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WO 2007/ 133976PCT/ 1JS2007/ 068268 PROCESS FOR THE
PRODUCTI ON OF AROVATI C CARBOXYLI C ACI DS | N WATER
This application clains the benefit of U S

“g%%’é'”%&?’éal Appl i cation No. 560/798, 781, fi ! gehofhoscs

LD OF THE | NVENTI ON This i nvention
relates generally to the production of aromatic
carboxylic acids and, nore particularly, to a process

PROCERS FfpBditt PRI CAON SHsARGIA R RBOXYLIC ACIDS IN
carboxylic acid in water WATEBut the use of broni ne.
10BACKGROUND COF THE | NVENTI ON Terephthalic
acid and other aromatic carboxylic acids are wi dely
“used in the manufacture of polgeste[$, conmonl y ?y
r edlaisiapplioation daimg thadegeliadiU.-ShPgtvisional Rppligasion No.
I r | ions thereof, for conversion to
60”??§§$:ﬁ?¥ﬂﬂ§@§g% alners, bottles and other packagi ng
materials, and nol ded articles. 15In conmerci al ,
practice, aromati ElckPEixYHEINYENIHOAr e conmonl y made
by |i qui d-phase oxidation in an aqueous acetic acid
solviennvestionwelajds genssely ot tod reducting ohaomalithearapedie acids

R R U e—

carbgkgitascid i Whier déibouetiearserdibramioar boxyl i ¢ aci d
product, with air or another source of oxygen, which
is normal ly 20,Qaseql iN~the. prese
br oni ne- pr onot €€ RRPUND QE JHHE ‘1N4

janese .ions, The oxidation is exothermc an .

v LORBNE AUtk PR AP EoG OB A i foely used in the
manDigt@eduet olyaedradicoenmieily i B} reactiont evitedirglehe glycol, higher
oxi dation products of the aromatic feedstaock, and .
alkylgpgt§l¥CQle i GasARINAIENSINGHRATL O CQIVETHIRD hRtREnhAIIM, containers,

I ; i ; er is also
o o B e B e o eyt &
acj~d Li ALcC ' [ ' t
o omimkRLER bioiee ° BRI Ca DAL Bhs e MABNG rhade by
liquidpbpee deddation i am agueous casetc paeid esalventt pbmethytaybatituted
r reg by [ g d
vend2if, HnB, GEPHRRlehe! SERUTOEE, i GGt o' pBSEAR Hne metny
substitante cofresmotiddiat ihenpositatisi afrcarisoxyb groupsyin doa desirexti aromatic
in a suitable 30 reaction vessel at elevated ,.. .
C?rb%ﬂi?e?‘af’ UP@dUfy Withe 8K u‘?re?”‘l{ﬁPfi aavr&?p?faemegam'% s jggmally
gase&@?/irl3|$87;ﬁé’§éﬁc@&aoﬁdoaﬁﬁaﬁ&amtéﬂszaaaz'y§t Enplighgedbalt and
in the vessel and a vapor ase forned as a result of ]
mangﬁ@esa(mseﬂ‘ﬁﬁc%s&am iso@xqt ergygmdaylgIgqurgmapﬁ@arboxyl:c acid
togetHedWith BRAGB8uARdint atibod WRSTRRE Hxidafos PREdREs of the
reacti on tenperature. e vapor phase conprises water
aromedisofeedstachr ae cetietdad aeadioneprodien, sottv @atmathanol, methyi

I . Qyp ct.s [ i :
coo S g BB B PR L i 98 8Bl Aromati
carbosyligl dojdsa hgicatlg rcabmp anied dgroxideion diypoehstsnafdheé feedstock, are

oxi dation, mnor anounts of unreacted. feedstack .
com@iarfiofpraiacaisSaied e S RRenEG S Bom ' Tayfdhase reaction
mixtiMeO&R$ Bré Tofinhofly rabsidied HXargsaticadrahnd ReligHA§EEUseparation

m xture, nitrogen and other inert gaseous conponents
techgiguehe source gas. 10The high tenperature and

pressure vapor phase generated by |iquid-phase . _
ox| tgataxeiharaiiq gxistalingn Eactiony 4 uedm@oslyy Ferdysted in a suitable

rrs;ac;i(gr‘(r’e 3/%@53%? ef’é?%?%f té’r‘ﬁic)grarttﬁécéﬁ@g)ééégu\‘&mé wif-%gé;?@ reaction |

materi a reacti on byproducts, a
energy. However, its substantial water content, high
tenperature and pressure and corrosive nature due to
conmponents such as gaseous thyl brom de, acetic
acid solvent and water pose 15 technical and. econom c
chal l enges to separating or recovering conmponents for
recycle and recovering its energy content. Further,
inpurities that remain unseparated in recovered
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acids with | owner in’p‘uriti es contents, such as

purified terephthalic acid or "PTA", are nade by

catal ytically hydrogenating | ess pure forms of the

aci ds; such as crude product conprising aro i ‘
WOPNEIRPTOc aci d and byproducts gener at ed by“?ﬁgﬁszoqmsszﬁs
I i-qui d- phase oxidation of the aromatic feedstock or

mix®fe fRhastaimediibthe Wesbyl afd@usssor phasdOiofrabditdasoa rasult of the
el evated tenperature and pr eﬁ]sure sing a nobl e \én%;?
exoBgTECy@XIaan i PLRATalednBomomey It Riede; sl FeTpd Trom the
reacftéroﬁﬂ E&]‘ﬁrd? rré‘é’(ﬁ oAN@n{PReARB. p%'et\)é;i%"r hasé S:omprlses water vapor,
particu erraorlrrpurly
vapmz;eair Boﬁybentﬂataﬁ&h@@@d\tﬁm’f afds med dermeynishef bgp@dugls of the
cpt
oxudéﬁéﬁ’,brgﬁﬂ:hgsoggﬂggl&%ﬁtsw 'ﬁgbtc\%gck%%cﬁcté flisBaF hlo contains
oxyg%)ﬂ@é&&&ﬁ?ﬁﬁ@mmmbi68«2:6,8rmmnmnnohaﬂs pir aotdaced feedstock,
| i qui d- phase oxidation of a matic.fe '
cartpg s 4 ynep e xR e rB% e Sia 4 arnoter oxygen-
conRiting gadéhannttutd ittdgate afd wsihét indfegaidoad emnsbienes of the
i n continuous |ntegrated processes in which crude
Soufse@dset from |iqui d-phase oxidation is used as the

starting material for purification. 5A difficul ty
t hé&h irmReTatuse aRdopreEBYrec RN RESE GaNeERied P 'uw phase
0)0d85&? iS5 Bternﬁéfgl \trac‘luét‘ilg LR &%c@verﬁbl@rﬁcﬁﬁc %E%%b@ﬁbn solvent,
datl n catal ysts. om ne sources used wth
unrem:tai feet matrink and ireactipnobirodudtheasevell fasr msmurfﬂqvgever its
xiLdatiqn are_ conr [
sub§ ag er F?ﬂ:?ﬁtmh fr?g?poerrg@a% Iamj neonggsrt{rg%nfﬂrbon%%%eﬁa?ture due
to c@mpdﬁérit@ eijfreasgessommegfyn bgﬂmder acdticeid smj\aernramtwater pose
are. nornma constructed usin 10 titani um or
techaseaé@yﬂv@co%zswpogh%'ﬁng%%|t9t%ﬁ&%r%19apg fsm\gﬂrangygomponems for
recyEfee?ﬁn‘ae%c&fenﬁ{;o%st%nérfgfy GoRRMtt O AN, APRARRLIthat remain
em ssions of volatile brom ne conp ounds formed in the

unsepasaleds in gaeevassd b|9r09ﬁ%$ n%t'reams é@ﬁamwe@t ORrRR iGhnsireams if
ampﬂirﬂ g%al%Fs%ngérn‘?%P aneP ASHERS! ogﬁo&d&t gaafpn oxides

ecul omn f the latter to

anPBFHl%iy%r‘?ﬁ@ r@aggirﬁ'ﬁcléggf%{a@ré%se ar@ﬁ?su?éli?ofavored for the

used exity and ‘cost

,manmﬁuhﬁmcbhpolggstpmwsmrtant applicgtiansi sach rap ﬁb@rﬁh aied bottles,

vecbl T FERUST Rt F825 o RISBBEIEH Bt fesctocs

duriﬁq erEbiion aad bassd genarailg viasioud aatbongl-hestiuted gioehatic species,
desired groduct ar e _unacc

0 tahly low, In -
are KRaete FausR i LATSRIB Wikl SPI0E Gefaioboniiedar mage fom the
acidsiafll # tQﬁ'ﬁ%ﬁ doﬁﬁf% B etRREeNTdtddsroaaas. substantial ly

|n cobal't 'and 20 manganese-cat al yzed oxi dati ons

Eé?f‘r‘r ﬁﬂﬂ}' E@ fOrPRE Qﬂfftéﬁépﬂlthéi’lboéﬁ?@ &l o€ réMatic carboxylic
e

tone and acetal dehyde, have been
acldp r\rﬂtbblgm@r anpmttegrqmte%ssqca a5y pwilies, Tepephthaliradd efyPTA", are

|
o 5 5510 Sy e Bhind G g BoBESBLUERL e
produnt tdrapusingl aroroatipcabesgic anid aod loyprodidcisganesated tyrthe liquid-

phags DXBRIGE of ik A RE R e RlsteRe S o7 Siflechfh ¥EHty Brbaucts, in
solufige dat @%Vateﬂfw?émtpgmmgf Ia?dabrefﬁs?r‘mtw‘rﬁg camobles anetal catalyst.
negatil ve a ec roaugc ual | I N |

PGB Gl ToRIHe TORe ARG A R AR RSy E b products,

partfc@%ﬂ?ttﬁ@rﬁ r!’r dbrimpity, |4+ca}bo>?@en253€bﬁ§/de°~but Gl TFedd®¥the level of

oceedi'ngs of the 6th International
colosyogimsi and dive taneound tafvametals, afeili oy gl Branine compounds. [n

Honbgeneous Catal ytic Oxidation, 1996), 123, as a

brom ne-free alternative 30 pronoter for cobalt -

catal yzed reactions, but it$g utility in manuf act ure

of aromatic carboxylic acids is limted by its | ow
solubility in acetic acid oxidation reaction solvent,

and its consunption, and generation of undesirable
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't'tanﬂrﬁlﬁf QiNeA PHeR

10 co-oxidation or rhydrogenati on step, which is
conducted at 180- 350C after renoval of hydrogen and

vol atiles. Heat treating is conducted under a

nitrogen atnosphere, preferably with additio

e 7/9333@ met hanol and, for reducing treat rreﬁ‘f%%zr%?:mszﬁs
optionally in the presence of Mo, W Ti, My, Ca, Sr,

corrﬂﬁ*ercnlé{hpra‘ﬁﬁce quu:dzphas‘é oidatién dfaatky@elrorhbibc Bel rﬁ@erldale to crude
na

{ th
arorgglica 760 oep b SR M AR BR G 0B T PSR s ey GAncucted in

confiricilsYifilegRitEd ProdB286¢ M RAMK| drGd@pratiuce a6 | u1cﬁ9lhé/émbmdatlon
in the OXI dation are said to permt use of |ess

is ugask apthiegitanting imatanal feepwiiealig: constructi on of
equi pnent for the co-oxidation and | essen sol vent
buArifiigulty in the mangactmg efrarometic ganeFylicracidpy sYebPEpresses
resuws%rfdrr?ﬁ'leesu%(tg {n% grfongf %Hﬁtlérﬁ&ﬂa {sCHrBinthd ébtﬁces used
aronati c car aseou oxygen I n -
withahs eam@sohnﬁmeztnmmmedums ﬁxelremfdoqumawqwadﬂtmrﬁre corrosive. -
xture includin .a ani ¢_sol v
To (i isumsistc Rtatare, EruBRERD RS Mot B Eepk NePth Rycn as
oxidafiors eEEdisrsl didl - géé)tre@tmérﬁa@quuﬁmemaaml poivhdllyAcometratted using
wth a val ence %reater than 2; and/or. at

I
vgn $PBPSIOBIPEIRIAN, fRetals) 05@3%% @&éﬁment of

proc%@? s ¥PalEit altmaBpRdid EmsRIirRr 8PV yafE 'sremind tépounds

ni u (Goups VITTA VIITA and IVAreferred to in

forrrtelqielnztﬁe pr@m&@nsudoaﬁ @yﬁbﬁmalr@g@é@ytjlq,@mgjanqn@ toraxifhize organic
I 1

bror%h% com Lﬁdgﬂg éaaglg%rféxﬁgg %nﬁﬁ%é@i:w\éf b?‘n%rﬂ pﬁ Cgéa?lgtrl]on of the

lattehdo a?ﬁ:ﬁ}ﬂd: Gt8@ b ugihg (s(dddjrg rfolraatet aed 2)sp cmnmbylsrt used, adding .

come%%ﬁ%néb&?itpﬁrﬁ%ﬁ@aaﬁﬂ&ﬁréf%‘ga%‘é‘i ate, ‘and of
o1 EBEeEh i e R BN RL B iroREAeh BBy gptanvets

is n&%r@&ﬁ&mtfd:rcccﬁﬂméeéﬁml dcaleAgiofaticScdrbrtylie dclegansfcuaé decause
in anounts commonl Yy resent In pr oduct recov
gr,lqvmq;,{ acetic acid

vieldsy ofedesied quaducis apﬁsuwe%a@mw cBrgsitionz pxid

:solvéhtv?or%@tlﬁqhﬂ Pﬁagé F&8oH Mekdd ko GridrelSse ‘éﬂbé&ﬁntléﬂyqntébbalt and

I nsol ub ty 1n water, can be difficult
mangapeseratafyzeth exidations cwitous dxgmine. acS&ﬂ:ﬂﬁ?l@HQ(ﬁl@oters such as

oo SR SRS BB i 1 ppaoes o

bromine d @snkhdwe@nr@nodek sPagnaidb.dBySion 808, dwalthely wie in practical

apnlBatons 3 4RO BT [YUT RPTAL [ alp pracess, not

onlyl é&ﬁnggfcoﬁ@t Rk YSblabig ahe ddnSumBatmeiofPpbicabo @ivaing oxygen
2002/ 0188155, noti ng i nst abili t1y of the catal ysts

frompthenfasireg reActinns idbe Jaadstogn| |w"ﬁﬂab970§@f§8rs can also

n 1 0 n -

negaell, §flect, RroFBEEDGMY iy LORGY | (ERpERRREN BaadtBs. N

hydmmrettiadamﬂﬁ has bpmwari@dum ¥mishriad Mel. Cadpl-A.16bep, 1997, 117

(<0 SR 180 o AR A FETRGHED B

and n%:abgéﬁecmer CuiaaticdOzicatiomi 1996)r 1B3f as lambeottine-free alternative

' r rably a mx of cobal t

prorbg (5t Gir iy FRtShigeg peRabub i ot ThaRaptuss, of aromatic

carbﬁkjfﬂﬁzu%idgnﬁ li@fted oyolts 1@ BBlubRity i Geefic fafcﬂjﬂomdatlon reaction
traticon to oxidation, all under substantl

[
solvenfireande ip ePRAISUPLRA q@ﬂeggmr@t'%rﬁ. HRdgiablen E%ﬁti?tandurmg
&3l ysts

oxndg@%@gggﬂ) &t%gﬁi &srh%?t 1on dg\(‘}v%???gng activity for

oxi dati on of acetic acid react| on solvent to carbon

oxi des unl ess reaction tenperatures are naintai ned

bel ow about 120 - 140C. The3oxidation rate in this

tenperature range i s unacceptably | ow and 15results

in a very long residence tine. I nt er nati onal

Publ i cati on No. WO 2006/ 068472 di scl oses a nethod for
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- preferaply; with-agdign, of myater

According to a first aspect, there is provided a

process for the production of at | east one aronmatic
carboxylic acid conpr|S|ng contacting a liquid

reaction mxture conprising an aromatic feed K.
W14 no nore than a minor anount of C2. §gﬁ%§mﬁﬂ%sms
monocar boxylic acid with oxygen in the presence of a

br gigmAgn frstenimBloa| 2803t BB Ydscaioas @s pidoess VﬂfJEIth?é marhdacture of

" metal catal yst conposition has activit e 7
tereaibf@amécﬁf b PAPNEIFEC GRIQNHATOR QJf PrHENS Bieken B-tolualdehyde

plus' ?ﬁ%ﬁ\@og%%@ 8t dlnsésll @&ébﬁtﬁbla@@séslﬁgmé{ eBr‘é)hQﬁe t8e catalyst
aronmatic derivatives of the aromatic:
compeseld pbekbaliner manganrgsel @di§t0rfﬁ)%fp@ﬁatb@% ef BeNgeness Wh cobalt
the omat t
or Wi il kB TRARE Y e Pl 40 a0 EC8bR g the so-
callgy YitiehH¥RcWés tRHEEY, ffalld:Wedi(byd ce@Iyiic lsydrggemtbacoi Mga total
a liquid reaction nixture conprisi gg)e(par Xyl ene

reaq;@'t%‘ﬂuem droRp thegtsOXIF Ao, IN NG Fresang iugn, plé?flnum nickel

- or GEHHRCRLRAY! | CTRE! BroMeky amyogitlidest he !ﬁ?ézﬁsﬁéﬁﬁnéﬁt %tep for

met al catal yst conposition free of hal ogens where
trangestenifisation @at%rapmhal%erﬁadmmtmaorman@. qdigsters ir'Pf@ "sither the

f
oo PR S, lrrhBbRARAT EBLu R AR Sl BRSO it romova
of hﬁﬁbgmbru @?Ia@fetspal:leat%/ﬁmﬁﬁ?ﬁ dlomdllld"let_alt.mdelaamltﬂi@jilmimosphere,
el eCl | VI (0] ere | C | . Se .
2Bl bt st oG aneneng Sibolocdedrcipg AeDEn time,
opt@f&fﬂ?‘uﬁ‘%é Brel@eh&e bhRIoTeY afi, RRY, Tay S, BaMPASFEI AN ZanY, K, Y, La,

l'iquid reaction mxture. Unli ke conventional

Ce, d\!ﬂﬂ@mm%ﬂ lpatSh, Bt Seanke. ppibcBs@egombinatiang Higreof as catalyst.
I

oo 1O P B TP R

solvemtvle rtheabxpiad)oes‘:s‘elﬁld for pevinibu$e ok tessrcoriesioninesisiant metals for

cti e i.n_th bs of
congfpisfish ot SauiPmEBE s b5 PiisBlioDfnd BERHT SBRRCERA ol
enbodi nents, is tolerant of brom ne in mnor anounts,
t hig. Sprl%atentzblooﬁ 1B0oti h¢Codignolepdisciosas axatation|of arewatic feed
in c nvent i omer,ci al pr ocesses poj sans. .t
a0 FOnIAle: PRI Energs i rieoas, oygen R the' BBsence of
brori8aGh i  aiiag Mﬁﬁli‘éﬁch&hldﬁtmtmg ineludiclgi am taquamas/ drganie solvent
aromati c car i ¢ aci'd products. towar
using ﬁemra@.gwqu@i@y%wyp'&% C@@%&er&?ﬁﬁqﬂe@&t%wﬂ%m of (A)
at leadf Bﬁé%r%ﬂlellhhﬁme'téT‘Wiﬂ{ b%léﬁde%\%afé?rthbhez and/or at Ieast one
manuf act ure aromati c carboxylic acids, especi al

GrOlﬂFEVHﬁh’nﬁfal iaadlae cariumphand ¢B) gnd pblegstiose Eeup (WA m/tﬁltw«ihfch is

k t C
porgB A5 bARUES ESEE SR, VAR A0Ml to i e
pateat mrmspumcﬂe&sa:eonmly ctc dbibopy | VI, 2¢ill gnde|dB ohamore recent

—_surpri.si,n se achiev d pwdh —_
V@FSW&mCﬁeﬂ'f$eée j?Hl & yAGRRLNg D%‘Am% %%&IWIBonn No.
20086184155 AW litSi?Bb@P*iolafrbt%‘alp)l) €xRaysi corepoditions degtribed tirethe patent

to a process for producing at |east one 15 arqmaticC

consigir beprivE aepigte 140k cE AU C5iPt 20 O Wéerﬁ*wanOX*Qe and
znrcdril éi:e‘ff@‘:tlb%tleélxéﬂf’é&vér@é%r bB IHAI cARNAIORIthE manufacture of
Teedsto water is contacted with oxygen in the -
aromatigseaioeit agidsr istinmitect because watet it aAMPYRIS ORPBRNIY iPGppent in
prod@ﬁeﬁb@er&?ﬁ r?éﬁlléérg#ro ?%s?ﬁl.%éé%: F%ﬁ yt()ﬁg%rlﬂiﬁccﬁﬁﬁdw\(l\ﬁ)%cetate to
zurcmwm(am) oxfdee déiabs dueito its asal Lé:afﬁy ir8@&ter otareba didircuitdo separate

ed a omati c . erl ives of the 20
fromy BoGiA Goser vty s 4010 ot Bas FeguBred ME sfi, AT wbfs plusaing of
aromati c carboxylic acid. In accordance with
one enbodi nent of this invention, the aromatic
f eedst ocks whi ch nmay be usefi |nclude benzene havi ng
at | east one oxidi zabl e al kyl substituent,
napht hal ene having at |east one OX|d|zabIe al kyl
substituent, and m xtures thereof Preferable aromatic
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10 carboxybenzal dehyde, p-nethyl benzyl al cohol and
m xtures thereof. I'n one aspect of this
i nvention, the brom ne-free netal catal yst
“ﬁ(g?r@gégtgjmons whi ch may be used in the proces§chﬂgi Hﬁ&‘sszﬁs
neous catal ysts, heterogeneous catal ysts a é’
m'xtures t hereof. Preferabl e honobgeneous and
equimﬁ@rtcwmwalystsahadqxfmﬁrebmbmﬁessimgjtandrcmnnmh huatity efl purified

atin vanadi u t,i tani u tin, 15
arogRls hRpOI o Al HORgBtendeart st PRl By iite also
reprEBEnt30ANEEN 8P Yat byt ahmt S W, Gratermty Apslication |md2(wmo188155

soluble in water to pronote contact anong cata r¥\/\}0 98/2938,

" notiggypabitiN®! e RaiEIEL asiBaio IntREeEoR ARRatio

to mgﬁfrﬁU@tF%téFﬁW@%c%‘@W@%Qﬂré@oﬁds arft redh@é@é@t@ﬁtﬂ}%ﬁ%electmty '

rnng t he OX|dat|on reacti on V% eter%geneous
duectat tileyrstegradatiommirogesss bWeSPnﬁwaﬂblée $¥ppotaled) gxidation using

brorlﬁg}%uif)@eo{;étgg% F%g\i)!&%%rélsn@rtpé ?%E%gpféfg%ggpﬁ?&ﬁalﬁﬂg a Group VI

meml bhs:eamh agl aincadimi or pafomsmelrmﬁfanwf;ema m:xttmuof cobalt or

di ssol vi.ng or significant Ioss caIa
ceriping it A0R R 3P 0 it s Ra, e, BRUBIT 2SI ahd rotum of
motRERIR]LRr Bt fl@atieroadativhl Al ahdern@bptaysaibainel sahegleniperature
and catal yst netal | oadi ngs suitable to

a”ddkféﬁ%wecﬁ@nswgns r|6|a§lﬁ|5@a ta,gsidedrEnRlexXi r‘%r B process, catalysts
aco&%ﬂﬁ Hﬂ?_cﬁé‘ﬂad@ﬁow n§ct:v|ﬂ( 9é éilﬁ&trtgwt Bf a@éﬂlcd acid reaction
stabl e silicon

on 25 car I d s and’ vari ous netal oxi des
solventto earbenlaxiges, uraewmg)n temperatiges iafe Maintaged below about

12031 f{@&e gdog{uc?‘agd J‘afrgﬁ@%( a{?ﬁe@%r@%ﬁ% e&eﬂéggt%glrytlow and

resm’atuﬁel\@lrﬁlonerresﬁidemé #meupports include carbon,
titani um di oxi de, silicon dioxide, zirconium dioxide,

< eGP ER0RR T RROBISPEFPA sioifisR ™8 Miéinod for tne

prodlﬁﬁ@@%ftter@phm@ﬁ@ralcﬁeﬁlhi&ﬁ mahd:l@sﬂrefmft[?]@@alﬁi)@'tmm petbluic acid, 4-
e of the Ele

car%yg& %yg%nhgﬁfqe%lggjrgﬁ?ﬁa R’ A€ ?tﬁgtqngngxygen in the
preéelh%ée@f aaﬁl@leﬁ:tgén@aéé eABlyEEtatld QPardBiatd cisd thé §B10st. The

or 14 the Periodic Table of the El enents.

-hete@mrws)umcataiéstp@escmed cPAMIrisesfa pﬁ%altﬁ@%ﬂ@r&ar@ﬁ@r@@bbound

ool R R AR s A bAga: o ket roqres at e

readtiont tiee ruPe i addecrdadaceraié in loeddd onkaepsaaextessidc afmount of the
h b

eroBF R et PRcRARE ety PG M d B i,

"Groups” in reference to elenents, netals and
mePeaddessels fonthd plmeuctior oﬁamdatt:o:arhm@hc aoid&iroppre wéter and in

e S L AR i S B BRI Sl vt

and m‘gﬁ féferdgﬂacﬁaiuﬂhmgt F@ﬁemﬁprtel ﬂmSpr@@éstsadi@blble@&ﬁ Usgli Patent No.
ant I nony nd one or nDre tin vanadi um a

3 85@#@0&%@& PipataeN; o bR cRFRRMIG @gidar*ae@%taﬁmﬁuad gixture of
watérurrﬁéﬂwzlg% GRAYESST QR 8k @Jyﬁgﬁ-tcbﬁtaﬁrﬁﬁ?gjsgdécmhtg noble metal

oxi d aromatic derivativéeS and selectivities
catalysbnsas 8 tetal bonyarsionaeli lgss trRMoMHBYt arshBighf fegpstock bummg ‘The
P, n
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Exanpl e 1 20Batch oxi dations of p-toluic acid and

par axyl ene, and sem -conti nuous oxi dati ons of

par axyl ene were conducted in water using supported

and unsupported catal ysts, as shown below in Table 1.
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solid was then cal cined under flowing air (100 nlm n)

by heating slowly (0.4 Cmn) to 400 C and hol di ng at

400 C for 2 hours under air flow The calcined solid

was ground to a free-flow ng powder and transferred

to a crucible. The calcined solid was then reduced

wi th hydrogen by exposure to a flow of dilute

hydrogen (7 vol % H2 in nitrogen) for 1 hour at room

tenperature and then heating in 15 an oven to 250C

W th increases in oven tenperature at a rate of

0.4C/ mn, after which the tenperature was held at 250

C for 5 hours under dilute hydrogen flow The

car bon-supported pall adiumused in conbination with

anti nony and nol ybdenum acetate salt solutions in

Exanpl e No. 1C was 5% pal | adi um(0) deposited on

activated carbon fromthe Signma-Al drich Chem ca

Conmpany. 20The batch oxi dation of p-toluic acid and

sem - conti nuous oxi dati ons of paraxyl ene were each

conducted in water using a fully-supported catal yst

(Exanpl e No. 1D), a fully-unsupported catal yst

(Exanple No. 1A), and a conb% ation of single-netal

supported and ot her unsupporied catal yst conponents

(Exanple No. 1C) in a 300 nL titanium Parr reactor

outfitted wth a Magnadrive inpeller agitator |inked

to 25 two liquid feed systens and two parall el

wat er - cool ed refl ux condensers for receiving overhead

gas vented fromthe reactor. Gas feed to the reactor

was controlled by a mass flow controller, the
pressure was regul ated by a back pressure regul ator
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carboxybenzaldehyde, p-methylbenzy! alcohol and mixtures thereof may also be

used in the practice of the present invention.

In accordance with the invention, water is used as the oxidation reaction

 medium. Although the inventive process does not require the presence of any Ci.s

monocarboxylic acids, such as acetic acid, in the reaction medium, minor amounts of
such monocarboxylic acids may be present. Oxidation intermediates or other
additives, however, may optionally be used to enhanc'e‘ the reactivity of the aromatic
feedstock in water. Suitable oxidation intermediates inc[ude'p-toluic acid, p-
tolualdehyde, p-hydroxymethyl benzoic acid, terephthaldehyde, 4-
carboxybenzaldehyde, p-methylbenzyl alcohol and mixtures thereof.

In one aspect of this invention, the bromine-free metal catalyst compositions
which may be used in the process include homogeneoUs catalysts, heterogeneous
catalysts and mixtures thereof. Preferable homogeneous and heterogeneous
catalysts include, but' are not limited to, palladium, platinum, vanadium, titanium, tin,
antimony, bismuth, molybdenum and mixtures thereof. The ho'mogénéous catalysts
which may be utilized are soluble in water to promote contact among catalyst,
oxygen and aromatic feedstock. These soluble catalysts may become insoluble, i.e.,
heterogeneous, during the oxidation reaction. When heterogeneous catalysts are
employed, they may be supported or unsupported. If supported, the heterogeneous
catalyst comprises an inert support capable of withstanding an acidic process
environment without dissolving or significant loss of catalyst metals. Preferred
support materials are solids that are stable in the sense of maintaining physical
integrity and cétalyst metal loadings suitable to process operation over prclonged
exposures to prdcess conditions and use. Carbons, high strength, acid stable silicbn
gfa‘rbidés and various metal oxides such as silicas, aluminas, titanias, including
éh‘ataée and rutile phases thereof and mixed phase forms, and zirconia are

- examples of suitable support materials. Preferable supports include carbon, titanium

dioxide, silicon dioxide, zirconium dioxide, a-aluminum oxide and mixtures thereof.

In another aspect of this invention, the metal catalyét composition comprises
palladium, an element of Group 15 of the Periodic Table of the Elements selected
from antimony, bismuth and combinations thereof, and at least one metal or
metalloid of Groub 4, 5, 6 or 14 of the Periodic Table of the Elements. Groups of the

Periodic Table of the Elements referred to herein correspond to "New Notation"
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0.023 --- 4.5051 Pd/Carbon --- 5.8514 --- Pd(I1)

acetate 0.9665 --- --- SID(111) acetate 0.5632
0.5230 ---- Snap acetate 0.4573 --- ---
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designations according to the Periodic Table of the Elements as found, for example,
in the Handbook of Chemistry and Physics, 78th Edition, CRC Press, 1997. The
terms “Group” and “Groups” in reference to elements, metals and metalloids will be

- understood to refer to Groups of such a Periodic Table of the Elements. According to

more particular embodiments of the invention, preferred catalyst compositions
containing palladium, antimony and one or more of tin, vanadium and molybdenum
for use in the inventive process provide surprisihg conversions of aromatic
feedstocks to oxidized aromatic derivatives and selectivities to aromatic carboxylic
acids. Proportions of the palladium, antimony, bismuth, Group 4, 5, 6, and 14 metal
or metalloid components of the catalyst compositions can vary widely. Preferably,
palladium énd one or both of antimony and bismuth are present in amounts such that
the atom ratio of palladium, to antimony, bismuth or their combination is about
1:1000 to about 1000:1, and more preferably about 1:100 to about 100:1.
Proportions of palladium and Group 4, 5, 6 or 14 metal or metalloid also are
preferably present in atom ratios of about 1:1000 to about 1000:1 and more
preferably about 1:100 to about 100:1. Proportions of metal and metalloid elements
in various combinations can be determined and optimized for particular combinations
and usages by persons skilled in catalytic oxidations for the manufacture of benzene
and naphthalene dicarboxylic acids guided by the description and examples *

appearing herein.

‘ In yet another aspect of this invention, the metal catalyst éomposition is-also
free of halogens other than bromine. The absence of all halogens from the inventive
process is preferred since halogens are known to cause undesirable corrosion and
adversely affect the activity or selectivity of the ‘metal catalyst compositions.
Maximum benefit is achieved by eliminating the use or bromine and not replacing it

with one or more other halogens.

Proportions of the aromatic feedétock, catalyst, oxygen and water in oxidation
are not critical and vary not only with choice of feed materials and intended product,
but also choice of process equipment and operating factors. Oxygen or air or other
mixtures of oxygen and nitrogen may be fljrther introduced to contact the aromatic
feedstock and metal catalyst composition. The rate of oxygen feed must be at least
sufficient to fully oxidize all of thé aromatic feedstock to the aromatic carboxylic acid.

The concentration of oxygen in any vapor phase of the process should be kept below
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WO 2007/133976 L PCT/US2007/068268

about 9% by volume to prevent flammability of any aromatic feedstock and oxygenf
mixtures. The metal catalyst compositions are suitably used in weights providing |
about 100 ppm to about 10,000 ppm catal;ié-t métal based on the Water plus feed'
wéight. '

In the practice of the present invention, the liquid reaction mixture comprises
from about 0.1% to about 50% aromatic feedstock by weight. Preferably, the liquid
reaction mixture comprises from about 5% to about 25% aromatic feedstock by

weight.

Although the present invention can be carried out as a batch, semi-continuous
or continuous process, it is preferred that the process flow move in a continuous
mode. Suitable oxidation reactors which may be used in the process include, but are
not limited to élurry, CSTR, slurry bubble column, ebulating bed, fixed or packed bed,
trickle bed and bubble column reactors. The oxidation reaction may be staged in
multiple reactors, if desired, with either feedstock, oxygen or both being introduced in
one or more reactors by one or more inlet streams. Depending on the choice of
concentrations of reagents and products and other operating parameters, the
intermediates and carboxylic acid products may be kept in solution or allowed to
solidify in the process after formation. In either case, -suitable means to separate
products from catalyst and oxidation medium are employed fo allow efficient

recovery of carboxylic acid- product.

The temperature and pressure conditions are preferably selected in order to
maintain the oxidation reaction in the liquid phase. The temperature of the liquid
reaction mixture during oxidation should be maintained in the range of about 100 °C
to about 300 °C and, preferably, in the range of about 170 °C to about 230 °C. Given
the physical propérties of the system components, these temperatures will resuit' ina
system pressure of about 1 bar absolute (bara) to about 100 bara. The liquid
reaction mixture is oxidized for about 0.1 hours to about 4 hours and, preferably, for

about 0.5 hours fo about 2 hours.

“The process of the present invention effectively produces aromatic carboxylic
acids, particularly TA, in high yield without undesirable oxidation byproducts and the
need to destroy volatile bromine compounds which result in the generation of more

carbon oxides. By contacting a liquid reaction mixture comprising an aromatic

10
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100 98:3 Oxidation Conditions Initiation:
" Tenperature (C) 182 220 210 210 Oxidation Tenperature
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feedstock and water with oxygen in the presence of a bromine-free catalyst
composition, the inventors have surprisingly discovered that the aromatic carboxylic
acid yields exceed those achieved with known bromine-free catalyst systems. The
current process is aISo economically appealing since savings are achieved through
reductions in capital and operating costs. Without the use of reactive bromine or

- other halogens, the need for expensive cotrosion-resistant equipment and the

treatment of process off-gases to avoid atmospheric emissions, such as volatile o

bromine compounds, is eliminated. In addition, the inventive pkocess operates in
water in the absence of both monocarboxylic acids and bromine at femperatures and
residence times substantially the same as oonvéntional processes for aromatic
parboxylic acid manufacture. Furthermore, the current process operates without the
burning of any oxidation reaction medium, frequently with less total feedstock
burning, and with aromatic carboxylic acid yields and selectivity equivalent to or

higher than conventional processes.
EXAMPLES

The following examples are intended to be illustrative of the present invention

and to teach one of ordinary skill how to make and use the invention. These

~ examples are not intended to limit the invention or its protection in any way.

Example 1

Batch oxidations of p-toluic acid and paraxylene, and semi—conti-nuous _
oxidations of paraxylene were conducted in water using supported an.d unsupported
catalysts, as shown below in Table 1. , '

The catalyst compositions uéed in Example Nos. 1B and 1 D were composed
of palladium, antimony and molybdenum loaded at 5 wt%, 5 wt% and 2.5 wt%, and
at 5 wit%, 2.5 wt%, and 5 wt%, respectively, on titania and were prepared by
calcining in air at 650°C a titania powder obtained from Dégussa identified as P25,
cooling the titania, and wet impregnating it at room temperature using an aqueous
solution containing palladium nifrate, antimony acetate, and ammonium
heptamolybdate, which was prepared by mixing individual stock solutions of the salts
in ‘re]é'tive proportions corresponding to the loading levels of the final composition
after calcination. The impregnation technique, also sometimes referred to as excess
liguid impregnation, involved the use of a volume of solution that was greater than

the total pore volume of the support material. The palladium nitrate stock solution

11
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was an aqueous 35 wi% solution of palladium nitrate. 'The antimony acetale stock
solution was prepared by mixing 5 grams antimony acetate with 10 grams citric acid
mdnohydrate and 30 grams water at 60 °C for 1 hour and then cooling to room \ |
temperature. The ammonium h'eptamofybdate stock solution consisted of 10 grams
ammonium heptamolybdate that had been mixed in 20 grams citric acid
monohydrate and 60 grams water at 60 °C for 1 hour and which was then cooled to
room temperature. After addition of the impregnating solution to the titania, the
slurry was homogenized by shaking briefly. The slurry was then dried at 50 °C for 60
hours, heated to 120 °C at a rate of 2 °C per minute, and held at 120 °C for 2 hours.
The dried solid was then calcined under flowing air (100 mL/min) by heating slowly
(0.4 °C/min} to 400 °C and holding at 400 °C for 2 hours under air flow. The calcined

solid was ground to a free-flowing powder and transferred to a crucible. The

calcined solid was then reduced with hydrogen by exposure to a flow of dilute

hydrogen (7 vol% H; in nitrogen) for 1 hour at room temperature and then heating in
an oven to 250°C with increases in oven temperature at a rate of 0.4°C/min, after

which the temperature was held at 250 °C for 5 hours under dilute hydrogen flow.

The carbon-supported pall'adium used in combinétion with antimony and
molybdénum acetate salt solutions in Example No. 1C was 5% palladium(0)
deposited on activated carbon from the Sigma-Aldrich Chemical Company.

The batch oxidation of p-toluic acid and semi-continuous oxidations of
paraxylene were each conducted in water using a fully-supported catalyst (Example
No. 1D), a fully-unsupported catalyst (Example No. 1A), and a combination of single-
metal supported and other unsupported catalyst components (Example No. 1C) in a
300 mL titanium Parr reactbr outfitted with a Magnadrive impeller agitator linked to
two quuid feed systems and two parallel water—cooléd reflux condensers for recéiving
overhead gas vented from the reactor. Gas feed to the reactor was controlled by a

mass flow controller, the pressure was regulated by a back pressure fegulator and

- vent gases were continuously analyzed for carbon monoxide, carbon dioxide and

oxygen by a bank of on-line vent gas analyzers. Heat for the reactor was supplied by
a heating mantel, and the heating profile was managed by a Parr controller.

As shown in Table 1, the oxidation runs of Example Nos. 1A, 1C and 1D were

begun by charging the reactor bottom with weighed amounts of catalyst or catalyst
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85. 37 4-Car boxybenzai dehyde 6.69 0.00 0.60 6.70

p-Toluic Acid 5.70 0.00 0.640 3.88 p-Tol ual dehyde

0.07 0.00 0.263 <0.01 Burned Feedstocks 349 5.20
01 WO 2007/ 133976PCI AJS2007/ 068268

- W40 2007/133976 PCT/US2007/068268
components, dist‘ill-ed- and deionized water ("D&D Water") as liquid medium for the
reaction, and feedstock. In each of Example Nos. 1C and 1D, 2.0 g of p—tolui'c acid
were also added to the reaction mixture. After affixing the reactor bottom to the
reactor head, the reacfor was filled and pressurized using high pressufe bottled
pitrogen. The reactor contents were then stirred and heated until a target initiation
termperalure was reached. Once the reactor contents reached the target initiation
temperature, the reactions were begun by replacing the nitrogen flow with a flow of 8
vol% oxygen and 92 vol% nitrogen. For the semi-continuous oxidations, at the time
of initiation, a liquid feed of paraxylene was started at a rate of 0.289 mlL/min and
supplemental water was added . at a rate of 0.200 mL/min. The semi-continuous
oxidations were conducted for pre-determined periods of time, as reported in Table
1, and then the liquid feed and supplemental water additions were stopped, but the
8% oxygen and 92 % nitrogen flow and constant heating continued for an additional -

period of time asreported in Table 1.

After the oxidation period ended, the 8% oxygen and 92% nitrogen flow was
stopped and nitrogen flow was resumed. The heating mantel was shut off and the
reactor and its contents were cooled to room temperature. At that point, the nitrogen
flow was shut off, the reactor was depressurized, the reactor botiom was detached
and a sampie of the total reacior effluent was collected for analysis by high
performance liquid chromatography‘(HPLC)-. Reaction conditions f0|L Example Nos.

1A, 1C and 1D and results are shown in Table 1.

The batch oxidation of paraxylene in Example No. 1B was conducted by
charging a reaction tube, 2 cm in diameter, with the supported catalyst shown in
Table 1. The supported catalyst was prepared according to the procedure described
above. The reactor was pressurized with air to abproxi'mately 45 bar and also fo the
extent that 10% excess oxygen was present. The reactor was sealed, the reaction

mixture was stirred and heated rapidly to a temperature of 220°C. The reaction was

run for 90 minutes, and then it was cooled rapidly to room temperature. | The reactor

was unsealed, and the entire co_ntents of the reactor were dissolved with dimethyi
sulfoxide, and the solution was analyzed by HPLC.
As demonstrated in Table 1, the inventive process oxidized a partially-

oxidized paraxylene feedstock, as well as unoxidized paréxylene, using catalysts

that were fully-unsupported, one-metal supported and unsupported catalyst

13



Byproducts Selectivity 0.007 >50 1.03% 2. 83% >50
0. 45% >50"'Benzoic Acid CO2/C0 (nol/rnol)

*React or pressure was sufficient to nmaintain the
cont

%%%03%9133? f the reactor .in liquid state. **Co%:(pm%&ms%s

is data fromthe equi prent used in
No. 1B. Exanple 2 Exanple Nos. 2A, 2B and 2C
comipbhosts| atdalk mmalsffuitykm,lp@bfté@r €he emdb’ad)me’éplarehﬁene occurred in

the aé%[g{w?é] tg (ﬁwgémﬁe&x@m@g Nos 1C (9 S‘AS qb') 8 lin e a essé%cé of such
an oxidation intermediate, as in Example No. 1B. The oxidation occurred readily in
the présence of water, produced a feedstock conversion of more than 90%, and
produced TA having a selectivity of at least 80%. The oxidation off-gas also had a
carbon dioxide to carbon monoxide ratio greater than 50:1, indicating minimal

production of undesirable byproducts and carbon oxides.

Table 1
Example No. 1A 1B 1C 1D
| p-Toluic : _
Feedstock 7 Acid Paraxylene
Oxidation Mode’ Batch Semi-Continuous
Wit% Loading of Metal(s) on . ,
Titania (TiO5) . NA 5/5/2.5 | 5 5/2.5/57
Reactor Charge (q)

(Pd/Sb/Mo)/TiO; -—- 0.023 - 4.5051
Pd/Carbon -—- - 5.8514 e
Pd(ll) acetate ‘ 0.9665 — — -
Sb(lll) acetate ' 0.5632 - 0.5230 -
Sn(lly acetate . 04573 -- - -
Mo(ll) acetate (dimer) : 1.2789 - 0.6258 -~
D&D water 7 114.8 0.780 135.2 134.1
Feedstock added 35.73 0.078 - 22.36 - 22.36
p-Toluic Acid added - 0.000 2.0 2.0

Feedstock C:)nversion " 915 98.2 100 98.3

(mol%) _

Oxidation Conditions
Initiation Temperature (°C) . 182 - 220 210 210
Oxidation Temperature (°C) . 196 220 210 210
Main Oxidation Time {min) 90 90 90 90
Tailout Oxidation Time (min) 0 0 15 15
8% Oxygen Flow (SCFH) 15 - NA 9 9
Reactor Pressure (psig) 390 | ¥ 455 455

Product Selectivity (%)
Terephthalic Acid 84.06 | 988 90.85 85.37
4-Carboxybenzaldehyde - 6.69 0.00 0.60 6.70
p-Toluic Acid ' 5.70 0.00 0.640 3.88
p-Tolualdehyde - _ 0.07 0.00 - 0.263 <0.01
Burned Feedstocks 3.49 ¥ 520 4.0

14
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process that uses acetic acid as the solvent (See
Tabl e 2 below). Both conventional processes use
cobal t / manganese/ broni de cat al ysts. Exanpl e
2A resulted fromthe oxidation of a m xt
%ZWL“? %ani um reactor. The mixture was pr epgg:@c]las ofhoss2e8
charging a vial with 0.6150 grans of 10 paraxyl ene,

~and then adding 0.5IP8 g of 6.]98 W % afjueous
cobalt(11) dibrom de|solution,| 1.5141 grans of ¢ 83

174

Seleddivilynese(l 1) di brlom de tefrahydrat ¢
sol ution, 6.8018 graps of wategr, and 0{375 grang of
Berdbicoxdie 810- 45 surfact at007The He®@Fhogened83%ni xt ur @.45%
CO¥e® (@mstgd at 24, 000 rpnxsd |t hen Yui ¢kl y >50 >50
transferred wth shaki ng to the 70 nL eactor 'I'he

reactor was seal ed and préessurized wmth air _508
“Repeiogpezses ‘g?%\ﬁ%ﬁléiﬁnbiorf)‘a'”fﬂﬁ'é thesepriantd deg Eﬁa%é“ liquid state.

imrersed in a sand. bath heated to 246C, and shaken at
~Cauid nppebteb thissdata fiomethe eviprenicissd fExempirbiPat y

cool ed, and a sanple of the overhead gas was analyzed

for carbon nmonoxi de, carb¥MBIPcki de and oxygen. A

representative sanple of the total reactor effluent
wa&xempid Nesl 2/or2fapad 96ilkstptepome of frxdifipreacepbetmgen the

cu rr@ﬁ?@%?@&uﬂtﬁﬂepglu%vﬁﬁ ﬁéi‘%?oc%%@m %F&rhé\@.’a'%onventlonal

oXl 'on procedure and- pnent as |
prode@salbams;es@oebqata(:idrmtthé?)%vaqU@msTabieﬂlh&lcam)l chhbsonventlonal

pro%%%'?ﬁéggwaﬁwb%%aéﬁﬁ%@r” eIy c%%@m?agazz ate.
1)
t e%&%ﬁi)ﬁéﬂ ZAi %Jitggé&)g}rg\s oqxq%a qntgq nesﬁ(&gﬁgn a%tr%E Sitanium

reaéwld kY @itGredgasprepaced’By 6hatgingraual @fth %%mq;mu of
acetic acid. The reactor bottom was attache

parianeo NN S9RING BRI08 o THieof BhTA SFucoUA CoRt Y I promide
solJtst s 9‘1’41”‘@%&% bt Q@S‘%t%‘atﬁhédd%%ﬁng%éhe%@@ I)%r@n@?ﬁtetrahydrate

a|on was i nitiated The rea or content was
soluuem@am&gms:of watervmoz@cﬁgmsspswrujs@oems@nt The

el S R340 280 b NGBy e i

shaking to gen70 hdvaeabtolS Tht asalziordwas bealetl @ad ppessunped with air to

5005 A8 s af Sl APl has St IrRihG s baw

heafé‘d 18-287c iy @heﬂ% :Qc ngrasr A5 rhiRGREC TheakictoNvher

m nut es had el apsed, t he oxi dati on was:

im rrmdsat@m tcpm@@ldaw ar@mr&% Dﬁ@etQV@r@)%%&@E‘g‘élﬁs an@iyaez%or carbon
|
oD 2S5l R HHU G T AT B, SRR o

efﬂuaatwat;@lbtalmmmdaniﬁtyensrmaﬂPh@ mant el *as shutof f and
renoved, and the reactor was allowed to cool to room
t eEramptauNe. 2B\washaindtiched usingethe&m&)semia@)ntinuous oxidation

progechis 870 BHAPEE SadBESTEING 6 MBate asebPinar Sk aqueous
acefld8cipizespiByé® s @@Fﬁacﬂoﬁlﬁlecﬁ@nl Theheactanwaggharged with
descri bed above fo As denonstr at ed

02406 GrapRe! £00PHE) a6 EaNIToiF SHERS SRAT Gl SeAnaapee()
ace a@&f&t(aﬁ?drta?@ PHLL Pfa‘?ﬁ‘s of 4@@%@‘({1’1@59@?} drdBFbriie ra)élch e 72.6
rom ne”concentration to activa he cat al yst
gramepaP5Yecrmueots @cpii¢ acidnd hedrgetre bettonmm@asniiiaghee fo geactor
[ [elpn C [ f
nea P 28PN "heCRREER bk BN ISP R o3 AR ifogen o 390
psigidndoagietigh eviss |hmatHdOdDIEGreact®rg:bnmlt watsltrvert yedted TA] 82°C At .
Thi s concentration of brom ne in water, however,
produces a very corrosive environnment t hat requires
the use of a highly corrosion-resistant material of .
construction for the oxidatl®on 20 equi pment. Also, it
is not desirable to add surfactants to the process
since they are contam nants and need to be separated
fromthe final product. Additionally, it is likely
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brom ne, but to achieve a high conversion of

paraxyl ene and hi gh selectivity to TA, it is =
necessary to use acetic acid containing a very |ow
concentration of water. This process can tol

W/@F@P"Wﬂﬁﬁ e water since water causes deactivg{:?}gg%ﬂmmﬁms
Therefore, in a conventional, acetic acid-based.

thaﬂ;}idm??%, ox@:lﬁib)waﬁjﬁléia?ml \sh%rptﬁeeﬂtmgﬁrsf&nams eeplated bBe%
rom acet mai [ I _
oxyg e BB SE% MERUST Tew @t 1B SETTIBFR Rebi¢ Tt o et (STEHITGAE liquid

parSSISROMRNS D pirRanth s U IR uBbuS B ESticCacREhddiliGn MaRVMItRYed at a
t he sol vent burni n§$dat‘a in Table 2. The acetic acid

ddmin, cesnectively hAfteh Brinyten Apd elapsed,
) B 158 = 3 o i

e BERRRIT R RIS UL IR F o it A tnow

withvaramithageor gadihe pararyldes and suppremientsd 95 $nanusdub acatic acid

oo e A o P B S G, e

rea@t@@giag amg to &l aallfborﬂu terhm.amr%sanmet theyieaeactoheas

oxi dation o ar axyl ene occurr inasimlar .
depressHARIRaNd VRREAE -1 A SRR Shie doial reacier efflushtwag obtained for
HPIRE 8R81§8is. and produced conparabl e paraxyl ene

- conversion and TA.. Moreover, there were no volatile

by e sdet e iR EBbAMIE NS 2ENeFR ddindas ABY&HdURve for

acetic acid and brom ne-based process. Table 2
Examppagrpioe 1®0. 2A 2B 2C Process Conventional (Water and

ST AR TP R A Sl evmer
requsresrthe edditipmol 4,shifactd@6€ and very high bromine concentration to activate
the catalyst metal ions of cobalt and mangahese. The need for a high bromine
concentration and the addition of a surfactant are importanit to obtain a high
conversion of paraxylene to produce a high sé!ectivity to TA. This concentration of
bromine in water, however, produces a very corrosive environment that requires the
use of a highly corrosion-resistant material of construction for the oxidation
eq__ui'pment. Also, it is not desirable to add surfactants to the process since they are
contaminants ahd need to bé separated from the final product. Additionally, it is
likely that some of the surfactant will be oxidized to undesirable byproducts that need
to be removed. The need to remove surfactant byproducts and the need to réplehiéh
the surfactant further increase the cost of this process.

The conventional process using acetic acid requires a much lower level of
bromine, but to achieve a high conversion of paraxylene and high selectivity to TA, it
is necessary to use acetic acid-containing a very low concentration of water. This
process can tolerate very little water since water causes deactivation. Theréfore, ina
conventional, acetic acid-based prdcess, energy must be supplied to separate water
from the acetic acid in order to maintain a low water concentration in the reaction
mixture. The consequence from the use of acetic acid is shown by the solvent
burning data in Table 2. The acetic acid “bumed” is a significant cost fo the

conventional process to produce TA. Furthermore, the use of acetic acid and -
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Tenperature, C 200-250 190-200 190-230 Sol vent
Burning, kg/te TA 19 Feedstock Burning, kg/te TA
-48 10 45 Residence tine, hr 0.25 1.00 115 Benzoic

WS hdliseld, mole %4 <1.0 <3 TA Sel ectivity, pe459%80706s268

bromine results in the formation of volatile organic bromides that must be removed
by an off-gas oxidation unit. The inventive process, on the other hand, does not
réquire the use of bromine or acetic acid. Instead, in the presence of water, the
oxidation of paraxyléne occurred in a similar residence time to the conventional
acetic acid process, and produced comparable paraxylene conversion and TA.
Moreover, fhere were no volatile byproducts generated like those in a conventional

acetic acid and bromine-based process.

Table 2
Example No. - 2A 2B 2C
Conventional oy
Process (Water and gfcne‘;?cnxg::ja;l Inventive (Water)
‘ Surfactant) '
Catalyst metals
’ 4,000 1,000 <6,000
ppm o 6
Bromine, ppm 11,533 ' 800 0
Temperature, C 200-250 190-200 190-230
Solvent Burning, :
kghe TA 0 19 0
Feedstock Burning,
kgite TA 48 10 45
Residence time, hr 0.25 - 1.00 1.75
Benzgic acid yield, 4 ' <10 <3
mole %
TA Selectivity, % <92 95 9
CO,/CO ratio in vent 9 4 550
gas . -

While the present invention is described above in connection with preferred or
illustrative embodiments, these embodiments are not intended to be exhaustive or
limiting of the invention. Rather, the invention is intended to cover all alternatives,
maodifications and equivalents included within its spirit and scope, as defined by the

appended claims.
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the present invention is described above in

connection with preferred or ‘illustrative ~

enbodi nents, these enbodi nents are not intended to be

exhaustive or limting of the invention. Rather, the
n.is intended to cover all alternatives,

o d-nventi .
Whatr‘r%&%fm%‘gﬁ'ons and equivalents included within its

piri} and scope, as defined he .15 appended . .
Pl vk ProRSR Thathe Brordi P of i e cahel RGP, garbonytc acid
pr oduc%rhﬁfi’siﬁ% @ntA@MY a AREIRFEIBHONCMPANRO¥YMbFisingl &h aromatic
conprising contacting a |1quid reaction mxture
conpriessigcknaad omaterc angedst dorrearibianagemiapd grpount of Cas

nore than a, m nor t of e r [

i o PR Rl raUHE pRloettindnd pREHES AR piine-free metal
et al cqiakysl ¥&hpesmbaShiéRih el ddielysetahpositioh Yeis activity
‘conposition has activity in the absence of brom ne .

f or - oRithatabsanes of keorameniar ioxidedenwif deg aipatiafeqdsiagk with at

80% Lsi OXiedi G ot :
der aprt 8%, PAF K853 AVERISH 18 Eidlz2t 2Bindic deratives of the
| eastardffaticefecpidtecks ahdcwitlvi dtyletist 808 T@armamt selectivity to the
carboxylic acid. The process of claim1l wherein the ,
ar omedopnatissgsbepiliciacide| ect ed from the group

consi sting of benzene having at |east one oxidizable

2l kyl Thepsecesaerft Glaina Jhvheresh the, alqrnatiafeqdsieek ignelected from

R

f eedsd Arkitucht sehsiethaknkr iindiat Brastipne axidizdblagliofl substituent,
par axyl ene, netaxyl ene, pseudocunene, orthoxyl ene,

2, 6- AnfbIiuiesIRerRdfene, 1, 5- di met hyl napht hal ene,

2, 7- di et hyl napht hal ene and m xtures thereof 4. The =
$r oceBe proasisai of aipm @r whereim éhe pearaetic fqagstratosisglacted from

B

terep he process of

t he agrEimlylehd, e odsdaakthyinaphti®ilena) | Y, 5-diietheaphthalene, 2,7-
“derivative of the aromatic feedstock selected from

the giiggthyonritealang 31d puxteres tHeafq,

p-t ol ual dehyde, p-hydroxynethyl benzoic acid, .

4. er ephiten armaeaydé,clainb&w%@k@mége areeRtjeteedstock is paraxylene and

p- met iyl Dnaxt c%lrt?c%&% s terephthalic acid.

5. The process of claim 3 wherein the aromatic feedstock is a partially-
oxidized derivative of the aromatic feedstock selected from the group
consfsting of p-toluic acid, p-tolualdehyde, p-hydroxymethyl benzoic acid,
terephthaldehyde; 4-carboxybenzaldehyde, p-methylbenzyl alcohol and

mixtures thereof.

6. The process of claim 1 wherein the metal catalyst composition is
selected from the group consisting of a homogeneous catalyst, a

heterogeneous catalyst and mixtures thereof.

7. - The process of claim 6 wherein the metal catalyst composition is
selected from the group consisting of palladium, platinum, vanadium,

titanium, tin, antimony, bismuth, molybdenum and mixtures thereof.
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25m xtures thereof 6. The process of claim1l wherein

the netal catal yst conposition is selected fromthe

group consisting of a honpbgeneous catal yst, a

het er ogeneous catal yst and m xtures thereof. 7. The
process of claim6 wherein the netal catalyst

g.onpothe porcess o @aimed wderéindhe theterggenpouspaatiadyst isgon an inert
of pallad%gnl pl ati num vanadium titanium -tin,

ant i nBtRP°™i snut h, nmol ybdenum and mi xtures thereof

8. The process of claim6 wher

t he het
at a@@? arecess ahclaiar $ vghﬁfsg} fhe anajte sqrﬁgg ‘ ﬁ% %Lf%q from the
cl ai g% ou &Srﬁlﬁln{gth 'CQ n STEQIHBH dié(léeelﬁﬁdo?\ddf xﬁf@ zirconium

t he consi sti ng o titani um di oxi
si | i cdioxidepaiafi@nirainn omuiemndsmndurweiheeacﬁl um num oxi de
and m xtures thereof 10. The process of claiml

1her etine phscesetaf] claint alwisdrerotieosictal watalgstf cormpadition is free of
haI ogens other than bromine. 11. The process of claim

adpgenrmolher tan BIPMiALer nedi ate sel ected fromthe
gr oup consisting of p-toluic acid, p-tolual dehyde,

L. hy dF lex preasasg| of 1dkaieh 2 oviergin an q@@m ﬁmra@%@ selected from

L R A T ——

m xt Llﬁ@“uzol@ac@h%répmha&fémﬂephaiamdxybbﬁzaldehydm, p-methylbenzyl
Tiquid reaction mxture conmprises from about 1% to

aboutalg@%lﬁr@nﬁtmweﬁéeamﬁa%@em T@ﬁtllqurie,reapﬁen mixture.

process of claim1 wherein the ci_w d reaction, .
a.xt ufke Eoogassses clednr drvherein ﬂ5@/ igyica FRARtIopsHyxture comprises

ol ai R HREP % i BbollEo % arphists TeRgbRR B udine.

ont act ed at at ature in the range of about
B0 i aras of R hilerin 88 IGRRE el Tt fomprises
the |fr6’rH'éi)oru?§% tcpﬁbé‘ﬂltﬂﬂ% %rbﬁlaﬁ@ RSk BY waight.
tenperature in the range of about 170 C to about 230

{2, 2088, DRKCRE AF eRimOf MIT'\ b Wﬁﬁlﬂ%ﬁcﬁcﬂ? mixttH & contacted at

réaction mxture 1's contact eé For about ﬁours
abouta terhpemture i thd henge mtdfood(htmbowﬂ&&()e‘im t he
liquid reaction m xture is contacted for about 0.5

1RUr STRepaleeds of chomr 5 whieinAhpliqaidseatiion triteture is contacted at
production of terephthalic acid conprising ¢ o%gtl ng :
a 2% leraperatyrede the rRnEs@iAROH S .%ton@b%ﬂ%

and water and no nore than a m nor anopunt of
Tﬁanoc'ﬁre)omasé cicelainitt WhQF@@ dhe liguich g_qutlgg éﬁli@"@f's gontacted

t al ] f hal wh [
the. et BPOTrPE R3mbbR hBiRhas ait Vity in the
@bse e of hal ogens. fqr oxidatj on. of, par xx £ne wi.t h
t ngF%Sﬁ glgr% Cwﬁgéqngl b?\ lgUld eaction mixture is contacted

fdr about 0.5 hours to about 2 hours.

18. A process for the production of terephthalic acid comprising contacting a
I-iquid reaction mixture comprising paraxylene and water and no more
than a minor arﬁount of C.s monocarboxylic acid with oxygen in the “
presence of a metal catalyst composition free of halogens wherein the
metal catalysf compbsition has activity in the absence of halogens for
oxidation of paraxylene with at least 80% pe'r pass conversion o
oxidized aromatic derivatives of paraxylene and with at least 80% per

pass selectivity to terephthalic acid.
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300xi di zed aromatic derivatives of paraxyl ene and

wth at | east 80% per pass selectivity to

terephthalic acid. 19. The process of claim 18

wherein the nmetal catal yst conposition is sel ected
fromthe group consisti ng of palladium platinum

{@nadiben proceasi efinclaimn 18 awherainythebmsielt Batalyst composition is

I d t t 2
or e e SRERE PR, G SR ha 8 palifuP® 3Rl g vanadium,
from tifanhhe, §H, Qi S bRt Slolybdedlrt sndfiidures thereof.
p- tolualdehyde p- hy roxynethyl benzoi ¢ aci d,

| 2@ rephid %'ré’(?éé\éctﬁ cldinf 4‘8 Q\ﬂ?@f@iﬂr‘&rﬂbﬁﬁﬁﬂé’ﬁ intermediate selected from

-met hyl benzyl al cohol and m xtures thereof is added
t o t httel gepupd copsisting rofnp-teluiceacidll p-tplialgehysies -bydroxymethyl

claim 1l wherein,the xturelsfre f C2-
ronochsiHs P tarPan R Al GpeRrb hERy G sicthyibenzy
wher ejlBohdieariEeti /3 Hkrdof r@adéﬁe(ﬁ fethediquielréaction mixture.
nonocar boxyl i ¢ aci d.

21.  The process of claim 1 wherein the reaction mixture is free of Cyg

monocarboxylic acid.

22. The process of claim 18 wherein the reaction mixture is free of Cos

monocarboxylic acid.

20



