

di rect |y t'Bixahiofrass hefeieninlegse t9 pmbierteyrmdigsehis prefpred that a
| nventi on pyuehid hﬁ%ﬁhs“"’ﬁﬁl?zrinq)%% %HAELS%JJBM% Ried gé%’ﬁurfeé‘%rbbéééesoalt |

conprising an oxidation react i um can be use t arate of
to .05 ki llegstaanpoitiost of wondengereoff-gas, thereyr aradsicingxaf «pock-out off-gas®.

i schar o ieelbably B 123 BB HOosd™Sh S8 bt peteEb e, AT opleid

directly tsaidkippckrdutsueans kdéem@sated and efifé8oningled wift lessahammbonbs®

preferred enhodi nent, e inyention,c ri ses _conbini ng oxidation
Feact! on G 06, Rt O HEOHE PRI 0L Py San R BOBRRAIN 4R GRATSHIN the
react or sqQu&€80, bPIBOPIHRICAS SdMY0 titreatthofathehRéigHt 6P RRIdNRIbekobemkans.
recovery and/or dehydration nmeans, turboexpander neans, condenser

means, kndUrtasahlynehieastTomosien of saidkneek-out manss. is located phqy lower
ondes! 1 ablefevttbl 16APCG! 18sPNERIY ol a8V Yohdohdlst IREYIBIG" GaR-FRE MGG

and terrpera ures or seconadary react| uns ar
subst ant | ahultiphtisef Bowrinto saidetriauksoudinyeans. c Anefleyatiy,gimid Waterrexits said

[ ' di d/ f her., L.npl i
o i gner “gpekel BT PghaBion Il Rt baRy 5 Gk hER nigf ST B 28
val ve i nt @ohdgmserpPesferalsly the-sgpericil abltiyaliedstityasfesi-gagini Jaid andck-out
entropy, causi n% |a | 0ss | sequent ,abi |
S

ty t d ft k.
Bt 1Ay GRORbA, G oF 3 &rcl Meter oot RSPy ph e, lane of

However, (&S _ _
conbi ned @fdat8asiRstizahtdl Rifarh&lef! Fr&fefabilyrthe @upaARRll hofidéhtaeel6afboMET
of f-gas fllows usefully com ngle CO and VOC fuel values ahead of a
TOD. gas ipggd knogksopt BTeansds less Biascabeutd.folgls OF foRr &t Mederstper

twe dist! 36bodEathbWladP o} SHEBidd varRARliGhetdi O PIBILA0| VRBImE ST RkRishce
and/ or dehydration ans, Yurboexpander neans, condenser neans,
knock- out timeaof of-59 inrsdicd kndclecuthmesos i kess. than aboup28f er fddor Baor &t

oSt 0O SLEONL SSefdhi 108 8RSk PR or b g3, Bhfknggeou
300, WO 28edns06 28 13CRbLIR06O6P0D @4 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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or 150 meters. "Process integrated"” neans that feed or product
streans fromtwo different processes/facilities are conbined and
processed weingy/tsikeast one pi ece of conmon equi prent EAVE2@EAF7OM
the group consisting of turboexpander neans, condenser neans,

knock- out rreans TOD and/ or brom ne scrubber: [ 81] When
f ' .
of fgas | 2 IR Hssethdt oisodss aPieEhE" s Kkl Bus miger BiH byl rom

reaction nesbokraitoffigad) |T¢@S|ntlénamrst Hisclaseuhat thesalvariofi$ pyeferied febtures
m xture thq%t is sourced from prl{;?ry oxi dat | on reaction ne

m xtures ofoT rinegkyPul Means AR PLpiprePin glthoc t°‘tt§“°;ﬂ“§’fFEP?%‘°cF"t918?”°le"se’

of f --gas. arbﬁgagettﬁ@mm%pmtﬁbmwﬁadgéd el ga@actl on medi ums conprises
| ess t han aboOut , ga per cent of the mass of
r

conbi ned of f - gatesahdtllésetqferaeﬂ étbabtatzt?as wortigh of bypassegeiofrgas is
percent of f f

1 rary andlcSBsRah ' TOP el AR pfloesOEP oF kst o pbiton, oty thines
f r om seconebeteq moﬂ@asmndeamn avioreeplieferablyp apleiasta partidreafbypdssed off-
0.1, or 0.2, or

of f - gas an¥f§ Es‘?'?mgﬁgé%tgd?a%eﬁgo'&fp g)rf%gﬂé?gﬁ?rkﬁ?%é?%%g%m@c&%dwg%

percent of h¢fbre BRESINGfa AIOD rmgﬁnpt@femblvbtmma@fehewts added to 424 the
is preferred that at | east abou r 90 we

per cent of tempasatush OBﬁFldg%xﬁdr‘é 9&? qeg@?t e’Hﬁﬁn% @CBQ aFaBRi dﬂ’l‘? Sigating
reaction ngdiHo bén@@é kiBR Gh Wi s%nh@%%e%@@lﬁtan@%th@f eftlos®es &d tAls

90 wei ght percent of reaction off-gas froma primary oxidation

reacti on nediiminesothepeest o |nwerlﬂ|5a0fsmra‘éfd|0tl%nﬁﬁﬂ$ Joerraltenasgy wanybe
and/ or deh r %%gfg,‘, Qe JEHSY-

knock- out éé%c%eﬁﬁéfn%%?ﬁ)ﬂa}%r %@g)rﬁ?g%&i??r er.’ tIE)t I sgggesf err edgtﬂ flow
at | east aomplordaidsonderciel egd offfgasnfloai dtlsmcefadadyhatddiadennperaturamfdsaad

a tenperature of.. at |east ut 17 0 Q, or ..200C, i
preferred TREM cgtg?%g’s?aﬁ a%(ﬁ,)qqu&ﬁgo?r %ﬁ for@s 0{&8#?@30 g%%geﬁa%%r%tdré of
medi um i s fherogfegasibxifing SaBIfR§AE Botderlseps than about 250, or 240, or
230, or 220C It |s_ﬁ1referred that at | east élon of of f-gas fr?o

sai d secondar y 1884l iveglors gisclasehat Eé% BF""éf e ngetgﬁngglognergy
or 10, ﬂrﬁ:ckaué chfegﬁén %gcéﬁdlrigs tP it earsPeet s mﬁhobﬁﬁ?ﬁas@eﬁ%ﬁ es. Afis

of f - gas fromsal mediumis tornmed at a pressure of [ess
t han about préferrast toglq;cat@rthgg)ff-@as eandensgr and the knogcgg?ut] mepgs gedpkgwsdn

that at | %@% §8p8£|5h8é‘ ultEREIsRP 78 e f‘soff 6%ﬁ1§0 ﬂgl i dwgter to_high

distinct s OXId |on reactlonrrewms W th eac
ot her and etettétucms theasdst fomtall straotuods ardistipportspfahddhe provisioa of eiavatign

Fecover y ARGTEPIRRYAY deror qodRased iyl paRe M akEh e FEHRR il
means, - Knoghkd/euknoEianst m'E:@@s ands Qrefefred hat 316 lémb@ltionldf a dowest easasle@l

that at |east a _portion of gff-gas fromat |east ne ar
i s formed siriagediaplaast ape o fgqse@%ldﬁﬁﬁw g st t 263 ?;?go i% %@

greater t I"r"i\@t %‘b%oq"fogﬁd Siracefdlegiion! rﬁ%%ﬁbférrfé"d' 1t Xh@@lélﬁitlbﬁrbf a
reaction. s preferred that at least a portion of off-gas

from one sregbesjanoplaﬁemmeu iB atdeaﬁé@ngtof&ga%ﬁpmqta@res at legst akuit6, or 9, .
about 10, cglf 1%6" qur fiters b %u%ﬁt ?urfeic!éagle%a M LIPRs ret%?r'eg that the

of f-gas fr I'mafry oxi PSRy 848 %0 et Um and/o
of said ofélemtﬁnnfcufca“rhcmldilmtentmy \mm«ma(&aoyk-out ohetns s ateleasu abou’r@di um1

secondhry kil Meteraahayedbe sufahn siavete o6 sUrLad BRand of i Piorss

15, or 10, thaf thCetbiviation edtt a tilgam ﬁwﬂﬂfdry Qlitimh &5 Rhelclebiit gRsank ieneds than
di stinct secondary oxidation _reaction medium It is E‘“{’_Yef erred that at

| east one o 2Ddor Bacri ¥h obProgieEeabewhFouDd SHTTace eleyAlialy oxi dati on
reaction nedi Urfog8Pah At&HLMAtILA ORRR! iprbi M pbwRAT F@ReRf figth dalT 6FBEY

turboexpander and/or self-heating of a TOD according to disclosures herein, the
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[ 85] The inventions herein are preferred for a process producing a
crude TPA, in which total nonocarboxylic acid inpurities conprise at

| east abouyobofdlz31@r 2, 000, or 4,000, or 6,000 ppnw, . s¥fAfE6dREs7R
purified TPA, in which total nonocarboxylic acid inpurities conprise

| ess than about 1,000, or 500, or 300, or 200 ppmw; and producing

bot h crude., and r|f| d TPA irrultaneo%sl |n any relative ratio.
Mbnocar boxw%to ~have discrvere & stsprgng bearffrae daingoinereased amotints of

par a-t ol ui garsivlpor i vénedr BRoguREe RERlifRMHHhg -the greaté@@lssé@%f VOC that
i nventions herein are nore preferred for producing purified TPA

a b* col oroftgn |assempaRy sasbutncreasedopam@upts of veater vapon, 5A@Gordrmgiys the ‘

The b* val !Hg ontd Q4850 ??eo’ %Pgﬁﬁﬁ‘}g%g Qaftbim ﬁtsu@?qlé?ﬁéifl Wbtérsvémﬁ"

color attribute neasure scopi C |ns runment suc
Hunt er U tprasestnn dkcandshsemaihpas He kbeck-dutsdtgad, eand[catmT@Dan;et offrgas It

using a robPLgRRAAINS veRse! Ptes VeaduRiges BRD AR el Ve E argptl or - -

yel | ow (or2@seidhtpeecerit drlme)watehldfermewmar@nremsmucﬁr expdndind) @o
degree of bl ue (or absor bance of yell ow) 87J The |nvent|ons

herei n apghych dieah c‘@%@?”cb?ﬁi%’ﬁ’f‘l 'HgVﬁ'ﬁQ(F!r@n@’aGMq ihtiB "JFé?ﬂ&ﬁt thapygh
acid (I PA)tufHBe@rFénﬁe%pSS\Pvér cle it §Eb§l§dﬂfeﬁ§ c%)‘;rté#%ﬁ&' ngt&%ts for

met a- speci es ara-s eC| es, e. X, PA
met a- t ol uitteai@eat froa @D@ﬂdowahwta%pdnccanl@arﬂ lcerebee(ybenmdv@mﬂle( fasra’

4- b I

o sonar aRME SRR, ardioP dBhL SR AMANR, | P bRferfed il RR%, JRED Thter
conbi ned p.rapoeaﬁaisleaﬁl@tmglt U@Ohoﬂ'mo.aandw(]?‘br 150 weigh{ ﬁ&be#sqﬂ’etbbsuatér of
th t t nbi t ff f di ff

onct i on IR SEaEn” oFa S RiSmhaafdratd Y eoypih s el Bisig
and/ or dehpgienli @pssfa $he Lok é&l@#p?éﬁiﬁ’rbn Wfﬁlﬂiiﬁ;erprefémr@@lkwuﬁceﬁﬁémme
TOD, and/or brom ne scrubber apply in_all aspects also when the

pr eponder AtCRANRHN %X@ﬁémel‘ﬂ’ﬁtﬁi of E%@tform?éwn@ere@aﬁpwmqrﬁmr s
par a- substi t ut ¢gg nﬂ.&pﬁeferrseq errr% gsr p([?)&'e%offhcﬁv {RIFrPA
supbstitute

one other reactio umis neta aspects o t he
i nvention fmmatmrmqrgmaﬁ:smideaﬁraauoelohvcématarpﬂjiay hab smt&rrhé theprocess twith

por {1 on. Ol S LYE LR SEErk LORSg piesldy SALILAOM XL Rl

Xyl ene is ‘'subseque use
reacti on ramdownhodwatierarapor Teheerbtmarconypbrea@ed Airlis drspleséd elfeviheee herein.

t t | it I t
por  1'on- ot F1 PEreltes W veRledt Brfascianpr desaPars ohite WHEL QoA by
that is prcogphsaaat Ie)ésﬂa?oﬂﬁcﬂ'l Bf Wtef FérAidopothidvepekidation of BFcRmRRtdNY
used within 72, 48 hours in reaction nedium oxidizing the

ot her xyl alent gt isrprefesteghthat veBtagowates vaporseMafisemablearabPitdd). 08.0or
keep Co/ 'V?/ &Y Gﬂﬁﬁﬁd@faﬁ{ BFRIdtEr FORIEd FroRs o@éPE&ndQﬂﬁ] ok | 4rbAHafics and .
r ee wat er,

| sol at ed om t he ot It 1s not preferred to _
aceti c acisdlventipsekilogram afipX f&ﬂﬂmm&pmdmr@ﬂwlm reaction medium. ltis

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] 1t 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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[P -

[89] It is preferred to treat at |east a portion of filtrate sol vent
(parafiltrate) froma process wherein the preponderant aromatic
speci es arwoparastbetituted and a portion of filtrate FwTvien009/005764
(meta-filtrate) froma process wherein the preponderant aromatic
species are neta-substituted in a solvent purification and/ or

Conta) ni notieel (e e of TR P Alop, SRR IS4 bornBh ST upee

pr9|3f9I ggt Ii@JfBSdmtb gﬁocﬁsg vea&ﬂhaﬁ%séqeehﬂw:ﬂmel gasdoSmilaht stl}dwundmgs It
4 7,. US 7,351,396, an No. 2005 8
(the entirié Rfe&eTeskt d?aésvwef%waéﬁf 5?%0 WCAE{‘)%F'a‘P fethenwplsT °fbi/)8§‘ formation-

ref erence)compridcs ﬂpfegspé %fc@t" Sreef Waddr @’éed' @sﬁ%h FrePRobicOsepiration aid in a.
para-filtrate and of neta-filtrate is co-fed at the sanme tinme, as

conpar ed teplyeitngudication garﬁ@épn patglygliepraveny procesp rearepiseg disploswes in -

east a nojls BaPingllidsh gfpro%m 308 2ol 4 PaL AP Obhb ORE12005,

recover ed yst ro‘m sal cdss are’ su ed to form at
| east a p0®0382880f oxi di zation reaction nmedi um and subsequent ly-to

forma portion gof a-fl a-filtrate

form ng'a porti BAEH Borkteriof Pallertes W yaest W plepERinE B d A

about 10, f@im4fion Qion&ﬁsse@rat%aweEgﬂi‘rbrtlﬁﬁrdfenéteﬁffomw dramedxidation of fuel

inmpurities removed frompara-filtrate said filtr te sol\{ent
PRl 75 bR

purifi cat .wherampeaaltyaw%ﬁ%q h gr$ §na%'eb 98] B8RP SREAVREY
with at | egasd/oploidratbn méaﬂQaneran&Qme@rroﬁﬁamw& drelegent of the

aromatic inmpurities renoved fromneta-filtrate by sald process.

[90]OI Al'l aspect[968] It lsearefwmthethjﬁe@watern\@noolrtgmﬁ%gﬁéhemterquﬁ%
compr ess; dATMEUALRoteRED 8 (B8 3 Mrttn, SO SR frof G figeent PET

conpre55|o ans 8 oXI east
one oxi datpreneseanid enteringi tme VTMepmcetm hefengo tieeraiet eofoead OO, more

speci es are para.substipute east. one, ot xi d
reaction n'%rGF ﬁ&(frﬁ‘?@f% hen q%r‘é 8atgban I8 RSATRT e B@"Bg @kgﬂgprocess s
met a- substpkatedduch that the rhidivhur)l Hor&%ﬁ%ﬂfst@fcdfﬁ@‘nlm@mocess is less
pertaining to OXIdantpS§EB églntercoolercondensate appl y

d

| east a pdhenabat 1§ Bl QQ impterss o8 18 rRrstedess S?Ld BlE\Tl l&g:ess
with part pehogysed 4 ﬁ’orﬁbn lpaatT QQﬁ?pﬂﬂ&‘?ﬁédtﬁ;tt ‘?R)n‘f“%@foeTPAtﬁ]%cess It is

preponderant aronmatic species are a-substituted and wi th anot her
part bei ngprefasted thahat Iegatsa PQH@rmeE@td pPbcueduditie fedinte airaaetnn medium

pr eponder apt ﬁ]épf t

I n one errbatg aﬁ%%%%bﬁt Fgﬁgﬁbﬁe{?reghlﬁﬁ ?5 a é%c;dsfrra lor 24I BA 12, or h%urs
manuf act uraftuy tmng:&smed sroto phsaylede vparb-talubhiegyede ﬁﬁ‘é!amacﬁ-anmu raicity It
process. om at | east .one

met a- subst® tpu?f(éﬂr ePg‘ge‘i {h(?nwﬁ@(ﬁ Mg fr 9M$H mpf%"e&ﬁf 'Xﬁéeqsf &koyt 0.02,

| east one gy @ROBAD ANG §.4PEIoratsdr Kildgesh I agdtep Bf maxmn ot TPA. It is
preferred that the off-gas ari si n? from praé_Ponderant ey
met a- substRrefared thatithawvatemsenueg gy said kT amaess 49 less thap abgpt 34, or

or 20 wei gi§ 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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WO 2010/ 062316PCT/ US2009/ 005764 percent of the mass of conbi ned
of f-gas and | ess than about 50, or 40, or 30, or 20 wei ght percent of

t he mass o odbivdsiagen i n the conbi ned of f-gas. pPcHals26805764
of f-gas fromat | east one preponderantly neta-substituted readtion-

mediumis conbined with off-gas fromat |east one preponderantly
parasubstituted reaction nedium it is preferred that the off-gas

ari sing fr¢nPiee gasharenang/oresensitisser 1aterldheainours walsher chggra{iquid,

| east abouph&ner di?éctljy-%cd?ﬁin livy nﬁss%r@nd’i@cﬂ'ﬁ'bcﬂﬁ%Ciﬁlétirg corichBs feaf
conbi ned off-gas and’l éss than about 0.5, or" 1.0, or 1.5 or 2.0

wei ght per@@htan@? surﬁece_ﬁa's's of dinitrogen in the conbined off-gas. -
[94] When an agypny @leROMRIESEH FOOTRSAAHPRVER Droth ARy YuBled by

| east one prep y et a- subs t1on ‘nedi um an
| east one methybacktaienh loff-gear sccouding itd theefbllowmgadis@osuresli Methyltacetate is

preferred that preponderantly neta-substituted r t, di Ung. .
Fecei ve | &b KPR SIREBRICteD, b Meid-phAsa o dRBD SER gt TRAr Beriotiss e
total massTddhpvloafeso drélakiovid O & chrii for CIOPIBLRG Sinethyireadtdate\Vapl &ien
anbi ent air conpression neans supplies oxidant to at | east one

pr eponder dvdrly#iag 4t wilh yateiteErooNaE erelir ABHi satva andobyrrodugsmegacl
preponder 3éfﬁ+éﬁt.p*?ﬁ§-1 6r',=,tr\5\/%ddi§8é\%ré8'ihé¥3%ﬁ Bfficient TEA Epﬁﬁh%%rg:%tsié?ﬂ}

pr eponder ant Yy et a- substituted reaction nedi uns _rec_el ve" at >
about 0. 5,e.0r US 2001298689 and S ROREDGH819kithe pntinef distiesures aif whighsare

fl ow of o0x] | | Ssi S, t .

more pr e dpfaROEES L e die, TRBE HRTRER i ontlreialBh I 18 et
co- | oc?t edorémétmemté e&a’ietgﬂ @%@atboc‘ﬁiesd?@ﬁ?’mp&nwgantdﬁ—gmg has acestativelyt
is preferred that | PA produc in said co:locate rocess conpri

at |east dPWieang valied. ans ofgas afferFoniBins, aNEYRERaLAmQHATS of MeBr
di car boxyldng Aehid dcpf M@trgl 8Betalf pERISIseTRITUE BEIHENNE PTOERordéE to
is also preferred that | PA produced in said co-located process

conpr i ses dckigyerpawirethismperaturey ang degirudiongfficiengies at pelhitanta: ingluding
di car boxylj | - | r

(1961 1'n areenEracaEseh, G iRFadth if bR ISIED fok el B Renssry
it nore prieéler eqd metharet rhathanola fuareil, onustf be Bapplet to tre JQD iimeorger

e R BT T e
di ssol ving, sel@z2]i Theyinerdtor! hawd eliscorarkd thepfatiowitid ptefeged cange®Ver
3- CBA and/n?éth&loe;c%gaetg ir? ﬁﬁgci:ke-gﬂt 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 kilcgram 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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[97] In one enbodinent, it is preferred that said I PA fed to PET
reaction nediumis either crude IPAdirectly froma primry

oxi dati on weaeidmetsigredi um that is preponderantly neta- sudasvszbostoestcor
is post-oxidized IPA forned in a secondary reaction medi um whose
average reaction tenperature is |ess than about 24, 16, 12, 8 degr ees
hotter than said primry leactiqn nmedium referre sai
Crude. 1 P Sarsoriing Sutalits dopcion Eih s odt i plISEEd 4R ey Gptote
80, or 160provided?4t: l@astubiut 20CBA30) 6540,td1BD péredht o AI0Rel @6nt3m4@ﬁenﬁg
1, 800, or 1 200 ppmw of 3- CBA: at |east about 2, or 4, or 8, or

pprw of 2, B and | ess than about 160, or 120, or 80, or 60 ppmN
of 2,.6- DCF g‘,fcﬂ:p "gEtSHnt bt I

said I PA fed tomlzgll'[I é}ggtgg(}ﬁﬁﬁ orrgr%I I n %ﬁts]gc%n k%mrdeag?stf gﬁﬁior
medi um mhoeﬁ-gawseerag@g aaEODors teeaﬁbaatahomt i0s0Q, Ore&904abb@t00136 ord}.002
24, or 30, S

t han about k&?rg’ﬁ%e?% l&@ﬁan%%ﬁﬂ)é?@%gt% rﬁa#'sal r%rg#@ ;&%?jedéﬁt ﬁo'%
rrgdi um 0I tpraergedafthalr edrﬁd’nﬁim@thttjeilc@a&tr%gnl Riockoogtr oﬁ@gabnﬂm%fggas
about 1 or 4 ess t

or °800- _or SEE0NS 31 TobbIs, S, eh hEHAD4R, T Gt “Go0ap. r Doft incli pegent
or 8 ppnw. e&alaat@dfa% duwlash@mhtomwﬂn@rkleyﬁdélr%%b@?as%%us%n%unag 40

ppmw of 2, 6- DCF J Anot’her aspect of the present invention
rel ates to i npr 974k Idp\se‘@'» tif éh updesiidhlento waste ted Uy anesgyy whether

remved, T BBLsI R, HARSIE S BhAaAS ol K nilirh e TRIBI aBBlABtt s

anbi ent a|r or OXI Ssion neans for supply
pressuri zeprederpedthat ther tomeiltoemmxshpn iepergyuieleaseddy a d@DY ssless)thémyﬁﬁ(h [ 3

e br oces et o7 Al ARt Po KIS FurFi dos 1 SBhEpRrkind xRl
systenms typiattbn yneﬁmﬂucmeooWem@mﬁvﬁtrequir%ue Fgf”é’“sm?ﬁ?m’" fcf)mzvahdy

this water arated fromair t
subsequent P@c‘!h’ﬂﬁ@%&ﬁ@ﬁ ggBtesaliQn ée@‘(ﬁﬁﬁ‘ ki Hsaftedsql]ﬁg@%/ neat thecedt e a
condensat eTGﬁ)’arﬁl?uﬁ@éﬁtéH’d?ﬁé@nééHhe' SR ©AdHi§ TOD! &Y isI8Rwr Inhesart by

sai d condensate is conventional [y directed to a wast ewater treatnment
facility, WM@H@GW y -an oil skinmrer though sonetines conprising

bi ol ogi cal or fﬁee@ﬁdﬁmgtofgsaﬁmhame%t is a%proggélsjeﬂ%}écr)ﬂ_ﬂ?&[ed with the

i nventors have | s OVEr e OW Nng | nprov
oxi dant - sugmrating tretteaxds emd offrghmwnpcsmnmas disctnsedyhareihucht gy preferred

pe e e BB AR S04 6 b B B B g S 8 o
400, or 600, or 800°C. ltis 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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is preferred to feed at | east a portion of
oxi dant - suppl y-i ntercool er-condensate into a TPA process and/or

adj acent Rgd Piagess., nore preferably in at |east one glerhzhdsoNbg,
process steps. A TPA solvent recovery and/or dehydration neans,

especially as reflux as defined herein. A TPA filtrate sol vent
purification system especially as an azeotropic separation aid for

recovery o‘f’atﬁbAscfdﬁeﬁqls‘fat%bnﬂ‘ﬂﬂ'@np?fe'iﬂ?% SHE SeFRey rB%'FﬁHH WatRy is de-

i sopropyl  gRiraiZ2d35er Heligniad WaitSF, BRARR sfMh 8bRGshdagL ein. A process
for purifying TPA by selective, catalytic hydr ogenation of crude TPA.

A scrubber on dA7&hbihentnveriers hamd@qometedath‘amatdrS@Ehbqrrlwatblowdown
orti on of S Brtaseeniall Hhnrsind ek ShliebtlFrbedles Bl Per 00
utility -watemoling tetvenmmakeup \patefermddoydmgllypitiismgfeh‘ed tboldeont hagzst about
syst ens, ref er abl or use TPA roces and/o en
BT proced 00 aBifiastaER b ot fes Svutter dapa i gAs’ Botionh ek

wat er systfel whebgbsSportify dxGdateal eet.dﬁwndﬂnéanﬁn cammm Whitdt @itfier fhan
filtered water system A de-ionized and/or de-m neralized water

syst em A gis¢harging é&ll%?@p@b@l‘ water to a{v_-gggpwatﬁg tgqﬁ;mﬁtpt gt and/or directly to
oxi dant - supph¥nt SlRSGRmM "pg%’ 15 GRGERE 2 hﬁ:o\e%? é*?m?efﬁﬁbﬁ% réﬁméHtWater
A Wt

wi th cooling rredl umte ature, at e excess
di oxygen iobtainedtfioom agfrodyetson ta@tllmy compssuagtaryozadalthmrmhmagmduum can-

Accor di ngl Lt ferr t hat, .or r Lscl Q) se
a1 cast bbb abata 8 T 88 BhRrE ot By g E, WpBRarR UM
oxi dant - s btfmdeﬁpbﬁldélﬁg exlation q'eact&frsartc?eum mskitiligowater @éthpb(trta?d? ”lsoharglng
correspondji ng Qxi dation reaction mnedi 104 rally,

i's preferﬂ 8 vty HMREPe P \‘?’éﬁtﬁ‘”ﬂtﬁf FADRN et %‘”8’6’!&&@?@&5‘%%@‘?\'6@‘
with its idirfoddbiRgson via various process steps;but nonetheless, it
is inevitable that there are production upsets and mai nt enance

activiti es t halO0f#loducan aPRt'@ﬁﬁbrad\dy neYee pecfemed | gmbadiment.e kg dnverrion
exanpl e, &8s c&ﬁ@fﬁgrﬁf okl |§ éb%;;:t: ﬁorOgﬁgonnaucguﬁg%tﬁ%ﬁ%ﬂ%b}r‘%rﬂj

process shut own i s oft prece wash
st eam ng tS@coedmye:xemtlentreat:ﬂoy sahtcasoformtoc:essmgsthram@j aauhtarep:t odnnbined

and the a uch r can ] i nt.enance
2cti viti eoONEht feodY aBRE' deliioRasaheais) BLBPestindel bida . RERRtE:
for |iqui angas, natieoutandand)aMOD kRing/dribgoimthe@stidt er i s subsequent |y
returned to at @fﬁsp one, %{roces step and subsequentl\}/ venF]ed as

wat er vapor acé gdesirahine Wit JBPIRGr &3 RRPWIVN.MOFRVE 81 OPFERing
that such gréghuires Wagd e‘t@rﬁﬁéraﬁiresagﬁ %@&&ﬁd@yr%ﬁtﬁw QﬁecﬁﬁﬁﬁCtéﬁée often
I solation to control rel ease of VOC nmbi ent surroundings. It is

preferred Stlhatantlwa different. @pn@tﬂmes:sﬁ@m{@enﬂsemwt from @ atlmaaageactlon
about 50, OL; ﬁ/{;r 4t & h49)91é7r“b'1$e”§ﬁ'r?pflé ex n's%np fdwfgd%%ggﬁ
suc > o

the .volume o storage 'reservoirs | €ssS 't han a
9, 000 or r6a@ioD, ofbgaseVacrossila presetrer eduction valve into Iower 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. |t 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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[ 105] By conbining various aspects relating to expelling water in
vapor formto anbi ent surroundi ngs, nore preferably after treatnent
in a TOD, whangyetiih usi ng oxi dant - suppl y-i nt er cool er - qanuenemes764
and/ or brom ne scrubber water in disclosed applications for process
and/or utility water, it is preferred to produce |ess than about 400,

or 350, or_3 ar_25 (.2 100 # r r Ui
et owat or ool 70 T8RSy drroftesoieardlse” Bisars b enf suntodcs Pgams 1 fo
preferred fiirfalgerﬁh}orsc@we‘sﬁaﬁumwd Iair@_cmhmtufd mﬂdﬁmstédildsyng ﬁt Ieaslt one
continuously for long periods. It is preferred to produce se lo
level s of PG Ol CRBETRS| €RUPMERt Felsriediiiam lie s@éegtwﬁﬁ@?fﬂg@é}urg?emn f
90, or 95 pREARSNorRknsSeMmEARE KndcR-ot® HdaRE OFO DXhdIetbroRfihd 8&kubbér.i S
preferred to produce these |ow |levels of |iquid wastewater effluent
averaged over al084}i\¢henffomming agseoff-gasuvixiare dit isi prefefred thatdpe 2mpunt of
days. AP 1 | WA S ( 4 10 ;
conver t1 ngelb o SAeh InElyeY 1R BB AEHE B oref SRR MEaction
of t en contmediuat edmuch kessahap dbe ¥®OUnbpballoigasdn ghe mixthye thad igdguroed
acet al dehyPIe and vari.(?u[s di oxal anes.. |t 153 Pref erred.to trecgt at

| east a pof O TBRY el iasloN TRty  BETPREERQf IR 2N ReFnpary
common f achffghy, &l BNEreféréd Whhe bffifasT BRsihgr fidhi secdridany axidutioacesalction
TPA facility. Preferahly, said contam nateq vvat%; from BIET formation
is left inMedjrs POMRTIESS lasadhaniaborEFOr QEilPi £ 5 6F X Welanfpffcent of itpe
| s convertgdsd gf é’or‘gﬁiﬁ@ﬂ a8 M5k Whsahah 8880t 20, R0 8P506r 2 BR{JMR bercent
energy fromsaid adjacent TPA facility. [ 106] I'n anot her

enmbodi nentofothet massnotdiniioegen 1o earobined o3ff-gas.er Ing ariiusese @f ayinsary and
bypr oduct xk.dat | SeX1 1 ing said p i i~
raci ity SRR p et P et thar bl WRGing Y mbteteah Pridation
0.3, or O.raction Onetburks | apm@prisespat daist agoaim @fl, ar dhAt bc 0ot ngrod.B8dweight

used herein prod ion facility.cap inglude t ewat er_.treatent
[107] Nor ePePeRieo e ass of soubinetd of Biaescand, se: 1128 PRAM or T it BRror
formati on §.8060 0.834digINFerbéntasT tAe haredf difitfogamstesmisinbaefilddsy | s
treated along with at |l east a portion vaporized water of TP

A
formation in a [OR8 duis pEriAwGRd o ableast abopb 40 &F HhiPr B8noRPS, weight
accordi ng r?@r‘i’ty oﬁqﬁéé’t'iorﬁléﬁ-gésscﬂ'&ﬁ Ué@?edé%?r&‘lé‘ dRbhadhi Bdidhfok NRaction

0 from oxi dat ne WO

processin _reaction off-gas ion reactio um
2010/ 0623 Ireediunus2aoioes attleast ahost ¢0r eti6Q hor 8Giton Khweight perasing of

of oxidati i i ' ' . : he .

m ni num hor%ggtf')oﬁfg)ff-%gsggnc%r’aringénmsggagﬁ“e:ayéﬁp ﬁ?g?gm aglglrl H@élsélhge'gsa
t han aboutshb8&d), caomn®O solvenB@8covarry 1d4d/oretiehgdration i mepnef erbeekpamaier
at least a portion of TPAis‘féad IlntQ a reactiQn n@dir}mof sai‘céiQp |
adj acent 2, (HOREENEET ERNT ¢ MRl e TRnaagfBL Proypine sycrupper, It
12, or 4 h@tﬂréfe@;fetd.e{habfétﬂ@aétoé%iéﬁCbﬂcﬁfﬁgas e Ngaid |decbhday ahediued is
to process at |east about 40, or 60, or. /0, O grcent of

80 h
e of f - gdamed i SaisRRIPbER o abeeash,AhohedR0: BB O 100, &' Aared, 1 is
common TORrofghied tRACAOEES p?ﬁ@n ol 6fh]g§§ frofPsdid 3BEYAd ’m&'ﬁuﬁl?s fOfmed

70, or 80 wei ght percent o% e reactfon off-gas fromat least one
pri mary oxtdaemperatuze of leas tean aboutl £250,50m246% oF 238, o206 cli és preferred -
| east abo 40, 0 7 r..30 i ; f

TPA for na#%'%tﬁg Fegarr%t% ﬁl?ﬁbgr%fdag’tqagnﬁ ac%]%‘ts%%?gsgﬁ’o%gﬁslgﬁ 'i%\ﬁbgﬁeg at a
shared, cqressurd 0Dat izaskalpsei7eondDy oRTE) orviitt harat |t Bgrtfentzaiuthatiét least a

ggj ag;nz O’Fpg%ricﬁ 8&‘&?%(_:{%%%&&52%8 :ssg_cc):];nctiahr?f nvwvgtt'ii%% ?sf fofngnrercrj1 tha %E;:rsslur}e So?'lgss
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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[108] It is preferred that the nornmal flow of process wastewater
effluent from said adjacent PET production facility conbined with the
normal f | owoobhioassaess wast ewat er ef fluent from sai d ThéTarseshueés;on
facility is |l ess than about 400, or 200, or 100, or 50 grans of

i quid wastewater effluent per kilogran1of PET fornmed. If the anmount

TPA produced d_TPA product f g f th t
of TP conBRAE ok rearsreiy B atnieBenc GRBROPNGR Fetevenl UG eRE i,

10 wei ght m@éﬁ§ﬁarbobhgandéiﬂnéarwncdnueﬁéee\eﬁéaﬁfs Rﬁédwomméa@sﬂmcbﬁd?er
facility is prorated by the ratio of its usage in said PET faC|I|t

this val uebiogliRg sRuPbRET -t it Iﬁné'efarfﬁﬁ# thahat {eash Bahoriipn | ik oas BRMsa) @ast -
PET facili ﬁ’e s@tfb(i’\dkﬂﬁn'ie%uﬂh‘f% é%aﬁ@?erﬁﬁ@r‘éﬂlregf I %ﬁrﬁh%&?éo or 15,

Cl ai ns: rocess I ng an aromatic di carboxylic acid,
sai d pr oce@'s‘l @ 005G lmﬁter than a(p@)thrxoﬂsaldr:g‘f gas foonaaidcpriroagyouridation

at | east on XI It O er X

oxi di zor SEaPTS BB ot RS RV E e B o on, & prRGRe R Bhe
sai d oxi di seondhiy- rgaanucmrstf@irmedaﬂ d eagterdtdred okal Iegsiaatsomfmmpds pep>5,
kil ogram of t|c co ai d oxidizer

d fed_t
Fecover | hPARIFEERIE) R A OIRILO S Peads TOHED SRSGHTTaRp. qxidation ryattion

sol vent r eggyighY aﬁ}dﬁ:treg‘ ;Sd?trér‘i‘elifeébid PEFREHE Froin Ny digtirat eko eéﬁ@atlon
of f-gas conmm sing at | east ki | ograns of water vapor per Ki ram of

sai d ar ongepetictomediing. flbi Pf@f%féﬁ thatiadiloast .2 perdon of said off-gas rom one
secondary medium is formed at a temperature of less than about 20, or 15, or 10,

or 5°C different than a portion of said off-gas from a distinct secondary oxidation
reaction medium. [t is preferred that at least one of said reaction off-gases
comes from a secondary oxidation reaction medium separated horizontally from a
portion of said primary reaction medium by less than about 60, or 20, or 8, or 2
meters. It is preferred that at least one of said reaction off-gases comes from a
secondary oxidation reaction medium separated horizontally from a portion of
said primary reaction medium by at least about 4, or 8, or 16, or 32 meters.

[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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(c) passing at least a portion of said hydrocarbyl -depl eted off-gas

t hrough at | east one turboexpander to thereby generate work, wherein
sai d hydr owarbyvosziapl et ed of f-gas fed to sai d turboexpartiduS2e00pi7iees
at least 3 kilograns of water vapor per kilogram of said aronmatic
conmpound fed to said oxidizer. Claim2: The process according

o oam %‘éﬁ'ﬁbréﬁ\' 5, 51 Lokt sal g‘?ear Onel P@e%o%oun ﬁ*&st?rumant

kil ograns 3 vapor  per kil ogramo 0 sai
oxi di zer. such as@ Huntes: Ulﬂfhecep'r XEemstrameat (Hugtet @.s@baatesﬂ_ammatem Inc.,

vt er and J50F PUBEELHR Rﬂ%ﬂiﬁ%ﬁ%ﬁ%?ﬁi@&%a W afat BT LaRaa

accordi ng ﬁe@leaa@bmnsowepgbiﬁvéaé@auﬁ?s ighly te Hegre &W”élbﬁq&r aBsérbance
vapor conpounds in an anount of at least about 50 weig per cent .

O aimb5: TRkblyedcwbie aegative repdinoTsigniy theudaasee of MUMgrsawormr@ of
vapor passﬁbw?rhough sai d turboexpander is at |east 50 percent of the
anount of ss of water exiting said solvent recovery systemin

sai d hydr ocar byl08@dpThst dovestiongalserein @pply for processes converting m-xylene

(mX) into isophthalic acid (IPA) in all aspects of the disclosures by substituting
the meta-species for the para-species, e.g., mX for pX, IPA for TPA, meta-toluic
acid for para-toiuic acid;, and 3-carboxybenzaldehyde for 4-carboxybenzaldehyde.
This extension applies for a process making IPA separately. The extension also
applies in partially and/or fully combined processes making both TPA and IPA.

[088] Aspects of the invention pertaining to combining reaction off-gas
from different reaction mediums for processing in at least one solvent recovery
and/or dehydration means, turboexpander, condenser, knock-out means, TOD,
and/or bromine scrubber apply in all aspects also when the preponderant
aromatic species in at least one reaction medium is para-substituted and the
prepcnderant aromatic species in at least one other reaction medium is meta-
substituted. All aspects of the invention pertaining to recovered solvent apply
also when at {east 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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Claim6: The process according to Caim5 wherein said

hydr ocar byl -depl eted off-gas is not subjected to thernmal oxidative

destructi owo(2d@Dp2p6i or to entering said turboexpander .pCcT/us20090b364m
7: The process according to Claim1l1 further conprising returning at
| east a portion of the recovered hydrocarbyl conpounds to said

oxi di zer a overed sol vent . i m 8, The.proce ordi

Lo Ol ar m AIEF erAESt HBLEVEN, prases, St PREPREr ERORIF hféstdre
S(ﬁ| vent i Scdruaiﬁirigfedesis_@éiSﬁhdgpxbtd'tiﬁ%[eqatpnaerﬁGitemr asm_ta‘bla\lifi!t_l‘lpﬁé fofication
t he tenperature of sai jdjzer off-ga a : [OCess,
accordi ng ‘E'Btsc?rﬁ ?ﬁrﬂpr_l‘ﬁﬁqoﬁﬁf’fc’éldf?ﬁ'r'Pslij%g%ﬁﬁbi“&cﬁﬁ%’%g@smr7y§5£38 , and
conpri si ngysp| pgt. D&sA.1 PLES NY. 200500638288t {the iR DRXMbsGre8CHAWARA are
liquid solvent to solid-1iquid separation and/or washing, further
conpri si ngneepetaied hgreinfay tefereacelk| i dnhinare dneiesied that atleastaipprtion of
separatio C ' { el i I t | :
card 111 g adific EEL IAeEARaRNG el i¥is e (7R oedifibdrello Heing
accor di ng ¢angzigned B séprarice. dt id pasirretlthat at letasparpoetion of pediiet filtrate

filtrate sol vent, supplied to.said oxjdizer, enters said oxidizer at

terper at urdh 2SHE RSt b Pt CadiRy i Sk SBrEs Bl ubBealénty
accor di ng dsedGodform latfiedidt e po @A BddightiRAMRREscH Atediirh dndl Subsaglently
conpressor, and feeding the resulting conpreﬁsed air to said oxidizer

O ai m 12: PHEMBr 3 ROSUOH O AP gate 0 &fi Meter Al onAres greferably forming a
conpr essorpdrfiorftbf beMSHltrRRst | Y i pirsRet hat 3R 1chst WbBAEXD251986,- or 80, or 98

weight percent of the aromatic impurities removed from para-filtrate by said
filtrate solvent purification and/or catalyst recovery process are physically
combined with at least about 10, or 40, or 80, or 98 weight percent of the
aromatic impurities removed from meta-filtrate by said process.

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

[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-
species 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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Claim 13: The process according to Caim 12 wherein a turboexpander

off-gas is discharged from said turboexpander, wherein the discharge
pressure oWOal6d62A6 boexpander off-gas is at | east 0.0FWTAGEMFHEss
t han about 0.9 barg. Claim 14: The process according to Caim
| wherein said hydrocarbyl -depleted off-gas fed to said at | east one

turboex pa“?@FceﬁPHP{hbSrﬁéséBf ¢&ABned off- %éé 8R4 gégg tAhn gﬁbﬁf 50,2640, Rﬁrao or

kil ogram of said aromati c conpound fed to said oxidizer
15: The praﬁmhi(p@m&nt@@thedﬂe‘ﬁapﬁﬁmltmnéh thesegibined off-gas.

hydr ocar byl - dep o] i I \ r X

eomri ses ar -t oliSeT Qpieh; $RSab dtorh ettt The' SREERRAY MORKARMRLeq
accoL di ng tsacﬁba;mmcﬁﬁnﬁs nbnmnazmmm offigus frema ilewst ahel ppepsndebanty dara-
wei ght percent._of the water vapor presen S ur bgexpander

of f - gas asswhﬁﬁ'wtadméﬁaéﬁlovonﬁﬁi&ﬁ%yfo I oottt Bahdbis o1 Gop Sy from
daiml7: oﬁaemg n@&é@hﬁbﬂﬁté&n@&@h@ é&nwsaatneééﬁb@m 0.3 bANGE or
pressure of Sai d turboexpander off-gas is at |east -0.9 barg and | ess

t han about 1.8, 9r B0 weight percant £f iha saspnel ¢arakined offceasy and dessothenabaut

10 wher el fo $abfl LYY, of QWEngnt a&%taﬁffbﬂﬂsmggofeamkregeﬁm PESRRLE
istillation’ conpoun

off-gas.

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

[095] It is more preferred that said IPA and TPA manufacturing processes
are co-located with at least one co-located PET manufacturing process. |t 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 dicarbaxylic 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.

1096] 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.
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Claim 19: The process according to Claim1 wherein said oxidizing is
carried out at a tenperature of at |least 120C and | ess than 200C.

G ai m 20: wheotwesess according to Caim 1 wherein sai Gecar@imbiods7c4
conmpound is para- xylene. Claim?21l: A process for making an aromatic
di cat hoxylic acid, said process conpri sing: (a)oxidizing an

arorm L COMPOULA e el bR B SR AT P Racton

di car boxy! inedieh & eitfee cAide gl d.r@atlydrdme prinharg @xidtivh aeactioatmeiant that -
13.2 kil ograns of vapor per kil ogram of said aromatlg%r ound fed to

sai d oxi di Bgreropdaranty glaia:swtavtsé (OF 4% PORtzXiignmh IFA ineh seconsiany
50 weight pg ﬁ@mn%?f?M%secﬁf??gﬁé‘qéadﬂ&ﬁ'tHﬁ'fp@ﬂatMl%O@.rlé@ﬂ\éﬁﬁé@dut%d16 -

vapori zed hy rocar
12, 8 degrees hotter than said primary reaction medium. It is preferred that said
crude IPA and/or post oxidized IPA comprises at least about 20, or 80, or 160, or
320 ppmw of 3-CBA,; less than about 3,000, or 2,400, or 1,800, or 1,200 ppmw of
3-CBA; at least about 2, .or 4, or 8, or 16 ppmw of 2,6-DCF; and less than about
160, or 120, or 80, or 60 ppmw of 2,6-DCF.

[098] In another embodiment, it is preferred that said IPA fed to PET is
digested IPA formed in a secondary reaction medium whose average reaction
temperature is at least about 18, or 24, or 30, or 36°C hotter than said primary
reaction medium and less than about 80, or 70, or 60, or 50°C hotter than said
primary reaction medium. It is preferred that said digested IPA comprises at least
about 10, or 40, or 60, or 80 ppmw of 3-CBA; less than about 1,000, or 800, or
500, or 300 ppmw of 3-CBA; at least about 2, or 4, or 6, or 8 ppmw of 2,6-DCF;
and less than about 120, or 80, or 80, or 40 ppmw of 2,6-DCF.

[100] Another aspect of the present invention relates to improved
disposition of ambient water condensed and removed, rather than being retained
as vapor, during compression of ambient air for oxidant supply. Compression
means for supplying pressurized ambient air often comprise multistage
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 hefore 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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(b) recovering hydrocarbyl conpounds from said oxidizer off-gas in a
sol vent recovery systemto thereby produce a hydrocarbyl -depl et ed
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oxi di zer. systemn wherein water is cooled by direct contact with air. A filtered water
system. A de-ionized and/or de-mineralized water system. A fire water system.

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

[104] Generally, it is preferred to vent water VVapor 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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Claim 26: The process according to C aim25 wherein at |east 40

wei ght percent of said filtrate solvent supplied to said oxidizer
enters saiwoesiniczes at a tenperature of at |east aboutpcGfifS2009/005764
Claim 27: The process according to Claim21 further conprising
conpressing air in an air conpressor and feeding the resulting
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[105] By combining various -aspects relating to expelling water in' vapor
form to ambient surroundings, more preferably after treatment in a TOD, along
with using oxidant-supply-intercooler-condensate and/or bromine scrubber water
in disclosed applications for process and/or utility water, it is preferred to produce
less than about 400, or 350, or 300, or 250, or 200, or 100, or 50, or 20 gram of
liquid wastewater effluent per kilogram of solid TPA product formed. It is
preferred that this performance is maintained essentially continuously for long
periods. It is preferred to produce these low levels of liquid wastewater effluent
for at least about 60, or 80, or 90, or 95 percent of the time in a continuous 24
hour period. It is preferred to produce these low levels of liquid wastewater
effluent averaged over a period of at least about 4, or 16, or 64, or 254 days. A .
PET synthesis facility also produces water from reactions converting at least a
portion of TPA inte PET, and this water is often contaminated with various VOC
compounds, e.g., ethylene glycol, acetaldehyde, and various dioxolanes. It is
preferred to treat at least a portion of contaminated water of PET formation in a
shared, common facility along with water of TPA formation from an adjacent TPA
facility. Preferably, said contaminated water from PET formation is left in vapor
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 teast a portion vaporized water of TPA formation in a shared, common
TOD, still more preferably an RTO, according at any and/or ail disclosures herein
pertaining to the processing of reaction off-gas from oxidation reaction medium.
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It is preferred that at ieast a portion of oxidation reaction medium forming TPA is
located such that the minimum horizontal distance from said PET synthesis
facility is less than about 1800, or 900, or 300, or 100 meters. Itis breferred that:
at least a portion of TPA is fed into a reaction medium of said adjacent PET
synthesis facility within less than about 72; or 24, or 12, or 4 hours after being-
formed from para-xylene: It is preferred to process at least about 40, or 60, or.
70, or 80 weight percent of the off-gas from said adjacent PET synthesis facility in
a shared, common TOD, more preferably RTO, with at least about 40, or 60, or
70, or 80 weight percent of the reaction off-gas from at least one primary
oxidation reaction medium. It is preferred to process at least about 40; or 60, or
70, or 80 weight percent of the water of TPA formation from a TPA production
facility is processed in a shared, common TOD, more preferably’ RTO, with at
least about 40, or 60, or 70, or 80 weight percent of the water of forming PET in
said adjacent PET production facility.

[108] It is preferred that the normal flow of process wastewater effluent
from said adjacent PET production facility combined with the normal flow of
process wastewater effluent from said TPA production facility is less than about
400, or 200, or 100, or 50 grams of liquid wastewater effluent per kilogram of PET
formed. If the amount TPA produced in said TPA production facility differs from
the amount of TRA 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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Claim 1: A process for making an aromatic dicarboxylic acid, said process comprising:

(a) oxidizing an aromatic compound in at least one oxidizer to thereby produce an
oxidizer off-gas and an oxidizer slurry comprising an aromatic dicarboxylic acid, wherein said
oxidizer off-gas contains at least 12.4 kilograms of vapor per kilogram of said aromatic
compound fed to said oxidizer;

{b)  recovering hydrocarbyl compounds from said oxidizer off-gas in a solvent
recovery system to thereby produce a hydrocarbyl-depleted off-gas comprising at least 3
kilograms of water vapor per kilogram of said aromatic compound fed to said oxidizer; and

© passing at least a portion of said hydrocarbyl-depleted off-gas through at least one
turboexpander to thereby generate work, wherein said hydrocarbyl-depleted off-gas fed to said
turboexpander comprises at least 3 kilograms of water vapor per kilogram of said aromatic

compound fed to said oxidizer.

Claim 2: The process according to Claim 1 wherein said oxidizer off-gas comprises at
least 13.2 kilograms of vapor per kilogram of said aromatic compound fed to said oxidizer.

Claim 3: The process according to Claim 1 wherein said oxidizer off-gas comprises
vapor compounds including vaporized water and vaporized hydrocarbyl compounds.

Claim 4: The process according to Claim 3 wherein said oxidizer off-gas comprises said
vapor compounds in an amount of at least about 50 weight percent.

Claim 5: The process according to Claim 1 wherein the mass of water vapor passed
through said turboexpander is at least 50 percent of the amount of the mass of water exiting said

solvent recovery system in said hydrocarbyl-depieted off-gas stream.
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Claim 6: The process according to Claim 5 wherein said hydrocarbyl-depleted off-gas is
not subjected to thermal oxidative destruction (TOD) prior to entering said turboexpander.

Claim 7: The process according to Claim 1 further comprising returning at least a portion
of the recovered hydrocarbyl compounds to said oxidizer as recovered solvent.

Claim 8: The process according to Claim 7 wherein at least 40 weight percent of said
recovered solvent is supplied to said oxidizer at a temperature within 80°C of the temperature of
said oxidizer off-gas.

Claim 9: The process according to claim 1 further comprising subjecting a slurry
comprising solid particles of said aromatic dicarboxylic acid and liquid solvent to sclid-liquid
separation and/or washing, further comprising recovering a filtrate solvent from said solid-liquid
separation and/or washing step and returning at least a portion of said filtrate solvent to said
oxidizer.

Claim 10: The process according to Claim 9 wherein at least 40 weight percent of said
filtrate solvent supplied to said oxidizer enters said oxidizer at a temperature of at least about
60°C.

Claim 11: The process according to Claim I finther comprising compressing air in an air
compressor and feeding the resulting compressed air to said oxidizer

Claim 12: The process according to Claim 11 wherein said air compressor is at least
partly powered by said turboexpander.

Claim 13: The process according to Claim 12 wherein a turboexpander off-gas is
discharged from said turboexpander, wherein the discharge pressure of said turboexpander off-

gas is at least 0.05 barg and less than about 0.9 barg,
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Claim 14: The process according to Claim [ wherein said hydrocarbyl-depleted off-gas
fed to said at least one turboexpander comprises at least 3.3 kilograms of water vapor per
kilogram of said aromatic compound fed to said oxidizer.

Claim 15: The process according to Claim 1 wherein said hydrocarbyl-depleted off-gas
fed to said at least one turboexpander comprises at least 40 mole percent water.

Claim 16: The process according to Claim 15 further comprising removing at least about
10 weight percent of the water vapor present in said turboexpander off-gas as liquid water to
thereby provided a condenser off-gas.

Claim 17: The process according to Claim 16 wherein the d:-~harge pressure of said
turboexpander off-gas is at least -0.9 barg and less than about 0.3 barg.

Claim 18: The process according to Claim 16 wherein said solvent recovery system does
not employ an azeotropic distillation compound.

Claim 19: The process according to Claim 1| wherein said oxidizing is carried out at a
temperature of at least 120°C and less than 200°C.

Claim 20: The process according to Claim 1 wherein said aromatic compound is para-
xylene.

Claim 21: A process for making an aromatic dicarboxylic acid, said process comprising:

{a) oxidizing an aromatic compound in at least one oxidizer to thereby produce an
oxidizer off-gas and an oxidizer shurry comprising an aromatic dicarboxylic acid, whercin said
oxidizer off-gas contains at least 13.2 kilograms of vapor per kilogram of said aromatic
compound fed to said oxidizer, wherein said oxidizer off-gas comprises at least about 50 weight

percent of vapor compounds including vaporized water and vaporized hydrocarbyl compounds;

45



(b)  recovering hydrocarbyl compounds from said oxidizer off-gas in a solvent
recovery system to thereby produce a hydrocarbyl-depleted off-gas comprising at least 3.3
kilograms of water vapor per kilogram of said aromatic compound fed to said oxidizer; and

(¢)  passing at least a portion of said hydrocarbyl-depleted off-gas through at least one
turboexpander to thereby generate work, wherein said hydrocarbyl-depleted off-gas fed to said
turboexpander comprises at least 3.3 kilograms of water vapor per kilogram of said aromatic
compound fed to said oxidizer, wherein the mass of water vapor passed through said
turboexpander is at Jeast 50 percent of the amount of the mass of water exiting said solvent
recovery system in said hydrocarbyl-depleted off-gas stream.

Claim 22; The process according to Claim 21 wherein said hydrocarbyl-depleted off-gas
is not subjected to thermal oxidative destruction (TOD) prior to entering said turboexpander.

Claim 23: The process according to Claim 21 further comprising returning at least a
portion of the recovered hydrocarbyl compounds to said oxidizer as recovered solvent.

Claim 24: The process according to Claim 23 wherein at least 40 weight percent of said
recovered solvent is supplied to said oxidizer at a temperature within 80°C of the temperature of
said oxidizer off-gas.

Claim 25: The process according to claim 21 further comprising subjecting a slurry
comprising solid particles of said aromatic dicarboxylic acid and liquid solvent to solid-liquid
separation and/or washing, further comprising recovering a filtrate solvent from said solid-liquid

separation and/or washing step and returning at least a portion of said filtrate solvent to said

oxidizer.
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Claim 26: The process according to Claim 25 wherein at least 40 weight percent of said
filtrate solvent supplied to said oxidizer enters said oxidizer at a temperature of at least about
60°C.

Claim 27: The process according to Claim 21 further comprising compressing air in an
air compressor and feeding the resulting compressed air to said oxidizer

Claim 28: The process according to Claim 27 wherein said air compressor is at least

partly powered by said turboexpander.
Claim 29: The process according to Claim 28 wherein a turboexpander off-gas is

discharged from said turboexpander, wherein the discharge pressure of said turboexpander off-

gas is at least 0.05 barg and less than about 0.9 barg.
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