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PROCESS FOR THE PRODUCTI ON OF AROVATI C CARBOXYLI C

ACIDS I N WATER Thi s application clains the benefit of
woR2@7/183900/i si onal Application No. 60/798, 781 ,PET/U807/068268

May 8, 2006. FIELD OF THE | NVENTI ON This i nvention

rel ates generally to the production of aromatic

PREPERR bR BB T RRIC j@%@b WG harBBaE S ms N
acid in water without th f brom ne. BACKGROUND
OF THE | NVENTI ON Terephthalic acid and other aromatic

carboxylic acids are wdely used in the manufacture of
pal yesters, comonl reaction wth et h/KI ene gl ycol,

hF@I?e@pgilcﬁy%ﬁ@'@ﬁ;ﬁ%%l%n@?t di- FapYisiesat AeplicationiNg.
I f r, film containers, bottles and
60/7 ef f@%dgwag%ﬁgzoggt erials, and nolded articles. In
comTerC| al practice, aromatic car boxylic acids are
commonly made by FiEih O REEINVENEIONN i n an agueous
acetic acid solvent of nethyl-substituted benzene and
n&phat imaéatrrm teleistgaricsally o thia prbdubﬁaomofs 'eto'mar@c oérbblxyllc acids

substituents corre dt he pos ns  of
and, éréqrgowlrtlcgtagupgo,% RrAeesHe rrﬂ‘t? |pg t,gne aromatic
carbo\?\ﬁh@ﬁ&ﬁq{#‘dﬁter Mtﬁ&‘uﬁhé e cﬁ'b%t'?u‘ﬁ{e source Of °Xyge”
Ich 1s normal |y gaseous, in the presence of a

brom ne- pronot ed catal yst conprising cobalt and

manganese i onBACKERQUNE ObnTHE INVENEON ¢ and vyi el ds

aromatic carboxylic acid together with byproducts,

[ ﬁ’ekepﬁthgliqoamdiaﬂd othar rarematidi catripoxoptic deadid  aregp maakig tused in the

f the tic feedstoc nd acetic C|dr action .
manulaciitie . PONERIEES Semimoil Dieiedstion wila: ethvine sliagys higher

alkylé?'feowgis M\é‘tc%Fan‘?’atﬂﬂr%otf%g@&fg %re@oﬁ%r%loWRf ‘?BBPtfllmbycontalners

tic carboxylic acids, pi cal 'y acconpani ed
bottlesmmhomenpbylﬁﬁgm@maiemmawd fr@dm adiclesare commonl y
formed dissolved or as suspended solids in the
| irywothmbrciad praatite oaromaticl carkzoxyliaracido mm@ndommonly made by

liquidkyaRee oxglabR H{Q%&ﬂ@@h@%ﬁ,gg@m@iﬂ |Soianiuet spethyl-substituted
benzERECA@MnASHRIERRN i¥edRBEUECt # WRiICR # {S®ifons of the methyl

substituents correspond to the positions of carboxyl groups in the desired aromatic

carboxylic acid product, with air or another source of oxygen, which is normally
gaseous, in the presence of a bromine-promoted catalyst comprising cobalt and
manganese ions. The oxidation is exothermic and yields aromatic carboxylic acid
together with byproducts, including partial or intermediate oxidation products of the
aromatic feedstock, and acetic acid reaction products, such as methanol, methyl
acetate, and methyl bromide. Water is also generated as a byproduct. Aromatic
carboxylic acids, typically accompanied by oxidation byproducts of the feedstock, are
commonly formed dissolved or as suspended solids in the liquid-phase reaction
mixture and are commonly recovered by crystallization and solid-liquid separation
techniques.

The exothermic oxidation reaction is commonly conducted in a suitable

reaction vessel at elevated temperature and pressure. A liquid-phase reaction
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reaction vessel at elevated tenperature and pressure.
A i qui d-phase reactionm xture is maintained in the
wae®3ab3vand a vapor phase forned as a result OPCT/H82007/068268
exotherm c oxidation is evaporated fromthe liquid
: se an romthe reactor to ntrol reactio
mixtufe i AT Tha'e A5arelbaL e Long PhesS JBERd Azpa st of the
exotheARRY b&@%t@ﬁ%'@véﬁré‘teﬂeﬁém e ﬁgb\deﬁhaé’é‘%rﬁjﬁpérnoved from the
anmounts of byproducts of the oxidation, including both
reactgifos éantralnteacied dempler atyipe. odine: ¥apon phmmpompalrseo water vapor,

vapofiil Al FAiR Rl "Rhvsil il Shuall o fp BLouigdbrs of the

oxidavibeNinchelirX beensslogitcand tedsieckPbRReasciss IRiusully also contalns
anot her oxygencont ai ni ng gaseous m xture, nitrogen and

OXygent 1@s NAkCONgEFedud exidipiA_nN NSt atnwrgmfc@nr@agtedr freedstock,
r M
carbd $ugE ARG ThE MEBRGTEOUEE AR BRaslisfing) SidfePbaygen-
contadriing aasebus enixtgreabliteogaretand atbier maacgaseOuscdommdnents of the
unreacted feed material and reaction byproducts, as
SOUrGReddS- as energy However, its substantial water

cont ent gh tenp erature and pressure and corrosive
n?fh@rfé'ghJérﬁﬂﬁ?r@to'f@)@rﬁ‘@n@@S§Ur@hVéB0rg@@%‘tﬂJ§eﬁ@'ﬁ’ﬁ9¢ by liquid-phase

xR dporBF Ao SBIGNb AN RKEC BERELATABARN soivent,

0O se recove
unreaonewcﬁemhsatén%l aratyeéaloanblyorodg(vter laegNelt aseemergy However its
cont ent Furt her urities that remai n unsepar at ed
SUbSt?Ht'@'eWBK‘?érC@@t%TtoB@@s eqinResatvse Eae PreSveTRt apg CQE’QSM% nature due

to coﬁgbﬁéﬁﬁ den é@gééédlfssméﬂﬁf? b?(gnubdeafafcé é aelhfb‘a dht %%isxﬁater pose

pects or product quality rified forms ar omat
technacat banqleoonamlmjscrmilengmjatbl separatng dorf oecotvleeng components for

nuf acture of polyesters fo Npoft gnt licati S ,
recycl i atbaeiia Dy Bt econtntn o Eufisn A Mipuiies, JRRt remain
unse@éraﬁét? iRY ERAEEdS srepesat febdrmontddepravenBlreQse of streams if

f eedst ocks during oxidation and, nore generally,

impurjtigs adxsraely lsdiept o@ob@f@qa%ﬁpectsmwrodsptewaé&y are
known to cause or correlate with color fornmation in
pPluyiéed efsmsadé ammttdweaebnwéc aacigsi aret wsnlally)fﬂavocddorfor the

manqiefaotﬁgel cﬁyeesg%{é\é ted a(n UCt '8? ér?sf,géqﬁamaguﬁbers and bottles,

becat&‘s?e" Rephtles, §Gblﬁ1%s%é rbybia&ﬁfcté GEHél*atte@?’roﬁpﬂ{eeﬁﬁo?nat%lféédstocks
urified terephthalic acid or "PTA", are nade

by
durlng@o(wla}lpnmd ynorgdgerEaky, ivagiole aripanye-stibstitutest anomeatic species,

are G, SHE5% B solnkirte Wit o SBFBAH, A g8 made from he

acidsldrieNiirfipiraséff-color in polyester converted products.

Preferred purified forms of terephthalic acid and other aromatic carboxylic
acids with lower impurities contents, such as purified terephthalic acid or "PTA", are
made by catalytically hydrogenating less pure forms of the acids, such as crude
product comprising aromatic carboxylic acid and byproducts generated by the liquid-
phase oxidation of the aromatic feedstock or so-called medium purity products, in
solution at elevated temperature and pressure using a noble metal catalyst.
Purification not only removes impurities from the crude and medium purity products,
particularly the major impurity, 4-carboxybenzaldehyde, but also reduces the level of

color bodies and the amount of metals, acetic acid and bromine compounds. In
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oxi dation of the aromatic feedstock or so-called
medi um purity products, in solution at el evated

W@ 209pas®iar e and pressure using a noble netal PEI/EB2081/068268
Purification not only renoves inpurities fromthe

comrrﬁé]%d pf%‘gl?gsf (Ig,lﬁll é?‘@&ur ka%g&@a}&%\lzjg agg}ﬁl%*rgtrrllagu'fgébi‘gat%%als to crude
aromb & es@oxy e atiavaid Qurlﬁ“(%’tl%h d1alk %?uci’é‘ﬁrdchu%t ar®@dfttn @onducted in
metal s, acetic acid and brom ne conpounds.

continumsisnintagrated progessesein whighi erugeayedet fremiliswicphase piidation
. tig. feed erni t de aromatic carboxylic
IS “S%L%ﬁ&%%ta&ﬂq ‘F‘gﬁéﬂﬂ'ﬁ @%r'f%ﬁggﬁ'r ude product are often

RS o e PR ot er B ads b slich§locesses

result%rfﬁbrﬁttﬁé U8 f BPérﬁfrieaﬂ)rthe@%&Io‘a‘h@ﬁtda%l}/sté\ ‘Iﬂrf)lfrilr?éiéél)’rces used
the manufacture of aromatic carboxylic acid

with tbamtajyﬁﬁws@@cﬂ@@ wredudts graredkfopmedgturing OX|dat|on are corrosive.

To ittt MR Y B0heRh oy By b REpR HEEE “suen as

oxidation rredctars bng &%ga@'tﬂe@ﬂnérﬁtee@tﬂbﬁ@ﬁlt Vére H&Mallm donstructed using
corrosi on, process equipnment includ |nq j or U|$nent
Qys.

titanigymeqk Ot@QfC EXB8NYXE d&OTreRIoNEgeiStY et §f¢r @g reatment of
procettsfsfgﬁrf]-gﬁgés %8 gei\)%rﬁa Atrno8bRefP EMRLdiYng %rﬁ}or Alfid ec?gt';]h?dé‘ %ompounds

um or expensi ve, COrrosion-resi

formeteinaing process,ostch ds bgtthem]aIOér catalytis oxiddtiopgstesoxidize organic
avoi d at rm(igherl ¢ em ssi ons of voI atl |l e brom ne

bromenpRIIABYN IR RAN %'Qeareweg@ eQRTORENIBG anskradkctign of the
|atter%taﬁ.&sh{§0b%.ﬁét SRty B ABted T8I0 PFBRlY used, adding

ounds to car on” OXi mol ecu romn
compll@dllycandomoabﬁo nanufadtteng poocmsesn c br om ne using
sodium formate, are also comonly used, adding

¢ @tinlieatirigy beomiine ofsémt conventibraalt cobaitgmpngaessee oxidation catalysts
El i m nati ng brom ne from conventional cobalt - man%ane

is nob&rag:gpalofﬁr@gﬁgpa@gag 91°§'%6'E°"@ﬁtéfbP@@QP‘W%?‘C'@dﬁﬁ’@H@l fyre because
yleldsSS?{i@sfHo? 1":tsC c'e?ta%w bR bagitigh eoQﬁat%f?ﬁf acetic acid
yi e pr oduc

esl re ar e unaccept abl
solveatjdbrt trmllqlmdlmaseoreamoactends tacmdresaslevmbstamiraltg/hle cobalt and
ncre stant i

% ase reaction t fs %
manqaﬁ‘ é%&l C’Pfﬁ%%‘&ﬂ%s‘% amfaaeox 88‘%‘ I pWi"i’F&[ﬁ Ysuch as
methgr @fﬁyﬂe«et&@@rarfd GcetalBEINHR Shsve DEEh @?oﬂﬂ?s‘eHYbsebllﬂé’ﬁwatlves to

etone and acet al dehyde,” have been gro posed as
bromiglet, eash dniowss oo Y §ni RatenasNandwit 1,8@%n bus.theintuget inngoractical

.3 . i r i r I n
applGHERa s Ao eh At hEy 27 BrBEoRein R okl ghdss. not
only 8@IBGSSost Gbr mﬁila’mﬁ%dh@gzoﬁgﬁltn‘édf @fonﬁdtéf a@utr@sé leBverting oxygen

consuned pronoter ut al so diverting ]y
from the desired reactlons of the feedstock. These sacr| C|aI promoters can also
negatively affect product quality in higher temperature oxidations. N-
hydroxyphthalamide has been reported in Y. Ishii, J. Mol. Catal. A.: Chem, 1997, 117
(7-3, Proceedings of the 6th International Symposium on the Activation of Dioxygen
and Homogeneous Catalytic Oxidation, 1996), 123, as a bromine-free alternative
promoter for cobalt - catalyzed reactions, but its utility in manufacture of aromatic
carboxylic acids is limited by its low solubility in acetic acid oxidation reaction
solvent, and its consumption, and generation of undesirable byproducts during

oxidation due to multiple competing decomposition reactions.
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fromthe desired reactions of the feedstock. These

sacrificial prompters can also negatively affect
w@e@dus7qual ity in higher tenperature oxi datlmiB(U82007/068268

Nhydroxypht hal am de has been reported in Y. Ishii,

heereen Patet e 28001 85 s ke o AThecse ity e %wawfacture of

terepﬁ’!h%’l‘ibf GRid Y a HBIDERIRAI Toliddttn 6f Pkylihd cé\rr‘1d/<3'lr9§fi&>luaIdehyde

3, as a bromne-free alternative pronoter for cobalt
plus -metavblgrzwatee@tdlmﬁhylbmrephﬁﬁantm usingi ra rractirefreee catalyst

compBsefl i Eobpfch MdRiaNesk ik afembla B ot phh dan i pih cobat
or wﬂ%nﬂnbts%ItQ@’ﬂ%U@Prﬁ;bé?@turéﬁﬁ’ tREReREE bPN40f anResasadifg to the so-
calledjéglro ucts during oxidation due to nultiple conpeting

diepolderduias meaeassoriollayedraby mt@mm Nrydrogatiopgof the total

reactp PR P RERRI RGO En b PeTervEE S sRlagim, piginum. nicke

or cobaly! eatalyand/ oThed- pRicess dalipdeangllidgs mat hgat ptregingite step for
to dinethyl terephthalate using a brom ne-free

transegtetfigaiiorceisseritthaiate gpdir-tavateangaeeged shigstarsoiron either the

co-oTBLG ERoden AIPRRRE ity PGty R 1050 Tratter remova

of hy@%@hcbrfwvélﬁtllbbe $esatdRmgVibtdopautiRbCUN RS PhRYRA, atmosphere,
| oned by catal ytic hydrogenation of the total

prefef%&y:tvﬂt”h éﬂﬂlt@@n@f Maden ane reethaxpl ande dor ﬁedl-lwgﬂt'@@ém@@t time,
optlor%llé/algf’[g%éﬁgéme Bt ol DM W ea%’ ?rﬁthéq{l@ZﬁﬁY, K, Y, La,

ss al'so 1 ncfudes’ a nent step

Ce, Nd.assgsRehfinc8b| @i, Se, Uy, ePht Pabatoendsidatiorisothextef as catalyst.
nono- and di esters from elther t he co-oxi dation or

AbseRge| ohBERINEFOBL B OXigtion ¢alalyshank oéaaocagkpxylig Besireaction
solveﬁf frefhe 6XBY4AON GFe RURY Rﬂ?@rnﬁ?ﬁsé%f%éi@érroé’f@ﬁtr él‘s%‘ft'nﬁ‘&als for

conduct ed under "a nitrogen atnosphere, pre
constvwcttlonaofcbcmumnelmh‘fowateeco-amdiaﬂien iaaamdlessaerdsolf/emt uedingi. ng
tr eat ment tirre optionally in the presence of Mo, W

Ti Y, La, Ce, .
-Spats e, 6,189,124 1cadiandle) piogss, PrigiaT M argietic feed

matehﬁl@r@far@%aﬁ@t@rMéiyhcAbél@J@Cﬁntﬁfg’é’éé&’ﬂsnéxf/ &inihNhe absence of
oxi dation catal yst "and of nonocarboxylic acid reaction

bromise! et liquid tifasex repetipd rmixtieres mckiding Ber ANUSE ogganic solvent
usmgI 3 Pdnfoyeh@sli§ ez aer?ﬁcs&?rﬂ I IB?Eéh%lrgct Zed EﬁéFaH n%lstlng of (A)
afeeleepls CalrS e ab Bk e LSRRG 45k

equi at1 on sen

at Iedmr(mmGromp S'IIIRahemI wWith abvdleiés Hradtef Gogh Qn@lnd)or at least one
di scl oses oxidation of aromnatic feed materials to

Grougngiaiedalcalidien geiimaand4Bhang ajdeasi e A Mafal which is
prefeﬁéﬁ;‘f'}g‘éoﬂﬁmp P PAiuk érbH Gk/mﬁa%ﬂu( SRR R Bttt %o in the

ng an aqueous or an| sol vént
patent correspond, respectively, to Groups VIII, VIIB and IVB of more recent

versions of the Periodic Table according to U.S. Patent Application No.
2002/0188155 A1 (Codignola et al.)) Catalyst compositions described in the patent
consist of cerium acetate and zirconium acetate, and of ruthenium oxide and
zirconium acetate. Practical effectiveness of the catalysts for the manufacture of
aromatic carboxylic acids is limited because water in amounts commonly present in
product recovery or other process steps can rapidly convert zirconium (1V) acetate to
zirconium (V) oxide, which, due to its insolubility in water, can be difficult to separate

from aromatic carboxylic acid products recovered in solid form, cause plugging of
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usi ng a honogeneous catal ytic conpl ex characteri zed
generally as consisting of (A at |east one G oup VINA
woreaoal33are h a val ence greater than 2; and/ or arCT/E8207/068268
one Goup VII A netal and/or cerium and (B) and at
S _pr r abl , .
auiRgT It 7 G Haih HOHS BB, BLOC0pT M A VRIS pupllty of purified
arombfid eéér%@x?lﬂ: | fcidideprRRIREY. CoprcRpmabsl FiRePREhi \R)) y,ox‘idé also

G oups VI VI1B and I VB of nore recent versions of
reprewetsperloa@m dqeiplyst aeeisl dilh§. tRatensAppdicetion No. 2002/0188155,

noting iR EinbkardVas codnd dednibnaRiiaRAPeleSlorhiyQ jeer203s,

to whith U€3.i ReteACRHAE & 68MY (Z edregspondsagnd aé@ceﬁméictﬁlft?/ and selectivity
rut heni um oxi de and zi rconi um acetate, Practi

due fef thedt g@@'ﬁ’@@go@f PIAROSERt |9Wy§ﬁr§p¢r@mr?h@%ﬁll§pa@f lﬂxéjelﬁ'pn using
bromWeQI’P@t% 'cﬁtam&?%ble?eé%'sqﬁ ths ga'tég\ f:[ﬁgfeki’ﬁﬁl %%téﬂ’ﬁﬁﬂgt%'d}oup Vil

résent reco
metalpoo&eaensea@szumn|ummrdha/fnmmwd pesferatly umn r(nlxvt)re of cobalt or

acetate to zirc nlum(l oxi d whi ¢ch,  due t
ceriumn 8¢ (ATONiYM i $7 KﬁatVé'Fh f'li/gﬁ{'%‘eo |t?$|@iﬁqt'%p§?£f% And return of
mothé&r I‘R’Uéif‘rfr‘HFﬁ‘ﬁ‘lItr%t|6ﬁrt8‘29$<}6dt|6naﬁfl gnHéroé’th’é‘stént‘ia?I QHérs%ﬁéS%éSmperature

form cause plugging ofequi prent and cata
and prasﬂmmnobtmnsm b edditing taraﬁdﬁdncwmplexqulf ithg m@cess, catalysts

accorBiig; o, s B S SHEUDVACTBRY e SKeog . aesiic agid reaction
solvehpf& ch‘bo‘PﬁéﬁHwhnl‘éﬂsaﬂeachb@ter'ﬁ%ﬁ‘d’tbre‘ép@rlé ﬁ\%‘idt@iheﬁboelow about
88155, noting instability of the catal ysts

120 -a&QﬁCd.mp pxidptior ratet inoifig texpperade rengROs aBrazoesiablyolow and

coulf et Ind G £ 20,1, 10 o fesponde: and

degradati on, proposes |ow tenperature (90 - 15000

oXiteatational FubfcdtionmiNee -WiCe 00810887 2cdisolses Xe snethod nfor the
the patent preferably containing a Groug VIIl metal or .
prOstCé'PPLF?ﬁtﬁFﬁPhih@U,Coﬁ‘F'Gané'FhH'&?'Hﬂﬁ%r%@"r}&@ r@%ﬁ@l”? R-toluic acid, 4-
b | z al
carboRyBeH RIS LG, o BRSOl TR oy SRRk, pXydeh in the
presemoehef hi deterofenaods Ia;a‘taltysbrertda paradglenen asalthe usalgent. The

neter B e RoReLe1Sh CRRTIoR o T Radeh BRI LT (ipTeneRg compound,

prefe RN BaSed Gt &l268lite. FheNisH BOph@ixyfting &4 baédl\%htSrBGMMres that the
striong activity for oxidation of "acetic acid reaction

reactionl heuntal & shesraaser e indrdesta kaep iash exeegséreanmasmt of the

rerep BT foRTreRRURhG Btk deodiod IR Kna i hste Bl

results in a very long residence tine. International
Pipd cesties dor fie. prdBuidibbDadiaticicarbbryRsacidsret po@ Wwater and in

the ahggnce of acetic acid or other organic acid exhibit poor terephthalic acid yield
and high feedstock burning. For example, the process disclosed in U.S. Patent No.
3,865,870 for the preparation of aryl carboxylic acids by contacting a mixture of
water, methylated benzenes and an oxygen-containing gas with a noble metal
catalyst, has a total conversion of less than 40% and high feedstock burning. The
process also generates undesirable byproducts resulting from the unwanted
dealkylation of the dimethylbenzene, such as paraxylene, to yield benzene and
toluene. These dealkylated byproducts must be removed and destroyed.
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production of terephthalic acid which includes
reacti ng paraxylene, p-toluic acid, 4-
W@ a00bo33ghenzal dehyde, or a mxture of two or nRECEUS2007/068268
t hereof, and oxygen in the presence of a heterogeneous
st and ar ene as the solv

axyl
hg’tué? e &R eé&?%l%‘? MRULEE 19N e G%Eg‘eé to,Bcfipve modest
feedstitk TBRGSRRITE ot UVIPRIH dooriVePtiSh AL bhodeas eorfiitich ewhé trésidence
The use of paraxylene as a solvent requires that the
timesr enayt be riedecedi by apperatieg rad ugh qmaélqnntecﬁmmﬁtures kEep instance,

u.s. Pt R oo anoRlpd2B0eb s By pR&ictantbE Me production

of antarefaticREarbegyrsadi@royt bentaemety o trcm ﬁésefmter@rta @atalyst, within a
carboxylic acids in pure water and |n t he absence

of
continyquts oV ceacter. anener m@r@&m@rwscpfékaﬂ|q5q)|fna§jg(§:|arboxyl|C acid with
I
on o SAERBELATEE 8 Gl DB A BB Bt

waterSscﬁﬁént&Mércsuptakmrutmelepam@tlomm softhatr <yrhe oaniore\recudors] oxidant
a.mxture of wa | at ed benzenes

by contactin Wr E ,
and g/ﬁ&ﬁraﬁolaﬁpbrg%nét%&%.%.%)Sb%'a t%i”%'e éF@gﬁE?QPS phase in the
react ﬁt ﬁér}’ eé‘ghé‘%%tél%étoltn%k GﬁﬂTﬁﬁéé'o?i% of rﬂcf?éshé NP &fpounds,

st ock purni e process al so generates
such Laajeebalamrml/wmangmermpom@ f amana I’meommmrprmjoter Under
deal i met hyl benz suc

k i an of
these S2vaty Gondliofs. b8 eaoR g 08 BHETed e dwomine is highly

aggre%%ﬁ)ek)dn@ttﬁ@ dé@@é@éh&ht ﬁat@lb?tth@%ieéﬁé@\é‘i—‘&néﬂél carboxyllc acid is very
desttoyed. Puré water processes also require |o

high.r d&i timiicidet degradationeHi téeedem@eisprqce@asvewkcare eqosition of the
re&d%i%el @@ﬁgggfl&i@yentl onal process conditions. The

5 may be reduced by operating at high
oxi dation tenperatures. For instance, U S. Patent

Apetocitidlpnit Moul@ GR2d 512886 8o Ardvitiear prscess FfODﬂfHSSrCfdMCtIOI‘] of
the production of an aromati c car box fyI|c aci d
arom@%ﬁﬁ@qxb{ljc Bgidshie walss sMEwuiithe usgr @ff hroming %tH?ﬁ‘p&ratureS and

reS|d<§r‘Pc§l=,I ilM%QLé%sEt)fg%((My Hadahe ag%ﬁr‘é‘ht E8h¥e ?bﬁ‘ép §sé7§ chrH?'omatlc

romatic car acid w th an oxl dant, ere
carborxghn; acid |rr$areffzﬁeiutaadAddlt|¢xnalwe i mecila sbercdeslreduimi it hlech a process

prod LSRR asihally REDR s IPERoISERFLTIdss G dupingand with

m.n.rﬂ@tp%d@&lowftur@@@ﬁbbk%@r@d@&@%ﬁar&ak@éﬂ ¥xiBb8yl e
hormogeneous phase in the reaction zone. The catal yst

may conprise ong MERE CEFYE |w%!-r@q'pounds such
as cobalt and/o d a brom ne
rS[:%ss ggﬁ{e H"gﬁﬁc?ﬁ ChS :Eﬁ ﬁ&%ﬁhﬁéﬁ’tﬁ not %%tﬁr%r r %SH?Qcted to

resenc bro
the pmmb‘i:ctubue oflagleadabhemromatic @brbd)@lldesldrl&)dc@mt@ﬂ‘ﬁrﬁg e I|qU|d reaction

mlxtu(r:éa1 rcgr%)é)yrllslln% gr? Iagorlngtlc\:/ fereydstock and water with oxygen in the presence of
a bromine-free metal catalyst composition wherein the metal catalyst composition
has activity in the absence of bromine for oxidation of the aromatic feedstock with at
least 80% conversion to oxidized aromatic derivatives of the aromatic feedstock and
with at least 80% selectivity to the aromatic carboxylic acid.

As used herein, “bromine-free” means the absence of reactive bromine in
both the metal catalyst composition and the liquid reaction mixture. Unlike

conventional commercial catalysts and processes for making aromatic carboxylic



10

15

20

25

30

high. To limt the degradation of the desired product,
very careful control of the residence tine is crucial.

woewonshiongl y, it woul d be desirable to provi dePEr/US2007/068268
process for the producti on of aromatic carboxylic

acids; SieeraieiPBETIAHE 460 SaBhERIE L. 486 Nt ipd ropRsssigmpromine-

free” ﬁfﬁtkfé*tl "tf|§@ﬁe§l‘mé/ RNthe Qi MstaHtRE 8P 86M tpfé%é aBsBA®S bf bromine sources.
carboxylic acid manufacture. Additionally, it would be

Whiledérsg maocess fin ssane a0fpits crskogimsiis; eig tderaat @fearpnine in minor

amouiy e heelFal Potii HrShfbhbcerFiprb”hSr iRy Entona

comn@é}dlaqiaDMSQe(s desisSHVMABY catalyste IMMERTIiKdENTibe prdtsé%ss either

of the invention, in its enmbodinents and features, is
deactiyatingttegm or sW@nr\erQﬁie@ttwwravmy HP”] amsnatiphearfpyvia a@d products
t n
towar%aér%ﬂ‘@ﬂccsg)e%r?ésgwﬁpf I%e%ng@g dx@z@c% tg%tﬁ( Q'BQbQ Surprisingly, the
inventioh hauxxwgeforl the heapmas&meeobfaran’mtmmcaebdxyee aeitls) especially
yst, conpaosi t nV\,he ein the netal cata
terepE%\?B%ﬁctq dh hl‘é“sy'é ARd ¢ Q%Vﬁhé"t&ﬂg%é' B'FOJ‘S'?VCB?:E‘ @& upgesirable
bypradticla bl Xarsdn td?(%e? QRS dRe f SRESE ﬁ%ﬁté“ e Hvenﬁéﬁtalgg %Brovides
conversion to oxi di zed aromatic derivatives o
aromah@ natbaxyﬁ@@d@t piekdsatinet \&utmlsmgly exseeddbose helieved twith known
b ft ra?rrgtl c._ carboxylic acid. As used herein,
romlngr b FREYSE8YSHESs t he absence of reactive bronine
in both the onmposition and the |iquid
reaction al } = » L
cat al ysts and processes for rrakl ng arorratl c
ca'hﬁoﬁﬁﬂsieabctm@@t@ncﬁ disegted etQhﬁhFéﬂOp@S%rf@r |p§@qmlrn&|atdeast one
ef r
arom 3§t S8roghd)fio BBYCH SORERRES SylrPin FRENNGT £ gyl rddafibn mixiure

comp@%urigr @i raeometid: cfeedstdbk| end hwaferoise eontdoted omith odxylgba in the
enbodi nents, is tolerant of bromne in ninor anoun

presenge Wrés@ﬁ%n%freﬁr BRI catalypl 6PTPOSHAS Whgheihithe lﬁ%%t@l catalyst
omdgglttig)ﬁané‘tdcﬂo |ﬁﬁﬁ§eéﬁéeﬂbepépﬁﬁﬁﬁlﬁ§ B?'cﬁ@(‘i‘étlénh8f the aromatic

sts nventive process, eithe
feedm«:wltmat ﬂgastheﬁ%)rcosherfsnomgos@klézedvartoynanmyiefir/ahmes of the

. t] b [ L d ti : :
arom i stk Wt f 1%} Sl a&%@%vswsmﬁé @a@n@%p'eﬁapgyhc acid.
Surprisingly, the inventjon allows for the manufactur

oin Beesraipes ithisiie,PMBodETeN of dXpdwientioy. therapmatikiTeedstocks
whlck?‘ﬁl'a be fsdd BRI Z;Bé%z%ﬁgl rfggéfl 'a%tyorYlé BQIdE&E‘é@kXL s&:éasstltuent,

uction 0 esira ucts or carbon oxi
naphilhaalermma\emg)adlermhme oixldizabhe atidyi substitsentpand nuetsires thereof.

Preferable aromatic feedstocks include paraxylene, metaxylene, pseudocumene,

orthoxylene, 2,6-dimethylnaphthalene, 1,5-dimethylnaphthalene, 2,7-
dimethylnaphthalene and mixtures thereof. Depending upon which aromatic
feedstock is utilized, the current invention maybe used to produce terephthalic acid,
isophthalic acid, trimellitic acid, phthalic acid, 2,6-naphthalene dicarboxylic acid, 1,5-
naphthalene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid or mixtures thereof.
When the current invention is used to produce terephthalic acid (TA), the aromatic
feedstock is paraxylene. In addition to the preferable aromatic feedstocks listed
above, partially-oxidized derivatives of these feedstocks, such as p-toluic acid, p-

tolualdehyde, p-hydroxymethyl benzoic acid, terephthaldehyde, 4-
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aromatic carboxylic acid yields that surprisingly
exceed those achieved with known brom ne-free catal yst

WG y®Uasaw76 DETAI LED DESCRI PTI ON OF THE | NVENTI QANCTTHS2007/068268
present invention is directed to a process for

carbdyBE el e BIAST L ARPBR % MOQar (edea! oy Sso be

used M HeibracGEETBY {He p%séﬁt ipVORESA.c feedstock and water is
contacted with oxygen in the presence of a

brr?é’{:&?rdfaﬁ witR{tRE wﬁfétr%bﬁs%}vlgfé?@ﬁééél 'a@'ihé"%ﬁ o%'tlan t-B5ction

catal yst conposition has activit e absence
mediarh. Bitbaugte tHeoinventidapiocess tloes @oh rexurtel thefpeeslesrucreacckf any Cqs
oxi di. zed aroma

i th | t 8Q% t
monafgitiyil FECSePUTHES FPbREFE. FeBaTEACHS BMeC T mitor amounts of

such hﬁﬂﬁca%&%’yﬁ@'a@[‘o%‘ﬁ%b? bet;ﬁeéé}ﬁ @rx%bh‘?nt‘é?f%@?@t’éé ér %ed -
I n accordance with one enbodi nent of this invention,

additivee, howerari malyapdionatk be wsed o gapanee theeepactivibugbthe aromatic

foedsBKC i Farghis TR onBrthn PREUTRY s Rkl i aci, p

tolualﬁéh?déqhh?dr@xkﬁbﬁetwﬂb%htbl@%rﬁd tenRgphinaideryrie, yher eof .

Preferabl e aromatic feedstocks include paraxyl ene,
carboxybanzaldelyde feliebiibeny! alsphabxid erpdures thereof.
2, 6-di net hyl napht hal ene, 1, 5-di net hyl napht hal ene, 2, 7-

dilnr@nawsm@phpﬁmierﬂ@v@ﬁionntha bransineHege ofetalDeqtelyst ngmpositions

on whi ch ar tic feedstogk, is utilized cur.re
whictf R, 58 o5 B e bl 5 Mo aeelbhppf ey Sia i efYeneous
catalyst®phhdahigtupsd dthetdtTel PidférabRei tomegéhedusc @kl theterogeneous
2, 6- napht hal ene di carboxylic acid, 1,5- naphthal ene

catalysite incbesesl it aseingt limitedriappelrdieme p!ﬂt@arrbwlaﬂwr@,cmtamum tin,

antifiy bR BERm AR bR BEERE, THY RBHBngBos catalysts

whicH eesls thec kitilizedd arexgdigvle. inl watstdtd ippomiote tdmentamt eéraoagl catalyst,
aromati ¢ feedstocks |isted above, @al‘tl al I -oxi di zed

Oxyge[eANG APMELC deedtiecle Thasgsidhdile ca Eﬂse@ab eepmednsoluble, i.e.,
hetert %@%%ﬁg dgﬁsg{évQ%daﬂoﬁyr%raewﬁef/\ﬂﬁ]y@gf&%@né’&]s‘jcatalysts are

car boxybenza
emplqny«eti:;tthw beayzpé sappottet cinmsuprodedslfsuppedéd nine raadetemgeneous
ctice of the ention.

th t
catalyR] SN EEHESS AN e pEnerbaDiehar arthb HES a8 sgiel process

envirérheat Ivﬂfhdu@a@.tss&olngeéﬂwt;nrﬁbémom b'ﬁecdtBI%f‘tmé‘t%ls Preferred
process does not require resence of any G

supperb rioateriatsx gre soklds dbat el tstai@e abethiecseiged of |rnatntaan|n_g physical
ieo§d SRR Pl 08P TEAANG, B P es ORISR K fponoec
exposures to process conditions and use. Carbons, high strength, acid stable silicon
carbides and various metal oxides such as silicas, aluminas, titanias, including
anatase 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 catalyst 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 Group 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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addi tives, however, may optionally be used to enhance

the reactivity of the aromatic feedstock in water.
w@Eiorakdoes oxi dati on i nternedi ates include p-toP@i/gS2007/068268

acid pt ol ual dehyde, p-hydroxymnet hyl benzoic acid,

desighEliSin o PRI e dieiodind Shis et PedEbhisis ps foynd far example,

in the$Rffefbosk éﬁ‘Cﬁehﬂé’rﬁ}mah@nPh%sh@s brgrrrl PEitibh CER®Ress, 1997. The
catal yst conpositions wh be used in the process

terms alouge andrr&jene@u@ r@é@renystts eléraertsogaialsand: aresaipidss will be

undefiiied b e R SRS v iehE ERRUE TaRIE AP BRIRrR sagporaing o

moret Qartmldra@rrwmrrﬁé@t%l of NtheV @@dtion) gréfeardiduatdlydt, composrtrons
ant i nony, bi snut h, 5)ébdenum and m xtures thereof

contatiag MeHBge ARINSYAAY4 C9evdii BIRTereY tipe vaRadiuaeand reolybdenum
for u%%l Yol el gn\‘é%ﬁ/%t Itpgo eggﬁ&@@”%g@nsﬂg%%r%ﬁ@tof aromatic

gen an e catal ysts
feedst(mksb’wconrellzredsaﬂoutdt& deriveativebedrar eglentivitiss t@llaronmgtrt: foarboxylic

N EER ST SY e e
or m&HRGE" ddifportdlfs Qﬁtt@e %1%’[“@%@?% g Adﬁé cSRMBS: ﬁﬁéeﬁn Preferably,

i nert support capa Ing an ac
pallacﬂmnmmdsoeewr botimehantishomopand dissuthvdragreserdiigrinfowdssuch that

the 298" 4L FAUADLabcl PRATB Y CBUC ALARGY GRRMRDATRH g about

1:1000"%61 @Bbut n’F(ﬁEﬂt)ér@ndnér%t Prifdrab®t aboliPafti00Sto about 100:1.
suitabl e to process operation over prolonged exposures

Propergops cfepal! | andrisraspd 4ue. 6 @ir %nsmera?gpr eetaliegd ralso are

prefefiif] SEBENT i bR i, ot 10 Mo 08t By more

prefefdtilly abbul €:1p0asefboube080f. Rrshorigesophrssl drier ﬁ‘%iall@i’tﬂelements
zirconi a are exanples of suitable support materials

in Varlﬁ?l@‘ @?@Bl”@t'g'ﬂ@ﬁ@rﬁtb@ dq@'fnﬂl'aéd @é\demlm@@ den raftiawlak pg@blnatlons
and l%l pjér%r‘rfﬁkrlléd 8 r? s faer or?ﬁ'aﬁHfBSc:%bdcﬁ benzene

t'ur es ereo anot er aspec
and haplathiallare diterboryladd acidsal gudtied oby othiet idescdptiqar | ek examples
al l adiuym an el enent of Goup 15 of the Periodic
appe érﬂgge'fﬁ' Nthe Elements sel ected from antinony, bisnuth
and conbi nations thereof, and at | east one netal or

mi? ¥et anether a@@@pomth'sﬁ'nvénmn 1thegnetah satadyst s@ineposdtiareis also
free c&fhatln% Pian ﬁo%ﬂé Phe GBShEL bf’gll %P%Hg FmYAE inventive

erred to hérel h COrreésp
procdset|atpreiehtwssrgoaﬂ1adngemcmr khown to ctabee laeudeerdalnieTcwmrcrsron and

of the Elenents as found, for exa e ndboo
acvegENIRIRCS 1 2RH PhyS: Slechibh Bag helabres Bag ccompositons
Maxirh@% berdé is achieved by eliminating the use or bromine and not replacing it

with one or more other halogens.

Proportions of the aromatic feedstock, 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 further 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 the 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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terms "G oup” and "G oups” in reference to el enents,
nmetals and netalloids wll be understood to refer to

w@®@ap339od such a Periodic Tabl e of the El enenk&I/US2007/068268
According to nore parti cuI ar enbodi nents of the

aboul, & By Bm S v Ry ShaRe aemens ESSRe afe oxvgen
mixtupe¥ TR Yha@neamdIpt ssRpbsitibhe dr@VééﬁtfabMﬁuﬁéG’QﬁS\ﬁelghts providing
rovi de surprising conversi ons of aromatic feedstocks

abou{) $00>nm Ae cRkeaud ritd Q0 @em eatalyst smaiad besedn the meten plus feed
wei romati ¢ carboxylic acids. Proportions of the
gfﬁal I adl um antinmony, bismth, Group 4, 5, 6, and 14
or netalloid conmpanents of e catal

Prachis G e GusPt Riryronning BRui s aciSh misiugscomprises

from QBQUPOGI %0 tto kot BDYARFSHTBRAY f@éﬂ%t@él@ﬂytv%@lﬁte H?éfé?@bl& tHe liquid
anounts such that the atomratio of palladium to

reactignt miguse comprisen fsemt aleout bY%mnitw railqubrﬂii% atpmaticl feegstock by
wel t.o about 1000:1 , and nore preferably about 1:1 00 to
gr:‘:{bout 100 1 . Proporti ons of palladiumand Goup 4, 5,
ef er ahl

" Aot T Prsent Tedlie” sondeccaed sbhes ugtel, Sarcontinuous
or coﬁﬂﬁ@o@ %F&fe%% Yt @bﬁﬁéﬁ‘er?ed%ttﬁhe%%s&qw move in a. continuous

Proportions of and netalloid elenents in various
modeg giviiakket ®>odatmhrea@éor§e/v@clrnnmdbam§edpm ithe peateserinclude, but are

not e A€ S5t EXTT o ghBoRRredGRR Sndb U BRE il ridien e
trickl @ Bédnaid tudbRN eoldinGr R Fr&eetwrd. CT rﬂé?bﬁﬁaﬂéh dedctidh tr’r'il@&/ be staged in
description and exanpl es appearing herein. In

mU'“%lﬁcﬁeﬁ@tprsaé,fpf&&lredf withj eithien feasisienk, oxygemert bOthclé&lag y'Sthduced in
one @Dﬂ%?é 'rébﬁlﬁ(reé By BRLof | c?reo{nlaa%tpéb%% %?ér}qﬁ]r?%n the choice of

rom ne. sence ogens fr

concémmmbvef peagests Iaﬂdpbﬁtfc&fdtserlﬁi ratheh alpegatirg qmameters the
known to cause undesirable corrosion and advers

intermpeqiatas ane CREPPieacd RIefdets; WAy PeKkephi ﬁ'@M‘Pn gr allowed to
0|Idlf§aﬁ'laﬁés r&%ggoa?fér'feﬂﬁatl(g?x'lﬁlgﬁh%?gz%%gi bﬁa@é%@é{ﬁéﬂ ®%eparate

I'mnating the use or bromne an acin
produmts hframe catalyﬂbr an«bt tadatien agedsim F%nrepceunhployed ab ehew efficient
n’g % eI a taI yst, oxygen and water in
reCOV&JZYB ERGR*Y Cea?i lprgqlq &i cal and vary not only vvith
choice of feed materials and i ntended product,

all86 emhesatugg aﬁﬂo@@%”@q@ﬁ”ﬁﬂ%@ﬁs ard PEgierakly ﬁ@'eCted in order to

malntfaﬂ?ttﬁ’é DxidatvacRd floﬁ'lﬁ Ak | Ri ét Hh@Steph %Mﬁ@rbfafﬁ% liquid
trogen may be urt her 1 nt odu to cont the

react-ndnadtwre durlng oxidation should be malntalned 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 properties of the system components, these temperatures will result in a
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 to 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



10

15

20

25

30

feedstock and netal catal yst conposition. The rate of

oxygen feed nust be at |east sufficient to fully
w@00di1z3®7@l | of the aromatic feedstock to the BEDOBI0T068268

carboxylic acid. The concentration of oxygen in any

B T e T AT
comp()@ﬁi%t MK irRBAIRY Y2eB sl”ﬂrﬁSﬁsHh@l? diddrversd ﬂ*nat%é@ir&ﬁiatlc carboxylic

ositions are suitab uséd in V\EIgtS pI‘OVI

ng
acid ws excEedoinvseacienad Mhd@r@mpnbr@am yee omlwt systergs. The

curreﬁfg g%tsg\a%%srﬁ)?gipgrﬁﬁglI)}f"%ag?éllr} @?gﬁﬁm@& %rce ac%evgoe through

reducm@ﬁ‘@rlhswplffal @'ﬂﬂdab@éﬁatlﬁg Icd¥td. onatbeut 1) Ysar OMmsdctive bromine or
f eedst ock ht. Preferably, the liquid reaction

Otherﬁhﬁlpgﬁﬁscmm foF SPSPBIVE SOPSORKBSIStaMtopayiBimeNt cand the
trer:ttrﬁ&r‘?td@E ?)?505% gﬁ 58{%%8 ) Eg8pgﬁtrﬁ&$3h%rn%s§ﬁl ss'lcméergdcﬂnas volatile
can carrie

as a conti nuous
bromitentompousdgr isceliminatéd.i i pdeition) vk nm@wtlt/éqorpcesrewerates in
fl ow ve in ﬁb nti nuous node. U|tggge OX|dat|on

water, i@&e% SENFF e BROCRIEEXYII¢ REES BPE QEQR NG 8l tgdpergtres and
re&déﬁ&a tled 'sﬁb&%ﬁftlb@eé‘héréé’me@% r@beléﬂalb RI8sE8! 1P hromatic

ating bed or packed trlck e bed and
carbaxylib laeicdcmiannfactyac fFortherrmore, dxé datrieoh pracassi aperateg Wwighout the

ournigy 355 gk koRalio,reariaS ety e e el s bl feeastock

burnn‘“@r 8ndl SR ArémidYic OCEbBkyIRPEEId ikRls 8R4 eﬁ!@cﬂv@?lﬁ’&flﬂwﬂgnt to or
the choice of concentrations of reagents and

hlgheprtm@@@vqﬁ@natmme@w ating paraneters, the
i nternmedi ates and carboxylic acid products may be kept
in solution or allowed ELAMPLESfY in the process
after formation. In either case, suitable neans to

SGparfancampgmmpﬂeé amgTinteridedytet bealidstvativiad i the preséntrinvention
are | oyed to allow efficient recovery of car boxyl iC

and t@é‘?qp %9&9“'@% SkEHRY i3 eseY yreeunyeniny festas
exam@f& Hesiqinehded % ﬁﬁﬁtecﬂﬁerﬁ\fé?{n@ﬁ tll% E{ﬂﬁié&}ﬂﬂh h BAG way.

dation reaction int
tenperature of the |IQUI$<EH?81 1on m xture during
oxi dation shoul d be mai ntal ne In the range of about

18atéH oxidatidrmdf B@Sluid@oindnd piaedaieis, \and serhibeortianges
of about 170 OC to about 230 0OC. G ven the physical
oxidagppp ef PREXYIpnerwer es%ldéﬂ%'ﬁﬁ%*@ﬁ%'ngteﬁ@@@rted and UnSUppO"ted

caa TR OTEI [ TR L1 2 SYaLepPressine, o soout

The catalyst compositions used 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 wt%, 2.5 wt%, and 5 wt%, respectively, on titania and were prepared by
calcining in air at 650°C a titania powder obtained from Degussa identified as P25,
cooling the titania, and wet impregnating it at room temperature using an aqueous
solution containing palladium nitrate, antimony acetate, and ammonium
heptamolybdate, which was prepared by mixing individual stock solutions of the salts
in relative proportions corresponding to the loading levels of the final composition
after calcination. The impregnation technique, also sometimes referred to as excess
liquid 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
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reaction mxture is oxidized for about 0.1 hours to

about 4 hours and, preferably, for about 0.5 hours to
wW@bwaudR7hours. The process of the present i nvRCIE/USIV07/068268

effectively produces aromatic carboxylic acids,

ti I hi | d with b
was SEAASES L st L A U s B3 Bt stock
solutiBh %@&%@MHV%XM@'?@rah@ss&hﬁmbﬁ bbetate Mahato §an®d citric acid
nor e car bon oxi des. contacting a liquid reaction

monaiiydraie @ndoithe raswns']g/amf adr&&rﬁ farflelosn anskthendcogiing ito vwem

rermpgiiEe ARt SR By Radl ek bl PG BIs(Ed of 10 grams

ammaenisaPNEstachdiyitaté fitataaaBddrcmpardiadd gransstitriyagitds
exceed those achieved with known brom ne-free cataly

mONChyS(RRENOTHLIGIRY BRSNS AOLSS TS BPuCAELAIskA was fyon Codled to
roomARERIANIE SARELASMTBPURS EnBEL RS DG &ine ttamia e

Ions 1n cap COS
slurryuses hbrrro@@atzedeb)bsrmhlmga baeflyat Tiee smmryagammert djreaem aEEO °C for 60

nours, Peaoibim 149 ‘oS o7 -G ReTH I POPIEN fbLarHer 2 hours.
The oﬁ" jiaNfas ﬁ+é‘ﬁ aggnéaluﬁﬁ& ﬁomngrﬂlp?lm%@%z Heting slowly

Imnated. In Ition ventive proces
(0.4 6?¢re§mraa)ttes400n Ghand holding Be40M $6rioe2 dbubsunder air flow. The calcined
nonocar boxyli.c aci ds and rom eat t enper at ur.
solid MR tianea 1 pritee B vl o o Rer ST RO 2R, e,

calciftdosRISeas fHiin RBBY WithaRfdPeyamh by e&%bé‘ur@tBLH AGN & Bilute
Furthernore, the current ‘proCess operates w thout the

hydragen(i7rup! %6fHaimnitseger) fooi hasaet mfnrt@mperﬁtulrer and &ran heating in

an OBl o8P i Plrcr R ah On WPeRfe B BT ZRPHG ateer

whicrotheltegliratub@ vagatele at 2e0ac for smwand@%l\d?é BHdrioyen flow.

foll owi ng exanples are intended to be illustrative of
t h'ﬁepbﬁ%%‘ﬁtsdﬂﬁéﬂéﬁ' Bﬁllé’dlgmt Qskgaph c@ﬁﬁalt‘iﬁtldi*f Hifhantimony and
skill how to and use the invention. These

molykdenysn eaceiate rs@it satubiadedint =Xeimple Nee 1Gveasi 8fo apalladium(0)

cepobey 3 8H AL oSy P ERTREGA Bbsatkbithir

oxi dati ons of paraxyl ene were conducted in water using

sTppobateh axitationuppop-teldicc aickd yatds ,sensi- csimwnmth oxidations of
Table 1. The catal yst conpositjons _used in ampl e
paraxylene wgre,8ach cgngl;éq;tg deyreelsing 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 reactor outfitted with a Magnadrive impeller agitator linked to
two liquid feed systems and two parallel water-cooled reflux condensers for receiving
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 regulator 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

12



10

15

20

25

30

of palladium antinony and nol ybdenum | oaded at 5 wt %
5 wmw%and 2.5 wt% and at 5 % 2.5 % and 5 W%

WO e®pasrvel y, on titania and were prepared byPCT/US2007/068268
calcining in air at 650 Ca titania povvder obt ai ned

from De sg identified as, P2 0 ani
compgRBtre s TER E PG 40 BeterdensEoliAIRm) Rdiduld fediim for the
react®AUBAH Te8@dtgEk O eabh af Hxathia N i1a aRd WD“Z?O g of p-toluic acid

antinony acetate, and anmoni um hept anol ybdat e, “whi ch

Were \@so ;adélgdrt@dtr@reﬁoklpﬂgnmﬂ@rew Nigr asﬁjmg the|reabiondatiom to the
reactépﬁgﬁﬁgﬂﬁ% g?étgh}%%%g”% orﬁ]ocf ??Is% §'F Lﬁsﬁrﬁf?‘@ﬁ%r&&&rgebottled

nitrogedl. CThatreattor EbAtaNte Wegs ahé® Btitred tdiheated! il a target initiation
sonetines referred to as excess liquid inpregnati

temperRieyWas RaCTRG (PNGE (1 (FASIOT CRRIEDIS BAdNeG! helarget initiation
temp@(at%‘e qé F%tlbngm{eﬁ%@e BRI 6D éﬁgfgo@{( Sloﬁggﬁgﬁ% \é/lth a flow of 8

vol% mxygerman%emw/‘whtubg@n ler thaldemtitaomtinubusiozidalibas, at the time
acet ate stock soI uti on was epar ed

of 'n'%at{ffna\ nY%ng TeeH T RazEXYIBNGi WS §@rt§|da£t‘r;a date pEBa?(ﬁrSdmL?r%'n and
suppl é(ld\r/v%Eé" #88 KUY 2™ Pekeshr @tZ(ﬁp nSt/hRR. FhBoEme8shtinuous

en cooling to roomtenperature. The anmmoni um
oxidatieps mewmauetedtioclpre@em”mne@@esuodsexﬂ tiofe, 145 premted in Table

1, end ERE R VB BERANioauh BMEniA o6 60g R afS WEPoBRechPut the
8% ofeydét ad [RuY, @lﬂ@géﬁ'ﬂ@% 4RS cbR§RANE ARt EONTIMRA for an additional
tenperature. After_addition of the inpregnating

period of tireoas teported inittede 4, the slurry was honogeni zed by
shaking briefly. The slurry was then dried at 50 C for
6@A\fteo ting oxiuadior pariod1@tded, dhe 8% axggeh ahd®Zernitrogen dlow was

StopPRAIL TGRS Ol S TasoRtety dhe T{eRsoTARIan Vet St off and the

react&eé‘rﬁdj ﬁg céhﬂéﬂté/ wiebe ¢oblet tB)robﬁh t%%be@at%'ﬁé’ @ ltr‘i’e\trtﬂ)lrﬂt trﬂaorQ itrogen

hours under air flow. The calcined solid
flow \ga@ @hut 06, thef reaston was rﬁ@pmlzednmq reackardpqtiam tvwasadetached

ont 8B ofTHE, S 85 A ERIAGEHCRT il o non

perforahftedBqlia dhrbmw)aplﬁpl(HPLh))urR@éctlbﬂQfOrtdﬂmrf@t Ex@mple Nos.
and then heating in an oven to 250 Cwith increases in

1A, 1evand 1 Briavet wesulte age showate Tablepl.4C/ nin, after which
the tenperature was held at 250 C for 5 hours under
diThet eatehdexigation |adwarakgenaribobxampisoNaed! Bavasdiamgucted by

used | : i nat i,on with. _antl mn: I n .
cnardfig S, (SENLBE Byl BePlkrfits R3S TBRAER B shown i
TableP@! TieglisUuppédted eatpyst Qﬁbsﬂ@re@@tfed/ ateskdigy teothefgrovediire described

Si gma- Al dhch Chemi cal Conpan
above. The reactor was pressurized with air to approximately 45 bar and also to 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 contents of the reactor were dissolved with dimethyl
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 paraxylene, using catalysts

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

13



The batch oxidation of p-toluic acid and

sem - conti nuous oxi dati ons of paraxylene were each
w@owdusved in water using a fully-supported cak@l/ys1007/068268

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

Ex | 1 d ' t f
compbias RS eal Shimels LV SapHaR: ddecaiape ot tine goourred i
the pr(ééﬂrr@lo? p%ruuégudl(ﬁxaw%@N%_relér@nr Iy)"%rﬁ’difrf theefsdeRlce of such

outfitted with al\/anarrverrq) gitator |inked
an oxidationontergediate crslinslyxarape Mowd Bwa' hpamﬁat@n occurred readily in

the pBSERGa f BT bitd bbc BRI ptUprsidi” Bl g R0 S

produises mhbvmb@sielb&tl\ﬂty@‘sai |éa0\80spNTHEldx®TatiohltEf-§asarbriead a
was regul ated a back pressure regul ator and vent

carbofe@iexidade @a&sm rrw@@rrdeya @r%eatrfacrr 5Q:4r beiratipg sxingeal
PE0k | t
prod KRB (Bt able B A Bnd Yoo dii0eh, O ol T ed by

heating mantel, and the healslerig profile was managed by
a Parr controller As shown in Table 1, the oxidation

FUns_ of pT e NoS.| IA . IC and Ih_werg be By
ch [’?’é"i"ﬁ& ﬁ@reactor bot Mm wilt h ghed an$unts|of 1D

cat or  cat aI yst copqToMgiet S, distilled and
dei ?rf%lef{@d Ghter ("DED Waicgq") |as | i quid %@d?ﬁ)ﬂep&r t he

re cr reedst ock. Th_each of EXgnpl & No5
802'@ geof p-tlol uic aB@ re al 40 a "Fe"tlneous

Wt"/JEOﬁ(ﬂinyloﬂMétaJ .orflter af fixijng gact or_ bot f om
thenfaﬁﬂgt('progyeg the re or wa }4)51 ad and é/%.5/5

e%%f&rcmfﬁéjfﬁlng Ni[gh pressurje botttred nitrogen| The
werle then stifrred and [heated until a
Anitiation tenperature ached. Once tfhe
(Pd/S&)%%;/gé?contents reached the tla Qéﬁ’. nift i g gl)n 4.5051
Pd/C erature, the redctions Wwerle bedglin hy ? 5 Hci ng t he
PA(I}26&%3%§en flow with o f10%%F § vol %'oxygen arid 9P vol %
Sb(llhece@dRn. For the sem Oc%M4 nuous oxi dati®hR230at|the -
Sn(lixacatatef initiation, |a 10404 fleed of- pdraxyl ene was
Mo(llsbeetabxl(catnen) rat e of| 0.12BBIL/Im n and quphb2dé&nt al
D&D wadter was added at g ratid4d 0. 200780L/ 1fi n. 13812 134.1
Feed§t®k aei@eti nuous oxi dati ggsy3werie g@rductied F086 22.36

pToIQFc%éiGta@Hgtjned periods of Linme, ggopepdrteddpm Table o9
1, and then the I|qU| d feed and suppl erfental wat er

laVYaWi I faWal 0.4
O70 UAYYCITT allu JZ[ 70

pped;,—but—tthe 0
Fﬁ%‘cﬁtéﬁg@! Zﬁiv‘féﬁgé\% onstens heat i 92contfi ndeéd for|an 98.3
L time as rnnnrfnd Hn Table 1

Qsidation (ongditigRs| on peri od ended the 8% oxygen and

92% ni trogen fl ow was stopped and nitrqgen fl ow as

Initiatices Temgerafaee (1€t i ng mant®2 wals s220 of|f and1®he 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 08.8 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 ** 5.20 4.01
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reactor and its contents were cooled to room

tenperature. At that point, the nitrogen flow was shut
wW@2§07/183926 r eact or was depressuhzed, the react oPCTHUS100T068268

was detached and a sanple of the total reactor

affliiont wne ecnllpoertod fAar analvuvceci o hvy hi ah
STt rt—eto—o oot a—r—o+—<t g

o

performance |iquid chromat ograbF];/ (HPJLC). Reacti pn

—

B H)I ‘d T II(?' ocam FeNos—tA—tCandTiD—and—Trefutts
Me 1. The batch oxi datijon of

araxyl ene in Exanplle . S dugt e char gi
Benzglcr&éti on tube, 2 cm :\Iﬁ)(&&g tér(sg% th t%@% pp thegﬁ%%

a 4]
CO/eEx @Mg)8R0ldhown i n Tapbl e 90rhe supported cat@Pyst was >90
prepared according tlo the procledure degcri bed above.

ool AR SERTE oo B DBBG BT o s
ool eEERRRLYS PR b B st PRr e s

tenperature of 2200C. The reaction was run for 90

mnutes, and then it wasXWoPled rapidly to room
tenperature. The reactor was unseal ed, and the entire

cGreaie Nos. 2he2Baist e illvsirateipemel of e diffeercassbeipeen the

currithroREey T il o pEnPdh ey oo BT frle dlehieniba

proce®xitihtzgsbstadrrictdcid by tré goivet (Sycakathierrebéleoayls Botkcomgentional
wel | as unoxi di zed paraxyl ene, using catalysts that
procegses usaioopaliimanganesedrocyie aalelstsupport ed and
unsupported cat al h/_;écorrponents, and all netals

f Exempie ploo 2Aaesulter frori et dtatisn efea Bdjiuesmia adBunk dtinium

reacthly TS AEREHES sBbedel o beuBficcn VBRI FoTI0 arets 87

paraxXylérey, zedithée addmg 05 E3 grife. O’ wtdBaqUdirisceo b lC?Qﬂbromide
occurred readily in the presence of water, produced

solutipgetiSf 6¢ IgreBml B oW L6f amstmﬁm@@ﬁoe(%bmlggdétﬂaﬁw rate

solutigﬁ;’é}ggg 8 ﬁ?ﬁ@%%g\yété?’ ol 875 g%s 8¢ Kol eeﬂiihg%HQgtgnt. The

a car bon di € to carbon nonoxi
heterogénenug madtere whsiblepided at 240000-adm mgdrthen calckly transferred with

production of undesjprabl e byproducts and carbon , ,
shakiBg adie 748 Eacietoa o reasieilies sosled At pPerdied ih air to
e : i
500 (5 1186 Brarie of 4. CTho SoalebrepeRh s inflnolstd if sS{eidbath
heateexarg?l62CiNand SBakéx atBéde rgmBoanpineindices. The rézstemea C
iIIustraﬁe sonme of the differences between ﬁhe current

immegiaiglyLoo Q_g’\ﬁﬁge? SagPEMBRIAVERMADIBT Was aNRINgeddP! cabgn
mondkide YR8 @BRlde and oxygen. A representative sample of the total reactor
effluent was obtained for analysis by HPLC.

Example No. 2B was conducted using the same semi-continuous oxidation
procedure and equipment as in Example No. 1C above, except that 95% aqueous
acetic acid was employed as the reaction medium. The reactor was charged with
0.2206 grams of cobalt(ll) acetate tetrahydrate, 0.2320 grams of manganese(ll)
acetate tetrahydrate, 1.546 grams of 48 wt% aqueous hydrobromic acid, and 72.6
grams of 95% aqueous acetic acid. The reactor bottom was attached to reactor
head and sealed. The reactor contents were flushed and filled with nitrogen to 390

psig and agitation was initiated. The reactor content was then heated to 182°C. At
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process that uses acetic acid as the solvent (See
Tabl e 2 below). Both conventional processes use

W@ oahsmanganese/ brom de catal ysts. Exanpl e NeCT/B$2007/068268
resulted fromthe oxidation of a mxture in a 70 m

et e RS s e P B S RBN S bRy B
oxyg@fﬂghﬁ'@Z@s ﬁ&rdé%ng‘lo‘%\f aﬁ1§§téﬁd%r@@lbil§|@l#ée%ﬂ‘ld&| (BCFH), and liquid

brom de solution, 1.5141 grans of 9. %aqueous
paramr@amct e@mwlymntﬁl&’ﬁ"/d equewsay@wcaaed aadutqndmereemsuiecsat a

rate PR FlotfH St OB PR B8 hr SR ER kiR ag slapsed,

the oXidafié® wagrdigdtshtinhes bytepldcing tharssh &xyg§en Wnto2sh alitkaen flow

tothe 70 M _ reactor. The reactor was seoal ed and
with W@ﬁmg%@n@ithﬂ p@iraxytleﬁqsgod ggp@le(merg@l %ﬁérmuepuaiap?tlc acid

addititEQS ﬁx%gg'(g@ﬁnlhg?e%"ten ?ﬂ'ir{oﬁiﬁ{aﬁgéjnv{g%r ﬁ@%%nﬁ]%ﬂmd@%ﬁt £ld the

reactoreaas etlowed to rasnabluoabehytemmramream tleattmng| the oadtbewas
over he aas was analg r car li)on rmno i de, carB n
depresisyizeft aAA ¥ N§RY§EN A & % Beiata (radane eelatrwaﬁe tained for
HPLC ghgpysyseactor effl uent was obtained for anal ysis by
Exanpl e No. 2B was conducted using the sane

i M%%%&HEEF A 82 B b e B R BT ovBSor

ExanateNoc 1@ci d was enpl oyed as the reaction nmedium The

reac or was charged with 0.2206 ns of cobal t (I
éﬁrﬁorﬂ%ﬁt%ﬂjﬁla?@ Zdh%?@@?t&g?@?@m%&ﬁ |‘4V%ter

requn%%gr alRiditRn Gy Quﬁé& t% Eﬁé@ ﬁ@otg{) %r(&érﬂ#éﬁ%%sto activate

obrom c acid, aqueous acetic
the cetalySt mMEtal IOB$l.0f oobajbamdamamnesead’hem&em foeadtighh bheraihe

concqilfatif 4t era LA £ Sug8aepEns HiReiag {3.CPGHT Aduah
convér@ldn' HitaxyiBee & Bﬁ&fce@ﬁbﬁ@elé’@ﬁnt? kel Efﬁtseébr{dé%ratlon of

1820C. Atthat point, the oxXxidation was initiated
bromingdn rwatebg@wervleavprmdsce%p|vec>edorm98|8@&axwgeneahﬂmagmuwes the

use of e 5 ol ekt RAGPEr o dlinlsHih HEhe 2o
equipAtBRo Wis@deisindt desiflalolddo tddasumictarits itd Rl gdcabs sincattBey are
of 0.567 nL/mn and 0.633 nL/mn, respectively. After

Conta@ﬂ]nﬁ'ﬂtﬁlﬁr@snmt%b%ﬁ@@@atQ$QOWﬁh@étﬂ% Rrogust.d Asldbienaiy diis
I|kerlPP(atrs%% 6F e éd}f’a %M%%rbﬁﬁﬁ ed 10 %H é.PaQﬁ gét%‘ﬁu}ﬁ Bt need

re ni ro en, paraxylene an supp nta

to beaqrtmeoed a’chetneedatm rerrm| surfactantdryerddirats aadl ¢tk nébe to replenish
the sﬂ‘ﬁé"étgﬂtgfuﬁﬁ& %lcre/\éasse t%@“éo%ft gft r|1$d pFo%reg\s/ed and the

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. Therefore, in a
conventional, acetic acid-based process, 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 “burned” is a significant cost to the

conventional process to produce TA. Furthermore, the use of acetic acid and
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While the present invention is described above in connection with preferred or

15

illustrative embodiments, these embodiments are not intended to be exhaustive or
limiting of the invention. Rather, the invention is intended to cover all alternatives,
modifications and equivalents included within its spirit and scope, as defined by the

appended claims.
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oxi dation of paraxylene occurred in a simlar
residence tine to the conventional acetic acid

w@e@ea376 and produced conparabl e paraxyl ene CcRPCESRDTO68268

and TA. Moreover, there were no vol atile byproducts
generated |like those in a conventional acetic acid and

Whathis erbimedbstsed process. Table 2 Wiile the present

i nvention is descri bed above in connection with

pr ef epr gebcess ifbt W rbdYRioRNBP @t N8RSt Sond ReGMatic carboxylic acid
enbodi nents are not intended to be exhaustive or

|'i mi t POIgPEsINgheontactig Adifuidaeaction Fwduiengemprising an aromatic

i nten C t [

cqui vieanik el it GBI b YR prf ekl i bsingdfee meta
def i nestalygt compasltiendeldeirathes mshalt catslyst eormipdsutuen hlas activity
A process for the production of at |east one aronat

car bog(lyl] pcatésﬁnge‘gg,p’semgqq@r(%maé@p,qfdhg qrp@@pg feedstock with at
\'rl\ga‘?t 638t B0¥E oRvERIB S dxHiAY %@&ﬁ?hé abérresﬁ%sogk tR8 Gromatic

er wth oxygen in the presen romne-free
nmet al fezgisdoksana avipo i tieast §@fer selactiity toetrad acarnatiy sdarboxylic
corrp05|t| on has activity in the absence of brom ne for
oxi daf¥'8n of the aromatic feedstock with at |east 80%

conversion to oxidi zed aromati c derivatives of the
Ar omaf N@ AreeRsst elckaiimd ‘O(F?'f?"&ttm SEIN ke deedsteei iSvﬁ‘rQ'?Cted from

toth

cl ai mﬁ] Wc&%%ﬂl‘?@r oma 8§|p8c J%Sge %ﬂzable alkyl
from smtestguaupnapmthamlemya\mﬁg Iaéleasnenba)nlmgatae dlle;&shbstltuent,
one oxi bIe k substi tuent, naphthal ene havi ng

at | e83¢ My ﬁlﬁ %%Ibl e al kyl substituent, and

m xt ures ther eof, 3, The process of claim2 where

Bhe af Beprpeessceligaime K YVBG%'I‘ e @&m%%qut%ﬁko@pse'ec’m from

consi gl 2%0% Q%rng?%hghfﬂf ﬁ?’ﬁx m@t%%l%ﬂ‘é“”ﬁé‘@udocumene

ort hoxyl
1, 5- dortedyemspli, ﬁailraemylriaapmhaienet hyBrmmetmgamwahalede 2,7-
m Xt ures byer eo roce%s of claim3 wherein

the afgii @aplg@@@r}ec@(ncr )HHF%(S/I%?@ and the aromatic

car boxxl ic acid is terephthalic acid. .
e process of claim 3 wherein the aromatic feedstock is paraxylene and

the aromatic carboxylic acid is 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
consisting 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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5. The process of claim3 wherein the aromatic
feedstock is a partiallyoxidized derivative of the

W@ e@masioce f eedst ock sel ected fromthe group coPGI/B8100Y068268

of p-toluic acid, p- tolualdehyde p- hydr oxynet hyl

e o e B BB e SRORRE S BERNAE Y S an nert

proceggpgdrt.cl aim 1 wherein the netal catalyst
conposition is selected fromthe group consisting of a

QOWDQ‘PHS er eo?# %gatumTﬁ \Dﬁér%frPﬂ?é‘grféf'g sg?&q&‘éygse"f’é’t‘?ﬂed from the

m xt ur es e process wher el n
t he ngttoajp cansasting o€ eapusi, ttitemiuims démdide;t siicdr dioxides zirconium

group con i sti n .of pal | adi [ atjn vanadi um
Ui t anflios; prall ’H&FHFJ IR B enum and
m xtures thereof. 8. The process of claim®6 wherein the

it o Do mEptASScal e whore die M Calalyplorampasitian s free of
pr ocetﬁ§|8@%n§bgd tBaBESRing the inert support is
e

sel ec romt e group consi sti ng of carbon, titanium

oxXi [ 0
£, 36 TSR B et SR st rom
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15. The process of claim 1 wherein the liquid reaction mixture is contacted at

a temperature in the range of about 170 °C to about 230 °C.

16. The process of claim 1 wherein the liquid reaction mixture is contacted

for about 0.1 hours to about 4 hours.

17.  The process of claim 1 wherein the liquid reaction mixture is contacted
for about 0.5 hours to about 2 hours.

18. A process for the production of terephthalic acid comprising contacting a
liquid reaction mixture comprising paraxylene and water with oxygen in
the presence of a metal catalyst composition free of halogens wherein
the metal catalyst composition has activity in the absence of halogens for
oxidation of paraxylene with at least 80% conversion to oxidized
aromatic derivatives of paraxylene and with at least 80% selectivity to
terephthalic acid.
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m xtures thereof. 20. The process of claim 18 wherein
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