Di carboxylic Acid Production with Direct Fired Of-Gas Heating
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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
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[004] It is also known to recover energy, both themmal 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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[006] Mt is also known to send a significant portion of water in vapor form

in the off-gas to a thermal oxidative destruction means (TOD) wherein noxious

gaseous and VOC pollutants, e.g., carbon monoxide, acetic acid, methyl acetate,

para-xylene, and methyl bromide, are converted to more environmentaily

acceptable effluents, e.g., water vapor and carbon dioxide. Certain convention

systems disciose expelling "the water of reaction” in vapor form from a para-

xylene oxidation reactor into a thermal destruction device for removal of noxious

pollutants.

Summary

[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, andfor 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 reactionAoff-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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[ 7] The inventors have discovered preferred enbodi ments not
contenplated in the prior art. Enbodi nents of the present invention
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+ 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,



Condensed water is often fornmed from anbi ent water vapor in
conpression systens providing anbient air to TPA oxidation reactors,
and this watoemodm:2petentially contam nated with | ubri cardsusandossad
fluids. It is preferred that this condensed anbient water is admtted
to TPA process liquids, e.g., as scrubber water, quench water, reflux

water, VD 2010 062 3R 800 R00sTE oaferios Aaobl NEFERAEr”
directly to a |iqui dresameaneiciity.t reatment facility. After renoval
Femoval of hydr ogen RSHIBROVALRUGE herFaEsersTPD R BEHE o8 8 cace
to anmbient. This  many locales require removal of hydrogen bromide from
such treated off-gas before release -to ambient. This
scrubbing is often done by aqueous scrubbing to produce a
bromine salt, e.g., using an aqueous solution of sodium
hydroxide "and ‘'sodium bisulfite to scrub and to produce
sodium bromide. The inventors have discovered that
: blowdown water used to control the dissolved solids content
in such scrubber water is advantageously used as utility
water, e.g., cooling tower makeup water, rather than forming
liquid wastewater.
« A PET process also produces water from PET formation
reactions, and this water is often contaminated with various
VOC compounds, e.g., ethylene glycol, acetaldehyde, and
various dioxolanes. It is preferred that at least a portion of
" contaminated water from a PET process is processed in a
shared, common facility along with water of TPA formation
from an adjacent TPA facility. Preferably, said contaminated
water from PET formation is either left in vapor form exiting
said PET- facility for treatment or it is converted to a vapor
form using at least a portion of thermal energy from said
adjacent TPA facilty. More preferably water from PET
formation reactions is processed in a shared, common TCD
along with water of TPA formation.

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



scrubbing is often done by aqueous scrubbing to produce a brom ne
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gure il lustrates exenp enbodi ments of the present
i nvent i on.gradients, agitation, and resrdence times and distributions. The usages herein for
"oxidizable compound", "solvent", "oxidant", "reaction medium", and "hydrocarbyl"
are according to the above references. _
- [013] The inventions herein are more preferred when at least a portion of
off-gas from a secondary oxidation reaction medium is combined with at least a
portion off-gas from a primary oxidation reaction medium before processing in a
solvent recovery and/or dehydration means. A secondary reaction medium is
one receiving most of its feed of aromatic substrate from an upstream oxidation
reactor which may be a primary oxidation reaction medium and/or another
secondary reaction medium. See US 20070155985 and US 20070208191 for
descriptions of a secondary oxidization reactor optimized around further reaction
of the entering liquid-phase aromatic substrate, including benefits of operating in
selected process ranges comprising temperétures, pressures, flows,
compositions, agitation, and residence times and distributions, balanced against
various costs, notably including over-oxidation of substrate, product, and solvent. -
Herein, this type of secondary oxidation reactor is referred to as a "post-oxidation
reactor." Aiso, see US 20070208190 and US 20070219393 for descriptions of a
secondary oxidization reactor optimized around further reaction of the entering
solid-phase aromatic substrate, including benefits of operating in selected
process ranges comprising temperatures, pressures, flows, compositions,

agitation, and residence times and distributions, balanced against various costs,

5



Detai |l ed Description of the Preferred Enbodi nents [ 12] The
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pressur es,conkerBaticrenpodissbed, diegident iand, thisdansss depeferenoe o higher
di stributions, balanced agai nst various costs, no} ably. includin
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of secondary Oﬁhﬂgf iRRpiteatic¥e igenbRil CpichétehBed Sfot H@ﬁé? -eNipdratufs for
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descri pti @nergy recavesnaadr fpr dighirzrressuer ioactioh ipduet Wity atheulyentors

further rqﬁaeniaﬁ?ﬁg?s er é‘ghsﬁh%irp}afe?@di %gpg@@%agtqaagﬂg St 'Rt prima
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even while expelling greater amounts of wastewater in vapor form. |t is preferred
to operate at least a portion of primary oxidation reaction medium with a pressure
of less than about 12, 10, 8, 7 bara: It is preferred to operate at least a portion of
primary oxidation reaction medium with a pressure of at least about 2, or 3, or 4,
or 5 bara.  Itis preferred to operate at least a portion of primary oxidation reaction
medium with a temperature of less than about 200, or 190, or 180, or 170°C. ltis
preferred to operate at least a portion of primary oxidation reaction medium with a
temperature of at least about. 120, or 130, or 140, or 150°C, or 155°C, or-160°C. -
The inventors have discovered that it is preferred to generate the greatest
volumes and masses of vapor possible at the exit of off-gas from reaction
medium while satisfying the energy balance as required to obtain preferred
reaction temperatures and pressures. Undesirably, the generation of larger
amounts of vapor increases the difficulty in disengaging liquids and solids from
the off-gas exiting a reaction medium. Undesirably, such an increase in off-gas

enlarges the diameters and volumes of conduits and equipment processing
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not ably i ncludi ng over-oxidation of substrate, product, and sol vent.
Herein, this type of secondary oxidation reactor is referredto as a
"di gest i onwpeaflodssiz [ 14] Wen intentionally proggaishhB@esy
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[17] To achi eve such great amounts of vapor in reaction off-gas, the
I nventors have discovered that it is preferred to suppress greatly

t he anbi emvo MR 1062312PCT1US20091005756 | osses andedmmsamiorosvas
heat renoval from an oxidation reaction nedium of the present
invention across Conductive, isolating, boundary surfaces, despite

t hat such oxi dati eacti i.s highly exother, and re s gr
ool i - BS6E8 g aleriiahab ReaC Ve Yieth A Sidafior Beadiethtrefiurg c he
90, or .95, pRieAPiMenfiemtactdss BENCIGHOs cibolARg eBunsatyfasicasedespite that
vessel s and/ or conduits containing at | east a portion of oxidation

reacti on nédRhAxidation Jeastan W& Nig er@@efmwoau@ reqies greay, QPP““Sr It is
0.04, or 0Opf fﬁﬁqspi&r&m&? 0t igast &sut% BRYer beds, drtad Sercent of the -

preferred ?ha er ma energy osses t hrough'exposed, ‘ambi ent surface
area of coexhdsed, ambient surtasel areaqiftvasatisgand/orn conduits guntaining aff least a

oxi dation react 'Qj rﬁ»g&éj[b {%ﬁl{)heﬁadﬁjm'&r@gﬁ%mﬁow c}Rrat st 869&89.0"!( ot

Watts per R? 8Br correspohding OxI l'on reac
medi um | toiog, pr ofoey; roetm OS)MGta‘BtthmﬁDésmgf inkulatioh easterial. pois pefernéd that

oxi dation reactjon ne oI | | ui.ds g

o o by DR BS SRIEY Jesese oo, axpbsed: 2mbnh sliidc el aluts ebgror
such t hat @éﬁé@&orﬂﬁﬁrﬂ{af @aet/alpdrﬁoﬁ ersexrdaﬂan 26mtionPBdiupy ald lestl than
0.1, or 0.01 watts per kilogramof pX fed to correspondi ng oxidation

reacti on nekpuind0, or 20, of 14} ofo %d’fﬁ@v@%ﬂi&@gf@ﬁeé’f P%Tfﬁ%tt% cgrresppading
in reactio % Pe}rctlévn?‘nécﬂl‘ﬁ‘ﬁntl? Brgﬁﬁeé%qlnﬁr %f%?q’é/a‘%rteaderttloh%f

preferred O an oxidati bn reaction ne are as
pract i cabl exidatyai reabtiopi mediuhabysutiity cgolitg floksy e@.x wateri andhiagihIthrough

exot herm c_an equi ) eat coolin [ t |

feed to at®? §['Ve0r{§° ﬁ"ﬁ a&)ﬁ’x&g qg%%qu&gfaﬁrﬁé %H?ﬁ tégg\g‘&?@ E&Qérgy
wher ei N cogimd@l isSless tHan atsslitatioe or ¢8Idin Mg, bi 0K vedtageerddilogram of pX fed
corrpressmn It is preferred that at ast about 50, or 70, or 90, or

99 per cent °(ﬁ°”ﬁ$€°ﬂ‘3'§9 Oéfdaé'ﬁf‘deﬁ?}f?&'@§ ®-ai r reaches an oxidation
reaction nmedi urfoykj hl'd"‘ abﬁ@)@rél}dhr gre%tt drﬁé‘@ﬁtsaé?%&o@% rEQct:&Qoﬂgé)éé fthé
0

is preferred that at | east about or 70, or or 99 percen

the mass ohvertots bave ferthamase disaoxerass itds poxierad that feedst tooan wxidatinn
wWth a te%%&%#fn?earam%ré seslrotage%&tteebra,;@m vlsgfférﬁﬁér;‘%ﬁ'érfo&da%on
SSOr m nus , . or , Or , Or . t Is

corresponding alr conp _
preferred teactiors i au@ﬂ;s lmdmthderatic a&nd esptiresbgneat $0pling. 710, is qrefegredothat

f, d mbi f
o coner pRdan @K 8P Ban AR bGabH A EEn M ud s BRI S T RME S
! easlt ?DOLﬁodﬁnQ%mimfm&d}éﬁer@xrtﬂlmal gtade ﬁ%dWréS@om hitdk pesferrefl that at
i nsul ati on

. [19] 15 is eferred that vent covered from
Feact | on depstgaoutiptaton Wn st Sherrcld PerRent 68 e FipSs ol S ORISR AT
means and {hefied ShLHx'r’tFéirtheﬁBtu&%‘h?&‘ﬁdrﬁ%ft?é%hfb@réfﬁ@ HMedkt Bbdut 60, 70,
tenperature that 1$ above anbient tenperature
80, 90°C. It is preferred that at least about 50, or 70, or 90, or 89 percent of the
mass of said compressed air reaches an oxidation reaction medium with a
temperature of at least about the discharge temperature of a corresponding air
compressor minug 40, or 20, or 10, or 5°C. ltis preferred to insulate such that at
least about 50, or 70, or 90, or 95 percent of the exposed, ambient surface area
of conduits, vessels, and controls for delivering said compressed air are covered
with at least about 0.005, or 0.01, or 0.02, or 0.04 meters thickness of insulation.
[018] It is preferred that solvent is recovered from reaction off-gas in at
least one solvent recovery and/or dehydration means and then returned to an

oxidation reaction medium with a temperature that is above ambient temperature
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and near the tenperature of corresponding reaction nedium That is,
it is preferred that hydrocarbyl conpounds are condensed from
reacti on ofybh-@ane2appropriately dehydrated, and retur nggrhR26088635LN
medi um wi t hout bei ng much cool er than reaction off-gas. Mre
preferably, this hot recovered solvent is provided with limted

anounts of thermal energy input through aonductlve I sol ating
heat - excha@itfe Nsa0ibarteMpgratyre of ogrrespopding) wastion| vediNere Haﬁteﬁn it is

this resul drefctred mﬁvﬁﬁrﬁiar’wprcﬁﬁ{do%hab Yare! BbiddHelNfroRMedttiod! off-gas,
thermal energy renoved in said sol'vent recovery and/or dehydration
means. ‘|t appreprigtelyrashydratedaand eakrnet bureaptiongnediom withgat beinggouch . -
wei ght per f S C d u |

Feacti on it FrkepEraYEaE, . MY teteriuR R i3 Hger sEh s
180, or- 17@6yided nw&hllimltsd parebemtsedf ribem’naj emenggf @put Hbrough enadmtive,

into recover.ed sal vent ratur er han the te tur.e
of the pri ﬁ@?&“%j?‘?fi bf)ﬂg 'FglPé?‘? &8 erein,
| east abouhis4fdsufris GébhnévedSQy ap'pr&s)naftelyglhﬁutuﬁgrtﬁ@r&m@untsaf dmdrﬁ@@fee@
solvent is supplied to an oxidation reaction nediumwth

a
t enper at urfemevedn saidssolyenl Fecevan ansfordshygrationangans: s Riefared that
t han about o] t
about 40, oash HbgfPgnrr 60, o280 cl R0 WeidhE pRFEnFOL 81 iSEb e feREnt s
sol vent i suppfied ke @ntaxidatiopxieastion mediwotwith arteaiperature pf tess than about

br ot or r ed 20apr 390; 880 5o Go sinde 158 erferkf hoyto yehSler ol eneray
net t her mahtoersogsradnpoiiveh at asmémportaturecgwatgr toadl/ the cmhpétaanreoof the
nmeans cones, di rec%ql@}/af romthe e w of . r

{ ff
W thout 1 ALY Cekdalig) reraiats meain-oh BreretisRnat B e ekt 4D o 60, or

heat - exchayug @r oy ey Eélﬂcéﬁsalﬁtrebévé?ééfs@l\ie?@ i$ Rappdd ke @t oabattn
40, or GOQﬂEr 80, or 90:%' ht percent of said recovEFed sol vent

exits a sdeadion reedvey yw&hndﬂorteru@ﬁmr&t i%hn akeleast valavt a reactiear fffogas
f at | t f
or a ea%mﬁgpdt'ﬁre rﬂ!{?lugggpﬁﬁigéﬁoﬁ 8 0%’? 49S ?8%@ mﬁﬂmftgcw |Q’br81fe§'re9%at

m nus | ess an abou ein rocesse
t her ei n usit hepsh abbet 4@ oreﬁﬁsrcyyﬁo rqmﬁo wangbtugaroeohdnsald\fepoveyedaioiweglx is

o o b MPRI PO eBYE) BRToR a0 7 B RM e odh atin 88
gg:}{jﬁif?%ﬁr m?s gFatmI) ln@:mm?d] ulhigvptafeaed ltteatrat lleasiabgut 40pot 80,hsrod@) hor 98

heat - exchange boundary surfaces of, |e
Shout 100 Pegrenae s Hethegmabe ooy Japorto du Soie e oY ATSHor Gehysathy
solvent. Ifedr éHrﬁé@Hi’réQtlﬁ ﬂoh‘ﬂﬂ"lé' éﬁt@nﬁg'%vﬁ Seteadtioh @MSGastRRHbut/ therbl

90, or 95, or percent ‘of the exposed nbi ent surface area of
vessel s afEEy trquxommgqm@sggbmgomﬁwbﬁam boupdatyasuifasgs.

at | east Tt ngrét??%go{haf %8‘?%%& 8'4988]; 60 Br 80V 6F 98 \)M-:‘lbg ﬁeré ?ﬁi‘%tf said

about 0.0 meters thickness
mat er i al . recovered [sRBEnt téxits aprm‘ivmrterecom and/or a!eby@nahoenmeaeso.vﬁ'r@d

fromfiltration,and dTPAlsrturn

Feact 1 o KEDPEAR LGl Eiged wtPyr fip cormpria s el Ao bPeaheblion Syt 65
thernmal eRgnEy Idskrbea b @I tor v, org, ari 119C hrawé beiehprigesbed tikrein
surfaces. Filtrate solvent is, solvent from mechani cal .separation

and/ or / oMS@sRi el senergy TisRYE (1BFRughs Icordyctiven Jsaigling. Misat-exchange
obt ai ni ng bBUﬁ&é@tﬁJrﬁanbgeé‘ft lés§ fhiaht él%dto’fb(?“& ‘3@3 b @, Ar 5 Hﬁio%bWruEYpr

any nmeans known'in the filtration art, but all other nmechani cal
separ at i okdogapwaf recaveeedisolvent eptars @Tpperes@pns;mg ea¢tipne mesiyn fwith a

pr oduci ”gtﬂérHaf g&ﬁgll%ﬁg@t thrSudh ' cAHRMNY, RBldtihh N Heat 8RRAIJE Bundary

hydr ocl ones]
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 feast about 70, or 90, or

95, or 99 percent of the exposed, ambient surface area of vessels and/or

8



[21] Before returning to an oxidation reaction nedium it is
preferred to cool at |east about 40, or 60, or 70, or 80 weight
percent ofweabdkisitrate solvent to a tenperature of | esI/gshewoedrsut
100, or 80, or 70, or 60C This usefully reduces the solubility of
TPA in the slurry, and it usefully reduces the corrosivity of the

! oo S AR ST B St S

control s Ci@ﬁﬂralﬁ:ltﬂﬂg d1her 810, 290.Ganadr Drﬂmﬁemr@m«sﬁneﬁss lof irslutatioal matetrial. -
Suitable materials of cons{? ruction for sai g@ngol ed filtrat efﬁol vent

conpri se vari oU92Pkihis PigterRd $A Trele POYEHLIECOSPAsTYR filtration and

resi st anceayagiifd of Sofid FPA %Sr%térh%'t@ A ofldBlichreticash $‘necﬂ§m with elevated
alternatives to titaniumand other nore expensive, highly corrosion

resistant teotperaumpraideday transfer of theTmabeRarey thiough SoRBreives Eolatingd
that at Ven?ﬁ’éﬁgéﬁou% 1 sfurPJceZO Fiftfat8 G offeng i sBR@ﬁ?%nmeé&ia%cal

f||trate o) provi 0 oXldatron reactlon lumw th
i nl et tenpsparation ahdatr feasastihyudf &6lid dPAOGronora Smny orOad0Beahs fos

referred tqQ use | ar ener her nal ner [ a and/ or
Pher i erittaPe: St sSvebEH aheing and Vabbo. b EPR: Sl by ABY Bhane
60, or 20,krfwrBin e Fitr&fdrfattobheal oﬂ'@%e&%m&ﬂ séParationg kno@in i&Othe art
wei ght percent of said fi ltrate sol vent | east about 10,

or
or 40, or arecc%e@p@t%éw Hhe iinenters M.msﬁv%gr tate SRVARLi &1t grtavn%
preferred gé‘? dfrrglfféﬁ@é aBA8heYKeNto filtrate sol vent
atin

t hrough con |ve heat - exchange boundary surfaces.
[23] It is pref[@21]e(ﬂ3af¢r&trep.)(nlng focan oaidationXeartionomedisaittit inprateriregnto

vv| th el ev [ be t

or 70 bopf abBERERSIH'D, of by 5, 700 iR BhrcRln bPEIH A schfbnt 6
react i on redempenitire afhldssl tHan abumtenamuoesof cat70 eausﬁO?a(bouﬁ'hEOusefully
90, or 120, .or 140C. It .is erred o use,sol ar ner
energy frdRABess é§§°|%mﬁfp{%ﬂme slvgyggnd r'to‘r'ﬁesf‘t" d@%ﬁaél?% °HH°3'E"%
pressure off thestitrhidasoiddtuio Qﬁ’at R&s UkpeRsive. materidls BAGBnéteudioat malyobé
40, or 60, or 70, or 80 vvelg percent of said pX by at | east about

10; or 20, ‘usgg fqocoraﬁuutgog;e qug@pek agpoqtag@e%wgmpt gm’g,cgmrols comprising .
tenperat unge l%‘fgrggé fanﬁeﬂ Egsélﬁﬁe%f f a@ébgﬁbhpnsﬁﬁﬁﬂé'rﬁﬂeﬁﬁ@ (W'c‘.oﬂsttrubﬁon

preferred to tra energy Into pX through conductive,
i sol at i ng,fohsait-aootsdafiityatebaninerntr gorapriseavaripus metals ﬁ@d]a"s@mtatfap;le@te

nmbi nat t
o Bl ASEAIchE bR A STNSEAL U1 G20l RO B2 Sferbies b
I ncr eased titarsjumdarfd ather more erpensive thighly cer:tomon résistantianetadls amdiailpbgs.n
it bal ' der, t hi t
tempor at ot es. agia LRUEVEE it (iR preter] Dinat rst Bo0m 49 eragaor go or
reaction igp we t/ Ercaft bﬁéaﬁﬂ&"ltlﬁ@tso%nﬁ%' pf@ﬂ'ﬂed@@@&ldéﬁbh@éactfoﬁiﬂh@ﬂlum
t han sensi bl e I ng of feeds, and an increased anount of

sol vent f oD éRl'ﬂ@t t“Pf@P@Eét'éF@c phat least raloul $0s @r & tor, h8fr of ﬂ4ae%ctlﬁd$1
of f-gas. Ungesinablye 56 n%g thé\% %%@Fbyaigiﬂ‘{] Qg drﬂd%’r'tﬁeﬁl%lvé?@rgy

feed requires nore cost U|ts tros along with
i ncr eased feomp ateam o@nqnnmgqgt @m@sure of less than about 60, or 20, or 8, or 4 bara

1o heat about 40, or 60, or 70, or 80 weight percent of said filtrate solvent by at
least about 10, or 20, or 40, or 60°C before feeding into an oxidation reaction
medium. It is preferred to transfer this thermal energy into filtrate solvent through
conductive, isolating, heat-exchange boundary surfaces.

[023] It is preferred that pX is fed to an oxidation reaction medium with

elevated temperature. It is preferred that at least about 40, or 60, or 70, or 80

weight percent of said pX feed is provided to a reaction medium with an inlet
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[ 25] For conpression of anbient air, elevating supply tenperatures by
omtting an after-cooler often increases the anount of water vapor

entering twe Mohodafia on process, unl ess a desiccati ng NMeganfuskéoos7se
provi ded different fromcooling. Such added water nust eventually be

separated and expel I ed fromthe oxidation process along with the
wat er of TPA formation jn order ta| S d. sol yent
conposi ti otﬁmpleﬂ?tPF?ePﬁﬁY (?as\'/\ﬁ%‘ﬁm éfgﬁ) 19’5 (Jé‘vghistﬁ.ﬂa red to use

expel | ed, ydhpt BREGHS thARRN eplerdy fantl ofi @olarﬂlorsmﬁnauéﬁa@eﬂom steam
car bon-containing mass is often | ost coincidental added

wast ewat ercanggsing atva RrersUrs of less: Wanaahat (ﬁong"'t%y 0;5?8 A ‘hibtara Thheat
h addi
such addi td u"glhoeun ésd?(F??ngF 86 3@3@? ‘e &rﬁ%@%ﬁsp%@py a%{‘é Gt 10Ty 288

vi ewed as dou ing a potentia oss and a
wast ewat eronm;rmaeaf’c above bLiJlQS]ora@a\@ndr‘qr ampbiest te;npemmrel hefore feedlng

di scl d .el sewh h

vapor _and ‘15 SLaxpRR: seectoh i 3FBERREC 1 YRR s B Bia Bheray
fuel in aifiepX tmaugmumwueehaulet[dgammﬂehb@mmundmﬁsuﬁa@sbenefl_t
for | eaving selected anbunts of water vapor %?p&gggée sed anbi ent a|¥

used for oxi dakP24le &gPariely of Hycpmbinatiog, th &3¢ tgiperaiytes o
about 70, QmfHdssey a&lrec\é@e?é?!l%loéﬁt?’%ﬁ% ISReRP AUdIS BR r%@wr@rsugélylng

wei ght percent of oxidant feed to at |east one oxidation reaction
medi um of lmf@a?ﬂ(béléhld flowdnta @R @ﬁﬂ@ﬂqrbéﬁsat‘é@r lnea&eratb\omamamlts @nergy

orSusnondaiicelln, Brdks 16! AREAT ROIRCboaRling eRfHRRL Bl fifstres

correspondl ng oOxl d l'on"reac di um

0. 10, or ONBB, hotter Geds, kmbmgro&rthefhe.adtcdrrqaehorkns osgmanedfagplatérmtdheat of

cor reSpon%ioR%n9)§zaggF|£a {?mr Fathe L r thah sensrB!e heating of feeds, and an increased
amount of liguid solvent feed exits the oxidation reactor as solvent vapor in
reaction off-gas. Undesirably, supplying increased amounts of liquid solvent feed
requires more costly pumps, conduits, and controls along with increased amounts
of pumping power.

[025] For compression of ambient air, elevating supply temperatures by
omitting an after-cooler often increases the amount of water vapor entering the
oxidation process, unless a-desiccating means is provided different from cooling. .
Such added water must eventually be separated and expelled from the oxidation
process along with the water of TPA formation in order to maintain the desired
solvent composition. * Furthermore, when such added water is eventually
expelled, whether as vapor or liquid or solid, some purchased, carbon-containing
mass is often lost coincidentally, and an added wastewater load is eventually
created according to prior art. Thus, such additional entering water vapor in
compressed ambient air may be viewed as doubly undesirable, creating a
potential carbon loss and a wastewater increase.
[026] - However, by using inventions disclosed elsewhere herein to expel

increased amounts of water as vapor and to use limited, coincident amounts of
VOC as combustion fuel in a TOD, the inventors have discovered a net, positive
benefit for leaving selected amounts of water vapor in compressed ambient air
used for oxidant feed. Accordingly, it is preferred that at least about 70, or 80, or
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[27] After exiting an oxidation reaction nmedium nore preferably a
primary oxidation reaction nedium it is preferred to use at |east a
portion ofweofdr@gasit o generate an anount of shaft work pSiamgomees7ed
nore turboexpander means. A turboexpander neans, or sinply

t ur boexpander, is one or nore turboexpander steps staged in series,

oxi ting t haSi onmvegRLadtRht clbisniecs KA ERR ARIERaAER Feciffeaium

further pr Qﬁﬂx%spr%%.@rﬁtsmvéﬁldrﬁé@hbﬁéeé at Imeabomso DU 003 i . 04 or 0.05
off-gas. It is preferred to |ocate at ast one turboexpander
ge{)cglﬁn

such that kiogramnelcwaiarcesn filegrareaf tpa< d @ £OfresRRNEBEME
for supply Qi bHaMsd ham Rt 842, &r'0. 1641068 WGT'kﬂo@n%’i‘rY%f‘Wt@{EHﬁér

provided by a rotating mechanical shaft and/or gearbox
I n order tbulqmammfpé(fgdatworremndmg okidatier reagtipe nedivimi ni ze t he

| oss of pressur@g\?g\ééé}e er egﬁrg%dgﬁ rQEI:t %ﬁL%rm%?é Hef&?a@ix a

t ur boexpander . are conp |ng consunpti o
of pressur grimaf txidaiorataacton meediymi it lstpde‘erred to exse\mneasila/pottloamf aff

Gahyarat 1 oRewaasnergoan gyl of soef ol bR e £, mate difatpander

recovery aphRg. dﬂhﬁﬂbaé*pahd@earﬁéawcae@ﬁﬁpgr rRabdexpindeheisr edgced more
pressures referred for the outlet of a turboexpander means, for the

vol ures of ushgexpandefcstaps slaged dinngeies, LRjienally With opegyr MOrg; istarsiaga
herein, ﬁ%ét,h§e%8§ﬁs havendi DR %uﬁr‘iﬁ*théatlb%ét OhrekSatel &gl Nt a

enabl e and nce the consunpt pressure and tenperature ener gy
from r eact tutoeipnders prioa ol fudher r procsess ystepd/ o8  defieyredatipoherginnas

agai nst the recover haf

means. @‘(5‘?/%% ggd%ngﬁ'gﬁabl “FD gré?cggcg] Oocgft? g?%é sgro g'? epﬁ;ebg&égﬁ\@%ﬁ tep

recover y awurpmadahs/df%anmanmnsedat@atmsaon@domm etdmeﬁoe IS[lppIy of

Bef ore proceedin to t n} t he Brﬁferred .aspects. taln n

Fur boex pandeHaRiddbre ambieat aiy oSbaR inkade i€ BayeniehBhpRofted by's Zetatias

to the premeﬁﬁchrsggﬁtgng/drag&ego,perta| ning to inlets flows to

t ur boexpander steg preferred that the pressure at the off-

028] In order to maximize shaft power, it is desirable to minimize the oss

of pressure and thermal energy from off-gas before entering a turboexpander.
However, there are competing demands for consumption of pressure and
temperature energy in order to recover soivent and to remove appropriate
amounts of water in a solvent recovery and/or dehydration means. Also, capital
cost requirements for a solvent recovery andfor dehydration means increase
greatly ‘at the reduced pressures preferred for the outlet of a turboexpander
means, for the volumes of off-gas become exceedingly large.

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

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

inlets flows to turboexpander steps. It is preferred that the pressure at the off-gas
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outlet froma solvent recovery and/or dehydration neans is reduced by
| ess than about 2, or 1, or 0.5, or 0.2 bar static pressure eval uated

f rom wher ey 88 fids P2 pff-gas Is fornmed near an upper SurPfC%ﬁ.%zt%mumss

reaction nedium It is preferred that the frictional flow ng pressure
| oss through an optional heating neans providing thermal energy to

of f-gas between an outlet of a solvent recovery and/or dehydration

means and eutlet fom agolvgnt irasyeRpamrdier dekydratien meansds éeduced tpolgss dhan
16, 000, or 0 r.4es @0 I ' e 3
of off-gasa%f&%(l‘)lolr 21 2t 0'?’ bgfal& i rstg?tté%ﬂggﬁg%né e#ﬁa@?%%%ﬁéwb%%u%égﬁﬁﬂy&ﬁ
| ess t han gdmigtfoBnednedr annuppebsudaceddolraaation nadicmprit Espretersdalhah thed

from where, reaction.off-gas is, forped near an,.u r surface of ‘e
react i on rGIATAl QWing PIHSSHTE, 058 PFRHIN AD BPUYMA aedlino, fiEans) ripvidine
at | east ofpetrHalbepIRFNUEIofEHSP hdiwabn | 8astutilloot a2 sovenB.re@ivety &id/or
bara. It is preferred that the_H!%ressure at the inlet to

, a first
t ur boex par@Rilydation meansand @RdRlehpbaturbpexgandgy is igssgthag abeuh,32.900, er

i's preferrfgopdad 4 bew M,bbbqﬁis%g? Eﬁé "p?éfﬁfr%d'tﬁéﬁhb%r@%ré’ﬁf%‘éﬁéé’sgﬁt '

conduits and prlocess steps, suc eat exchange neans, sume
bet ween t han intetdo atfisstdurboexpagdergiepis agused bydesthaarabouhd, ol | @t0.5f

Pascal . S 0.2pa s Hadeted sompnele e300t SB g foffed ndP
fromthe odif uppesr stifiate fof opactiohveediume cibiseprefamet thvat drehyreisatnecat the dmiet

to the inlet of t ur boexpander in .order to.mnimze the |lo of .
her nal - or@AJeRRon BRI APHSL PP 8t aFF L Go 5 g Op e 8L R RNEn e I
by f1ow ngprbfardd ipaathe: pessuiehat theviakt @ 3 firey eurbdbégindee didphistiesd than
preferred to | ocate the off-%}’;F inlet to a turboexpander within |ess

than aboutabeyt 180, a8, 207 hara.1 8 isbrefererdaat flawdng Bigipaal AressHre loss
surroundi ng ﬂfﬁfersﬂé@bscd%h@“azr%sam‘ésé G‘s‘iﬁﬁ‘é’ ?sﬁ%h%h ﬁ’lteat] BRcrreheafs,
e Inlet of the

head of off-gas 1nto~static pressure at t
t ur boexparsimmed ibetwearh thee indstdpi @ firstfstage -of dgrborkpantdsgr anidvibetoutlet of a

recovery gnd/ d ratl a (R R g t above
rade. " 188 o I B FolFBED00 5580 RRBlock) B APp HRisar
Ere{(erred to m'rEn.’ls‘r]i 2dthbbgh _tﬁaj;skdwirﬁ,b?t@ neininaizé thé atistancel éom Resl odfeghs
ack- pressure hel ps to maxinm ze s t power recover th a .

LUt booxparkitr TP FeallSHE roePiene. SRUGHDEBEBlFT creahans JBEuIRhor a
exi ting gagrhoERYEWRST int Bfde? CpeP AIFiftiz@ fthe JREs 0bf tHEIMRN QFRgy oW SRfduYh
has ot her conpeting needs. At the very |east, pressure nust be

provi ded fiRsuldticsvpicthteulghs ObRERFSHES ereal ity fowing drictionabless hgiipyemers

LoD “oupEha RGBTSR Bl IR 1 BB pancer
within less than about 40, or 30, or 20, or 10 meters measured upwards from
surrounding grade. This maximizes the reconversion of the elevation head of off-
gas into static pressure at the inlet of the turboexpander, since the elevation of
off-gas exiting solvent recovery and/or dehydration means can be greater than 50
meters above grade.

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

comprising a condensing means and an environment treatment means, before
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rel ease to anbi ent surroundings. Producing turboexpander off-gas at
| ower pressures causes considerable difficulties with. designs and
capi tal cogb hihdsigse downstream processes. A . greater gessiioRed S
t urboexpander off-gas is indicated for ease in condensing preferred
anounts of water and VOC, especially in those process designs

preferring to condense (substantially) "all" of the water vag in
expander ofefeasgsto wmbientoReiropndiagsr eBroduisige HYPAG Repises fff-ges at lower

portions ofrebfgredals é’%Bﬁ&[d@ﬁHé’%édlﬁHQ Witk %%?@?é@r?d capital 98§t .Insmese
difficult ‘or |rrp033| e to achieve using utility cooling fluids wt

near - anbi ediewnsirgaet aprecessesand A afredtger presagreutfon |tu5bqee;9an¢g fofftgass ls
| s undesi HﬂQf f(:|‘)f"or ﬁ&@ A %rﬂ%g%%@tprg*’gr}eedsam@t ?; ofhb‘aq# 59&‘\/@ es ecnally

phySI cal si Z or a nmeans 1S readuce nor e res
i s retained thosd prdmss mms@is prfefergag; io omnd@geo(subptammuy) h’awt of_ebhehaat@e

coefficients, to | %f a@ e differential n’ée%bven ,
utility cotiRORgins Ieﬁ piisPase r QFEFSPBG%H% PIQRriate -
pressure dsfions2bfl thd %télﬂ Ségﬁdarbalﬁd QXD(.Wdel‘rh RufAResipHedér @m?hangeumeaﬂ%r _
Even after condensing a najority _or even preponderance wat er vapor )

and VOC, umn@rsablee@s@ﬁm@ve HF'nﬂmtl!iB/e%!ﬁaé‘ ldﬁ wﬁga@aé@mh'?metemeﬁ%tafﬁs
larger si ér‘é’hﬁg‘?ﬁtll E@Géﬂrg;eﬁﬂhggé'%d%waﬂg%f' Ayeh | heat duties.
equi pnent . ur eF o cess designs prefer to use expander

of f - gas orAIsontihenmmred fprgyas:at sizediov @yhat/exshetge tmpaval isr redased tihmore

135 e coriPRtE e dEMebh L RESBARter o BRE PROE T, BRI Aea R papee
have -di scoysfsierts,ab mbeouﬁcstehmdtudedrffgrmtuhbmtbfainy@\sercmndwcwmg qund
control s, hea exchan ager nea TOD neans, scr ubber ans en b#low

the foll ovﬁ”rﬁ’@ypr"%'f"’@ﬂ ¥ 88 uf% MAgHNY i W gCIg{?S,t REEHUE e r°8f 3

of f-gas t uiSeBuRGH dfthin, ééld'h‘éapb%ﬁ’é micBAs. tEW%nFHf&?rSdHnGeﬁélng a maborlty
t ur boexpander off-gas is | ess than about 0.9, or 0.4

bar gauge.OTl teVER prefandesanaenael twatepr wapair angs \{Q%b@q@ané@swms 98
is at lea 0

this aspe(S:tEj bgjrggeécfpeng er?gs ﬁ°’g§$’é’$sﬁ°r gn%%erlg osg%sgsvértur oex%%%%ieam
of f - gas tmtmdgi’us diomtrolss add cmpuihrnest, Emtharmose,mmmeemqsﬁﬁieslgmcpreferto

conpri sing, of f dens n te d

oo o sP i Re AR ST cokRel Bfidas P LiateROTPA b A Hoviikr, and

rel ease tQhQnﬁaﬁﬁéummmhédnmmr mcreasec{&fﬁoeﬁ(ptand der bgck—praeot;dﬁerh
erred to. mn ur t

aspect of the i nyention, it is

EheCt ur boexpandli S AcRORIEL oy 0iepsneRy B T renetaisRalan eniuedire
usage as aRR¥edidcsledd Fhaother @péuése@ dRRighs| fol BH-g 4 CONMIIRS donkrof, eat
| ocated after a condenser_heat exchange neans wherein at | east about
10, or 20,exshanger geags, WEPEhMeganse d @pruhb@rmﬁteans\/awe thes &pltowing
t ur boexpa f i 3 éfHaWd% h

di scover e:}g ?{?n‘éﬁ %@gﬁuﬁﬁs’gﬁgﬁﬁaﬁgh%&g@fﬁﬁ%ﬁﬁ n{)dr% R Ss
sur r oundi ngsfesredothat the poedgsiuee iof terboespandesraff-gas df fléss than akoutv@P, of
wat er vap fro of f according to.inventians i

Fecompr el Srbiadpot B Ba 35N 1t e eill A pREsElS o UiBeR Rty
| ess poweroft-gaistdidedst @beas e.050 op OV, op 005, de 0.2 bahgawge: atitbr this aspect
deconpr essi on In an ugst ream t ur boexpande I n addi tion,

pr ef er abl @PHIINGc £PRUGN K AESEUER, t SHRIGN s 1% J1ANe cirRRRXPRNdgE © fi@ﬁﬁeﬂ%@\‘gh '
means and didifodedl ﬁndﬁsacbﬂ?ﬂgpéﬁé%q@fbn@ﬁ%d (';gﬁ‘?n@in‘@ Q ddRtehser,

for disclosures and designations for condenser as an knock- out

of f - gas. ) cpndensaie dgnustingganrd deatgiinge IS hrand scrubbtp'r ahile med ceaprising a
reconpress, %8%85%53& QtfeB Q%t%re ?Qggiépfoegr‘ﬁh%glt éu#ﬂg@% ﬁe';'t of f-gas, by

at | east abou usi ng of f-gas
reconpr essi on, [034]i Acpmleling toedndtber aspenirof slse pc&&daa!lhmenbm‘l lgaaspraﬁemm

preferabl ¥o krrhcfl%hfigem fu(rjifhfe-r g?hsé Pﬁbégxsp%n%gfi nbaac OHFes%uré 8y mmnfmzung Otl'?e

downstream pressure usage as above and by also providing an off-gas
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15 WD 2010/ 062312PCT/ US2009/ 005756 neans. It is preferred that the
t.enperature reduction evaluated fromwhere reaction off-gas is forned

near an upRehofidsigse of reaction nmediumto where of f- %‘-“m%%u%&7%
first turboexpander neans, is |ess than about a 50, or 40, or 30, or

25C reduction, eval uated bef or e any off-gas preheating neans
optionally pl aced ahead of a first turboexpander neans.

Al t hough cEsaBRESSHIPN siepdesaiad rfles opeidansag hast exchgageweans wéamn
of a worki IEQﬁtf AbdH 7, or W) lor 4BOWR 0 whidht @é&en%f i Rafh Pbt» p?éE_e%t i

of f-gas of the present invention cause excesslive anounts o osi on
and cor r ostudroexpandenaff-gas isriemavedfasclisid watari devineentasdavierdiscovered

{urboexpargler QRS Shid dehf WAL Lebd 1. SRURRL MrBlnBhls HRéording to the

Corrosi ve uent's o conprisé &sr
and/ or br dnvéretiong bemejny nefficient weinbvala b waaed vapord froxy gffiigas -according31d

Accord ngl referred to operat t at t th
et 19 hventions sl o, Ehdics o prCamiTEeHbR,Slahdar 1 Tanapikephass hat

5 or 10, Rquiss u@éfuﬁg@s%mﬁﬂﬁnlméahc@awm power PRSViddd bg thé gréfter

of f - gas. I\/bre prefera t hese tenperature cl earances from dewpoi nt
are maint aﬁﬁf@mmesﬁ"h@"baﬂll@ﬁffﬁﬁﬁhi%we’@taﬁg@'s by agdition, Ub&(’ﬁﬁfﬁiéfefe@%

t enper at ‘”t‘éﬁ t8 aakﬁc?dkr@ﬂ rﬂ%(%ﬁr(%iab%r{@ﬁﬁﬁ ad:?%l o o%h@gr He%hé 'nd th@‘?nlet

nmechani cal |C|ency 0 oexpander ermal energ
the off- gate ketreemmprelsioax meansom {Sew | eleewvherec decein &mrd/dmclosures and

the. pr oss A eat 1orc e sgh o oo 1L RRGHRRN 6f-ga8) (WHen LhG ' dHigas
recompression, it is preferred to recompress condenser off-gas, more preferably
knock-out off-gas, by at least about 0.05, or 0.1, or 0.2, or 0.3 bar. When using
off-gas recompression, it is preferred to recompress condenser off-gas, more
preferably knock-out off-gas, by less than about 0.9, or 0.8, or 0.7, or 0.6 bar.
When using off-gas recompression, it is preferred that the pressure of off-gas
exiting the lowest pressure stage of a turboexpander is less than about 0.3, or
0.2, or 0.1, or 0.0 bar gauge. When using off-gas recompression, it is preferred
that the pressure of off-gas exiting the lowest pressure stage of a turboexpander
is at least about -0.9, or -0.6, or -0.4, or -0.3 bar gauge. When using off-gas
recompression, it is preferred to locate at least one recompression step such that
" it is mechanically linked to at least one turboexpander step and/or at [east one
“compression step for supply of oxidant from ambient air, Such linkage is
. conveniently provided by a rotating mechanical shaft and/or gearbox.

[035] Attention is now directed to the preferred temperatures for an off-
gas inlet to a turboexpander means or, if optionally provided, at the inlet of an off-
gas preheating means placed after a solvent recovery and/or dehydration means
and before said turboexpander means. It is preferred that the temperature at the
inlet to a first turboexpander step is at least about 110, or 120, or 130, or 135°C,
evaluated before any off-gas preheating means optionally placed ahead of a first
turboexpander means. It is preferred that the temperature at the inlet to a first
turboexpander step is less than about 190, or 175, or 165, or 155°C, evaluated
before any off-gas preheating means placed ahead of a first turboexpander
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[ 38] However, once the dewpoint is sufficiently avoided, the
I nventors have discovered that it is often undesirable with respect

to capit al weoesio@sydz operati ng cost to operate the curr adrisaveRbizen
with too much superheat in turboexpander off-gas.Accordingly, it is

preferred to operate with the tenperature at the outlet of at |east
one stage of a tﬁr_boex andgr and at and off-%% condenser, i nlet of

| ess than WGBS K5, PECAe®, theh the teppepiereaseduricReeyaldateddtiapoiviere
[39] Al espatfidd siraiaks i FRRNRAREN Ul WbimBe bP RachBA SbdibiBHhere of-

energy to ensure that the turboexpander outlet tenperature stays in a
pref erred grewpRIEM afusigerbompandersmeans,.halless thanrabash @dbd,rsG 196 30, or

wor ki ng f 1 44 V, (s : Lt
terper at ur2 FrAROEE el Bled BeffRe 3Y e Bifpatnd Feh dilnaly pizced
t he r el at i ateeatosftasfirat turbesxpaindbemieaasd t he costs for el ectri cal

power, i nprovi chanical _efficien of the turbine.my,k be

Getr1 ment i or IBRREAIRIOHER; efndsbing SbSRstanern PHATGR ot Snbgiow the
di scover edddvisgintbrea vidiking Fidid @fs el fknd@ln nethedart, i@ cengit@nts sn off-
| ess than about 0.3 tines the cost of electrical power expressed in

the sane 7%t el therHIRSERl NYSRYQST GRYSEICXRRSTEL; ameentgﬂa fagiRArAndaForrosion
effici e”Cyfgfhér@%h%%@@seﬁpgaﬁﬁfucﬁﬁﬁ'wﬁ& US&d f9id &k%ﬁﬁ@@ﬁaﬁér ARG e

i nput to obtain'the desired dewpoint range on the ler outlet”
Thi s is | gwardd the dewppint ivhoffgase| Cerresivelcogslituenisiarg hebiared o eorspriss

achi eve, e |.eas . I f | : t put
Fo™t her e catbaib s AN Mg il ihciion VAT RRleS AR idklBH) P

of f-gas m %ht Jesn) iAdcoaﬂr_vgg;z,eﬂi i€ upierred ﬁ)oopérﬁtes Mtﬂtthmhméﬁma/ad the
However, t oi nt avoi dance i ssue neans,t hat e.i pcrepent
Trorval " erfigh PR atead et BES of B Thomp R i st BB Ao D. 08 20,
expander agdipC éB@\f&?ﬂﬁefbcﬂﬁaéﬁpéiﬂE%mﬁertdﬁﬂé%ﬂlhboofﬂﬁbée\hﬁor%_ preferably,
remar kabl e overal |l inprovenent 1n energy recovery. Thus, it is

pref erred thesk tenmrerAltn sinasancess froridavmpinirarg maipisishatitrerouties freyeall
in the pr es'iﬁq% b1n¥ﬁmﬂd¥9cﬁéﬁdé}{ éE@ﬁtter‘?‘nEtel'ggur@@ %@raﬂaﬁne&’%?re\pario% eans

percent of maxi num shaft work out pl ossible to achieve by an
i deal , i saemmpising brjlingdhe merghaninal efficieymy afcr kirbgexpgander, adding theraa]

In order tg i | (WA .
capeci al 1 PIerON R B REMERD (R S5k i BonarR Ryl AP AR ration
pr ef err ed meargeane|theiaxt doattosbodxppndeat andidrelimgingdhe pregéure reduction
ef ficiency turBoex ander,dit is preferred to provide the foll ow ng
amount s ofthfoHg ﬁatlunﬁ?f‘éﬁpéy Phto of f-gas between exiting a solvent
recovery and/ ofo3gIhHwaliviep Non®a e dBWpairkNé &uifitiertlyt AVAIOSX PiediRkentors
and/or at an interstage position in a nulti-stage turboexpander:

. S| | 1 L ag | at
| east abol@veodisceyeregdhabit isopften unsssirable: with diespesioty saPital sostsand
to corres ' idat i agll i lass: t ;
500 or - oRRerfie BHsC R dbraeea SlrERCIUBnbASRith B8 ARRH! sdptilat
oxi dat i on turbaexpandere offcggs. at Acsastinglpout 80 preferr20, tor operater with the

50, or 50 EBPEHAT Aiteb SUHLHPAIEEL Bie 885 ot adsBEpRRiCalle 2 B
t enper at uigascoadefigarinicher lees thearealgyuti 150U br 420, @i, calBGEC abdyve tine Rizal

or 40, or 60C;.?nd of f-gas tenperature rise fromthernmal energy i nput
| ess than9§¥88I"t250, or “200, or 150, or 100C.

[039] A less efficient turboexpander requires less added thermal energy
to ensure that the turboexpander outlet temperature stays in a preferred dewpoint
range. When less enthalpy is removed from the working fluid and converted to
mechanical power, the exiting temperature from the turboexpander is inherently
hotter. Depending on the relative costs of thermmal heat and the costs for
electrical power, improving mechanical efficiency of the turbine may be
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[41] Such anounts of thermal energy are supplied via heat exchange
means conpri sing conductive, isolating, heat-exchange boundary

surfaces, RpehRiRBhY conprising various corrosion resi Seafls:i8hi S
and netal alloys as known in the art. Preferably the thermal energy

is supplied by a hot working fluid, 17 WO

2010/ 062312PCT/ US2009/ 005756 nore preferably steam condensing to form
a portion dgtrimegtal @r hepeficiabion opdiatized ¢oatt H ventors baye dissoyered that

di scl ose t b [S; ~ g | QRAGf

prossure ey te Lt RpEl o BEMco MRAAT onchris EsPBiar 3B0R 0 3AFes the

exchange meshofagldctrioalupewat dxpeastsed inpthet sameofinitsyi then| ihdd pretearadi to

at | east one..heat.exchange. npaps. el se | product | -
ot ocess. " g 118 FERRARHT BBy B 1k dulPeRedidRrArtb K i Boditona
filtrate shbnedlitenefdiAinpat todobtaintherdesiréd gawvpoint range drithe éxpandenbltst,
such anounts of therpal enehg are surg(%ﬁji ed by oxidizing . a fuel wth
di oxygen. aHts & fesst PClEaRR RGN RECHIELIGENRETRG: PRSI EYIR BR% AGEIeYe.
i nto of f- aag. aPRladt BEOUIEEGANODS PiceRufbal ctisoBIiplt irimal baerdliimst
between exiTing a solvent recovery and/or dehydration neans an .
entering #% thdosepoidberaab/eperay inputi t dhet affeaporiightoseem Hi-advised
mul tistag P say ' I
bonds.  NorEoMALRE 2 B Shatt btk AR Eas SHOWEUET, 1P BRINEDIFR SVEREe ieile
and/ or hydnears thah theSindrémentad therefat esiergy, inpat darh bel cqupistbwiithdntprgved
conpri ses t hanol ,.. et hano and/

ol 1T Moot TIFEnaB e PARHEE PO S e o roumR e S5 e % AchBve &

90, or 95 rupiagitbleeveanimpRivedisht in energy recovery. Thus, it is preferred that the
mechanical efficiency of a turboexpander employed in the present invention is at
least about 65, or 75, or 80, or 85 percent of the maximum shaft work output
possibie to achieve by an ideal, isentropic expansion of the off-gas working fluid.

[040] In order to increase mechanical power output from a
turboexpander, especially in respect of maintaining the outlet temperature in a .
preferred range relative to the dewpoint while using a high efficiency
turboexpander, it is preferred to provide the following amounts of thermal energy
into off-gas between exiting a solvent recovery and/or dehydration means and a
entering a turboexpander and/or at an interstage position in a multi-stage
turboexpander: at least about 100, or 200, or 300, or 350 watts per kilogram of
pX fed to corresponding oxidation reaction medium; less than about 1,000, or
800, or 600, or 500 watts per kilogram of pX fed to corresponding oxidation
reaction medium; at least about 10, or 20, or 30, or 40 watts per kilogram of
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
krown in the art. Preferably the thermal energy is supplied by a hot working fluid,
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[43] Preferably a portion of conpressed anmbient air is provided for
oxidizing said fuel, since off-gas froma sol vent recovery and/or

dehydr at i owomeaws231s often rel atively | ean in di oxygen rmduszooenoid7se
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 pr ovi ded

from conpressed anb nt air feg to an xidation re tlcﬁ one
sai d fuel . MPFR PESIBIA0N sieant pen IOMAR BRSO MaUig v
amount  r eqpifesnidre ﬁqellhvé‘rﬁaﬁé&i@l@& fhfat R4 pldreed ttefommﬂeaataepomad of
carbon dioxide. Still nmore preferably |ess than | east about 300, or
200, or 15mweoprq@@ravﬂa%jnstq@m tr@m casidensatesiorned i aatafi-gas hestRxchange
di oxygen | eBﬁ?"dn‘i‘Ffb g&gfﬂt% f%’?'s%fy f18sh sk&tntin ANegdt gﬁé'%t
reaction zone Tor sal uel efera peak tenperature tor

oxi di zi ng sxihdnjeehears elsewbarst inadb O BA m@duomomnﬂocees 600 heating @o@>rtion

Pr ef bl dat t

oxi di 71 ng’ SPOMRrY, ssvery Sovae lgalelediient TR o BARURt BitoRBer cent of
sai d f;lelf tPL ef@aaplwmmauyemhabmdunﬂ@ ,ofothdrfhal oen&Qy are %methby
percen 0 e

OC in off-gas exiti ng a sol veBt rec'_m\ger and{l

dehydr at i opXigigiagsa ifdelnwith geneandEirestly embining 1 % halEeastion
t ur boexpanG@ycts nto off-gdé] ﬁﬁ@' K SrdaRE6E BTbAGcts eeméeéé‘fhitfe%l ah& location
pressure at an et Yo A tu oexpander, the inventors have

di scover edbetveent éxiting scsolventeredoveri andioe dghydratiopf @epeg gnst entering a
i ncreasin

tur boexparttireXpnte” mit S AF Rftbrsiat Bogioh 1 o Phiftisbe urb cihanter
di scl osur eBrdf@lanynsa]drfuel m:nmrlt;es dwdrcgmrﬁylcbmnbr aMara ;mfafaerabiy; rsan:yfuel

orL SaLTon (AT, Sl e ShiEA BB 01 ford RO D

conposi ti ofePipréddmiaastly |damm@kdsnhﬁtt@éndleéﬂ¢ar@nerﬁetuﬁmxmdﬂé ﬁuﬁme
conprises at least about 3.0 r or 3.5, or 3.6 kilo

wat er per ideighuphols bﬂo@tf@@?qrebwow@gﬁim@seﬁlaia{%ﬁirﬁtrcgﬁéq &k 70, or
medi um |t O%r@rS%é Jggﬁltmg{pfangorrpom tion of off-gas flow ng into.
at | east oné turboe er step conprises at |east about 0:38, or
0.42, or 0.44, [043D. Flrefamblagaammonv@ft eompeasski| agbiant odir ds fprguisedt for
t he sane | n t
the inlet %ﬁﬁébal se%{ tfugﬁea ‘S‘% gdofé pan'g’%ﬁ éstggl\)glﬁg§3{:6‘%\£gg%nog%%3tgﬁgqﬂgﬁbﬁ
or 7.3, ormeéafs isrofterB rélatmgyajeapem kidxggemnaref rigk iredvvater vapor. More
correspondi n%rggl dation.react

returned tRJ€ Vv@ht'eé?%cﬁp/‘é?t;/ggncﬁr O?H*dé’ﬁy%[? affl 0{1&?@‘5 r&ér‘i?é]ntl of the!

general |y ggphioptdtec behdimt iofidickybbe is 9waéd/frbrrpabmpaé§sea rarabiengai fed
vapori zed conpounds_ contai ning at | east 0@ hy_ﬁi"]ocarb | bond, herein

cal | ed "vdpPagh| exidatipiireactiam qnasior 5aid: e stpghigreelsgepmeupnt &h
of f - gas, thﬂ(g;eﬁqgﬁﬁélHﬂﬁu éfj'ﬁ@.ﬁﬁ'ré {e)ﬂ fo‘?lf:ﬂﬁé@rﬂtetrﬁoﬁrg?'sﬁﬂblled fuel into

sur roundi hgs nor e pre er converted to water vapor and
carbon di ouateeanﬁcarbmlondehcﬁiﬂjﬁan kly 1e¢ssethanilgagt@beut 300, or 200,

envi ronmen Ir] é@f %‘F N4 ’wetlﬁ\%néglsc%n? fof inG ts{o%ﬂ@méf?{ Vot C&Vgg%y%n is

and/ or dehyd n nean I'nS an opera
speci fi cal ;irwldeﬂ fiomn gen@r@éslejd @hablenalairéed ¢o bnmmdatlw feastars zohe [Hof, sasd

acetic acid, a acet f aseterln ch .l
m ni m zat iR i g r@tn?q[q%r;g F?‘?fa&" 939?185 e ﬁ%t‘ﬁ@@gbﬁ' ﬁ§ge§%I
recovery as, & 4B 6T0) @f FBAO0S, PRiérablye anepdaidrd Balalystlid noauskY to
control I ed by ther rmdynam cs and by the ener expenditure in the

sol vent r duenets thenexidizingeaf at @?Fbﬁb%‘ia?% or &h&r £0, \pr G weight percent of
expendi t urggy Alol CRTEMYatRYatEad Ao 40C6r 5058800 é/f@e.g‘iu rEAR Sithe

expendi t ures resu t enper at ur es and/ or er Teflux ratios
in a sol vafiDCr incoffegas exitingr a dediyentatecovenyeand/or dehydralﬂmv]mqemee\rsernot

the invent or Sous?eoebgfo?é:8¥l?ﬁ§%é Ez%{ staag%?ta'tﬂ%ac;e%ah@& easing | osses of

nsate
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19 WD 2010/ 062312PCT/ US2009/ 005756 results in inproved overall
process econom es when integrated with the fuel needs of a TOD and

the shaft ReWBlnERGPVery of a turboexpander. [4&.};%&,@)@]@9@ Y,
it is preferred to control the energy renoval and energy | osses in at

| east one solvent recovery and/or dehydration nmeans processing
reaction off-gas as disclosed herein. It is preferred that the
tenperature of [A44) Eesideshinereasing denpgralyre smd pressyrawdtghn stcinta

of of [~ 92%uRlddblth f&@.ﬂv%bysgﬁg%&gwe%dc%ﬁ oEBL IR PG HE Ho

is less than eva
wher e r eaqirefenredf for gesedsing thenadss ebwater vapperessbingdbe inibt obﬁdeastmne

medi um ref rred to i ul ate at ast about or

or 99 per(,iﬂmoeg ‘ﬁeé' @'5?65§ed%§ﬁﬁlcé%p%% qrg‘cgreare@zi' g‘”‘fd Péfnﬁﬂ? pgscl’osures
vessel s arﬁbrémrﬁerrtdfrﬁn%wr@ésugm @ﬂd&)p&@éﬂtﬁ%f 4 pORERL oxidatibroreadtidyy tetinran
nmeans wth at | east or 0.04, or 0.08 net

t hi ckness ¥ w{gentmqyﬁ%awﬁr Q?hY‘H@E‘aﬂ Mmeansaend g5eoniRsing §°B§wts Itis
t her mal erﬁég-yereertﬁafemwﬁ,%ééméﬁbﬁaﬁfgestﬂbva I.rﬁatatséﬁsrt%dsuﬂwex@faheér

a turboexpan erred that” t herna enere% osses through
exposed, Sfep sompsiges @éée%ﬁ’f@%ﬁ TonauBts andibopr B ilpgragp ap watempera

sol vent. © GRENALY BN iy HEBYALAIJhITBRASIGN FodchB] hEARRRACAS Hirerila

or s per ram 0 correéspondin
OXI dati on thatatite eompeditiom of off-gas| AGWingt ints gir lebstr ped mmdemander step

thernal ner recqver uc t les bou r or
O, § atriseS i Rast AN6R 38, of 55| 4t 4818t D 4isckidaraf of Waterber

cor r espondjipgraf bflaffigaB dt ¥ bR IBBStIGHN |t % pRIBYSS tHat ahe piaeeaRAy of off-

fluids through conductive, isolatin heat - exchange boundary surfaces

| ocat ed f rag isethe iplehet ableast pogdur %pgxw}%ét%eratalﬁaitmﬁw & A3,
f t t
ki g perthdr SrB RliSgrdRt per BlogrAr (HORIM10Rr1ebaHling dhidlion Feadtion

t ur boexpamaedismpneans. Sone desi gns known for recovery of energy from

reaction off- gmﬁogﬁébg@n FORGERI éj r§&9é’rﬁrri58<§fe:]rg!a¥ﬁrﬁr &h dration

extracting the acr oss con ive, Tsola eat-e ange
boundary suedracdsistgeneeslly dosirable wapamrmze thiei riebbyerj(lfudndseqntmn rofﬁ-gnas of

of f-gas passin hr ou t ur poexpander.. The uti I|t ui ar

ised for " Janantad GhRLadk cONBINES Sianst OFF Agresarin bank hatel, ealEy
in other smeﬁle ﬁl@'cﬂfrﬁ((fdﬂrids"tahdhﬂﬂbcfraﬂﬁbﬁfemdr‘e@! froRPbif s thegds
conpri se water qui d and/ or vapor ht aliphatic hydrocarbon

l'i quid an@PB’lPO\l/‘aﬁ%r arqaanp,swgp}y release to ambient surroundings or, more
preferably, mostly converted to water vapor and carbon dioxide in a TOD.

Although the TOD effluent is more environmentally benign, the loss of VOC from
a solvent recovery and/or dehydration means remains an operating cost.

[046] More specifically, it is generally desirabie to ilimit the losses of pX,
acetic acid, and methyl acetate in off-gas entering a TOD. Such loss
minimization -is influenced by various mechanical methods in a solvent recovery
and/or dehydration means, but the separation is ultimately controlled -by
thermodynamics and by the energy expenditure in the solvent recovery and/or .
dehydration means. Generally,” greater expenditures of energy may provide
lower iosses of VOC. Such energy expenditures result in lower temperatures
and/or higher reflux ratios in a solvent recovery and/or dehydration means.

[047] However, the inventors have discovered that intentionally

increasing losses of volatile organic compounds above their bare minimum
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[50] It is preferred that a solvent recovery and/or dehydration neans
operates w thout addi ng an azeotropi c separation conpound. Exenpl ary

azeot r opi cwei®iodstati on conpounds conprise n-butyl acetmiteuRnd/o04756
n-propyl acetate. It is preferred that a solvent recovery and/or
dehydrati on nmeans operates with net addition of |ess than about 0.1,
or 0.01, or 0,001, or 0.0001 kil ogram of azeotr |c distil \'\O
conpounds [§EHItKiIN JEPEeNESE o¥BlalleproCRES RPERRTNIGS Feﬁﬁ?grﬁw pthgthe fuel

[51] It 'Snégcrsf&fﬁéoté}?ath%émﬁvmerr@ewaa@mfo%xﬁm@ratIon means

of the present 1 nvention conprises a high efficiency distillation
nmeans processi n§48] Acsastdinglyoitis efereed @OGOfltﬁd e engrgp semevatand energy

" enctton oPPSRl? S JERE YE PofieHRREBRE oty AUhRPAER, HIERE frobSesing

reaction orf-gas. I's preferre n nmeans
conpri ses @iactieasff-gdzoas (ﬁtlosmd Elér,elror 186, pefertsd ithidhesteapesatofe of at
separation ssure

e ooleat et A0SphS0: 80k shieinhinerfal o itosh BtRE SR 5o

40, or - 20, rebvdd) drid/aPdsifairatid mieains € ies! thein tdbadut 30y ofl4s! bt e b\OBS"C
trays are of a [ow pressure drop design of |ess than about 1, 200

900, or 7owduged syalupies-tipmpahere, reaction Pffigassie {ATNeH) NeaL AN YAPer surface
undest 1 abl g lebBhidi? mefurRP S %Bsragerﬁéef ORALRS aBldalt B6ANS7O, dr 908 o D5? or

preferred to use structured Ing as 1S own I n
not wi t hst a®&lipegcertechérl exposespambient, sudageo arem crfes¢rsdtat$t vessels and

tall d,al t
Corpr i 5 need ek it fare SeRerErocyRib 2bles e SpraRmEBhE, it et
nmeans usi ngbait 0.0%sbr 0L, dof Dedderdr U.mseieteisammkgess w ensulatio enaterial,
10, Tor 0. s gt st Aonts ! e cner s BIRTLR B it ek amaplant
that is pregritindidysoadt @&uﬂb@éﬁﬁanoﬁéﬂoun igh gf@’eﬁéa Akt fRirgil dnergy loewes -

section and I s processing at | east about or 90, or 95, or 99
wei ght  pertbeaughogxpased dambians gefars areaof canditsr angy(er vessels comppiping a

After exitd d\%rﬁ‘ réég\}é‘i\?)éﬂ&)?)‘#?fergﬂfatlbﬁ rﬁéfﬁseérreelgsé Bn 8bolitd6lore0, or 10,

portion of - gas st one heat exchange neans,
herein cal drd:'dwatls péf kipgramafgniedrto colrespdiydipg owidetiog readtiogunedium.

h Il ed
por ¢ o of  wni diT49L T BESrefRRElt iSRS hlY rBiy sBbn 4ER esd than
means. |t atouprngo; bed00 hart 1,tdrd. V&ratts@tfmra‘faéene[gyrwgelsgfam of pX fed to

tenperature, pressure, d/or conposition at th t
Condencer creRpaaabg o TeafRTRUlurgf Bmqvid ot il tirBagn

t ur boexpangfiductide, | %o@ﬂlﬁ eHedflek&ledn fbof.lh@mynguﬁéd:ﬁ 16¢Etbd Pr&BS Where
| oss of off-gas is | ess than about 16, or 12, 8, .or 4 kil opascal s

in said offeaghan @féﬁaén%&rm%wrmpapernadrwcﬁrﬁfdﬁaa?%m% and until at

;SFSW&E ]?_Ssiéé’éiz%d?ﬁ 80!, Tor 190, R V5L Tdr &b WaRht pRfedt for 3RS dRifegEh tn&did hae

passed through a turboexpanders means. Some designs known for recovery of

energy from reaction off-gas comprise condensing and recovering solvent by

extracting thermal energy across conductive, isolating, heat-exchange boundary

surfaces to heat and/or vaporize utility fluids prior to off-gas passing through a

turboexpander. The utility fluids are then used for generation of shaft power

and/or transfer of thermal energy in other steps. Exemplary utility heat transfer

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

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

operates without adding an azeotropic separation compound. Exemplary
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WO 2010/ 062312PCT/ US2009/ 005756 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
reconpresswonengkep: it is preferred that the off-gas peeaseine00s57s6
exiting said off-gas condenser is |ess than about 0.6, or 0.5; or

0.4, or 0.3 bar gauge. \Wen operating with an optional off-gas
reconpression step,.it is preferred that the qff-gas essure exitin
Sai d of f - EEOKBRHisElateh HOMRRESAGBTPTISE . B-DUl Boetble nd/ey, gvPGPYT

-0.5 bar gpiage. Wiehs QREfericdNthaM & hsaierftPidcoNaly ahli/odaderRiFaaH ensarE
step, it is preferred that the off-?has pressure exiting said off-gas
espthan

condenser opgrates withaat additien ef 1 gbowty 04y or Cup1.-¢r. 9-084r op &R0 -

It is pref Of fi < \ 7

Gondenser 202 P Bzebtipi disiiRfioh eARRGEhHE DeF Kbyt S pOEN 1etihered,

t hat t he dfdm geectibemifegast ure- exiting said of f-gas condenser is |ess

t han about 110, QQ, or 90, . 0or 80C Lt | r t .

of f - gas ;J enper zg?%{]e ﬁe‘ﬁ ip[rg\%&' egatpa{ stfog’geé'é tr%%oﬁlgg)h gé&’of ?gpg@%@g&i qﬁ?ans of

| east abolthe pPaset iR@ntion cOMprises aTfigh effiewericyrdistitiatern od@ane yrbedssing at

tenperature. It is ref§ red that_ the, ff-ﬁ:as tﬁ{ﬁ)erature ex%l?pg

sai d_of f - deast@bRUERLERT Y& et P9 welght Rafreah BLte1tRN-Condesabs 9ass

or 60C be'd?lWl&ﬂHiHi%{;@ﬁ'ﬂﬁﬁéerﬁqﬁ lr8acticBRigaE UNIgis befrfed? i Yaicedistildtion
bout 3,100, or 2,900, or 2,700, or 2,500

thermal energy of |&ss than abou

watts is meemnseePriprisesial least ageut 20rera?bs oF 3Pepr RY Idsgl siages of sepaiation.

. . . . . . ; H
cner gy of Tnipiefel AR P bl FRflgh plissl> s S bR He Brobolf s
renoved i migidatiorohieayssisclensldharrabpet &0) og@@moof20pXerf BH kilepascal. It is
di i, dat i . ti di 053] Ref |
L A e S e
vapor ent eibolf 12004 dp @M HIAET0, | ¢ bad Fnealvpeh tréiyNhoiwithsgaridigy ktivststhisf

VOC in the off-gas exiting the condenser. It bs referred that the
flow of réndasirgly imits|the aperating, Birpdewa /o sug Hga%atlmwsr%fefe"ed to

conpri ses @k 'étﬁﬁ:'it&reabﬂéﬁkiﬂg Qs & kBoWn @ tHe art, MotwWithtdidifg A8 Réed for
l'iquid water per kilogramof water of TPA formation produced in
oxi dat i on expensive,scaresian registent mefaliwantandealsodhe notentint flaanpapitiyi oh

I he .f .
and o deRgREarTEu Eimertie bin® I€ls pireig 18, Corb LB fpiok
10. 5, or hiedhskiubiagr amledst | twauidifferabe vepsel diahodemsnwberaiat e ofaxirmam

formati on pr.odyc i n,oxi,dation reactors, served b i d ent

| ocouery RHFSHECEAT RIS A i eecfior iless i st o g ez or

reflux toopmeameanthe’ RERIEOY BOfZchtaldgiayibtet it igesesesiotiroLge atakast

| east about 0.70, or Q.75, or 0.79, or 0.82 Kkilogramof |iquid nger
s atiou 8. or

per ki | ogPRAYist mekererof eIt in2ileWRIGSIGtio ands IPVeTRSSINg R Jed
dehydr at i gg, orff@s?}rb?-gg'%eib t;ﬁérﬁéﬁf 6faHe difrodifin redltic offghkux to a .

sol vent recovery and/or “dehydration neans conprises |ess than about

0.98*, or 0.96[052] Afterexiting @ taborxpardernit &f plafefiecithatetleagba portion of
ki | ogram t 2 r | 1 - 3
Sehy o o) S <iRide MORRIRER! & Bl SATER! AR BB TRNATY T ateg an g
fuel , nor gavaibadensss therebyp predudiyg @oliduid; hereirfcaflettireflud and essentially

preferred that the tenperature of reflux fed to a solvent recover
Bndl o deR9EPUENE WaERne! (Rasha PamioR ofpWlich.s, g, nkp s, selksitecater
't is prebpipordehidiatibhanésmp et Wefdied it Yhe VaHol® peféaky athges for
recovery and/or dehydration nmeans is cooled | ess than 40, or 30, or

20, or 10terpReraivre cRmssue AT crmBesitam@t thedwiehgh apreft-age condenser
of f-gaS. e the same as at an outlet of a final stage of a turboexpander. It is preferred

that the flowing frictional pressure loss of off-gas is less than about 16, or 12, or
8, or 4 kilopascals in said off-gas condenser. When operating without an off-gas

recompression step, it is preferred that the off-gas pressure exiting said off-gas
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[ 54] The inventors note that placing an off-gas condenser at such | ow
pressure according to the present invention greatly increases the

vol unme of wf2zegés23at a condenser entry and exit. Unl essPCIoustuivigs7ad
unusual |y large dianmeter are used, flowi ng velocities and frictional
pressure drop are offensive. Accordingly, it is preferred that

of f - duj ts_bet | _
Cosns o PiebEab L ACRRRE UL YPOB70F Blost o gt ) e, ey
or 3 _1t net@i(ij@atir:;@hhﬁ:thpair an mif-g&s recopepressioprstes it & paitmedithat thecafbgas
condulrts nade orf v I OU e ensi ve, COrr t t t

metal al | ORFESSYE %ﬁ%{ngg%@g C?ﬁaa%&Haﬁqseaﬁg%gghgﬁ%%egﬁﬁ rﬁ?tﬁima 84, or
preferred @.Badartdaagégmfefni &;?e?btir"@-gmﬁiért’o@tfor%ﬁ bffgis reBompreisidrestep, it is

bet ween a turboexpander outlet an an_.off-_%as condenser inlet is at
| east abouprefsgredgnaythe off-9a9 pregsugpexiing paidii-gaseoniensehissat Igae about

unusually fast, condyj t—O.B?bPQd.Fjib%?g;%ﬁgs.r %h&?og@%ﬁﬁg}vﬁw ¥n ‘Phiofal, off-gas-

corrosive prdcess gas near- 1ts d ol nt, and car control 1Is
requi red viecemprassendstepoitris prafertedethabiie eff-gab piassifre-gpiting saidofbgas

the certain esence of. | iquid droplets. i e i f

er o5 on. antPrEEREgeR Grre o Hbets 80 BB eb A0l o8P e bIE RN ligpreied

\{gl ocit ti eSthbﬂti'H"ﬁﬁgg§@é1ﬂp?ta$ur:e0e*itﬂ$gsséiEaJﬁ gondéhseniis QBIelafst aBgut 30,
neters per_secon enterjng a ck-out ans for ligquid.

omoval 44 4% 0800 pbBR e SAriederdnel e orrgas Iadpkire exasg -

al so note gﬁ&@éod&éﬁ&éﬁ sNEstha Abdlas1 1008A¢00 Sr 98, drBY°e! 9 RUeferred that

according To the present invention forces use of a | ower process

t enper at urtbeiaif-gasitemparatise exiting said oflgrs eenfenssn it resiucedrat gastphout
| ower proc t ' 9@& e

cooling fl ngj,rtzgggP?g'e&lr%% B%tbg%teuglé p égs%r é%é&gﬁegﬁp%ugg%p#%?%ﬁd
coef fi ci enthabthehafhpas tempémturenexitiey paidoefbgas icdadergdr i$ aeducesst fess dhan

o b eSS BB ECBE LB’ b B CIRE A osriBn e lemeeraecrt e
typically grefdpiedSthay #idrfii ey f Uess Eaim abown3 rMesj st @vo0esra goandr
metal all Oﬁl,gbo watts is removed in said off-gas condenser per kilogram of pX fed to
corresponding oxidation reaction medium. It is preferred that thermal energy of
at least about 1,600, or 1,800, or 2,000, or 2,100 watts is removed in said off-gas
condenser per kilogram of pX fed to corresponding oxidation reaction medium.
[053] Reflux amount and temperature are selected and controlled to
maximize the water vapor entering a turboexpander in balance with minimizing
the loss of VOC in the off-gas exiting the condenser. li is preferred that the flow
of reflux to a solvent recovery and/or dehydration means comprises at least about
7.0, or 8.0, or 8.5, or 9.0 kilogram of liquid water per kilogram of water of TPA
formation produced in oxidation reactors served by said solvent recovery and/or
dehydration means. |t is preferred that the flow of reflux to a solvent recovery
and/or dehydration means comprises less than about 12.0, or 11.0, or 10.5, or
10.0 kilogram of liquid water per kilogram of water of TPA formation produced in
oxidation reactors served by said solvent recovery and/or dehydration means. |t
is preferred that the flow of reflux to a solvent recovery and/or dehydration means
comprises at least about 0.70, or 0.75, or 0.79, or 0.82 kilogram of liquid water
per kilogram of water vapor exiting from a solvent recovery and/or dehydration
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[ 56] The design chall enges and costs for an off-gas condenser of the
present invention are still further anplified when expelling

preferred |@oHleg225 Water vapor to anbient surroundi NGerR&ESALGHINE T O
sone aspects of the present invention. Expelling sel ected anmounts of

wat er vapor introduces a requirenment to control intentionally the
amount of energy renoved in an off-ggs condenser even when operating
wi th new omeansf olil isdpsdersrt tthate the diowaof Hgllihdata csatvenh gecewrdang/or
surfaces, / r R

ot oduct ng HNApRAEEERS Tomy el lecu it abodl g/cRr, BPEIGH 8.59° 0Pt
t enper at urkilpgodm oddiquidgvated penkibkgram affwatar vamoreadting feory.solviné recovery

di urnal and seasona nbi ent _ch es. . D7) A rticular

Chal I onge SUS7oEBRRRse Ay st R, onerating b BRdor kSt g of fuel,
cool i ng t anefe Wwalter nixsst @Noredt B tonibustibs off fudl.psl ikegrefdiréd ghahdtie
are greatlt)é concentrﬂt ed bfy e\é\?gorative cool i ng wth anbient air. .
Wien the fieBReFAtucs, ohrefbey Tedgtovdiselvent reeavent PREVOr siefydiatign means is at
process t qER&rHdiut 8006r 56! Rf55 9R80SONHES %?éferrfbh %éﬁﬁ@@érﬁbé‘rra%r@fof reflux

exiting cooling water rises. If tenperature of such cooling water
ri ses too fedto assivensregavendardior debydrationinganeds ppeladdess than 40, or 30,

Unf ort unat gl ¥ Rl | i

api dl y. atd 20 95 10,0 Bl enfift AR BRwafER vBbBRiealRbTonBlitlrin Bifyas.

t uber cul at ed dqpb4j {The iAventods ngteythat pdadimy ant off-gasicoatiessert atesuch low
followi ng preferred e ogli nts for.an off-gag, condenser, accordin ‘t_fo
the pr eseresSHIEECaing o Dpiasenl invenfion gl Ingiersgs e yolmrs SRet-
of f - gas whpiseatna abndéaei er’htrgQa"ﬁd axit, h asmdee edbnaifs &% sedsidllydbrdee dimetee
of f - gas condenser. [58] . It is preferred that said off-gas

condenser ﬁfﬁod@@ﬁngﬂqwia@i yelpsttiep (ﬁﬂﬁ’prfrig@!‘aéi PIQESHIG n@roﬂheﬁfﬁi pffensive.
ambi ent  ai A npaSHihdly CHE | ) i 4 ' ﬁg@

boundary slﬁcr z%lg y’c@% gﬁ?l\rﬁ%aEgiﬁﬁp?égggdw}stsgéﬁ@ée?g? é@?gédx t hat et
forced dr &nd ameff-gasecondanseo intelvbavg digmeiarsaof st eashabovintlde arvied, or

5O 2 G Bede PSRRI BT B aShfbeat!
| ouvers, anadenof aahieus agxpehbive, aottbsibnaresistamtperetdls rand orgtalohliogsanslo
ARSI RN T e A L W I AR S
condenser gploff-gisin dIRRE Met@ermBRLodkbandérad@tied fandcdflefigpe ddndiender
chem_cal 2irfflet is at least about 30, or 40, or 50, or 60 meters per second. These are
unusually fast conduit velocities re erosion, especially for a corrosive process gas
near-its dew point, and careful control is required versus the dewpoint. At the
" outlet of an off-gas condenser, the certain presence of liquid droplets increases
the potential for erosion and corrosion, and it is preferred to limit superficial
velocities in these conduits to less than about 30, or 25, or 20, or 15 meters per
second until entering a knock-out means for liquid removal, as is disclosed
elsewhere herein.

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

the process side. All factors force an increased area of conductive, isolating,
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conposition of either condenser off-gas and/or condensate by any
on-line neasurenent, e.g., infrared conpositional analysis.

[59] It |sw@i%ﬁ,,dg§;ﬁ§erred that said off-gas condenser praGURIPBOSTS
|l iquid water conprises cooling water in contact with conductive,

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

It is preferred that cooling water flow rate, cooling water inlet
t enper at urkeatgxghange QQPD‘H@YM@C‘E‘SUH“&“ veiRslly SOMmRIISE, vanRUsexXReNsive,

adj ust .t he,g ff%?ﬂﬁre%st&ﬁtfm%% 59Phictd diipys.esponse to at least one
abl e

process var| , erature and/ or pressure of condenser
of f - gas; terrper[&ﬁ&} él'tmdﬁagnfcfmﬂeﬁm'-’eaoﬂ apstedErisan offrgas dondansar @hlthe

conposi ti e d f

onTi me. medEgr bl Hos ¥ SIF Rt sndificB W <A pRAEOH ffbfnts of
preferred whiet vapot E:aambd?ernmdrrmdmfgscawbrdlgg Mtsemesaspeu’Ig of dihel present
B oe aiep, Gl SR Sphiref oL GRRLANYL BBl RSB
conpri ses MR iRl oRAI Yhél bFrRitint 6PBAEGY rdinble@ PEAN-Gad conderiser BUeR
preferred that said cooling water is "encl osed | oop cooli ngqewat er"

It is pref‘éh&lécpnerﬁa‘lr@éﬂ'ﬂ‘ éiﬂﬂdyeant faulgd ceRndustvamisaiatingrpheataxchange
reduced a @I J s Qllﬁ%Bhﬁ?ﬁa@%'ﬂo@@ﬂﬁJ@fU@aHFior%el' FNERE when.

wat er or s eam ensat e I's preferred t east a portion of
heat is reprodecng ridtA sdiredeced @swdnoogatasolandgwmat\@nable termperatures of

h b
cont act w B gEETaRe b phen i oGR8 ¢ 0T L6 SR B SeohEr ambisn
hlea: i's aec?ﬁra\grgrgeregP Zagﬁaencl osed | oop cooling water |ng| a
at e-an X
Br eferred that [987} &E?”&“%ﬁhnﬁ‘ﬁ”% fc{rr?@”%h%f?ﬁrl p&)gasi J{%gﬁbmeans is

heat - exchapgenet aéaimg foNdragster Sy §t@mV@&ntémOémauﬁas ST GBS sbidd the
in response to at | east one BI’ OCGSS vari abl e glamllpl@aper ature and/ or

pressure oifegseribheencestrteshdy evanpatiye GP@"%‘M alpt ¥Vhan the flow
condenser tJJ S%Hh%oo J;;beWa?élJ is GRTRRS o' tl'ﬁa' ﬁﬂ%@ésé:fgmgé\%ﬁfrggffan%ﬁ gas

and/ or con ensate onli ne neasur enent
conposi t i coemdenser, e emBaatire wf feartlegmphmg)walaar rmdétemwti‘rﬁitt!etof shgh

ool i ng 16008 R Taen" e sk b AR, Wil | SR Aotk

of energy UsBRMAStely) lﬂahphfgma&onosid&rraastans metabanwssam rapidiy attacked
t ur boexpander off - gas around..said condenser, as i '

| d,in US.
6504 0bs Srithepatarais JPeo PULng e COORRNC HITder | Su6R pdBFEHARS o PRPBYTts
ref erence. pAddRYRMGY, th! ivetisTs ISAGSE MK FSIRMIRP pFé\‘é’rr%E embodiments for an

off-gas condenser according to the present invention. As used herein,
“condenser off-gas" comprises off-gas wherein at least a portion has been
processed in at least one off-gas condenser.

[058] It is preferred that said off-gas condenser producing liquid water
comprises air-cooling wherein ambient air is in contact with conductive, isotating,
heat-exchange boundary surfaces containing said off-gas. It is preferred that
forced draft fans are used to move air flow across the conductive, isolating, heat-
exchange boundary surfaces containing said off-gas. It is preferred that fan
speed, fan blade pitch, air flow control louvers, and/or ot_her 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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WO 2010/ 062312PCT/ US2009/ 005756 probl ens even whil e solving the need
to adjust and control energy renoval. Firstly, such bypassing

i nti mat el ywafhRfks3 he mass bal ance as well as the enerw,,%%u?,?&q%
because sol vent vapor is not easily condensed from bypassed off-gas.
If too nmuch or too little gas is bypassed, while seeking to satisfy
t he energy bal ance, the water balance is upset for the solvent )
recovery s$npegition iafngithefe cordanser off-gas vanf/opcondensae Retamt anoline
dry; and t .S a i : rg?.}éms- f VOC sent toward
anbi ent reﬁggglleﬂe?r@‘zé)’gé%.é‘?ggﬁggﬁglpg?é‘i t |I s]é(;esi rabl e to reconbi ne
condenser of f - JA89hnt ihyras spreferfeld thad datd off-gag wendenser pretacieg, liquid
common environnental treatpent neans. However.. such reconhi nation i
probl emat i WAL GRLRISGS 'ngﬁ'i%owatﬂ)‘gmi EO?WYC%'W y&a?’éjgﬁ‘g% 'Wﬁgaﬁ'“ >'heat-
col der, . | i sneheng@iboualiey frtmckt @ontainie@shideflgas! Nt B wreferkid that cooling
| i qui d-saturated gas., Such an aerosol proves danger,ous w.th respect
to pittingVRSF oy Jates rPaohng uvater Jnlgt égmpﬁF%HE% g’&fi’oﬁ WB\%\'& yepr jouitlet
prone to cghi gétuﬁasaﬂs! QBEP S aflst AR SFnd%ﬂf'/oPbfﬂ@'%scé&fngthe‘raﬁp?@se to at

surfaces. Rapid renoval of such an aerosol froma high vel oci

process f|lgasti enalpfddesal varigbleaeigi efempanatuee @ndiaripigsghre sefugandgnser off-
and/ or i nput.. | ! i ] .

oadi |y ool SmpBRATE ARt My R B LRGSR TheHe] ChrhdkifEH of
separ at i oreithemesndenser off-982 landéor aratidensate hyhany ronelivteo measarsnent, e.g.,
di scovered the follow.ng. ,preferred.enbqdi s, for the presen .
Mvent | on Infgieg, Sanositidia) B EbEsex i derenat thaat legths AT g cooling
of f - gas gagates ekifing sxrdl valteLEsbléd he@fekchiiyeOfilfeafidshapoademperatiie 60&M
a "bypassed off-gas” using one or nore of the followng preferred

g L . .
aspects. |lgastsabudr3 rfdoPnel 79aPt 8%pasda RIEfertREs thal sasbicealing yeter
than about, nrié;%é witer 8boRf byPlirdQ confack vhﬁgén%ﬁaéﬁgelt@%e preferred

conprising c uctive, 1solating, heat-exchange boundary surfaces
bef or e corthatnsaid capling vitergasersivsachpoprcasiing yeate oritlisngreferrachthat isaig
a TAOD, an i r i i | tr 4 I
That sai d By eedodpy ol Watsh AMEEL FHEHOU it dr forafTestiveif
wei ght perSdids (0D é.gqfde-ipazedivatengr atelam borderasatker It ibtpreéferred that at
preferred that said bypassed off-gas is.less, than about. 50, or.40 0
50, or 20 & GrRoTe BLREAR rampved Fogueaid endiongd loqh Fenlipg yargein @ heat
is preferrsdhahgd nidis! toibighg WifityS@ddlingywass asboidd byafirdc contidt twith
adj ust the anount of off-gas cooli n? in response to at |east aqne .
process vaAMYBNtaire liyis pr@%ﬁﬁq Htath 2 Teafl RoPoriivesF ieat ds remRuedh dgm said
off-gas; t éaﬁé’éf?c@&ﬂﬁgﬁaté} V4 ?% Lald-f ﬁ@é@éxchhﬁ?@ thedriaem cal
n of eit o - sale

conpositio er c enser o gas an/ or condens by any
on-1ine nmeasur §¢@0]t Opdiopally, iihisr prefairezbthat e 2 ipertian ahtieyserdudtive, -

is preferr t [ S - I.S:.C ' it t

portion of'gocoi?t; - ar%esq%ﬁg?ﬁ%gie é)%?’f‘(gd'gan fk' - 'Sa'% %‘Jr%giceiﬂg@r B’f’% ?éﬁ?nﬁ@eato
"m xed of fiingasi resporse tel stakast enenprovess svariablend.ggstemgerature and/or
preferred that a 'knock- out ans” utilizing at_|east one of the. .
PorT o ng Pressus of CRGRses ot Sa¥! femberatin GO Telsaerritenset g
thereby preaghiiddl @omposRiefkofUithePthndiffser JRLgdLaRGbY coRliehRAS byaRUsN-
10, 50, 98, 99.9 weight percent of the |iquid entering said knock-out

nmeans i s Jdepaneassdengpat &g+ éftased egmpgsiionsl pealysisha3ard syrface @orkign is
95, or 99_1 i . di AL.L.: ) . _
00 0h % eyl B g, BFEERR Plpdn it Mok BORodd SRR oving
sai d knockdititytcopiramBuidPr ef erably, at |east a portion of said

knock- out neans,. ocat.ed at a.l owe |l eyation thap at | east e

S onaontosfl A Ste el rarriiofig B s RE eBbrdySHavBltnany

knock- out offegizscordeticer &bty bypastua pomidre bf exrbbexsanderkefbgéis @uburnd: 8aid

froman opening | ocated, below a flow inlet flhom an oJ_f -gas cotndﬁn er.
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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entering a knock-out means are renoved from knock-out off-gas. The

I nvent or s @Wo36loagesit hat t hese various preferred featuraghezo®oesrse
knock-out means are preferred in a knock-out means processing

condenser off-gas either Wth or w thout bypassed off-gas.
[0631 It is preferred that at |east a portion of bypassed off-gas is
processed ﬁ'rﬁg'&nﬁo@vmavh'bﬁ §8IViIGL the; sesd dp pdinst aadp%fqtiirﬁwgw mgyal.

t hat has egiidygd : Gi%y MBRRES f Il R éh
portion o?lxi ll'ogf/ hggtfehde%éaf- asﬁ;‘igs co?rt%rﬁggq\r}métnﬁﬁ%eg@tap%yggﬁ% o%aof eray

condenser hlanagabecasisemolvent raperds ot egsily wsrdensed froat byrpsaed off-gaw sif
f er ably,,. .t ' d 5@t . '
P ere el AR APk, s MU gcht\ine! Deplimer died 0l Sy

m xed of f-gas educes
condensat i kalance, thé wadsr baladee issupset Seethe soherdtroecvesy clystear,asaking the

ener gy oarleBRveLRGEAI HEEPE R0 et o1 oSk Be/eC R g ey gt T ghe

sai d bypassheurtf éf vaxs fdePvtoward anfbierd rebenapd/oed TOD.f - S8coridigvit is
It is preferred that the tenperature of said m xed off-gas is at

| east aboulesiabledp reeembine andgnseri-gab 20 PBAESAHRF-a88 f tEFatet in a
of f - gas e%}ﬁgf{r&ﬂ o fehv %H&@ﬁggﬁvé%nt means, [—i@%vg@%ubﬁ\fﬁ%ﬁ?iﬁatfon

di sclose t I't 1s preferred to a ernal energy to knoc o
of f - gas ads@ratilematio besausaapasrosaldog s typicallysrpaiedewher B-cplder, liguids
preferred f

ff- o) S -Qu
Porl oe. el bfs 0% & M Bhei P E HarfRp idtia Sphlised bad  iknan
cool i ng vvﬁeedésdlﬁpdmivgh @ér;&gabiu?nsilth tregpextsio fpﬂtin% iad:drrosﬁamdm Ut}:crmlma](cjand
supports, and the proyision of. el evation to en ravit oW. 0
condensed TIURIEN IPraihs) 270BRL SRIANS 1o Sfleg-a® CEoRieisen cafler andror less
knock- out twMent durfdcesPr Hapid aeniohal of RRich! 8N adéreSolofrom laOWRE velocity
cool ed surface in at |east one off-gas condenser is |ess than about

50, or 30,Presessoflowris diffigkit dp SAckiRyeewhile liftting Pregsire (kR aNYer input of
preferred t e I : | I‘gq,%g e | | eass:
one off-géé%ar%d%%sr@’ ?‘gméttp@fa@fgé@ gtagut ,58?59]?132?{6%9&5? Bl1(:"%Exfznett%eI'rsc-’tls"
above gr oliquidsdropetewokp\pacvided langer separafien tigwst hat t he el evati on of

a liquid inven i thi ck- ns I t

1, or 2, or 3 k@%r gcég'g@@k@ Snﬁy?@ég”ﬁ%%&ﬁsﬁgﬁé@f@%ﬂogg\ﬁwgggroeu%raé’ d
It is prefembetimehist for ltise present inventibn.a Affteq exidingrey anrboexpanideh, at laast a
knock- out neans grs | ess than about, 2

above. or o AR PH IG5 8 s PaREssed aroln i jedes S i-agt FRRGHSa to form

i mproved RPWRHatQEPYRIgAst LBMEPENObF nitRe df Uhd SEHNARG Prefanel tispects. It is

self-heating of a TOD according to disclosures herein, the
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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i nventors have di scovered a surprising benefit fromleaving increased
anounts of water vapor in vented off-gas, notw thstanding the greater

| osses of WeGidgis1#f ten acconpany such increased amourdcgRboivbSks
vapor. Accordi ngl y the inventors d| sclose the follow ng preferred

enbodi ments for "vented water vapor" present in a condenser off-gas,
a knock-out off-gas, and/or a TOD inlet off-gas. It is preferred that
t he vent edcqiapesitiong @nalysis. e disist prefereasbtiat 4601 bypasseg, olkwas 59 copbinesh

wei ght per ganty ;Péasﬁ %ggwbﬁrofﬁﬁ.ggﬁﬁa%%etéﬁed abfi- &gg%aeﬁg@%%nﬂ a

t oo much heat of oxi on reaction 1 n vaporl zing 'rquid in a
once thr oughlxedlrdﬁbgaajahefere pelaese dgcarebiant sugrabsdiggentt is gpefeatedatiat a

ti t t t TOD ]
hor case 1 ok ehs maeEZ ey ot BedE R R sIio SRR blot8bses at
dehydr at i oleagteansortibr decqueﬁgérr off-gaBathdrbby \peodesing\al Eknochout dﬂiig@et“. :
e wat e

| east about 100, or 110, or 130, _or 150 wei gh er cent h

of | TPAT or RiSteTaRY. 76 Feapt ot api 50cief dp-dreelght Rereeet ot he.lnde) Susing
system andsé.@%smoupﬁ%bﬁg Rsépafd S bl ESRFHGIQNWRR YS! 4 ih@ﬂsabout 50,
preferred sources of the water amount exceeding the water of

f or mat i on @fr¥0.dIrRA, @3 AP-hweight percent of[ofisgas timitm@neﬁr@hramowaﬂg in the
vented watigh, v 3807, egb e&%és ok ot%?r ftrRJ hgﬁﬁt o7 g 'kﬂBcif-ﬁH?hle%%%.
0} as e e

at | east a portlbn ‘wat er’ That en ered process w
oxi dant supeferablyprat Ipaﬁf arpdtign cafngaie Sgwdkanddi reeansiis |oceed paiedi dowed

anount of t vapor entering in ¢ ressed, air is disclose

o oonher o SEvalion” Whah; &0 EaeBophl BRETAS, corbsTht ooVl 58S plusdiouic
of the vvatmmnpﬁag?ﬂowommemnkmutsmeaﬁé |Rrafdrablypagiid aRatef ents evaid
formed from over - OX|dat|on of aronatlcs and sol vent refe ed

that vent dHORKOsE MGeasT reBhARi QraNing lpcated ta @on@sin‘edr rgas
0.15 kil 0%&%%9‘”@%&&&”@@ éL{pfémdw%n%l G'é\bbiW‘oP&ff gégmaue?«neeﬂout

sol vent per ogram of p correspondi ng ‘oxi dafi on reaction

medi um | tmeangiseless rthan tahaut deor 8d arc?.cor | dpeler pempecers at dhe plangof
about 0.0 reQ{espPS’:Azon?él QQarQlételf' qugfquEJl th‘é(aél.ﬁztrelrft c%l'ﬁatﬁll Pﬁw?lognf of off-

over - oxi dat T on - of - onattos - and 'so ven per ogram o
corres poanasgmoamd%ooh—ouémHarmmsrﬂeds diman about 6] 6715, lar 4, sorm efeterseder

t hat vented water,va terof. T ornmation .
oo | cos SRebl & tierlahe pharers Seftial dBmES (RRferh. I R PPy idence
about 50, Pk oPofi-gie inedzidknpek-eaNmeantas Ies%ttHaﬁaéBOlﬁtZDlJTor WB0.or®@, or 5
140, or 180, or 220C) into a process flow conprisin qguid sol vent .

Preferred SéﬁBF‘i’-"cat P@ﬁ%"a@&YnﬁF‘ﬁs@eﬂ‘e@ﬁd@@Cﬁ upgr ek o ga}sng} #aid kneflgput.
and as a frhdsid Bt st WholiPb. 50%9% to"‘r A Qrdrfz B8%coRds PHtLRIBY the hedrs

preferred t vented wat er vapor
remdence time of liquid within Sald 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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WO 2010/ 062312PCT/ US2009/ 005756 excess of the water of TPA formation
conprises at least a portion of water used to scrub process vents

t hat subsewoeonioogzael ease gas to anbi ent surroundi ngs. AdAT/US2009/005756
preferred that vented water vapor in excess of the water of TPA
formati on conprises at |east a portion of water used as an azeotropic

b boees. coMmGiang eserb 0 PlgasoteEnS pa KNoRG o, TseSare Feggoved from
7,351, 396, kritiel-dut DFf-G. - TABNNVENErs Heciod®WRat Pied838Pious preferrelif8hturés

is preferred that vented water vapor in excess of the water of TPA
f or mati on f@bﬁﬂmpﬂs@uamqa@aﬁre &referred dh admogiktost MeANSEIOFRIINDIPARNSEH

of fuel Q?Elt é@ﬁﬁor“ﬁﬁﬁo&ﬁ y?ﬁ@éed)&ff gas bet ween an outlet from a.

sol vent recogery an on maan and an outlet froma
t ur boexpander . [063} It i$ Gmpfarted shat et clenstd & Ipmrtiore wfebypassed wirgas iin

vater comiRIICRRN M8 i acunl 2R PReEELal KL epiR] o ePan ha fos
process bedxted dmeff-gut lcohdenser. Tble preferalply chticabl y poetfam ef hypassed eff-

of a TOD. It is preferred that said P ocess s |l.ocated su
Che i ni mARSSEORUIRG Wih 492 B e HORPLAPBSTRT B s Tou AR Bepiathoas

about 180(,ei8@0entd3Rfg sl FOOTE NS prbferétﬁy PR ®El %ﬁe?d@afs Sl BFfaise the

process forns at |east a portion of PET using goduct fromsaid
TPA procesiemperatyes pf éaldrm%dthéga&tbef@ﬁﬁnt%f"ﬁﬂ)ﬁtT P @eassi dhipheating

product Srgﬁgﬁ%én&%rgjou sE@@"? Hot?ﬁ-gg’g%gﬂgqg, v%@égs 3ARROL ehdid: %L%Q Qhdthus

within |les hours after
for med fromnpmzesxpnée:msi foraneatentd| sl adf cesimgttactiord/ dfhlspalnermaﬂenea:g)a@ad be

is pref at the ter rom ai PET e |
| east aboitidsadn wie P pallo aic Rt glrighl el o sl PURRSESD dfiedt flow,
wat er of fartowbidocorientBrexit bﬁigissﬁrcﬁf ertrn@gréfbﬁédttm thattahpemregoffsrmn
said PET. process is, |ess than

ki | ogr am pgBeg .qffo@a%ﬁaéﬁe%@épuwlf%%w dﬂ ef Gglg\a[)ove the temgﬂraﬁqre 0§
preferred thBak gaasTé;Riﬂgssﬁé’H‘f'ddéeécﬁﬂieH%PX' dation of off-gas conpounds

conpri sing carbon nonoxi de and VOC, especially by oxidation of net hg@
acetate. It is[Pp4) dihedavemars @lﬁéfoﬁﬁéhatclbr& prefersed &9 Rdgdbeimalanaray

about 60, \fQn 304 oﬂ‘ﬁg%ﬁéfﬁﬂ?&:ﬁgf&oa{ht 46 t%e%hg ﬁ#a@geg %ﬁ %gé’.ellt is

content is evaluate OXT datT on reacti ons yle
vapor phas:&efprmduotlccatemme offigay wndenseramﬂ theenkin ke tnatrmelams asl oltpates, in

L 5™ SISAGE A S R e R AT REoRIER, SRR i Wy
oper at e t hetevEtibng thB st for ¢AIDStriGureodtl St.ﬁ)r.@rts, aad thé provistat bhglevhtion
ar to enable gravity flow of condensed liquid in and/or through an off-gas condenser
and/or knock-out means. It is preferred that the elevation of a lowest cooled
surface in at least one off-gas condenser is less than about 50, or 30, or 20, or 10
meters above ground surface elevation. |t is preferred that the elevation of a
highest cooled surface in at least one off-gas condenser is at least about 6, or.9,
or 12, or 15 meters above ground surface elevation. It is preferred that the
elevation of a liquid inventory within a knock-out means is at least about 0.5, or 1,
or 2, or 3 meters above the surface elevation of surround ground. It is preferred
that the elevation of a liquid inventory within a knock-out means is less than
about 20, or 15, or 10, or 5 meters above ground surface elevation.
[065] In combination with improved power recovery from an off-gas

turboexpander and/or self-heating of a TOD according to disclosures herein, the
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or other gas/vapor and/or sensible or |atent heating of water or
other liquid, whether directly by comngling mass or indirectly

across i so%tzhﬂ,g, gopductive heat exchange surfaces. Sj@g&%g?bstﬁd S

preferred that a TOD is usefully, even predoninantly,
met hyl acetate in off-gas according to the follow ng disclosures.

Met hyl acetate is a known byproduct of the |iquid-phase oxidation of
pX t o TPA invenrtors: haveadischveTed Araslrpniging ban%ftlimv\/iaavmg ineregsed faprounts of

oover " acHieL VapB i 3k ieR S ST niRlareiTiO e afdchch YRLES ofYoc that

i nvent Brs szdéfaare gggmgga @ﬂ:ahhmt:z)?gzegf iig-?uetst off IWhtelywagem sAsc;osrﬁlagiy the -
t t

Which are IHEEPRSIatE e Follwing it ErbodeutEdot et Marer por

reduction ;hr@sérﬁ’(fin %Qionﬁ@h@ftéfﬂpaé 3 Rnétk- ﬂ%@a@%ﬁﬁr% T@Dﬁn@@oﬁ-gas It
conponent in o has a relatively |ow heating value, and of f- 8
or

of ten cont lalpf@‘erreg dhattbe yestas Wa’é‘ﬁﬂaﬂ@fs's dessvbap t 40@+ 9rc304: o 25
Met hyl acejgi @e@rh‘?yeij@é"nt Lb?%@'wétgﬁgf PN BtnatiBnd TR dvdidd! é%[entd‘i}lg too

achieve require eratures an estruction efficrencies
pol | ut ant smucmd1eau|q’ﬁgmcwimyﬂ reactioatio vapsizing watarhiguididh a emcenthreiigh

off-gas is, t,00_l ow n.su e tary f -1

nmet hanol , %F[P&exg?ndernagwebeﬁgﬁpWegul%(%eqlb%b?@ltglnagggéél&gﬁrllﬁ ec%/oeStS for

qugi r eﬁ ttesadeeat lmreﬁ'camdagvdaﬁnhimﬁtafﬂ?]@fr?ntalmteméase of sppbly gifaeﬂlux for a
7 The inventors have disc red the fo ed r

Lor 2ot o SoREBE eaovely BBk Sentarghen grkans, dh Butvetbribd eL I Yo ad veater.

the fuel MgihBpisOat I@Bé‘.t"é’do@ngabﬁﬂl@ & F@o@ggbmﬁélgﬁhﬁer@éﬁﬂ éﬁhe&ﬁé?ler of

operating costs for further suppression of formation of neth

acet ate anﬁ%a‘om@i@ner?o @vojd gverbedelkydiating mﬂwfwerﬁd §@Jps@mtaws&#maami
hydr ol

Yool Y Shefeby! GBS i dilon Riglon G5 AdeC bR BolABE sCHe
0. 005, or wet@Oamount @(d&@ﬂldgl the gvaten queTP}krfdarn‘gammaJé dprx.ldsed hewein.

di ' f t

scet at o cont enfoed]” KriS BrArEREl Pt yREer Wbisy VabPr BLe it BF i PareTab TPe
| ess than fammﬂoncbdm;ﬂ'lse@ratﬂeé&% portiof. cﬁZ‘ﬂat_elOIha() hﬁéénlﬁréogh‘i@mqmlss with
ki | ogram of CI?é‘E orres ond oxi dati on tion nme JEHm I I S
pref erred ’ﬂ‘ﬁaﬁx' HRHPP ce’PQE (ébﬁ%s"o&?prﬁ iRt alp, Lpeye e&f’d
40, or 50 peaiR et wakerdldpok 'é@ikerﬁ‘@ﬁh%ﬂmpﬂ%ﬁd 8¢ lsadfggase&l | RNHE herein.

enbodi ment of the invention, it preferred that methyl acetate
and/ or nethhisrRrefercs that Vent%watermom eypessantither water-qfakPA feenatian

el | 5o SRS AP Py it s Rl Bt

solvent. It is preferred that vented water vapor comprises at least about 0.05, or
0.10, or 0.15 kilogram of water formed from over-oxidation of aromatics and
solvent per kilogram of pX fed to corresponding oxidation reaction medium. It is
preferred that vented water vapor comprises less than about 0.05, or 0.04, or
0.03 kilogram of water formed from over-oxidation of aromatics and solvent per
kilogram of pX fed to corresponding oxidation reaction medium.

[067] Itis 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, 85, 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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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 ceBtB8itwseRtering a TOD. [73] It is prefgamedodohodrss
acetic acid content in knock-out off-gas and/or off-gas entering a

TOD is | ess than about Q 005, or 0.004, or 0.003, or 0.002 kil ogram
per kilogramof pX fed to correspondi ng oxidation reaction nmedium It
i s preferrexcesa®f thaawstar ofokRA T ation: @rorisesiatdesst aupodion-Qf watgn ysed

of f - gas engoegc}lmpfbcg .énﬂsgﬁ%tné'l{a&%ﬁgg@g rdfledbe g tobrillenPurfoiRiingd. it

0.30 nol e percent eval uate dsis with only non-condensabl e
gaseous cospwefated that ventdd slatefovanerr in exceass ainitieswates of TBAwkesmation

h h . tuel. | o -
acded fuel SORESREALTen 4B bPL Refy (484,0ph #30%enE Hhelotaap Mo
or 400 ki1 SROULES Der nLaaT Aot 8%, LE TGO 830Nl 1o o AaY Iy,
r i u | | | |
?eact i on n’éiﬁ-upn?t‘ fi)ﬁ:s"'@ég/z%ﬁom %8%(?3531 2ed @r%rbau%t |%9Pg%ﬁ$ ﬂ@’ 280s-
achi eved byggyopyi ding efficient heat integration between hot, treated

off-gas near the exit of a TOD and untreated off-gas near the entr

to said TOD, ad068] Wriswmieferrediibatyenteq wader apsr ifcexaess of the waterygf
supply of ISt | b Wi bt 1

operati ng f%eﬂﬁ%@ cgﬁghgﬁ -dg@%g%tgé osrli]?'itl gdrﬁswgtgp ?@%nglgﬁﬁ hdg(#&ea{liﬁn ?f[ ﬂfesl
pref err ed whert optidi@lly apedatoekeati affigas pebkeeman et fromparsoivent re¢overy
| east about 200, .or, 400, or 600, or 800C |1, ferred that at

| east aboud" gfr,dec;}ydgagl,ondpeggs, apg a@é’“ﬁ’&?ﬁ%‘eﬁ B’éﬁ?%@gﬁbons in

of f-gas enterinmoesy TGP prefereditHazashte® wat: Vzpbe freexedstiofghé hatdiGl. TPA
Most preferably, the TOD neans .in all| disclosures, he

einis
Regener at i ‘PENAiEY RAMPURGS & iI&7BL(RAGFUIGHgh¥/ater °°m'"9[£7%']“ ﬂf‘t%ﬁa‘feéﬁtﬁ%-r
and/ or - desyhHedd %ﬂdo%?fé‘?‘ih Ofhd O $18caddl DéRdrePHed WuBBt Sofl 8 FOD, more

oxi dation reaction off-gaS, .many |ocales require substantial renoval
of bromi neprefesably theferecteetnlelf of- galODThitds preieied thatisaid BETi prasessrs

done Dy aqueqls <k &%‘i}tﬁg n%irﬁ&}ﬂgﬁd’rﬁéh{%ﬁ’ dRtdndforh '3 $pAiacBedis less

| i quid scrubbing o as usi ng an aqueous solu
hydr oxi de than abodt 1800, 800,f 30@ 160 metersc e ltsis girefertedothat eakh PET @osess

(Lo e, RRSE I 435 A e B R b T il Y R R Sl
purer wat girefdrieafthabdt I¥asts@ portiohfofgatd TPAYRTBEICt B kelipto a reaction medium
of said adjacent PET process within less than about 72, or 24, or 12, or 4 hours
after being formed from para-xylene; para-tolualdehyde and/or para-toluic acid. It
is preferred that the water coming from said PET process is at least about 0.02,
or 0.2, or 0.3, or 0.4 kilogram per kilogram of water of formation of TPA. 1t is
preferred that the water coming from said PET-process is less than about 1.1, or
0.9, or 0.7, or 0.6 kilogram per kilogram of water of formation of TPA.
[070] It is preferred that a TOD is self-fueled by oxidation of off-gas
compounds comprising carbon monoxide and VOC, especially by oxidation of
methyl acetate. It is preferred that the fuel content of off-gas is at least about 60,
70, 80, 90 percent of all fuel content entering TOD. Fuel content is evaluated as
the heat of oxidation reactions yielding vapor phase products comprising water
vapor and carbon dioxide gas. It is preferred that fuel content of off-gas is less
than about 160, or 140, or 120, or 110 percent of the minimum fuel content

needed to operate the TOD without a cooling means, e.g., sensible heating of air
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water is filtered water. Mire preferably, said scrubber makeup water
Is de-mneralized water, de-ionized water, and/or steam condensate.
[77] The iwveplortsiave di scovered that sai d scrubber IplcGHisSho e o WN
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 about 0.01, or 0.05 kilogram of off-gas
scrubber | pyatheregasiaper ansd/er spesiblei podatan bealing PEdvater or other liquid,
correspon [

i Schar of et RELR, LSRR OIAR piERs! of udRectly et b, EANAIRALL Hat
directly texchabgesurfaces.oundi ngs. | n anot her enbodi ment of the-

I nvention any from roduction facili

o o0 SR hTS PRl BT AR BEROME S0 B ey
to .05 kil egtymedtarfihlofegis sedcrdingas ti fcmgwmg dléclbéilrégd Methyl acetate is
correspondl ng oxi dation reaction nediumas util tlé%( rat her than

di schar gi nd KRwnubYRredyct of the tiguid-nhase exgdasion; ¢ iE;pﬁn'i"’t acsity 8Fid.
ditectly tfg rg{ﬁglo‘dgs SHET RN NBS the art for /BbiatiRg aMeBRf | S5khte2 RAd M én

preferred e I ment, the invention conprises conblnlng oxi dati on
reaction diydrofaingiihwithavatgr korecoyer meelic anid selvamcand byprpdueti mathanol

reactor SOURGER: ThElnURSESRAIARRE AN Rat IR LIERTEASINBRLK L stem,

recovery an I on neans, oexpander neans
means, knozf-, cUB 209‘60@36!39&@1&18(20070@081&1 ébe ebbier disclosures df idjich are

Undesirably with respect to ener recove t he ptessures
and t enper HeaIPERET “BESIRERSE  RAEI o P BHEbrS Srbioreipton” i e’ Ret
subst ant i afbifatibird & emfmetﬁﬂr@detﬂes Fihed G compbhentindbtegas haema relatively
primary reaction medi um and/ or from each other. The sinple expansi on

of i gher pWeaAling ValspranshoBigasoeiten caniaiss RayPS ST AR b Mest
val ve i nt gl o¥ELcRIRP SMieth f.afc seq H aﬁbéffé#h%épéérﬁéntstb%ﬂ'w&rﬁrde[(to

entropy, causing a |oss i Ity to produce shaf
However, tdohigvegeguired twmﬂratmes:aeﬁ deblyuctinnagfficiencies af pgliutantshiacluding

combi ned %%9@8%% t;tsteﬁe if e e%rﬁeﬁt @bﬁé dt%'b !o@n%eh 8?)?65')%&%%!

off-gas flo e com ngl e and vaI ues a
TOD. fu¢i80k.gd.1 memarreefmehhedol; duenlr@c eaestobé -sgmphéd tontfeet. TG SH drder

distinct re ctlon n, a shar sol vent ry and/ or
dehydr at | GG B0t Famesanes ne SrsriaeanoehiRE or ESREERY. oLt

means, TCD andgmzlbrméq iRPerord  RBGE diddovefedd bR Rilloding Padfekd |r@Agés for
portion of said distinct reaction nmediuns are separated horizontally

fr om each reeth¥kagejateds kneelaAubeihgasiranges that L@@fy"y&alm thg fuel value of
methy! acetate in a TOD against the capital and operating costs for further

suppression of formation of methyl acetate and/or recovery of its acetic acid
content by separation and hydrolysis. It is preferred that methyl acetate content
in knock-out .off-gas and/or off-gas entering a TOD is at least about 0.003; or
0.005, or 0.007, or 0.008 kilogram per kilogram of pX fed to corresponding
oxidation reaction medium. It is preferred that methyl acetate content in knock-
out off-gas and/or off-gas entering a TOD is less than about 0.030, or 0.025, or
0.020, or 0.015 kilogram per kilogram of pX fed to corresponding oxidation
reaction medium. It is preferred that methyl acetate provides at least about 20,
or 30, or 40, or 50 percent of all fuel content entering a TOD. In another
embodiment of the invention, it is preferred that methyl acetate and/or methanol
content in knock-out off-gas and/or off-gas entering a TOD is less than about
0.030, or 0.025, or 0.020, or 0.015 kilogram per kilogram of pX fed to
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WO 2010/ 062312PCT/ US2009/ 005756 or 150 neters. "Process integrated”
nmeans ‘that feed or product streans fromtwo different

processes/{ywuiumgﬁg are conbi ned and processed using atczl;matg;u(meﬁ
pi ece of common equi pment sel ected fromthe group consisting of

t ur boexpander means, condenser neans, knock-out neans, TOD and/or
brom ne scrubber.

. i 8 VWhen formn n. of f 1 Xt ur
preferred ’F‘?féﬁSPPHQ'“Qn%ﬁ?tEQﬂ ]r%ﬁ‘-'ft'oBf meguan. |gn?'t ﬁeprﬁf% E‘q ﬁ]yé acetate

sour ced- f r GyE\vieRe Al dsdst B¥LIERD | O30 S5rC4d, U SUBskrbEAt oF B E&REnt SRtBring
the anount of ail ofrgas in the mxture that is sourced from pri mary

oxi dati on #ad&H.ion medium In mixtures of primary and secondary

off-gas, it is '?Sf 8t fjs ﬁretfg'ﬁéd %ét 8&s; caéélé'cﬁﬂtécr{t(m‘l\ﬁﬁ%wro\ff gps andlgr

oxi dati on react e comprises | ess t
or 2 wei ghoff-ges (Benherlny atT@Dnnslessfthamrdhouteﬂ f)5f -og 5 0Ghdot 8D, karD.002

b 20, 10 ' f d
of conbi nellograr g5 kgt G &ty EdfeshahgRa arbulligaRortiRa i i
is preferrg@fdriat tigats cﬁm@nam&id?tﬁié roemethednnldﬁrdt-mm dﬁ-fgaenah@mtmfﬂgas
medi uns conpri ses at | east about

0.8
percent of SHRENGrAs SOBY IscBR® thay a@P“bpf“sgé’é Oafmal qre%§§t H%\R %poﬁlﬁi\'e@%ice”t
or 0.2, Vhidate@onG dry Qﬂivntl?%h neéndéhgamﬁsgsas%uglcahtp’ogaa@ of

or
conbi ned o? - gas. I's preferred that at | east about 40,
or 60, or 80, dP74b Hmmw pietscéwﬂeélfab"éai@t wesateotgo gtatsch eheray. whether

d
oD 2SS M RbFEPARACH 98 oEGA R ARGARE Bl 25 bRSe 11
a primary prefeteed that thedotal combegtiomehergypeleased by TODaisdéss thén 600, or
o O e e bRl o B X ot SRR iation

scrubber . fehcligh el €thié s a@ﬁodrﬂ&ﬁtreéww &b@ﬁu@ﬁorﬂﬁéagﬁsadtf@iéd by
said secondary nediumis formed at a tenperature of | east about

160, or 178fovigingiefficient heajgategrationsbeiweearhattreatas oétga%agt" et ol

of off-gasy %b%ﬂ@@rgtﬂeat@% IndERhEBAtS twatwott A EURNAhURE é?fb¥
| ess than about or or 230, or "220C. It i's preferred that

| east a pdtatnpuamﬁartsrf gas from said secondary rredl umis forned at a

pressure of at, t'I'h% F% %5”?091]5{!8[? ]hgegt is' %pﬂr@ dpfi 31 cJ)rtltrchl%d vyith the

preferred that east | on'o secondar
nmediumis cipmamtg atettmdsrmuffegasfcdrapasuﬂtdmnasadrsutoséd heoein34lt isopreﬂerred
ref.erred at_at rt|on

eacti on dpet 80P G des vt e e ek EMREterE Al o defd 4B 200, o
reaction rggd, wiB0a! er 80010 nedisvhreberfAl thapab &raskaBoud 64, &t 96 e@usgs 2or 99
portion of reaction off-gas from a primary oxidation reactio
mole percent of carbons in off-gas entering a TOD are oxidized to 002 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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medi um for processing in a shared, common sol vent recovery and/ or
dehydrati on neans, turboexpander neans, condenser neans, knock-out

means, TOByoapfjueisProm ne scrubber. |t is preferred tpgiysdfoch®ast a
portion of off-gas fromat | east one secondary nediuth is fornmed at a

tenperature of |ess than about 20, or 15, or 10, or 5C greater than a

portion of said off-gas fromsaid primary oxidation reaction nmedi um
It is prefwpteeds tfikerechivaterastMereppraferahivorsad scgiber rmakeiie watkloifddey

Tedi um i s fieiBpedtwdle!, YENBARLY Wt aRllich i BBAMnshe O 15, 01 25,

or 35C greater than a portion of sai gas fromsaid pri rnalr?/ﬂ
oxi dat i on react[03F] M nweatod bave dissovered ibfat saiddsastbbeydisiuid blavwedown

distinct s r |, dat i on. | On | ' . t
least s por g dspe BTG Yortsh e Vet ie AB et ed i, Sasdl ft BT Welehe £
a';] a t enpegaling dowér _hmd fu]E)h.(iﬁatea]l?(ﬂkttco?d)ncrlg_lIslt,r it1i$ prefierrdd, tooused &t gba‘st abeont
than a porfiLon o ILd OoTT-ga rom I stinct_secondary O at
oact on rbfbi0.08 WG pEaTas Sibbat TR WL Hr R IogT 8 X
of f - gases RANRS chfreEPShdHRS XN Ordattibh OMetRAF tdsO Mtiffy divefBrs RfIRS A tiRsh
hori zontally froma portion of said primary reaction fredium by | ess
than aboutdiggharging 2a/d serugberowater feeewastewptardraataest peiti apgviar diectly to-
| east one Q-ﬁbiéﬂf &ﬁ%%ﬂhﬁgﬁbﬂﬁf%ﬁ%ﬂﬁénﬁ 6ﬂﬁé%v%‘?1@i8ﬂ%fﬁgyeffﬁ2férﬁ%ét8f‘
ne ally tr

reaction i um Separ at orizon oma portion of said primary
reacti on nedained fonata predsdticabiagtityt compriging@an dédation Bactien enedium can

[84] It i referyed_to_prqces t. | east 4 0 8Q,
90 el ght TErEehel Birateel alioe P lRofi o AR Ware B Kioefim & g
2 8 e seccﬁ)S 8 dﬁrrnesgghdiag iag&daﬁa@eﬁéammmébmm ?@rﬂﬁilityg@awrtrbthét tharadischingirig
, or ,..or 80, or wei ght percent of the dinitrogen in reactjon
of - gas f 1B WIBY | Wale] toxAaReRisateR deaUReRbAINInANos dreatiato GERbgRt
tur boexpanggiuRBMEs: condenser means, knock-out nmeans, TOD, and/or
brom ne scrubber. [85] The inventions herein are preferred for
a process prodl@78lgim an wnpsiomala andn marec Rrefetred  emhediaraidx fhe cinyentipn

e ey A b sh B, el oftoel: g o Bincly ona

acid i npuréetbndsargmxir_ta’tise reaster sharceabfrtproceiding tlfrroﬁg}_ﬁ)a shar@td)@pmbingd

R T R T A e R

benzoi ¢ aghéanspRheck-olituiheans; i TOD aind/ct-tramirmxydrapizal dehyde. o

T 0 Bt Sl ohacts T Saeie PO el st

units. Thelds¥éd UBnd temperatures of secondary reaction mediums are often
substantially different, sometimes significantly higher, from a primary reaction -
medium and/or ‘from each other. The simple expansion of higher pressure
reaction off-gases across a pressure reduction valve into lower pressure off-gas
usually dissipates significant entropy, causing a loss in subsequent ability to
produce shaft work. However, the present invention usefully retains enthalpy in
the combined off-gases at the inlet to a turboexpander, and the combined off-gas
flows usefully comingle CO and VOC fuel values ahead of a TOD.

[080] It is preferred to process off-gas from at least two distinct reaction
mediums in a shared, common solvent recovery and/or dehydration means,
turboexpander means, condenser means, knock-out means, TOD and/or bromine
scrubber. It is preferred that at least portion of said distinct reaction mediums are

separated horizontally from each other by less than about 1,000, or 500, or 300,
33



WO 2010/ 062312PCT/ US2009/ 005756 as used herein is one color attribute
measured on a spectroscopic instrunment such as a Hunter U trascan XE
i nst r ument wigHrsez1Associ at es Laboratory, Inc., 11491 Swsesodsiobizse
Road, Reston, VA 20190-5280, www. hunterlab.com using a refl ectance
node. Positive readings signify the degree of yellow (or absorbance

of blue), whi negatjve readings, signif degree of bl ue r
absor banceob?é@@q?%ﬁl) [Process '“iﬁa}ﬁedTﬁ?éﬁ"%\}é%ﬁFS&g’r Hé‘?‘g‘lcﬁ s ﬁ%’i"%?'fo&" two
processes gifaxit lpriBedBesifbéiifed B8 doRitinéd it PRidesséd i Wbind ) least ahé
aspects of the disclosures by substituting the neta-species for the

par a- speci Bigce of omman ePHPHRNT seiacted iTonpile arouR-qapsistied &t fybpeypander
para-tol ut ﬁme%ﬁf,gpohn@gﬂséjirﬁéér@%%l@%% H@&Y\??T OB and/or bromine scrubber.

4- car boxybenzal'dehyde. I's extension applies for a process nmaking

| PA separ at el y.[08h} Wker figiming &rsoff-gpp Imiskire.nit jsaprefered thatdhe mmaunt pf

conbi ned prpcesses. I ng. h, TPA_ a | PA. S .Qf +
The i nvent OGRS i A pED Mt s neted rom spsongAl) (REhE redetion
reaction ne@dluie isf mucky lassethan tige amaaint beal bffgae is they eiktures that és yourced

and/ or dehydration neans, turbgexpander, condenser,. knock-out neans,
TOD, “and! ofoBr R Seaseisasgen oo | FOBpues of BERaNLAN sEcontEy

pr eponder agf_qag Offeisi frefdiféd QRat Bifafas! BASIHg OffEM S86dHdaRy MBélafiohi feaction
par a-substituted and the preponderant aronmatic species in at |east
one ot her medsmsoeomptsesrass thanaboubIPi ouil@dor A 1or Zsyetahd perceyiof the

.nvention Rgst Gi’%%rﬁgintea G V?ﬁ&%s%%é(ﬁ%o Yoralbsgr BheM dezrﬁace%t

portion of solvent recover romreaction off-gas’ from oxi g one
xyl ene i s slubreemasst bfy dirstecgen tdii conmdnedrofigas.or I mixtores 2f rimaryi and

' di idizing th h | ene, ALl f o
ocnt - on B o o PASL G, A B2 S hebE gxpraton
portion of reaclidn aierligat womiprisesnadidagt abpar ab.npwr fU.2nor 0s4)| 6rd0 8 aeight

that is predom nantly one aromatic, dicgrboxyljc acid i§ subsequently
used wi t hi Pereent qfst,heznﬁsaﬁgﬁem%n%ojfe @3s %ﬁﬁaﬁi&@ﬁqg g 2. or
ot her xylefng. of (rd&ibigMPighentiofitie RAESI dhitrédih of dibiRegiopgdd. e, to
keep Co/ Mh/ Br even heavy aromatic inpurities fromone filtrate

i sol at ed from t[AB2bthisr prafered that apleastrabeyt K49, 10sc§P.t pre BRa e G0 weight

acetic aci ' Y SOTRERE pat.at s 180] ]

preferred g%ra?rﬂegfr}é?&foeﬁst Eg%ort | o%tt ?ﬁa%?iﬁ?atﬁeéoég Ver?tx idakiBA] redotior

(par af i | t rmediunt isosonsbiped swthsatvibasteabout 46, pr 6000080 ,a0mt 9 weight ipercent of
uted and a pontion of fil

(ot acti |1 RAPGY PIGRca SR b amep Rt asesioh hain 1oL ikespip in 2
speci es arshdied acombiin solvedt irecovesp| areiidr pehydratien i mead$, turboexpander
: means, condenser means, knock-out means, TOD, and/or bromine scrubber. It
is preferred that at least a portion of off-gas from said secondary medium is
formed at a temperature of at least about 160, or 175, or 190, or 200°C. It is
preferred that at least a portion of off-gas from said secondary medium is formed
at a temperature of less than about 250, or 240, or 230, or 220°C. It is preferred
~ that at least a portion of off-gas from said secondary medium is formed at a
pressure of at least about 7, or 10, or 13, or 16 bara. It is preferred that at least a
portion of off-gas from said secondary medium is formed at a pressure of less
than about 40, or 34, or 28, or 24 bara.
[083] It is preferred that at least a portion of reaction off-gas from at least
two distinct secondary oxidation reaction mediums are combined with each other

and with at least a portion of reaction off-gas from a primary oxidation reaction
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and/ or catal yst recovery process sharing at | east one conduit,
pressure containing vessel, and/or rotating equipnent item Suitable
filtrate pybihi@aiden uni ts are conprised discl osures igprkhisSinoese
No. 4,939,297, US 7,351,396, and U. S. Pat. App. Pub. No. 2005-0038288
(the entire d| scl osures of which are incorporated herein by
reference). is nore preferred that at |east a portion of

para-filt rme@uuncﬁoronromsmg in a shared; sommanesplgntiraeoveayand/orgdehydration
conpared t a
onst o pofteny SrSEpah 8 ienfl RERUERCE metns, SpBLEREL F8ns oD prdlor
recover ed bmhgsstcrdbtmm sl'alsdprmferoasmairsé Ieaﬂisaaquﬂmmqu oﬁsgals n‘mnf at teaest

Gt @ PO 8B e 8005 ) 83BN HRRUERLLY, 1

formng a peno] Olﬂﬁﬂt Bdﬁéétbr thdri éé}icﬁﬁon ot -saRl Oﬂf-@bgrﬂ‘cﬁd shippridany egightion
about 10, or 40 or .98 wei percent of the araomatic

i mpuri ti esrqaéH%éHe@PB‘m ﬂhr'sdpl"?flefrgﬂt bapatlepgf £ peRigh Pfseif-gapifrom one

purificati Qébﬁ@l%%e%ﬁrﬁ'ié’ﬁirm’él%\ée{e)‘nﬁ@ﬁﬁé%f %'E Pea%hﬁﬁb@taid Bbrcmﬂéir ned
with at | east about 10, or , i ght percent

aromatic i epdRiQ g@gtméMGmmmmnéOﬁrga&fa@@ sgyd E&mérypcam@w reactlon
[ 90] Al a t e [ t i1 f.QLe
[90L ot (RBAI b5 hOHBRJOBR%5H S8 Bl EERS SPREABY ofiBbon
conpr essi oreactamsnediurdi Vit éepreferrgd dhatdst Ieastdmpbrtmmpqzﬂ said offggad Fast one
one oxidation reacti

t h d
dpect us o sSbr g Bl R ol 3E A feobiiu G ST BRD Hpoak o 15. or 10,
reaction ngdswniffessrithan bqod?f@p@ﬂeﬁaaiﬁ. a¢ @oRi halitipets&soraagy oxidation

met a- substi t ut ed. 1] ects of the invention pertaining
to oxi dante3GHN W?W&"@r cdfolsepfﬁfﬁrd%ﬁ@feabﬂﬁﬁ%? AR’ Seiq Eagtion %9??%?1
of oxi damccﬁH@sPl’rbSm' NEEESHRNPELARMEN RREoh Tnéidin éé&‘ hBﬁiéntQ%ﬁ
used in at [east one process step wherein the preponderant aro

speci es arporfian &f saidsprirnatyegagtien wiediurriy less than abbel 6 arsed arr8,aar 2
st cone abfigt. W R53eR b el Uitk 'ohd B BhRPRALALFRH. HBIRbhfes from

speci es are neta-su n one e
preferred sdwhdamw:dammi'émlohHﬁedmnmfmtawtedn@qmnzontaﬂy; frean Cﬂ)-pbd(mt efl

with a larger TPA manuf.acturj.n n of | east

one. br epor il BRI RECHOT MAchitt e 1588 2bPbh Avfdf o P oL SRUTHE v ¢
of f-gas from atjoBgpit isOpRféiredABdRHaEEd ¥t NSdst- LU t40, Ltsreeoralafsnl @? 90
medium it i shgreferred that the off-gas arisi n%ff rom reponderant |y

met a- substWeighegericent ahiheofipitioges in ¢8304aMm ATt 96 o gt '%@SQRPG‘ Fpcongary
or 20 wei ¢ifigation 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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WO 2010/ 062312PCTM52009/ 005756 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 ofodhindsi@gen in the conbi ned of f-gas. HcFAls2Mhans756
of f-gas fromat | east one preponderantly neta-substituted reaction

medi umis conbined with off-gas from at | east one preponderantly

parasubstituted reaction medi um referred that the off
arising framusediieierignens Cﬁ@f’é’t@ HEG( c{@alqjﬁgeegqﬁﬁopgce@ggyment

| east abouf,d gs OHuAteP: UIﬁéséaﬁXE%st?urﬁgM@(l-@lmtepﬁ%ﬁ@éﬂate@fLéb'ib@atﬁgﬁSn@f

conbi ned off-gas and | ess than about

wei ght per t#4#1 SinseidiilmRoags Restan; N@géaw%?% wwahwéiaﬂah ﬁorg'hslsmg a:

[94] When .
| east one BNEGaRGE ModH | POATRE FEiifdh SHARS 1R AeerkBoryehoaTlor S6edtbance
| east one mfrblpendﬁhlmﬁhbgannm el signife dhe aegree of rduk (on absorbance of

preferred t I preponderantly meta-substituted reaction nedi uns
receive | Wan about 50, or 40, or 30, or 20 weight percent of the

total mass flovoef] ovﬁedwenfnbﬁmﬁe%em applyC firPpRIRESEs mnemny\hﬁﬂxsﬂ@ne
anbient air cong%essmn means supplies oxidant to at |east

pr eponder X}y int isppbthaliciacd &4 dadll aspastiPh meaﬁlfcicbwéﬁs P%éEPStHHE”Q
preponder ap| KeaRaLms c%égﬁ?'tﬁé’%)ﬁga-gﬁ@&éé %ng W pX L IPAS TR R meR-folaé

pr eponder ant | Yy nmet a- substitu reacti on I UFTB recel ve at | east
about 0. 5,aqd fdr.p@radeluic. &id, candzsﬁaxb@kmnq@édatwde for 4cataxybenzakighyde.

flow of o r S

e o o PSR e o 9 BRTARR TBR eartot, EEbeblolh avo
co-| oc?t eda%plbb uapaigea;shndmmw domanﬁcﬂp%l@smnfakmgbothg’ﬂﬁ anthRA. |t
is preferred t ted [ '

at |east about h@hgi @rp P‘°’O°F§’?'e {nvgntl {3'1'" pcf(?'@"\ﬁﬁgdﬁt %Bg\ﬁirw?&ﬂcﬁaas
di car boxyl fgmasitfereh fedction hediuRsAicr brEteksiy i aclddst Biie Wohk®s Secdvery
is also preferred that |PA produced in said co-I ocat ed process

conpri ses ansder dabydratirumergls, durbeexpajideg, cepdensghi rck Rt BRNS T AP
di carboxyl i gy &C'b@%@ﬁ% tserlﬁ)b%? é y’lt.ﬁdai?EJ 3@%@% Uhéry e Of@enderant

[96] In ano er e or w t ho co-locating PA and
it nmore prwbmat:edspteh:aas mt at m aneptaaction roedivpnis ara-substitutedi ami }he

eset o bRGRTERIFhAR, SOEABRIT AR e B S IRAh FRARE Sieks
di ssol vi ngsubsﬁiwexi i vl aspbwls @f rteatisventiandpartaining copicicavéneg swverd nappdy
3- CBA and/ go(irv eeonr %9 Iesaps? a porhon 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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[97] In one enbodinent, it is preferred that said I PA fed to PET
reaction nediumis either crude IPA directly froma prinmary oxidation
reacti on nggi Hfﬁ‘o%fh?i i's preponderantly neta-substitutegQfyshionosTse
post - oxi di zed2 IﬁA ormed in a secondary reaction nedi um whose aver age
reaction tenperature is |l ess than about24, 16, 12, 8 degrees hotter
than said primary reaction nedium It is preferred that said crude

| PA and/ oramster cptaldstz decoveny c praness eshaning eats deasihoane 2@ondit, gpresgure

160, or 32 Of o3z : . 0, :

or 1, 200 pAnpieSvesih dhe/pEItphRTaqBRShEn i, s atte Hifhte Hurko b
2, 6- DCF; aumits| arescdrhpniseabdisclodbies iorU.B52PatoNo8@,9382%0 W mMB5¥,396, and
2, 6- DCF. 9 | p angt h |en It is preferred that said
"oa red t ISPt Are By aNep 20 EaER ine it PSSP EUES oot WRlet Bl
whose averipgsrpbRAd ihereih HYPRIGILHES). | B ifiindre anéfeakduhatl 8t leakt 2%ordn of
30, or 36C hotter than sai dgﬁl’l mary reacti on nmedium and | ess than .
about 80, Rrafifrateand(ef raptagiicaieds Cerfed @i iha same Simerveas, conagrier g being
medi um 1 tednfpfifRd £ SshuiehRb, SRistodtifsd ffat APRaSPERIIEGS ofbulifPiiltrate
about 10, or 40, or 60, or 80 ppnw of 3-CBA; |ess than about 1,000,
or 800, orarsyw,atdeasi@pYpemobrecaversd cajalysidayn saisbprocess are subseguently
or 8 ppnmw , : - 1 Qr [

ppmw of 2,‘%%5%[3%%]:& I%?(éoﬁ@ﬁhﬁe%rﬁﬁg%fgg% %F t'ﬁgﬁé %Fl"ergearﬁgo?unb\%gﬁﬁggt#
rel at es t coi fopnow gabriibrs pb piara-Ghraté candfi meta-fillratry, rmored pnsferhbynforming a

renoved, rather n I hg retained as, vapor urin o] SSi of
anbi ent aiRO*Y} Otgs}&arﬂﬁa§gpdfiﬁ Pfei%?@??&ﬁ l%gﬁg’opg}]&s%%@ﬁrr@? or 98
pressuri zegeightobeientior ikt 8roMAID irhpEritEs FarAbRaP FOPP=RE Filtele SH saith
using at | east one intercooler to renove heat of conpression to nake

t he procediiraigr solvaal rifiratinn: Aandfon fataysth SpFENY \PIEFesT REoREYSICABh
systens typ ORISR RS r dree N t ,

this wat erc{&:ngﬁ'{‘%/%iv@g]loﬁyq%e%ar at edﬁ?’rgﬁ?gi rdrtr)laeq"ot!r;!r:btg h@@@ﬁfi{@rﬁrﬁaﬂaﬂ%
subsequentaromatic gspuriiessempyesdonu swetafittate Ry ¢aitkk proagss.y- i nt er cool er -

d t t.am nat . . ' A | 4i
cai'd condensat (07U AT BPRL APy AR Rt R G REre3RE otk FRgap
facility, supplyagsplpwheran mortios kifneomprebsed) irsioorat & rempresgion sheans is
nventor o iR dp UBYERGBRERE! FOPPBvIond! fort sy opiddoncfeatton medium

oxi dant - s ypHr¥inithé pr&setderamaiieeiatio species Bié baneousditute@ gl Atdeast one
wast ewat er treatment costs and reducing costs for purchasing and/ or
puri f yi ng Qe exidatiga: 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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WO 20101062312PCT/ US2009/ 005756 is preferred to feed at |east a
portion of oxidant-supply-intercool er-condensate into a TPA process

and/ or adjwoenindilz process, nore preferably in at Ieaa:tcmg[@fons—h.;
fol | owm ng process steps. A TPA solvent recovery and/or dehydration

means, especially as reflux as defined herein. A TPA filtrate sol vent

purlflcatlon ste es al | n azeo I.cC se 1d far

recovery oReree Qfd %I"Sl‘?%) o‘?ﬂ%%@ﬁig %r@‘%k@gép%? o %rqrsﬁaqq r'30, or
i sopr opy! @@@b@fg@ pBREnt Sffh% masgérfcﬁm% Sﬁ lﬂﬂfété’drﬁlﬁﬁleb g%, A process
for purifyin sel ective, cataly drogenati on of crude TPA,

A scrubber on a[ﬁ%hﬁwbﬁn oft-gas ffrasmadi lenétr oaeWAp@adwﬁmlbm%fés%Jbémuted :
storage V%ﬁgﬂlwan}edlum I% &0bi nlerd Wl ? 't at RedsEBHe ?re;%&ﬁi%?atﬁlx para-

portion of “OXi -|n ercoo ensate I'nto east
utility wedubstityed enaaacmm empdiiner abisy mefqorectlthgt tthe bﬁ-lgaewangng from

systens, and eferably for use a TPA eS8t 4 e
BT o oceduerdaraiig A substiles o bobids a5 o 2830 a0 EhePt
wat er systg) sh2oewsightberfcdnt of tw ﬁﬁsbwfwdrmﬁhe@@rftmt and Id%séthan about
filtered water sstem A de-ionj zed and/o allzedw%

syst em A Q.0 @ 1Bt @1 §y§f 24, weight perc?qtdg]t ,&Lgrtnltrggen int ecomblned

oxi dant - sugphyes | nt er cool er- condensate vari es wi th anbient humdity,
wi th cooling rredl umtenperature, with pX feed rate, and with excess
di oxygen i n red@94bNVoen agagmbtmtralt Campresgion Wsoﬁulam@ﬁa@%!dant to at

R0 09! st dnd BSHCRPEIY) R LALE eaqBheRated shane fosaud e

oxi dant - swpbqndmﬁnﬂ;cocplaea—subsmmadat reapbon Kirhedjuam af X fpeefetred that

s pr of er MEEPRESTERDY RtEE Cos R e Bl BRpiER IR b e Rreetsl S0cer

with . its4g Hrr3olust 20waigirt YREERUST hleOsismate Mewbot oxidant from said air
compression means. When an ambient air compression means supplies oxidant
to at least one preponderantly meta-substituted reaction medium and to at least
one preponderantly para-substituted reaction medium, it is preferred that
preponderantly meta-substituted reaction mediums receive at least about 0.5, or
1.0, or 1.5, or 2.0 weight percent of the total mass flow of oxidant from said air
compression means.

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

.-[096] In another embodiment, with or without co-locating IPA and TPA, it
more preferred that at least a portion of IPA fed from a primary reaction medium
comprising preponderantly meta-substituted species is fed to a PET reaction
medium without said IPA having been purified by dissolving, selectively
hydrotreated, and re-precipitating to remove 3-CBA and/or colored species.
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nonet hel ess, it is inevitable that there are production upsets and
mai nt enance activities that produce a tenporary excess of liquid
wast evat erwoh@foegxaspl e, opening a process vessel for ifGRESILANTY
repairs during a process shutdown is often preceded by thoroughly

wat er washing or steamng to renove essenti aIIy all solvent,
substrate, and product; and the ampunt o ups n be .
|l arge for maj orlOR4l AP ORgRIBbRAIMapt.1if ’éé’relef"eidsthﬁtr &r’P@(ieg %Jvreéét'%ﬂ

| east one $LALAYR diheRENRIE IPRCE |rédt|9l#dﬂn Wﬁ%bﬁfdaﬁaﬁ réélﬁfontrhbélum that

liquid wastewater 1s subsequently feturned to” at | east one process

step and slawemraqrwlwr@ataeauwltmgd@r is/ pproxidizest thA fprmedoiniagecondary
di scl Osurel%agﬁér?h%dujrﬁ W, s%rf\;e t?geéé%% téM Eralt |%Ui§qe ﬁ{a‘f’n"@%cﬁﬁ 24, 1

storage reservoirs prOVI |ve |solat con ease o
VOC to anbiZrd degrees hottdr thgs sdid prisnapy eézmtuoadnedham t hés prfemred dhatsaich

st orage reserv S i,S at ea_t t 50, .0r 0,.or 2 or.400 bIC
e S I e N e e S S e
l-ess. than SHOH MWL fEIBBAL e, tBER abeut $,00000r 2108; 600800 brCT QBO%mw of
[ 105] By conbi ni n? various _aspects rel atlng t'o exp eII|n water I n

vapor f or -C8Aambieast abart dupiaf ngfsS, %%pwy%fr%ﬁtgcﬁf @'éﬁ’ lgsscthar@about
in a TOD, ?dd)%%t(gb&tﬁ'o'ﬂ%ogaljdrﬁ\ﬁ@m%p@'w i nt ercool er-condensat e
er

and/ or bromne scru in disclosed applications for process
and/or utility [088ledn anpthes embodimestl it is prefeltest thalsaid RA feddatPEDIs

vt ot or8r1pd o Ttineflin & BacBhgatd dpadloppitedim thetel i taoe) Bepfon

preferred téh@brétbﬂe&srmﬂéastrw 16 drﬁimmlamewrwemotaalrlthan said primary
continuously for per.i ods s preferyed to praody | ow,
ovel o of TEPeAuTRALTS FdPoR 1t aheutt s o7 corcdd. B CEpotes gy St

90, or 95 m%mméaai‘ontrhédwrreuI@p@f@r@&& th%ﬂ@éi& dzged%@aupmbmlseéht least
preferred to ?ro duce these | ow | evel s of stewat er__ef f| uent

aver aged Absut 10per #8400 .aer ngmvwbétCBA lﬁssiban @bosly 1,090, 25300, or
d | f
ays. %Bo%ﬁ%h@%pﬁq&%?'s LEBA, ?k %ip?m OO%EIFV@?E s, Jr%é\rgﬂ%f?BSDCF

convert| ng at | east” a hi's
of ten contamllam’élanwbtolnlt\‘laﬂl oxu&O \WD80c on$d prohey 0%2@ DCEt hyl ene gl ycol

feast a porti obionn Bpkhs. 5058 BEChe shessi bieRlor oidtet & inhque
common f acd:é.pdsmoaldmnmhhwwmtrmbndénmmmrembwm rhthemttzan bdingaetdined

TPA facility. Preferabl d conta d vater from PET t
o T ert | AR FONRA SRMErAes Q. PINORLEF ok XgPt SPRB o PSS

i's conver tRghrisO f@r Valslyihg" ré'§éd?&e§t ahfAstit %lrp%ﬁérpncc% A&ET Mfltistage
energy from said adjacent TPA facility. [106] In anot her

enbodi nentCOFTPIEHHON nS¥SHEMSN Usinge Anifast one witereogieheloatiemaye feat of
byproduct ghq?gé@(ﬂ% nrﬂékéj%é%}lowé’é rﬁo?e%btﬁggyﬁh@a@{ %ﬂHCHe%ﬁanlcally

facility t exter envi ronnen vap I's at
0.3, or O0.efficasioud. 4Sudhl sgstam yepricaiy| prpdage of¢orademsad i watapnipo intelrstage

1107) Nor EOpPET P 8 Witore I Wiy Pritele TRADAR, il Flkuer =

formation shb@équemcmmFmssrorarsta@b ace@ecdosé suoh hesidantaupply-inteicdoler-
treated al ong wth at | east a paortion vq%pori zed wate

Z of TPA .
f or mat i on SPRIGNSAR, WY bEmeBRtarpipateg with Aybricapts: %Aﬁﬂ‘@? said
accordi ng c@ﬁd@f@ét@f&dé&{ve@ﬁlbngﬁgﬁéﬁé&é& &5 aVpS Qb RateR rtate%'trﬁbﬁﬂfafcﬂitﬁ WRrhaps
processing of reaction off-gas from oxidation reaction medi um
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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WO 2010/ 062312PCT/ US2009/ 005756 It is preferred that at |east a
~portion of oxidation reaction mediumformng TPA is |ocated such that
t he m ni nuwoheorwmeent al di stance from sai d PET synt hesi sdracsiiioys756

| ess than about 1800, or 900, 01 300, or 100 neters. It is preferred
that at |east a portion of TPA is fed into a reaction nmedium of said

adj acent PET S nt | t an a 12 r_ 2 Qr
12 Yo HEnElieiElo Tl fesshatppio LS Tosg B PerfeoigPpddensite
to processingia H’F@Sbro@b@ghné)@r adfac@ﬁt PET pfBcesy, n&ﬁe\me@l‘ﬁblwﬁf aekasbdne
the of f- gas from said adj acent PET synthesis faCIb%'ILF{X a, shared,

conmon TCI? ﬁB?%’"Er@PE?%éoF"ﬁ’pP%T@ A gO'ﬂ?”"i ELoVery AR méehwaw msans,
70, or ity RRT A aefdetrhsd rh%?éih' WTthmsafe édw&ﬁ@unlrsﬂfén @,ﬂﬁem

prlrrary OX tlon reacti on medi um pre erred Process at
| east abougspégiallyr ag0an o Azgeiropie aepamﬁughtaléefwemecwery her wERAr catplyst -

TPA for mat | o] ty C

shar ed, rr?r'{‘}J J'{F% rrra)?"e% &grgfgélglsl %ok@ﬁslrf\% t'ﬁb a&ogpgag%?%gou#cﬁqu%r to
60, or 70 re@reﬁéé%:@bhend'rerelmt Afprbd:&ssvviat (purityﬁng‘ 0P Iy sBIETLIVE) cadalgitic
adj acent PET ct| C 108 t, .1 ferred tha

the normall F‘g% \Iltgt efheicEybbar 9n, '%1 t?’%’?ﬁ ‘geé\?go%Fﬂg%rn?Lrlgﬁ
product i onpfREET bj-ddésgw‘@,tda@ge weédelt he nor mal flow of process

wast ewat er effl uent from said TPA%froductl on faC| lity is |l ess than

about 400, or :[W] dis poferrsd todeqst atigasia perign #f Rxidasthavrply-terepolar-
per kil Ogr@gm |ty tnssgt c%rfe &th mryysPé% rﬂbF@'Hﬁe@&abﬁE&ﬁhﬁnJR the

producti on fers rom-t e anount of TPA consu
adj acent ﬁﬁﬂbvgng@ustenm ahdanositpreteyably fer usedby ad Rﬁepg}wsmndmﬁtaque@h

e | RSB ACLAI bt AP rPF o B, Lo b
wi th the |lgygtentl wissreitwalater &f fcbu[edt bj? rdiecs aiodta%ETwiltlacam | tA, filleneld tviagter
s divided ts).em S cf‘ q%%gedogn for dep mmeraned wger system A fire water system.

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

[104] Generally, it is preferred to vent water vapor in approximately
continuous balance with . its introduction via various process steps; but
nonetheless, it is inevitable that there are production upsets and maintenance
activities that produce a temporary excess of liquid wastewater. For example,
opening a process vessel for inspection or repairs during a process shutdown is
often preceded by thoroughly water washing or steaming to remove essentially all
solvent, substrate, and product; and the amount of such upset-water can be large
for major maintenance activities. It is preferred to provide at least one storage
reservoir for liquid wastewater and that this liguid 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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Claim1: A process for producing an aromatic dicarboxylic acid, said

process conpri sing: (a) oxidizing an aromatic conmpound in at
| east one WyididRis130 thereby produce an oxidi zer off- gag aBsho@s756
oxi di zer product conprising an aronmatic di carboxylic acid; (b

i ntroducing at least a portion of said oxidizer off-gas into a

sol vent recovery systemto thereb Produce a sol vent-depl eted of f-gas
and a reco¥ragidingsyenk;is preferred(énp shrivalymeoef suh siarpae reseaiEs 4 @b

sai d sol ve@é%%g?b.g(tn 56, 6f fmga?atzmt, 20 bR hEfRrd. MR SeRhbudfat the

conpri sing _ ) passing at least a portion o
heat ed of f vgjamet dfranghsteraperresevpis delessvthan ebautaf 2,068ser 3000pbe 6,000,

percent of _ -conmpounds present in said solvent-depl eted

of f - gas ex?%?ﬁgaégﬁﬁgﬁégé%nt recovery systemis passed through said

;[Nhur boex pan_dgr A [105] n%ycba@nﬁirﬁng Vga'o@s @epsasaetagngim@gpgnmba\ivmet in vapor
erein sa ot c stion products are added_to, sai .

ol vent - debiBrBcerBbRnL suToindiRGSaa PelPRPD e FSATET i TOR, Fiong

heat ed of fw@Resimg &(iaaﬁﬁ%@nbﬁtyl-ihté_r&tﬁ@]ér—béndﬁnsb%aéﬁdlépb?&ﬁm@ dcrbbe?Gadter

dew point tenperature at all points during passage of said heated

of f-gas t Hnsligglosest appligativnsdeanargess andfor 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 essentiallty continuously for long
periods. It is preferred to produce these low levels of liquid wastewater effluent
for at least about 60, or 80, or 90, or 95 percent of the time in a continuous 24
hour period. It is preferred to produce these low levels of liquid wastewater
effluent averaged over a period of at least about 4, or 16, or 64, or 254 days. A
PET synthesis facility also -produces water from reactions converting at least a
portion of TPA into PET, and this water is often contaminated with various VOC
compounds, e.g., ethylene glycol, acetaldehyde, and various dioxolanes. It is
preferred to treat at least a portion of contaminated water of PET formation in a
shared, common facility along with water of TPA formation from an adjacent TPA
facility. Preferably, said contaminated water from PET formation is left in vapor
form exiting said PET facility for treatment, or it is converted to a vapor form using
at least a portion of thermal energy from said adjacent TPA facility.

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

[107] More preferably, at least a portion of vaporized water of PET

- formation from reactions in an adjacent PET synthesis facility is treated along
with at least a portion vaporized water of TPA formation in a shared, common
TOD, still more preferably an RTO, according at any and/or all disclosures herein
pertaining to the processing of reaction off-gas from oxidation reaction medium.
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Claim 3: The process according to claim| wherein the tenperature of
said heated off-gas is at |east 10C greater than the tenperature of
sai d sol vewo-meaplsedied of f - gas. Claim4: The pntessTag2009@nsvgs t O
claiml1l wherein the anount of thernmal energy added to said

sol vent - depl eted off-gas by said hot conbustion product is at |east

100 watts per kilo m. of said aronat ound.fed t
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of said arlslibiie lwﬁbaurﬁ?ouéaw% 40P, 9% 300z 8¢ 100 metersey I rprgtertiinat
process acgording AAu6l Aipl IWHLBG0Ca BRI ERIIAICH 2o Bckatginy Wit
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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 effiuent from said TPA production facility is less than about
400, or 200, or 100, or 50 grams of liquid wastewater effiluent per kilogram of PET
formed. If the amount TPA produced in said TPA production facility differs from
the amount of TPA consumed in said adjacent PET production facility by more
than 10 weight percent, then the liquid wastewater effluent from said TPA facility
is prorated by the ratio of its usage in said PET facility, this value is summed with
the liquid wastewater effluent from said PET facility, and the is divided by the
amount of PET produced.
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Claim 8: The process according to claim®6 wherein said fuel comm ses
at | east 50 wei ght percent nethane. Claim9: The process
according to claim®6 further conprising conpressing air in an air
conpressor to thereby provided conpressed air, further conprising
introducing a first portion of said conpressed air into said
oxi di zer, further conprising using a second portion of said
conpressed air to supply at least a portion of said dioxygen used to
oxi di ze saidcﬁ . Claim 10: The process according to claim?9
wherei n an oxrdation catalyst is not used to pronpte said oxidizing
of said fuel .. , , daimi1l: .The process accordjng. to. claim10
wherein at | Sk&plig R/{g?eéﬁor Fefuarg ‘Blcf’trm?ﬁ’é dW&’PQS@‘&F | SAOHPYThds
present in said solvent-depleted off-gas are not conbusted prior to
exi ting “PRE' st stage of said turboexpander. Claim12: The
rocess according to .claiml1ll wherein at |east 50 percent of the
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sai d solvent recovery systemis passed through said turboexpander.
oxidizer off-gas and an oxidizer product comprising an aromatic dicarboxylic acid;

(b)  introducing at least a portion of said oxidizer off-gas into a solvent recovery
system to thereby produce a solvent-depleted off-gas and a recovered solvent;

(c) adding hot combustion products to said solvent-depleted off-gas to thereby
provide a heated off-gas comprising VOCs; and

(d)  passing at least a portion of said heated off-gas through a turboexpander, wherein
at least 50 mole percent of the hydrocarbyl-compounds present in said solvent-depleted off-gas
exiting said solvent recovery system is passed through said turboexpander.

Claim 2: The process according to claim 1 wherein said hot combustion products are
added to said solvent-depleted off-gas in an amount sufficient to maintain said heated off-gas at a
temperature that is at least 5°C above its local dew point temperature at all points during passage
of said heated off-gas through said turboexpander.

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

Claim 4: The process according to claim 1 wherein the amount of thermal energy added
to said solvent-depleted off-gas by said hot combustion product is at least 100 watts per kilogram

of said aromatic compound fed to said oxidizer.
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Claim 13: The process according to claim1 or 6 further conprising
cooling a turboexpander off-gas exiting the |ast stage of said

t ur boexpander in an off-gas condenser thereby condensi ng water vapor
present in said turboexpander off-gas to thereby provide a condenser
ef fl uent conprising a condenser off-gas and a condensed | i quid.
Claim 14: The process according to claim13 further conprising
passing at |least a portion of said condenser effluent through a
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Claim 7: The process according to claim 6 wherein said fuel predominately comprises
methanol, ethanol, methane, propane, butane, and/or fuel oil.

Claim 8: The process according to claim 6 wherein said fuel comprises at least 50 weight
percent methane.

Claim 9: The process according to claim 6 further comprising compressing air in an air
compressor to thereby provided compressed air, further comprising introducing a first portion of
said compressed air into said oxidizer, further comprising using a second portion of said
compressed air to supply at Jeast a portion of said dioxygen used to oxidize said fuel.

Claim 10: The process acc.:ording to claim 9 wherein an oxidation catalyst is not used to
promote said oxidizing of said fuel.

Claim 11: The process according to claim 10 wherein at least 10 weight percent of the
hydrocarbyl compounds present in said solvent-depleted off-gas are not combusted prior to
exiting the last stage of said turboexpander.

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

passed through said turboexpander.
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(a) oxidizing para-xylene in at |east one oxidizer to thereby produce
an oxidi zer off-gas and an oxi di zer product conprising terephtbalic

aci d; (b) introducing at |east a portion of said oxidizer
off-gas into a solvent recovery systemto thereby produce a _
sol vent -depl eted off-gas and a recovered sol vent; (c) adding

hot combustion products to said solvent-depleted off-gas to thereby
provide a heated off-gas conprising VOCs; and (d)passing at |east a
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thereby condensing water vapor present in said turboexpander off-gas to thereby provide a
condenser effluent comprising a condenser off-gas and a condensed liquid.

Claim 14; The process according to claim 13 finther comprising passing at least a
portion of said condenser effluent through a knock-out vessel to thereby separate said condenser
effluent into a knock-out off-gas and a knock-out liquid.

Claim 15: The process according to claim 14 further comprising subjecting at Jeast a
portion of said knock-out off-gas to thermal oxidative destruction (TOD) in a TOD device to
thereby produce TOD off-gas.

Claim 16: The process according to claim 15 further comprising treating said TOD off-
gas in a bromine scrubber to thereby produce a bromine-depleted off-gas.

Claim 17: The process according to claim 1 or 6 wherein said aromatic compound is
para-xylene and/or meta-xylene,

Claim [8: A process for producing terephthalic acid, said process comprising:

(a) oxidizing para-xylene in at least one oxidizer to thereby produce an oxidizer off-
gas and an oxidizer product comprising terephthalic acid;

(b)  introducing at least a portion of said oxidizer off-gas into a solvent recovery
system to thereby produce a solvent-depleted off-gas and a recovered solvent;

(c) adding hot combustion products to said solvent-depleted off-gas to thereby

provide a heated off-gas comprising VOCs; and
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wherein said hot conbustion products are added to said

sol vent-depl eted off-gas in an anount sufficient to maintain said
heated off-gas at a tenperature that is at |east 5C above its |l oca
dew point tenperature at all points during passage of said heated
of f-gas through said turboexpander, and wherein the tenperature of
said heated off-gas is at |east 10C greater than the tenperature of
sai d sol vent-depl eted of f-gas; wherei n the anmount of thernal
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wherein the amount of thermal energy added to said solvent-depleted off-gas by said hot
combustion product is in a range of 100-1000 watts per kilogram of said aromatic compound fed
to said oxidizer.

Claim 19: The process according to claim 18 further comprising oxidizing a fuel with
dioxygen to thereby produce said hot combustion products, where said fuel comprises
hydrocarbyl compounds.

Claim 20: The process according to claim 19 wherein said fuel predominately comprises
methanol, ethanol, methane, propane, butane, and/or fuel oil.

Claim 21: The process according to claim 19 wherein said fuel comprises at least 50
weight percent methane.

Claim 22: The process according to claim 19 further comprising compressing air in an
air compressor to thereby provided compressed air, further comprising introducing a first portion
of said compressed air into said oxidizer, further comprising using a second portion of said

compressed air to supply at least a portion of said dioxygen used to oxidize said fuel.
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Claim 23: The process according to claim22 wherein an oxidation
catalyst is not used to pronote said oxidizing of said fuel.

Cl aim 24: The process according to claim 23 wherein at |east 10

wei ght percent of the hydrocarbyl conpounds present in said

sol vent - depl eted off-gas are not conbusted prior to exiting the |ast
stage of said turboexpander Claim 25: The process according to

claim 24 mher east 50 rcent of met hyl acetate present_ in
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Claim 24: The process according to claim 23 wherein at least 10 weight percent of the
hydrocarbyl compounds present in said solvent-depleted off-gas are not combusted prior to
exiting the last stage of said turboexpander.

Claim 25: The process according to claim 24 wherein at least 50 percent of the methyl
acetate present in said solvent-depleted off-gas removed from said solvent recovery system is

passed through said turboexpander.
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